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PREFACE

This manual contains Condensed Logic Flow charts to be used for recall
or instructional purposes.

The EC Level of the CAS Logic Diagrams (CLD) for the basic machine
is128062. The Level for the 1400 Compatibility section is 128122,

The charts in this manual were drawn to show the general logic and
flow ot the microprogram used by the 2030. The charts contain the CAS
logic diagram page numbers where the exact process can be located and
followed.

Fifth Edition (June 1967)

This edition, Y24-3466-2, is a major revision of and obsoletes the previous edition,
Y24-3466-1, and the Supplement Y24-3490. Principal changes include the addition
of the diagnostic techniques charts and information pertaining to ROAR stop.

This manual has been prepared by the IBM Systems Development Division, Product
Publications, Dept. 171, P. O. Box 6, Endicott, N. Y. 13760. Send comments
concerning the manual to this address.

This manual has been prepared by the IBM Systems Development Division,
Product Publications, Dept. 171, PO 6, Endicott, New York 13760
Address comments concerning the manual to this address.
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1400 Compatibility | Cycle

1401 Compatibility Punch Operation

1401 Compatibility Read Operation

1401 Compatibility Print Operation

1400 Tape Operation~Tapes on MPX
Channel or Selector Channel--
| Cycles

1400 Compatibility Tape Read
Operation=--Selector Channel

iv

DT Chart
DT Chart
DT Chart
DT Chart
DT Chart
DT Chart
DT Chart
DT Chart
DT Chart
DT Chart

«_ITxgmmogAnw)>

RS Chart 1

RS Chart 2
RS Chart
RS Chart

How

RS Chart
RS Chart
RS Chart
RS Chart
RS Chart
RS Chart 10
RS Chart 11

O 00N O~ n

RS Chart 12

Machine Language (Macro Program)
Loops

Multiplexor Channel

Multiplexor Catalog Numbers

Program Checks

Missing Records or Wrong Results

Selector Channel

Wait and/or Error Message,
Unexpected External Interrupt

Power and LP Light

1400 Compatibility Tape Selector
Setup-Tape Write Op 9 Track Drive
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Readout 2nd Byte of
the Instruction

QA0

RR RX QA0
Fixed Fixed Op Code
% o Bit 2, Bit |
QA0
_ Op Code
P P Bit 4, Bit 3 " n
000 Invalid 000 Load Positive 000 Set Key 000 Load
001 invalid 001 Load Negative 001 insert Key 001 Compare
010 Invalid 010 Load and Test 010 Supervisor Call 010 Add
011 Invalid 011 Load Complement 011 Invalid 011 Subtract
100 Set Program Mask 100 AND 100 Invalid Valid f 100 Multiply
101 Branch and Link 101 Compare Logical 101 tovalid | 1;’0(') S°’ 101 Divide
110 Branch on Count 110 OR 110 Invalid ‘ Chart ]eseé 110 Add Logical
111 Branch/Cendition 111 Exclusive OR 111 tavalid ' 111 Subtract Logical

RR Floating  RX Flooting

10 1"

IC Restore
‘Multiple Entries?

Instruction Entered
from an Execute

| 1 Cycles
! ‘Multiple Entries)

QA001

QA001

| | cam

Restore Instruction
Address in Correct
Registers

Restore Instruction

Length Code |

I-Cycles Branch aCharts 004, 6, 7
J.

Chart 007

Readout PSW Bit and
Instruction Length Code

Restore Instruction
Length Count

Chart 007

QA001

T
| Reset PSW Bit ‘

QAO011, QAD21

Readout 2nd, 3rd and 4th
Bytes of the Instruction.
Check for Zero Index and

(RX)

Set the Displacement
into Registers

Base Addresses

1 (RS, S,

QA021

QA021

SS)
Set the Displacement into
Registers, Add the Base to
the Displacement

Qr021

Add Index

Add Index to the
Displocement, Check
for Address Over 65K

Set the Displacement
into Registers

RX or RS,S!,SS

Format

RS, S1,SS

QA071

RS, s 55 elia
QAO031 Branch -ogical . 029 CBo'e] nvali Decimal
it i
Add Index to Result of o0 o ! 10 1

Chart 006 . Bose and Displacement,
" gl Chart 007 Cm“;’:';b'l"y Check for Address QAO071
lode
I-Cycles Execute i Over 65K Set a Register for
QA001 l interrupt Code,
Program Interrupt
No /I £ Yes QAVEL od! P
! nterrupt Exist g
]I osom F ] [ s RX Qn879
- RX Half RX Full Op Code Floating
Readout the Op Code, Test Interrupt. Set Bit 2, Bit 3 "
Set the Op Code ina X6 ond X7 to: ‘ ’
Register for Op Decode, 0 O Timer/External 1-Cycles 1-Cycles QB261 Chart 007
Check for Valid Address 1 0 Chanrel 1 Char* 002 Chart 002
0 1 Channel 2
11 Moltiplexor
QAB61 QB261 Address Over 65K
Valid Address Entered
QAB879
No Using 2nd Operand No Yes from Execute OP
Valid Registers Address on Boundary
Chart 007 I I Q261
Set a Register for Program Set a Register for
Interrupt Code, Interrupt Interrupt Code,
Program Interrupt Chart 007 Program Interrupt
—_——
QA879 1 Op Code Bit 3 is Branched QAB79 Setup the Instruction
1On Last; To Determine Address to be Stored, 1-Cycles QA081
QB261 :Single or Double Precision Store the Storage Wrap Chart 002
Chart 007 ' Chart 007 Condition if One Exists No Main Storage
1
Op Code : : Qe I QA Address Over 65K
00 01 Bit 4, Bit 5 10 n r : Store the Instruction
: RR ond RX Formats , E RS, Siand SS FormovsJ 000 Store 000 Load Address, Set and Store QAD81
L ' 001 Invalid 001 Compare the PSW Bit, Store the -
QB371 QB361 QB271 QB271 010 Invalid 010 Add Normalized Jnstruction Length Code ?e: a Re'glé::ir for
it . 011 Invalid 011 Subtract Normalized nterrup! €,
00 Load Posit Hal
oLt o, ot g0t o e 1 s
10 Load and Test 10 Invatid 10 Add Normalized 10 Add Unnormalized ' 101 Inval:d 101 Divide ‘ I QA08B1 QA879
11 Load Complement 11 Invalid 11 Subtract Normatized 11 Subtract Unnormalized 1 RS, SI Branch 110 '"V"I'.d 110 Add Unnormalized
QAO71 i 111 tnvalid 111 Subtract Unnormolized Reset the Wrap Latch,
Readout the 5th and 6th
Op Code Bytes of the Instruction, Chart 007
00 o1 Bit 4, Bit 3 10 1 -t ——d Check for Zero Base
| Op Code Bit 3 is Branched Address
QA9 QA431 QAds1 Onat the EndtoDetermine
QA91 QA451 QA3 Qcool - Single or Double Precision
000 Set Sysfem Mask 000 Store Multiple 000 Shift Right SL 000 Load Mutiiple 1 e
001 Invalid 001 Test Under Mask 001 Shift Left SL 001 Invalid ]
010 LO.Gd PSW 010 Move 010 Shift Right § 010 Invalid 1
on Diagnose 011 Invalid 011 Shift Left S 011 Invalid 1
101 Read Diect 101 Campare Logicol o S e oL ot '
ead Direc ompare Logica 101 Shift Left DL 1 Test I, . .
110 Branch/High 110 OR 110 Shift Right D 110 Halt 1,0 L et e 99 On
. e e .
111 Branch/Low-Equal 111 Exclusive OR 111 Shifr Left D 111 Test Channel L See Chon Tse P
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I -Cycles OP | Name Chart Op | Name Chart Op Name Chart Op Nome Chart
Chart 001 T
04 et Program Mask 007 3C | Multiply 030 78 Subtract N 028 F2 Pack 019
05 ranch and Link 006 | 3D | Divide 032 7C Multiply 030 F3 Unpack 019
06 ranch _on Count 004 3E | AddU 028 7D Divide 032 F8 Zero and Add 020
07 Branch on Condition 004 3F Subtract U 028 7E Add U 028 F9 Compare 020
QA081 08 et Key 003 40 | Store 003 7F Subtract U 028 FA  [Add 020
09 nsert Key 003 41 | Load Address 003 80 Set System Mask 007 FB Subtract 020
. .Op C?de 0A upervisor Call 007 42 | Store Character 003 82 Load PSW 007 FC Multiply 022
00 QAO8I o1 Bit 2, Bit 3 10 0 | Load Positive 003 Ai Insert Character 003 3 No Chart - FD Divide 024
r 1 Load Negative 003 4 Execute 006 4 No Chart -
i Invalid O e -
Invelid Ops Progrom Interrupt 2 | Load and Test 003 45 | Branch and Link 006 5 | No Chart - Notes: Codes Not Shown Are
rogra il Load Comp lement 027 46 | Branch on Count 004 6 Branch/High 006 Invalid and Couse a
P, 4 AND 004 47 Branch on Condition 004 7 ranch/Low Equal 006 Program Interrupt.
5 | Compare Logical 004 48 | Load 003 8 hift Right SL 013
Op Cod 6 | OR 004 49 | Compoare 005 9 hift Left SL 013
B"ﬁz ;.fs 7 | Exclusive OR 004 4A | Add 005 A hift Right S 013
Chart 007 QAOBI Chart 007 ol A s 10 n 8 | Load 003 4B | Subtract 005 B hift Left S 013
QA791 QBOO1 9| Compare 005 4C_| Moltiply 008 8C hift Right DL 013
Op Code A | Add 005 4E | Convert - Decimal 012 8D hift Left DL 013
Bit 4, Bit 5 n 00 Invalid . 00 Zero and Add B | Subtract 005 4F | Convert - Binary o1t 8E hift Right D 013
00 o1 ! 10 01 Move with Offset 01 Compare C | Multiply 008 50 | Store 003 F hift Left D 013
QA781 10 Pack 10 Add 1D | Divide 009 54 | AND 004 0 tore Multiple 014
QA7 QA7 QBI5T 11 Unpack 11 Subtract 1€ | Add Logical 005 55 | Compare Logical 004 est Under Mask 014
IF_| Subtract Logical 005 56 | OR 004 Move 014
00 Invalid 00 AND 00 Invalid 00 Translate 20 | Load Positi\(e 003 57 | Execlusive OR 004 Test and Set 014
01 Move Numeric 01 Compare Logical 01 Invalid 01 Translate and Test Q8061 21 Load Negative 003 58 | Load 003 24 AND o 004
10 Move 10 OR 10 Invalid 10 Edit 00 Invalid 22 | Load and Test 003 59 | Compare 005 95 Compare Logical 004
11 Move Zon 11 Exclusive OR n . Mark nval 00 Multiply 23 | Load Complement 027 5A | Add 005 96 OR 004
ve € xelustve 11 Invalid 11 Edit and Mar 01 |"V°‘jd 01 Divide 24 | Halve 026 5B | Subtract 005 97 Exclusive OR 004
10 Invalid 10 Invalid 28 | Load 027 5C_| Multiply 008 58 Load Multiple 014
11 Invalid 11 Invalid 29 | Compare 02 5D | Divide 009 9C. Start 1/0 034
2A | Add N 02 SE | Add Logical 005 9D Test 1/O 034
2B | Subtract N 02 5F | Subtract Logical 005 9F Halt 1/O 034
C | Multiply 030 60 | Store 026 OF Test Channel 034
2D | Divide 032 68 Load 027 D1 Move Numeric 015
2E | AddU 028 69 | Compare 028 D2 Move 015
2F | Subtract U 028 A | Add N 028 D3 Move Zone 015
0 | Load Positive 003 B | Subtract N 028 D4 AND 015
1 | Load Negative 003 6C | Multiply 030 D5 | Compare Logical 015
2 | Lood and Test 003 6D [ Divide 032 D6 OR 015
Load Complement 027 6E | Add U 028 D7 Exclusive OR 015
34 Halve 026 6F | Subtract U 028 DC Translate 016
38 | Load 027 70 | Store 926 DD Translate and Test 016
Compare 028 78 | Load 027 DE Edit 017
3A | AddN 028 79 | Compare 028 DF Edit and Mark 017
38 | Subtract N 028 7A | Add N 028 F Move with Offset 019
1-Cycles
Chart 001
Second
Operand Address
Over 65K
1 -Cycles
Chart 001
Op Code Bit 4
Second Yes
econd QA0s1 Operand Address
econ Bound
Operand Address QAB79 QA0S on Boundary
Over 65K
Address O v Qn0s!
ress On
Boundary Chart 007 |  Store Address Over QABT
65K in Local Storage Op Code Bit 5
QAS5I1
hart 007
QA0S Chart 00 Load 00 Multiply
01 invalid
QA1 01 Compare .
] Op Code Bit 5 QA9 10 Add 10 Convert - Decimal
QA8 11 Subtract 11 Convert - Binary
Op Code Chart 007 QAO51 QA7)
Bit 4, Bit 5 E; t
00 01 10 00 Store 00 Execute
QA5 01 Load Address 01 Branch and Link
QA441 QA431 QA4ll QA4 10 Store Choracter 10 Branch on Count
00 Store 00 AND 00 Load 01 Multiply 11 Insert Character 11 Branch/Condition
01 Invalid 01 Compare Logical 01 Compare 01 Divide
10 Invalid 10 OR 10 Add 10 Add Logical
11 Invalid 11 Exclusive OR 11 Subtract 11 Subtract Logical
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Chart 002
Load
and Test

Chart 002

Load Readout First Op-
Complement

Minus

QA441

erand, Set Comple-
ment, Complement the
Second Operand

QA44] |

Sign
Plus or Minus

Lood Load
Positive Negative

QA441
Readout Second Op~
erand, Test Sign

Op Code Bit 7

(Lood +)

QA441

Readout First Operand I

Sign
Plus or Minus

Op Format Byte 1| Byte 2|Byte 3 | Byte 4
RR Load 18 R1R2
RX Halfword Load 48 R1/X2 [ B2|D2 D2
RX Load 58 R2|X2 | B2|D2 D2
RX Store 50 RI[x2] B2|D2 D2
Objective:

Plus

QA442

Readout First Operand,
Set Complement, Com-
plement the Second

Readout the Second
Operand, Set Complement

QA441

Readout the Second
Operand

L

] | Qaaar

Replace First Operand
with Results, Readout
Second Operand

{Halfword)

Readout First Operand,
Check Sign, Replace
First Operand with the
Second Operand

Sign
Plus or Minus

Plus

QA441

Minus

Op Code
Bit 3 (Halfword)

True /e/c ol

Loads ~ Place the second operand into R1.
Store - R1 is moved to main storage at the effective
address of the second operand.

QA441

Complement

QA441

QA441

Readout First Operand,
Replace First Operand
with the Second Op-
erand, Check to See
if Second Operand =

[

QA441

Readout Fiist Operand,
Complement the Second
Operand, Replace First
Operand with Results,

Check for Zero Results

Readout First Operand,
Replace the First Op-
erand Byte with Zeros

Readout First Operand
Replace the First Op-
erand Byte with Ones

Last Byte

RR, RX
Load or Store

QA441

Return to I-Cycles

Op Format Byte 1 Byte 2

T
RR Load Positive 10 R1_IR2
RR Load Negative 1 R IR2
RR Load Complement 2 RI [R2
RR Load and Test 13 R1TR2

Objectives:

Load Positive - The true value of R2 is placed in R1.

Load Negative - The two's complement of the true
value of R2 is placed in R1.
Load Complement - The two's complement of R2 is
placed in R1.
Load and Test - R2 is set into R1 and tested for sign
and magnitude to set the condition

code.

Chart 001

To Program Interrupt

Program
Mask Overflow
Bit on

Chart 007

Check Sign

O d

peren Chart 002

I Chart 002 RX Load

RR Load RX Load Halfword

QAD041 QAO05!1 QA06]
Readout the Second 8:82:
Operand QA0et
QA441
! fFond Chart 002
RX Store

Readout the First

Operand

| QA441

Readout the Second
Operand, Replace with
the First Operand

QA441

Lost Byte

Op Code 50

(RX Store)

Test Result for Zero, An-
swer and Sign Condition,
Set Condition Code

1

Store Program Mosk and
Condition Code, Return
to [-Cycles

QA001

NA421

Chart 001

| Op Codes 10, 11, 12,

3

Chart 002

Set Key Insert Key

Problem State

No  QA211

Readout Byte 3 of Second
Operand, Check for Ad-
dress Over 65K

Address Over 65K

No QA211

Readout Byte 2 of Sec-
ond Operand, Check Low
Four Bits of Byte 3 for
Zeros

Four Low
Bits Equal Zero

No

To Program Interrupt

Chart 007

Chart 002 Chart 002
Chart 002 Store Insert
Store Character Character

QAO051
Readout Byte 3 of the
First Operand

QAO051

Readout Byte 3 of the
First Operand

QAO051

Readout Second Op- ]

erond Byte

Address Over 65K

Address Over 65K

QA051

Load
Address

QAO051

Readout Byte 3 of the
First Operand, Replace
it with the Low Order
Eight Bits of the Second
Operand Address

] QA051

Readout Byte 3 of the
First Operand, Replace
it with the Byte from the
Second Operand

Readout Byte 2 of the
First Operand, Replace
it with the High Order
Eight Bits of the Second
Operand Address

i QAO51

Readout Byte 1 of the
First Operand, Replace

Operand Byte Over 65K

] QAO51

Readout Byte O of the First)
Operand, Replace with all|

QA051
To Program Interrupt Store Character
QA879 QAO051
Readout Low Order Byte it with the Second
Readout Low Order Byte of Second Operand,
Chart 007 of Sec?nd -Operun:l, Re- Replace it with the
place it with the Byte Byte from the First
from the First Operand Operand
QAO051
Readout Byte 2 of the Zeros
First Operand
QA051
Readout Next Byte of
the Second Operand,
Replace it with the
Byte from the First
Yes Operand
|qaos:
QA2

Return to |-Cycles

Readout Storage Key
From Register Addressed
by First Operand and Set
into o Register

Readout a Byte from Main
Storage ond the Storage
Key for that Block from
the Protect Stack

Insert Key Op

Set Key in the General
Register Addressed by the
First Operand

Set New Storage Key
in Protect Stack

Chart 001
[ aazi

Op Format Byte 1| Byte 2 [Byte 3 [Byte 4
RR Set Key 08 | Rr1R2
RR Insert Key 09 R1 R2
RX Store Half. 40 R1 X2| B2 D2 D2
RX Load Address 41 Rl X2|B2:D2| D2
RX Store Char. 42 R1 X2]| B2{D2 D2
RX tnsert Char. 43 Rl X2[B82!D2

QA211
Objective:

Set Key - Set the Storage Protect Key for main storage
block addressed by R2 into the stack .
Insert Key - Read the Storage Protect Key for main storage
block oddressed by R2 and set into RI .
Store Halfword - To move the 16 low order bits of R}

Return to yeles

Chart 001

to main storage addressed by the
second operand.
Load Address - Set the effective address of the second
operand into the low 24 bits of RI .
Store Character - Move byte 3 of R to main storage
addressed by second operand.
Insert Character - The byte in main storage addressed by
the second operand is set into byte 3
of RT.
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RX Branch Chart 002
On Count T st - N
RR qunch Chort 002 c Exclusive Com or o ) EXCIUSIVE EXC'Uﬁ\Ve\
On Condition AND ompore OR OR And pore I OR And Compare Or OR
OP Format Byte 1 Byte 2 Byte 3 Byte 4
. QA1 Readout Condition
RX Branch 46 Ml X2 | B2 D2 D2 Readout Byte 1 of the Code, ;hgckchgzsk
On Condition . Bronch Address to Condition e QA43] QA43]
RX Branch 47 Rl x2 | 821 D2 D2 Readout First Operand Set First and Second
h QA161 QA16! P
On Count ! Set Low-Order Address Operand Addresses for
Mask and No Yes Mask and of Second Operand to 00 High-Order Byte, Read
RR Branch 06 M1 R2 Condition Code Condition Code Out Second Operand
On Condition Match Qalsl Match
RR Branch o7 | Rl R Branch Bianch Yes No Invalid Invalid | ansn
On Count Addiess in General Address in General Bianch Addiess 8 anch Address
! ; QAl61 Set Source (Second)
Register 0 Register 0 Operand i Reai
Obijective: Set a Register to 00 ReF;dlount DI::in:gg'ls’el ’
Branch On Condition: If Condition Code and Mask for Even Address and (rsou) Destin ion
Match, Branch to Developed Address. Check Branch Addiess 01 for Odd Address pe on
Branch On Count: Branch to Developed Address For Over 65K, Read ] l
Each Time Until Sum In R1 Is Equal to Zero. Each Out Byte 3 et to 1-Cyeles .
Time Through Subtract 1 from Amount in R1. € 4 | QAA431
Tionsfer b Addiess Used Later in Invalid : (Compare) (AND) Op Code (OR) (Exclusive OR)
to Anothes 1uegistes Address Routine ' 01 00 Bit 6, Bit 7 10 "
QAA431 QA4
Chart 001 Compare First and AND Fiist and Second OR First and Second Exclusive OR First and
- Ves Entered No Second Operands by Opercnds, Test for Operands, Test for Second Operands, Test
?tore Ac‘ldsless Over 65K fiom Execute Op Complement Addition, Zcro Results Zeto Results for Zero Results
in Local Storage Chart 002 Test for Zero Results .|
RR Branch
1 On Count
] Qale OP Format Byte | Byte 2 Byte 3 Byte 4
Set Low=Order Address QAalsl [ onm
in a Register, Chef.k_» F°", Replace the First RR AND 14 R1 R2
Boundary, Readout gyic - with the Results, Reset o o :
the Cairy Latch 5 R1 R2
RR Compare 16 R1 R2
Entered Branch
from Execute Op Addiess in General QA431 RR Exclusive OR 17 R} R2
oAl QAl161 Register 0 RX, AND 54 R1 X2 B2 : D2
Set the High-Order . QAI71 f Field ‘ [ _
Address (Byte 2) in Set the High-Order Readout Byte 2and 3 Chort 002 RX OR 55 R X2 g2 — D2 —
a Register Address (Byte 2) in of Branch Address "X 8ranch QA4S :
o Register On Count Readout Source Yes RX Compare 56 Rl X2 B2 | — D2~
' (Second) Operand
QAlé
RX Exclusive OR 57 RI X2 !l — 02—
Read and Reset the Qa1 Address |
PSW Bit, Restore ! sver 65K SIAND 94 12 B, — DI —
Instruction Length Count Tost for Nom-Zero Was Compare o - - — .
Condition, Set Carry Equal | — —_—
tch if
QA6 é‘;‘fy IO::uf:LURese? QA43] SI Compare 9% 12 Bl — b1 —
High- the Carry Latch if not Readout Program Mask R J
gf;‘:fe;;:fe”"g; e Carry Latch i no QA7 and Condition Code Byte, SI Exclusive OR o7 12 81| — DI —
Another Register | Readout Byte 3 of Tez‘ ;‘?’ hz"':‘ R““"E |
1 ' an igh, Low, or ua
[ " Count i Objectives:
Yes Count No QA421
QAIl61 Byte UZnero AND - To AND the Bytes of the First Operand with the
Return to |-Cycle Subtract 1 from the . Bytes of the Second Operand. The Results of the
Branch Count, Sef the Carry Set Condition Code and AND Replace the First Operand.
o Latch if a ALU Canry Store Progrom Mask and
——— Qa Occurs Condition Code Byte in OR - To OR the Bytes of the First Operand with the
Branch Address is not ! Qa7 Local Storage Bytes of the Second Operand. The Results of the
in Correct Registers : v OR Replace the First Operand.
es Count No
hait 001 A421
Char Byte Zero Q Compare - Compare the First Operand to the Second
Y (
Qal7l Return fo I-Cycles Operand. Comparison is Left to Right, Ends
on an Unequal.
No c Result QA0
ount of Subtract Exclusive OR = The First Operand is Exclusively ORED with
QA171 the Second Operand. The Results of the
QAl71 QAI71 Exclusive OR Replace the First Operand.
No Readout Next Count Readout Next Count Byt Chart 00}
| . eadout Ne eadout Next Count Byte, ar
nvalid Address Byte, Check for Byte 0 Check for Byte 0
Retuin to 1-Cycles Note: In the SI Format, 12 is the Second Operand and is
] QA171 One Byte Long. The Address of the First Operand
QA171 is for the Leftmost Byte in the Field.
Was There Yes Test for Non-Zeio Condi-
a Carry Out from tion, Set Cary Latch if an The Condition of the Result for AND, OR, Compare,
N Branch Branch the Subtract ALU Carry Occurs, Reset ondAExcl?sive OR is Stored in the Condition Code
° “Address in General “Address in General No  Chart 001 the Carry Lotch if not Register in Local Storage.
Register 0 Register O

®

Example: (Only Two Bytes Shown)

AND OR
First 0001 1100 1010 0001 0001 1100 1010 0001
Second 0001 0011 1001 1110 0001 0011 1001 1110
Result 0001 0000 1000 0000 0001 1111 1011 1111
Compare Exclusive OR
First 0001 1100 1010 0001 0001 1100 1010 0001

Second 0001 0011 1001 1110 0001 0011 1001 1110

0000 1111 0011 111

First 2001 1100 1010 0001

Complement Second _1110_1100

Unequal

0000 1000
Ends




Op Format Byte 1|Byte 2 [Byte 3 |Byte 4
RR Compare 19 RIERZ \ /
RR Add 1A RIERZ \

RR Subtract 1B RIiRZ X

RR Add Logical e |RilR2 / \
RR Subtract Log. 1F  |R1|R2 / \
RX Half Compare | 49 RI!X2 BZED2 D2
RX Half Add 4A RI;XZ BZEDZ D2
RX Holf Subtract | 48 |R1X2 82i02 | D2
RX Compare 59 RTEXZ BZ;DZ D2
RX Add 5A mixz szioz D2
RX Subtract 58 RIEXZ B2éDZ D2
RX Add Logical 5E ngxz Bzioz D2
RX Sybtract Log. 5F ngxz 32502 D2

Objective:

Add

Add Logical

Subtract

Subtract Log.

Compare

The second operand is added to the first operand ,
and the sum is placed in the first operand location.

Same os Add. The difference is in the setting of
the condition code.

The second operand is subtracted from the first
operand, and the difference is placed in the
first operand location.

Same as Subtract. The difference is in the
setting of the condition code.

The first operand is compared with the second

operand, and the result determines the setting
of the condition code .

Chart 002

TYJHUIITIITH T

Logical
Add, Sub.

Set Second Operand
in a Register, Turn

Carry Latch Off

QA4

Subtract

Add, Subtract,
Compare

QA411

Set Second Operand
in a Register, Turn
Carry Latch on, Set
up for Complement
Add

QA411 Compare

Set Second Operand
in a Register, Turn
Carry Latch on

Add, Subtract

| I QA41I

Readout First
Operand

QA4
Add, Subtract,

Compare

Compare

QA411

Add (True or Com-
plement), Check
for Zero Results

Subtract the Second
Operand from the First
Operand, Check for

| QA4

Zero Results

with Result of Add

Replace First Operand

QA411

Add, Subtract
or Logical Add,
Subtract

Add, Sub.

QA411

Test for a Zero Answer

and a Carry Out

Last Byte Yes

—

| ca4n

QA411

Test Sign of Result

Readout Second
Operand and Set into
a Register, Test for
Last Byte

QA42]

QA411

Readout Program Mask

QA421

Readout Program Mask
and Condition Code

QA421

Yes Op Code Bit 3 No and Condition Code
! QA411 (Half Arithmetic)
Test Sign of Second
Byte, Readout First
Operand
Compare
QA411
Program Mask
Add, Sub Add, Subtract, Compare Bt Oon or OFf ’

Compare

QA41N

Add

Invert Sign —l

QA411 On QA421

(True or Com- Subtract the

Second Program Interrupt

plement), Check for
Zero Results, Replace
First Operand Byte with

Operand from the First
Operand, Check for
Zero Results

QA879

l QA421

Test Result for Zero
Answer and Sign Status

| qaa

Resu

Its

Plus

QA411

L

Last Byte

Sign
Plus or Minus

QA411

Readout First Operand,
Set Second Operand
Register to all Zeros

Readout First Operand,
Set Second Operand
Register to all Ones

CLF 005 RR

-RX Fixed Point, Multiple Codes 3

Chart 007

Set Condition Code
To Correct Code

1 QA421

Store Program Mask
and Condition Code

I QA421

_

Return to I-Cycles

QA001

Chart 001



900 4120

7 sepoD a[di|nW “4uiod pexid X Y-¥Y

Execute

Branch Branch
Chart 002 RR Branch Index High Index Low,/Equal
and Link Chart 002
QAO091 Chart 002 e Chort 002 Tst Operand | Increment | Comparand
RX Branch Chart 002

Readout Byte to be ORED and Link Start 000002 04 |00 000060 | 000002 12
with Biv.s 8-15 of the Next If 2nd Operand Uses Reg-1
Instruction ister 0, do not Branch |

] 1 2nd Operand Uses Reg- QA9 Finish | 000002 64 | 0000 0060 | 0000 02 12
{ ister 0, do not Branch Store Low Byte of
Branch Address in
Low Order

H Local Storage Byte Address 23 43 53

Entered
from Execute Op

Entered
from Execute

Entered
from Execute Op

Program Interrupt Branch Address Readout Low-Order Bytes, Add A to C, Subtract Sum of A+C from B.
(Execute Exception) Over 65K Reploce Ist Operand Byte with Sum of A+ C.
QA191
QA0%1 Restore Instruction Store Add o r
ress ver
Chart 007 Using General Address from L?Cﬂ' | Increment (Index) is Third st Operond Increment Comparand Register Register Register Ist Operand
(Pone 10) Purpose Register 0 Storage to Registers | Operand, Comparand is Address Address Address A B C
age o091l I 00 i the Index or is Stored One
QA001 =" Register Above 2 3 43 53 - - - 0000 02 04
Change Byte to 00 Restore Instruction I ' QA9
to Prevent Bits 8-15 Length Code ond ! Readout
Modification Reset PSW Bit Readout Increment and 4 3 6 0
Comparand Bytes. Store
Store Address Over Comparand Byte ina Readout
QA9 65K in Local Storage Register 53 T2
Store !&dd;e'ss ol;:. Nex: In— l QAI191 Readout No Carry
ruction per buecule l vt T Orernd 23 AE 04 00 00 02 64
nstructi eadout First Operan
l QA9 I [OABW and Add to Increment . 2 2 4 2 5 2
Store Instruction Replace First Operand
Address in Register with Sum .
’Sieornt;lz C«:dEr:esZ ::e:‘nsiruc- Addressed by First Readout Next Byte, Repeat Routine
Operand
Readout
| csom I QA! Lost B 42 00
ast Byte
Set Condition to Indicate
an Execute Op Has Been Store the Instruction Added Readout
Done Length Code, Condition 52 0 2
Code, and Program C
I pyyo Wk in byte 0 of the 'hoemg:::p::)::‘;o (C:Z:P:::ni‘um to the Readout No Carry
Register Addressed by id 22 FF 02 00 00 02 64
Store Instruction Length Fiest Operand HE
Count in Local Storage . If 2nd Operand Uses Reg- | is L 40 51
H Show 1! ister 0, do not Branch ' This is Done by
Set P§W Bit to ow In= 4 Jm = ——— Subtracting the Sum .
struction Address is from the Comparand Readout Next Byte, Repeat Routine
Stored.
Readout
QAO91 41 00
Return to I-Cycles Read
(Execute) Set Branch Address 5e0 |°m 00
QA001 into Registers, Test
for Boundary Readout No Carry
m—————m——my 21 F F 00 00 00 02 64
Chart 001 - | CQ:“’(” | 2.0 40 50
t to |-
Op Format Byte 1} Byte 2|Byte 3 |Byte 4 ¢ ‘E;:‘on(;h) yeles i
RR - Branch ond Link |05 | R1.R2 | Readout Next (Last) Byte, Repeat Routine
RX - Branch and Link | 45 | R11X2|B2{D2| D2 Salid H .
RX - Execute 44_|R1TX2[B21D2| D2 Readout
2 turn to 1-Cy!
RS — Branch High 86 |R1!R3|R2iD2] D2 = 40 00
RS = Branch Low/Eq. | 87 [R1}R3[R2!D2| D2
! Chart 001, Entered QAOO1 ! Readout
Objective: Tes fron 'E‘eerceuie O ' ° 0 0
m Ex
Branch and Link - Store the Updated Rightmost 32 P Op Adder |Op |Op
Bits of the Current PSW and Set QA16] Chart 001 Code | 1BC {Carry [ 0 | 7 iBranch Readout No Carry
the Branch Address into the In- 8 [No| No | -] 0] Ne 20 FF 00 00 00 02 ¢4
struction Counter. Reset PSW Bit and Ne QAI91 86 | Nol Yes | —| O] Yes
Restore Instruction Set Low Byte of 86 | Yes| - 0] 0} No Theck for a Carry from Bit 1 (in Example, Bit 1 Carry did not Occur)
Execute - Bits 815 of the Instruction at the Length Count Branch Address 86 | Yes = 1] 0] Yes Now Add High 4 Bits of the Last Compare, B~(A+C), to Op Code.
Branch Address, Second Operand in a Register 87 | No| No } -] T/ Yes
Effective Address, is Modified by 87 | No| Yes | =1 1] No Branch High Branch Low,/Equal
ORING Byte 3 of R1 with Bis QA161 87 | Yes| - | O] 1] Ves 86= 10000110 i wﬁé il
8-15. The Instruction os Modified <ot Branch Address 87 [ Yes| - T 1[ 1] No 11110110 No Carry 1, 1111 0000 No Carry
Will Now be Processed. into Correct Registers “Branch Address Adder Adder. -
Branch High - Add the Contents of R3 to R1 and is QAlsl Invalid Carry Y0111 0110 Cary 0111 0111
gBoTpure;: f:er}&e Con tents of R3 or Return to I-Cycles QAl61 Branches are Now Taken on Result of this Add, Adder Carry and Op Bit 7, to
1. N the Compare is ng.h, @ (Branch) it Determine if the Branch is to be Taken. If a Carry from Bit 1 had Occurred
Branch is Token to the Effective set Condition fo then the Branch is Determined by Op Bit 0 and Op Bit 7 ofter the Add
Address of the Second Operond Indicate Invalid en the Branch is Determined by Op Bit 0 and Op Bit 7 ofter the .
Address
Branch Low/Equal - Same s Branch High only Branch l

on Equal or Low Compare.
Chart 001



Chart 602 Coonts 002, 106

: Clarts 001, 1.6 :
Chart 002 Set Supervisor Piogram I External 1O 1
e Clarnel Load PSW System Mask Coll Interunt | Interruot Interrupt ' Muliiple Entries -
I Commor Routiny
I w v ¢ pmmer Rovtie : Forced Address l
| QA9 QA9
A9 .
| \ Readout Byte O of L Readout Byte 0 of J ? Sraal yy 61 Chart 037
' PSW {System Mask) l PSW (System Mask! Setup Address of Old Yes . Sel‘ec'\IAon , :Z:jrcr:o:‘ochuccnne!
( | QA9 PSW Interiupt Code ““”"Ceheckf’c e
1 QA921 Set System Mask into QDisl
I From Charts 034, 035, Set System Mask info Hardware Lafches Qassl Se: Canne! ]
, 036, 037, 038 and 041 Hardware Latches Control Cleck J
b - ———— Store Interrupt Code
| Chart 044
| ono2i 1 MPX MC
T MPX Yes
Set System Mask into ' For 1. O Interiupt Retun . Chonnel Machine
Store Channel Address Chart 037 Check
Local Stage b High 8 ec
; in High Byte | QC451
Qassl To MPX Chanrnel
QA921 Store Protect Key and
Set AMWP Bits in Old PSW
Syst
ystem Mask I onsa
Store System Mask Yes
Return to |-Cycles N 4 First Erron
QA921 - Chart 002 in Old Psw Chart 044
QA001 Readout PSW Byte 1 Set
(Protect Key and AMWP), Program Mask
Store in Local Storage ,
Chart 001 Set Machine Check Mask 1O Interrupt
Chart 001 Instruction 9
Address Stored
keadout PSW Byte 4 System Reset
(Instruction Length Code,
Condition Code and QA881 A831
P’ZQ;’"“ MQSk}l\: ief ILc Reset PSW Bit, Restore Insrructicn Started by Pressing ———— -
ond Program Mask into Restore ILC Address to Registers the Start Key | QA951
a Register e .
Force A-Register
Error
| QA921 ] [ | oaser
B el . N
Decode Condition Code ! Set Condition Code Store lns.h uction
from 2 fo 4 Bits i and Program Mask . Address in Old PSW )
' I into Local Storage Forces Invalid Address Disable

Next Time PSW s Used { Mode QA951

Reset Machine

Wiap Exists Check Register

Set
Program Mask

QAB9]

QA921

Store 01 for High Byte Store 00 for High Byte
turn to 1-Cycl 4 . .
Return to |-Cycle ?:?;:"'nyr:\gf E/?cjjrzss) of Instruction Address of Instruction Address Do Diagnostic Test
QCOo0!
1 QA0
001 B Store Instruction Length, Diagnostic
Chart Byte 5 - 00 Condition Register, and ‘Tjes" 4
QA931 Program Mask in Old PSW Finishe

Machine
Check Mask Bit
On

Reset Machine
Check Register

No -

Reset Diagnostic
Latch

Store Byte 5 in Local
Storage

1/O Interrupt

Recdout PSW Bytes 6 and 7
Set into Registers, Check

Yes Anything No QA%01
in Machine Check [or Boundery Reset All UCW's Active
Register ] ! Bit and Protect Key
- to Zeros
OA93] QCool
To Machine Check QA%31
Routine
Yes Entered No
from Execute Chart 034
Op QA001
Chart 001 Reset PSW Bit
No
Wait Bit On Yes w
QA931
Yes one No
Return to [-Cycles Wait Bit On
( Reset PSW Bit)
l QA941 ——
QA00! QA3 To Restant, P | Trap Waiti
R o » Press - ra aiting
Wait Loop, Wait Light On|_ _ the Start Key Vol P g
- Return to I-Cycles |
I ' (Branch?
Chart 001 ! ' — S— -
Stop Trap
Any Interrupt Wil .
Reset the Wait Latch

Chert 001

CLF 007  RR Supervisor Call, Interrupts and System Reset
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Adisjnw Aiouig Xy-yy

Chart 002 Clort 002
Chart 002 RR RX Fullword
RX Halfword Muoltiply Multiply
Multiply

Entered
from Execute Op

Entered

No No
1 from Execute Op

QAS5IT

Store Instruction
Counter, Instruction
Length Code and
Set PSW Bit to 1

. . First .
Store Result in Even . Second First
S d Cycl
Odd Registers Selected | or second Lyele
by Instruction | QA591
1 .
QA591 Store the Reamining 16 ioly E les: RR Multipl
R , d d Bits of the Partial Product Moltiply Bremeles oc_ 1 - RT__R2 The Multiplier is Found in R2 or af the Effective Address in
P:fﬁ::tpf:dujffOSecon in the Even Register Multiply Table RX ?UggordlMumply | . | Main Storage .
N . R1 X2 B2 D! D2
First Partial Product QAS591 Store Multiplier 16 Bits in Multiplicand Multiplier The.Genercl Regisfe:r %\ddres?ed by Rl.musf be an Eve‘n Nu:ber
QAS591 Setup Next 16 Bits Local Storage Work Area Multiplier Plus Digit Value Multiplier is 32 Bits Long. Register. The Multiplicand is Found in the Odd Register After
of the Multiplier in and o Hardware Register Sign Plus or 0 10 Multiplicand is 32 Bits Long. R1. Example: RI Addr-esses General Register 6, the Multipli-
?féu;;" - I;CYCles Hardware Registers Minus QAS21 1 LIX Product is 64 Bits Long, Using Both R1 and R1+1. cand is in General Register 7.
estore
Setup Multiplier in Setup Multiplier in 2 +2X . .
QA001 L CEor:glen:‘eanF’orm in Local Storage and 3 +2X +1X Rl Even Register RI+1 Odd Register The Product Replaces the Multiplicand.
C i 2X
Multiplier Local Storage and a Hardware Registers 4 +2X + - - -
Equols Zero Hardware Register 5 VX 42X +1X [32 its (Nor Used) | [5] 31 Birs | [S[ svems
6 ¥2X 12X 42X i — i
QA521 [ 7 $2X +2X 42X +1X ’ Multiplicand Multiplier
8 -2X =2X -2X -2X f Product
Set the Product fo Store the Multiplier 9 92X =2X 2% -1X
Zero T 2 i Local srore Copy of The A 3% 2% 2% To do a Full Word Multiply, Two Partial Products are Developed, then Added together to Form the Product .
Storage Work Area and Multiplicand in B _2X -2X -1X Example of Full Word Multiply. Multiplier = 00100024 Multiplicand = 00300904
a Hardware Register Local Storage C -2X -2X
ocal vtorag > % LIX 1. Readout Multiplier, Complement if Minus. Put the High~Order 16 Bits into the 16 High~Order Bits of
Halfword O E _2X General Register Addressed by R1. Put Low-Order 16 Bits into Hardware Registers. Set a Copy of the
: alTwor ol H
o 'le;sBleghBe ) No (d Readout Moltiplicand F % Multiplicand into Local Storage.
igit of Byte Beel Byte . . Hurf:lwore
: Used This Same Table is Used for Add or R1 RI+ 1 Registers Local Storage
Shifted Out Plus | Subtract. If the Last Cycle was a [o0 10 XX xX] [00 30 09 04] 7z 00 30 0% 04
Previous Digit Stored | Return to I-Cycles Toarsa Subtract, Add One to the Multipli- ——= —_— —— e
- (IC Restore) cand Digit. High 16 Bits of Multiplicand Low 16 Bits of Copy of Muliiplicand
Multiplier Multipli
QA001 Multiplier Minus vipte oirieter
Chon 1 5'9,\'4'4"'“‘ or kX Holfword Multiply 2. Setup in Local Storage and Hardware Register 1 Times and 2 Times the Low 16 Bits of the Multiplier
nus 1X = 0024
QAS3! QAS3I e [ [ ] ] o2 2X = 0048
Set Multiplicand Byte Complement the
into a Hardware Register Multiplicand Byte and Multiplier is 16 Bits 3. Develop the First Partial Product by Reading Out the Multiplicand, Decoding each Digit and*Adding or
- 9 % P y g p g 9 9
Store Partial Product Set into a Hardware Multiplicand is 32 Bits Subtracting the 1X or 2X of the Low Multiplier. The Product Digits Replace the Multiplicand and the
Digit (Digit Shifted Out) Register Product is 32 Bits Low-Order 16 Bits of the Even Register. Put High 16 Bits of the Multiplier in the Hardward Registers.
I Operation is the Same as Fullword Except R1 R1+1 Hardware Registers
| QAS54] Only One Partial Product is Formed. The [06 70 00 00] [06 C1 44 9]
Setup Multiplicand Low 32 Bits of This Product are Set info o e e T T —— [ ——
Digi’: for Deioding Registeras the Product. High 16 Bn'ts First Partial High 16 Bits of
Multiplicand R1 can be an Even or Odd Numbered of Multiplier Product Multiplier
o Byte = Zero Register. .
Multiplicand QAsal QA5 4. Setup in Local Storage and Hardware Registers 1 Times and 2 Times the Hihg 16 Bits of the Multiplic
Byte Equals Zero 1X = 0010
Decode Digit to be Store Zero Product Digit 2X - 0020
Multiplied in General Register
I Digit was 0 through 7 5. Develop the Second Par.ﬂal Product by Reading Out the Copy of the Multiplicand, Decoding Each Digit
1 QA5 and Adding or Subtracting the 1X or 2X of the High Multiplier. The Second Product Digits Replaces the
h Multiplicand Copy and the High 16 Bits are Stored in Hardware Registers.
! Add
Subtract
I QAG51 AddRZ[M:e e Hardware Register Local Storage
I Compute Product 0 0 03 ‘0?,99/?0‘/
(See Example) High . N " .
igh 16 Bits of Second Partial Product. Low 32 Bits of Second Partial Product.

6. Add the Second Partial Product to the First Partial Product. The Second Partial Product is Shifted the

te Product N
Compute Produc Correct Amount . Result is Set into the Even and Odd Registers Selected by R1.

(See Example)

00 00 06 C1 44 96 First Partial Product
+00 00 03 00 90 40 Second Partial Product

Digit was 8 through F | R1 R1+1
| {06 00 03 00][97 01 44 96]

O,




QA511

Store Instruction Counter,
Instruction Length Code
and Set the PSW Bit to
One

—

Chart 002
RR Divide

Entered

from Execute Op

RX Divide

QA511

QA401

Readout High-Order
Divisor Byte

QAs01

Invalid Op
Program Interrupt

QA879

Chart 7

Minus

Load Divisor into Lo-
cal Storage and Hard-
ware Registers in True
Form

CLF 009

Op Code 4D

Divisor

Minus

Sign Plus or

Plus

Quotient Bit = 0

1

Carry Out

Quotient Bit =1

Do Case 2
Dividend is Overdrawn
and is in True Form.
Shift Dividend Left One
Bit, Shifting in New Bit
from Low 32 Bits in Com~—
plement Form, Compute
Quotient Bit

QA821, 631

Queotient Bit = 1

QA601

Load Divisor into Local
Storage and Hardware
Registers in True Form

1

QA401

End of Minor

Carry Out

Quetient Bit =0

-
t
I
L
|
I

No

Loop

Do Case 1

Dividend Not Overdrawn
and is in True Form. Shift
Dividend Left One Bit,
Shifting in New Bit from
Low 32 Bits in True Form.
Compute Quotient Bit.

Store Low Quotient
Address in Local
Storage

QA601

Readout Dividend
High-Order Byte

Plus

QA01

Divisor
Sign Plus or Minus

Minus

Plus

Dividend

Sign Plus or Minus

Plus

Minus

Quotient Bit = 0

Minus

Divisor
Sign Plus or Minus

Loop

[ eacon

.Set Sign of Quotient

Divisor Dividend Quotien
Plus Plus Plus
Minus  Plus Minus
iMinus  Minus Minus
Plus Minus Minus

[ anm

Load Low~Order 32 Bits
of Dividend into Local
Sterage and a Hardware
Register in True Form

QA611

Odd Register has Low
32 Bits

Load High-Order 32
Bits of Dividend into
Local Storage and
Hardware Registers

QA611

Store High Quotient
Address in a Hardware
Register

[

QAS11

Loop

Set Count into a Hard-
ware Register for Minor

QA611

Shift the High Byte of
the Low 32 Bits of the
Dividend Left One Bit

QAN

Setup so First Divide
Cycle is a Subtract

[ qacz1, 631

Shift High 32 Bits
Left One Bit and Com-
pute First Quotient Bit

Even Register has High
38 Bits

End of Minor

Quotient Bit =1

End of Minor
Loop

_End of Minor

Loop

NoI

Do Case 4
in Complel

Bit, Shifti

Dividend is Overdrawn

Shift Dividend Left One

from Low 32 Bits in True
Form. Col
Bit.

ment Form.
ng in New Bit

mpute Quotient

Quotient Bit = 0 T

T

End of Minor
Loop

- —r
E Quotient Bit = 1
Yo
>~ End of Minor
Loop
@ No
Do Case 3

Dividend Not Overdrawn
But is in 1's Complement
Form; Shift

Left One Bit, Shifting in
New Bit from Low 32 Bits
in Complement Form.
Compute Quotient Bit,

Dividend

Quotient Bit =0

Quotient Bit = |

1
|
Indicates Eight :
Quotient Bits Have i
Been Stored in a :
Hardware Register. !
Transfer This Byte to I
Local Storage and I
Reload Hardware |
Register with more :
Dividend Bits. |
)

Do Divide Loop
Start as in Case 1

Minus

QAb41

No End of Minor Yes Yes End of Minor
Loop Loop
QA621
Store Quotient Byte
in Local Storage.
== Replacing a Byte of the
End of Minor Loop Low Dividend

Test on Address
Quotient Byte

of Low

End of Major

QA621

QA641

Quotient Sign Plys

Plus or Minus

Complement the
Quotient

Has an
Overflow Occurred

—
Depends on What Last
Case was and Ending.

Readout Next Byte
of Low Dividend and
Set into a Hardware
Register, Setup New
Count for Minor Loop

QA641

Correct

[ Qe

Divide Check
Program Interrupt

Op Format Byte 1 |Byte 2|Byte 3 |Byte 4
RR Divide 1D_[RTR2

RX Divide 5D [R1:X2[B21D2| D2
Objective: To divide the dividend (first operand) by

the divisor (second operand) and replace
the dividend with the quotient and re-

mainder.

RR-RX Binary Divide

QA879

Chart 7

Sefup to Correct and
Store Remainder

|
1
|

Quotient Sign

Comp|emen; Quotient if
Sign is Minus

| QA1

Setup Address of
Selected Odd General
Register to Store
Quotient

I QAb641

Store the Quotient

| QA4

Setup Address of
Selected Even General
Register Low Byte

Divide
Ended Using Case
1,2,30r 4

1,2,3, or 4

Do Case
1,2,30r4

O O

[1]2]3]4

QA651

Case 1 ~ Store as is
Case 2 ~ Subtract
Dividend from Divisor
Case 3 ~ 1's Complement
Case 4 - Add Dividend

to Divisor

| qrest

—
Store Remainder in
Selected Even Register

| QAs51

Return to [-Cycles
(IC Restore)

QA001

Chart 1



Note: For this example, assume a divisor of 16 bits and a dividend of 32 bits.
This is done to shorten the example but still show how the auotient is
developed.

The divisor is readout of its General Register or
Main Storage location and copied into Local
Storage and a hardware register .

2. Signs. Check sign of divisor and dividend and set quotient sing.
In example, both signs are plus, so the quotient sign is plus.

3. Dividend =[07 [35] FB{ 0A]

——— ——

Even Odd

The dividend is located in two General
Registers. The high dividend in the
even-numbered register and the low
dividend in the odd-numbered register.
The dividend is readout and the two parts, high and fow,

are copied into Local Storage and hardware registers.

4. Quotient. The quotient is developed 1 bit at a time and set into a
hardware register until the end of @ minor loop. Then it
is placed in local storage .

Note:  Shifting of the dividend uses the copy in local storage work area.

The 4 low bits of a hardware register are set to F to be used in the
minor loop count. When the 4 low bits equal 7, the minor loop is ended.

Note: Setup to start as in case 1.

5. Set high byte of low dividend into a hardwore register.
6. Shift byte left 1 bit.

7. Add carry in high dividend, shift left 1bit and do 1's complement .

8. Add complemented high dividend to divisor te compute quotient
bit and new high dividend.
Case 1, Carry out = Quotient bit 0 and do case 2.

9. Shift byte left 1bit and set quotient bit in low~order position,
subtract 1 frem count.

10. Add carry in high dividend, shift left 1 bit.

11, Subtract dividend from divisor.

Case 2, Carry out = Quotient bit 1 and do case 1.
2., Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

13, Add carry in high dividend, shift teft 1 bit.
14. Subtract dividend from divisor.

Case 1, No Carry = Quotient bit 1 and do case 3.
15, Shift byte left 1 bit and set quotient bit in.. Subtract 1 from count.

16. Add carry in high dividend, Shift left 1 bit.
17, Add dividend to divisor.

Case 3, No carry = Quotient bit 1 and do cose 3.
18, Shift byte left | bit and set quotient bit in. Subtract 1 frem count.

19.  Add carry in high dividend, Shift left 1 bit.
20. Add dividend to divisor.
Case 3, Carry out = Quotient bit 0 and do cose 2.
21.  Shift byte left 1 bit and set quotient bit in. Subtract 1 from count,
22. Shift high dividend left 1bit.
23, Subtract dividend from diviser .

Case 2, No Carry = Quotient bit 0 and do case 4.
24, Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

25, Add carry in high dividend, Shift feft 1 bit,
26, Add dividend to divisor.

Case 4, No Carry = Quotient bit 0 and do case 4,
7. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count,

~

28, Add carry in high dividend, Shift left 1bit.
29. Add dividend to divisor.

Case 4, Carry out = Quotient bit 1 and do case T.
30. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

31. Count has gone to 7, End of minor loop. A quotient byte
is in the hardware register. The quotient byte is set info local
storage replacing the high byte of the low dividend copy. The low
byte of the low dividend is placed in the hardware register for
shifting and the count is set to F for the next minor ioop.

32. Shift-high dividend left 1 bit.

33. Subtract dividend from divisor .

Case 1, Carry out = Quotient bit 0 and do case 2
34. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

35. Shift high dividend left 1 bit.
36. Subtract dividend from divisor .

Case 2, No Corry = Quotient bit 0 and do case 4.
37. Shift byte left 1 bit and set quotient bit in. Subtract 1 from count.

38. Shift high dividend left 1 bit.

Case 4, No Carry = Quotient bit 0 and do case 4.

Divisor Copy

Dividend Copy Count

[i0]=2] Ioifhm FBLWOAI

©

EE o

NC

.

NC

[F1]94]
- 'ﬁ@ "]

©«{re]

01 E6

B
(=]
.
a
8

5

B

+

Y
lj
o

7 <]

10 52

Fl1 77
01 C9
Ne~{7T]
Low
Dividend

EI
10 52

FC 6D
0C BF

Ry

10 52

E6 80
F6 D2

10 52

ED A4
FD F&

Do case 4.,

40.  Shift byte left 1 bit. Set quotient bit in and
subtract 1 from count.

41,  Shift high dividend left 1 bit.

42.  Add dividend to divisor.
Case 4, Carry out = Quotient bit 1 and do case 1.

43,  Shift byte left 1bit. Set quotient bit in and
subtract 1 from count,

44, Shift highdivided left 1 bit.

45, Subtract dividend from divisor.
Case 1, No Carry = Quotient bit 1 and do case 3.

46, Shift byte lefr 1 bit. Set quotient bit in and
subtract 1 from count.

47, Shift high dividend left 1 bit,

48. Add dividend to divisor.
Case 3, No Carry = Quotient bit 1 and do case 3,

49.  Shift byte left 1 bit, Set quotient bit in and
subtract 1 from count.

50.  Shift high dividend left 1 bit

51, Add dividend to divisor,

. Case3, Carry out = Quotient bit 0 and do case 2.

52, Shift byte left 1bit, Set quotient bit in and
subtract 1 from count.

53.  Shift high dividend left 1 bit.

54, Subtract dividend from divisor
Case 2, No Carry = Quotient bit 0 and do case 4.

55. Shift byte left 1 bit, Set quotient bit in and
subtract 1 from count.

56, Count has gone to 7, End of minor loop. Set
quotient byte into low byte of low dividend.

57.  Address of low quotient byte has been reached
indicating end of major loop. Check signs
and set the quotient into the odd numbered
general register.

58. The remainder is developed and set into the

even numbered general register. The correct
sign is set for the reaminder. In the example,
we ended in case 4. Case 4 causes the high
dividend that has been developed to be added
to the divisor. The result is the remainder.

The even/odd general registers have been set
with the remainder and quotient with
proper sign ond divide is ended.

Note:  The divisor and dividend in actual form would be:

Divisor  [00]00]10] 52 ]

Dividend  [00]00[00f00] o7[as[ ref 0a|

The Quotient would be:

Even |
Quotient  [00]o0Joo] 12 oo]or

CLF 010

Dividend Copy
Divisor Copy
[T

10 52

[io[s2] + £ EC

: ye—0C 3E

NG

-18 7D

1 0 52
[10]352] v 7 82
] NGCe—F7 D4

[eF_A9}

0 52
+ EF A9
NC<+—FF FB

NC+~—{87]

FF 6

——————0 52
+ FF_Fé
~10 48

ne~—foe]

—*I0 52

152 + DF 6F

NC=—EF CO

High Low

Shifted Byte

NC
L)

Count

Divisor 10 52

High Dividend + EF_CO
Remainder (C)+—00 12

E’fn Odd
[0oT123 [A11C]

Remoinder Quotient

RR-RX Binary Divide Example
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This is Used to Re-~
member where the
First Non-Zero Byte
is in Local Storage

Chart 002

QA261

Set the Address of the
High-Order Byte of Work
Area in a Register

QA271

Readout First Operand
Byte, Replace with

First
Non-Zero
Byte

Update the Register
Being Used to Retain
The Address of the

First Non-Zero Byte

1
The Work Area is 8 Bytes |
Long; High Address |
=0 Indicates End of Arec}

QA261

Valid

QA261

Test to See if Last
Digit is Valid, Reset
Carry

End of

Work Area

Decimal Digits

QA261

Set Register to 07 for
Program Interrupt

Chart 7

QA261

Test to See if Last
Digit is Valid, Set
Carry, Set Complement

QA261

Set a Register to 07 for
Program Interrupt

QA879

Chart 7

Sign Byte Found

7

Valid

Last Decimat

Digit

QA261

Yes 4 ! Operand is Now Read
i out From Local Storage

Binary Byte (Complement
Form for Minus Signt)

Byte 0
of First Operand

Readout High-Order
Non-Zero Byte

Decimal
Digit Too Laige

No

Yes

Chart 1

End of
Work Area

Readout Next 2nd
Operand Byte

Zero Quotient
Digits

Update Address of
First Non-Zero Byte

QA2

Readout Next Byte,
Multiply the Remainder
by Binary 10

QA261

Readout High-Order
Non-Zero Byte

QA271

Add Next Decimal Digit
to the Product

Set op For
Conversion

Last Byte

Read Has Valid
Decimal Digit

QA271

Store 4 Bits of the
Binary Conversion by Bi
in a Register

Binary

Byte Ready to

Store

QA271

Multiply the Remainder

nary 10

Add the Next Digit
to the Product

Div
16

o
ide the Result by : This is Done by Moving
+ the Quotient Digit

E Right 1 Digit

Dig

Store the Quotient

its

Set a Register to 09 for
Program Interrupt

QA879

Chart 7

Instiuction
T T T
Format |Byte 0 Byte 1 Byte 2 |Byte 3
IR
RX 4F iRIXZlBQ:D 2
1
First Operand
Start | XX \ XX | xx | oxx
Fnin | 00 [ 00 | 11 | el

Second Operand - Main Storage

[ I
Byte |Byte O|Byte 1 |Byte 2 iByre 3 |Byte 4 |Byte 5|Byte 6 i Byte 7

Digits | 00 00 00 00 00 04 44 ‘ 9C

Vork Area - Local Storage

Load | 00 00 00 00 00 04 44 9C

Finish | 00 00 00 00 00 00 00 0C

The convert to binoiy routine works something like a manual conver-
sion of decimal to binary (hexadecimal). Example:

0278 017 o)

0
16)0278 16017 16)01

00 00 00 020
44 27 17 !
2 I K __—
124 118 1
2 m‘/

129 b

(Hex) 1161 0001 0001 0110 0001 (Binary)
By successively dividing the decimal number by 16 and using the
lemainder the hexadecimal number 1161 is developed.

The 2030 converts a decimal number to @ binary number by multiplying
each digit by binary 10 and then adding the next digit to the product.
Then this result is divided by 16. The Quotient is stored and the Re=
maindet is multiplied by 10. This continues until the numbe: has been
converted.

In the example to the right, the register numbers are for example only.

The work areo has been loaded and R4 has the location of the first
high-order non-zero byte.

To multiply a digit by binary 10, shift the number lefr 3 times (by
adding). Then add the result of the first shift to the third shift----
Examples:

04 0000 0100
0440000 0100
08 0000 1000
08 0000 1000
16 0001 0000
16 0002 0000
32 0010 0000
_8 0000 1000
40 0010 1000

To divide a digit by 16, the digit is shifted 1 digit to the right.
Example:

2 64483216 8421
16)33 00 1 0 0001 -- Remoinder

2

T 0010 -- Quotient
In Example R1, 2, and 3 are used to convert the number. R4 retains

the work area byte with the first significant digit. R5 hold the low
four bits of each convert byte for storing complete byte.

Comments

Set R1 to Q0 and set byte 5in R2. Note:
The R1 high digit is called Quotient (Q1} and the
R1 low digit is called the Remainder.

Quotient

The R2 1st digit is added to the Remainder. QI
2nd R2 next digit are sef into R3. A test fou
sign digit is made. Multiply by 10 if the byte
does not contain a sign digit.

Add next digit to the product.

Divide by 16. This is done by shifting the high
digit right 1 digit. Store QI and the Quotient
{Q21 of this divide in the work area. If bytes
stored equal zero, change R4.

Readout next byte. Multiply the Remainder by
10.

The Product and st digit ore added. Q1 and
next digit are set into R3. Test for sign.

Multiply remainder by 10.
Add next digit.

Divide by 16, store Q1 ond Q2, test for Zero.
Readout next byte.
Multiply Remainder by 10.

Add 1st digit.

Set the Quotient and next digit in R3, test for sign.
Sign is found, set remainder in RS and set R3 info low
byte of work area.

Set R1 to 00 ond set byte 6 in R2

Add 1st digit to Remainder.

Set Q1 ond next digit in R3, test for sign.
Multiply Remainder by 10.

Add next digit.
Divide by 16, store Q1 and Q2, test for zero quotients.

Readout next byte.
Multiply Remainder by 10.
Add st digit.

Set the Quotient and next digit in R3, test for sign.
Sign is found. Store the remainder and low digit in

R5 in the First Operand byte 3, store R3 in the low byte
of the work area.

Set R1 to 00 and set byte 6 in R2.

Add 15t digit .

Set Q1 and next digit in R3, test for sign.
multiply Remainder by 10,

Divide by 16, store Q1 and Q2, test for zero quotient.
Zeros found. Change R4.

Readout next byte.

Multiple Remainder by 10.

Add st digit.

Set the Quotient and next digit in R3, test for sign.
Sign is found. Set the Remainder in R5 and set R3 in
low byte of the work area.

Set R1 to 00 and set byte 7in R2.
Set Q1 and next digit in R3, test for sign.
Sign is found. Store remainder and low digit in R5 in the

First Operand byte 2, store R3 in low byte of the work area.

The number has been converted, but the loop continues
until the first operand remaining bytes have been set to 00.

Rl

i
Remcinder—-T
00

-0
00
xA
00
-4
04
0
1

R2

|si—?4

Next

R3

04

Byte 5 Byte & Byte 7

04

04
xA
28
+4
7c
oC
xA
78
+4
<

7
oC
xA
78
+9
81

44

24

|

00
+2
02
xA
T
+7
N
OB
xA
67
x8

27

8C

07

7C

00

00

00

00

Work Area

44

44

27

27

27

]

9C

9C

8C

8C

8C

First Operond
R4 RS Bytel Byte2 Byte3

5 00 00 00

00 00 61

00
+

or

o1

7C

0t

oC

00

00

00

01

00

00

7C

7C

00 1A 61

00

00

oC
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QA281
Set 8 Bytes in Main
Storage to 0
| QAZ81

Readout Ist Operand
Byte 0, Test Sign

L

QA28

Readout Next Byte of
1st Operand

Yes

QA281
Was N No

Byte Readout

Byte 3 QA281

+ Was

Sign t or =

QA291 QA291 QA281 QA281
Setup Sign Digit for Setup Sign Digit for Set st Operand Set lst Operand into a Reg-
ASCI (1010+  1011-) EBCDIC (1100 + 1101-) into o Register 1-is‘rer (Complement Form)
L ] |

[ qrzn |

Readout 2nd Operand
Byte and Set it into a

QA281

Significant

Register. (Add One to
the Number if the Num-
ber is Minus).

[ oa

Shift the Digit One
| Digit to the Left.

First Time the Sign is

Set in Low Order Dig

]
'
LT
it 1
—

End of
Shift Loop

——— —

Byte Has Been
Found
I QA291
Readout 2nd Operand
Byte
I QAZ91

- Binary Add. This Step
Sets the Value of the
Binary Bit Being Converted
into the Carry Latch

Double the Ist Operand,
Add Carry from 2nd
Operand to the Ist
Operand Result

| oA _

This Loop Starts at the : Double the 2nd Operand, Decimal Add
Low Order Byte and : Add Carry from lst
Continues Until All : Operand to the 2nd
Significont Digits Are 1 Operand Result
Shifted. ' Ic
0 -Cycles QA291
QA001 e —
Chart 1 End of A Loop is 8 Times
Add (Double) Through the Preceding
L Two Steps
oop
Yes QA291
Store Result of
Decimal Add in Storage
QA291
End of
2nd Operand
Loop
QA291
No Result of
Last Binary Double
0
Op Format Byte 1| Byte 2 | Byte 3| Byte 4
Convert to Decimal 4E |R1 X2 | B2D2 D2
First Operand
Byte O | Byte 1| Byte 2 | Byte 3
00 00 11 61
Second Operand
Byte O | Byte 1|Byte 2 | Byte 3|Byte 4 | Byte 5 | Byte 6 |Byte 7
Zeroed 00 00 00 00 00 00 00 00
Added 00 00 00 00 00 00 44 49
Shifted 00 00 00 00 00 04 44 9C Set Sign in RX, RY 1o RZ;

To Manually Convert the Hexadecimal Number 1161 to Decimal, multiply
each Digit by 16, then Add the Next Digit to the Product. The Sum is
Multiplied by 16 and the Next Digit Added, etc.

Example:

01 1 6 1
x 16
06
10
16
+1
17
x16
102
17
272
+ 6
278
x16
1668
278
4448
+ 1

4449

The Operation in the 2030 is Similar to the Manual Operation. Each Byte
is Doubled Eight Times. Whenever a Carry Occurs from the ALU During
the Binary Add, it is Set into a Register and is Decimally Added to Itself.
Any Carry during a Decimal Add is Added to the Result of the Next Binary
Add. This Continues until the Binary Number is Converted to a Decimal
Number. The Decimal Number is then Shifted Left One Digit so the
Correct Sign can be Stored in the Low Order Digit of the Low Order Byte.

In the Example at the Right, the Register Numbers are for this Example
Only. The 2nd Operand has been Set to all Zeros and the lst Significant
Byte of the st Operand is in R1. Note: RX is shown in Binary Form while
RY and the 2nd Operand are shown in Decimal .

RX Low to RY Low; RZ Low to RY High;
RZ High to RX Low;

RY to RZ, etc. until the Shift of the
Decimal Number is Completed.

Binary Add Decimal Add Storage - 8 Bytes
Carry | Register X Carry | Register Y 2nd Operand
0001 0001 00 0000000000000000
0001 0001
0010 0010 00
00
0010 0010
0100 0100 0 0
00
0100_0100
1000 1000 6 o
00
1000 1000
10001 0000 00
1
0001 0000 01
N010 0000 0 1
0010 0000 0 2
0100 0000 0 2
0100 0000 0 4
1000 0000 0 4
10000000 0 8
10000 0000 0 8
1
17
0000000000000017
0000 0000
0000 0000

End of Add Loop, End of 2nd Operand Loop, and Result of Binary Add - 0
Readout Byte 3

0110 0001 17
0110 0001
1100 0010 1 7
3 4
1100 0010
1000 0100 3 4
1
1000 0100 g9
0000 1000 6 9
1
0000 1000 1 39
1
0001 0001 3 9
7 8
0001 0001
0010 0010 7 8
0010 0010 1 5 6
—

0100 0101 5 6
0100 0101 1 12
—_

1000 1011 1.2
1000 1011 2 4
0001 0110 2 4

1
49 0000000000030049
0001 0110
0010 1100
End of Add Loop, Not the End of 2nd Operand Loop
0010 1100 0 0
0010 1100
0101 1000 00
00
0101 1000
1011 0020 0 0
0 0
1011 9000
0110 0800 0 0
1
0110 0000 0 1
1100 0000 o 1
1100 0000 0 2
1000 0000 0 2
1
1000 0000 9 5
0000 0000 0 5
I
0000 0000 [
0000 0000 11
0000 0000 2 2
0000 0000 2 2
4 4 0000200000004449
0000 0000
0000 0000

End of Add Loop, End of 2nd Operand Loop, and Result of Binary Add O
Lost Byte Read Out was Byte 3
Sign was Plus, not in ASCII Mode ~ Set Sign in R1

Note: Contents in the Register for the Rest of the Excmple aie in Hexadecimal.

Register X l Register Y l Register Z ' l’Stowoge
F C 4 9 4 9 0000000000004449
9 C 000000000000449C
0 4
4 4 4 4
0 4 4 4 000000000000449C
00 0 0
0 0 0 4 000000000004449C
End of Shift Loop
.
CLF 012 RX Convert To Decimal
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Single and 0 to 63 for
Double !
—

S —
Double Word Must Address

1
N [}
an Even Register 1
i

Even Numbered
Register

To Program Interrupt
(Invalid Specification)

Chart 7

Number is Readout of |
Register and Set into |
the Work Area. The :
Number is Shifted with-
in 3 Bits of the Complete |
Shift in the Work Area. |
It is Then Set Back into |
the Register Shifted the |
Correct Amount. |

1

No

————
Shift Value of 0 to 31 for |

Setup the Amount of the
Shift and the Address of
the High-Order Byte to
be Shifted

QA3

Readout High-Order Byte
to be Shifted

QA3I1

Setup and Address for Lo-
cal Storage Work Area
(Address Depends on
Single or Double Word)

| QA311

Check to See if Shift Is
to the Left or Right. Set
Condition to Indicate on
Algebraic Shift with a
Minus Sign.

Left or Right
Shift

Less than 8 Bits

Word

End of Even

Double or Single

Start with High Order :
Byte ' e

!

QA3

Less than 8 Bits

Read Byte from Register,
Set Work Area Byte to
Zeros for Logical or
Algebraic Plus, Set to
Ones for Algebraic
Minus

8 Bit Shifts
Finished

Shift Amount Exceeds
Work Area

Set Condition to
Prevent any Left Shift
When Work Area is
Set into the Register

Shifts of 1 to

QA3II

Single

QA311

Register

End of Register

Shift Amount Exceeds
Work Area

Shift
Less than 5 Bits
but not Zero

Entere Work Area Skewed

5 Bits

QA3I11
Shifts of 0 or 5t0 8

Enter Work Area Direct

5 ! Last Four Bits May Be
! ina Hardware Register

QA3

than 4 Bits. Check

Byte 3

Check for Shift Less

See if Last Byte was

to

QA3 End of Register

Shift is Greater Than 31
Bits. Set Overflow Con-
dition if Sign Minus

QA321

Read Next Byte of the
Number Being Shifted

4 Bits

Shift Less than

No

Shift Less Than
4 Bits

QA3

Set Condition to Transfer

Readout

1

QA351

Readout Byte from
Number Being Shifted
ond Set into Local
Storage Either Skewed
or Direct as Required

S
Up to this Time Bytes 1

or Half Bytes have been | Ves
Shifted. Now the Numberlmm mm wm ——

will be Left Shifted 0,1,2
or 3 Bits and Set into the
General Register it was’

End of Number <
QA351

N
End of Work Area °

QA351

Store Zeros in Rest
l of Work Area

| QA351 |

Start Bit Shifting

L___

Times.

Set Up for Shift of
0,1,2 or 3 Bits
[aasn
Shift is Done by Adding Shift a Byte the
Correct Number of Bits

the Number to Itself
the Desired Number of
Remember Corries

and Set into the Correct
General Register

|- —
1
1
t
1

Return to 1-Cycles

Complete
Number Shifted

Logical
or Algebraic
Operation

Logical

QA36)

QAO001

Overflow Condition

Is the Number of Bits 1
Left to be Shifted Less :
than 8 Bits |

End of 8 Bit
Shifting

These Bytes Do Not
! Enter the Work Area

QA321

—
Use for Algebraic Shifts.
{It is Disregarded in Logi-
(cal Shifts. If the Sign will
1Change, Set Overflow
:Condition.

-

Byte Directly to Work Area

QA3I1I1

ither Singl —
Either Singl® ictor Set Condition to Transfer
or End of Even Register
Byte Skewed to Work Area
for Double ©

Skew 1 Byte

Chart 1 Exists

QA421 QA36)
Set Condition Register I ‘ Set Sign Bit l
v___]._W*QAAZI QA421

Check Program Mask

Return to I-Cycl 9 .

eturn fo Imhycles Store Condition Code 1
QAO001
Overflow Mask
Bit Off
Chart 1

Retuin to 1-Cycle

Chart 1

Go to Program
Interrupt

QA421

Chart 7

Note: All Examples Show o Single Word Shift.

Shift Left 3 Logica! Single
General Register Start
Work Area

General Register Finished
Shift Left 10 Algebraic +
General Register Start
Work Area

General Register Finished
Shift Left 12 Algebraic -
General Register Start
Work Area

General Register Finished

Shift Right 3 Logical Single
General Register Start

Work Area

General Register Finished

Shift Right 12 Algebraic -
General Register Start
Work Area

General Register Finished
Shift Right 5 Logical Single
General Register Start
Work Area

General Register Finished

$0000 0000 0000 0000
0000 0000 0000 0000

0000 0000 0000 0010

0000 0000 0000 0001
&;Ygoo 0001 0110 1000
00 0101 1010 000

i ani o nn

0101 0110 0001 0010
0101 0110 0001 001

1011 0000 1001 0000

0110 1000 0111 000}
0111 0007 0000 000Q

1100 0100 0000 0

1001 0010 1101 l()l)l

WH 1001 001C 1101
1111 1001 0010 1101

0000 0000 0000 0000

0000 0000 0000 0000

000 0000 0000 0000

11 e nan

i

101170000 0000 0000

1011 0000 0000 0000 ¥

0101 0110 0001 0010

0000 0101 0110 000)

S~

0000 1010 1100 0010

IOO]I 0010 1101 1011

(RN AREERRAN] *III

M o nn

0000 0000 0000 1001

0000 0000 8000 0000

000 0000 0000 0000

1111 111 1111 1001

111 1111 1111 1001

1110 0001 1010 1001
0000 1001 1110 0001

0100 1111 0000 1101

Op Format Byte 1| Byte 2 | Byte 3 | Byte 4
Right Single Log., 8 8 (R 321D2 | D2
Left Single Log. 89 R 8202 [ D2

[Right Single Alg- | 8 A |1 82,02 | D2
Left Single Alg. 85 [RI 521D2 | D2
Right Dowble log. 8 C |RI 82,02 | D2
Left Double Log 8 D [RI 621D2 D2
Right Dodble Alg | 8 € IRI 52102 | D2
Teft Double Al 3F [RI 521Dz | D2

Objective:

Shifts - To Obtain a Binary Volue of the Second

Operand Effective Address Low Order Six
Bits. Exomple -

001011 = V1. Then shift the First Operand
Either Left or Right that Amount. If the Shift
is Algebraic, the Condition Code is Set.

Transfer to Work Area Direct.

Shift of 3 is Accomplished by

Adding the Byte to Itself.

Three Times and Remembering Carries.

Transfer to Work Area Direct but
Shift 8 Bits.

Add on 1 Byte of Zeros.
Transfer Back to General
Register, Shifted 2 Bifs.

Transfer to Work Area Skewed Shifted
12 Bits.

Add Low-Order Zeros.

Register Direct.

These Four Bits are held in a Hardware
Register after First Shift.

Transfer to Work Area Skewed.

Low 4 Bits Shifted Out.

Add High-Order Zeros.

Transfer Back to General Register,
Shifted 1 Bit.

These Four Bits are held in o Hardware
Register.

Transfer to Work Area Skiewed.

Shift 12 Bits.

Add High-Order Ones.

This Byte held in a Hardware Register.
Transfer to Work Area Direct but Shifted
8 Bits, Add High-Order Zeros.

Transfer Back to General Register. Shift
Left 3 Bits. Three Low-Order Bits are
Determined by Byte in Hardware Register.
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Chart 002

Move
Character

QA451

Store Byte 2 of the In-
struction at the First

Operand Address

Chart 002
Test
Under Mask

QA451

Compare Selected Byte
to Mask Byte

QA451

Set to

Readout Condition Code,

Code 0 and Store

QA451

Readout Condition Code,
Set to Code 3

I

QA451

Readout Condition Code,
Set to Code |

|

QA451

Return to [-Cycles

Chart 002
Test and Set

Chart 1

QA451

Readout Byte at Effective
Address

QA451

Test High Byte for
a 1, then Set Entire
Byte to Ones

High Bit
isal

QA421 QA421

Set to Code O

Readout Condition Code,

Readout Condition Code,
Set to Code 1

I

| | onn

Return to I1-Cycles

QAO001

Chart 1

QA001

Chart 002 Chart 002
Load Store
Multiple Multiple

QA461

Readout First Byte
from Storage

No

QA461

Cn 32 Bit
Boundary

Invalid Specification
Progarm Interrupt

QA879

Chart 7

End of
Last Register to be
Used

Op Format Byte 1 | Byte 2 |Byte 3 [Byte 4
Store Multiple % | RI ER3 52302 D2
Load Multiple 98 RIER3 32502 D2
Objective:

Store Multiple

QA461
QA461
On 32 Bit Yes Invalid Specification
Boundary Program Interrupt
QA461 QA879 Load Multiple
Readout Byte from
General Register
QA461 Chart 7
Load Store
o Load or Store
QA461
End of No End of
This Register This Register
| QA461 | QA461

Store Byte Read
from Main Storage into

Write Byte Back info
General Register

The information in the general register starting
with the register specified by Rl and ending with
the register specified by R3 is stored at the
locations designated by the effective second
operand address.

The information at the effective second operand
address is loaded into general register starting with
the one specified by Rl and ending with the one
specified by R3.

QA461

QA461 General Register l QA461 QA461
Setup Address of I QA462 Readout Main Storage Setup Address of
N ' N
Next Register Readout Main Storage Byte Next Register
| Byte [ oase |

I QA461 Replace Main Storage

Store Byte Read from
Main Storage into
General Register

Write Information Back

Byte with the Byte

into Main Storage

from General Register

Op Format Byte 1 | Byte 2 |Byte 3 [Byte 4
Sl Test and Set 91 2 mim D1
S| Test Under Mask 92 12 BIEDI D1
SI Move Character | 93 12 BIEDI D1

Objective:

Test and Set

Test Under Mask -

Move Character -

Test the high-order bit of the byte at the
effective address and set condition code .

The byte of immediate data, 12, is used as

a eight-bit mask. The bits of the mask are made
to correspond one for one with the bits of the
byte in storage specified by the fiist operand
effective address.

The second operand, one eight-bit byte, is

placed ot the effective address of the first operand.

I |

QA461

Readout Main Storage,
Replace Byte with the
Byte from the General
Register

| | qass

Return to 1-Cycles

QA001

Chart 1



Op Format Byte 1 | Byte 2 |Byte 3 |Byte 4| Byte 5Byte 6
SS AND D4 L BIED] D1 BZ;DZ D2
SS Compare D5 L [sijp1| D1 52:02 D2
SSOR Dé L B]iDl DI BQEDZ D2
SS Exclusive OR D7 L B1 ED] D1 BZED2 D2
Objective:

And - The logical answer (AND) of the bits of the

first and second operand is placed in the first
operand location.

Compare Logical

-The first operand is compared with the second

operand, and the result is indicated in the
condition code.

OR

- The logical sum (OR) of the bits of the first and

second operand is placed in the first operand

location .

Exclusive OR

-The modulo - two sum (exclusive OR) of the bits

of the first and second operand is placed in the

first operand location.

Chart 002
AN
e Compare A\
AND Logical OR Exclusive OR
D6

V D5

QA761
Readout Source Byte
QA771

Readout Destination

11

[0 qarn

AND Source Byte with
Destination Byte

Byte
QA771
Op Code
' o7 Bit 6, Bit 7

Tm QA771

OR Source Byte with
Destination Byte

] QA771

Compare Source Byte with
Destination Byte by Com-
plement Addition and Test-
ing for Zero answer

] QA771

Exclusive OR Source Byte
with Destination Byte

l

[ Qarz7i

Replace the Destination
Byte with the Results

Readout Condition Code

QA421

Setup Correct Condition
Code and Store

|

Qa42}

Return to |-Cycles

End of Field

Equal
Compare on Byte

End of Field

QA771

Readout Source Byte

QA001
Chart 1
Chart 002
A
—
Move Numeric Move Move Zone
D2

QA761 !

Readout Source Byte, Store
into a Hardware Register

with Zone Bits

Numeric Bits Combined

1
t
'
J

CLF 015

Combine Low 4 Bits of the
Source Byte with the High
4 Bits of the Destination
Byte and Store in the Desti-
nation Area

QA771

Readout Destination Byte

Move
Move Numeric,
Move Zone

QA771

Zone

QA771

QA771

Readout Condition Code

I QA42]

Setup Correct Condition
Code and Store

| Qa421

Return to 1-Cycles

Combine High 4 Bits of
Source Byte with the Low 4

Transfer Complete

Source Byte to Destina-

tion Area

Bits of the Destination Byte
and Store in the Destination

Area
il

QA771

QA771

End of Field

Return to [-Cycles
IC Restore

QA771

QAOQ01

Chart 1

SS Multiple Codes

Readout to Source Byte,
Store in a Hardware
Register

QA001
Chart 1
{ Zone Bits Combined with
! Numeric Bits
[
Op Format Byte 1 |Byte 2 |Byte 3 |Byte 4|Byte 5 [Byte 6
T I
SS Move Numeric D1 L BIIDI D1 B2iD2 | D2
! +
$S Move o2 | L |sijo1 | o 52102 | D2
SS Move Zones D3 L B1)D1 | DI BQ:DZ D2

Objectives:

Move Numeric -

Move -

Move Zones -

The low-order four bits of each byte in the
second operand field are placed in the low-
order bit positions of the corresponding bytes
in the first operand field. Movement is
storage to storage, left to right.

The second operand is placed in the first
operand location. Movement is storage to
storage, left to right.

The high-order four bits of each byte in the
second opeand field are placed in the high-
order four bit postions of the corresponding

bytes in the first operand field. Movement
is storage to storage, left to right,
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QA78I

Readout Condition Code

End of Field

Set Condition Code

to Code 0 and Store N oazs

| QA781 Write Condition Code

Return to I-Cycles Back into Local Storage

(IC Restore) ] QA78!

QAO001 Readout Next
Destination Byte

Chart 1

Translate
Translate and Test

i Chart 002 |

Valid
Translate Table
Address

Function
Byte = Zero

Translate Table Base Address = 1000
EBCDIC for J
Add Base and J
Byte at 10D1
Replace J with T

QA761 QA781
Invalid Address, Readout Destination
Program Interrupt Byte
QA879
QA781
Add Destination Byte
to Translate Table
h
Chart 7 Base Address
| QA8
Readout Function Byte
and Test for Valid
Translate Address

QA781
Translate

and Test

Translate
or Translate and
Test

No

Valid Address

No

| | oarm
Invalid Address,
Program Interrupt

QA879
QA781
Setup Address for
Low=-Order Byte of Chart 7

General Register 2

| QA78I

Setup Address for
Low-Order Byte of
General Register 1

I QA781
Store Function Byte
as Byte 3 of General
Register 2

] QA781

Store Main Storage
Address of the
Destination Byte whose
Table Character is
Non=~zero in General
Register 1

End of Field

QA781 QA781

Readout Condition Code,
Set to Code 2 and Store

Readout Condition Code
Set to Code 1 and Store

]

Setup Function Byte
Address (Translate Table)

Translate

QA781

Yes

Valid Address

QA781

Readout Same
Destination Byte

QA781

Replace the Destination
Byte with the Function
Byte from the Table

| oam

Readout Next
Destination Byte

End of Field

QA781

Translate

Assume a stream of 20 characters comes into location 2100 in EBCDIC. Translate to ASCII.

Assume:

Reg 12 00 00 20 00

Reg 15 00 00 10 00

Loc 2100 ~ 2113 (before) JOHN JONES 257 W. 95

The instruction is:

Op Code L Dy

D2

2

ITR %I 13 IBCII 100 ‘}71:2[ 0

Loe 2100 - 2113 (after) JOHN JONES 257 W. 95
where the overbar means the same graphic in ASCH
Condition code: unchanged

Translate Table

o 1 2 3 4 5 6 7 8 9 A B C D

100X

101X

102X

103X

104X

105X

IR
~1~|

REIE

106X

~|

%

u‘~’m!.

107X

i

108X

@

109X

= Ie |

Replace the Destination
Byte with the Function
Byte from the Table

| qazsi

Return to |-Cycles
(IC Restore)

QAO001

Chart 1

=1

I3 f|e
=

IERIEY

x|lo [|e|

~ e ||=1
-

10AX

< |

10BX

10CX

> |
@ |
o
™|
ol

zjlo]|

10DX

|
=
|
z|

10EX

wi
il
S
<|
x|
N

oflgl ol
-

wl|<lio]|=x|
=]

o
w
Al
v
|

10FX

Op Format Byte 1|Byte 2 | Byte 3|Byte 4|Byte 5 [Byte 6

SS Translate DC L BI'D1} D1 |B2,D2{ D2

SS Translate and Test bD L B D!| DI |B2:D2| D2

Objective:

Translate - The eight-bit bytes of the first operand are used as argu-
ments to reference the list designated by the second op-
erand address. Each eight-bit function byte selected
from the list replaces the corresponding argument in the
first operand.

Translate ond Test - The eight-bit bytes of the first operand are used
as arguments to reference the list designated by the
second operand address. Each eight-bit function byte
thus selected from the list is used to determine the con-
tinuation of the operation. When the function byte is
a zero, the operation proceeds by fetching and trans-
lating the next argument byte. When the function byte
is nonzero, the operation is completed by inserting the
related argument address in general register 1, and by
inserting the function byte in general register 2. The
first operand is not changed.

Translate and Test

Assume that an assembly-language statement, located at 3000 - 3016, is to be scanned
for various punctuation marks. A translate and test table is constructed with zeros in all
positions except where punctuation marks are assigned.

Assume:

Reg 1 (before) 00 00 00 00

Reg 2 (before) 00 00 00 00 EBCDIC for ( is 4D.
Reg 12 00 00 30 00

Reg 15 00 00 20 00

Loc 3000-3016 UNPK PROUT (5), WORD(5)

The instruction is:

Op Code L By D B,y Dy
L §1 e Jef o ] o 2|
Reg 1 (often . 00 00 30 0B
Reg 2 (after) 00 00 00 20
Condition code = 1; scan not completed.,
Translate and Test Table
0 1 2 3 4 5 6 7 8 9 A B C D E F

200X | O 0|0 0| 0})0]0O0 oro0tofjo|o [V I IV )

200X |0 | O |O 0|00 |0j0|O0O;0]|O0O]|O 0010|090

202X (0 |0 (O O |O ojo0ojo0oflo0jOo|O0]O o|lofot o0

203X 0 {0 |O[O1O 00|00 ]|O0O OO 6jo0ojojo0

204X [0 O[O |O[OfO0O]|O{0O]|O0O|O0/|0/|[10]15[20](25]| 0

205X (0[O |O0OfO|O OO 0|00 |0 |30 (3540 [45| 0

206X 1 0 | O 010 010 0[O0 |0 ]O |0 |5 |5{0]0]|0

207X |0 |0 O |O 0]0 0] 0|0]0 {0 [60]|65]|70] 75| 0

208X | 0|0 (0O |0 |O 01000 |0 f0}0|0O0fO0]|O

29X | 010010 [0 cjojo0(o0jojojoijojofo]o

20X | O[O0 |0 |0 o|jojJjojojo0o|O0|0O|O0O]O0O(0O |00

208X {0 10 {0 [0 ojo0jojoj|o |0 |0 0o|o0ojo0o |0 ]|O

20CX | 0|0 [0 |0 ojojotltojo|ojojoqjofojo|o

20DX } O[O |O |O 0|0 0Oj0i0f0j0j0jO0O|O0O|O]|O

20eX {0 [0 |0 JO4jJO OO (O jJjO (O {O0O|O0CjOjO]|O]|O

20X OO O (O |OfO([O OO |O ]JO|O|[O]O|O]O

Note:
If all possible combinations of eight bits (i.e., 256 combinations) cannot appec: in the
statement being scanned, then a table less than 256 bytes can be used.



Op Format Byte 1|Byte | Byte 3 [Byte 4| Byte 5 |Byte 6
T
$S Edit DE | L |p1iDl| DI |B2iD2| D2
! |
| SS Edit and Mark oF | L [s1]p1] 1 [e2iD2] D2

Objective:

Edit = The format of the source (second operand) is changed from
packed to zoned and is edited under control of the pattern
(First operand). The edited result replaces the pattern.

Edit and Mark - Same as edit, also the address of the first signi-

ficant result digit is recorded in general register 1.

Chart 002 v v Chart 002

QA761

Readout Pattern
Character

QBI151

First Pattern Character
ill Be Used as a Fill

Character

r
]
t
|
L

QBI51

Insert ASC11 Zone
in a Register

Insert EBCDIC Zone
in a Register

]

No Significance

Character

Not a Control

T

QB151

QBIS51

Leave Pattern Byte
as is. Increment
Pattern Address

Are the
High 4 Bits

Status On

Equal to 2

QB151

Significance
Status On

No QBI51

Store Fill Character

Significance Start

Field
Separator or

Shall Low

Be Used

Source Digit

Significance

Start Field

Separator

QBIST

Digit Selector

Q8151
Low 4
Mo Bits Equal Yes
to 0
Control
Character
QB151

Readout Pattern Character

Significance
Status On

QB151

Store Fill Character
Reset Significance Status

QB151

Address Last Pattern Byte

QB151

Shall We
Use Low Source
Digit

Readout Source Byte
Increment Source Address

Valid Address

Valid Data

QB151

Go to Program Intertupt

QA879
No Source Digit Yes Chart 7
0
QB161 QBl61
Significance Significance
Status On Status On
Qsiel QBlsl
Store Source Digit Store Fill Chatacter
Plus Proper Zone at ot Paitern Address
Pattern Address :
Edit Test for Zero
Edit and Mark or QB161
Edit and Mark Store 0 Digit with Signficiant
QB QBl61 Proper Zone at Start Character
Store Source Digit Store Source Digit Pattern Address
Plus P z + Plus Proper Zone at
Pol::er:wopAzrdrec::e a Pattern Address Test Yes QBIS]
for Zero Turn on Significance
[ assl | Status
Set Significance Set Singificance
Status On Status On
[ asis
Store Address of Pat-
tern Byte Just Used in
General Register
Number One Py -
Yes Are the No
Low Four Bits
a Sign
QBl61 QB16} QBl61 QBis!
Increment Pattern X\dc;emen? :Qﬁem Increment Pattern Leave Pattern
Address, Reset A :ss' S repare Address Character as Is
Significance Status or New Source
Readout
| e
Prepare for New
Source Readout
® — L
Has Pattern
Field Ended QBo31
Readout Pattern Set Condition Code
Character to 1-Cycles
QAQ01 0 - Result Field Zero
1 - Result Field Less Than Zero
2 + Result Field Greater than Zero
Chart 1

CLF 017

SS Edit, Edit and Mark




Edit, and Edit and Mark

The format of the source (second operand) is changed from packed to zoned and is edited under control of the
pattern (first operand). The edited result replaces the pattern.
The Edit and Mark also performs the operation of storing the byte address of the first significant digit.
The address is not inserted when significance is forced by the significance start character of the pattern.

pattern field b | d d , d d ( . d

d b | C

R

0 2|5714 2|6 +

source field

Read out pattern character. Retain as fill Pattern Character b

character and store back into pattern field.

b

Read out next pattern character. Decoded as
digit select. Read out source byte. High
digit 0 significance status is still off, store
fill character in pattern field.

Pattern Character d
Source Byte 0 2-

b b

Read out next pattern character. Decoded as Pattern Character d
digit select. Low source digit significant,

insert proper zone and store at pattern digit

location.

Turn on significance status.

digit into General register number one.

b b Zone 2

Read out next pattern character. Decoded as
non control character, leave as is because Pattern character,

significance status on.

b b Zone 2 ’

Pattern character d
Source Byte 5 7

Read out next pattern character. Decoded as
digit select. Read out source byte, store high
source digit with proper zone at pattern digit

location.

b b Zone 2 , Zone 5

Read out next pattern character. Decoded as Pattern Character d
digit select. Use low source digit of last
source byte, insert proper zone and store

at pattern digit location.

b d Zone 2 , Zone 5 Zone 7

Pattern Character (
Source Byte 4 2

Read out next pattern character. Decoded as
significance start, Significance start status
is on already, this character performs like the
digit select. Read out next source byte.
Store high source digit with proper zone, at
pattern digit location.

b b Zone 2 , Zone 5 Zone 7 Zone 4
Read out next pattern character. Decode as non
control type. Leave as is. Read out next
pattern character, digit select, store low source
digit with zone at pattern digit location.
b b Zone 2, , Zone 5 Zone 7 Zone 4 . Zone 2

Edit and Mark operation would store the address of this significant

Read out next pattern character, digit select. Read out source byte. This byte contains plus sign, turn off significance status.

If sign had been minus, significance status would have been left on. Store high source digit with proper zon

e at pattern

Editedfield replacing| b b

pattern field

Set condition register

= Result field is source
= Result field is less than zero

= Result field is greater than zero

0
1
2

digit location. Store fill characters for remainder of field. source byte ) +
Zone 2 , Zone 5 Zone 7 Zone 4| . Zone 2 Zone 6 b b b
CLF 018 SS Edit Example
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Pack, Unpack, and Move with Offset.
None of These Instructions Check for
Valid Digits or Signs.

Chart 002

Move with Offset

Op Format Byte 1| Byte 2 | Byte 3 | Byte 4 | Byte 5 | Byte 6
I T T
SS Move with Offset F1 L1jL2|BTIDI D1 B2 D2 D2
il ! QA7 Urpack o a791
] 1 H
SS Pack F2 L : L2 {81 :Dl D1 82 IDZ b2 Readout Source Byte, Readout Source Byte.
1 1S H Cross Digits Readout . Cross the Digits Readout.
S5 Unpack F3 L ) L2 (8101 D1 B2 :DZ 02 Store at Destination. Store at Destination.
Objective:

Move with Offset - To place the second operand to the left of and

Pack -

Unpack -

adjacent to the low-order four bits of the first
operand .

The format of the second operand is changed from
zoned to packed, ond the result is placed in the
first operand location.

The format of the second operand is changed from
packed to zoned, and the result is placed in the
first operand location.

No  @A791

QA791

Insert EBCDIC Zone into a
Register for Later Use

Insert ASC11 Zone into
A Register for Later Use

] QA791

Readout Source Byte.
Move Low Four Bits of
Source Byte to High
Four Bits of the Low-
Order Destination
Field Byte. The Low
Four Bits of the Low=
Order Destination Field
Remain Unchanged.

Source

Pack
Unpack or Move with
Offset

Move with Offset

Store the High Four
Bits of the Source
Byte as the Low
Four Bits of the Next

Destination Byte. Fill
Remainder with Zeros.

QA791

Fill Remaining
Destination Field
with Zero

Unpack

Four Bits

QA791

Fill Remaining Destina-
tion Bytes with Low-Order
Zero Digits and Proper
Zones in the High-Order

QA791

What Field
Ended

Neither QA801

Destination or Both

Readout Source Byte

Go to IC Restore

QA001

QAB01

QAB801
Pack Pack

Chart 1

Move with Offset

Source Field
Ended

Store the Low Four
Bits of the Source
Byte Just Read Out,
at the Destination
Address. Set High
Four Bits to Zero

Readout Next Source
Byte

[ QAB01

Combine the Low-
Order Four Bits of
Last Two Source Bytes
and Store New Byte
at Destination Address

Unpack or Move with
Offset

Destination
Field
Ended

Combine Low-Order

Digit of Source Byte

with Proper Zone and
Store at Destination

Address.

] QA801

Cross High-Order Digit
to Low-Order Digit of
a Register Add Prope:
Zone and Storc at Next
Destinaticn Address

Chart i

QAB801

Load the Low-Order
Four Bits of the
Source Byte info the
High-Order Four Bits
of a Register. Load
the High Four Bits of
the Previous Source
Byte into the Low Four
Bits of this Register.
Store this Byte at the
Destination Address.

@ Readout Low Source Byte.
Cross Digits. Store at
Destination Low Address.

@ Readout Next Two Source Bytes.
Combine Low Order Digits.
Store at Next Higher Destination
Address.

@ Readout Next Two Source Bytes.
Combine Low Order Digits. Store
at Next Higher Destination Address.

@ Source Field Has Ended. Supply
Zero's for Destination Field Until
it Ends.

Sign 3
3’;ign

Zone 2 Zone

Pack Instruction

Source Field

Zone 7| Zone 8| Zone 2| Zone 6 [Sign 3

Destination Field 00 0" 0 00 0 0
L[ [ [s5e]
6
} .
6 I | [2 6 [35sign]
8
! :
8 [ [7 8]2 ¢ [asign]

[o o017 8]2 6 [35ig ]|

@ Readout Low-Order Source Byte.
Cross and Store at Low Order
Destination Address.

@ Readout Next Source Byte. Combine
Low-Order Digit with Proper Zone.
Store at Destination. Cross High-Order
Digit into Low Order of a Register.
Read Register Out. Insert Proper Zone
Store at Destination .

@ Repeat Step 2.

@ Source Ended, Supply Zero Digits with
Proper Zones until Destination Ends.

Unpack Instruction

Source Field

5 Sign

{
Destination Field ! 0

o[o oloo 00loo0joo

oo

o
o
(=3
o

0] 0 o [signs]|

0Jo oo o]

(=]

0 [Zone 2 [ sign 5 |

0J0 070 0 [Zone 9]Zone 2 [Sign 5 |

0 [0 0 [Zone4[zone 9]Zone 2 [sign 5 |

0 I Zone 6 ]ZonetﬂlZone 9[Zone2 ,Sign 5 l

[ Zone 0 I Zone b ,Zone AIZone 9]Zone2 ] Signﬂ

The Source Field is Moved to the Destination
Field to the Left of the Low-Order Four Bits

of the Destination. If the Destination Field

Ends Before the Source Field, the Remaining
Source Digits are Ignored.

Move with Offset

Source Field

Destination Field

Destination Field

[72 4803203 4|57

9/2 8/7 5/4 6 pign
BT T7 9 e




Chart 7
Add, Subtract

Chart 002
e .

QB001

Read out low source

field byte

No

Go to program inferrupt

Valid Sign

Read out low-order
destination byte

Signs are tested for

plus or minus and status
bits are set to be used in
the compute loops

1
I

Are

the 2 low-order

digits valid

Yes

QBOO}

QBOO1

QA879

Chart 7

Decimal add the 2 low

order digits

QB011

Store result of decimal
add. Insert proper sign.
Do not store results if
compare operation.

Neither

QBOI

Source

QBO11

Read out source digits

Digits

Supply Zeros as Source

Are they valid

ves |qrol

Read out destination
digits

Are they valid

QBO11

Decimal odd the two
digits, store result at
destination address

What op code

QA879

QBOI1

Store source digits
at destination address.

Complement add the
digits. Set status bit
if answer not zero.

1

QB021

O

=

Read out source digits, : Because we must
perform complement
add of source digits 0;
check for results of 99.

| recomplement the result,

| the high-order source

| digits must be zero, but
in comp. form are 9's

Has source ended

Yes  QB041

Recomplement resuit,
change sign,store in low
4 bits

l QBO31
Set condition code
indicating zero,< zero
or>zero

| s

Start {C restore.

QA00)

E

Chart 1

CLF 020

QBO31

Set Condition Register

QA001

E

Chart 1

Source field ended

QBO11
What fields

have ended

Chart 7

QB031

Set Condition Code
Zero, £ Zero, or
>Zero

Carry
From Last
Addition

QA001

Chart 1

QBO31

Code

Set Overflow Condition

Yes

Decimal
Overflow Mask

QBO31

Bit On
QBO31 No  QBO31
Take Decimal Over- Start IC Restore
flow Trap
QA879 QA001
F\:
Chart 7 Chart 1

True

or Complement

SS Decimal-Add, Subtract, Compare, and Zero Add

r
|

For Zero and Add Force
the Destination Byte to
Appear as Zero.

—

I
i
!
i
I
;
L

Signs are Also Tested for
ASCIt or EBCDIC Mode
and Status Bits Set to
Indicate This.

Op Format Byte 1| Byte 2|Byte 3|Byte 4 |Byte 5|Byte 6
SS Zero and Add F8 L1§L2 BIEDI D1 BZEDZ D2
SS Compare Decimal F9 |L1 E L2 |B} iDI D1 B2 i D2| D2
S5 Add Decimal FA L\§L2 B1EDI D1 B2;D2 D2
SS Subtract Decimal FB LIE L2 |81 iDI D1 BZEDZ D2

Objective:
Zero and Add -

Compare -

Add -

Subtract -

Destination

] Both

QBO21

Read out source digits

Di

Are they valid

True or
complement add

d

the last add
produce a carry

Complement

QB021

True

QBO21
Did
Last Add Produce

QBO21 a Carry

QB02

The second operand is placed in the first operand
location. The operation is equivalent to addition
to zero.

The first operand is compared with the second and the

condition code indicates the comparison result. Com-

parison is right to left.

The second operand is added to the first operand, and
the sum is placed in the first operand location.

The second operand is subtracted from the first operan
and the difference is placed in the first operand locat

1 QB021

Indicate overflow continue
reading out source digits

QB021

Read out source digits
until field ends.
digits must be zero or
overflow is indicated

Source

and check validity .

Continue reading out
source digits and
check validity

Q8031

Set overflow code in
condition register.

QB031

From
Addi

Cary

Complement

Compare

QBO31

Ze:c add.

Chart 7

1

QB031

Set condition code
high, low, or equal

Set overflow code in
condition register.

]

Recomplement Destination

QAQ0}
Chart 1
QBO31
Lost Yes
tion
QBO41 QBO31
Invert Sign Indicator

Field,Set Condition

register.

E

QA00!

Chart 1

IQBOST

Set Condition Register

QA001

Chart 1

QBO3

d,
ion.




DECIMAL ADD, SUBTRACT EXAMPLE

Sign analysis is done first and will indicate if the operands will be true or complement added.

Eight conditions may occur as shown in the following table:

Operation First Operand Sign Second Operand Sign True or Complement
Add Plus Plus True
Add Minus Plus Complement
Add Minus Minus True
Add Plus Minus Complement
Subtract Plus Plus Complement
Subtract Minus Plus True
Subtract Minus Minus Complement
Subtract Plus Minus True

After sign analysis, the operation for both add and subtract are the same.

Decimal Add
Ist Operand = Destination field 0 46+
2nd Operand = Source field 00134~
1. Read out low source byte. 4 -
2. Read out low destination byte. 6+
6
3. Decimal add the digits. @5 9's complement of 4
Complement add indicated. __1 Insert carry
Carry @“'2 Converts 9's complement to 10's complement
Insert Destination Sign. Intermediate sum = 2 +
1 Carry from previous cycle
4. Read out source digits. 04
Read out destination digits. @86 9's complement of destination byte.
Complement add. NC 2
5. Destination field ended. Intermediate sum 9 1 2 +
There was no carry from high-order
significant addition, indicating
recomplementing will be necessary .
6. Read out source digits. 00
Complement add to zero. @99
?'s must result or overflow 99
will be indicated.
7. Source field ended, recomplement Intermediate sum 9 9 9 1 2 +
answer and change sign. Result stored in destination field 0 8 8 -

Cases when the source field is longer than the destination and a complement addition is being performed.
1. Destination ends and no carry results from last addition; all further adds must produce
9's or an overflow results.

2. Destination ends, with a carry resulting from last addition:
The answer produced so far is zero and all further adds must produce zeros.
The answer produced so far is not zero; examine carry from the addition following the one in
which the destination ended. If there was a carry, the result just produced must be zero;
if there was no carry, the result just produced must be 9's. In either case, all further
cycles must produce the same result as the first.

When doing a true add, all cycles after the destination field ends must produce zeros.
Overflow when doing a complement add causes a recomplement, then a branch to overflow case when setting condition register.
Overflow when doing a true add forces overflow when setting condition register.

Condition Code

0 = Result is zero

1 = Result less than zero

2 = Result greater than zero

3 = Overflow

CLF 021 SS Decimal-Add, Subtract Example



FS Multiply Decimal

FC quu'eﬁm | DI |BZ:;D2' 02]
il

The Product of the Multiplier and the
Multiplicand Replaces the Multiplicend (lst Operand).
The Multiplier Size is Limited to 15 Digits and Sign.

The Multiplicand Must Have High-Order Zero Bytes.
Equal to or Greater than the Number of Bytes in

the Multiplier Field.

The Maximum Product Size is 31 Digits. At Least
One High-Order Digit of the Product Field is Zero.

Chart 002

QB001

Readout Low=Order
Byte of Both Operands

Are the

Signs Valid

Are the
Digits Valid

QB001

QBOS)

Go to Program
Interrupt

Readout Length Fields

Specification Check
Program Interrupt

QAB79

Is L2
Less than 8

QAB79

Chart 7

QBO61

Specification Check \

F\:
Chart 7
QBO61

\/

Chart 7

Store a Copy of the
Multiplier, with Sign
Removed, in Local
Storage. Store a Copy
Skewed Right One Digit
in Local Storage .

QBO071

Readout Multiplicand

to Check for High-Orde:
Bytes of O's Equal or
Greater than Multiplier
Field Length

Enough
Zero Multiplicand
Bytes

Progrom Interrupt
Is L1
Greater Than
L2 QA879

l Program Inte

rrupt

QB081

Shift Multiplicand Left
Until Significant Byte
is at High=Order Loca-
tion. Provide Zero's
for Vacated Low-Order
Bytes

\/

| qns79

Chart 7

[aqsin

Readout Multiplicand
Digits

QBI1I

Restore Multiplica
Address to Low Or

nd

des Has Major

Loop Ended

QBlil

The First Compute Cycle
will be a Straight Add or
Subtract, the Next may
be a Skewed Add or Sub-
fract

Refer to multiply example
for multiply loop.

CLF 022

The Product Digit, in 1
Alignment with the Mul-
tipticand Digit that was
Tested, is now Tested
During the Compute Loop .
If it becomes 0 while do-
ing a Straight or Skewed
True Add, the Compute
for that Digit is Finished.
The Next Digit is Now
Tested. The Product

Digit is Tested for 9 if
doing a Straight or Skewed
Complement Add.

i

Subract if Over 4

The Low-Order Digit of
the Multiplicand is Test-
ed; True Add if Under 5

]

| QB131

Insert Product Sign

1

9,0 will be Placed as

QBO%1

Readout Multiplier and
Muitiplicand Digits,
Decimal Add. Ca
from High Aligned
Digits Lost.

with the Multiplicand
when doing a Straight
Add or Subtract,

0,9 will be Placed as
the High-Order Byte

when doing a Skewed
Operation,

Iy

Digit Equal
Oor 9

e e —

the High Order Byte of
the Multiplier and Added

| QBI3I

End Operation go to
I-Cycles

QA001

Chart 1

plicand Digit, Swi

Straight.

Test Next Higher Multi-

Cycles from Straight to
Skewed or Skewed to

Exceptions are; if the

tch | Digit Tested Goes to 0

i
I
!
1

Tested is Already O,

If the Digit Tested Goe

QB9!

All Multiplicand D

Operated On.

Continue Reading Out
Digits and Performing
Decimal Addition Until
igits
have been Tested and

]

|

1

| | Skip the Next Cycle.
|

| | to be Tested is 9, Skip
|

| the Skewed Multiplier
) without 0, 9 as the

| High-Order Byte is

! Added to the High Par-

QBI121 tial Product.

Do Special Skewed
Add Back if Needed

|
|
|
L

and the Next Digit to be

to 9 and the Next Digit

| the Next Cycle. If the
| Operation ends with 50=1,

S

QBI31

Insert Product Sign

]

QBIA

I Cycles

End Operation go to

QAQ0]

Chart 1

SS Decimal Multiply



Decimal Multiply

The product of the multiplier (second operand) and the multiplicand (first operand) replaces the multiplicand.
The multiplicand must have high-order zero digits for at least a field size equal to the multiplier field.

multiplicand 00007
multiplier 3

4 +
6 +

1. Make 2 copies of the multiplier, with sign stripped out, into local storage. One copy straight and one copy skewed right.

straight copy of multiplier

3 4
skewed copy of multiplier 03

6 0
4 6
2, Test for enought zeros in multiplicand field.

3. Move the most significant byte and following byes of the multiplicand to the high-order byte of the multiplicand.
Supply zeros for vacated bytes, sign is stripped out.

0000724+

72400000

4. Start compute loop. First cycle will be a straight cycle. The first low significant digit of the multiplicand
is tested. If over 4, a straight subtract will be done. If under 5, a straight true add will be done.

—Test digit to determine operation straight add

72400000
The 90 byte supplied by + 903460

microprogram., . 72303460 this digit tested for 0, keep

The high 2 digits do not '/ 9 0 3 4 6 0 vadding until O reached

participate this cycle and 72206920
are not affected by carries. + 203460
‘ 72110380
+ 903460
72013840

N Reached 0, switch cycles.
5. Cycle now will be a skewed cycle, test digit to j——— Test digit, under 5, operation add.

determine add or subtract 720138 40
0 9 supplied by + 090346
microprogrcm \\7 ]\0 4 8 4 4 0 digit tested for O, keep
+70 903 456 adding.
70,0 8 3040 digit0, switch cycles.
6. Cycle now will be a straight cycle, test digit to Test digit over 4, subtract cycles to
determine add or subtract 7 008 30 4 0 betaken. Set subtract status.
-9203460
7\9737040T his dicit-for O
t this digit- ti
-903460 Sl.(‘uelzsﬁrc]cltsinglg.JI or 7o continue
89391040
-903460
99045040
% digit reached 9, stop operation.
7. Operation stopped with subtract status on; the
skewed multiplier must be added to partial 99045040
product to obtain correct product. 0 346
02505040
8. Insert sign and end operation 0 2|5 0[5 0|4 +]sign inserted, final produtt.

Product located in first operand location.

CLF 023  SS Decimal-Multiply Example



Decima! Divide

The dividend (first operand) is divided by the
divisor (second operand) and replaced by the quo-
tient and remainder.

The quotient field is placed in the left portion
of the dividend field. The remainder is the same
size as the divisor and occupies the low-order bytes
of the dividend field.

The sign of the quotient is determined by the
rules of algebra from the dividend and divisor sign.

Chart 002 v

QBOO1

Readout Low=Order Byte
of Both Operands

Are the
Signs Valid

Are the
Digits Valid

QA879
F
Readout Length Fields ‘:
Chart 7
Op Format Byte 1| Byte 2 |Byte 3 |Byte 4 [Byte 5 [Byte 6
SS Divide Decimal FD |L11L2|{B1iD1| D1 [B27D2| D2
1 i L
Is L2 Yes
Less than 8 I QBO61
Specification Check.
Go to Program Interrupt
QAB879
Is L1
Y
= Greater than
| QBOS | L2
Specification Check. Chart 7
Go to Program Interrupt No QBO6I
QAS879 Store 2 Copies of the
Divisor into Local Storage.
One Copy as is with Sign
Stripped out. One Copy
Chart 7 Skewed Right. One Digit
with Sign Stripped Out.
[ aso9
Do a Trial Subtract to
Determine if the Quo-
tient and Remainder can
be Contained in the
Dividend Field
N
Contained in 2
Divided Field
g QB091
Yes QBO9! Add Back Divisor to
———— — Use the Result of the Restore Dividend
: Trial Subtract as the
The Microprogram will : Operand for‘F'rSf Com- QBI121
Supoly a 9, O Byfe as I pute. The first Compute - —
ML will be a Straight Addi- Signal Divide Check.
the Divisor for Stiaight | fion. S0 1o Trogram Interve!
Cyclesand a 0, 9 Byte : I QBO9! QA879
for the High Order when | . .
Doing Skewed Cycles. The Divisor, with 9, 0
! as the High-Order Byte,
Refer to Decimal ! is Allgne.d‘with the High- Chart 7
Divide Example Order Dividend Digits
for Divide Loop for the First Compute.
| QB09 1
Start Straight Addition.
The Low-Order Digit of
the High-Order Byte of
the Intermediate Quo-
tient is Tested.
—
QB0%1
Has the
Test Digit Mo
Gone to 0 | Q8091
Continue Addition
Loop until Test Digit
Becomes 0
Is the
Compute Loop Yes
Done
QBI131 QBI31
Switch to a Skewed Sub-
tract Cycle. Test Next Insert Quotient and Re-
Digit for a 9. The Di- mainder Signs. Quotient
visor is Shifted Right One and Remainder Now Oc=
Digit for Each Cycle cupy Dividend Field
Switch
| QBI31
End Operation. Go to
| Cycles
Has Test
Y
es Digit Gone QA00]
| asia to 9
Switch to Straight
Add Cycle. Test Chart 1
for Next Digit = art
xt Digit = 0 Continue Skewed Sub-
tract of Divisor from
Dividend
CLF 024 SS Decimal-Divide



Decimal Divide

The dividend (first operand) is divded by the divisor (second operand) and replaced by the quotient and remainder.

Dividend equal 0123568+
Divisor equals 8 52+
1. Copy divisor into local storage, with sign stripped out,
in straight form and skewed right one digit. 8 5 2 0 straight
0 8 5 2 skewed
2. Setup data for trial subtract using skewed divisor. Dividend 0123568+
A carry out of the high-order position on the trial Skewed divisor - 0852
subtract would indicate a divide check. If divide Operand in storage 92715680
check occurred, the skewed divisor is added back
to restore dividend and a divide check taken.
Operand supplied by 92715680
3. Add straight divisor to operand in working storage Microprogram + 8520
until indicated digit goes to zero. Not zero,add again — &3 567 680
+ 908520
74419680
+ 908520
6 5271680
+ 908520
56123680
+ 908520
46975680
+ 908520
37827680
+ 908520
28679680
+ 908520
19531680
+ 908520
Stop straight aw 38 36 8 0
digit now zero
4. Subtract skewed divisor from result until
indicated digit goes to nine. This digit does not
participate . »1) 0383680
This digit supplied———=—»(9 0 8 5 2
by Microprogram to 11 98480
skewed divisor. = 9 0852
12213280
This digit not 9, - 9 0852
subtract again. 13128080
- 90852
1404288090
- 9 0852
14957680
Stop skewed subtract ?
J

digit = 9+
5. Add straight divisor to result will indicated

digit goes to zero. These digi’rs 957680

participate . + 908520

This digit not -/__l_iﬁ,@ 6200

zero, add again? + 9208520

14774720

+ 08520

14683240

+ 908520

14591760

+ 9208520

Stop, thisw 0280

now zero; S — S

6. Insert dividend sign into low-order 4 bits. Quotient Remainder

Insert quotient sign into low-order quotient 4 bits.

Quotient and remainder have now replaced dividend. 1 45+ ‘i 2 8 +
L1-L2-1=1} L2=1

< e -

e—— | 1=3 ———

CLF 025  SS Decimal-Divide Example



920 410

9.04S ‘oA|D-jutod Bulpo|4 XY-yy

OP Format Byte 1 | Byte 2 |Byte 3 |Byte 4
T T

RX FP Store Double | 60 | R1X2 |B2{D2 | D2
[ \

RX FP Store Single 70 R1}X2 BZEDZ D2

Floating Point Store RX Format
Single and Double Precision .

Single Precision; the Low Order
Half of the First Operand
Register is Ignored.

Mnemoics
STD
STE

QB371

lnvalid
Operation

Go to Page QA879 Pro-
gram Interrupt. Invalid
Register, Set Old PSW

Bit 31. Invalid Opera-
tion Set Old PSW 29 and

Read Out First Opetand
Characteristic Store in
Second Operand

30

QA879

Chart 7

I QB371

Increment the Second

Operand Address

QB371

Has Field Ended

QB371

Increment the First
Operand Address. Read
Out Fraction Byte from
First Operand

QB371

Store at Second Operand
Address

I |

QB371

Go to Normal | Cycle
Start

QA001

Chait 1

Og Format Byte 1 | Byte 2

RR FP Halve, Double| 24 R1iR2
1

RR FP Halve, Single 34 R1{R2
!

Fioating Point Haive RR Format
Single and Double Precision.
Single Precision, the Low Order
Half of the Result Register
Remcins Unchanged.

The Second Operand is Divided
by 2 and the Quotient is

Placed in the First Operand
Location. Second Operand Sign
and Characteistic is Stored
without Change .

Mnemonics
HDR
HER

Chart 002

Y

QB361

Read Out Second Op-
erand Characteristic.
Increment Second Op~-
erand Address

QB361

Yes

Invalid Operation

No

I QB361

QB361

Store Characteristic
First Time Through.
Store halved fraction
digits thereafter

Set PSW Bit 31. Go to
Program Interrupt QA879

Q8361 QA879
F
Field Ended Chart 7
QB36T
Mo Go to Normal | Cycle
QB36] Start

Read Out Fraction Digits.
Increment First and Sec-
ond Operand Addresses

QB361

QA001

Chart 1

Shift Fraction Digits
Right 4 Bi-ts. Shift
Fraction Digits Left 3
Bits

:Mochine Cannot Shift
|Right One Bit at a Time.

I This Operation Performs
:fhe Shift Right of One Bif,
(Halving the Froction

]




Op Format Byte 1| Byte 2| Byte 3 |Byte 4

Chart 002
Chart 002

RR FP Load, Double| 28 | RIiR2

RR FP Load, Single | 38 RIIR2 28

VS YYYYE Y

X2 Bzioz D2 QB371

RX FP Load, Double| 68 R1

QB271
Read Out Source

Read Out Source
Characteristic. Set

Load and Test; the Second Operand is

i
RX FP Load, Single | 78 R11X2 | B2{D2 | D2
1

Characteristic. Step P|°C9‘d.i" the First Operand Location. Source Address to
Source Address to Condition Codes are Set. High Order Fraction

High Order S
Frlogcfior: o ovee Load Complement; the Second Operand Address

is Placed in the First Operand Location
with the Sign Changed.

Lood RR and RX Formats
Single or Double Precision

Second Operand is Placed in GB371
First Operand Location .

In Single Precision the

Low Half of the Destination
Operand Remains Unchanged .

Load Positive; the Second Operand
is Placed in the First Operand Location
with the Sign Forced Positive .

Store Source What Operation

Characteristic in
Destination Operand
Location

Load Complement Load and Test Load Positive Load Negative

Load Negative; the Second Operand QB371 QB371 GB371 GB371
is Placed in the First Operand Location

£20 41D

s9po)) o|di|nW-1u1od Buloo| 4 X y-yy

with the Sign Forced Minus.

Place Source Charac-

Place Source Charac-

Place Source Charac-

Place Source Charac-

Q8371 teristic into a Register, teristic into a Register, teristic into a Register, teristic into a Register,
and Invert Sign and do not Alter Force Sign Bit to 0 Force Sign Bit to 1
Has Field Ended l l ‘
QB371 Op Format Byte 1 | Byte 2 et I QB371 et
. i
Go To | Cycle Start RR FP Load Positive 20 R]ER2 Store Source Charac—
RR FP Load Positive 0| RUR2 feristic, as Modified in
Read Out Source QAo0! L Previous Steps, into
Digits. Step RR FP Load Negative 2 R1iR2 Destination Operand
Source Address !
Chart 1 RR FP Load Negative 31 R1IR2
‘ 71
RR FP Load and Test 2 | RIR2 | ELX
QB371 t Increment Destination
Store Source Digifs RR FP Load and Test 32 R1IR2 Address
into Destination i
Operand Location RR FP Load Complement 23 RTIR2
Step Destination : i , Q8371
RR FP Load t RTIR
Address oad Complemen 33 | Read Qut Source Digits
Increment Source
Operand Address
Store Source Digits

Has Field Ended

QB351

QB351

Test S2, S5

Set Condition Code 2
Signifies Plus o High

Set Condition Code 1
Signifies Minus or Low

Set Condition Code 0
Signifies Zero

L

J

] |asss

End Opeiation Go to
I Cycle Stait

QA001

Chart 1

S2=0 = Zero Result
S2-1 = Nonzero Result
S50 = Sign Minus
$5-1 - Sign Plus




Chart 002

Tl otaTalotal

QB271
Floating Point.
Readout Characteristics.

Op Format Byte 1| Byte 2 |Byte 3 {Byte 4 Check Signs. Set Status
RR Compare - Double 29 |RTIR2 Register to Indicate if Sign|
RR_Add N - Double 2A° [R1TR2 is Plus or Minus.
RR Subtract N - Double| 2B |R11R2
RR Add U - Double 2E R1:R2 I Q271

RR Subtract U - Double | 2F |R1,R?
RR Compare - Single 39 [R1TR2

Subtract Characteristics to

RR Add N - Single 3 [RIRD b
RR Subfract N - Single | 38 |R1R2 ain Difference
RR Add U - Single 3E |RIIR2

RR Subfract U - Single | 3F [RI!R2
RX Compare - Double 69 |[R11X2{B2!D2| D2

RX Add N - Double 6A | R1TX2| B2, D2| D2 Is Difference
RX Subtract N - Double| 6B | K1} X2| 82, Dz| D2 too Big
RX Add U - Double 6E R11 X2] B21Dz| D2
RX Subtract U - Double | 6F R1, X2[B2:D2| D2 QB281
RX Compare - Single 79 |Ri| X282, D2] D2 QB291
RX Add N - Single 7A | R2VX2[B2:D2| D2 1
RX Subfract N - Single | 78 | RZ' X2| 827D2| D2 Perform the ! S i
| . . : etup Registers so
RX Add U - Single 76 [R11X2[821D2| D2 Effective Shift of b e ] et St Regiuter v thet the Operand
RX Subtract U - Single | 7F | R1, X2[82,D2[ D2 the Smaller Oper- : Number of Bytes. .”e to be Shifted will
L I and. This will Align | Sm'uHer Operand will be be Mode Zero
N : Normalized U Unnormalized Characteristics ‘. Shifred.
J
Objective: J
Compare = The first operand is compared with the r
second operand, and the condition code QBI01
indicates the result. For single precision, Read Out Digits. QB3N or
the low-order halves of the floating point
registers are not used. QB30T of QB3T1
Add - The second operand is added fo the first Compa Sublract
operand, and the sum is placed in the ompare Add, Subract, Compare i
first operand location. For single pre- —
cision, the low-order halves of the floating i
point registers are not used . Add | The Results for any
} of the Operations
Subtract = The second operand is subtracted from the Subtract Fraction Add Digits. Store Result Subtract Digits. Store 1 is Tested for 0 and
first operand, and the difference is ploced Digits do not Store ot Destination Address Result Destination Address ‘ a Status Bit is Set to
in the first operand location. For single I J_ P be Branched on Later
precision, the low-order halves of the ] | in the Operation
floating point registers are not used. QB301 [
QB311
Ne Fields Ended
1 Yes
Store~28321
Characteristic Yes
Fraction Overflow,
No Compare
Add, Subtract, Comparg
QB321 QB321
Yes Recomplement <44 l7 Test Sign; Set Proper J
Necessary Subtract QB321 Stotus Bif
Q8321 ¢ Add 1 to Characteristic’ l Q8331
Add, Subtract Add, Subtract, Compare ° Q8321
Set Condition Register to
Yes Lost Significance Indicate if the Result was
QBa2! Compare @B321 (Zero Fraction) . Characteristic Equal, Low, or High
Recomplement Fraction | rsi Overflow
Invert Sign nvert sign No I QB351
QB321 Encl Operation; Go
QB351 QB32! Set Overflow Condition o I-Cycles
Readout Condition N " No Code
4 Register Set Code ormatize QA001
) QB341
Yes Right Shift, Insert 1
Should Trap QB341 as the High Order Digit Chart 1
Be Taken for Fraction Overflow
Shift Fraction Left,
canifi
08351 Yes QB35 Se.m.—ch for Significant
Digit, Decrement
. Store Characteristic Characteristic
Set Characteristic with Sign Plus; 2
to Zero; Go to |- Go to Program In-
Cycle Start terrupt
Q8341
Characteristic Yes
Underflow I QB341
Chart 1 Chart 7 Set Fraction and
Characteristic to
Zero
Significant [ ase
Digit Found Set Proper Condition
QB34 Code
If Low Half of Byte
) Contains the Digit
hi t 1 Digit
Shift Left 1 Digi Should Trap
Be Taken
QB351 QB321
QB351™"

Set Condition Register
to Indicate Result Go to | Cycle Start Go to Program Interrupt
Equal, Low or High

QA001 QAB79
QB351
hart 1
End Operation; Go to Char Chart 7
| Cycles
QAQ01
Chart 1

CLF 028  RR-RX Floating Point - Add, Subtract and Compare



QB271

QB281

QB291

QB301
or

QB311

QB341

QB351

Floating Point Normalized Add

The second operand is added to the first operand,
and the normalized sum is placed in the first operand
location.

Addition consists of characteristic comparison
and fraction addition.

Read out characteristics, shift them left one bit
to determine signs. Sign bit is the high-order bit of
the characteristic,

Subtract characteristics to determine charactertic
difference.
The difference represents double the number
of hexadecimal digits that the smaller operand
will effectively be shifted right. Shifting is
actually accomplished by changing the address
of the first fraction byte to be read out. This
aligns the low-order fraction bytes for addition.
Determine the new address of the effective low-
order byte, store the high-order digit of the next
lower byte to be used as a guard digit.

Read out low-order fraction bytes and add.
Store result in | ow-order Ist operand location.
Continue addition until fields end. When
smaller operand field ends, O's are supplied
until larger ends.

Partial result characteristic will be characteristic
of the larger operand.

High-order partial result digit =0, normalization
required. Shift left until high-order digit is
significant, add in guard digit as low-order
result digit.

Condition register is set to indicate:
Code
0 = Result fraction is zero
1 = Result fraction less than zero
2 = Result fraction greater than zero
3 = Result exponent overflows

Charac-

teristic Fraction

pAp33862

First Operand

Second Operand 78/42E5DC

First Operand 7 A shift left F 4
Second Operand 7 8 shift left F O

Signs Plus

F
F

[

Characteristic difference 4

|78U2E5Dﬂ
Effective low-
order byte

Guard digit stored
in local storage

First Operand 6
Second Operand E
Carry

o N

~

First Operand 3
4

8
Second Operand 2

|

~N
=]

First Operand 0
Zeros Supplied 0

First operand partial result |7 AJO B7847

Guard
digit

|7 Alos 78 47|

Ty

791B78B470D

Characteristic is decremented
1 for every hexadecimal digit
shifted left.

CLF 029
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Chart 002
“ )
Op Format Byte 1 |Byte 2|Byte 3 |Byte 4 6C
RR Double ¢ |RIR2 \:
L
RR Single 3C Rl ;RZ QB271

Read Out Multiplier Char-
acteristic. Add 128 to it.

RX Double sc |Ri1jx2 B2 D2 | D2

RX Single 7C RliXZ B2 D2 | D2

Minus Plus

Floating Point Multiply RR, RX Formats

Mnemonics GB401 Q8401
MER
ME Add 64 to Multiplier Subtract 64 from Multi-
MDR Characteristic plier Characteristic

The Normalized Product of the

MD
| ]

Multiplier (Second Operand) and

Multiplicand {First Operand) Replaces | QB401

the Multiplicand

Set Up Count Register
for Prenormalization

| QB401

Read Out Fraction
Digits, Decrement Source
Count

Significant Digit
Found

QB401

Was it
High Digit, Low,
or Both

Field Ended
Decrement Char.
by 2

No High or Both

QB401

QB341

Yes QB351 Store as High Order

Low QB401 Byte in Local Storage
- Set Status Register to that is Reserved for
Set Product Register Indicate Left Shift of Prenormalized

to Zero. End Op. One Digit Needed Fractions

Go to Normal | Cycle Decrement Char. by 1

Start I
QA00! | [Geali

Store the Rest of 1 Copy of Multiplier
Fraction Digits into Fraction is Made .
Local Sterage 2 Copies of Multiplicand

1
i
i
|
i
I
i
|
I
|
1
1

Chart 1 for Single Precision
4 Copies of Multiplicand
for Double Precision
Has Multiplier
Field Ended
Has Multiplicand
Field Ended QB451
Compute Product
Q8431 Characteristic, Store
Read Out Mulitplicand into Local Storage
Chaiacteristic Add
128 to it
] QB431
Compute Product Sign Characteristic
QAs2] by Testing Multiplier Underflow
Generate the Multiples and Multiplicand
of the Multiplier Signs

Fraction to be Used

in the Product
Generation Loop. Store
into Locel Storage.

[
QA351
Compute First Partial GA541
Product Using Low 16 | ga551
Bits of the Multiplier CAS561
and All of the Multi-
plicand Store

l ——

Set Preduct Register
to Zero

Go to | Cycle Start

]
Compute Second Partial i In Double Precision Four
Product Using High 16 ! Partial Products are Gen-
Bits of the Multiplier | erated. Stored over the
i
i
]
i

and all of the Multipli- Multiplicands in Local o

cond. Store Storage . Chart 7 Chart 1
QB461

Add the Partial Products | QB471

Together into the Product |QB481

Register

Need to Yes
Post Normalize
QB491

Shift Product Fraction
Left One Hexidecimal
digit. Decrement the
Characteristic

Characteristic
Overflow

Characteristic
Underflow

Insert Sigr into Product
Characteristic

Store Characteristic in
Product Register

QB341

Set Entire Product
Register to Zero

QB351

Characteristic
Overflow

Trap on Underflow

Q8351 Q8321 No  GqB3sl QB35}
[ g: :o Notmal 1 Cycle LGO to Program Inter l [j Go to | Cycle Start J I Go to Program |nierrup'—’
QA001 QA879 QA001 QAB79
Chart 1 Chart 7 Chart 1 Chart 7

CLF 030  RR-RX Floating Point = Multiply



QB401
QB411

QB431

QB451

QB451

QAS521

Floating Point Multiply, Single Precision

The two 24-bit fractions are multiplied

together and form a 56-bit product. The

product replaces the first operand (multiplicand).

The product characteristic is the sum of the

two characteristics minus 64.

1.

2.

Prenormalized the multiplier fraction into
the work area of storage.

Make two prenormalized copies of the
multiplicand into the work area of storage .

. Compute product sign, store it until

product is computed.

Compute product characteristic, test for
underflow. Store into local storage until
product is computed.

Load 16 bits of the multiplier into hardware
registers. The first time through this
preparation step, only 8 multiplier bits are
loaded. Zeros are loaded into the other

hardware register. Second time through, the

next 16 multiplier bits are loaded into
hardware registers.

Generate multiples of the multiplier to

be used in the compute loop. Store multiples

into working storage and hardware registers.

Two separate multiply loops will be done,

each using 16 bits of the multiplier and
all bits of the multiplicand.

Each multiply loop will produce a 40-
bit partial product, the partial products

are stored over the copies of the multiplicand.

Decode and operate on the multiplicand, one

digit at a time. Decoding the multiplicand
digits sets up branching conditions in the
microprogram, which will cause the correct
combinations of multiples to be added or
subtracted to form a partial product.

After a digit is decoded and operated on,
the low digit in the product accumulator
is stored as a digit in the partial product
location. Each multiplicand digit decoded,

and operated on, produces one partial product

digit.

Multiply loop continues until two partial
products are produced.

Align the two partial products and add

to produce a 56-bit product. Normalize
if needed. Insert characteristic and sign.

— e P, N
R1 (multiplicand) 2 4 72 A9 B6
R2 (multiplier) 37 241312
2 4 = multiplicand characteristic
+ 3 7 = multiplier characteristic
5B
Minus binary 64 equals 1 B = product characteristic

decode product accumulator
06 CO
Ist partial product 080FTEETE
2nd partial product 1028603082
product 1028684070
Inserf characteristic 1 B 1028684070
[nsert sign +1 B 1028684070
CLF 031 RR-RX Floating Point - Multiply Example

Characteristic Fraction

Low 8 bits of multiplier into hardware register. 1 2

Zeros loaded into another register.
Ist 16 bits of multiplier

For lIst multiply

IX=1200
For 2nd multiply 2X=2 400
IX=2 413
2X=4 8 2 6

Example: Ist multiplicand digit = 6

6 decodes as 2X, 2X, 2X
this means, the multiplier times 2 is
added 3 times into the product
accumulator.

2X=2 400
+2X=2 400
4800
+2X=2400
6C00

-+

Store low digit at low-digit location of Ist
partial product. Shift digits right one digit
in product accumulator and await next

0
120



Chart 002

I N\
Op Format Byte 1| Byte 2 |Byte 3 |Byte 4 7D
RR Divide, Double 2D [R1TR2
RR Divide, Single 3D | R ;R?

RX Divide, Double 6D | RV 1X2[B27D2] D2
RX Divide, Single 7D [R1]X2|B2)D2| D2 QB271
Floating Point Divide RR, RX Formats Read Out Divisor
Single and Double Precision Characteristic. Add
Mnemonics 128 to it if Sign was
DER Plus. Store in Hardware
DE Register
DDR
DD

The First Operand is Divided by the .
Second Operand, the Quotient Repiaces ‘Mmus
the First Operand

Was
Divisor Plus
or Minus

Plus

QB401 QB401

Add 64 to the Charac- Subtract 64 from
teristic Characteristic

I IG B401

Set Up Count Register
in Preparation For Pre-
normalization

| QB401
Read Out Fraction Digits
Look for Significant

Digit

Once a Significant
Divisor Digit is Found
it is Stored into Local
Storage as the High
Order Divisior Digit

Lo

Is the Divisor Fraction

All Zero's QB441

Go to Program Interrupt
QB431
Divisor Prenormalized. QA879
Store Characteristic Minus
1 inte Local Storage

[ QB431 Chert 7

Read Out Dividend
Characteristic. Add
128 to it. Store ina
Hardware Register.

| QB431

Compute Quotient Sign.
Store into Local Storage

| QB40)

Set Up Count Register.
Start prenormalization
of Dividend. Search
for Significant Digit

Was the Dividend
Fraction Zero

No Q421

When Digit is Found,
Store the Whole
Dividend Fraction with
the High Order Digit
Equal to 0

| QB441

Subtract Character-
istics

Characteristic
Underflow

QB341

Set the Quotient
No CA6II Register to Zero

Set Up Dividend into I &B341
Working Area for Divide Read Out Condition Regis-
Loop ter and Program Mask

[cas21,qass

Compute Quotient, Store
into First Operand Loca~-
tion

| QB491

QB351

Test the High Order Byte
of the Quotient Regis~ Go to I Cycle Start Go to Program Interrupt
ter. Only the Low 4 Bits

Could Contain « Digit. QAO001 QA879

Chart 1 Chert 7

N
= Were Low 4 Bits Zero

Q8491 QB491

Shift Quotient Right Decrement Characteris-
4 Bits tic by 1

QB441

Characteristic

Underflow QBe34l

Set the Quotient
Register to Zero

Characteristic
Overfiow

No

QB321 QB351

R N
Store the Quotient ©

Characteristic into the ¢B351 QB351
Quotient Register. Go
QA879 to | Cycle Start Go to | Cycle Start Go to Program Interrupt

QAO001

Go to Program Interrupt

Qao01 QA879

Chart 7
Chart 1

Chert 1 Chart 7

CLF 032 RR-RX Floating Point - Divide



First Operand is the

Second Operand is the

Floating Point Divide

Characteristic

Dividend 25

Divisor 19

The characteristics are carried in excess 64
notation at all times.

Page No. ‘

- QB271

QB401

QB431

QB421

QB441

QA621
QA631

Divisor characteristic is read out, a
bit is added to the high-order
position (sign). The characteristic
will now be without sign if it

was minus, or effectively have a
value of 128 higher if it was plus.

Divisor characteristic has 64

added to it or subtracted from it,
depending on the sign position.

If the sign had been plus, 64

will be subtracted from it; if it

was minus, 64 is added. The
characteristic now represents the
numeric value of the exponent +128
instead of +64 as it usually does.

Dividend characteristic is read out
and sign is tested. 128 is added
to characteristic; it now represents
the dividend exponent +192.

Compute quotient sign and store.

If signs are alike, quotient sign will
be plus. If signs are unlike, quotient
sign will be minus.

Do the skewed dividend prenormalize
into local storage and hardware

Local
Divisor fraction is loaded into
hardware, or hardware and local
storage.

Compute the Quotient
characteristic. The divisor
characteristic is complement added
to the dividend characteristic

Fraction

967 2EA

7 1348B5

Divisor Characteristic
19
+8 0

99 Sign was plus, characteristic
is now expressed in excess
192. If sign were minus it
would still be expressed
in excess 64,

-

Divisor Characteristic

All numbers shown are in hexadecimal

The divisor in this example is a normalized
number and will not be prenormalized.
The dividend is prenormalized with the
high-order digit equal to zero. In this
example, the dividend will be shifted
right one digit to accomplish this. The
low-order digit will be shifted out

into the hardware register in which the
quotient will be formed. The first time
through the divide loop, only 4 quotient
digits will be computed and stored. The
next divide loops will produce 8 quotient
digits until the operation is completed.

9 9
+C 0 Subtracting 64 is done by
59 adding C to high order.
59 Subtract 1 from the characteristic leaving it expressed in excess 127,
+F F This is done to compensate for the fact that the dividend is shifted
58 right one digit as it is loaded.

Dividend Characteristic

25
+8 0 Sign was plus; characteristic
A5 is now expressed in excess 192.

Dividend Fraction

967 2EA
NSO N

Storage [0 9 6 7 ZJ lA g hardware register

A5 dividend choracteristice—-eexcess 192
A7 divisor characteristic complemented«——sexcess 127
+ 1 plus one
C+—4 D quotient characteristic The result is now excess 65; however, when the final

quotient isproduced (shifted left 4bits), it will be excess 64,

If the computation of the quotient characteristic failed to produce a carry, an underflow would be
sensed. The quotient register would be set to zero and the program would return to l-cycles or to
program interrupt, depending on the mask bit.

The divide function is performed on these
2 pages. The quotient is produced one bit

ot a time into a hardware register. The first
time through the divide ioop, 4 quotient bits are
produced and stored in the high-order address of
the quotient register. In each of the following
loops, 8 quotient bits are produced and stored
until the entire quotient has been computed.

Characteristic Fraction

Final Result 4D 1543835

The quotient has been produced and is located in all bytes of the quotient register. The
high-order byte must be checked to see if the quotient characteristic may be stored there.
If the high-order byte is zero, the characteristic is stored there decremented by 1to in-
dicate high-order zero. If the high-order byte contains a low-order digit, (can never
contain high-order digit) the quotient is right shifted one digit, the low quotient digit is
lost, and the characteristic is stored unchanged. The characteristic is always checked,
before storing, for overflow and underflow. If overflow, go to program interrupt. If

program interrupt.

_underflow, set the quotient register to zero, test for trap, and go to normal I-cycles or

CLF 033

RR=-RX Floating Point - Divide Example



Chart 002

P9PY

Problem State

Entered from
Execute Op

Store Instruction Address,
Length, Count, and
PSW Bits

Initial Program Load l

Chart 007

| Forced Address from
| Load Key
.

QC351

Store 0200000000000
in Main Storage Bytes
0000 thry 0006

Chart 007

H
| QC35)

Mask off All Traps,
Store 18 in Main
Storage Byte 0007

TI0

QCO01

Read Out and Test CAW

Address and CAW
Format OK

QC351

Store 60 in Main
Storage Byte 0004,
Store Unit Address
from Switches

QColl

Selector or
Multiplexor
Channel

Multiplexor

Selector

Qcon

Chart 038,040

. No
in In*errupt Routine

Chart 036

Store CSW (Full)

QDI31 QD4
Store Status,
Reset Channel Reset PCI l
QD131
:/-S
Chart 007

CLF 034

Start 1/0, Test 1/O

Chart 007

Read Out 2nd Byte
of CAW

QCO001

QCO001
Halt I/O, Test Channel

QCO01

Selector or
Multiplexor
Channel

Multiplexor

Selector
Chart 042

Y

Channel Available

Start 1/O Test |/Q

SIO, TIO or HIO, TCH

Chart 0!
Chart 035 ort 036

QDO

Halt 1/O or Test
Channel

Halt 1/0O

Test Channel

Chart 037
QD021

Set Condition Code 0

QD021

Set Condition Code 2

IPL Ervor Stop

Set Condition Code 3

QD021
r r Return to 1-Cycl
. eturn to |-Cycles
IStore the Condition Code:l I (IC Restore) J
1
1
———————

Chart 001

I/O Ops Initialization and Test Channel - Selector Channel

QD021



Chart 034

QD181

Set Program Check

Channe! Busy

Set Condition Code 2
and Store the Condition
Code.

1
QADO Set Poll Control

IPL Error Stop
Chart 001

YES Poll Contral On

Store Device Address
Reset Channel Except
Poll Control

Set Channel Busy Latch

QD071

Address
or Status In Response

QD41 0 aom NO

Store Next CCW
Address

Read Out CCW Byte 0

Set Condition Code 1
and Store the Condition

Chart 037 Code.
YES Transfer NO QA001 Restore CPU, Restore
L 2 in ROSAR
Channel
QDO51
NO Valid CCW Byre 1= 0 NO Chart 001
Transfer in Channel and Valid
l
ag Byte A Chart 037
YES QD4 Address In Address In
or Status In
Fetch CCW Byte 3
Command, SIO

Addresses Match

Valid

CCW Address Qo7

Reset Select Qut

Chart 037

Update CCW Address

Count Equal Chart 037
Chart Zero Send Command Qut
036 QD101
Reset Poll Control
3
Start 1,0 or CC aoior S

Se+ Count Ready Not Zero Store Channel Status CSW

Set 1/O Interrupt Status In Received

Start 1,'O QDI

QDos! Set Address Out and Restore CPU, Restore
Select Out Interrupt
Fetch CCW Address eec Py TP <1/ Op or Interrupt ROSAR
QDOs1 -
Return to Main Program QD081
Update and Restore CCW QD081 NO
A Address .
ddress o St I Chart 007 [ 5ot Condition Code ! Time Out
QDOs! Response and Store the Condition
Code .
Readout CCW 000 VES
QA00T
K
<
Address In or Status In Chart 001 This Can Be a Hardware Chart 037

1

: Interrupt on o Start 1/0.
| Excmple: SIO to a Tape
| Drive that is Not Ready

Set Program Check

Address In
QDos! Chart 037

Readout CCW 001

QD091 QD091

Reset Select Out

Channel Status
Equals Zero

Transfer In Channel

QD081

Fetch Data Address

Chart 037

Chart 037 cC

1,0 Op
or Chaining

YES  qpOl

Send Service Out
IPL Error Stop

QD021

Chaining

Qb
Reset Poll Control
QD1

Restore CPU, Restore
ROSAR

NO

QD091 Set Condition Code 0

YES L
Reset Suppress Out Zr;j:tore the Condition
7L ol Loop
VES Chart 037 I QDO91
Device Status Equals Chart 001

Zero Reset Poll Control

Channel Status Equal immediate C d
mmediate Comman

2nd
Channel Waiting

|

QD091

Set Service Out

QD061

Chart 037 NO QDI

Restore CPU, Restore
ROSAR
Return to Program

Send Service Out
Set Count Ready Not Zero

YES

IPL Wait Loop

Fetch CCW Address

QD91 —l QD01

Update and Restore
CCW Address

CC or Start I/O

.SwitchChannels, Do a
Chain Reset

I_—_‘ NO

Start 1,0

Set Condition Code 0
ond Store the Condition

Channel Waiting

Code QD061
Set Address Out
Restore CPU, Restore
ROSAR
Chart 001

Restore CCW Addresses

Transfer

in Channel

Chart 037

NO QD051

Fetch CCW

CLF 035  Start I/O - Selector Channel



Chart 034

QDO

Channel Busy
QDO

QD031

Set Poil Control

Poll Control On

Interrupt Latch

On QD131

Fetch Device Address

NO  apony

Set Condition Code 2

QD021

Store Condition Code

QAQ01

Store Condition Code
QD6 Chart 001
t 037 Store Status, QA001
Reset Select Out Chart O Reset Channel
QD16}
Set Interface Control Chart 001
Check interrupt 1/0 Op
Addresses Match or Interrupt
1/0 Interrupt
YES qpor) 21
Chart 007
Chart 037 Reset Select Out NO QD03 Set Condition Code 1 and
QD81 Store Unit Address, Reset Store the Condition Code.
Channel Except Poll Contl
Set Bus Out Control and Y QA001
Command Out
Set Address Out and
Select Out Charr 001
Address
Status In Response In or Status In
Response
Set Service Out Address In
or Status In
QDO71 Status In
Bevice Status Equals el
Chart 037 < atus Equals
Reset Select Out
Did
\ Status In Fall {
QD131 Chart 037
Set the Entire CSW to
Channel Status Equals Zero
Zero
QDI3!
Store Status
Reset Channel
170 Op interrupt
Set Condition Code 0 or Interrupt Forced Address On ROS |
and Store the Condition Chain Trop
Code. 170 Op opo21 -7
QA001 Chart 007
Set Condition Code 1
QD021
Chart 001 QD1
Store Condition Code
Set H5 Latch and Store
Forced Address On ROS —e———— QA001 the R-Register Contenrs
Interrupt Trap ir Local Storage
Chart 001
QDM
Set H5 and Store the
R-Register Contents in Yes Ne
Local Storage . Reset
Select Out
QD QD111
Reset Status Register
Set Status Regiseter for CD Set Service Qut
Address
No In or Interrupt Yes
Latch Up
| [oom
Qp121 Store Certain Hardware

Registers Contents In Status Modifier Bit On
Local Storage ! Jump 1 CCW

)
|
]
4

Store Device Address

Set /O Interrupt Latch

QD121
Channel Busy Set Command Out
QD121
Restore R-Register QD061 QD061
R Set Up CCW Address Set Up Next CCW Address
Restora ROSAR and
Reset H5 Latch »
QD061
Return to Main Program Yes Data Chain No
Yes h ,
Channel Status Zero Qbos!
121 N Y
QD121 @0 ; o es
Stop. Error During IPL
QD161
Set Bus~Out Control Set Interface Control
and Address Out Check
Chart 038 Chart 035 Chart 037

CLF 036  Test 1/O and Traps-Selector Channel



Chart 034

NO YES

Channel Busy

Poll Control Set

Reset Select Out

Poll Control Cn

QD101

Set Halt l

Store Unit Address. Reset

Channel .

QD101

Op In Down

Chart 035, 036

? Charts 035, 036

Poll Control On

Set Address Out and
Select Out.

or Status In Response

Op In Down

Set 1/O Interrupt

Status In

Address In

In or Status In

QDO71
Chart 035
Reset Select Out o N 1 Interrupt
Addresses Match Channel Busy In Channel

YES Qo021

Did
Status In Fall

Set Condition Code 0

Set Condition Code 2

Reset Select Out

Charts 007, 035, 036 Set Interface Control
Check.

QD101

QD131

Store Channel Status
csw

Reset Select Out

Command Chaining

QD131

1 O Op Interrupt

or Interrupt

Reset Select Out

( IPL Stop

Reset Poll Control
QD131
-0 Op qpo2)

Store Channel Status QDI10! Read Out Condition Code, Chart 007
csw Set 1,0 Interrupt Set Condition Code 3 and Set Condition Code 1 e
QD131 o Sore
QDI QA001
Interrupt I/’O Op Restore CPU IPL Error Stop "7 Return to 1-Cycles
or |nterrupt : (IC Restore) Store Condition Code
Qb Chort 001
QD021 Restore ROSAR QDlé1

Chart 007

: Return to I-Cycles
h (IC Restore)

Reset Select Out

Chart 001

Return to Interrupted
Program
! Return To I-Cycles
! (IC-Restore)

Chart 001

QD181

Reset Channel

QA%61

QD181

Set 1/O Interrupt Latch

QDI

Restore CPU, Restore
ROSAR

Return to Interrupted
Program

Chart 007

/O Op
or Interrupt

Chart 007

Return To I-Cycles
(IC-Restore) .

Chart 001

CLF 037  Halt 1/O - Selector Channel



E:ror Routines

Start |/O

Chart 034

QCo2?

Read Qut CCW Byte 1

Reset FA Register,
Keep Command Start On

QCO51

Valid Command

Not 0

Yes QCO21
Read Out CCW Byte 7

(Low Count)

Yes

Read Out CCW Byte 6
(High Count), Store Count
in Registers, Readout

CCW Byte 4 (Flags)

Read Out Condition Code|
Set *o 0 and Store

Valid Flags

€ QCo3l

Read Out CCW Byte O
{Command)

Chart 044 I

Set a Register to
Indicate Forward

Set a Register to
Indicate Backwards

QCO031

Not First Command
of a Chain

-
! Not TIC, Valid Com-
I mand or CCW Byte 1
1

[

Address In
Up

Unit Address
Match

Yes QCO51

Set Bus Out Control,
Command Out, and
Command Start, Read
Out CCW Byte 7 (Low
Count) Set into a Register

| QCO5!

Read Out CCW Byte 6
(High Count) Set
Count into a Register

Reset the Suppress
Control Latch

Chart 041

Chart 043

Chart 043

Setup to Find
Correct UCW

QC041
Yes

Single Unit
Address

Setup Multiple
Unit Address

Available
Subchannel

—
Read Qut Condition Code,
Set to Code 3 and Store

Subchannel
Active

]
[ Chart 044

Error Routine

Set Unit Status
into a Register

Set Service Out
and Command Start

in a Register

Setup Protect Key

Chart 044

Read Out Condition Code
Set to Code 2

Return fo I-Cycles
(1C Restore)

QA0

QC151

Store Condition Code,
Reset FA Register

Chart 001

QCO31

Set Command Start,
Read Out Interrupt
Buffer Stotus Byte,

Store Unit Address

in Local Storage

Return to [-Cycles
(IC Restore)

Chart 001

Chart 045

Interrupt

=00

No

Buffer Status

QCO31

QCO031

Chart 043

| aqcosr

Set Unit Status into

Register, Reset FB Register

CLF 038

Status In
Up

Set Op and Flags into

a Register, Set Bus Out
Control, Address Out,

and Command Start

Hardware

QCO51

No

Reset FA Register

QCI51

Reset MPX Channel
Share Request

QCl151
Store Channel and

Unit Status, Store
Condition Code 1

-9
|

Chart 044

Error Routine

Reset FA Register

Status In

Return to |~Cycles
(IC Restore)

QA001

Chart 001

MPX Start 1/O 1

Up

; Select-Out Raised by

Yes

Unit Status

Any Status
Except Bits 4 or 5

Unit Not Ready
IPL Stop

QC091

Reset FA Register

1/O Interrupt

Chart 007

=0

QCo61

Yes

QCl61

Reset FA Register

QC161

Reset MPX Channel
Share Request Latch

Set Channel Status in
CSW Byte 5

Set Unit Status in
CSW Byte 4

Set UCW Byte 1 to 00,
Reset MPX Channel In-
terrupt Latch

or 1/O Interrupt

Test 1/0O Qcls1

Read Out Condition Code|

Set Code 1 and Store
QCl61
Return to [-Cycles
(IC Restore)

Data Loop

Chart 001
QCO51
Read Qut CCW Byte 2
and 3 (Data Address) Chart 041
.and Set into a Register
Yes
Channel End, Device
End off
No
Device End
QCO071
Jes Read Out UCW Byte 7
Store Next CCW Low
- w Address Set Suppres Out
} Chort 043 Qcos1
| To Chaining Routine Read Out UCW Byte 1 ‘
| Command Chain from Store Op and Flags '
| Command Immediate (Active Bit On)
QCO071
Read Qut UCW Byte 7
Store Next CCW
Low Address
] QCo71
Read Out UCW Byte 6
Store Next CCW
High Address
I QCO71
Read Out UCW Byte O,
Reset H6 Latch
[ acon
Set Service Out and
Command Start, Set
Byte 0 to 00
| QC071
Set Protect Key in
Correct Position
Reset Suppress Out

Chart 039
To Data Loop

Set Command Out and
Command Start

Chart 036

QC351 F

Reset FA Register

Chart 039

Address Match

[nitial Program Load
Status Check
T

—— ———— — !

QC351

Set Service Out and
Command Start

Status Indicates
an Error

ial Program Load
Wait Loop

Chart 044

Operational In
Up

No

QC351

Store Unit Address in
Main Storage Byte
0003, Reset the FA
Register

( Stop ) [

Read Out Condition Code
Set Code 3 and Store

Return to |-Cycles
(IC Restore)

QA001

Chart 001

QC351

Store Channel Address
in Main Storage Byte
0002, Reset MPX
Channe! Operational
Latch

pe——

H Chart 007

Start Load PSW
Routine



6€0 41D

doo oypg XdW

Chart 038
Data Loop

00,01 Status In, 10, 1

r

IDirecf Branch

| 11 - Operationa! In Down
|10 - Status In, Op In Up
{01 - Service In, Op In Up
| 00 - Operational In Up and
| Neither or Both Status
| In and Service in Up
| or Command Qut or

| Service Out Up
{

1

00 01 Service In

QCo81

Status In, 01

Service In

] QCo81

Decrement Low Count
By 1, Readout Data

====7
Chart 044 :
| Input or
H Output
Error Routine 1
H QCO81 QCO81 QC081
Set Service Out and Set Bus Out Control, Restore Data, Decrement
Command Start Service Out, and High Count

Command Start

| Qcos!

Decrement High Count
if Low Count Went
from OO-FF

1

] QCo8l

Write New Data into
Storage, Decrement
High Count if Low
Count Went from 00-FF

Command Ouf
Response to Last
Service In

No

QCo81

Set Service Out and
Command Start

QCO081

Increase or Decrease
High Data Address

Chain Data
Address

QCo81
Set Condition to
Indicate the End

Data Cycle

-
: Chart 043
H Chart 044

—

QCO081

Reset Output Indicating
Bit, Set Command Out

I QCO081
Restore Count to
Original Value

I QCo8!

If Count is 0 Set a
Condition to Indicate
Status In Next

Status In,
Service In

Data Chain Routines .
Error Routines

| i

QCo81

Status In,

Service In Force Skip Flag and

Output Flag On

g

Command Chain
Routine

|
'
—

No

Chart 043
1

QClel

Operational In
Up

QCI61

Reset Suppress Control
Latch

Secondary
Status

Set Updated Status
Byte into UCW Byte O,
Reset FA Register

] Qc30!

Set Updated UCW
Bytes 1,2,3,4and 5

QCl161

Reset FA Register

Chart 044

Error Routines

L__J

S

A

Correct Length
Record

Qcim

QClt

Interrupt Buffer Full

Readout UCW Byte 0
and Set into a Register

Readout UCW Byte 0
and Set into a Register

Command Chaining

Unit Status
Ok

[ 1

Chain Data
Address

Suppress Length
Indication

Qcln

Set WLR in UCW

L

[ B |

Channel! Interrupt
Latch On

No

Program
Controlled Interrupt
Flag On

QCO91

Readout Interrupt
Buffer Unit Address
Byte and Replace it
with New Unit
Address, Set MPX
Interrupt Latch On

Command Chaining

l QCIN

QClll

Readout Unit Address

Readout UCW Byte 1
Set Status of Active Bit

Readout UCW Byte 1

From Storage

Attention Bit
On

L

| Qci21

Readout Unit Address

Initial Program
Load

Device End Bit
On

Readout and Set UCW
Byte 1to 00. Set
Unit Status in a Register

Channel End
Bit On

Chart 038

Yes Routine

Qcin

initial Program Load

MPX
Channel Interrupt
Latch On

Set Suppress
Control Latch

[ ecmn

Set Service Out and
Command Start

QCI121

Set False Unit Status

—

QC12)

Store Unit Status in
Interrupt Buffer

| Qci2!

Set Service Out
and Command Start

L

Store Unit Address in
the Interrupt Buffer,
Set MPX Channel
Interrupt Latch on

Active Bit On

Set Interrupt Buffer
Unit Status to 00

—

Active Bit On

| Qco91
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MICRO PROGRAMS ATTACHMENT HARDWARE 1050 OPERATION
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MICRD PROGRAMS
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ATTACHMENT CIRCUITS
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Allows Rdr-2 Clutch
will start Rdr and
Rdr will start Hm Timer

|

S
l

Hm Timer Activates
Pch-1 Clutch

Pch-1 Clutch |

Is character UC Shift,
LC shift, Pch on, Pch

off, Bypass, Restore,
Idle, Reader Stop,
Prefix or Delete

Set Xlate Reset Xlate
UC Latch UC Latch
Block Read

Share Request

Y Read Clock

7| to MPX Chnl Inlk On
Clock Stops Clock Stops
Wait
Yes Req No

Pch Yes

Share .| Routine

| L

Status

Good

Write Character
in Storage.

Reset Read Sh
Req. Restore to ROBAR

Granted

|

Status Check and Restore

Reset Read

Share Request
Latch. Drop
Reader - 2

Hold Line -
Allow Rdr Clutch

During
this routine the TA-
Register will be Reset and
HM RDR ST and RDR-2 On will
be Reset. This will Drop
Read Mode and the Hold
RDR 2 Line will be Active.
The Attachment Stops and
the Micro Program will Exit
Using ROBAR

CLF 048

[

Reset Read
Clock Inlk
Allow Clock to Run

1 Clutch

Wait

1050 - Read Reader-2 Operation




MICRO PROGRAMS

ATTACHMENT CIRCUITS

1050 OPERATION

Operator wishes to send

Information To CPU
Presses Request Key

Sets Attention Latch
Turns On 1050 SH Req.

Yes Request No

Share Request Program and Status Restore. Set Up I/O.
Interrupt with Attention Bit On in CSW,

This will Cause a Check of the CSW and Attention will
Cause a Start 1/0,

1

Start 1/O U Program
Selects 1050 Routine

1050
Status Good
Command
Valid

- Set TA-1

Will Reset Attention
Lch & 1050

Granted

Set Condition Code

! i

Return to | Cycles

Gate 1050 Tags Out

- ond TA-3

1050 RD Share Request

or Cancel

Write Character in Core

!

Reset Rd Sh Request

TurnOnRDR - 2On Leh
TurnOn Proceed Lch
Set Read Ing Mode

L

Proceed

Pch-1 Clutch

[

Clock Start Latch on Clock
Runs W,X,Y,Z, =34 ms

[

i
Read/Write Reg Set

On, Pch Off, Bypass, Restore,

Y] Turn On Read Clock
Intlk and Read
Share Request

Is
Character UC
Shift, LC Shift, Pch

Idle, Reader Stop
Prefix or Delete

Set X late UC Latch = —

Read Share Request
Drops Proceed
Locks KBD

[

Y] Send 1050 Req to

MPX Ch.

[

Clock Stops

Req
Granted

Restore to CPU
Backup ROAR

L} To Status Restore

Status Restore

During this Routine the TA
Register will be Reset and
the Proceed Lch will be Turned
Off. This will Drop Proceed in

the 1051 and Stop the Attachment.

Return to Micro Program - Use Backup ROAR

Reset Read Sh Request

Latch Activate Proceed
to 1051 - Light

Proceed and Unlock KBD.

|

l

Light Proceed Light
Unlock Keyboard

| |
[

Operator Depresses
o Key to Send a
Character

Home Timer Develops
Pch - 1 Clutch.

I

Reset Xlate UC Latch

Wait

i

Block Read Sk
Request

[

Y |Read Clock
Inttk On

Clock Stops

L

The Translate UC Latch
is used with the Read

Translator for Proper
EBCDI Code

Pch Wait
1 Yes

Reset Read Clock Intlk -
will Allow Clk to Run

Clutch

CLF 049

1050 - Read Inquiry Operation
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CLF 101

I/E Change
31.05.31

Restore
Main Star
to | Star

A Cycle Film
31.88.11

Gate B Star
to Main Star

Execute Elim
31.05.11

Gate A Star
to Main Star

Execute Phase

Branch Op Code
Turn On Set | Op
31.30.11

Turn On Set | Op
31,30.11

Gate A Star
to Main Star

II Thru 18

—O

Advance | Ring
31.31.31

MOD +1
1 Star Units 000-030

Read Op Code
into B Reg

Read | Field MOD +1 | Star Units
into B Reg 000-030 B Reg WM
Read B Reg Read B Reg
Reg into A Reg into Op Reg
Trans B Trans B
Reg to Stor Reg to Storage
NO Move or

1y Thro Iy

Example for A=Star or B-Star Address Development During I-Phase of 1401 Compatibility Feature on the 2030.

Assume the 2030 has 16,384 Positions of Storage and the 1401 Program
is for a 12,000 Positions of Storage 1401. The Bios is 1120

Instruction is B Y14 E A
Read Op Code
Readout Hundreds Byte

Setup Address for Table Lookup by Emitting a Digit and Using the Hundreds Digit.
Set Address into Low B=Star.

Readout Tens Byte and Test Hundreds Zone to Determine Thousands Digit. This Example
has Zone of 10 for T Thousand (Hex Equivalent is 3E8). Set Tens Digit and Thousands
High Hex Digit into the High B-Star.

Set Remaining Two Hex Digits (Emitted) into a Hardware Register.

Readout Low Bias Plus Hundreds Digit Hex Equivalent Byte from Table in CPU Storage .
Low B-Star has Address of Position in Table. For this Example Table Readout is 04.

A Test is made on the Tens Byte for Zones. If Tens Byte is Zoned, Indexing is
Required. For Example Tens Digit is not Zoned. Add Low Bias Plus Hundreds Digit
Hex Equivalent Byte (Remember this Byte is Crossed in the Storage Table) to Digits in
the Hardware Register. Retain any Carry in the Carry Larch.

Readout the High Bias Plus Hundreds Digit Hex Equivalent Byte from Table in MPX
Storage. Use Same Address as Used for Low Bias, For this Example Table Readout is 14.

Setup Table Address for Tens Digit Hex Equivalent by Setting the Tens Digit from
the High B-Star to the Low B=Star and Emitting a Digit to the Low B-Star.

Add High Hex Thousands Digit in High B-Star and High Bias Plus Hundreds Digit Hex.

Equivalent Byte and any Carry from Low Bias Addition to Thousand Digit. Set Sum into B-Star.

. Readout Units Byte.

Add Units Digit to Amount in the Hardware Register.

Test Zone Bits of Units Byte to Determine Remaining Thousands Address. For this Example
Units Zone is 11 (No Zone) for 0 Thousands.

Readout the Hex Equivalent Byte of the Tens Digit from the Table in CPU Storage Using
The Address Developed in the Low B-Star. The Digits in the Byte are Crossed
in the Storage Table. For this Example Table Readout is AO,

Add the Hex Equivalent Byte (Uncrossed) to the Amount in the Hardware Register
and Set the Sum into the Low B-Star. Any Carry is Added to the High B-Star.

The B-Star Now Contains the Required Hex Equivalent Address for the Address
Y14 for the Condition in the Example. The B=Star is Transferred to the A-Star
and |-Phase Continues. If Instruction has o B-Address the B-Star is
Developed in Same Manner.

1400 |-Cycles, Address Example

03 -
4 -

18 -

A0 -

0A
2C
36 -

Load Op Code

I Thru I3

R-Register

Set Main
Star to 1 Star

Hardware B-Stor
Register High Low

Emitred
Hundreds Digit

3

it

1111 Qoot

Low Bias
Crossed

Thousands (Emitted 3)

H

000110011}0010 1000

Thousand Hex Digits

Sum _'|

>

Thousand Hex Digit
High Bias +
Carry

Sum ———|

Emitted

0001 0011|0001 00C!

4

Units Digit

Sum ——l

]

Tens Byte
Crossed

Sum _—I

0001 1000|0011 0110

4




4567 ——»

| 0123 | 0000 | 0001 | 0010 {0011 0100 ;0101|0110 {0111 | 1000 [ 1001 {1010 | 1011 | 1100 | 1101 1110 | 1111
|
8
QEOO! QE00! 0000 : N 8
These Enfries Are Used By
Given Op Codes which Restore |-Star Store I-Star Cpu Ops | 0001 D Y # = E A A S @ % ? ! P C
Have Not Been Flowcharted
] voops {oo0| u | 1 |2 | 3| 4 (5 |6 |7 || K]|F S/O) i'A/O) vo
Invalid
-—— Misc O 0011 A w
: Return to |-Cycles ' P Ops
| (Multiple Entry) 0100
QECO! o
o110
Readout 1401 Op Code
Column
o Binary
1000 | M
Op Code
Character has a 1001 | L
Chart 155 Wordmark
QE00] QE00T 1010
Setup Stop Cod Setup Address to Readout
the Bit Significant Op 1on H
QEsdl Code from Local Storage 1100
Store Stop Code in | QE00
Local Storage Readout Bit Significant no1
Op Code
1110
QE641
1nn Q
What Type of Stop QE00] Bit Significant Chart
High Order YES
00 Halt 10 Error Stop Bit of 1401 ]OP Code
01 Halt and Branch 11 tnvalid Operation isa
QE001
id " With Wordmark No Wordmark With Wordmark No Wordmark
TN Invalid Op Code 4567|0123 >
Setup Interrupt Code QE001 0000 [000T{C0T0[0011{0100 [C107(0110[0T11{1000[1001{1010|1011{1100{1101(1110{1111
Set Status Bits to
Denote Special Ops 0000 [Blank| & | = Blank| & | - 2t f+lot21 3]0
QE641
Set a Status Bit for
0001 / A A 1
Mode Switching / J ! J
QE641 See Bit Significant 0010 Bl K|S |2 |B |K S |2
Op Chart
To Store CPU Routine 0ort C|lL|T |3 clL T 3
L
QEO001 0100 DIM|U |4 D MU |4
Bit
QE661 =TT Significant Op m . 010 E Nlvls |e Nlv |5
Store the I, A, and B Stars | Bit 0, Bit 1
in CPU Storage . Store the ! QEO11 Qeor1 0110 FLO|Wl6 |F|OIW] 6
Op Register and 1400 I No Combination = Invalid
A-Register in CPU Storage . ! Branch Op Code M, L, or H Op Code 2 | om G|P X7 |G |P X |7
Set B-Star from the [-Star.
| QEolt | QE0]1 1000 HlaQ|Yy |8 [H]QlY |8
QE731 Store B-Star in Local Store A-Star in Local 1001 | Rlzle | Rz 1o
Storage Storage
] Qeony 1010 ¥ ¥
Chart 156 Set A-Star into the
: # #
l B-Star oSy, s
nmol o |« 1%l @|n|*|%*
| QEON
! Qo ves 19! Ctdivi: 03V
Op Code L, M, or U R ds B Invalid A-Star
’ P My ! eadout Hundreds Byte ‘ Address ol < ; NN ; \ >
|
I ERERE IO A NS I Ao I IV B
Hundreds Byte Bit 1 QEO!1 1400 Defined Characters
a 0 Indicates Wordmark =
Set A-Hundreds Backup
Byte into the B-Star
Backup Byt
acip oy 360 Z Bios
NO 1 Character YES l Y Bias
Op forL, M, orU QEoll 1400 16,384 | 32,768 | 65,536 | 8,192
Test Bit 0 and Bit 1 : if Bit |'is aQitis 16K 80 01 41 co
Is Hundreds Byte of the Hundreds Byte : Recognized as o
o % i, x, B Wordmark. 12k 20 n i
' I If Bit 1isa 1 and 5 po
| Bit 0 a O the Byte 8K 2
Branch on Bif 2 of | ! s o Special Character . co 0 60 B 0
the Hundreds Byte ! ! Character Op
o 4K 60 30 70 FF 10
Is Hundreds Byte
= P 2K 30 38 78 F7 18
Set Hundreds Byte into Chart 107 QEON 1.4K 88 3A 7A F9 1A
the B-Star and Readout
the Tens Byte YES Is Hundreds Byte
4 a Special Character ’
QEON1 Y = Bias for Low-Order Byte in Hex,
Is Hundreds Z =Bias for High-Order Byte in Hex.
Byte a / Is Hundreds Set Hundreds Digit into r
Byte a / a Hardware Register and {Bits 2 and 3 of Hundred Compatibility Mode
Read Qut the Tens Byte |Byte Hex Memory Bias
NO QE021 {Bit 2 Bit 3 Thousands Digits
Set Status Bit to NO ~eon : 1 (1) <‘)ooo 000
QE021 Indicate Invalid Byte Chart 103 : g X Qggg ;ESO Chart 103
Indicate Invalid Byte
BB8
1/O Op Code U v Le 0 3000
or U |
QEQ21
QE021 Qorl Branch on
M Readout Tens Byte 00 Y QEOI1 o1 Hundreds Zone Bits 0 ’ &
Change Op Change Op Code to 2C £011 QEOIT
N Set Tens Digit and High Q
QE021 Thousand Hex Digit into Set Tens Digit and High Set Tens Digit and High
Branch the B-Star I QEOI Thousand Hex Digit Thousand Hex Digit into
Change Op Code to 2D Oorl i - the B-S:
ge Up on Hund{eds Zone Set Toms Digit and High into the B-Star e tar
Bits Thousand Hex Digit into
the B-Star
QE021 Test Bit 0 and Bit 1 of
Readout Units Byte and the Tens Byte l
Set Tens Digit into B-Star QE031
C——_—————————
QE08I V16Bi Tisa Ot is l Qeon QEon
NO Character Instructi | Recognized as a Wordmark | Test Bit 0 and Bit 1 of Test Bit 1 of the
| Low Bias Table is Stored aracter Instruction U1£Bit 0is a O and Bit 1 the Tens Byte Tens Byte .
!in CPU Local Storage lisa 1, the Lyte May Be ' 7
Chart 103 nvalid H
! Possible ' |
! Invalid Tens Byte L
To Invalid Address aeont I1F Bit 1 isa 0 it s i
Readout Hundreds Low ° NO 20r5 YES Recognized as a Workmark |
Indexing is Determined : Bias Table YES  oro31 Character Instruction
by Branching on Bits 2 | Setup Second and Third QEo]
and 3 of the TensByte | QEO03 Thousand Hex Digit into YES Possible To Invalid Address
a Hardware Register Chart 104 Invalid Tens Byte
Is Address to QEO041 QE091

be Indexed

Set Second and Third
Thousand Hex Digit into
a Hardware Register

Setup Second and Third
Thousand Hex Digit into
a Hordware Register

Chart 104

Readout Hundreds Low
Bias Table

Invalid
Hundreds and/or
Tens Digit

Chart 106 < NO

Is Tens Byte a §

To Invalid Address QE03T e QE041
. | High Bias is Stored in
Read out High Bias Byte : MEX Local Storage To Index Routine

QE201

Chart 104

Chart 106

Chart 103

CLF 102 1400 I-Cycles Start



1
Carry from B=Star is |
also Tested. A Carry |

Indicates Invalid Address

|°0 QE05!

Add Units Digit to Low
Bias + Low Hundreds

Readout Units Byte

Chart 102

QEO031

QEO031
Branch on Bit
Significant Op Code
Bits 2 and 3

10 l” QEO51

Digit

| | aeost

Digit

Add Units Digit to Low
Bias + Low Hundreds

Invalid Address YES

Add Units Digit to Low
Bias + Low Hundreds
Digit

NO

To Invalid Address

Invalid Address

NO

QEO051
Byte in

Store Units
CPU Local Storage

Invalid Address

Op Code is V or W

Set Status to Indicate
Op Code of V or W

Bits 2 and 3 of the 1
Units Byte Hex |

Bit 2 Bit 3 Thousands Digitl

1 | 0000 0000! Chart 104
| 0 4000  FAO!

0 1 8000  1F40;

0 0 12000 2EEO0]

Add Thouscnds Hex
Digits to B~Star

)

Branch On Units

QE05!

Zone Bits

o1

Thousands

| | arosi

If Units Byte Bit 1 is

a 0 it is Recognized
as a Wordmark.

Add Thousands Hex Digits
to B-Star and Hardware
Register Containing Sum
of Low Bias + Low
Hundreds Digit + Units
Digit

Carry from the B-Star

Hundreds

{ndicates Invalid
Address

Chart 102

QEO51
3or6

Characrer Instr- Yes

Add and Adjust

to B-Star and Hardware
Register Contairing Sum
of Low Bias + Low

invalid Units
Character

Hex Digits

Digits + Units

YES

uction or Invalid
Address

QEO5}

Readout Tens Hex Digits
from Table

Tens
Character Contains
a Wordmark

QE08] Speciai Character

YES

Set Units Byte into
the B-Star

Units
Character Contains
a Wordmark

QE081

QE081

lavelid 1/O Instruction
to General Stop

QE641

Store Hundreds Byte
in A- Hundreds Backup
Byte in MPX Storage

Chart 106

G

Is Units Character &

Is Units
Character a /

QE06]

Add Tens Hex Digits
to the Sum of the Low
Bias + Low Hundreds
Digits + Units Digit
and Set into the B-Star

Chart 104

Chart 155 Op Code is U

Readout Hundreds Byte
of B Address or the
D Modifier

Store Hundreds Byte
in B-Hundreds Backup
Byte in MPX Storage

QE061

Character Valid

To Inval

To Invalid Address

QEO05]

QEO051

Chart 104

If Bit 3 of the Read from

! the Tens Table is a 1
i the Character Invalid

lid Address

To Invalid Address

| 1f Units Byte Bit Ois a
I 0, Choracter is Invalid

Chart 106

QE06!

Transfer B=Star to
the A-Star

QEO61

T YES Does Address NO Chart 104
Need to be Adjusted
QE061
QE061
NO YES
05T Is Address OK YES Character Read™~_ YES
§ | Chart 106 QEO6] Out Contans a Out Contains a
To Invalid Address QEO071 Wordmark Wordmark
NO Was Address YES
QE09T Just Develo.ped for NO Is Op Code NO
the A-Field Vor W Trigh Bit of
NO __“iyndreds Char YES
QE441 undreds Character
QE061 isal
Chart 104 YES - ip gcd;z P NO YESQE“] QEO71 YES  QEO71
s 7, ’ r ’ ’
QEO061 8,V,W, or, QE0s1 Chart 107 v Hundreds Character NO Set B-Star from
is a Blank Local Storage
Last Last Chart 107
YES Character Contains NO \ NO Character Contains YES YES ( QE4N
Wordmark Wordmark
: j QE08] e Qe8] QEO71 R
Set D-Modifier ino a v Is Op Code @ VES
Hardware Register Chart 107 VoraW Chart 107
I QE0LT
Hardware Register | QE081 Set D-Modifier into a - NO Readout Tens Byte,
o " i Op Code is a 4 Char- Set Hundreds Digit
Represent 1401 A-Register YES Op Code is* Hardware Register and ! acter Unconditional Br. < QE071 i:?o ”:: Brisi r <
| o/ or Readout Next Character °
! QE0S! | NO_ ~nvalid A-Address
]
» QEO71
i NO - qeosi
o Ui G et V0 Cor
Set into o Hardwore Readout Next Character Byte from Local Storage QEQ71
Register To Stop Entries Branch On
e QE071 00 o1 Hundreds Zone Bits 10 n
vance
Program Feature
Is Op Code V or W YES Character Containg Installed ® &
rdmark
QE08I g Wordmar Chart 155
QFés1 v
Set B-Star from |-Star . Chart 102 Chart 102

Chart 107 Chart 107

CLF 103

Chart 107

1400 [-Cycles A and B Address Setup

Set |-Star from A-Star.

Chart 155

To Interrupt Decode

QE001

QEO0!

To 1-Cycles

Chart 102



QE061 QE251

Chart 103

Chart 106

Store A-Star in CPU
Storage

Store Required Hardware
Registers in CPU Storage

. QEIN
A Byte is Stored in CPU | Readout 2030 Main
Storage to Indicate 1400 Storage Size. Subtract
Simulated Memory Size. | Qne from it.
Byte is Bir Significant :
i QE671

Readout Low Bias
from CPU Storage

QF8I1
S
This Leaves the Hex : Readout High Bias from
Value of the Decimal | MPX Storage. Subtract
Number for the Invalid | Bias from Invalid
Address in Hardware | Address
Registers :
U — QF811
QF821
Convert the Hex
Number to the Decimal
Equivalent Nlumber
f
I QF831 | Branch on the 2 High
This Byte is not Used | Readout a Byte from : Bits of the Thousands
on this Routine. ! Main Storage j 00~ No Zone
| 01 - A{0) Zone
110 -8 (1) Zone
111 - BA (12) Zone
Units Zone s &
rNo Zone TI I Zone 12 Zone
Set Decimal Digit with Set Decimal Digit with
4 High Bits of the Byte Should Character 4 High Bits of the Byte
at 1117 in a Hardware bea/ at 1101 in o Hardware
Register Register
QF83! QF831 QF831
Set Decimal Digit with Set Decimal Digit with Set Decimal Digit with
4 High Bits of the Byte 4 High Bits of the Byte 4 High Bits of the Byte
at 0110 in a Hardware at 1110 in o Hardware at 1100 in o Hardware
Register Register Register
] I l | araan
This Byte is not Used I Readout Same Byte from
in this Routine | Main Storage
Charts 102, 103, 106 YES Hundreds NO
Character is Zoned
QEN
QE0! Restore Required Set Zoned Units Byte
Set Main Storage Hardware Register into Low B-Star
Address to Hundreds from CPU Storage
Byet of Invalid Address I QET

Set Tens Decimal
Digit with 4 High
Bits of the Byte ot
1111 into High B-Star

Force Status Bit On
for Storage Warp

Readout Hundreds Byte

I QF83)
A 8 Readout Same B This Byte is nof Used
. ) yte s By!
Aor B Address from Main Storage in this Routine

11 o1 12 Zone
A or B Address

Set A-Address Hundreds

Byte into MPX Storage ] I QE0%!
and ¢ Hordware Register,

Set Status Bit to Set Hundreds Byte into
Indicate tnvalid MPX Storage and a
A-Address Hardware Register. Set

Status to Indicate
Invalid B-Address

isM, L, Q, orH

I QEC91

Readout Tens Byte and
Set Low B-Star to
a Blank (40).

Storage Warp

Tens Byte YES
Contains a
Wordmark

Set Low B-Stor from
High A-Star

QEI0I

Set the High B-Sta:
to a Blank (40).

QEON 2 or 5 Character i
Instructions I‘

i

i

Set Tens Byte into
High B=Star and o
Hardware Register

A or B Address

Readout Units Byte

Set A-Star from
B-Star

Chart 106 Chart 106

Start Op Decode

Units Byte
Contains a
Wordmark

Unit Byte
Contains o
Wordmark

QE0]

Chart 107

Set Low A-Starto a Set Units Byte into
Blank (40) and Set Low B-Star and o

High B-Star into Hardware Register
High A Stor

QEDs1

Chart 103
To Start Op Decode har

Chart 107

CLF 104 Invalid Address Convert



Instruction Cycle
Read A Addr to A Star
32.32.1

Index Tag

B-Star Also Set
Unless Prevented by
Op Code

NO

—

}———( Hold 1-Ring 3

Prev I-Ring Advance
31.31.11

Start Store Ring

)

41.50.1

Generate Addr
Index Register
41.50.81-41.50.91

Read IX-Field to B-Reg
35.18.11

Transfer A-Star
Position to A-Reg
41,50.91

I

RO Adder to A-Star
Position
41.50.51

Store Cycle 4

Advance |-Ring
31.31.31

Prevent |-Star RD

Digit by Digit Store
Ring Control

True Add Ctrl

Return to POS; Just
Read Out B-Star Also
Rl if Not Prevented

YES

NO

Advance Store Ring
41,50.21

I

Example for A=Star or B-Star Development with Indexing During [-Phase of 1401 Compatibility Feature on the 2030.
Program is for a 16,000 Positions of Storage 1401 and the 2030 Has 65,536 Positions of Storage.

Instruction is A UAC 456 B. Index Register 3 has U62 Stored.

1.

2.

20.

21.

22.

CLF 105

Recognize Indexing Required (Tens Byte Zoned).

Set Tens Digit from High B=Star to the High 4-Bits of Hardware Register 1.

Readout Hundreds Byte Again. If Special Character, Do Table Lookup of BCD Equivalent. For this Example Invert High £ Bits

and Set Byte into High A-Star

Readout Tens Byte Again. If Special Character, Do Table Lookup of BCD Equivalent. Set Character into Low B-Star
Readout Low Bias from CPU Storage (Address is Emitted). Bias is Crossed in Storage Table. For this Example Readout 08
Test Zone Bits of Tens Character to Determine Index Register. For this Example Zone is 00 (Index Register 3). 1401

Index Register 3 Address is 0097 (Hex Equivalent is 61). Add the Hex Value to Low Bios and Set into Low
B-Star.

Readout High Bias from MPX Storage (Same Address as Low Bias). For this Example Readout CO. Set High
Bias into High B-Star

Address of Index Register Hundreds Byte in B-Star. Readout Hundreds Byte from Index Register.
If Special Character, Do BCD Table Lookup. For this Example Character is U, Invert High 4 Bits and Set into Low A-Star

Read Tens Byte from Index Register. Decimal Add Index Hundreds and Address Hundreds Bytes
and Set Sum into High A-Star

If Tens Byte is Special Character, Do Table Lookup for BCD Equivalent, Decimal Add Index Tens Digit {6) and
Address Tens Digit (1) and Set Sum info High 4 Bifs of Hardware Register 1.

Readout Units Byte from Index Register. If Special Character, Do BCD Table Lookup. For this Example Units
Character is 2. Set Index Register Units Digit in the Low 4 Bits of Hardware Register 1.

Readout Units Byte for Address. If Special Character, Do BCD Table Lookup. Check Index
Units Byte for Zone Bits; For Example Bits are 11 (No Zone) for O Thousands. Decimal Add index
Units Digit and Address Units Digit. Set Sum into Low 4 Bits of Hardware Register 1.

Decimal Add Any Cairy (from Units ar Tens Acdition) to Combined Hundreds Digit and Set into High

B-Star. For this Example No Carry. Emitt o 9 to Force o High Carry Should Low Digits Give @ Carry.

Check Units Address Zone Bits. For Example Zone Bits are 00 (12,000). This Adds a C (Hex) to
Accumulated Zones in High A-Star. Accumulated Zones are in High 4 Bits of the High A Star.

Setup Address for Table Lookup of Low Bias + Hundreds Digit Hex Equivalent Digit in Low A-Star.
Set Total Zone Digit into Low 4 Bits of Hardware Register 2. Readout Low Bias + Hundreds
Byte from CPU Storage. For this Example 0A is Readout Because 3yte is Crossed in Storage Table.

Add Low Bias Plus Hundreds Digit Hex Equivalent to Total Units Digit and Set into High
A-Star. Set o Carry into High B-Star, For this Example No Carry.

Test Total Hundreds Zone to Determine Correct Hex Digits 1o Add to High A-Star and
High B-Star. For this Example Bits are 10 (Hex Digits are 7D0). Add DO to High A-Stor,
Any Carry from A-Star is Added to High B-Star. Add the 7 to High B-Star.

Readout High Bias Plus Hundreds Digit Hex Equivalent from MPX Storage. Setup Total
Tens Digit Hex Equivalent Byte Address. Add High Bias Byte to High B-Star.

Test Total Units Zone to Determine Cotrect Hex Digits to Add to High A-Star and
High B-Star. For this Example Bits are 11 (Hex Digits are 2EE0). Add EO to High
A-Star, Any Carry from A-Star is Added to High B-Star. Add 2E to High B-Star

Readout Total Tens Hex Equivalent Digit from CPl Storage. For this Example Readout 64.
Remember Byte is Crossed in Storage Table.

Add Tens Hex Byte (Uncrossed) to High A-Star and Set Sum in Low B=Star. Any
Carry is Added to High B-Star.

End of Indexing this Address Continue |-Phase. If Address Being Indexed was the
A=Stor, Transfer A-Star to B-Star. |f Address Being Indexed was B-Star, Restore the
A-Star from Local Storage. For Example Set B=Star into A Star.

1400 Index Example

Carry &~

Read B-Addr to B-Star
32.33.21

Prevent I-Ring
Advance 31.31.11

Hold 1-Ring 6

—C )

Start Store Ring

41.50.11

True Add Ctrl Return
to POS Just Read Out,

4.5

Generate Addr
Index Register

Prevent |-Star
Read Out

0.81-41.50.91

[

35.18

Read IX~Field to B-Reg
L1

35,

Transfer B=Star
Position to A-Reg

Digit by Digit
Store Ring Ctrl

50.91

RO Adder to B-Star
Position 41.50.61

Advance Store Ring
41.50.21

Read d Modifier to A-
Reg 33.11.11-35.14,11

Store Cycle 4

1-7 Word Mark

Advance 1-Ring
33.31.31

!TEChange
31.05.31

A-Star

Hardware Hardware B-Star
R-Register Register 1 Register 2 High Low High Low
[0000 0001 [0 10001 re— [ s s o0cx | o001 0011 o010 0100
==
S

1110 9100

08 - Low Bius:'_

X Crossed
80

61 - Emitted Hex Value

0001 0011 {110C 0001

El - Sum

0001 ¢O11

l

1100 0000

R S

1110 0100

’

T =

¥

ﬁ
28 - Sum
6
L
7 - Sum
2
3
S

08 - Hundreds Digit
+90 - No Carry

_E-——————-Tcral Tens Digit

Total Units Digit

98 - Sum

0010 - Hundreds + Units Index Zone
1180 - Units Address Zones

1110 - Total Zone

Total Zones 1

1110 1000 | 0001 0100

l [1110 1000 0001 0100]

Total Units zone___-.r-L__Toml Hundreds Zone

0000 0000 [xxxx x|

(5000 1000 e woen]

J

0A - Low Bias

X

AO

+05 - Total units | :_

A5 - Sum [lo10 01010010 1000 |

A5 -~ A-Star 00 - B-Star

DO - Emitted 7 - Emitted

Carry 475 1 som 1 - Camy [o111 0101 0010 1000

08 - Sum

c3

08 -_

CB - Sum

75 - A-Star CB - B-Star

EQ - Emitted 2E - Emitted

55 - Sum 1 - Camy [o101 0101] 0010 1000 |
FA - Sum

64 - Tens Hex Digit

(11111010 Joocx xxn

X Crossed
46

+55 - A-Star
98 - Sum

111110101001 1011

[
MIEOORERET

F A 9 B



NO
QE201

tnvalid Operation
to General Stop

QE64]

Chart 155

Use EBCDIC Code of |

Character as Address

Chart 102

QEO031
QE04]

A or B Address
Being Indexed

QE201

—
3 or 6 Character 1
Instruction !

! YES

Address Units
Character a Spec
Character

Does
Address Units
Character Contain a
Wordmark

NO

ial

QE23]

to BCD Conversion.
Check Character an

Advance
Programming Fecture
Installed

YES

QE201

Readout Hundreds Byte

QE201

Is Hundreds
Character a Special
Character

YES

! QE201

NO

Use EBCDIC Code of |

Character as Address

Read a Byte from MPX
Storage Table for EBCDIC
To BCD Conversion and
Set it into a Hardware

Register.
I QE20)

Readout Tens Byte and
Set it into the B-Star

Is Tens
Charocter a Special
Character

YES

A or B Address
Being Indexed

Chart 104

To Invalid Address

QE091

Read a Byte from MPX NO

Storage Table for EBCDIC

to BCD Conversion 9

Is
Tens Character
a Blank

NO

Add 87 (57 Hex) to Low
Bias ond Set into B-Star

QE211

QE211

Readout Low Base Bias

Register 1,2, or 3

Add 92 (5C Hex) to Low
Bios and Set into B-Star

Set into a Hardware
Register

A or B Star
Being Indexed

Readout Byte from MPX
Storage Table for EBCDIC

d

I QG231

QE211

To Address Error

to Index Units Digit

Decimal Add Units Digit

and Adjust Hundreds

Chart 104 Digit for Any Carries
GE251 from Units or Tens
QE231
Is Address Units
Character Zoned
| N
Zone Bits Hex Digits | Adjust I'liundreds Number
10 40 1 by Required Amount
o1 80 |
® < | QE241
- ]

QE24]

Does
Address Units
Character Contain:
g Wordmark

NO

YES

Setup Address of Bias

Table Hundreds Digit

Readout Low Bias
Byte from Table

S

QE241

QE241

| Add Low Bios (Hex

Digit Plus Base Bias
to Unit Digit

| Equivalent of Hundreds

)

| Hundreds Zone for

Hundreds Digit
is Zoned

QE241 !

QE241

Index Zone Plus Address

Use Index

Add 97 (61 Hex) to Low

Add Hex Equivalent
01
Indexed Address

Bias and Set into B-Star

To Address Error

QE25]

Reodout High Base
Bias and Add to B-Star

Units Zone for

Bios Plus Hex Number

| Readout Hundreds
Character from Index
Register

I
Index Zone Plus |
Address Zone !

|
Creates the Address |
of tae Hundreds Byte |
in e Index Register |

Character a Special

Hundreds Index

Charocter

Read a Byte from MPX
Storage Toble for EBCDIC
to BCD Conversion.

Check Character from
the Table and Set into
the A-Star.

Readout Tens Character
from the Index Register

QE221

— |

I
of Thousands to :
|
|

n

Readout High Bias
Byte and Add to
Indexed Address

IO]
|10
1

Units Digit is
Zoned

YES geast

Add Hex Equivalent
of Thousands to
Indexed Address

QE251

Readout Hex Equivalent
from Table for Tens
Digit

QE251

NO

QE221

Decimal Add Hundreds
Character of Index
Register to Hundreds
Character of the Star
Being Indexed.

Chart 104

Read a Byte from MPX
Storage Table for EBCDIC

Character a Special

Is Tens Index

Character

to BCD Conversion.
Check Character from
Table then Decimal Add
the Tens Index Digit

to the Tens Digit of

Decimal Add Tens Digit
of Index Register to
Tens Digit of Star
Being Indexed

A or B Address
Being Indexed

Restore A-Star from
Local Storage

the Star Being Indexed.

I

To Invalid Address

Carry from B-Star

QE251

10

Zone Bits Thousand Hex

1
2
3

—_—m
: Zone Bit Thousand Hex

8
12

3E8
7D0
BB8

FAO
1F40
2EE0

| Indexed Address is

1
!
QE251 |

Address

Add Tens Digit Hex
Equivianet to Indexed

QE25)

Local Storage

A or B Address
Being Indexed

Restore A-Star from

Chart 104

] QE22!

Readout Units Character
from the Index Register
and Set Units Digit

into a Hardware Register

YES

Character a Special

QE221

Units Address

Character

Read a Byte from MPX
Storage Table for EBCDIC
to BCD Conversion.
Check Character and

Set Units Digit into

a Hardware Register

—

QE221

Readout Units Character
of the Address from
Main Storage

Zone Bits Hex Digits }

10 40

ol 80 } YES
00 o

Units Character

Is Index

Zoned

Adjust Hundreds Zone
Number by Amount
Required

QE25!

To Invalid Address

QEON

Chart 104

Chart 103

Valid Address

A or B Address
Being Indexed

in B-Star

Chart 104

CLF 106

Readout Next Character

QE251

Does Address
Need to be
Adjusted

YES

QE0sT

Chart 103

Chart 103

1400 Address Indexing



Charts 103, 104 ]0?‘“;33 Chart 102 Chart 104 Chart 103
QEO7] QEol! QE021 QEI01 QE08]
QE101 QEO08]
— e ] —— --
Op Format | Op Format j : Op Format
o Op AMABE | OpD  OpAAAD ) | Op AAA BBB D
Op AA i
Onaa  OpAAABES |
- —
——
| Determines Op Code
: Grouping for Decoding.
'——_.__
|
Bit p—|
Significant
00 01 Op Code Bits 10 n
2and 3 l
[ Decode Row 0 l Decode Row 1 L Decode Row 2 —l | Decode Row 3 1

L

‘ |

Chart 103

&)

QE071
QE081

[

Test for Invalid A~

Op Code Decode and

Address Test are

on CAS Pages QE4IT,

421, 431, 441, 451,

461, and 471.
I |

or

B- Addresses

To Stop Entries

Valid Address

QE651

( Do E-Phase ’

' Instruction Branched On
! Here are in Row 0

Chart 155
Row Z;g':mcom Op Instruction Name ;:31‘ (éLhF Row ;ﬁ:mmm Or Instruction Name ;:S’] CCL: Row :;g';“f'wm Or Instruction Name ;:S‘I E‘EF Row ;-yg'zlflcom Or Instruction Name ;33‘] EtF
0 0000 0010 Halt - ! 0001 0010 Move Digit 0 2 0010 0000 Control (Note 1) U [108 | 3 0011 0100 Invalid 155
0 0000 0100 Set Wordmark ’ 1 0001 0011 Move Zone Y 2 0010 0001 *Read 1 {108 ] 3 0011 1010 Bronch on WM,/ Zone | V
0 0000 0101 Clear . 1 0001 0100 Address Modify ¢ 2 0010 0010 *Print 2 |108 3 0011 1011 Bit Test w
0 | 0000 0110 No Op N ! 0001 0101 Clear Wordmark " 2 0010 0011 *Read-Print 3 {1081 3 1011 0001 Store A-Star H
0 0000 0110 Easly Read (Note 2) 8 1 0001 0110 Edit E 2 0010 0100 *Punch 4 1108 i 3 1111 0001 Store B-Star Q
0 ; 0000 0110 Early Punch (Note 2) | ¢ 1 0001 OIl1 Move Zero Suppress Z 2 0010 0101 *Read-Punch 5 |108
0 0000 0110 Branch 8 1 0001 1000 Add A 2 0010 0110 *Print=Punch 6 |108
0 1000 0000 Move (Note 1) M 1 0001 1001 Subtract S 2 0010 0111 *Read-Punch-Print 7 |8
0 1000 0000 Move, Column Bin. M 1 0001 1010 Multiply 2 0010 0100 *Punch Feed Read 4R 108
0 1000 0000 Move, Sterling M 1 0001 1011 Divide %o 2 0010 1001 Stacker Select K [roe
! 0001 1100 Reset Add ? 2 0010 1010 Form F_ 108
1 0001 1101 Reset Subtract ! 2 0010 1100 Control U (15
I 1 0001 1110 Move Record P 2 0010 1101 Move M |15
1 0001 1111 Compare C 2 0010 1110 Load L |15
! 1001 0000 Load (Note 1) L
*Note 3
Note |. 1f |. O Operotion Change Op Code L to 0010 1110, M to 0010, 1101, and U to 0010 1100
Note 2. These Op Codes are Handled as No Ops.
Note 3. This Op Codes Start with Bit Significant Byte as Shown, As the Op is Performed the Op Code is Changed

to Indicate the First Pass or the Op Code has a D-Modifier, Also to Indicate when o
Comboination Op is Finished.

CLF 107

1400 1-Cycle End

QFsll
Set lnvalid Address ]

in Decimal Format

Start |-Phase

QEQ0!

Chonge 1400 Op
Code to o Bit
Significant Op Code

QEON

1 Character Op

NO QEO031

Setup Hex Address
for A-Star

Valid Address
YES

2,3, 0rd
Character Op

YES

N QE031

O
Setup Hex Address
for B-Star

Valid Address
YES

5, 6, 7 Character Op

NO
8 Character Op
NO

Find o Wordmark and
Do a 8 Character
Op Decode

To Stop Entries

I QE4N

! Decode Bit Significant
|
i Op

Was an
Address Invalid

NO

To E Phase




Chart 109

Use A-Star
or |-Star for Next
Address

1-Star

To 1-Cycles

\ Chart 102

To Interrupt Decode
Routine

Chart 155

i
invalid Stacker Select |
|

Program Mode
Switch Bit 0 On

To Stop Entries

' NO

Invalid A-Address

QG001

Test Bit O of Program
Mode Switch Byte

To Mode Switch Entry
to CPU Store Routine

Set B-Star from 1-Ster

1-7,K,F

Stacker Select Op (K

D-Modifier OK

1-7,K,F, or M,L,U

T
I
|

! Entered from |-Cycles

L

Chart 115

QGO0

Byte to Determine if

Test Program Mode Switch

Operation is Allowed

—_———

YES Program Mode

Switch Bits On

1442, 43

QE721

Chart 156

QF661

Advance Program
Feature Installed

Test Bit 1 of 1401
Control Byte

Charts 151 and 154

QF661

| This is Not a Decision

{ in the Micro Program.

| It is Shown Here to

| Indicate a Different

| Micro Program Version is
: Used for 1402-03 than

NO

| 1442-43.
1402, 03
QG021

Program for
1402, 1403 or
1442, 1443

Op Code
is K,F, or 1-7

YES

I QGs!

Setup Command, Include
any Skip-Space After
Print Insturction,

Print Op (2,3,6,7)

! Print with Space
1 Suppress

Chart 155

From Intervention
Required Stop

Charts 110, 111

NO
From Op Completed

QG581

To Start 1/0

QG591

| Combination Ops are

| Changed to Print, Read,

I or Punch Ops and

| Executed One at a Time
this Routine is Entered

\ Each Time

G581

Chart 109

NO

Instruction has
a D-Modifier

Instruction
has a D-Modifier
of §

QF 661

Set B-Star to Zero

Invalid B~Address

and Set Status Bit for

QF661

Set |-Star from A-Star

Setup Command

YES

Change Command

The D-Modifier

isaRoraC

Change Bit Significant
Op to A4

QG511

Set a Status Bit to
Indicate Column Binary

QG51Y

| Lt | ]

Skip or
Space After Print
or Immediate

After

Spacc
i Skip or Space

D-Modifier
is a Blank

QG581

Setup Command in
High B-Star

QG581

Readout Print Address
and Set into Low B-Star

Setup Command and
Store in MPX Storage

2501/
2520

2540 or
2501/2520 Installed

Reader = 1, 2 Select Pocket

4,80r1,2

QG581

Setup Command in
High B-Star

Store Coce for 4, 8 Pocket
Select in MPX Storage

I | oo

Readout Reader Address Test to See if Instruction
and Set in Low B=Stor was 2 or 5 Characters

QG601

Set o Status Bit to
Indicate Instruction Length|

QG601

To Stort 1/0 Routine

Chart 109

Set Service Qut and
Command Start

QG031

Read Program Mode
Switch 1O Trop Control
Byte from CPU Storage

Allow 1,'0 Traps

QG3l

Reset Poll Control, FA
Register (Command Start),
and Selector Channel
Request Latch (H5).

Change Command

tnstruction ~~_ NO

has a D-Modifier
of n

YES QGSI1

Set Status Bit to
Indicate Print Wordmark

Print Wordmark

QG5

YES
Read Op (1,3,5,7)

PFR Requires Two Passes, 1
First Pass Use Punch Line
Second Use PFR i

I Punch

Setup Command in
High B-Star

Punch Feed Read,
or Neither

2540 or 2501/
2520 Installed

2501,'2520

Punch,

Change Bit Significant
Op to 31

Neither

QGS5t

Restore the A-Star
and Stotus Register
from MPX Storage

QG5 | r QG511
Setup Command in High
8-Star, Set Bit 0 of Reader
Address Byte to |

Set Bit 0 of Punch
Address Byte. (Used in
Branch On Punch Error)

Column Binary

YES QG5

51 Column Pead

QG511

Set a Status Bit to
Indicate 51 Column Read

1

[QGsn

Set Device Address in
Low B-Star

To Stert 17O Routine

Chart 109

Op Code information

Sequence of Operation for Combination Ops is Print, Read, and Punch.

Changes to Bit Significant Op Codes During Command Setup and Data Loop. Op Code Low Digit Equal Zero Ends Routine.

1400 Op Code

Read (1) Starts as 21, ot end of Read Data Loop Code is Changed to 20, If an Invalid Character was found
and the 1/0 Stop Switch is On the Op Code is Chonged to 21.

Print (2) Starts as 22, at End of Print Data Loop Code is Changed o 20. If Operational In Drops During

the Dato Loop Code Stays 22 and a Stop Occurs.

Print, Read (3)

Starts as 23, at End of Print Data Loop Changes to 21 unless Operational In Drops During Loop.
The 21 Causes o Read Routine to Start, End of Read Data Loop Change to 20 Unless Error Exists.

Punch (4)
Punch Col Bin (4C)

Starts as 24, ot £nd of Punch Data Loop Code Changes to 20 Unless Operational In Dropped
During Data Loop or Last Card Punch had an Error Then Op Code Stays 24.

Read, Punch (5)

Starts as 25, End of Read Data Loop Code Changes o 24. If an Error has Occurred ond |'O Stop
Switch is On Op Code is Changed to 25 Again and Stops. No Error the 24 Cause a Punch Operation.
If Operational End Drops During Data Loop or Last Cord Punched had an Error Code Stays 24,
Otherwise Changes to 20.

Print, Punch (6)

Starts as 26, End of Print Data Loop Unless an Error Occurs the Op Code Changes to 24 and a
Punch Operation is Performed. The 24 Changes to 20 Unless Operational In Drops During the
Data Loop or Last Card Punch was in Error.

Print, Read, Punch

has Occurred

Starts as 27, End of Print Data Loop the Op Code Changes to 25 Unless an Error has Occurred.
7) The 25 Starts o Read Operation; at the End of the Read Data Loop the Op Code is Changed to 24
Unless an Error has Occurred and the |/O Stop Switch is On. The 24 Causes a Punch Operation
to Start, at the End of the Punch Data Loop the Op Code Changes to 20 Unless an Error

Punch Feed Read

(4R) Routine is Started

Starts as 24, the d-Modifier Causes the Op Code to Change to Ad then a Normal Punch

. At the End of the Punch Data Loop if an Error Situation has Occurred
the Op Code Stays as A4 and o Stop Occurs. No Error, the A4 Changes to 28 which
Couse a Read Operation to be Performed. If no Errors Occur During Read Operation the
Op Code Changes to 20. If Error Occurred and 1/O Switch On, Stop with Op Code 20.

Read Col Binary Starts as 21.

(1C-2540)

to 61 and then F1

Note: Column Binary Read on a 2540 Requires Two Passes through the Read Data Loop:
At the End of the First Pass (Information Entered into 401-480 and 501-580) the Op Code is Changed
to 71, if an Error Occurred on the First Pass and the 1/O Stop Switch is On the Op Code is Changed
. No Error or 1/O Stop Switch Off Op Code Stays 71. The Second Pass is

Made Entering Some Information or Blanks into 0001-0080. Now if the Op Code had Changed to

F1 it will be Changed to 61 and a Stop Occurs, but if the Op Code was 71 Entering the

Second Pass the Op Code Changes to 00.

Read Col Binary
(1C-2501/2520)

Starts as 21 and is Changed to 31 to Indicate 2501/2520 which Only take One Pass to Enter
Information (Only Enters 401-480 and 501 to 580). At End of Read Data Loop for Column Binary
First Pass the Op Code is Changed to 30. f an Error OQccurred During the First Pass the

and the 1/O Stop Switch is On the Op Code is Changed to 21 and a Stop Occurs.

CLF 108

1400 Reader, Punch, Printer Ops Decode



i |1f Busy ~ Status is on the

| FI Bus, Sense Byte not

1 Checked.

: Not Busy = Status is on the
i

1

|

FI Bus, Sense Byte is in
a Hardware Register.

NO qgsnl On Printer or
Carrioge Busy, Printer
Send Service Out and or Punch
Set Command Start rror

NO

QG&01 QG001

Branch on
Error or Busy
Instruction

Busy Neither

Device End Up

Error QG601

Check Sense Byte for
Bus-Out Parity or
Equipment Check. Set
a Status Register Bit to

(-

Test to See if Chonnel
9 or 12 Indicator is Set. [
Compare to D-Modifier,
if Condition is Satisfied
Setup to do a Branch,
(Use AAA Address)

Indicate Condition.
or A-Star Address)

Start 1/O
Chart 108

Set Command Start
and Selector Channel
Request Latch On.

YES

Operational In Down

QG331

Set Bus=Out Control
Send Address Out and Set
Command Start

Operational In Up

Setup to do Another
Sense Command

YES Qoss

Reset the FA Register
Send Command Start

Send Service Out and
Set Command Start

QG531

Reset FB Register

QG531

Branch Op

Stacker Select Op

Sense
Byte Test
Indicated an

Send Service Qut and
Set Command Start

Branch on
Printer or Corriage
Busy Op

a Register

Reset FB Register,
Set Coded Error in

Chort 108

To Gengral Stop

Charr 155

Print, Form, or Branch 1
on Printer or Carriage Ops!

YES

-
!

Print or Form Op

Command was
Skip or Space

Reset Channel 9 ond
12 Bits in Forms Byte

QG621

Channel 12
has Been Sensed

Set Channel 12 Bit
in Forms Byte

QC53!

Send Service Out and
Set Command Start

QG331

Address In Up

—_
If Busy Was Up, Sense |
Command Has Not Been |
Done . Repeat Start 1/O |
to Bring In Sense Byte |

S S |

Device Address OK

YES QG531

NO

1Bit O (Attention) is On
1 During the 6 Millesecond
| Provisional Feed Time-Out

Op Codes

| QG591

Readout 1401 Control
Byte from CPU Storage
Test Bit O

1-7 or F, 4R

Bit 0=1 Stacker Select is
Late, Set Error Code

Bit 0=0 Second Stacker
Select, Act like Stacker
Select was in Time.

]

QG591

Readout Reader Address |
Byte from MPX Storage. |
Test Bit O |

Was Stacker
Selection in Time

YES NO

QG571

Setup Stop Code

1/O Check Stop

Set Bus - Out Control
Send Commanc Out and
Set Command Start

Switch On

Set Allow Remote Start

Send Service Out and
Set Command Start

Device Busy

First Time Through an
1/Q Start Routine for
Each Op is a Sense

Setup Stop Code for
Device Being Used
(Reader, Punch,

or Printer)

Command

QG571

Action or Sense
Command

Action

Setup Sense Byte
in a Register

To General Stop Routine

Chart 155

YES

QG611

Skip or S

Reader,
Punch or Printer,
Form Ops

QG571
_To General Stop
QG641
QG591
Set Bit 2 of the Chart 155
Printer or Punch Address
Byte in MPX Storage to
Indicate Error Exists.
Either Unit
Check or Unit
Execption On
Reader, Punch
Printer, Form
QG411
pace
QG611
Channel 9 NO

Sensed in Carriage
Tape

Set Forms Byte to
Indicate Channel 9 and
Last Command a Skip

QG611

Set Forms Byte to
indicate Channel 12
and Lost Command

was a

Set Forms Byte to
Indicate Last Command
was a Skip

QGsN

Set Chennel 9 Indicator
Bit Bit 7) of Form
Byte in MPX Storage

Skip

8ranch on Channel 9 or
12, Device Busy, or
Device Error.

QG531

Check to See if Sense
Byte-Bit 7 is On. Set
a Status Register Bit
to Indicate Channel 9
has been Recngnized

2-Bus Out Parity
3-Equipment Check

Sense Byte Bit
Zor30n

QG331 |

2-Bus Out Parity \
3-Equipment Check i
4-Data Check l
5-Parity Error on UCB

4, ond 5.
the Bits is On Set an
Indication Bit.

Test Sense Byte Bits 2, 3,
If Any One of

Test Sense Byte Bits 2 and
3. If either One is On Set
an Indication Bit.

| QGs3!

Set a Status Register

Bit to Indicate an
Action Command. Send
Service Cut ond Set
Command Start

l

YES

I

Set Forms Byte to
Indicate Channel 9

QG611

Space Suppress
Command

QG411

Set Forms Byte to
Indicate Channel ¢
and Last Command
was Skip or Space
Suppress

DY

QG541

Send Service Out and
Set Command Start

Readout Storage Bias.
Add 00CD (205 Decimal)

to Bias

Print Op (2,3,6,7)

Readous Printer Address
Byte fiom MPX Storage.
Reset Bit 2 (Error Bit).

Add 0100 (256 Decimal)

r
| Test Bit O of Printer
I Address Byte

‘

to Address

100 or 132 Print
Positions

Set a Register 1o AD

Change Main Storage
Address to Bias + 201
(Decimal). Subtract 4
from Previous Setting

QG541

To Print Data Loop

QGS551

Chart 111

CLF 109 1400 1402-1403 Ops

QG541
2540
2540 or 25012520
QG541
Initialize Stacker Select 2501/2520

Byte in MPX Storage
for Punch Stacker

to Address

Add 0100 to Address
if Necessary (Carry Exist

QG34)

Column Binary
Operation

QG541

by B-Star.

Set FO ot Location
in Main Storage Addressed

YES

Read Op (1,3,5,7)

Add 0200 (657 Decimal)

To Read Data Loop

Chart 110

Change Address to
Bias + 0091 (145 Decimal)

Reset FB Register ]

Bit 0 - Error Indicator

Stacker Select (K
or Form (F) Op

QG541

Reset Bit 0 of Reader
Address Byte in MPX
Storage

Send Service Out and
Set Command Out

Column Binary
Operation

First Pass of PFR Use 1
Punch Line |

QG541 ~

Punch or
Punch Feed Read

[ aceol

Set a Status Register
Bit to Indicate if
Instruction wos Op d
or Op AAAd

Read Op (1,3,5,7)

Change Address to Bias
(1400 Address 0000)

L

QG031
Change Address to W
Bias (1400 Address 0000)
Chart 108

QG541

51 Column Read

Setup Address for
51 Column Read

To Punch Data Loop

Chart 111

QG541 QG541
Change Address to Bias
+ 0064 (100 Decimal) To Read Data Loop
Chart 110 QGss!
Chart 110




oLt 4120

doo i@ pPoaY Z0V1

2540

Second First or

Second Pass

Error Existed on
First Pass

Change Op Code
00 to 61 Second
71 to 61 First
30 to 21 First

Using a 2540 or
2501/2520

1

Column Binary

QG571

QG571 QG571
Change Op Code Change Op Code
71 to 00 21to 71
F1 to 00

Chart 109
Colurn
Binary

0000

Chart 109

QG561 31 Column

Setup 1400 Position 0000

QG561

On Column Binary Change
Address to Equal (1400) 401

Add 1 to Address

Note: This Routine Receives the Data from the Readers
Control Unit Buffer, Check it for Valid Information
and Store the Data in Main Storage.

QG561
QG571
Reset FB Register VES N
(Select Out) Status In Up o
QG561 QG561
QG571
N
Q Service In Up vES Service In Up NO
Op Code is 28 YES
QG571
YES
Setup Error Code Qcsel __
Force Bit 1
QG571 of Character Being Read-

To General Stop

Last Card has
been Read

QG571

Readout Sense Switch
Byte from CPU Storage
and Set Bit 0 On

Readout Sense Switch
Byte from CPU Storage
and Reset Bit 0

Pass

2501,/2520

QG571

hange Op Code

Finished

C
31t0 30

NO

QG571

Readout 1/O Error
from MPX Storage
and Reset Bit 5

Byte

QG571

Send Service Out and
Set Command Start

YES Do Second

Column Binary Poss

Send Service Out and

Set Command Start

QG581

Chart 108

QG571

Unit Check Exists

YES

QG571

Read
@WM Read,

or Read, 2nd PFR

QG571

Change Op Code
21 to 20 Finished
25 to 24 Punch

28 to 20 Finished

Invalid Characters
Existed

Readout 1/O Error Byte
from MPX Storage and
Set Bit 5 On (Reader
Error)

I QG571

Readout 1400 Control
Byte from CPU Storage.

In On (No Wordmark) and
into a Hardware Register.
{Used for Address on
Table Lookup).

[ acse

Readout Position of Main
Storage Character will
Enter

Chart 155

Ending Address Found

Reset Ending Indicators. NO

Send Command Out

First Pass of
a Column Binary
Operation

YES

QG561

Send Service Out and
Set Command Start
QG561

Do a Table Lookup to
Change BCD Character
To EBCDIC Character

| aocsel

Setup to Change Main
Storage Address for
Next Cofumn Binary
Character Position.

| QG5%1
If Character Readout

Send Service Out and
Set Command Start

Position 14 Readout

T
: Characters Entering are
| in EBCDIC Except for
I Column Binary.

—_————
If Using a 2540 Column

Binary Requires Two
Passes. First Pass Set
Data in Column Binary

Second Pass Set BCD
in Codes or Blank in

|
l
|
I
| Read-In Area in NPL.
1
|
|

Normal Read-In Area

51 Column Read
or Normal Read

Test Bit 0 (I/O Check
Stop Switch).

YES

QG571

Change Op Code
61 to F1

Chart 108

Switch On

1/O Check Stop

Send Service Out and
Set Command Start

Chart 108

from Main Storage had a
Wordmark, Add a Word-
mark to the EBCDIC
Character and Enter
Character into Main
Storage

Enter a & (0101 0000)
into Position 14 (Decimal)
and Setup Ending Address
in o Hardware Register

114 Normal

151 Column Read; Use
QG561 |Normal Read After Cotumn

Normal

| QG561

Y

Ending Address
Readout

Main Storage has o

Position in

YES
Wordmark

Ending Address
Readout

QG561

Send Service Out and Set
Command Start. Set Ind-
icator Bits to Indicate End-
ing Address Has Been

Read Out

Invalid/MLP
Character

tnvalid/MLP
Character

} Used on Second Pass of
| } Column Binary and Some
QG561 | MLP Characters on

1 Normal Read

NO Table Lookup YES

QG561

MLP Character

Setup a Blank
Character

Character is o Valid
Character

QG561

Do Table Lookup or
Create o NPL Character.

Punched NPL
8,9, 1 Fl
8,9 2 F2
89,3 F3

NO

Store Character in Normal
Recd~In Position and
Update Address to

Next Position

| BT
Change Main Storage Change Main Storage
Address Address
| l 1
|
—_

Address Change from
400 Read In Area to

500 Read In Area and
Back Again for Each

Card Column

Position in
Main Storage has o
Wordmark

YES QG561

Setup Character for NPL
Character with Wordmark
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Chaort 109
Print

Note:

QG551

This Routine Transfers the Data to the
Printers Control Unit Buffer.

Reset FB Register
(Select Out)

[ ocss

Change Op Code

22 to 20 Finished

23 to 21 Read

26 to 24 Punch

27 to 25 Read, Punch

QG571

Send Service Out and
Set Command Start

QG581

Service In Up

NO

QG551

Setup Error Code

by 1.

QG551

Readout Character to be
Printed. Update Address

To General Stop

QEs41

Chart 155 QG551

Remove Wordmark if
One Exists (Bit 1)

Test 8
Chara

Chart 108

it 0 of the
cter |

YES

Special Character

Print Wordmark
Operation

NO

Character
Has o Wordmark
@it 1 =0)

YES

Do Tabie Lookup, Read
Out a Blank (40)

?

Table Lookup Addresses
are Developed so o
Non-Printable Character

-
f
; |

is Changed to a Blank

Do Table Lookup for
Characters BCD Code

Is Character o
s F, 000

QG551

Send Service Out and
Set Command Start

Last Character to
be Printed Read-

QGS51

Send Commond Out and
Command Start. Restore
Low B~Star to Ending
Address.

QG551

Create a Numeric 1 (F1).

QG521

Add 1 to Address.
Remove Wordmark from
Character if One Exists

| Operational In Dropped

YES

Chart 109
Punch

Readout Character to

be Punched

Column Binary
Operation

Punch Control Unit Buffer.
QG521

QG521
Remove Wordmark from
Character if One Exists.
Do a Table Lookup in MPX|
storage for BCD Code of
the Character. Change
Storage Address

NO QG521

Test Status Byte for
Unit Check or Unit
Exception Being Up

[ acsa

Readout Punch Address
Byte and Reset Bit 2
(Error Bit)

YES

Setup Error Code

Chart 155

Reset FB Register
{Select Out)

QG521 " Change Op Code
24 to 20 Finished
A4 to 28 PFR-Read

QG521

To General Stop

QE641

Status In Up

NO

QG521

Set Bus-Out Control
Sent Service Out and
Set Command Start

QG521

Readout Next Character
to be Punched

QG521

Set A Status Register
Bit to Allow Address
Change in Column Binary

Check or Unit
Exception Up

QG521

| IR

QG521

Reset FB Register

(Select Out)

QG521

Column Binary
Operation

Send Service Out and
Set Command Stort

QG521

QG521
Set B-Star to Ending
Address

QG571

QG581

Chart 108

Note: This Routine Transfers the Data to the
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Instruction - Read (1 or TAAA}
Bit Significant Op is 21

QG511
Setup Command Byte
(D2 - 1101 0010)
> 1| @csst, 531

Send Device Address, Check
for Correct Device Selected

QG531

Correct Device
Selected

QG521
QEb4]

I QG561

Change MLP Choracters
to NPL Characters. When
Column 80 is Reached
Set Command Out to
End Read Operation

QG561, 571

Wait for Status In,

Test Unit Exception Bit.
If On, Set Bit O (Switch
A) of the Sense Switch
Byte On.

YES QoS53 (To General Stop Halo>

Setup and lssue Sense
Command (04). Bring in
Status and Test for Busy

NO QGs3l

Send Service Out, Wait
for Service In

QG531
Check for Bus Out Parity
or Equipment Check, if

Either Exist Set a Status
Register Bit

QG531

Send Service Out, Wait
for Status In

6 ms Provisional Feed

I QG571, 511, 591

Check to See if Any
Errors Occurred During
Read In, Ifso do a
General Stop Halt. If
Not Restore the A-Star.

Instruction Read
Column Binary
(1C or TAAAC)
8it Significant
Op is 2)

[ acos1, arert, aeon

Test Program Mode
Switch if 1/O Traps

are Allowed. If Instruct
ion was 1AAA, Setup
Instruction Address to
AAA. Check if an
Interrupt Exist, if so
Decode Interrupt.
Otherwise, Readout
Next Instruction

_____ J
Been Fed for
Last Read Op
YES | aes91, 531
Send Device Address,
Check for Correct Device
Selected
| eesai
- | For a 2540 -
Send Out Read Command 6 ms After the Read
(D2). Wait for Status In. Command is Issued the
| Reader will Feed the
Next Cord and Fill the
Buffer with New
Es Either | Information
Unit Check or Unit
QG571, QE64] Exception Bit
To Intervention Required
Halt
Send Service Out and
Setup Main Storage
Address to Equal 1400
Address 0000
[ <oser
Store o 8 (50) ot 1751 Column Reod - Ser
0000 (1400 Address) the & at 0014
1 (1400 Address)
1

Bring in 1 Chaacter of
a Time from the Control
Unit Buffer and Store
in Main Storage at an
Address Equal to 1400
Address 0007 to 0081.
Leave Wordmarks

in Storage when Found.
Change Invalid Characters
to Blanks {40) and Set
a Status Register Bit to
Indicate an Ervor Exist

] 51 Column Read - Same

| Operation Except the
Characters are Stored at
0015 to 0065. When
Column 65 is Reached

| the Read Op is Ended

Do Next Routine

QG311
Setup Commond Byte
2540 -E2
2501,2520  -F2

QGsn

2540 or 2501 2520

2501,2520
QGSH

Change Op Code to 31

| [ acss1, 531

Send Device Address, Cheﬂ

for Correct Device Selected

QGS3!

Correct Device
Selected

QG521
QE64]

‘ To General Stop Halt ’

QG531

Setup and Issue Sense
Commond (04). Bring in
Status and Test for Busy.

QG531

Send Service Out, Wait
for Service In

QG531

Check for Bus Out
Parity, or Equipment
Check, If Either Exist
Set a Status Register Bit

QG531

Send Service Qut, Wait
for Status In

QG5

Has Card
Been Fed for Last
Read Op

QG591, 531
Send Device Address,
Check for Correct
Device Selected

[ acsa

Set Out Command
€2 or F2. Wait for
Status In

QG531

Either
Unit Check or Unit
Exception Bit

YES

To Intervention Required

QG611 541

Send Service Out and
Setup Main Storage
Address to.Equal

1400 Address 401

Note: Read Column Binary Operation Using a 2540

Requires Reading Out the Buffer Twice,

So Two Posses are Made thiough the Routine.

1 aese

Send Bits from Buffer
{12-3 Rows) and do a
Tabte Lookup to Change
the BCD Code to NPL
Character and Store.
Change Main Storage
Address 1o Equal 1400
Address 501-2-3--80.

l QG561

Send Bits from Buffer
(4-9 Rows) and do @
Table Lookup to Change
BCD Code to NPL
Character and Store.
Change Main to Equal
1400 Address 40X

| aocss

Repeat the Above Two
Steps Until the Control
Unit Sends Unit Status
In. 1f Status = In and
Service = In Come in
at the Same Time a
General Stop Halt will
Qccur

QG571

Test Unit Exception Bit
to See if Last Card
Has Been Read. If it
Has Turn On Bit 0 of
Sense Switch Byte

2540 or
2501/2520

QGS58)

QG571

2501/2520 Change Op Code 21

to 71. Test for Unit
Check. If One Exist
Check the I/O Stop
QG571 Switch. {f On, Change
Op to Fl and do the

Change Op Code 31
to 30

Check if an Unit Check Second Pass.
Exist, If so See if the
1,0 Stop Switch is On,
If On, go to a General
Stop Halt and Change

Error or 1/O Switch
Off Do Second Pass

f no

Op Code to 21.
Otherwise go to the End
Read Routine

QG571

YES

L

Unit Check Exist

QG591, 031 NO

QFé661, QECO1

Restore the A-Star.
Test Mode Switch if
10O Traps are Allowed.
1f Instruction was
1AAAC, Setup
Instruction Address

to AAA. Check if on
Interrupt Exists, if

To General Stop Halt

QG521, QE64l

YES

| acsn

Setup Read Command D2

QG591, 531

1
i |

Start Second Pass. The
Second Pass Does the
Operation of a Normal
Read.

Send Device Address,
Check for Correct Device
Selected.

QG531

Send Out Read Command
(D2). Wait for Status In.

=—-m

6 ms After this Command
is Received the Reader
will Feed the Next
Card and Fill the Buffer
with New Information

QG53?

Either
Unit Check or Unit
Exception Bit
On

NO

Send Service Out and
Setup Main Storage
Address to Equal 1400
Address 0000

QG561
Store a & (50) at

0000 (1400 Address)

QG561

QG571
QE64]

To Intervention Required
Halt

The Two BCD Characters
Per Column are Received
as a NPL Character.
This Choracter may be
Legot, If so it is Stored
in Main Storage in the
Norma! Read-In Area
0001 - 0080 (1400 Address,
If not the MPL Character
is Changed to a Blank
(40) MPL and Stored.

| acser

When Column 80 is
Reached Send Command
QOut to End Read

[ acsn

Test Unit Exception Bit
to See if Last Card has
been Read. If it has
Turn On Bit O of the
Sense Switch Byte

[ aosn

Check to if an Error
was Recognized at

the End of the First

Pass and the /O Switch
was On. 1f so, Change
Op Code to 61 and

do @ General Stop Halt.
If no Error, do the

End Routine, Change
Op Code to 00.

There was an
Error on First Pass

so Decode Interrupt.
Otherwise, Read Out
Next Instruction.

Do Next Routine

IWhen a Bad NPL

Character is Received
I'the Status Register Bit
I'is Set to Indicate o
| Bad Character, but it
| is not Tested Later on.
- ]
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Instruction - 4, 4AAA , 4R, or
AAAAR. . T T T T
Device = 2540 Device - 2540

Instruction - 4C_or 4AAAC

QG531

Send Out Punch Com-
mand Wait for Status In

QG531

Setup the Read Command
(C2) Byte 11000010. QGoT!

Set Bit 0 of the Punch -
Address Byte On. Setup Setup Command for Punch
Device Address Column Binary XX110001

Bit O and 1 - Stackers
Bit 2 - Column Binary
Bit 3 - Stack Last Card

is Punch Feed Read

Either
Unit Check or Unit
Exception Bit

Punched
Bit 7 - Write (Punch)

QG591, 531

Send Device Address,
Check for Coirect

Device Selected I QG541
[ QG91, 531 Send Service Out and

Send Device Address Setup Main Storage
Check for Correct Address to Equal 401
Device Selected

Change Op Code to A4

Setup Device Address

Send Service Out and
Setup Main Storage

Address to Equal 1400
Bit 3-Causes Last Card Address 0100

Bits 0 and 1 are Setup in
the Stacker Select Byte
During a K Instruction .

Set up Command Byte
Punch XX010001
PFR XX011001

Correct
Device Selected

QG541

Reset Stacker Select
Byte

QG511

QG541

Reset Stacker Select

Punched to be Selected
Bit 4-Allow PFR Brush I
to be Hot

Setup Device Address

Correct

No

Bit 7-Write (Punch) Byte. Store a 0FO) af Device Selected QGs21
- 1400 Address 0100 —_——— e — — —
l QG591, 531 Setup and Issue Sense Device will be Busy
Send Device Address, l QG521 Command (04). Bring Until Punching is Readout Character from
Check for Correct in Status, Test for Busy Completed and Card 401, do Table Lookup

Device Selected

Correct
Device Selected

To General Stop

QG531

No

Check for Bus Out Parity
or Equipment Check If

Either Exists Set a Status
Register Bit

Send Service Out. If an
Error had Occurred Check
the /O Stop Switch.

Error

QG591, 531

Send Device Address,
Check for Correct
Device Selected

]
'
|
1
)
1
Channel End is Up at this |
Time and the 2540 Feeds |
]
|
!
|
'

Read a Character Out of
Storage, Remove Any
Word Marks Before Send-
ing to the Buffer. Send
the Character to the
Buffer. When the End of
Buffer is Reached Status
In is Received Ending
the Transfer

| QG541

QG541

Set B-Star to Address of
Last Character Readout .
Change OP Codes 24
(Punch) to 20 and A4
(PFR) to 28

i QGsil

Check the Op Register
Op Code 20 Indicates
Operation Completed.
Op Code 28 Starts Setup
of Read Command for the
PFR Instruction to Bring
in the Dota

op 28(PFR)

Code 20 or 28

QG591

Restore A=Star from MPX
Storage . If Branch Ad-
dress is in [nstruction
Set B-Star from | Star.
Then 1-Star from A-Star
and Return to | Cycles

Do Next Routine

To Intervention
Required Halt

has been Read into
the Buffer

No QG531

Send Service Out
Wait for Service In

QG531

Send Service Qut If an

No

Error
Did Exist

1/0
Stop Switch On

Check for Correct
Device Selected

Send out Read Command
(C2), Wait for Status In

Either

Unit Check or Unit

Exception Bit
O

| QG561

Bring in | Character at a
Time from the Control

QG561, 571

Change Op Code 28 to 20.
Wait for Status In.

If Any Errors Occurred
During Read-In and the
1/0 Stop Switch Is On Do

If Instruction Included a
Branch Address Set B~
Star from I-Star and I~
Star from A-Star Return
to 1-Cycles.

-Do Next Routine

QG531
QG591, 531 Send Out Punch Com-
Send Device Address mand Wait for Status in

Setup and Issue Sense
Command {04). Bring
Status and Test for
Busy .

Unit Buffer and Store in 580 are in the Buffer.
Check Bus Out Parit i t Addres-
Setup and lsae Serse Starus is Checked 1o Sea or Ecuipment Check, e vl v 1400 AG No_ Qo501
St Tat for Bugsy I an frrer Occurred on If Either Exists Set a dresses 0001 to 0081 . Send Service Out, Wait
Tronsfer of Information . Status Register Bit Leave Word Marks in for Service In I QG521
Reset PFR Error Indicators Storage when Found.

Q633 Change Invalid Char- QG531 Bring in Status and Test
Send Service Out actors to Blanks (40) and Check for Bus Out Parity for Errors in Transfer .
Wait for Status In Set a Status Register or Equipment Check If
Error Yes G591 BNA to Indicate an Error Either Exists, Set a QG521
Oceurred During a Exists. Send Command Status Register Bit l
Transfer Qut at Column 80 to Errors Cause a General

QG591

Send Service Out. If an
Error had Occurred
Check the 1/O Stop
Switch.

QG5%1
QG531 Yes QG591 a General Stop. If Not
Send Service Out, Wait ::\;f‘{m"ds‘;u?d Punchs 'h QGS571,581 Set Bit 2 of Punch Ad- Restore the A-~Star. Error Yes Restore A-Star from MPX
for Status In ' is Being Done the dress Byte On Check l QG531 Occurred and 1/0 Stop Storage . If Instruction
vy Card is Read at this Time Send Service Out 1/0 Switch Switch On Included a Branch Ad-

No
To Error Stop

QG5%1, 581

Send Device Address
Check for Correct
Device Selected

QG531

Either
Unit Check-or Unit
Exception Bit

To Intervention
Required Halt

and Change to BCD Code
Send BCD Character to
Upper Half of Buffer
Column 1. Readout
Character from 501 do
Table Lookup and
Change to BCD Code .
Send BCD Character to
Lower Half of Buffer
Column 1. Repeat for
402 and 502 to Column
2 Etc, Until 480 and

Bring Status In QG531 Stop . No Errors the Op
Error has Occurred, Set is Changed to 20.
Send Service Out, Wait To General Stop Bit 2 of the Punch Ad- Send Service Out, Wait
for Service In Card is not Fed dress Byte On for Status In QG571

Send Service Out

QG511

The Op Code of 20
Indicates End of Op

dress, Set B-Star from
|-Star and |-Star from
A-Star . Return to
1-Cycles.

Do Next Routine
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Forms [nstruction Fd or FAAAd
Device 1403

! This Command wilt be
| Combined with the Next

Print Command

| After

Setup Command and Store
in MPX Storage

QG581

Check to See if the In-
struction is a Space Skip
{mmediate or a Space
Skip After Print

QG381

Immediate or After

Immediate

| QG401

Check to See if Instruc-
tion was FAAAd. [f so
Set a Stafus Register Bit

[acsar, are

If Instruction was FAAAd,
Set B-Star from I-Star and
B-Star from A-Star .
Check if an Interrupt
Exists, If so Decode the
Interrupt. Otherwise
Readout Next Instruction

Do Next Routine

QG531
Send Service Out Wait
for Service In

Set a Status Register Bit
If Channel 9 has been
Sensed

| QG531

Check for Bus Out Parity
or Equipment Check if
Either Exists Set a Status
Register Bit

QG531

Send Service Out, Wait
for Status In

QG591

No Error
has Occurred

Y g

Set Bit 2 of the Printer
Address Byte On. Check
the |/O Stop Switch, If
on Go to Error Stop

1

Setup Command (Control)
and Device Address

QGs9l, 531 | |

Send Device Address
Check for Correct Device
Selected

Correct
Device Selected

QG531

Setup and Issue Sense
Command (04). Bring in
Status and Test for Busy

No

Yes
To General Stop

No

Readout Temporary Form
Byte. Check if Last Com-
mand was a Skip. If so
Set Byte Back without
any Change

Command was
Skip or Space
Suppress

No QG621

Check if Channel 12 has
been Sensed. Reset the

Channel 9 and 12 tndi-

cators in the Temporary

Form Byte

I QG591

Send Device Address,
Check for Correct
Device Selected

[ acm

Channel
12 has been Sensed

Send out Form Command
XXXXXOT. Wait for
Status In,

QG531

Either
Unit Check or Unit

No

Set Channel 12 Indicator

Readout and Set Tempo-
rary Form Byte . |f Chan~
nel 9 has been Sensed,
Byte is Set to 00001011,
Otherwise it is 00001010.
If this Command is not
Space Suppress Change
Byte to 00001001 or
00001000

Exception Bit

To Intervention Required

Test for Space or Skip
Command

QG611

Space or Skip

QG611

QG611

Check if Command is
Skip to Channel 9. If so
Set Temporary Form Byte
to 00001011 If it is Skip
to Channe! 12 Set Byte
to 00001110

For All other Skips Set
Byte to 00001010

QG541

mand Start

Reset Select Out Set
Service Out and Com-

QG601

tion was FAAAd.

Check to See if Instruc-

Set B-Star from |-Star
and |-Star from A-Star .
Check if an Interrupt
Exists, If s¢ Decode
Interrupt otherwise
Readout Next Instruction

If so

Do Next Routine

Print Instruction ~ 2, 2d, 2AAA, or 2AAAd
Device 1403

QG511

Setup Command by
Combining the Temporary
Form Byte with Present
Command . If [nstruction
has a d~Modifier of $
(Space Suppress) Com -
mand is 00000001 other-
wise the Command is

XXXXX001

| QG5

If the d-Modifier is a &
(Print Wordmarks) Set a
Status Register Bit and
Device Address

I QG591, 531

Send Device Address
Check for Correct Device
Selected

Correct
Device Selected

QG531
Setup and Issue Sense
Command (04). Bring
in Stotus and Test for' Busy

QG531

Yes

Yes
General Stop

QG331

Send Service Out, Wait
for Service In

QG531

Set a Status Register Bit
if Channe! 9 Has Been
Sensed

| QG531

Readout Temporary Form
Byte . Check if Last Com-
mand was a Skip. If so
Set Byte Back without
any Change .

If a Bus Out Parity, Equip-|
ment Check, Data Check,

or Parity on UCB Feature,

Set a Status Register Bit

[ aesa

Command was Skip
or Space Suppress,

No QG621

Check if Channel 12
has been Sensed. Reset
the Channel 9 and 12
Indicators in the
Temporary Form Byte

Send Service Out, Wait
for Status In

If Error has Occurred
Check the 1/0 Stop
Switch. If on Go to
Error Stop otherwise
Continue

QG531

Send Device Address
Check for Correct
Device Selected

Channel
12 has been Sensed

Yes QG621

Set Channel 12
Indicator

] QG53]

Send Out Print Command
00000001 or XXXXX001
Wait for Status In

Either

Readout and Set Tempo-
rary Form Byte . If
Channel 9 has been
Sensed, Byte is Set fo
00001011, otherwise it
is 00001010. If this
Command is Not Space
Suppress Change Byte to
00001001 or 00001000

Test for Space or
Skip Command

QG611

Space or Skip

QG611

QG611

Check if Command is

Skip to Channel 9. If so
Set Temporary Form Byte
to 00001011 ¥f it is Skip
to Channel 12 Set Byte to
to 00001110, For all other
Skip Set Byte to 00001010

Unit Check or Unit
Exception Bit

To Intervention Required

[

| | aesa

Setup Address Equal to
1400 Address 201 and
Reset Error Bit in Printer
Address Byte

QG541

Check If Machine is 100
or 132 Print Position and
Setup Ending Address of
the Field

I QG55

Send 1 Character at a
Time to the Print Buffer.
if Necessary do a Table
Lookup to Send Correct
Character

QG551

If Instruction is Print WM,
Check each Character
for a wm . If a wm is
Present, Send the Char-
acter 1 (F1) to the Buf-
fer. Otherwise Send a
Blank {40) to the Buffer .

When End of Field is
Found, Set Command Qut
and Bring Status In. Reset
Select Out

QG551

Set Service Out and
Command Start

QG591

Restore A-Star. Check if
Instruction was 2AA  or
2AAAd. If so Set B-Star
from the 1-Star and the |
|-Star from A-Star,
Check if an Interrupt
Exists, If so Decode
{nterrupt . Otherwise,
Readout Next nstruction

Do Next Routine

| QGss1 _

Change Op Code 22 to 20

L



Op
Cp
Op

Code L = 2E |
Code M = 2D |
Code U =2C |

Invalid B-
Address Exists

—
~ Set Odd Redundancy

L,MorU
Op Code

Chart 108

QGO

To Stop Entri Is
© Stop Entries | U - Set Even Redundancy Instructi
| G - 1442 Op YES Tens Character
| Y - 1443 Op BorU
| F-2311 Op
QGO11 | T - Console Op
Chart 155
NO B,U
Ivalid 1O Op |
F T G Y
°
[ [ 1 | QGol
N . . . Reader, Punch Routine Printer Routine Start Setup of Mode
I’ File Routine i Typewriter Routine j (]442)’ | (1443) —‘ rSe! Command Byte

Program

Chart 125
and 127

Chart 156

The Erase is not Started
Iav this Time. Only if the
| Next Command for this

Unit is a Write will the

| Erase be done.

will Occur before Writing
- ]

Mode Switch

Erase

Set the Erase Bit (Bit 2)
of the |/O Error Byte

Program
Mode Switch

Chart 156

QGOoN

Program
Mode Switch

Chart 156

A - Diagnostic Read
B - Backspace

R - Rewind

E - Erase

M - Write Tape Mark

U - Rewind and Unload

Program
Mode Switch

Chart 156

Set Up Error Code

I

|

|

|

| Chart 155
i

E,M,U

Mode Switch Byte

Tapes Installed

Program

YES

B - Set Odd Redundancy
|'U - set Even Redundancy

on

NO

QG001

Program
Mode Switch Byte
Bit 0 On

R —

YES

8it 5On

QGo4!

QGOH
To Program Mode Switch
Entry

QG721

Chart 156

Replace Op Code
with d-Modifier,
Read Out /O Error B
from MPX Storage

yte

-
|

QG041

d-Modifier is

QG4

Reset Erase Bit (Bit 2)
in the 1/O Ercar Byte

QGo41

d-Modifier is

E,M, orU

U Qe

Set Up Command Byte
for Diagnostic Read (37)

QG041

To I-Cycles

Setup Address of Tape
Unit Control Byte

Setup Command for

Reset Erase Bit (Bit 2),
Set Bit 1 and’or Bit 0
of 1/O Error Byte

QG041

A,B,R, or E,M,

d-Modifier is
A,B, or R

R __acoa

QG041

d-Modifier
is R (Read) or W
(Write)

READ

QG041

Set Up Command Byte
for Read (02). Reset
Erase Bit (Bit 2) in the
1/0 Ervor Byte

QG041

Set Up Command Byte for
Rewind (07)

Set Up Command Byte for
Bockspace {27)

Reset the Erase Bit (Bit 2)
of the 1/O Error Byte

Write Tapemark (1F)

Set Up Error Code

To General Stop

QG001

QGOol

Chart 155

WRITE

NO

Set Up Command Byte
for Write (O1).

YES
Erase before Writing

for Erase (17)

QG041

Set Last Op Write and
Wr/ WM Bits

Chart 102

Set a Status Register
Bit t5> Allow Branch

Chart 124

CLF 115

Set Last Op Write and
Wr /WTM Bits

Set up Mask for EOF
Block Bit and Backward
Op Branch Bit

T

QE00?

To Interrupt Decode

QE&01

Chart 155

BRANCH-END OF FILE

QGOé1

Read Out Tape Control
Unit Control Byte and
Setup the Address of
the Last Addressed
Tape Unit Control Byte

QGo61

Read Out Tape Unit
Control Byte and Test
for End nf Fite (Bit 3)
Reset Bit 3 if On

End of File Bit
was On

QGo6!

Chart 119
SELECTOR CHANNEL  MULTIPLEXOR

Rewind

Rewind or
Rwd . Unld.

Rwd.Unld.

Continue Set Up of Mode
Set Command Byte

QG041

Reset Bits 2 and 3 of
Tape Control Unit Byte

YES

Set Bit 2 of Tape Unit
Control Byte and Store
Byte in MPX Storage

Set Up Address of Tape
Unit Control Byte

Continue Setup Mode
Set Command Byte. Read
QOut Tape Unit Control
Byte

QGOo4l

This
Operation is a
Backspace

TBits 0 and 1 - Density
| Bit 2 - Last Operation on
this Unit was Backspace
|Bfr 3 - End of File is Out-
| standing for this Unit
Bit 4, 5, 6, and 7 - Add-
ress Assignment of Tape
| Unit to be Used as 1401

Unit

QG041

IBit 2 - Last Operation On |

Reset Bit 2 of Tape
Unit Control Byte and
Store Byte in MPX Storage

Ithis Unit was o Backspace |
- O

NO

Bit 0 - IPL l
Bits 1,2, and 3 - 1401 |
Address for Last Tape |
Unit Address. |
Bits 4,5,6, and 7 - Address
Assignment of the I

Tape Control Unit

-
|
I
L

| | qcoar

Reset Bit 2 and 3 of the
Tape Unit Control Byte
and Replace the d-Mod-
ifier with the Results

Store the Tape Unit
Control Byte Address
in MPX Storage

[ QGos!

Read Out Tape Control
Unit Byte

Initial Program
Load (Tape)

QGO51

Status Register
Indicate IPL

Reset Bit 0, Seta

NO

Bit to

Set Up Track 7
Command Byte

7 or 9 Track Tape

Comm

| QG051

Last Operation YES

a Backspace

QG041

Results.

Backspace

Reset Bit 3 of Tape Unit
Control Byte and Replace
the d-Modifier with the
Set a Status
Register Bit to Remember
Last Operation was a

A

| Test Bit O of Tape
| Contiol Unit Byte

I
—_——

Set Up 9 Track

and Byte

Last
Op was a

QG051
Set Up Status Register
Bit to do @ Trgck in
Error Request

[

Store B-Star (Data
Field Address)

Backspace ona ¢
Jrack Uni

Read Operation

QG051

Store Command Byte
in MPX Storage

QG051

VD ——
Mode Set for 7 Track or
| Request Track in Error

QG051

Reset Bits 0 and 1 of
the Command Byte

Do o Mode Set
Command

SELECTOR

QHOO01

1400 Tape Common, Branch on EOF

Chart 121

QG051

To Selector Channel
1400 Tape Routines

QGOs1
Using -
Selector or Multiplexor

Channel

Chart 117

MULTIPLEXOR

| Command (9 Track)

QG051
Reset Bits 0 and 1

of the Command Byte

To Multiplexor Channel
1400 Tape Routines

————
This is not a Microprogram
|Brcnch, Shown here to
Indicate Different Micro~
Ilprogrum Versions

Test Bit 2 of YO
Error Byte

Set Up Zommand Byte
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QG001,011
Decode Op Code Decode d -Modifiers
L=Load (2E) A-=Diognostic Read
M=Move (2D} B-Backspace
U=Control (2C) E-Erose
M-Write Tapemark
QG001,011 R=Rewind
U=:Rewind and Unlood

acedl G041

Decode D-Modifiers
R=Read Track in Error Used
| for 9 Track Drives Only

A-Star Invalid Indicator

W=Write rE TB " £,8,A,M,R, or U v |
QG041 QGo4! M R QG771 |
Set Erose Bit On and Reset Erase Bit. Store QG041 QGo41 QG041 QG041 ]
Store in MPX Storage - Bockspace Last Op Bit. Reset Erase Bit. Set Resef Erase Bit. Setup Reset frase Bit. Setup Reset Erase Bit. Setup This is
Setup Command 27 Forward Space Record Rewind Command 07 Rewind C. d 07 Track in Error or
Read or Write this Time Bit O ewind Comman . omman - Rewind and Unload Cmd
is Time Bit On. Set WTM Bit. Setup EOF Block Bit Sense Cm:
Setup Command 37. Mask Command OF . Setup
losk - EOF Block Bit Mask . Sefupéor Prov:r .
Redundancy Checl
Reset Erase Bit . L J
i Bit -
Store Starting Adrdess s Erose 8it On I I QGO41 hd
in O=Stor. Setup P
Command 02 Reset Backspace Last - Sense Byte Request
Op Bit and End of File Read or Write
Bit
41
QGO QG041 Find Third Sense Byte and Readout Track in Error
Setup Erase Command 17 Setup Write Command 01, I Store in MPX Storage Byte and Send to Control
Set Write Bit, Unit. Do Read Command
QG051
Setup Density and e o ) fe 2 0 Treck |
Redundancy Bits. Set QG771 | Status is 00 for a 9 Track
7 or 9 Track Bit { Read, Sense, or Track
I Is Status 00 YES X In Error Commands
I
|
A Mode Set Command | Tope Ended
) is Given First for oll | or GMWM and YES
7 or 9 Track Drive 7 Track Operations and 1 Tope Ended feer: 0
for all 9 Track Write | YES Busy Bit On in \
9 Commands. Also ¢ 9 Track Status Byte Issue Command Out
QG761 Was Last Op a Read Preceeded by a | Wait for Status In Unit Exception
Backspace Backspace. in Status
Channel S
—
gnd ofLFo;véord . QG051 | ] ext Read-In
pace Last Recor Set a Status Register Bit | Exit for 9 Track Area Character is a
On to Remember this is a Is Channel End Up | Control Commands GMWM
Track in Error Request |
' v | NO QG811 QG811
i i I i BF Stop ) il Is this a Mode NO Store Tapemark Followed Store Tapemark in
[ Unit Exception On Set Command by o GMWM in Read-in Read-In Area
| aeost ! . This is Done to Force a Area
Remember Address of Test |/O Command on a
First Data Byte. Store — ] it o Forward | B’f’nd‘ on Error Op to elely
o Command in MPX Storage A Issue the Action Command | Busy Bit Should Never Space Record or NO Bring in Outstanding
Store End of File Bit i be On ot this Time. If Write Tapemark | Status NO STrack Drive and YES
I QG761 it is, the Micro Progrom 9 Unit Check Bit On
| will Probably Stay in the f—
Setup fo do Mode Set Test 1/O Loop YES qgs3l 1 QGeal
QG761 Command if 7 Track YES NO | - —--
Op or 9 Track Write . Is Status 00 — Reset Status Byte in Setup to do a Track in
Also for Track in Error |QG76| CPU Storage to 00 Odd or Even Error Sense Command 04
Is this Test 1/0 Redundancy
S _I YES Busy Bit On in A QG84l
QG761 QG781 A Status Byte 3
Setup Test 1/O to Issue Mode Set
Last Orive Addressed Command or Track issue Test 1/O NO
in Error Request QG771 Unit Exception Bit On YES
QcG7eé) QG841
Channel End in YES QG831 84} Set End of File Bit On
Short Busy Initial Status | Set Forward Space NO ["Check to See if First for this Unit. Reset EOF
on Last Device Record Last Op Bit Character Read In from Block Bit.
Used NO l Tepe was a Tapemark -
‘ |
8F Stop l QG841 Update O-Star, Set
|

Reset Forward Space

Record this Op Bit YES

Tapemark Record

Channel
End or Forward
Space Lost Record
On

NO

NO | QG7é1,771
Short Busy; Status In |
Issue Command of Response to Address Out ) YES.
00 and Test Status 1 i o .
xit for 7 Trac!

Control Commands Return to I-Cycles

1

Set A and B Stors
Invalid Indicators
Return to |-Cycles

QG761

Is Erase Bit On

Do Next Routine

Unit ExceptionBit On

Issue Commond

Reset Erase Bit. Return
YES QG761 to 1-Op Position of

Write Instruction
Store End of File

I .

Do Next Routine




TAPE
MULTIPLIER CHANNEL

Chart 115

Qc7e) Setup Block Bit Masx

Set Command Start

Set Latch (H5) to
Prevent Selector
Channel Traps

Read out Block Bit Byte .

Last
Op Was a
Read Op

i qorer et Qcs2!
Set Unit Address Set EOF Block Bit
into MPX Storage

QG821

Y|

Set Bus Out Control
and Command Start
Send Address Qut

Block Bit
Was Already
On.

I-Cycles ‘l Setup Selected Tape
BRANCH ON ERROR QG761 Drive Control Byte
Address .
NO Operational In Up YES ] QG821

QG761

QG041,821 Read out Control Byte
Setup Address of Status and Set EOF Bit.
Byte in CPU Storage
QG821 ‘__4

QG821

Readout Status Byte QG761

Set Command Start
Reset Address Out

Reset Select Out
Test 1/O Op

Status Byte Equals 00 Reset Select Out (Set Doing
Control Unit Busy Latch) Sense Command
- for Track in Address In Up
Ei
QG821 ] I QG761 fror Qo761
A Test Status to See if NO
Unit Check Bit is On Eefff"c‘” L"’SI g"fe | et 1
nit Control Byte. et dd n Test I/O
QGo3) Set Command Start zzz!"f';ﬁ ';:G:OU o Sequence
Character
o Set Command in Set Command of 00
art -Redqi in the R-Regi:
Exception Bit On. R-Register the cgister
Test | O Finished Cho octer hos
Set a Bit in the Status o Wordmork QG76l
Register On to Indicate Correct
Test 1/O Routine Being NO Address Received YES
Done c - for Device
Channel End Bit arrect Instruction
On Address and Setup QG761 QG76)
- Error Code Setup E Set Bus Out Controls,
Setup to do Test /O | etup Error Code Command Out, and
| QGs3l Command Start
‘ To General Stop
To Tape Stop
7 J
If Unit was Busy and
Last Operation was a | QE651 ves o
Forward Space Record, | DG
ge C:“:"Sl(,g;dl Bitis 1 Reset Test 17O and Chart 155 QG761
n. Se . P e —
Unit Exception Bits Chart 155 Status In for a Mode
in the Status Register TEST , START Set Command is Not
Test or Start 1/O Equal to Zero
I . QG761
—_—
YES YES
QG771 Status Byte Equals 00
NO etup Word Separator
Reset Select Out Character in o Register
QG771
Enter o
Test 1/O from _ Readout Command Byte
Branch On Error Qc771 : Setup for this is On
YES in Test N QG761 when FSR Last QG771
| O Sequence g’:"gei‘(’)'wd""?t?"“ is ORed with Status
rd wi ORI Track
sor C o Start Ente Channel End Bit YES in Er:Z:OR NO
et Command Star ' Positi f i
and Service Out, Set Test | O from NO eetion of Unit Storvs Qc7sl Sense Command
Channel End Bit On if Branch On Error Set Service Out and
Forward Space Last Op Command Start Even or Odd EVEN
Bit is On Redundancy
I QG781
N
Setup Tape Unit Control Set Service Qut and o Sense Command ©pbd
Byte Address Command Start, Modify QG781 Change Word Separator
Status (Test | O Readout Track in to Odd Redundancy
Sequence Clears Status) Error Byte YES if 9 Track
NO Unit QG771 -« QG7s QG771
Exception Bit On 731
Unit Exception )
Bit was On 9 Track Drive
Status In Up
| YES
. NO QG781 NO QG771
L Set Error Code Setup for Even
Redundancy
1 QG771
Set Address for Tape Third Sense Byte ée' Service Out and
Status Byfe and ommand Start
Store Status

Set Bus Qut Control ,
Service Our and
Command S:art

Test Status to See if
Unit Check B!

Store Sense Byte.

l Set Command Out

and Command Start

QG781 MOVE WRITE
Ch | End U, Move or Load
annel End Up Set Service Out and QG771 To Write Loop
C, d Stort
Chart 119 5 omman ar To Reod (Move)
QG791
QG80)
QG781 Qcsol Chart 119
Chart 118
NO Status In Up
QG831 A Reset Track in QG781 Chart 118
Error Byse, Reset
Select Out. Set Error Code
Readout Command Chort 119 [ acrs EZ:e’;eszlesc'e'ouf and
. ad Status in
and R.emove Flags. {Bits 0 Readout Command To Tape Stop the Op Register
and Bit 1) Byte. Set Service Out
and Command Start QG8I
QG771 | w
Chart 155 Chart 118

Operational In Up

CLF 117 1400 Multiplexor Setup, Branch on Error



READ-MOV E
W Chart 117 Chort 117
READ-LOAD

QG801

rl

Readout Main Storage

Position Tope Character
will Enter [ aceo2 1

Setup Op Register to
Recognize Initial Program
Load.

QG801

Status In Up

End of Record on Tape =

| Reset Select Out

| End of Read In Area QG801

| YES ~TRead fr::a;t::;ge is YES QG802

| o GMWM Reset Select Out

| QG831 Readout Main Storage

L QG801 Position Tape Character
Set Command Out and Will Enter. Check Bus in

for Word Separator.
Increase Main Storage
Address by 1.

Setup Error Code

G d Start
omman ar QEéS‘

QG831

To Tape Stop

Chart 155

a Wordmark

QE651 YES i
Set Character from Tape Set Charcter from Tope Initial Progrom Load
into Storage without a into Storage with a
QG802
Wordmark Wordmark “
Chart 155 aracter
I J from Storage is a
GMWM

QG801

Set Service Out and

Update Main Srorage Command Start QG802
Address
Store a GMWM in
QG802 Main Storage. Set

Bus
In is @ Word
Separator

Service Out and
Command Start,

—_—
Test by Checking Bit 1
of Last Character Read
from Tape

3
]
' QG801

Lost QG802
Bus In Character

was a WS

QG802

NO
Correct Redundancy Correct Redundancy

Last
Bus In Character

QG811 QG811
was a WS
. in the O
Set Status in the Op ot Statos in the Op Store Bus In Character NO_ qosm
Regtster with Bit 6 giste with WM in Main Storage NO QG802 Setup to Force Unit
(Unit Check) On Check Bit On

QG802 Store Bus In Character
Decrement Main Storage in Main Storage

QG811 Address by 1

QG802
Decrement Main Storage
by 1 to GMWM

Last
Character Read
from Storage is a
GMWM

NO

Character
did have a Wordmark

_YES

QG811 A
e Out and

Set Servic
Command Start

QG811
Set Service Out and
Command Start

Y

Move Operation

Unit
Exception Bit On
(TM Record)

YES
QG811

QG8o!

Exception Bit On
(TM Record)

Status In Up

Qe8I QG8o!

i i Set Status in O
I QGsll Store G it ot Register with Bir 6
'
Store Tapemark in Main out Wordmark as Tequire On or Off.
Storage and Read Out QG801

Next Position

| QGBI

Reset Unit Exception Bit
in Status Byte in the Op
Register

Send Command Out and
Command Start (Discon-
nect Control Unit)

QG811 Reset Select Out

Set Service Out and
Command Start

Set Units Exception Bit
On in the Status Byte
in the Op Register

QG811

Character

Read from Storage is “SwoLES
a GMWM
Chart 117
YES, Character NO
has a Wordmark
- Readout Command Byte
9 Track Testing Done
9 Track Drive
QG831
A YES  qasll
- Odd or Even Parity
Store Status Byte in QG831
MPX Storage

Setup Main Storage
Address of First

Character Received
from Tape in A-Star Start Setup of I~Star |
to 1400 Address 0001 |

QG8It

Unit Check Bit On

Chart 119

QGsil QG811 l

Set Device End Bit On in Setup o do a Trock in Initial |
the Status Byte in the Op Error Sense Command Program Lood |
Register |
—— e —

Setup Low Portion of
Address in I-Star

_—J QG761

Chart 117

Readout First Character

QG831

Chart 119

CLF 118 1400 Multiplexor Read



Chart 118 Chart 117
QG83l QGesl
Unit Store Command in CPU
YES Exception Bit On NO Storage as is
Comman
Chart 118 is Write, Wr.T.M, or

Fi
Character

YES

Character a Tapemark

WRITE
Chart 117

| acmn A

Readout Character to be
Written

Setup Error Code

QG831

To Tape Stop

QE651

Is Character GMWM

Chart 155

YES

Forward Space
Record

NO

Character

Contains a Wordmar| YES

QG831

Set Status Byte in Op
Register to 00

QG791

Setup Character for Even

YES

Character

I | QGs4!

Readout Tape Unit Control
Byte Address (Temporary)

] | aces

Read Out Tape Unit Ctrl
Byte Address (Temporary)

a Tapemark

or Odd Redundancy .
Reset Wordmark Bit.

Setup Character for Even
or Odd Redundancy

Move or Load MOVE

QG791

Set Bus Out Control,
Service Out, and
Command Start

¢

Sent was a Word
Separator

Set Bus Out Control,
Service Out, and
Command Start

QG791

Setup to Send o Word
Separator Character.

Read Out Tape Unit Ctrl
Byte Address (Temporary)

L

Set Main Storage Address
to Character Just

Chart 117

QG841

Unit Check Bit On

YES

Unit
Exception Bit On

QG841

Readout

l QG791
Set Bus Out Control,

Readout Tape Unit Control NO

Byte and Set End of File

(8it 3) On QGs4l
ReadOut Tape Control Unit
Control Byte and Update

.. Last Tape Unit Address
This is
Backward Op
QG841

Update Byte

Read Out and Reset the
EOF Block Bit for Selected

Indicate Forward Space
Last if this was a Forward
Space this Time.

in Storage to

Drive .

QG841

Set [-Star to Beginning
of Op Code to do Write
Op Again

QHB841

Reset the Forward Space
this Time, Forward Space
Last Time, and Erase Flags

CLF 119

Initial Program Lood

Unit Check Bit On

YES

1400 Address

Store Updated Byte

Store Status in CPU
Storage

QG841
Setup I-Star to go to 0001

QG031

Read Out Programs Mode
Switch Byte Test Bit 5

Allow 1/O Trops

Reset Poll Control, FA
Register and Selector

Channel Request Latch(H5)

[

Service Out, and
Command Start

l

QG031

Chart 115

1-StAR

was Erase

NO

Use
A-Star or [-Star for

QG031

Next Address Q661

Invalid A-Address

Advance

Installed

]

‘ To Stop Entries

Program Feature

[Test 8it 1 of 1400 Control
| Byte

QF661

Setup Error Code

To Tape Stop

QE651

Chart 155

Update and Store O-Star

Set B-Star to Zero.
QE&S! QFé61 Set Status fo Indicate
Chart 155 Invalid B-Star
Set B-Star from |-Star
Chart 102 Chart 155 J
Set |-Star from A-Star
\

1400 Tape - Multiplexor Write, Tape Ending



| ocoa
QGo01,011 Decode d-Modifiers

Decode Op Code A=Diagnostic Read
L=Load (2E) B=Backspace
M=Move (2D) E=Erase
U=Control (2C) M=Write Tapemark

R=Rewind

U=Rewind and Unload

QG001,011

QG041

E,B,A,M,R, or U

| E B A M R u
Decode d-Modifiers Qco4! QG041 QG041 QG041 QG041
C;’ie;‘j " gf' Er?seMB‘;;(C;:l and Reset Erase Bit. Store Reset Erase Bit. Set Reset Erase Bit. Setup Reset Error Bit, Setup Reset Erase Bit. Setup
= Write ore in orage Backspace Last Op Forward Space Record \Write Tapemark Command Rewind Command 07. Rewind and Unload
Bit. Setup Command 27 this Time Bit On. IF, Set WTM Bit. Setup EOF Block 8it Command OF . Setup EOF
Setup Command 37 Mask Block Bit Mask .
QGo41 I I [ _qcosr ___
_ Reset Backspace Last Reset Bit in Tape Control
Reset Erase Bit Op Bit and End of Byte. Set Indicator Bit
Store Starting Address File Bit. to Remember Last Op
in O-Star. Setup was a Backspace.
Command 02
QG051
QG041 QG041 Setup Density and
Setup Erase Command Setup Write Command 01, Redundancy Bits. Set
17 Set Wr Bit. 7 or 9 Track Bit
7 or 9 Track Drive QG051
>
Channel End and Device

l End are Up for a Mode
Set Command

o

|

Was Last Op a

A Mode Set Command
Backspace

is Given for all 7 Track
Tape Operations and

! Track In Error
for all 9 Track Tape |

|

|

|

QHO41 Command

QGO31 QHo41

Write Commands or Set o Status Register Status Byte is YES Readout Track in Error
Read Commands Preceeded Bit to Remember this 0000XX00 QHO41 Byte and Send to Control
by a Backspace Op. is a Track in Error Request| Unit. Readout Action
| 41 Command
QHOO! Channel End U
051 b
| IBG Set |-Star to |-Op QHOS! I__._
Remember Address of Position of this
First Data Byte, Store Instruction YES Track in Error
Command in MPX Storage Sense Command
QHO31

QHO61

QHO01

Setup to Use Channel
Tor2

QHOO1

YES

Is this o Mode
Set Command,

Find Third Sense Byte
and Store in MPX

Intervention Required .
QHOé1
Storage
Readout Action Command
QHO61 —-—J

NO
is Erase Bit On
YES QHOO01

“Set |-Star to 1-Op of
l this Instruction to

I QHoll Perform Write
Attempt to Set Poll
Control

QHO71

, Ready to issue Action
} Command

1
1
1

NO

Channe! Busy

QHO01

Set |-Star to Op Code
Just Read Qut
Go to 1=Cycles to
~ Clear Interrupts

QHO61

Setup to Prevent
Interrupts and Setup
Device Address

Forward
Space Record this
Time Bit
On

QG031

Set Forward Space

Queve Last Device
Record Last Time Bit On

T
| May be Necessary to
I
i

Do Reod Loop Device and Channel |
QHO81 Ended Together

QHO11

Queve Status of Device
Setup Address of Last
| Test /O Command Clears
Status

Tape Unit. Used
I NO

Status. Return to I-Cycles
Did |
Did Poll Control Set Device or Channel~, CHANNEL ENDED |
. Reset Forward Space End Read
QHoz1 Record this Time Op |
DEVICE |
|

ENDED QHO8!}

YES

Has Control Unit
Busy Been Set

GMWM in
Next Main Storage
Location

QHO21

{s Channel Status 00

Is Device on Line Set A=Star Invalid

Indicator Return to I-Cycle
Reset EOF Block Bit.
]

Do Next Routine -————
|

Intervention
Required

Is Control Unit
Still Busy

YES

fssve Tost /O Command Is Control Unit Busy -— =
00 | Status was Received in Record Read was a 1 ‘ Store Tapemark in Main
Qro Answer to Address Out Character Tapemark | Storage Location
Check Status for Unit I I QHO21 Record Y
Exception Bit On QHO81
Issue Command Setup a Control Unit Store GM With or
Busy Condition so Last Without Wordmark in
g L Unit can be Selected Next Main Storage
Unit Exception Bit On and Status Cleared Location
Channel
End or Forward Space 4 QH101
Record Last
— Redundancy OK
Is this a S O
QHO3! s this a Sense Op ) s
Setup EOF Block Bit 9 Track Drive
Mask this a Writ
YES ite
Tapemark or Forward QH101
Space Record Force Unit Check Bit
‘On in Last Status
Last Op QHO41 from Control Unit
a Read Op Set Status Byte in CPU )
Storage to 00 Store Unit Status
Tapemark Record |
NO goat | !
i
Set EOF Block Bit for '——h—— ‘ ‘ QHO41 L
Selected Drive | Reason this is Done is to Store fhis Tape Unit
Force a Test 1/O ‘Add .
o ress as Last Unit
| Command to Bring in Out- Addressed
l standing Stotus for a QH101
NO Block Bit | Branch on Error Instruction
tlowing th
Was Already On | ’::Zm'::':i e Above or Tape Unit Addressed
R
QHI101
QHO31 QHO61
I First Character
Setup Selected Drive YES was a Tapemark 101
Control Byte Set EOF Unit Check Bit On QH
Bit QHO81
[ Test 1/O Op Even or Odd EVEN
NO Redundancy
QHIMI 9 Track Drive QHI01
§?t Emf <_)f Ff!e B!r for Setup Status Byte Set End of File Bit
this Unit - o e Unit Addressed
soro Seres Cormuord 04 fi Tape Unit Addressed
Channel Status 00 I
— 1 [aHio1
QHO3!
Setup Address of Tape YES [QGG31 Set B~Star into O-Star
Unit Wanted Return to 1-Cycles
Tape Stop

Do Next Routine

CLF 120 1400 Tape - Selector Tape Objectives



Chart 124

Chart 115

Tape Start /0 for : -
Selector Channels |

NO

Set Op Register to
00
1

Initial YES
Program Lood

(Tape)

QHO01

Set Op Register to
10

QHOO01

Test Bit 6 of the |
1400 Control Byte. |
. "~ 77

Use Channel 1 or 2

QHO01 QHO01
Store Device Address Store Device Address
in MPX Storage. Set in MPX Storage. Set FROM
Channel 1 Latch Channel 2 Latch MODE SET
Chart 124 L ] Chart 124
Test Bit 3 of the | QHoo!
GT Bus !
YES
Channel Busy NO
QHOO01
Turn On Selector Channel
I QHOO01 Request Latch, Reset Chart 124
Set I-Star to Address g:anrne‘,gn'd gurfn On
of Op Code Just Read D ppress LJut. 2¢
_— Our evice into a Hardware
Busy-Go to 1-Cycle, Entry! Register.
to Clear NPL Interrupts. QHO01

Erase-Go to I-Cycle and
Setup to do a Write
Instruction

Chart 123
ASE
BUSY/ERAS Busy/Finishe:

QG031

Readout Program Mode
Switch Byte, Test Bit 5

QGO31

Allow 1/O Traps

Reset Selector Channei
Request Latch

QEO00!

To Interrupt Decode

Chart 155 Chert 102

YE

Readout Op Code

QHO001
Channel

or Intervention
Required,

To I-Cycles

Setup Last Tape Unit
Used Device Address

Test Status Byte Bit 3 |

NO

Reset Bit 0 of I/O
Error Byte

QHo01

Attempt to Set Poll
Control

INTERVENTION

d Erase,

QHOOY

Send Service Out, Reset
Channel and Poll Control

QHOO1
To Tape Stop
QE651 Is Poll Control On
NO QHO1
Chart 155
Set Poll Control

Address In Up
QE0O}

Send Command Out

l QHO21

QHO31

Control Unit Busy

Test Bit 0 of the {/O

Error Byte

Error Test Op

Control Unit
was Busy

Ercor Test Op

YES

Last

a Forward
Space

Operation was

QHO31

QHO31

Test Bit 7 of Status
Byte. Readout Byte 0
of Tape Control Word

NO
Unit Exception On

QHO031

Reset Select Out

Byte. Test Bit 4 of
Status Byte.

Reset Bit 0 of 1/O Error

the

Qut Lost Addressed
Tape Unit Control Byte
and Set the End of
File Bit (Bit 3) On

Reset Select Out. Read

Reset Select On

l

Channel End Up

QHO31

Sense Commands are
Issued Only for

A 9-Track Read QOperation
with an Error

Reset Suppress Out QHOl 1
NO
Status In Up
S Contral Unis —\
was Busy YEs
QHO11

Reset Select Out

QHO2! Send Command Out
Store Device Address {Queue Status ar Device)
in MPX Storage
QHO21 QHol

Set Bus-Out Control
Operationa

Address In

YES QHO21

Reset Select Qut, Set
a Status Register Bit
to Indicate Control
Unit was Busy

QHO31

Status
In and Operatioral
In Down

YES

Reset Address Out

QHO01

Set Suppress Out

Set Command in GR

I Control Unit Busy

| Sequence Causes Last
I'Unit Selected to be

| Addressed and Status

| Cleared
b |

CLF 121 1400 Tape - Se

|
——————1 YES

Test Status Byte Bit 4 |

Channel End Up

Doing
Sense Command

NO

Readout Last Status Byte
from Tape Control Unit

Write

Tapemark or
Forward Space
Command

@

Chart 124

QHO41

QHO041

i S—'

| oHoal

Byte Address

Store Status Byte and
Setup Tape Control Unit

This is Done to Force o
Test 1/O Operation on
a Branch on Error

QHO41 Instruction. Test I/O

Addressed Byte
of Present Tape

Change Last Tape Unit

will Bring in Outstanding
Status

to Address
Unit

T

NO Status Bit:

or Devi

Chart 124

Except Channel

s Up YES

ce

QHO41

Set 8E in o Hardware
Register, Set a Status
Register Bit to Indicate
Intervention Required

Reset Select Out

All Control Commands
and Mode Set
Commands Except a
Track in Error

®

R S |

t Sense Command Sefup
| Due to Unit Check

! During a Read On a

I ¢ Track Tope Unit

and Send Address Out NO YES
In and Status In
D
own Send Service Out
Set Select Out
QHO21
Select In Up QHO21
QHO41
Setup 8E in o Hardware
U Register. Set a Status
P Register Bit to Indicate f
Int tion Required Track in Error
QHO2) ntervention Require Command
Check if Correct Device | QHOO1
has been Selected |
95 been detecte Reset Se!ecf OU'
Readout Track in
Error Byte
Address Match
QHO41
NO QHO21 NOC
Service In Up
To Tape Stop
QES6] QHO21 YES QHo41
Store Command=-In Set Bus-Out Control
MPX Storage Send Service Out
Chart 155
HO4
Error Test Op a !
Status In Up
Control Unit
was Busy
QHO21
Reset Select Out,
Set GR to 00 Readout Next Command
{Command will be 00) from MPX Storage
Test |/
_______ ; [ aqnoa
| [ oo <d Senice Out

Set Bus=Out, Send
Command Out

Status In Up

lector Setup

QHOMT

NO Status In

and Operational In
Down

YES QHOO!

Reset Channel and
Turn Suppress Out On

QHOS51

|
| YES

EVEN QHO51 Chart 124
Odd or Even ObD
Redundancy
QHO51 QHOS51
Setup Register to Setup Registers to
Recognize Even Recognize Odd
Redundancy Redundancy and 7 or 9

Track Tape Unit

|

Load or Move

Chart 122

To Read - Move

QHO51

LOAD

Load or Move

QHO51

To Write = Load

QHO51
Chart 123

QHO5T Chart 123

To Read - Load

Chart 122




READ-LOAD

Chart 121
QHo51 NO
Character was a Word
Readout First Character QHO91
from Tape Read In Area QHO91
Add Workmark to the Initial Program | GMWM Indicates
Ch Just Read In Load | Channel Ending First
QHO%1 A and Store in Main Storage
Status In Up-Service In | o VEs
Down Indicates Device .
| has been Found in
i i Status In U,
Ending First atus In Up QHOI! QHo9! Storage QHO91
Store Character Read In Store Character Just
NO in Storage Read In in Position
Service In Up of GMWM
QHO9! QHO9T —_— | quos
| If Regord is: Store .
Remember what Bit T of 5 Change Main Storage
Setup Stop Code Last Character Read Send Service Qut { ]I ag \3\/5 ) : %Vs ) Address to Position of
QHO91 from Tape was (O or 1) | I el GMWM
i
To Tope Stop QHO91 Character~___ yi - |_ason
—
GMWM Found at this NG YES Send Command Out.
QE651 [ Just Read In was a Sot GMWM Back
Initial Program | Time Means Device and Word Separator ; et Y ac
Load | Channel Ended Together QHO91 into Main Storage
l——‘—‘— Set an Indication of
—_ No Word Separator Last NO _I

Chart 155

A GMWM was
Readout of Storage

QHO81 1 Tape Record is @
! Tapemark (End of File)

QHO91

Set an Indication of
Word Separator Last.
Set Main Storage Address

Unit Exception ~_ YES o > to Last Character
Exists Stored
QHO8I READ-MOVE |
Readout Character
from Main Storage Chart 121

QHOS1

Readout First Character
from Tape Read in Area

QHO81

Load or Move LOAD
Operation

QHO081

Set Tape Mark Character Set Tapemark Character
with Wordmark into without Wordmark in
Storage if Character Storage

Readout of Storage had
a Wordmark. Otherwise
Set a Tapemark without
V la Wordmark into
Storage

QHO81

Setup Stop Code

QHO081

QHO81

1 GMWM Indicates
: Channe! Ending First

Remember what Bit 1
of Last Character from
Tape was (0 or 1)

QHos! —— |

Readout Next Character
from Storage

Character
Read from Storage
is o GMW

To Tape Stop

QE651 NO

QHO081 v

YES

LOAD has been Found in

Storage

Load or Move
Opetation

Send Command Out

Character Store a Group Mark Chart 155
Read from Storage WOSY:;:;?: ivf/lt,:ea QHO81
QHO8! is o GMWM Character Readout had Remember what Bit 1
8 a Wordmark, Otherwise, of Last Character from
Store Group Mark Store GMWM in Storage Store GM Tape was (0 or 1)
without Wordmark in
Storage. -
QHO81
YES NO
Status In Up

QHo81 QHO81

. T Readin,
Test Bit 0 of Command | [e]3]3) R eacing EVEN NO Character YES
Stored in MPX Working | i Odd or Even Read from Storage A3
Storage | edundancy a Wordmark
—_— QH101
HO81
Test to See if Record Test to See if Record QH081 Ql
was Written in Odd was Written in Even Write Character Read Write Character Read
Parity by Testing Bit 1 Parity by Testing Bit 1 from Tape into Main from Tape into Main
of Last Character Read of Last Character Read Storage without a Storage with a
Wordmark. Wordmark
| [ qnos
YES NO Send Service Out,
9 Track Drive Readout Next Character
QH101 from Main Storage
Record Written YES
in Same Parity as
QHIO!
I N f T T/
| Unit Exception Bit On i ’
I Indicates Single \ Unit Exception
J‘ Character Tapemark Record | Bit On in the
]
Unit Exception YES Status Byte
Bit On in the
Status Byte YES
QH101
@Ho1 Store Unit Status Byte
Turn Unit Check (Bit 6) in CPU Storage
in Status Byte On QHI01
< Readout Tape Unit
QHIot Control Byte of Unit GH101
Store Unit Status Byte Being Used and Set Unit CheeR
in CPU Storage the End of File Bit Bit On in YES

Status Byte

j | QH101

Set Main Storage
Address to Address “
of the First Character
Read from Tape

Fisrt
Character is a

QH101 Tapemark
QH101
Reset Select Out
NO Readout Tape Unit
QH101 Control Byte
Readout First QH101
Character of the
Record from Main oDD Read In
Storage 4 Even or Odd
Redundancy
EVEN
H101
MOVE Move or Load —— Q
Operation ) Set End of File Bit
A (Bit 3) of the Tape

QHI101 Unit Control Chart

Insure Character 1
Read from Storage Does
Not have a Wordmark

| QH101

l Store B-Star Contents
into the O-Star in
MPX Storage

QH10t
Send Service Out ‘

QHO061

Chart 124

CLF 122 1400 Tape - Selector Read



WRITE-MOVE
Chart 121

QHO51

Readout First Character
to be Written

QHO51

Character Contains
a Wordmark

QH071
er to

Set Characts
Correct Redundancy

Set Character to
Correct Redundancy

Character is GMWM NO

YES QHO71

Set a Status Register Bit
to Remember GMWM

WRITE-LOAD
Chart 121

QHO51

Readout First Character
to be Written

QHO51

Character Conteind
a Wordmark

Set Character to

Character is GMWM Cerrect Parity

QHO71

QHO71

Set Main Storage
Address to Position

Just Readout and

Setup o Word Separator
Character to be Written

Set a Status Register Bit
to Remember GMWM

Set Character
Written in GR

YES  QHo71

Reset Seleci Out

Last
Char Read
from Stor was
GMWM

YES

I QHO71

Send Command Out,
Store B-Star in the
Q-Star in MPX Siorage

QHO71

Set the Last Status
Byie in CPU Storage
to 00, Reser Poli Control

Peadout Character from
Main Storage

Load or Move LOAD

Operation

QHO71

Set Bus Out Control

Operational In
Send Service Out

Down

Character Contain
a Wordmark

Chart 121

CLF 123 1400 Tape - Selector Write

to be

i Status In Up is an Error
| Because Device is Ending

071
QHo7 | the Write

Chart 155
QHO071
Set Bus Out Control
Send Service Out | Word Separator Referred
| to here was Created
QHO71 : for a Word Mark

Last Char Sent
was a Word
Separator

QHO71

Charocter has
a Wordmark




Chart 121
Test Bit 1 of the

Chart 121 GT Bus

| Third Sense Byte Contain
| Track in Error Indicators

Setup EOF Block Bit Mask

Do we have
the Third Sense

Last Op was a Byt
yte

Read Op

GHO51

Send Service Out

QHO51

Store Third Sense Byte
in MPX Storage. Send
Command Out.

Set ECF Block Bit for
Selected Drive

MODE SET AND
CONTROL COMMANDS QHO51

Chart 121

Block Bit was
Already On

QHO31 Status in Up

Setup Selected Drive
Control Byte Set EOF Bit

QHO61

Reset Select Out, Set
Unit Address in CPU
Storage

Chart 122

YES  qhost

Reset Select Out

Send Service Out

Error Test Op

QHO31

QHO3!

To Error Test Ops QHO61
Send Service Out

Status in
and Operational in
Down

NO YES

QHO31 QHO61

NO tatus In and
Qperationai [n Down

NO Mode Set Command

QHO61

Setup Sense Command
(04).

QHO61

Readout Next Command
from MPX Storage

QHO01

YES QHO31

Reset Address Qut i
: Mode Set Complete, w

QHOO1 | Start Action Commard

Unit Check from

Set Suppress Out
@ Read Operation

QHos1  Chart 121

CHIT

o Tape Stop for Either

Store Unit Status in Last sw Teitial Program Load >-YES 1T

f 1 7 or 9 Track
Status from Tape Control

Unit Byte Chart 121} QHO6 1

Setup Stop Code

Send Service Qut

Readout 1/O Error Byte
and Reset Bits 0,1,and 2

Erase Bit was On

1/O Error Byte Bit 2 Readout Unit Address

from MPX Storage QE651

Channel Status is 00

Setup Stop Code |-Cycles Chart 155
GHIII BRANCH ON hart 121 : i
TAPE ERROR Char |l 1/O Error Byte Bit 1
To Tape Stop Chart 123 Forward Space T
— Status In ALY
. Record this Time
Py and Operational d this
In Down QGO41,QH11T QHO61

YES  QHIN Set A-Star Value Set Forward Space NO
into B-Star Record Last Time (Bit
Reset Poll Control 0 of /O Error Byte) on

QHIN | |

Setup Last Status from QHO61
Tape Control Unit Byte

Address and Readout
Tnitial Program Lood >tk

Chart 155

QHO61

YES Set Op Register to GO

and the {-Star to
Equal 1400 Address
000t

Is Status 00

| ___aHin

Readout Last Tape Unit
Address Byte and Setup
Unit Address

QHOO1

: Bit 6 of Status Byte

I

Reset Poll Control
QHIN QHIN

Chart 121
o Restore A-Star from Restore A-Star
B-Star, Set a Status Bit from B-Star

to Indicate use A-Star

NO

Channel Stetus is 00
QHO6!

Reset EOF Block Bit

QHO61

Setup Stop Code

To Tape Stop

QE63)

Readout Program Mode
Switch Byte

“hart 135

Allow 1,/0 Traps

Chart 115
Reset Poll Control, FA
Register and Selector
Channel Request Latch
| QGo3l
Use
o STAR _astar o 1-Star S ASTAR
for Next
Address QFes!
YES .
Interrupt Exist Invalid A-Address I Test Bit 1 of 1400
|
Control Byte
|
To Interrupt Decode YEs ‘Advance |
Program Feature
QES01 To |-Cycles To Stop Entries Installed QFé61
Set B-Star to Zero
b QE651 QF¢s1 Set Status to Indicate
Chart 155 Invalid B-Star
Set B-Star from I-Star
Chart 102 Chart 155
Set 1~Star from A-Star

CLF 124 1400 Tape - Selector Tape Ending, Branch on Error



Operation: M/L%F0 BBB R/W
Full Seek (Not Alternate Track)

Chart 115

QGOI1,QH301

Store I~Star in CPU
Storage .

[ QH301

Test 4-Low Bits of
Unit Number Character
to See what Operation
to do.

QH371

Setup to Decode the
Cylinder Portion of the
Disk Control Field

| o

Readout the Dy Character| | |Cylinder Number is
RBC Interlock On of the Disk Control Field | |Developed by Doing Table
QH301 | ILookups. The Desired
QHSTT | | ¢ylinder Number can
Set Up Stop Code Store the 1400 Module | Ibe Determined by
Number in MPX ! 'Dividing Dy, D3, Dy
1 lby 2.
QH541 ,se,l L:;, Vh‘e o,;ARegme, QH311,321 “Example: Dy D3 Dy
lo Indicate o ove or
Restore |-Star o Rot o Witre Reset Address Out Readaut Dy and Dy | 347
Regi " of the Disk Contro | NPL Module
g)%oz%zge@ e Load Field and Decode the || Cylinder
0000 0000 Wi Lo Cylinder Number L 173
ead Loa = 2)347
0010 0000 Write Move [ onw [
o 0011 0000 Read Move [
ort 155 Address In Up Setup Address of BCD | 14
Character in MPX Storage 1
to Test for + or - Movement i 6
a9 f Arms for Direct Seek 5 )
Disk Contiol Field Lo Insure Cylinder High- YES QH341 of Arms for Direct See [ 1=—Pasi of Heod
Return 1o Home Seck | X Order Byte Is 00 Reset Suppress Control TN,
.
'NDj Dy D3 D405 | Latch Read Character from i
Direct Seck ! MPX Storage and Test -
“'ND)D2D3D4D5- ' | QHaN OH341 ; 1 No Zonavor Plus (BA)
Dsis Signed + or - for | L Zone Birs | Zone Gives + Direction
Direction of Seek i Readout First Character NO Selected I and Minus (B) Zone
Ds is a # Character to ! of the Disk Control Address Matches | Gives - Direction
Indicote o Direct Seek | Field (8BB is the QH541 Address Out
Address of the First P S— & or - Direction
Character in the DCF) Stas VES quasi
QH541 Setup Command Byte T 1Fthe D5 Character Sot Up fo .2 Complement
Full Seek 0000 0111 | was Not a 7 and the and Reverse Seek
_____ First To General Stop Restore 0001 0011 | Unequal Address
First Character is Character has a | Compare Bit was On
Normatly a * or a Numer- B-Zone Bit QE64] [ owe | Doo Restore QH33!
i I Operation N
ic Characrer, but some On w Store Command in MPX P Readout the D Characer o —
rogiomers Use an VES Storage. Set Bus-Out of the Disk Control Field | fshe Dy Choracter is
Alphaberic Character cha 155 Coniral. Commend Ou, | a # Chatacrer, doo

Instead to be Used for | Direct Seek
Other Reascns. There-
fore If the B-Zone Bit is
On,the Character is

Considered fo be o *

Readout Third Character
of the Disk Centiol
Ficld

and Command Stort.

QH331

Direct
or Return to Home

Seek

DIRECT

1
1
1
1
!
1
1
I
I
|
|
t

QH331
Readout the Present
Cylinder Value Byte
for Selected Module

at this Time.
Readout the Present

Cylinder Value Byte
for Selected Module

Decode Chasacter to
Dovelop Addiess 15 do
a Table Lookup to Find
the Moduie Number

in NPL Form and Store
Number in MPX Sto.age

' QH3M1

Setup Operation Code
in the Op Register

QH331

Add or Subtrac: the
Decoded Cylinuer Value
to or from the Present
Cylinder Value and

Add 1

Set Service Out and
Command Start

Cylinder 0 is Reserved
for NPL Information on

What is in the Op Is this a

Restore Seek

2311's. So All 1400
Cylinder Numbers are

T
I
!
Kegiste: is Combinzd withy
i
|
1

the Nureric Portion of X{XX 0000. )
she Unit Number Increased by 1 1o Find
Chasacrer [ QH3I Correct Cylinder

Reverse Seek

Change Op Register *
0000 XXXX Where
XXXX canbe 1, 3, 3,
7, 009,

Set Seivice Out and
Command Start

QH331

QH311
Was
the Unequal

Address Compare
Bit Off

Address In U
P Set Up Cylinder Value

for Reverse Seek

YES] QH341

Reset Suppress Out and
Address Out

Readnu: Module Number
in NPL Forn.

QH331
Readout Sixth Chaacrer
(C3) of the Disk
Contiol Field

Selected QH331

Operatianal In Up Aiirj:;f/‘gj.hes QH351 Store New Cylinder 1 This Value is the
Value in Cylinder Value I R.T.H. Cylinder Value
Eutl Seek 0000 0111 Byte for Selected I and the File Contrel
QH331,311 Module and in the I Unit will Use the Value
- Set Bus-Out Contiof, Restore B and 1-Srar QH361 Cylinder Position in o Determine the Direct
e Atror Mo Adine QH3 Address Cut, and estore en : Store Command in MPX Storage . Seek
cc;:pmm © fedrme . Commard Start. MPX Storage —_
Setup to do a Return L [ anm

to Home Seek After u

To General Stop
No Addiess Compare

Setup to Send the

Bin, Cylinder, and Head
Velue t5 the Control
Unit

Operatianal In Up

QH341
Reudour Module Number

H37
Chart 155 ars

Bin Vaiue for 1311,2311
is Zero

in NPL Form

1
’ Set a Counter to 2 }

1
I
I
-
I
|
|
Set H5 to Prevent Interrupts| }
Service In Up i
_ |
I Short Busy: Should |
Never Enter Short !
YES
' Busy Here. - ' Qus ]
. etup Bin Value
Operational In Up Subtract 1 from Counter

Check or Unit
Exception Bits

QH371

Set Bus-Qut Control,
Service Out and
Command Start

QH341

Set Bus-Out Control,
Address Out, and

Command Start NO QH341
QH341 YES
QH361 Chart 136 Device End Bit On Is Counter Zero

:
Operational In Up 7 This NO Readout Decoded Cylinder |
is a Restore and what Ever Head Value |
Command | [anser,sa is in MPX Storoge ond

Set Counter to 04 Sent to Control Unit

—I | QH371 U N

Readout Character from
MPX Storage, Subtract
1 from Counter

Set File Branch Byte

-
i Control Unit End
il to 50 (Busy and Any

|

l

|

I

|

|

|

YES

Reset File Branch
Byte.

Disk Condition)

Reset Select Out

and I-

This was a
Restore Seek

Should Never Enter

Restore A,B
Star

I
Short By t thi |
Tiv::e. l;?yna;s rf:; I Should Never Go ~h;5T
Restore Command will | Way on a Restore X rs
Not be Done . ! Srous In U Seck. Try Seck |
rovs i P Command Again YES

Stetus In Up

QH341

Reset Address Out

Channel
End or Device End
Up

Set Service Out and
Command Start

Setup to do
a Restore

Early Status. Should
Nexer be Here In Seek

Reset File Branch
Byte

QH541

NO| QH361,541

N Restore B and 1-Stars Is Counter Zero
Set File Branch Byte Unit Check Bit On

1950 (s ond S FT———— Qn
Service Out, ard Set Bus-Out Control
QHs41 N T To General Stop Command Start Service Out, ot
Restore A,B, and |- Command Start
Stars QEs41

Set Service Out and
Command Start
QH381, 541

Restore A,B, and -
Stars

|

QH381

| acea

Check Program Mode
Switch Byte for Allow
1/Q Traps. If On

I Setup for Allow Traps

Chart 155 Status In Up

Service in Up

QF661 To Interrupt Decode

Routine

To I-Cycles

YES

Should Never Take
This Way In Seek Op

Chart 102

Chart 155

CLF 125 1400 File - Seek Op




Seek Objectives:

Decode the Disk Control Field for Module and Cylinder Values.
Select the Module, lssue Seek Command (07), and Develop

the Return to Home Seek Value to Send to the Control Unit.
Send the Return to Home Value to the Control Unit and Check
Unit Status.,

Direct Seek;

Decode the Disk Control Field for Module and Cylinder Values.
Select the Module, Issue Seek Command (07), and Develop the
Return to Home Seek Value to Send to the Control Unit. Send the
Return to Home Value to the Control Unit and Check Unit Status.

Return to Home;

Return to Home
After a Unequal
Address Compare;

Decode the Disk Control Field for Module and Cylinder Values.
Issue a Restore Command (13), when Device End is Found

Issue @ Seek Command, and Develop the Return to Home

Seek Value to Send to the Control Unit. Send Return to

Home Value to the Control Unit and Check Unit Status.

Note:  The Cylinder Value is Increased by One Because Cylinder 0
is Reserved for IPL on 2311's. The format to Send Cylinder
Value to the Control Unit is: Bin Bin Cylinder Cylinder Head Head

00 00 00 XX 00 0X

The Cylinder Value is Developed, the Head Value is whatever
is in Head Location in MPX Storage. A Head Seek is Given on ali
Read or Write Operation so the Head Selected at this Time
is not Important.

QH341

Check for Unequal
Address Compare On
Last Operation

QH311

Decode the Module
Number in NPL Form

the Unequal
Address Compare
Bit On

DIRECT

a Direct
or Return to Home
Seek

QH311

Setup to do a Restore
Command

Reset Indicator for
Unequal Address Compare

Send Out Module

Number (Address) | Should not be Busy

QH341

Send Out Module
Number (Address)

QH351

Setup Seek Command
(07)

YES

Reset Select Cut and QH3et
A
ddress Out Send Seek Command
QH361

Restore Seek

was Sety,
P 1s Unit Status 00

NO

Restore A,B, and |
Stars

QH361
Unit
Check or Unit

Exception
On

To I-Cycles

Do Next Routine Do o Sense Command

Device

was Sefup

! at this Time
|
QH. QH351
Reset Select Out and Setup Restore
Address Out Command (13)
QH361 QH351
Send Restore
Command
Restore Seek
NO QH541
Restore A,B, and |
Stars
QH541

To I-Cycles

CLF 126

QH361 Unit End is Not Up,

End or Control
Unit End On

Restore Seek

QH371

Setup to do Cylinder
Decode

QH311, 321

Decode Cylinder Value

Develop New Cyfinder
Value to Send to the
Control Unit

QH371

Send Bin, Cylinder,
and Head Values to
the Control Unit.

Bin is Always 0000
Cylinder is  00XX
Head is 000X

] QH381

Check Status of Unit.
If Unit Check is On
or Device End/Control

Restorethe B and |
Stars and Come to a

Halt. Otherwise,
Return to 1-Cycles

Do Next Routine

QH541

QH361

Restore A,B, and |
Stars

To I-Cycles

1400 File - Seek Objective



Instruction: M/L % FéBBB R/W
M/L % F@BBB R/W

v Chart 115

QGO11,QH301

Store 1-Star in CPU
Storage. Set the Latch
(H5) to Prevent Interrupt

| aqwsor

Test Unit Number
Character to See if
this Operation is a Seek

the Read Back
Check Interlock

NO

QH301
Set Up the Op Register
to Indicate a Move or
Load Read or Write.

QH541
Op Register-
To General Stop 0000 0000 Write Load
0001 0000 Read Load

0010 0000 Write Move
0011 0000 Read Move

QE641

QH301

Set Cylinder High-Order
Byte to 00

Chart 155

Record Number is

QHast

Set for Sense Command

QGO3t

Chart 136

Retry Command

: First Character is

| Normally a * or a

i Numeric Character, but
! Some Programmers

| Use an Alphabetic

1 Character to Recognize
| Other Conditions,

| Therefore, if the B-Zone
| 8it is On, the Character
: is Considered to be a*,
|
1

2311 Cylinder 0 is
Reserved for IPL
Information. So All
Decoded Cylinder Values
are Increased by 1

| —————e—

! Increased by 1 because
12311 Record O is o
! Special Record

.

The Disk Control Field is Located | | [ amn
in Main Storage Location Add~ ==
ressed by the BBB Address of the Readout the First
Instruction., Character of the Disk
Control Field
Disk Control Field
/N Eloz D3 D4 D D6|S] Sy 83 r
Sector Addres: ———
| Sector Conrrols-——l NO First Character
Access Control Have the B-Zone
Bit On
Note: D] is Always 0 in
Compatibility YES QH311
Read Out Third Character
(Dy) of the DCF
I QH311
_——
1400 NPL Decode the Character
*/N D, Module Modulel Reodout to Determine
[ 0 0 : the Module to be
2 2-3 2 Ty Selected
4 45 4 2
6 67 6 3 | QH31
|8 8% & 4 ! Read Out the NPL File
Unit Address Byte for
the Module Selected
and Store the NPL
Module Number in MPX
Working Storage (File
- Unit Address for Initial
The Low 4 Bits of the | H Selection
Operation Code are Set | |
from the Numeric Portion | L QH3M
of the Unit Number : Set Up Operation Code
():(i;(c;:c;(crer. | in Op Register
| 0000 XXXX Write Load
0110 Sector Op Address | 0001 XXXX Read Load
1100 Record Op Address .
P 0070 XXXX Write Move
0011 XXXX Read Move
QH311
Read Out Third Character
(D7) of the Disk Control
7 Field. Decode for
Develop the NPL Disk | | Correct 1400 Module
Control Field (Sector | | | Number and Store in
Address) from the 1400 | | MPX Working Storage
Disk Control Field | | (File Unit Number in
(Sector Address). This is | 1400 Format).
Accomplished by Doing ! |
Table Lookups. The ! |
Results can be : L QH3
Determined by Dividing -
2 as Follows. |
Example 1400 DCF | QH311,321 _
o Add 1 to Developed
/NCST976xxx | Cylinder Number and
Divide by 2 : Store in MPX Storage
NPL I‘{\odule I l QH32)
Cylinder
Head Develop the NPL
! Format for Head and
2598 «—Decimal ! Store in MPX Storage
2)5197 :
4 | QH321
n : Develop the NPL
10 | Format for Record and
19 | Add 1 to Value. Store
18 | in MPX Storage.
17 i
1 i
T+—Part of Record
To Determine Record : r ans4
Wanted, Take Dg and | Read Out the Module
the Remainder; If the ] Number for Initial
Remainder is 0 Add 1 1 Selection
to Dg, if 1 Add B to |
Dg. In this Example | b
the Record would be |
11 (17 Decimal). 1
1400 Used Records 0-19 | Set H5 to Prevent
and NPL Uses 1-14 | Interrupts
{(1-20 Decimal) 1
Operational In Up
Set Bus-Out Control ,
Address Out, and
Command Start
QH34!
YES

Operational In Up

QH341

Reset Select Out

Ad
Out Mat

Status In Up

QH341,361

Reset Address Out, Set
the File Branch Byte to
50 (Busy and Any

Disk Condition)

N

QH541

Restore A,B, and I-
Starts

QHO31

Chart 128

CLF 127

Address In Up !
YES

Reset Suppress Out
and Address Out

In

[e]
re B and [-

Restol
Stars
To General Stop

QH341

QH341

idress

YES
ches Address

QH541

QH541

QE641

Chart 155

1400 File - R/W With Addresses

QH351

Set Up Head Seek
Command 18

QH36 1

Test Bit 1. If On By-
pass the Module
Protect Routine

YES

Module Protect

Store Command in
MPX Storage

Set Bus-Out Control ,
Commond Out, and
Command Start

QH361

Status in Up

Y
QH361

ES
Set Servcie Out and
Command Start

QH361

QH371

Setup to do a Head
Seek Address Transfer

QH371
Set a Counter to 02

QH371

YES

QH371
Set Up Bin Value to 00
Subtract 1 from Counter
QH371
Set Bus Out Control,

Service Out, and
Command Stort

Check or Unit Exception

YES

Control Unit End Up

QH361

Set File Branch Byte
to 50 (Busy and Any

Disk Condition). QH371
Is Counter 00 NO
Restore A,B, and I-Stars
QH371

Set the Counter to 04

Chart 128

| QH371

Read Out Character From - |
MPX Storage, Subtract |
A 1 from the Counter |

Status In Up

YES

NO qman

Bit On

Readout Selected File
Number in NPL Format
and by Table Lookup
Determine its 1400
Number

[ ana

Readout Selected File
1400 Byte from MPX
Storage .

Compare the Two
Numbers.

Numbers are the Same

QH421

Set Suppress Out

Track or Sector Op

Set Up Stop Code

QH541

Set Service Out and
Restore B and |-Stars

QH541

To General Stop

QE641

SECTOR

TRACK

Set a Indicator to
Remember this is o

Track Operation Chart 155
I QHA421
|

Change Op Register to 10p Register

0000 0010 Write Load 18it 221 Move

0001 0010 Read Load IBit 3=1 Read

0010 0070 Write Move IBit 6=1 Address Operation
0011 0010 Read Move S —

QH422

Chart 128

Read Out 1 Byte Each
Time through the Loop.
Readout CCHH

QH541

Restore B and I-Stars

Early Status: Should QH541
Not be Here Now
Is Counter 00 To General Stop
QE641
NO
Set Bus Out Control ,
Service Out, and
Command Start Chart 155
J QH371
Set Bus Out Control,
Service Out, and
Command Start
QH381
NO YES
Status tn Up
QH381 QH381
NO . YES
Service In Up Service In Up
YES NO QH381
Should Not be Here
Now YES Device NO
End or Channel
QH381 £nd Up
YES
Unit Check Bit On
QH541
Set Service Out and
NO QH421 Command Start
Store the File Operation

(Op Register) Code in
MPX Storage

WRITE Read or Write

Operation

READ

Set Read Back Check
intertock (Bit 6) On in
File Branch Byte and
Save the Ist NoX Be-
fore Seek (Bit 7).

Set Read Back Check
Interlock (Bit 6) On in
File Branch Byte

QH42!

Read Out the Module
Protect~Disable Byte

Restore B and I-Stars

QH541

To General Stop

QE641

Chart 155



Chart 127

SEARCH ID
ON ALT. TRACK

Chart 134 [ T Send CCHHR to do a
| ! Search to Find Record
|

QH371

Set Service Qut and I |
Bit O of the Module Command Start Subtract 1 from the
Protect - Disable Byte. | Counter QH371
This Bit is Normally 0;
It can Only be Set by | Set Data Field Length r——
Manual Operation. | in MPX Storage Service In Up
the Bit is Set to 1, the | Sector Mode . QH341 Early S
First Search (Address 0064 (0100 Decimal) | oor g '°":‘; Add
Search) is bypassed | Track Mode YES | '; earc T’A ress
and Only the Record | O0BA4 (2980 Decimal) QH541 (Ixant;: :::ud B:fcl;reess'he
. N
RO Search is Done Restore B and I-Stars Chart 136 | Eiis ok Poim 5 Pasee
| | ed the Second Time,
| Readout Module Protect~ QH54) ' the Control .U"‘“ will
Disable Byte Setup an Unit Check
To General Stop, | and Issue Early Status,
Also, If the Cylinder
QE641 l Is Flagged as a Bad
Cylinder the Control
T YES [ Unit will set Unit
| Check On and Issue
Set Record Value to 00 Chart 155 Early Status
for this Search NO QH521 Is Counter 00 L=
QH422 Make Sure Bit 7 of the QH371
a{\?‘f.s‘ge Op Register Op Register is 0 Set Bus-Out Controt, Set Bus-Out Control,
A Service Out, and Service Out, and
I QH422 Command Stert Command Start
Setup the Address of ——J
the Selected File Unit
Cylinder Location Byte. QH381
This Byte will Contain ]
Chart 135 the Seek Cylinder Value Set Suppress Control Status In Up
SEARCH 1D QR4 Latch QH38)
AFTER ALT. TRACK
Set the Seek Cylinder
FP Value into the Cylinder Set Service Out and ves
Byte for this Search Command Start Service In Up
Y
QH341 Device YES
Readout the NPL Module End or Channel
Number for Selected File End Up
QH541
Set Service Out and
Command Start Unit Check Bit On
Set H5 to Prevent
Interrupts - T_‘—_
Set Service Qut and S b Eavel | Test Bit 1 (Status
Restore B ond I-Stars Command Start earch tqua Modifier) of the Status
Byte. Bit 1 isa 1 when
QH541 QH391 | Search was Equal. The
Operational In Up Setup to do a Sense | Search will Continue
To General Stop Command |t Hunt for Equal
Readout Module Protect Address Until the Second
Q34 QE641 QH341 Disable Byte and Test Time the Index Point of
Bit 0 (Compare Disable) | the File Unit is Passed.
Set Bus-Out Control, QH391 -
Address Out, and Chart 155 Chart 136 . -
Command Start o Ze: C])p(geg)ls'er Bit
o n
QH391
QH341 ————
1 Search Completed b
YES If Bit is On, the Search | Search On Address (ID)

| and Search On Record
YES | RO are Both Completed,
U —

Just Performed was for
Record 0. If Bii is Off,
The Search was for
Equal Address (ID). So
a Search for Record 0 is
Required, Record O is
Used as a Time Sync
for the File Unit and
the Control Unit

Operationo! In Up

QH341

Compare Disable On

Reset Address Out QH391

Set Suppress Control
Latch

N
NO °

QH391

Set Service Qut and
Command Start

Read or Write

Status in Up Set Service Qut and

Command Start

YES QH341

Short Busy: Should
Not be Here Now

Address In Up

YES QH341 WRITE

Read Suppress Out

QH341

Address
Out Matches Address

NO

Chart 131 Chart 129

QH541 In
Restore B and {-Star
QHs41 Setup to do a Search. Chart 127
To General Stor Command 31. Set
P a Counter to 05
QE641 QH36)
Store Command in \
MPX Storage I acos] =T
N Test Bit 5 of PMS Byte i Bit 5 of Byte 9F CPU
Chart 155 QH361 in CPU Storage I Allows I/O Traps
L

Set Bus-Qut Control,
Command Qut, and
Command Start

Allow 1/O Traps

QH361

Status In Up

YES QH361
Set Service Out and
Command Start
| Should Not be Here Now QH36! QEOCT
To Interrupt Decode To I-Cycles

Chart 102

Unit
Check or Unit

Exception Bit

‘Chart 155

QH361

Set Up to Do a Sense
Command

End or Control
Unit End Up

Chart 136

Set File Branch Byte
to 50 (Busy and Any
Disk Condition)

QH361

Restore A,B, and |-
Stars

CLF 128 1400 File - R/W With Addresses - Sheet 2




———e————— - -
Address Field is 6 Digits -I
Long. First Digitisa 0. |
Develop the Address to be |
Written on the Disk |
Developed and Store
in the Same Locations
in MPX Storage the

Readout Second Character|
of the Address

Charts 128, 130

QH311

QH311

1
|
|
I

Control Field was ]
|
|

Disk Control Field was

Stored

S

in 1400 Format File
Unit Number Byte

tore Module Number

l QH311,321

Cylinder Number is
Increased by 1
because Cylinder 0 is
Not Used in Compaﬁbility‘

a

Develop Cylinder
Number in NPL Format

Store in MPX Storage

nd Add 1 to Number,

QH321

Dy

Number in NPL Format
and Store the Number
in MPX Storage

evelop the Head

Record Number is
Increased by 1 because

| onsm

Record RO is a Special
Record of its Own On
a 2311

N

St

Develop the Record

and Add T to Number

umber in NPL Format

ore in MPX Storage

QH341

Y

Readout File Unit
Number (NPL Format)
from MPX Storage

Operational In Up

1

{
OH341
Set Up H5 o Prevent
Interrupts

Set Bus-Out Control ,
Address Out, and
Command Start

NO

Short Busy: Should
Not be Here

QH34]

YES
Operational In Up

Reset Address Qut

Restore B and 1 Stars

Address In Up

YES

QH341

Qut Equals Address
In

QH

Setup Counter to
0064 (100 Decimal)

QH341

Reset Suppress Out

Move or Load

QH441

Readout the Sector

Main Storage and
Decimally Subtract

Remove Zones and

Control Digits of the
Disk Control Field in

from the Number. Also
Wordmarks from the

Numbers before Writing
Digits into Main Storage

Readout the Sector
Control Digits of the
Disk Control Field in
Main Storage and
] Decimally Subtract 1
from the Number. Also
Remove Zones, but
Leave Any Wordmarks
Found with the Numbers
before Writing Digits
into Main Storage

QH441

Is Sector Count 000

QH441

[

4and 7 to 1

Set Op Register Bit

il

4101

Set Op Register Bit

]

MOVE

SECTOR

Sector or Track

Move or Load

LOAD

Sector or Track

SECTOR

QH451

Setup Counter to
005A (90 Decimal)

QH451

(

Setup Counter to
0BA4 (2980 Deci

mal) l

Setup Counter to
0A7A (2682 Decimal)

)t

Y

QHA471

Readout Data Character
from Main Storage.
Subtract 1 from the
Counter

Is Character
a GMWM

Setup a Blank (40)

Indicator to Signal

Character and Set on

Wrong Lengih Record

Move or Load

Set the Wordmark Bit
1o 1 (No Wordmark)

351

To General Stop

Set a Counter to 08

Chort 15

YES
QH361

Set Up for a Sense
Command

QE641

Setup Command | D-
Write with Address

I
5

QH36!

Store Command in
MPX Storage

QH361

Set Bus Out Control,
Command Out, and
Command Start

QH471

Status In Up

Set Bus-Out Control,
Service Qut, and
Command Start

YES

Restore B and I-Stars

QH471

To Sense Command

QH341

QH541

Set to do Sense Command
Set Service Out and
Command Start

QH541

To General Stop

QH471

Is Counter 0000

Chart 130

QH361
NO
Status In Up
YES QH36!
Scev Se”‘;z Of” and Send fo the Confrol |
ommand Start Unit CCHHRKDD ,
QH361 '
NO YES :
QH361 T |
U EE——
Unit Check Subtract 1 from the
: . Counter
or Unit Exception

On

NO QH361

Device
End or Control Unit
End Up

NO QH361

Chart 136 S

to 50 (Busy and
Any Disk Condition)

et File Branch Byte NO

YES
Chart 130

QH371
Set Bus-Out Control,

QH371

NO
YES
1s Counter 00
NO

QH371

Service Out, and
Command Start

QH441

Set Bus Out Control,
Service Out, and
Command Start

l
tn Sector Op This Numboer Will |
Be 001 to 020 (Decimal}. In |
Track Op This Number Will Be |
001. !

CLF 129

*D) D2 D3 D4 D5 D6 515253 |
Sector Count !

Setup to Subtract 1
from Sector Count

(ERROR CONDITION)
QH371

b

YES QH54
Restore B and 1 Stars
QH541
To General Stop
QE641

Chart 155

L |

1400 File - Write With Addresses Data Loop

YES

To Sense Command
(Early Status)

NO

QH471 Chart 155

QE641

YES

Chart 135
NO

Unit Check Bit On

Set File Branch Byte
Bit 2 (Wrong Length
Record) On

Alternate Track

QH531

Any
Error Bits On
in the File Branch
Byte

Set Bit 3 (Any Disk
Condition) and Reset
Bit 6 (Read Back Check}
of the File Branch Byte

! H

Chart 136

QH541

@

Chart 130

{Early Status Data Transfer}|

|
|
i
|
1
I
|
|

QH341

Chart 136



7tol

Chart 129 a

QH471

YES Is Record Wrong NO
QHa71 Leneth QH47T
MOVE MOVE LOAD
Move or Load Move or Load
QH501
Set Op Register Bit LOAD
QH501
QHS0T Readout Next Character o1
Set File Branch Byte Bit from Main Storage YES QHS
2 (Wrong Length Record) QH501 Set Command Qut and
Command Start
& Set Op Register Bit
7tol
QH501

NO

NO Is Sector

Count 000

Is Character

a GMWM

Is Sector

Count 000

QH501 QH501
Set Op Register Bit Set File Branch Byte Bit YES
7to 0 2 (Wrong Length Record)
QH381
NO YES
Status In Up
QH381 QH381
NO NO
QH38!
YES Device YES
YES QH38! STeaT End or Channel
Set Command Out and : End Up
Command Start " Restore B-and 1-Stars
NO QH541
QH381 QH541 Set Service Qut and
Command Start
Move Load or M To General Stop
oad or Move Qu3on

Load

)
Wrong Length Record !
for Write Operation |

Chart 135

Chart 129

QE64]

Chart 155

QH391

Send Service Out and
Set Command Start

Using
Alternate Track

Any
Error Bits
On in File Branch
Byte

YES

QHS531

Set Bit 3 (Any Disk
Condition) and Reset

Bit 6 (Read Back Check)
of the File Branch Byte

Record Number 16 or

Track
Track or Sector Mode

QH531

Set Bit 0 (No Address
Compare) and Bit 3
(Any Disk Condition}
of the File Branch
Byte (98 - LS)

NO YES

Unit Check Bit On

QH391

YES Is Sector

Count 000

Setup to a Sense
Command Start

QH391

Set Up 1o a Sense
Command

N

QH391

e}
Set Suppress Control
Latch

QH391

Set Service Out and
Command Start

QH391

Chart 136

Setup to Readout
Next Sector Address
from Main Storage

’ QH311

Chart 129

CLF 130

QH541

Restore A,8, and |

Stars
QG031

Test Bit 5 of PMS
Byte in CPU Storage

|

Bit 5 of Byte 9F CPU
Allows 1/O Trep if On

Allow 1/O Traps

Reset H5 and Command

Start to Allow 1/O Traps

QG031

To 1-Cycles

To Interrupt Decode

Chart 155

Chart 102

1400 File - Write With Addresses Data Loop - Sheet 2



Chart 128, 132

QH341

Readout File Unit
Number (NPL Format)
from MPX Storage

Set H5 to Prevent
Interrupt

Operational In Up

QH341

Maintain Wordmark if

Remove Zone Bits, but

a Wordmark is in Storage

Load or Move Op

Remove Zone Bits

and Wordmarks

QH341

Set Bus Out Control,
Address Out, and
Command Start.

YES
Short Busy: Should
Not be Here Now

QEb41

Chart 155

Set Up for Sense Command

YES

Chart 136

Operational in Up

QH541

Restore B and I~Stars

QHS541

To General Stop

Check or Unit
Exception Bit

Device
End or Control
Unit End Up

QH341

YES

Reset Address Out

| QH4II

Store the Record Byte into
Main Storage in 1400~
1311 Format.

I QH4II
Read Out the Head Value
Just Read in from the

Control Unit Out of
MPX Storage

Record
Value Over 10

YES NO

Double the Head Value
Plys 1 For Record Value
of 10 (Decimal)

Address In Up

YES

Reset Suppress Out

QOut Matches Address

1

QH411

Read Out Main Storage
Location to Hold Head
Value

Load or Move

Remove

YES
Set a Counter to 08

Maintain Wordmark if a
Wordmark is in Storage

Remove Zone Bits
ond Wordmarks

Zone Bits, but

QH351
Setup Command - 1E
Read with Address
OH3¢1
Store Command in
MPX Storage
QH361

Set Bus-Out Control
Command Out, and
Command Start

QH3é1

Status In Up

QH411

Double the Head Value

QH412

Read Out Main Storage
Location to Hold the
Module Digit.

QH412

MOVE LOAD

Load or Move

QH412

QH412

Remove Zone Bits, but

Remove Zone Bits
Maintain Wordmark if a

and Wordmarks

Wordmark is in Storage

l I QH412

Store Module Value
into Main Storage in
1400-1311 Format

Readout the N
Position of M

t
Storage

MOVE LOAD

Move or Load

QH412 QH412
Insure 6th Byte Is Stored Insure 6th Byte Is Stored
as FO as BO

QH412

Store Digit into Main
Storage

QH412

Set Up Address of

Main Sterage Where the
First Data Character is
to be Stored.

[ oHa

| | oHan

Store the Head Value
into Main Storage in
1400-1311 Format.

| OH411

Double Cylinder Units
Volue, Add 1if Carry
Occurred when Head
Value was Computed.

QH4Tt

Read Out Main Storage
Location to Hold
Cylinder Units Digit

On

QH371

Status In Up

QH3é1

Set File Branch Byte
to 50 (Busy and Any Disk
Condition).

NO

Service In Up

Chart 132

Change from 2311 to

1311 Format,

Example:

Read In from the Control
Unit 003C00081 Ixxxxxx .
Change this Numbe: to
1400-1311 DCF Format.
To do this Change the
Cylinder Hexadecimal!
Value to Two Decimal
Digit Values (59). Change
the Record Hexadecimal
Number to a decimal
Number by Subtracting

10 from Record Number.
Store Record Number in
Main Storage then Double
the Head and Cylinder
Values and Store in

Main Storage. Readout
and Double the 1400

File Number. The Number
Stored in Main Storage
for this Example is
X31976 where X is

the number that was
already there. Also the
Zone Bits Vary for o
Move or Load Op

CLF 131

Is Counter 00

Set Up to Subtract 1
from Sector Count.

* D1 D2 D3 D4 D5 Dg
S1828

Sector Count

In Sector Op this Number
is 001 to 020 (Decimal).

In Track Op this Number
is 001.

r--
b
1
1
i
|
l
|
I
1
1
1

Chart 132

e — |

To Sense Command |
(Early Status). |
YES (ERROR CONDITION)

QH371

|
|
I
|
|
|
1

YE

S
Restore B and | Stars

QH541

To General Stop

QE64]

Chart 136

Set Service Out and
Command Start

Command Start

Read Out the Cylinder
Value Just Read in from
the Control Unit Out of
MPX Storage

| QH401

Set Service Out and

Chart 155

YES QH361
Set Service Out and Load or Move LOAD
—_——
Command Start Recd in the CCHHRKDD !
from the Control Unit and | QH411 QH441
QH361 Store in MPX Storage !
orag ' Remove Zone Bits, but Remove Zone Bits and
—_: Maintain Wordmark if o Wordmerks
Is Status 00 | Wordmark is in Storage .
QH3IN
-J I
Subtract 1 from
the Counter l QH4T1

Double Cylinder Tens
Value. Add 1 if Carry
Occurred when Cylinder
Units Digit was Computed

[ QH411

Readout Main Storage
Location to Hold Cylin-
der Tens Digit.

MOVE

Load or Move
QH411

Remove Zone Bits, but
Maintain Wordmark if a
Wordmark is in Storage

LCAD QH411

Remove Zone Bits and
Wordmarks

| _Qnatt

Store Cylinder Tens
Digit into Main Storage
in 1401-1311 Format

I QH411

Read Out the Module
Value (File Unit Number)
in 1400 - 1311 Format
from MPX Storage

Cylinder Value and

Subtract 1 from the 4[
I
|
Store in MPX Storage |
1

-
1 This Value was for 2311

I and Must be Decreased
by 1 for 1311 Format
L

| ana

Convert the Cylinder
Number into Two Decima!
Bytes, Units and Tens,
Check for Cylinder
Overflow and Set an
Indicator Bit if an
Overflow Exist.

QH401

Readout the Record
Value Just Read In from
the Control Unit Out
of MPX Storage

| QH401

Subtract 1 from the
Record Value and Store
in MPX Storage. Set

an Indicator Bit if
Record Value is Over 10
(Decimal).

| OH41

Readout Main Storage
Location to Hold Record
Number.

——

1 This Value was for 2311
: and Must be Decreased
1

by 1 for 1311 Format
-

1400 File - Read With Addresses Data Loop

I QH412

Add 1 to the Module
Value if a Carry Occur-
red when Cylinder Tens
Value was Computed.

Cylinder YES

Overflow Cccurred

QH412

Add 2 to the Module
Value



Chart 131

To Sense Command

MOVE (Early Status Data Transfer)|

Move or Load

QH441 QH441 |
Read Out the Secotr Ctrl Read Out the Sector Cirl Setup to do a Sense |
Digits of the Instruction Digits of the Instruction Comfmnd ose, Service
D’S!‘ Control Field in Disk Control Field in Out and éommund |
MG'{" Storage and Main Storage and Start |
Decimally Subtract 1 from Decimally Subtract 1 from
the Number. Also Remove the Number. Also Remove |
Zones and Wordmarks Zones, but Leave any QH541
;r°;" ’h\jv N‘{mbefo ) Wordmarks Found with Set Character on Bus-In !
efore Writing Digits the Numbers Before into a Hardware Register
’ " . To General St ; ; |
into Main Storage Writing Digits into Set Service Out and © Teneral >tep Unit Check Bit On
Main Storage. Command Start QEb41
& 471
QH Set File Branch Byte Chart 136
Chart 155 Bit 2 (Wrong Length
Load or Move Record) On
15 Sector Count 000 QH471
Storage QH531
4
QH441 QH44i NO Character has a
I Set Op Register Bit 4 Set Op Register Bit 4 J QH471 Wordmark Usi YES
and 7 to 1 fo 1 nno
Insure Character to Alternate Track
_ J Enter Storage Does Not QH471
have a Wordmark
Insure Character to

Enter Storage has a
Wordmark

Chart 135
NO

Move or Load Error Bits On in

J the File Branch
Byte
SE.CTOR Sector or Track Sector or Track SECTOR Store Character in QH471 YES QH531
Main Storage LOAD Set Bit 3 (Any Disk
et Bit ny Dis
QH451 QH451 Load or Move Condition) and Reset
Set Up Counter to Set Up Counter to 0052, Bit 6 (Read Back Check)
0064 (100 Decimal) (90 Decimal) S of the File Branch Byte
QH4s! Is Counter 0000
Set Up Counter to Set Up Counter to QHS31
0BA4 (2980 Decimal) 0A7A (2682 Decimal) Service in Up Record Number 18
l 1 or Greater
| | | qHen
Read Out Cheracter From Send Command Qut
Main Storage. Subiract 1 and Command Star# Track or Sector )
Prevent any More Storing from the Counter ode TRACK
I of Read-In Data (WLR)
|
| YES Is Character NO
| a GMWM Chart 131 .
| QH471 Set Bit 0 (No Address
L— _— Last Character in Has g?rl:xpare) ‘-’r',d Bit 3 (Any
Store GMWM in Same Move - No Wordmark road isk Condition) of File
Location it was Read Load - Wordmark I o o Branch Byte (98 - LS)
from. Do Not Change ode
the B-Star Setting.

Set an Indicator Bit for Restore A,B, and i-Stars

Validity Ercor

QG031

Test Bit 5 of PMS Byte
in CPU Storage
Allow 1/O Traps

Reset H5 and Command
Start to Allow I/O Traps

Is Counter 0000

Set Op Register Bit 7
1o 1.

Service In Up

Character
from Storage is o

GMWM

Set Character On Bus~in MOVE
into a Hardware Register.
Set Service Out and

Move or Load

NO

Sector Count is 00 Sector Count is 00

Command Start
LOAD QHS501 QH501
J Set Service Qut and Set Op Register Bit 7
Command Start to 0 [
QHS501 :

Interrupt Exi:
| Continue In this Loop - Set File Branch Byte upt Exist
I Until Counter is 0000 QH501 Bit 2 (Wrong Length

Record) On
Service In Up N To Interrupt Decode
“TQHs01
QHS501
Set Command Out and YES - § v
Command Start ;/:s’ ‘Cd)':z:lr;zr
Chart 155
Qii501 QE001
™ Set File Branch Byte NO To I-Cycle
Character In has Bit 4 (Disk Error) On rees
a Wordmark QHS501
QH381

LOAD MOVE LOAD MOVE
Load or Move Load or Move h
Status In Up Chart 102
QH501 QH3501 QHso:

Set Op Register Bit 7 Set Op Register Bit 7 I Set Op Register Bit 7

t5 1. Set Indicator Bit to 1 to 1. Set Indicator Bit Service In Up

for Validity Error for Validty Ercar 1

» YES Device

End or Channe!
End Up

Set Command Out and
Command Start

QH541

Restore B and I-Stars

To General Stop

Chart 155

NO QH541

Set Service Out and
Command Start

MOVE Load or Move

Mode

QH501

Set Op Register Bit 7
to 1

Wrong Length Record |
Trying to Read a Full |

Track in Sector Mode

QH39!

Unit Check Bit On

QH391

Set Service Out and
Command Start

QH391

Setup to do a Sense
Command

Sector Count is 00

Set Suppress Control
Latch

Set Service Qut and
Command Start

Chart 136

Setup to Read In
Next Sector Address
from Control Unit

©

Chart 131

CLF 132 1400 File - Read With Addresses Data Loop - Sheet 2



Chart 136

QH341
Read Out Selected File l QH371 .
Unit Number Byte Subtract 1 from the This Loop Brings in

QH341 Counter

Set H5 to Prevent
Interrupts

Operational In Up

the CCHH Valve from
Record RO, These Values
are Used to Seek to

an Alternate Track

QH371

Readout Position of
CPU Storage

QH371

Status In U
QH341 otus In Ep
Set Bus Out Control,
Address Out, and
Command Start

Restore B and I-Stars

QH34)

QHS41

To General Stop

NO

Early Status: Should
Not be Here Now

YES

Operational In Up

Is the Counter GO

Reset Address Qut

N Chart 155

YES

Short Busy: Should
Not be Here Now

Set Service Out and
Command Start

Set New Value into
CPU Storage

Address In Up

Set New Value into
CPU Storage

QH381
YES QH341

Reset Suppress Out

QH341

Status In Up

NO
In Matches Address
Out
A
Restore B and |-Stars QH351 Restore B and [-Star
Set Counter to 04 QHS541
H381
To General Stop To General Stop Q
Device
QE641 Setup Command NO
16 (Read RO) QEb4} £nd or Channel End
HB Up
QH361
Chart 155 Store Command in Chart 155 QH541 YES
MPX Storage Set Service Out and
QH361 Command Start
Set Bus-Out Control, QH391
Command Out, and
Command Start NO
Unit Check Bit On
QH361 QH391 QH3%}
4 Set Up to do a Foul! Set Service Out and
Seek Command Start
Status In Up Chary ]34 QHa4l

Set Service Out and
Command Start

Setup to do a Sense

Command

YES QH361
.
Command Start QHaal
g Vo eumben 0
Chart 136
QH341

YES

'————_Operational In Up

Check or Unit
Exception Bit

On QH361

Dev'ce End Up

Set Bus-Out Control,
Address Out, and
Command Start

QH361

- Set Op Register Bit
Restore A,8, and 1-Stors $100 QH34"

|

1

k Operation In Up
| Should Not be Here

: Now. Read RO will

|

Not be Done if Here

Reset Address Out

Address In Up

Address
In Matches Address

NO

Restore B and I-Stars

Set a Counter to 02.
Setup Command 07

To Gereral Stop (Full Seek) and the
Address of CPU Storage
Location where CCHH
of Record RO was Stored

QH361

Chart 155
Store Command in
MPX Storage

QH361

Set Bus-Out Control,
Command Out, and
Command Start

QH361

Status In Up

YES QH361

Set Service Out and
Command Start

Chart 134

CLF 133 1400 File - Alternate Track Seek



Chart 133

| Status Should be 00 On

I First Pass

i

J | Device End is Down Until
NO l Seek is Finished

Check or Unit
Exception Bit
On

Send Bin-Bin (0000) to !
the Control Unit !
I

[
LVES

QH37!

YES

Is Status 00

QH361

Set H5 to Prevent
Interrupts

Setup a Byte to 00.
Subtract 1 from Counter

YES

Device End Up

Set Bus Out Control and
Service Out

Chart 136
QH371

Is Counter 00

YES QH371

Chart 133

QH361
Set Op Register Bit : Seek Completed. Setup
1

4100 to do Search

This Loop Sends CCHH
for the Alternate Track
to the Control Unit.

Set Counter to 04 QH341

Readout Selected File

Unit Number

l
|
J S

QH371

Subtract 1 from
Counter

QH341

Operational In Up

Readout Position of the
CPU Storage

QH341

Set Bus-Out Control,
Address Cut, and
Command Start

Status In Up

QH341

Operational In Up

Restore B and  Stars Status In Up

Reset Address Gut

To General Stop

Shert Busy: Should

-
|
|
Chart 136 |
| be H Nao
Is Counter 00 | < il
1 Address In Up
QH371 1
I
Set B.‘-‘S’OU' Control, Set Bus-Out Control, | Chart 155
Service Out, and Service Qut, and I YES
Command Start Command Start ! Early Status: To Sense
I | Command ) Reset Suppress Gut
QH381

YES

Status In Up

Out Maiches Addiess

| ona

Set a Counter to 02,
Setup Search Commanz
{3N.

Restore B and |-Siars
to Genercl Stop

QH381

Store Commend in

End or Channel End MPX Storage

Shauld Not be Here Now

s p
Chert 155 Se Eus=Ou Convro
Commana Cut,

Secking to Alicrncie | Comaand Sicrt

Trock. Device is Busy |

Set Service Out and
Command Start

Restore B and | Stars

QH54] Q381 i

To General Stop YES . NO |
Unit Checl: Bit On I

QE64! QH341 !

QH33!

Set Service Curand
Command Siart

Se* Service Out and
Command Start

hart 155
Chart QH341

Restore B ond I-
Stars

Chart 133

To General Stop YES
T Is Staius 00
To Search ID foi | i QH371
Alternate Track '
Chart 128

Chert 125

Check or Unit
Exception Bit

On

YES

Restore A,B, and I-
Stars

Device End Up

YES OHzE

Set Op Register Bit
4100

Test Bit 3 of PMS Byte
in CPU Storage

YES
Allow 1/O Traps

QG031

Reset H5 and Command
Start to Allow /O Traps

QEO0!

To 1-Cycles

QE00]

To Interrupt Decode

Chart 155 Chart 102

CLF 134 1400 File = Alternate Track Seek = Sheet 2



Charts 129, 130, 132

QH531

p to Seek to the
nal Cylinder

Set U
Ori

QHI71

QH422

Set Up the Address of the
Selected File Unit
Cylinder Location Byte.

Set Bus Out Control,
Service Out, and
Command Start

This Byte Contains the

1

Original Seek Cylinder
Value

|

Set the Seek Cylinder
Value into the Cylinder
Byte for this Seek

Read Out the NPL Module
Number for Selected File

Should Not be Here

QH341
Set H5 to Prevent
Interrupts

Operational In Up

Set Bus-Qut Control,
Address Out, and
Command Start

\Operotiona| in Up

Reset Address Out

Address In Up

Short Busy: Should

Not be Here Now QH341

Reset Suppress Out

Address Out
Matches
Address In

Restore B~ ond 1-Stars

QH541

QH35
Set a Counter to 02,
Setup Full Seek
Command (07)
QEs4) |

Set Up Address for MPX
Storage Readout of
Original CCHH

To General Stop

QH35!

Chart 155

QH36!

Store Commang in
MPX Storage
QH36!}

Set Bus-Out Control,
Command Qut, and
Command Start

Status Should be 00
for First Time through
the Loop

Set Service Out ond
Command Start

Restore B and [-Stars

To General Stop

QH541

QE641

Service Ip Up

Device End or
Channel End Up

Set Service Out ond
Command Start

Set Service Out and
Command Start.

YES

QH541

QH381

Unit Check Bit On

NO

Read Out the NPL Module]
Number for Selected

Operational In Up

QH341

Set Bus-Out Control,
Address Out and
Command Start

Seeking to Original Track
Device is Busy. |

QH381

Chart 155

Setup Bin Value of 00
Subtract 1 from Counter

Service In Up

YES QH371

QH37}

Set Bus-Qut Control,
Service Qut, and
Command Start

Q
NO

H371

Is Counter 00

YES _QH37)

Set Counter to 04

QH371

Readout Character from
MPX Storage, Subtract
1 from Counter

QH361

Unit Check
or Unit Exception

Set Up Bin Value (00)
Subtract 1 from Counter

Set Bus-Out Control,
Service Out, and
Command Start

QH371

NO

ts Counter Zero

YES QH371

Set Counter to 04

Bit On

Set Up for Sense
Command

Chart 136

[ qHan
Read Out Character from
MPX Storage, Subtract
1 from Counter

l

Status In Up NO

Service End Up

Early Status: Shouid
Not be Here

YES| QH541
Restore B and [-Stars

QH541
To General Stop

YES
Is Counter 00
NO

Set Bus-Qut Control,
Service Qut, and
Command Start

Chart 155

CLF 135

I

1400 File - Return to Original Track

l

a

hart 155

Sector Count is 000

Set Op Register
Bit0to 0

‘Any Error Bits
On in the File
Branch Byte

YES
Short Busy: Should
not be Here Now

QH341

Operational in Up

YES

Set a Counter to 02.
Set Head Seek Command
(18)

QH361

Store Command in
MPX Storage

QH361
Set Bus-Out Control
Command Out and
Command Start

Address In Up

Stotus In Up
e QH36!

Set Service Qut and
Command Stort

QH361

Device End Up

YES QH361

Set Op Register Bit 4
to 0

QH371

YES
Is Counter 00
YES

Set Bus-Out Control ,
Service Out, and
Command Stort

QH3I71

Set Bus-Out Control ,
Service Out, and
Command Start

[

NO

Set Up to Do a Head
Seek

QH361

QH361,422

Cylinder

Storage

Read Out the DCF Seek
Buffer Position in MPX

Value into the Cylinder
Value for this Seek

Value from the

and Set the

QHS531

Set Bit 3 (Any Disk
Condition) and Reset
Bit 6 (RBC Bit) of the
File Branch Byte

QH531

1f Recorder Number Is
Less than 16 and in Sec-
tor Mode, Set Bits O

and 3 of File Branch Byte

Stars

Restore A, B, and [-

QH541

L

YES

QH341

Reset Address Out

YES QH341

Reset Address Out

QH341

Address Out
Matches
Address In

Unit Check or

Unit Exception

Bit On

To General Stop

QH361

Restore B and |-Stars

QH541

QE641

Chart 155

YES

QH361

Set Up for Sense
Commond

Chart 136

Set Op Register Bit 0
to 0

QH381

Set Suppress Control
Latch

QH34)

Test Bit 5 of PMS Byte
in CPU Storage

| Bit 5 - Allow 1/0 Treps

Allow 1/O Traps

NO

Traps

Reset H5 and Command
Start to Allow 1/O

L |

( Should Not be Here

Unit Check Bit On

Set Service Out and
Command Start

Restore B and 1-Stars

Device End or
Channel End Up

NO

QH541

QHS541

QHS541

Chart 155

To I-Cycles

Chart 155

Chart 102



EARLY STATUS
Charts 129, 129, 131, 133

QH341

Set Up to Do Sense
Command

QH341

Set Service Out and
Command Start

QH341

EARLY STATUS
DATA TRANSFER

Unit Check Bit On

Charts 129, 132
Wrong Length Record: YES ’ YES
Should Not be Here

SENSE COMMAND OR
FINAL STATUS

Service In Up

: Bit 5 - Not Ready

QH341

Set Bit 7 of Op Register
to 1 (Indicates the
Sector Count is 00)

Was Bit 5 of File
Branch Byte Set

I
Fl d Track
E___ QH521

Was Sense Byte
0 Bit 46 On

QH521

Set Indicator CS-Register
Bit to Force Correct Exit
(No Compare Sector Op)

QH341
Readout Module Number J

Set H5 to Prevent
Interrupts

Used for Initial Selection

Multiple Entry J

QH341 QH531

Operational In Up YE

S

QH521
Set Op Register Bits
Oond 410 1, Set Op
Register Bit 7 to O

To Alternate Track |
Read RO !

Chart 133

Using Alternate Track

Set Bus-Out Control , NO

Address Out, and
Command Start

QH531

Chart 135
NO

QH341

Any Error Bits “sn
in File Branch Byte

Set Bit 3 (Any Disk
Condition) and Reset
8it 6 (Read Back Check)
of the File Branch Byte

Operational In Up

Reset Address Out

Address In-Up Address Operations
(60r t)

QH531

QH531

YES QH341 Address Compared
Set Bit 0 and 3 of File On Search
Reset Suppress Out Branch Byte if in Sec- QHe0n

tor Mode and Record
Number Is Less than 16
(Dec)

QH341

To Restore Address

Address
Out Matches
Address In

YES

QH541

’7Resrore B- and [-Stars }

[ QH541 |

QH351
Setup Sense Command 04J

nd |-Stars

‘ Restore

QH381

Store Command in
MPX Storage

QH541

1 To General Halt

Restore A, B, and |-Stars

Restore A,B, and |-Stars
QE641 l QH36!
w Set Bus-Out Control ,
Command Out, and | | acoa
Chart 155 Command Start Bit 5 of Byte ot 9F CPU ,r Test Bit 5 of PMS Byte
Allows [/O Traps if On ! in CPU Storage
QH361
NO Status In Up Aflow /O Traps
Reset H5 and Command
YES oiael Start to Allow Traps

Set Service Out and
Command Start

QE00! QEOO!
LTO Interrupt Decode { To |-Cycles
| Read in Sense Bytes QEOO! QEO001
| 0,1,2, and 3 One at ¢
| Time and Decode the v
{ Conditions
> | Chart 155 Chart 102
SENSE BYTE 0 SENSE BYTE 1 Working SENSE BYTE 2 SENSE BYTE 3
on Sense Byte 0,1,
QHSN 2,0r3 QHs11 QHsl
Set Service Out and QHSTI Set Service Out and Set Service Qut and
Command Start Set Service Out and Command Start Command Start
QH511 Command Start QHs1
X Srecene X S
MPX Storage Store Sense Byte 1 in MPX Storage in MPX Storage
in MPX Storage QH511
\ Test Bits 2,4, and 5 : Sense Byte 0 | QHs1 _—%—'—'—— Sense Byte 3 is not |
of Sense Byte 0. If Any | Bit . Test Bits 0,2,4, and é : Sense Byte 1 Test Bit 2 of Sense | Sense Byfe 2 Tested 1
are Set to 1, Setup to | 0-Command Reject of Sense Byte 1. If Set | Bit Byte 2. If Set toa | Bit.
S'et File Btupch Byte | 1-Intervention Required toa 1, Set Up to Set | 0-Data Check in Count Setup to Set File Branch : 0-Unsafe
Bit 4 (Validity). Test | 2-Bus-Out Parity Bit O of the File Branch | 1-Track Overrun-Write Byte Bit 4 (Validity). | 1-Not Tested (Unused)
Bits 0,1, a]nd 7. If any { 3-Not Tested (Duplicate) Byte to 1. If Bit 2 Is Set | 2-End of Cylinder Tevsf Bits 0,3,4, and 7 | 2-Change Tag Line Check
are S.et to 1, Setup to | 4-Dote Check toa 1, Set Up to Set | 3-Not Tested (Duplicate) (Bit 7 Should Always | 3-Check
Set File Branch Byte Bit | 5-Overrun the File Branch Byte Bits | 4-No Record Found Be 0). If Any are Set j 4-2841 All Check
5 (Not Ready). | 6-Track Condition Check 0 and 2 (No Address | 5-Not Tested (Duplicate) to a1, Setup to Set | 5-Not Tested (Unused)
| 7-Seek Check Compare and Wrong | 6-Missing Address Marker File Branch Byte Bit | 6-Nof Tested (Unused)
Length Record). Test Bit | 7-Not Tested (2030 Mode) 5 (Not Ready) | 7-Tested But Not Used
QH511 1.1f Settoa 1, Set Up _— e
. to Set File Branch Byte
Test Bit 6 of Sense . 4
Byte 0, if a1 (on) Bit 5 (Not Ready)
Set o Indicator for
Alternate Track Op

CLF 136 1400 File - Sense Command for Unit Check



LE]l 41D

seA1400]qQ $8s52IPPY YHM M/Y = 314 00FL

DCF 1400 - 1311
*
/NDI D, Dy D4 D5 D()S]S2 53

M
I
!
1
Exomple \
* 051976XXX i
Change to 2311 Format by Doing |
Table Lookup to Select Module 2, {1
Cylinder 59, Head 8, and Record |1
16. This Can Be Determined by | 'L
Dividing Dy D3 D4 D5 By 2and §
Use the Remainder with D for |
the Record. Add 1to the Cyl- |
inder and Record Values for 2311
Format. End Result Is: }
|
i
1
I

1400 2311
Module 4 2
Cylinder 59+ 1  3C
Head 08 08

Record 6+ 1 g——»—-l

General Stop

If Status has en Unit Check
lor Unit Exception, Set Up
for a Sense Command. If
UC or UE Bits are Not On,
Check for Device End or
Control Unit End. If Either
DE or CUE Are On, Retry
the Command; Otherwise
Set the File Branch Byte to
Busy and Any Disk Condit-
ion, then Restore the A,

B, and - Stors and

Return to 1-Cycles

Unit Check
or Unit Exception

On

NO

YLS

Device End or

Control End Up

NO

To [-Cycles

QH301

Store 1-Star, Setup the
Op Register for a Read or
Write, Move or Lood.
0000 0000 - Write Load
0001 0000 - Read Load
0010 0000 - Write Move
0011 0000 - Read Move

[ arsor,3n

Readout the Disk Control
Field and Change From a
1400-1311 Format to &
2311 Fosmat. Change
the Op Register to
Indicate Sector or

Track Mode.

T

Op Register

F 0000 XXXX Write Load
| 0001 XXXX Read Load
1/0010 XXXX Write Move
0011 XXXX Read Move

0110 Sector Mode
1100 Track Mode

QH34]

Send Address Out. If
Status is Received, Set
File Branch Byte for
Busy and Any Disk
Condition. Restore the
A,B, and |-Stars and
Return to I-Cycles.

If Status Isn't Received,
Wait for Operational In
and Address In. Check
for Correct Address. Set
H5 On (Prevent Interrupts)

Address Out
Matches Address

YES QH351

Setup a Head Seek
Command of 18
QH351

Store Command in MPX
Storage and lssue the
Command. Wait for Status
In ond Test for Zero
Status.

YES QH371

Setup to do a Head Seek
Address Transfer. Sent
to the Control Unit
BBCCHH from the MPX
Storage .

EEE

After Last Character is
Transferred Wait for Status
In. Check Status

for Device End or Channel
End; One or the Other
Should Be Received if
Not go to General Stop.
If DE or CE are Up, Check
for Unit Check. If UC
Exist go to General Stop

DF,CF, or Have a Unit

YES

General Stop

NO

I QH421

Store the Operation Code
(Op Register) in MPX
Storage to Remember what
Operation was Done Last.
tf this Operation is Write,
Set the Read Back Check
Interlock Bit On (Bit 6 of
File Branch Byte .

[ anan
Readout Compare and
Module Protect Disable
Byte. Check if Module
Protect is to be Done,
If it is Check Selected
File Number Against a
Fixed Number. If Numbers|
Match Go On, If Not go
to a General Stop

QH421

Module Error
Occurred

YES

General Stop

Setup the Op Register
to Indicate an Address
Operation (Bit 6)
0000 0010 - Write Load
0001 0010 - Read Load
0010 0010 - Write Move
0011 0010 - Read Move
Set an Indicator Bit
(S-Register) to Remember
if this is o Track Mode
QH422

Set Count Field in MPX
Storage to 0064 (Sector
Mode) or 0BA4 (Track

Mode).
Hex Decimal
0064 0100
0BA4 2980

QH422

Check to See if the
Compare Disable Bit is
On. If it is On, Setup a
Search to Record O with-
out First Searching for
the Record Address.

L

Compare Disable On

Value

Set Record Value to 00
and the Cylinder Valuve NO
to the Scek Cylinder

QH3521

Insure Op Register Bit
7is 0.

Chart 138

QH391

1f Search Just Completed
was for Record 0, the
Search is Completed. If

it wasn't a Search On
Record 0 Must be Done

to Sel the File and Control
Unit in Time.

Status Should be Zero i
at this Time |

i

] [ onu

Readout Selected File
Number and Send the
Address o the Control
Unit. Wait for Address
In, then Compare Address
QOut to Address In.

Address
Qut Matches Address
In

NO

General Stop
QH351

Setup a Search Command

(31).

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In and Test for
Zero Status.

Record 0 has
Been Found

Chart 138

—
After Each Character is

|
Sent, a Test for Status in |
is Done. If Status In |
Comes Up, the Unit Check!
Bit Should be On. The
Unit Check Bit is Set if
the Track is Flagged
(Defective Track) o1 an
Equal Address On a ID
Search is Nof Found
Before the Disc
Passes the File Index Point
Twice. This Causes Early
Status and a Sense
Command is Done

|
!
|
|
|
|
|
|
I

YES

or Unit Exception

Control Unit End Bits

To I-Cycles

Is Status Zero

Unit Check

On

Sense Command

Device End or

Up
After Last Character is
Sent, Wait for Status

In. Check Status for
Device End or Channel
End, Should Receive
One or the Other. If Not
go to a General Stop.

NO

for Unit Check Bit. If
Unit Check Bit is On,
a Sense Command Must
be Done to Find Out the
Cause of the Unit Check.

Send to the Control Unit
CCHHR.

Early Status

With DE or CE Up, Check

NO

General Stop

End or Channel End
Up

Unit Check Bit On

YES

Was an Equal Address
Found on this Search;

If Not Repeat the Secrch
Command

QH391

NO

€qual Address Found

Set Op Register Bit 7

QH351

Setup Sense Command
04.

QH361

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In.

1

Chart 138

to 1 (Sector Count 00).
QH341

Readout Selected File
Number and Send the
Address 1o the Control

then Compare Address
Out to Address in.

Unit. Wait for Address In,

Address

In

General Stop

YES

Out Maiches Address

QH361

Send Service Out

QH51N

Bring in Sense Bytes
0,1,2, and 3 One Byte
at a Time and Store in
MPX Storage. Test
Selected Bits of Sense
Byte 0,1, and 2 for Error
Condition and Set the File
Branch Byte to

Indicate the Error
Condition. If Bit 6 of the
Sense Byte O (Flagged
Track) is On Set an
Indicator Bit On.

QH521

Was Bit 6 of
Byte 0 On

Set Cp Register Bit O to
alandBit 7toa 0

QH341

Readout Selected File
Unit Number and Send the
Address to the Control
Unit. Wait for Address
In, then Compare Address

Qut to Address In.

Address
Out Matches Address

YES QH351

Setup Command (14) to
Read Record 0 Address

QH361

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status.

Is Status 00

Chert 138

NO

General Stop

YES

1

QH371

Read In the CCHH Values
from Record RO and Store
in CPU Storage. lssue
Command Qut to 8ring
Status In.

QH381

Check Status for Either
Device End or Channel
End. If Either One is On,
Check for Unit Check; If
Not go to General Stop.
1f an Unit Check is. Found
do a Sense Command, If
Not Setup to do a Full
Seek to an Alternate
Track Using CCHH from
Record 0.

Device-End or
Channel End Up

Unit Check Bit On

Setup to Develop a
Full Seek Command to
an Alternate Track.

General Stop

1f Unit Check or Unit

Exception is Up do a
Restore A, B, and I-Stars
and Return to 1-Cycles.

1f UC and UE are Down,
but Device End is Up the
Read RO will Not be Done
Otherwise Repeat Cmnd

Device End Up

YES

] | QH34

Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In,
then Compare Address

General Stop

.

Out with Address In.

Address
Out Matches Address

YES QH351

Setup a Full Seek
Command 07.

QH361

Store Command in MPX
Storage and lIssue the
Command. Wait for
Status In and Test for
Zero Status.

Is Status 00

General Stop

1

YES QH371

Send Bin Bin of 0000
to the Control Unit

QH371

Send CCHH Values,Read
from Record RO into
CPU Storage,to the
Control Unit.

| QH381

Wait for Status In. Check
Status for Device End or
Channe! End, Go to
General Stop if One or
the Other is Not On.
Check for an Unit Check,
if Bit is Ongotoa
General Stop. Otherwise
Repeat the Seek Command
and Status will be Non-
Zero because Device is

Busy Sceking

QH361

Check for Unit Check or
Unit Exception, If On
Set Up a Sense
Command.

If Not Test for Device
End; DE will Not be Up
Until the Seek is
Completed. Until
Device End Comes Up
Repeat Seek Command

Unit Check

ot Unit Exception
o

Sense Command

Device End Up

Insure Bit 4 of the
Op Register is 0

Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In,
then Compare Address
Out with Address in.

Address
Qut Matches Address
In

NO

YES General Stop

QH351

Setup a Search Command
31.

QH361

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In and Test for
Zero Status.

QH361

S0

T
| Status Should be Zero
1 on the First Pass.

If Unit Check or Unit
Exception Bit is On,

Set Up for a Sense
Command.

Otherwise Repeat Search
Command

Unit Check
or Unit Exception

On
Sense Command

YES
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Chart 137

READ More, Subtract 10, Store

QHA411

If Record Value is 10 or

Read or Write

WRITE Q3N

Readout of Main Storage
the Address to be Written
On the Disc Starting with
the Second Character.
Change the Address to
2311 Format and Store

in MPX Storage

Correct Record Value in
Main Storage. Double
the Head Value Just
Read In. Add 1 if

the Record Value was A
10 or More. Store Correct
Head Value in Main
Storage. Double the
Cylinder Units Value,
Add 1 if a Carry Occurred
on Head Conversion and
Store Results in Main
Storage. Double the

] | QH34l
Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In,|
then Compare Address
QOut with Address In.

Address
Qut Matches Address

No

General Stop

Setup Command for
Read with Address (IE)

Read or Write

Cylinder Tens Value, Add
1if o Corry Occurred

on Cylinder Units
Conversion and Store in
Main Storage.

| |

| Read=In C C H H R

| 00 3C 0008 11
! Conversion 60 0817
) Minus 1 n

1 1400 59 08 6
! Stored 19 7 6
[kl A |
WRITE

QH351

Setup Command for
Write with Address (1D)

| [ anse

Store Command in MPX
Storage and Issue the
Command, Wait for
Status In and Test for
Zero Status, (Status
Should be Zero)

Unit Check or Unit
Exception On

Sense Command

YES
or Control Unit End

Up

1-Cycles

QH361

Read or Write

QH411,412

Readout from MPX Storage
the 1400 File Unit Number |
Add 1 to it if a Carry
Occuired On the Cylinder
Tens Conversion, If a
Cylinder Overflow was
Found on the Cylinder
Hexadecimal to Decimal
Conversion Add 2 More

to the Module Value and
Store in Main Storage.
Readout the Next Position
of Main Storage and Write
Back the Digit Portion

of the Byte

l QH412

Setup Main Storage Address|
where the First Data

Character is to be Stored

QH441

Subtract 1 from the
Sector Count

Is Sector Count 00

QH441

Set Op Register Bit 4
to | (Data Transfer)

QH471 QH501

Chart 137

QH501

NO If Read is a Load Operation,
Bring in 91st Character.
Check Lost Character in,
Load and Move, to See if
the Choiacter has o Word-
mark. Set an Indicator Bit
for Validity Error if Read
is a Load Op and Last
Character In Did Not have
a Wordmark or Read is a
Move Op and Last
Character In has a
Wordmark

Wiong Length
Record Indication

QH47N

LOAD

Load or Move

MOVE QH501

Set Op Register Bit 7

to 1 and Wrong Length
Record Bit in the File
Branch Byte.

L

| QH3501
Readout the Next Char
from Main Storage
and Check to See
ifitisa GMWM. Also
Check to See if Sector
Count is Zero. Set Op
Register Bit 7 1o 1
{Sector Count-0001
QHS501

Character is GMWM
QH441

Set Op Register Bit 4 and
Bit 7 to 1 (Data Transfer
and Sector Count is Zero).|

Sector Count is 000

WRITE

QH371

Read In from the Control
Unit and Store in MPX
Storage CCHHRKDD
Valyes. If Status In Comes
Up During this Time Issue
a Sense Command

Send to the Control Unit
from MPX Storage the
CCHHRKDD Values. If
Status In Comes Up
During this Time Issue

a Sense Command A

Subtract 1 from the
Cylinder Value Just Read
In and Convert the
Remainder into Two, Units|
and Tens, Decimal Digits,
Subtract 1 from the
Record Value Just Read In

Chart 137

Unit Check Bit On

Set Wrong Length Record
in File Branch Byte

QH371

NO

NO QH331

] QH451
NO ~iicne
Setup Counter for Data (508
Field Length. Set Op Register Bit 7
Move Op Hex Decimal Back to 0.

Sector Mode 0064 0100
Track Mode 0BA4 2980 L g

If Read is a Load Operation
Bring in 91st Character.
Check Last Character In,
Load or Move, to See if
the Character hos o Word-
mark. Set Op Register Bit
7 to al (Force Sector Count
is Zero Indication On).

Set an Indicator Bit On for
Validity Error if Read is

a Load Op and Last
Character In Did Not have
a Wordmark or Read is a
Move Op and Last
Character In has a
Wordmark.

Using
Alternate Track

QH531

Setup to Seek to the
Original Cylinder.

Check for Any Error Bits
Being On in the File
Branch Byte. If Any are
On, Set the Any Disc
Condition Bit and Reset
the Read Back Check
Interlock Bit.

QH422

Sector Count is 000

Sector Count Should be
000 for 6 and “* Ops.

QH361,422

Setup to Do
a Head Seek

Set Op Register Bit 0
to C (Not Alternate Track)

l | Qa4

I

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte.

If Record Number Is Less
than 16 (Dec) and Op Is
in Sector Mode, Set Bit
O and 3 of File Branch Bye

R

QH541

Sector Count is 000

NO

Restore A, B, and |-Stars

QGO31

Test Program Mode Switch
Byte for Altow 1,0 Traps
and Set Conditions
Accordingly.

[ aHsol

Set Wrong Length Record
Bit in File Branch Byte

To I-Cycles

Readout Selected File Unit
Number and Send Address
to the Control Unit. Wait
for Address In, then
Compare Address Out

with Address In

QH341

Address
Out Matches Address

I QH341

General Stop

NO

General Stop

Setup Command (07) for
Full Seek to Orginal Track

QH361

Store Command in MPX
Storage and Issue the
Command. Wait for Status
in and Test for Zero
Status

)
Status Shoutd be Zero |
on First Pass '

Send to the Control Unit
Bin Bin of 0000

Send to the Control Unit
from MPX Storage CCHH

QH381

After Values are Sent
Wait for Status In. Status
Should Have Channel End
Up or Device End, if Not
Go to General Stop. With
DE or CE Up Test for an
Unit Check, if On Go to
General Stop. If Not
Repeat Seek Command,
but This Time Status is
Non-Zero as the Unit

is Seeking to Orginial
Track

Load Op Hex Decimal
Sector Mode 005A 0090 QH501
Track Mode O0A7A 2682
- Validity Error
Indicator On QH501
READ Set Disk Error Bit in File
Read or Write Branch Byte On
1 [ [ ana \ @ X ] QHag!
Readout Position of Wait for Status In or Ser-
Main Storage where the vice In. If Service In Is
Readout Character from Character is to be Stored. Received, a Wrong Length
Main Storage and Subtract | A | Check Main Storage Record Condition Must
1 from the Counter. Check Cheracter to See if it isa Be Set for Load. If Status
Character t~ Scc if itisa GMWM. I it is, Do Not In Is Received, Either
GMWM, if it is Set an Advance the B-Star and Device End or Channel
Indicator for Wrong Length Continue to Readout the End Must Be Up. If Not,
Record. Change the GM~- Some Position Until the Go to General Stop.
WM to a Blank (40) and Counter is Zerc. Ifa With DE or CE Up, Check
Send it to the Control Unit. GMWM is Not Found, for Unit Check . If UC On,
I Not a GMWM, Send Continue to Bring ina Issue a Sense Command;
Chatacter to the Control Character at a Time Until if Not, Check for Sector
Unit; Wordmerks are the Counter is Zero. If Count of Zero
Controlled by Move or Status In Comes Up and
Load Op. Check to See GMWM has Not Been
if the Counter is Zero. Found Setup for a Sense
If Stotus In Comes Up, Set- Command or Wrong Service In U,
up for a Sense Command Length Record, P
or Wrong Length Record.
YES QH381
A GMWM has Issue Command Out to
Been Read Out End Operation
Counter is 0000 Move
Load or Move Mode
YES Status In Up
Counter is 0000

Counter is 0000

Sector Count is 000

If Unit Check or Unit
Exception Are On, Set
Up for a Sense Command,
Otherwise Check for Dev-
ice End; DE will Not Be
Up Until the Seek Is
Completed

Unit Check or Unit
Exception On

Device End Up

Set Op Register Bit 4
to 0

Device
End or Channel End
Up

QH391

Unit Check Bit On

General Stop

No
DE, CE or have a
Unit Check

YES

Chart 137

NO

Readout Selected File Unit
Number and Send Address
to the Control Unit. Wait
for Address in, then
Compare Address Out with
Address In.

Address
Out Matches Address

in

YES QH351
a

Setup Head Seek
Command 18

QH361

Store Command in MPX
Storage and Issue the
Command, Wait for
Status In and Test for
Zero Status.

Y QH371

ES
Send to the Control Unit
Bin Bin of 0000.

QH371

Send to the Control Unit
from MPX Storage CCHH.

QH381

After Values are Sent,
Wait for Status In. Status
.nould have Channel End
or Device End Up, if not
Go to General Stop.
With DE or CE Up Test
for an Unit Check, if On
Go to General Stop

QH381

No
DE, CE or have
an Unit Check

Set Op Register Bit 0
to 0 (Not Alternate Track)

Chart 137

YES

QH361

Unit Check or Unit Ex-
ception Bits On Set Up
for Sense Command .
Otherwise Repeat the
Head Seek

Check or Unit
Exception Bit

YES

Sense Command

General Stop
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1

QH361

Start QH351 '——ﬁ QHa!
Setup Sense Command Check F it Ch
- QH30! os. Read In the CCHH Values eck for Unit Check or

DCF 1400-131? r Store |-Star, Setup the from Record RO and Store Unit Exception. If On,
*/ND| D, D3D4D5Dg | | Op Register for a Read or QH361 in CPU Storage. lssue Do a Sense Command . If
$152 53 | | Write, Move or Load. Store Command in MPX Command Out to Bring Not T‘esi for Device Enc?.
Example 0000 0000 - Write Load St 3 lesue th Status In. DE Will Not Be Up Until
*051976XXX (| 0001 0000 - Read Load Chart 140 C:r:::!:n: W:;efore the Seek Is Completed.
Change to 2311 Format | I 0010 0000 - Write Move Status |n.' I QH381 8""'52‘“& End Comes
bysDo‘ing Tqb(lie Lozokup | { 0011 0000 ~ Read Move 1 oo Svaros o S p, Repeat Seek Command|
to Select Module 2, QH361 eck Status for Either
Cylinder 59, Head 8, and | :_ QH301,311 i QH34l Device End or Channel
Record 16. This Canbe | - Readout the Disk Control _"IO Reapater Send Service Out End. If E“her_ One is On, QH361
Determined by Dividing | Fiold ond Change F | 0000 X Write Load Readout Selected File (Check for Unit Check; If Unit Check
D, D3 Dy D by 2 and ield and Change from a RXXX Weite Loa Number and Send th QrsT Not go to General Stop. ’ . YES

293 D4 P50y £ on 1400-1311 Format + 0001 XXX X Read Load umoer and send the or Unit Exception
Use the Remainder with ! ormat to eac Loa Address to the Control If an Unit Check is Found
D a 2311 Format, Change 0010 XXX X Write Move N " Bring in Sense Bytes S c T

6 for the Record. | . Unit. Wait for Address do a Sense Command,
Add 1 ! the Op Register to | 0017 XXX X Read Move 0, 1, 2, and 3 One Byte S do a Full

to the Cylinder and | Indicate S 0001 Sector Mod In, then Compare Address M 4 Srore | A Not Setup to do a Fu
Record Values for 2311 | ndicate Sector or | ector Made Out to Address In. at a Time and Store in Seek to an Alternate Track Sense Command
Format . End Result is: Track Made. 0010 Track Mode MPX Storage.. Test Using CCHH from Record 0.
1400 2311 | 0101 Sector Overlay Selected Bifs of Sense Byte No
0,1, and 2 for Error Device End U
Module 4 2 | . . 4
Cylinder  59+1 3C i QH341 NO Condition and Set the File
Head 08 08 Out Matches Address Branch Byte to Indicate i
Send Address Out. IF y  GQHa the Error Condition. If Device
After Each Character Is End or Channel End

Record 16+1 1

Stotus is Received, Set
File Branch Byte for

Busy and Any Disk
Condition. Restore the
A,B, and |-Stars and
Return to |-Cycles.

If Status Isn't Received,
Wait for Operational In
and Address In. Check for
Correct Address. Set H5

(Op Register) in MPX

Operation was Done

Store the Operation Code
Storage to Remember what

Last. If this Opeartion is
Write, Set the Read Back
Check Interlock Bit On

(Bit 6 of Fite Branch Byte)

[ aHea

Readout Compare and

Module Protect Disable

General Stop

QH351

Use Bl when Head j
Switching is Required. :

31) or (B1).

Fetup a Search Command
¢

[ anse

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for

Sent, a Test for Status In

is Done. If Status In |
Comes Up, the Unit Check
Bit should be On. The Unif
Check Bit is Set if the
Track is Flagged |
(Defective Track) or an
Equal Addresson o ID |
Search is Not Found. |
Before the Disk Passes the |
File index Point Twice.
This Causes Early Status |

Bit & of the Sense Byte O
(Flagged Track) is On Set
an Indicator Bit On.

Was Bit 6 of
Byte 0 On

hart 140
Set Op Register Bit 0 to Chor

Up

General Stop

Unit Check Bit On

Setup to Develop a
Full Seek Command to

[ 1

Insure Bit 4 of the
Op Register is 0

QH341

Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address
In, then Compare Address
Out with Address In.

soA1309lqO G pup ‘g ‘| sdO - 9|14 Q0¥

Byte. Check if Module
Protect is to be Done [f
it is Check Selected File'
Number Against a Fixed
Number. If Numbers
Match Go On, If Not Go
to a General Stop

d a S G d i
Zero Status. and a sense Lommonc s | a 1 and Bit 7 to 20 an Alternate Track.

Dore.
Status Should be Zero | |
at this Time | |
! L
| Y I QH3fT
|

Readout Selected File

Address Out
Matches Address

Address
Out Matches Address

NO

[ ansa

Readout Selected File
Unit Number and Send the
Address to the Control

General Stop

Setup a Head Seek G IS
eneral Stop

NO | Command of 18 QHe7Y ] Unit Number and Send Unit. Wait for Address
QH361 QH351 N B Send to the Control the Address to the Control In, then Compare Address QH35T
| Module Error Un'éxitzf:(o:réjr?" Unit CCHHR. Unit. Wait for Address Out to Address In, < P 5
If Status Has an Unit Store Command in MPX A Occurred Chart 140 In, then Compare Address
Check or Unit Except- Storage and Issue the Out to Address In. A 3.
QH361

Command, Wait for
Status In and Test for

Address

b

ion Bit On Do a Sense
Command . Restore the b

NO

Store Command in MPX

General Stop

A-, B~, and I-Stars, Then Zero Status. QHa2! add
Return to I-Cycles. If End ress NO e Storage and lssue the
or Control
UC or UE Bits Are Not On, Setup the Op Register ) Unit End Bits QH3s! Out Matches Address General Sto Command. Wait for
Check for Device End or to Indicate Operation Up In P Status In and Test for
Control Unit End. If Either After Last Character is General Stop Setup o Full Seek Zero Status.
DE or CUE Are On, Refry 0000 0000 - Write Load NO Sent, Wait for Status — comzond 07
the Command, Otherwise 0001 0000 - Read Load In. Check Status for Set Op Register Bit 7 Setup Command (16) to A i QH36!
Set the File Branch Byte 0010 0000 - Write Move To 1-Cycles Device End or Channel to 1 (Sector Count 00). Read Record 0 Address
to Busy and Any Disk Cond| 0011 0000 - Read Move End, Should Receive QH341
ition, Then Restore the A-, Set an Indicator Bit One or the Other. {f Not Roadour Selecred Fil Store Command in MPX YES
B-, and [-Stars and Return (S-Register) to Remember go to a General Stop. |Readout Selected File Storage and lssue the
o I-Cycles ied’:f;s':’ﬁ;’n"‘:'f“g;efk if this is o Track Mode With DE or CE Up, Check Number and Send the A | store Command in MPX Command. Wait for
to the Conrr:l Unit Sense Commond for Unit Check Bit. If Address to the Control Storage and Issve the Status In and Test for - °
B:CCHH f h Unit Check Bit is On, Unit. Wait for Address In, Command. Wait for Zero Status.
MPX St . a Sense Command Must Then Compare Address Status In and Test for '
. orage . Sector Overlay Op be Done to Find Out the A [Ovt to Address In. Zero Status. If Unit Check or Unit Ex-
YES T D‘*g'ce e [ aer ' Cause of the Unit Check. ;eP"""CB" s Odn'oDE °
nd or Control En ense Command. Other-
Up After Last Character is VES Is Status 00 NO wise Repeat Search Com-
Transferred Wait for QOut Matches Address mand
NO Status In. Check Stat: YES
atus In. Lheck Stotus Setup the Counter Used -
for Device End or Channel " ! Status Should be Zero
to Address Main Storage NO H h
To 1-Cycles End; One or the Other A . End or Channel End NO . on the First Pass.
Should be Received. If o Allow the Writing or I Send Bin Bin of 0000 -
Not go to General é'op Reading of Sector Count 0 e Control Unit Unit Check or
| 1 Unit Exception O
oo Choe e I General Sop If Unit Check or Unit | Status Should be 00 QH7! ez
QH361 for Unit Check. If UC Exception Is Up, Do a
Exist go to General Stop Sense Command. If UC Send CCHH Values Read Sense C
Device End or Unit Check Bit O YES and UE Are Down, but from Record RO into ense Command
Controll End nit Check Bit On Device End Is Up, the CPU Storage to the
Up Read RO Will Not Be Control Unit.
Done . Otherwise Repeat
N pea
NO © NO Command [ QH38!

DE, CE, or Have a
Unit Check

Wait for Status In. Check
Status for Device End or
Channel End, Go to
General Stop if One or
the Other is Not On.
Check for an Unit Check,
if Bit isOngotoa

General Stop. Otherwise NO
Repeat the Seek C
and Status will be Non~
Zero because Device is
Busy Seeking

| I

Was an Equal Address
Found on this Search;

If Not Repeat the Search
Command

To I-Cycles

YES

General Stop

Unit Check or Unit
Exception

No
DE, CE, or Have o
Unit Check

YES

NO

Equol Address Found

Device End Up s

General Stop

Chart 140
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Chart 139

QH441

Subtract 1 from the
Sector Count

Set Op Register Bit 4
to 1 (Data Transfer)

QH441

Set Op Register Bit 4 and
Bit 7 to 1 (Data Transfer
and Sector Count is Zero)

I | [ arsa
Read Out Selected File
Unit Number and Send
Address to the Control Unit
Wait for Address In, Then
Compare Address Out to
Address In,

‘Address Out Matches
Address In

NO

General Stop

Read or Write

QH351 QH351
Set Up Command for Se'A Up Command for
Read (06) Write (05)
l | QH361
Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status. (Status
Should be Zero)
QH451
UnI.t Ch“k. or Set Up Counter for Data
UnitException Field Length
On Move Op Hex Decimal
YES Sector Mode 0064 0100
Track Mode 0BA4 2980
Sense Command Load Op Hex Decimall
nee Som Sector Mode 005A 0090
Track Mode O0A7A 2682

WRITE Read or Write

I QH471

Read Out Character from
Main Storage ond Subtract
1 from the Counter. Check
Character to see if it is a
GMWM, if it is Set an
indicator for Wrong Length
Record, Change the
GMWM to a Blank (40)
and Send it to the Control
Unit, Wordmarks are
Controlled by Move or
Load Op. Check to see if
the Counter is Zero, If
Status In Comes Up, Setup
for a Sense Command or
Wrong Length Record,

I QH471

Read Out Position of Main
Storage where the Charac-
ter is fo be Stored. Check
Nain Storage Character to
see if it is @ GMWM. If it
is, do not Advance the B-
Star and Continue to Read
Out the Same Position Un-
till the Counter is Zero. If
a GMWM is not Found,
Continue to Bring in o
Character at a Time Untill
the Counter is Zero. If
Status [n Comes Up and a
GMWM has not Been Found
Set Up for a Sense Comm-
and or Wrong Length
Record.

1

Wait for Status In
vice In. If Servic

Record Condition
Set. If Status In i

Check is Up, Issu
Command; if not,
Sector Count

Received, a Wrong Length

Either Device End or Chan-
nel End Must be Up. If not,
go to General Stop. If Unit

QH381
or Ser-
e lnis

Must be

s Received,|

e a Sense

Check

Move

Counter is 0000

Wrong Length
Indication On

A GMWM has
Been Read Out

YES

NO

Issue Command Out to
End Operation

Load or Move Mode

QH381

Counter is 0000

NO

Set Wrong Length Record
Bit in File Branch Byte On

Device End or
Channel End Up

Unit Check Bit On

Sector Count is 000

Chart 139

Using Alternate Track

NO QHS531
Check for Any Error Bits
Being On in the File
Branch Byte. If Any are
On, Set the Any Disk
Condition Bit and Reset
the Read Back Check

Chart 139

) Indicator Bit.

QH531

Record Found

Restore A, B, and |-Stars

Test Program Mode Switch
Byte for Allow 1/0O Traps
and Set Comtlitions

General Stop

©
QHS31

QH531
Setup to Seek to the
Original Cylinder

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte

I

QH401

et Up Main Storage Address|
fo Store Convert Numbers

QH401

Subtract 1 from the
Cylinder Value, Convert
the Remainder into Two,
Units and Tens, Decimal
Digits. Subtract 1 from

the Record Value

QH411

Hos the DCF Been
Incremented

Counter is 0000

LOAD

Load or Move

Set Op Register Bit
7 to 1 and Wrong

If Read is a Load Op Bring
in the 91st Character,
Check Last Character In,
Move and Load, to See if
the Character has a Word-
mark Set o Indicator Bit if
the Lost Character has a
Wordmark and Op is Move,
or Op is Load and Last
Character did not Have a
Workmark .

QH501

Read Out Record Value
from MPX Storage and

Test to See if the Value 1400 59 08 ol
is 14 (20 Decimal)

Accordingly
To 1-Cycles
-—
1
1
Read-In C C H H RI
00 3C 00 08 ”'
Conversion 60 08 17

Minus ] nl

Stored 19 7 6!

1f Read is o Load
Operation Bring in 91st
Character. Check Last
Choracter In, Load or
Move, to See if the
Character hos a Word-
mark. Set Op Register

Bit 7 to 1 (Seetor

Count is Zero). Set an
Indicator Bit On for
Validity Error if Read
is a Load Op and Last
Character In did Not

Length Record in the
File Branch Byte

have a Wordmark or
Read is a Move Op and

Lost Character In
l QHs01 has a Wordmark.

Record 20

QH431

Setup for Head Switch On
Search. Set Record Value
to Ol. Set Op Register Bit
4to 0, Readout the Head
Valuve, Check for Head 9.

Add 1 to the Record Value.
Set Op Register Bit 4 to

If Record Value is Ten or
More, Subtract Ten. Store
Correct Record Value in
Main Storage. Double the
Head Value, Add 1 if
Record Value was Ten or
More. Store Correct Head
Value in Main Storage.
Double the Cylinder Units
Value, Add 1 if Carry
Occurred on Head Conver-|
sion and Store Results in
Main Storage. Double the
Cylinder Tens Value , Add
1 if a Carry Occurred on
Cylinder Units Conversion
and Store in Main Storage

0. Set Bit 3 of |/O Error
Byte to Indicate DCF has
Been Incremented.

YES

Read Out the Next Charac-|

Device End
of Control Unit
End Up

NO

|-Cycles

L |

ter from Main Storage and
Check to See if it is a
GMWM. Also Check to
See if Sector Count is
Zero. Set Op Register Bit

7 to 1 (Sector Count).

Sector Count is 000

NO  QH501

Character is a
GMWM

Sector Count is 000

Using Head 9

Change Head Value
to 00 and Add 1 to
the Cylinder Value

QH411,412

Add 1 to Head Value

Set Bit 3 of 1/0 Error
Byte (DCF Incremented)

QH422

Using Alternate

Track

Set Op Register Bit 7 to
0O (Sector Count Not 000)

QH501

Set Disk Error Bit in File
Branch Byte On

QH501

Is Validty Error
Indicator On

Store the Cylinder Value
in'the Cylinder Buffer
Byte

QH431

Read Out from MPX
Storage the 1400 File
Unit Number. Add

1 to it if a Carry
Occurred on the

Cylinder Tens
Conversion. If a
Cylinder Overflow wos
Found on the Cylinder
Hexadecimal to Decimal
Conversion Add 2 More
to the Module Valve and
Store in Main Storage.
Readout the Next Position
of Main Storage and Write
Back the Digit Portion of

the Byte,

Set Bit 3 of /O Error
Byte (DCF Incremented)

QH531

QH531

Op Code Bit 4 On
{Data Transfer)

1] QH341

Read Qut Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In
and Compare Addresses.
If Address do not Match
go to General Stop.

Set Up Command (07) for
Full Seek to Original Track

QH361

Store Command in MPX
Storage and Issue the
Command. Wait for Status
In and Test for Zero
Status. Status Should be
Zero on First Pass.

M QH371

ES
Send to the Control Unit
Bin Bin of 0000

QH371

Send to the Control Unit
CCHH from MPX Storage

QH381

After Values are Sent Wait
for Status In. Status
Should Have Channel End
Up or Device End, if not
go to General Stop, With
DE or CE up Test for an
Unit Check, if on Go to
General Stop. If Not
Repeat Seek Command,
But this Time Status is
Non-Zero os the Unit is
Seeking to Original
Cylinder

QH381

No DE,CE or Have
an Unit Check

YES

General Stop

1

Unit Check or Unit Ex-
ception On, Do a Sense
Command . Check for De-
vice End. DE Will Not
Be Up Until the Seek

Is Completed

Unit Check or Unit
Exception On

Device End Up

Sector Count is 000

NO QH422

Set Up to Do @ Head Seek

Read Out SelectedFile Unid
Number and Send Address
to the Control Unit. Wait
for Address In and Compare
Address, If Addresses do not
Match Go to General Stop

QH351

Set Up Head Seek
Command 18

QH361

Store Command in MPX
Storage and Issue the
Command, Wait for
Status In and Test for
Zero Status,

Y QH371

ES
Send to the Control Unit
Bin Bin of 0000

QH371

Send to the Control Unit
CCHH from MPX Storage

QH381

After Values are Sent
Wit for Status In, Status
Should have Channel End
or Device End Up, If Not
Go to General Stop., With
DE or CE Up Test for an
Unit Check, If on Go to
General Stop. Otherwise
Set Op Register Bit 0 to 0

Chart 139

Sense Command

Set Op Register Bit 0 to
0 (Not Alternate Track)

{QH341

QH341

@

Chart 139

Set Wrong Length Record
Bit in File Branch Byte

Restore A,B, ond [-Star

QG031

Test Program Mode Switch
Byte for Allow i/O Traps
and Set Conditions
Accordingly

To [-Cycles

Unit Check or Unit
Exception Bit On. If So
Do a Sense Command .
Otherwise Repeat the
Head Seek .

Unit Check or
Junit Exception
Bit On

YES
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QH301

DCF 1400-1311 !
#/N Dy Dy D3 D, D5 Dy |
5y 52 53 I
Example )
*051976xxx

Change to 2311 Format |
by Doing Table Lookup |
to Select Module 2, |
Cylinder 59, Head 8, and
Record 16. This canbe |
Determined by ]
Dividing Dy D5 Dy D5 by

2 ond Use fhe Remainder |
with Dy for the Record. |
Add 1 to the Cylinder and
Record Values for 2311 |
Format. End Result is:

1400 2311 |
Module 4 2
Cylinder 59 +1  3C
Head 08 08]
Record 6+1 1

r— ———

Store |-Star, Setup the
Cp Register for a Read or
Write, Move or Load.
0000 0000 - Write Load
0007 0000 - Read Load
0010 0000 - Write Move
0011 0000 - Read Move

QH301,311

; QH341

YES

If Status has an Unit
Check or Unit Exception

Bit On, do a Sense
Command. 1f UC or UE

Bits are Not On Check for
Device End or Control Unit
End. If Either DE or CUE
are On Retry the Command.
Otherwise Set the File
Branch Byte to Busy and
any Disk Condition, then
Restore the A, B, and |
Stars and Return to |-Cycles|

Unit
Check or Unit
Exception On

YES

QH361

Device End
or Control End
Up

To I-Cycles

Sense Command

Readout the Disk Control
Field and Change from a
1400-1311 Format to

a 2311 Format. Change
the Op Register to
Indicate a Read Back

Check

Send Address Qut. If
Status is Received, Set
File Branch Byte for
Busy and Any Disk
Condition. Restore the
A,B, and I-Stars and
Return to I-Cycles.

If Status Isn't Received,
Wait for Operational in
and Address In. Check for
Correct Address Set H5
to Prevent Interrupt.

Address
Out Matches Address

YES QH351

Setup a Head Seek
Command of 18
QH351

Store Command in MPX
Storage and Issue the
Command. Wait for
Status In and Test for
Zero Status.

YES QH371

Setup to do a Head Seek
Address Transfer, Sent
to the Control Unit
BBCCHH from the

MPX Storage .

QH381

After Last Character is
Transferred Wait for

Status In. Check Status
for Device End or Channel
End; One or the Other
Should be Received. If
Not go to General Stop.
If DE or CE are Up, Check|
for Unit Check. (fUC
Exist go to General Stop

No
DE, CE, or Have a
Unit Check

YES

General Stop

NO

T Op Register for RBC

10000 0011 Write Load

| 0001 0011 Read Load
0010 0011 Write Move
0017 0011 Read Move

‘ QH421

Readout Last Operation,

Code and Set Op Register

for Read Sector or Track

Op Register

0101 XXXX Read Load

0111 XXXXRead Move
0110 Sector Address
1100 Track Address

QH421

Readout Compare and
Module Protect Disable
Byte. Check If Module
Protect is to be Done, If
it is,Check Selected File
Number Against o Fixed
Number. {f Numbers
Match Go On, IF Not go
to a General Stop

Module Error Occurred.

Setup the Op Register

to Indicate an Address
Operation (Bit 6)

0101 0010 - Read Load
0111 0010 - Read Move
Set an Indicator Bit
(S-Register) to Remember
if this is a Track Mode

l QH422

Set Count Field in MPX
Storage to 0064 (Sector
Mode) or 0BA4 (Track
Mode).

Hex Decimal

0064 0100

0BA4 2980
QH422

Check to See if the
Compare Disable Bit is
On. If it is On, SetUpa
Search to Record 0
without First Searching
for the Record Address.

YES

General Stop

Chart

Set Record Value to 00
and the Cylinder Value
to the Seek Cylinder

Value

Compare Disable On

Insure Op Register Bit
7 is 0.

Fw

QH521

i

142

QH391

If Search Just Completed
was for Record 0, the
Search is Completed. If
it wasn't,a Search On
Record ¢ Must be Done
to Set the File and
Control Unit in Time

Status Should be Zero |
at this Time

To I-Cycles

|

[ ansa

In,

Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address

Out to Address In.

then Compare Address

NO

Out Matches Address

General Stop

Setup a Search
Command (31).

Address

QH361

Store Command in MPX
Storage and lssue the
Command. Wait for Status
In and Test for Zero
Status.

Record 0 has
been Found

Chart 142

After Each Character is
Sent, a Test for Status In |
is Done. If Status In Comes’
Up, the Unit Check Bit
Should be On. The Unit |
Check Bit is Set if the
Track is Flagged |
(Defective Track) or an
Equal Address on a ID |
Search is Not Found before
the Disc Passes the File |
Index Point Twice. This
Causes Early Status and o t
Sense Command is Done . l

Unit
Check or Unit
Exception On

Device
End or Control
Unit End Bits

QH381

Up

NO

After Last Character is
Sent, Wait for Status

In. Check Status for
Device End or Channel
End, Should Receive
One or the Other, If Not
go to a General Stop.
With DE or CE Up, Check
for Unit Check Bit. if
Unit Check Bit is On,

a Sense Command Must
be Done to Find Qut the
Cause of the Unit Check

General Stop

NO

Device
End or Channel End

Unit Check Bit On

QH391

Was an Equal Address
Found on this Search;

If Not Repeat the Search
Command

QH391

Equal Address Found

Send to the Control
Unit CCHHR.

Early Siatus

YES

1 (Sector Count 00).

Out to Address In.

Address

In

NO

YES

Chiart 142

Set Op Register Bit 7 to

Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address In,
then Compare Address

Qut Matches Address

General Stop

QH351

Setup Sense Command
04.

QH361

Store Command in MPX
Storage and Issve the
Command . Wait for
Status In.

QH36!

Send Service Out

QH311

Bring in Sense Bytes
0,1,2, and 3 One Byte
at ¢ Time and Store in
MPX Storage. Test
Selected Bits of Sense
Byte 0,1, and 2 for
Error Condition and Set
the File Branch Byte

to Indicate the Error
Condition. If Bit 6 of the
Sense Byte 0 (Flagged
Track) is On Set an
Indicator Bit On.

QHS521

Was Bit 6 of
Byte 0 On

Set Op Register Bit 0 to
alondBit7toa0

I QH341

Readout Selected File
Unit Number and Send
the Address to the Control
Unit. Wait for Address
In, then Compare Address
Out to Address in.

Address
Out Matches Address
In

Chart 142

NO

General Stop

Setup Command (16) to
Read Record 0 Address

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In and Test for
Zero Status.

YES

l QH37

Read In the CCHH Values
from Record RO and Store
in CPU Storage. Issue
Command Out to Bring
Status In.

I QH38)

Check Status for Either
Device End or Channel
End. If EitherOne is On,
Check for Unit Check; !f
Not go to General Stop.
If an Unit Check is Found
do a Sense Command, If
Not Setup to do a Fuli
Seek to an Alternate Track
Using CCHH from Record 0|

" Device

End or Channel End

NO

-Generul Stop

Unit Check Bit On

Setup to Develop a
Full Seek Command to
an Alternate Track.

Is Status 00

QH361

If Unit Check or Unit
Exception is Up do a Sense
Command. 1f UC and UE
ore Down but Device End is
Up the Read RO will Not
be Done. Otherwise Repeat
Command

-0/

! Status Should be 00

Unit
Check or Unit
Exception On

QH361

NO

Device End Up

YES

NO
Sense Command

YES

] [QH341
Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In,
then Compare Address
Out with Address In.

Address
Out Matches Address
In

NO

General Stop

Setup a Full Seek
Command 07.

Store Command in MPX
Storage and issue the
Command. Wait for
Status In and Test for
Zero Status.

NO

1

Check for Unit Check or
Unit Exception. If On,

do a Sense Command .

If Not, Test for Device
End: DE will Not be Up
Until the Seek is Complet~
ed. Until the Device End
Comes Up Repeat Seek
Command.

Unit
Check or Unit
Exception on

QH361 Sense Command

Device End Up

Insure Bit 4 of the
Op Register is 0

y | QH341

Readout Selected File

Unit Number and Send
Address to the Control Unit |
'Wait for Address In, then
Compare Address Out

with Address In.

General Stop

QH351

Setup a Search Command
31.

QH361

Store Command in MPX
Storage and lssue the
Command. Wait for

A |Status tn and Test for
Zero Status.

If Unit Check or Unit
Exception Bit is On
Restore the A,B, and |
Stars and go to I-Cycles.
Otherwise Repeat Search
Command

Unit Check YES

Is Status 00

or Unit Exception

T 7 T Status Should be Zero
YES QH37! : On the First Pass.
Send Bin Bin of 0000
to the Control Unit
QH371

Send CCHH Values Read
from Record RO into
CPU Storage to the
Control Unit,

QH381

Wait for Status In. Check
Status for Device End or
Channel End, go to
General Step if One or
the Other is Not On.
Check for an Unit Check,
if Bit is On gotoa
General Stop. Otherwise
Repeat the Seek Command
and Status will be Non-
Zero because Device is
Busy Seeking

No
DE, CE, or Have a
Unit Check

NO YES

enerol Stop

On
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Chart 141

| QH341

Read Out Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address
In. Then Compare Address
Out with Address In

Address
Out Matches Address

In

YES

Set up Command for
Read with Address (1E)

QH361

Command. Wait for
In and Test for Zero

be Zero)

General Stop I
Store Command in MPX

Storage and Issue the

Status (Status Should

Status

NO rit Check or Unit

Exception On

YES

Sense Command

Device

YES

End or Control Unit
End Up

1-Cycles

Set Op Register Bit 4
to 1 {Data Transfer)

QH371

Read in from the Control
Unit and Store in MPX
Storage CCHHRKDD
Valves. If Status In

Comes Up During this Time
lssue a Sense Command

Is Sector Count 000

Chart 141

QH441

Set Op Register Bit 4 and
Bit 7 to 1. (Data Transfer
and Sector Count is Zero).

l I QH451

Setup Counter for Data
Field Length

Move Op Hex Decimal
Sector Mode 0064 0100
Track Mode OBA4 2980

Load Op Hex Decimal
Sector Mode 005A 0090
Track Mode 0A7A 2682

QH461

Read Out the Data
Character from Main
Storage and Check to see
if it is a GMWM. If it

is a GMWM a Wrong
Length Record Condition
Exists. Setup the Word-
mark Bit Depending on the
Operation Being a Load or
Move. Compare Storage
Character to the Bus In
Character. |f Characters
Do not Compare, Set an
Indicator Bit to End
Routine or Set Validty
Error Bit in File Branch
Byte. This Continues
Until Counter is Zero or a
GMWM is Found. If
Status In Comes Up During
this Time an Error Condi-
tion exists

QH461

Storage Character is

YES

OH531

a GMWM

Counter is 0000

YES  QH501

If Operation is a Load and
a RBC Error, Non Compare
has Occurred Set Op*
Register Bit 7 to 1 (Sector
Count is 000). If Opera-
tion is o Load Bring in the
91st Character. Check
Last Character In, Load or
Move, to See if the
Character has a Workmark .|
Set an Indicator Bit for
Validty Error if Read is @
Load Op and Last
Character In did not have
a Wordmark or Read is a
Move Op and Last
Character In Hos a Word-
mark

| QHS501

Set Op Register Bit 7 to 0

Read Out the Next
Character from Main
Storage and Check to
See if it is a GMWM,
Also Check if Sector
Count is Zero, Set Op
Register Bit 7 to 1.

Character is a GMW.

Sector Count is 000

Set Wrong Length Record
Bit in File Branch Byte.

QH471

Wait Until Counter is
Zero

QHS501

if Read is a Load Operation
Bring in the 91st Character,
Check Last Character In,
Load or Move, to See if
the Character has a
Wordmark . Set Command
Out to End Operation . Set
Op Register Bit 7 to 1.Set
an Indicator Bit On for
Validity Error. If Read is
a Load Op and Last Char-
acter In did not Have a
Wordmark or Read is a
Move Op and Last Char-
acter In has a Wordmark

QHS5C!

Sector Count is 00

Chart 141

QHS501

ts Validity
Error Indication
On

YES  QH501

Set Disc Error Bit in
File Branch Byte

I QH381

Wait for Status In or
Service In. If Service In
is Received @ Wrong
Length Record Condition
Must be Set. If Status In
is Received, Either
Device End or Channel
End Must be Up. If not
go to General Stop. With
DE or CE Up Check for
an Unit Check, if On
Issue Sense Command,

Issue Command Out to
End Operation

Load or Move Mode

Set Op Register Bit 7
to 1 and Wrong Length
Record Bit in the File
Branch Byte.

— 1

Check for any Error Bits
Being On in the File
Branch Byte. If any are
On, Set any Disk
Condition Bit and Reset
the Read Back Check
indicator Bit,

QH531

If Record Number Is
Less than 16 (Dec) and
in Sector Mode, Set Bit
0 and 3 of File Branch
Byte

QH541

Restore A,B,
and [-Stars

QG031

Test Program Mode Switch
Byte for Allow 1/ Trops
and Set Conditions
Accordingly .

To I-Cycles

QH381

Device
End or Channel End
Up

Unit Check Bit On

NO
QH391

Sector Count is 000

Using Atlernate Track

to Seek to the
al Cylinder
QH422

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte

General Stop

YES

Chart 141

Send to the Control Unit
Bin Bin of 0000

QH371

Send to the Control Unit
CCHH from MPX Storage
QH381

After Values are Sent,
Wait for Status In. Status
should have Channel End
Up or Device End, if not
go to General Stop. With
DE or CE Up Test for an
Unit Check, if On go to
General Stop. If Not
Repeat Seek Command,
but this Time Status is
Non-Zero as the Unit is
Seeking to Original
Track.

No DE, CE or have
an Unit Check

YES

General Stop

| Status Should be Zero
QHzel I On First Pass

QH34)
Readout Selected File
Unit Number and Send
Address to the Control
Unit, Wait for Address
In, then Compare
Address Out with
Address In

Address
Out Matches Address
In

Setup Command (07) for

QH361

Store Command in MPX
Storage and lIssue the
Command. Wait for
Status In and Test for
Zero Status.

General Stop

Full Seek to Original Track

QH361

If Unit Check or Unit Ex-
ception Are On, Do a
Sense Command, Other-
wise Check for Device End,
DE will Not Be Up Until
the Seek Is Completed

Unit Check or Unit
Exception On

Device End Up

S
QH422
———

Sector Count is 000

Set Op Register Bit O
to O (Not Alternate Track)

I Sector Count Should be
! 000

Set Up to Do a Head Seek

W QH341

Readout Selected File
Unit Number and Send
Address to the Control
Unit. Wait for Address In,
then Compare Address
Qut with Address in

General Stop

NO ~Out Matches Address

QH341

Address

Setup Head Seek
Command 1B

QH361

Store Command in MPX
Storage ond Issue the
Command, Wait for
Status In and Test for
Zero Status,

If Unit Check or Unit
Exception Bit Is On, Do a
Sense Command. Other~

wise Repeat the Head Seek

Send to the Control Unit
Bin Bin of 0000

YES  Quan

QHJ371

QH361

Unit Check or Unit
Exception On

Sense Command

General Stop

Send to the Control Unit
CCHH from MPX Storage

QH381

After Values are Sent,
Wait for Status In. Stotus
Should have Channel End
or Device End Up, if not
go to General Stop. With
DE or CE Up Test for an
Unit Check, if On go to
General Stop.

QH381

No DE, CE, or have
an Unit Check

Set Op Register Bit 0 to
0 (Not Alternate Track)

Chart 141
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be Determined by
Dividing Dy D3 Dg D5 by
2 ond Use the Remainder
with D¢ for the Record.
Add | to the Cylinder and

T
1
]
I
ll
i
I
¥
'
I
Cylinder 59, Head 8, ond |
]
i
I
i
b
'
t
Record Valves for 2311 |
|

|

Field and Change from o
1400-1311 Format to

a 2311 Format. Chonge
the Op Register to
Indicate a Read Back
Check

0000 0011 Write Load
0001 0011 Read Load

0010 0011 Write Move
0011 0011 Read Move

Number and Send the
Address to the Control
Unit. Wait for Address
In, then Compare Ad-
dress Out to Address In

Setup Sense Command 04.

QH511

Bring in Sense Bytes
0,1,2, and 3 One Byte
at a Time and Store in
MPX Storage. Test Select

l QH371

Read In the CCHH Volues

Not go to General Stop.
If an Unit Check is Found
do a Sense Command, If
Not Setup to do a Full
Seek to an Alternate
Track Using CCHH from

1

Check for Unit Check or
Unit Exception. If On Do
a Sense Commond . If Not,
Test for Device End. DE
Will Not Be Up Until the
Seek Is Completed. Until
the Device End Comes Up,

Device End Up

-9 QHaol from Record RO and Store
"

E)/CF 1400-1311 1 Store |-Stor, Setup the in CPU Storage. lssue Repeat the Seek Command
/NDj Dy D3 D4 D5 D¢ : Op Register for o Read or Store Command in MPX Command Out to Bring
S15253 H Write, Move or Load. Storage and Issve the Status In.
Example | | 00000000 - Write Load Chart 144 e Wt
051976 XXX | 0001 0000 - Reod Load S ot er | QH38!
Change to 2311 Format | 0010 0000 - Write Move fotus In- Unit Check or Unit
by Doing Table Lookup | 0011 0000 - Read Move QH36! Check Status for Either Exception On
to Select Module 2, | [ om0 I Device End or Channel

1 81 QH341 . End. If Either One is On, .

seAnoalqQ sdQ g pup ‘g ‘| 103 DGY - 2|4 00Vl

Format. End Result is: QH341 ed Bits of Sense Byte 0,1, Record 0. Insure Bit 4 of the Op
1400 2311 and 2 for Error Condition Register is 0
Module 4 2 ————j Address and Set the File Branch
Cylineer 59+1 3c QHa4l |__aua NO ~Out Matches Address Byte to Indicate the Eror Bevice
Head 08 08 4 Send Address Out. If Readout Last Operation After Each Character is | Condition. If Bit 6 of the End or Channel End I QH341
Record  16+1 n Status is Received, Set Code and Set Op Sent, a Test for Status In | Sense Byte 0 (Flagged
| File Branch Byte for Register Read General Stop is Done. If Stotus In | Track) is On Set an Readout Selected File
| Busy ‘.”fd Any Disk Op Register Comes Up, the Unit | Indicator Bit On. General Stop Unit Number and Send
S —— Condition . Restore the 0101 xxxx Read Lood QH351 Check Bit Should be On. | Address to the Control Unit,
A,B, and |-Stars and 0111 xxxx Read Move Use Bl when Head ; Setup a Search Command The Unit Check Bit is Set | Wait for Address In, then
Return to 1-Cycles. 0001 Sector Switching is Required 1 31 or B1) if the Track is Flagged | YES Compare Address Out
IF Status isn't Received 0010 Track i (Defective Trock) or an ! Was Bit 6 of L Unit Check Bit On with Address In
- Wait for Operational In 0101 Sector Overloy QH36! Equol Address ona ID | Byte 0 On
and Address In. Check Store Command in MPX Search is not Found !
for Correct Address. QHA21 Storage and lssue the Before the Disc Passes :
Commond. Wait for the File Index Point X Address NO
Readout Compare and Status In and Test for Twice. This Causes Eorly | Chart 144 Setup to Develop a 1 Out Matches Address
QH34l Module Protect Disable Zero Stotus Status and o Sense 1 Set Op Register Bit Full Seek Command to fn
Byte. Check if Module Command is Done. | Otoa londBit7toc O an Alternate Track.
Address Protect is to be Done. If
Out Motches it is Check Selected File Stotus Should be Zero | ! General Stop
Address In Number Against a Fixed atthisTime . : 1 | [TRa Qnast
Number., 1f Numbers NO \ Readout Selected File
General Stop - JYES QH351 Match go on. If not go to Is Stetus Zero i QH341 Unit Number and Send Setup a Search Comaand
a General Stop ! Readou Selecred File Address 1o the Control 3.
Setup o Head Seek : °
Commond of 1B QH421 | Unit Number and Send the Unit. Wait for Address In, “QH361
K > Send to the Control Unit Address to the Control then Compare Address
QH351 Unit Check or Unit CCRHR Unit. Wait for Address In, Out with Address In. Store Command in MPX
Store Command in MPX Module Error Occured Exception On : Chanr 144 then Compare Address Out Storage and Issue the
Storage ond lssue the QH371 -hart to Address In. Command. Wait for
Command. Wait for Status In and Test for
Status In and Test for General Stop QH341 Gt Motchas Addrens Zero Status.
Zero Status ‘Address g
End or Control Gut Matches Addres S ' QH36l
Setup the Op Register Unit End Bits In General Stop vES
to Indicate Cperation R
0101 DIOD - Recd Laod Afte: Lost Charactes is QHaA e s General Stop, Setup a Fult Seek
0111 0000 - Read M NO Sent, Wait for Status - - Command 07.
g ead Move In. Check Status for Set Op Register Bit 7 to S 1
Set an Indicator Bit o Coel oo e o el 1 (Sector Count 00) etup Command (16) to <o °
(S-Register) to Remember o i-Cycles E A Read Record 0 Address
if this is o Track Mode Ney show'd Jecetve Store Command in MPX If Unit Ch it Exe
. YES One or the Other. If not QH361 tore Cof Unit Check or Unit Ex
If Status Has on Unit Check QH371 . " S h ion BI
Unit E ton Bi 3 go 1o a Generat Stop. Readout Selected File - torage and Issue the ception Bit Is On Do a
or Unit Exception Bit On, Setup to do a Head Seek With DE or CE Up, Check Number and Send the Store Command in MPX Command, Wait for Sense Command. Other-
Do a Sense Command. If Address Transfer. Sent s o Address to the Control Storage and lssue the Status In ond Test for ise Repeat Search
. , for Unit Check Bit. If ress to the Control y wise Repeat Searc
UC or UE Bits Are Not On, to the Control Unit iiiiiriavelend Unit . Wit for Address In Command. Wait for Zero Status. Command
Check for Device End or BBCCHH from the nit Check Bit is On, then Compare Address Status tn and Test for
Control Unit End. If Either MPX Storage . a Sense Command must Oot to Address In Zero Status.
DE or CUE Are On, Retfry Sector Overlay Op be Done to Fmd'OuO the -
the Command. Otherwise Cause of the Unit Check.
Set the File Branch Byte I QH38) Unit Check VES
to Busy and any Disk Con- After Last Choracter is Address or Unit Exception
dition; Then Restore ‘the Transferred Wait for QH241 Qut Matches Address On
A-,B~, and |-Stars and Status In. Check Status Setup the Counter Used . Status Should be Zero
Return to [-Cycles for Device End or Channel to Address Main Storage Device 4 on the First Pass.
End; One or the Other to Allow the Reading of End or Channel End NO | Sense Command
Should be Received. If the Sector Count Up .
not go to Generol Stop. General Stop i
)£ DE or CE are up, Check [ Generol Stop . | Status Should be 00
QH361 > it Unit Check or Unit Ex-
for Unit Check. If UC )
Exist go to General Stop Eep’lon Is U:), Do a Sense Send CCHH ;/glues Read
g ~ ommand. If UC and UE from Record RO info
U"'E' C“efﬁ °foU”" \ Unit Check Bit On Are Down but Device End CPU Storage to the
xception On QH381 Is Up, the Read RO Will Control Unit.
Not Be Done. Otherwise
. Repeat Command QH381
DE, CE, or Have a
Unit Check Was an Equal Address Wait for Status In. Check
Found on this Search; Status for Device End or
Ves If not Repeat the Search Channel End, Go to General
Command i N @ |Stop if One or the Other is
Urit Check or Unit Not On. Check for an Unit
General Stop Exception On Check, if Bitis Ongotoa
General Stop. Otherwise
- Sense Command Repeot the Seek Command
evice End or NO d Status will be Non-
Equal Address Found _J |ond Status will be Non
Control End Up 3 our Zero Because Device is
Busy Seeking
YES
DE, CE, or Have a

To I-Cycles

Chart 144

Device End Up

I S

Unit Check

General Stop




Chart 143

QH441

Subtract 1 from the Sector
Count

Is Sector Count 000

Set Op Register Bit 4
to 1 (Data Transfer)

QH441

Set Op Register Bit 4 and
Bit 7 to 1 (Data Transfer
and Sector Count is Zero)

| L[ oo

Readout Selected File
Unit Number and Send

l QH461

Readout the Data Char
from Main Storage and
Check to See if it isa
GMWM, Ifitisa
GMWM, o Wrong Length
Record Condition Exists.
Setup the Wordmark Bit
Depending on the Opera-
tion, Load or Move
Compare Storage Character
to the Bus In Character.

If Characters Do Not Com~
pare, Set an Indicator Bit
to End Routine or Set
Validty Error Bit in File
Branch Byte. This Con-
tinues Until the Counter is
Zero or a GMWM is
Found. If Status in Comes
Up During this Time an
Error Condition Exists.

l QH381

Wait for Status in or
Service In. If Service In
is Received a Wrong
Length Record Condition
Must be Set. If Status In
is Received, Either Device
End or Channel End Must
be Up. If not go o
General Stop. If Unit
Check is Up Issue a Sense
Command, if not Check
Sector Count.

Chart 143

Using Alternate Track

NO
QHS531

Check for Any Error Bits
Being On in the File
Branch Byte. If Any Are
On, Set the Any Disk
Condition Bit and Reset the
Read Back Check Indr Bit

" Setup to Seek to the
Original Cylinder

Set the Original Seek
Cylinder Value into the
Search Cylinder Byte

L

©

QH401

| QH341

Readout Selected File Unit|
Number and Send Address

to the Control Unit. Wait
for Address In and Com-

I QH361

If Unit Check or Unit
Exception are on, do o
Sense Command.

Check for Device End.
DE Will not be Up Until
the Seek is Completed

Unit
Check or Unit
Exception
On

vyl 410

Address
Out Matches Address

QH341

Character is a GMW!

—Geneml Stop

QH391

Test Program Mode
Switch Byte for Allow
1/O Traps and Set
Conditions Accordingly

the Remainder into Two,
Units and Tens, Decimal
Digits. Subtract 1 from
the Record Value.

Gdz.!:esswm.:hfe C::;rol \ QH38l pare Addresses. 1f Address
nit. Wait for ress In Device QH401 do not Match go to Set Op Regi i
YES g et Op Register Bit 0 fo
:Zexdgfgti:‘e Address Out End of Channel End Subtract 2 from the General Stop. NO 0 (Not Alternate Track)
Cylinder Value. Convert l QH351 QH361, 422

Setup Command (07) for
Full Seek to Original Trac

Iietup to do a Head Seek

QH361

Z +99yg - seAlyd3lqQ sdO G pup ‘z ‘| 404 DFY - °|!d 00¥L

Store Command in MPX I QH341
QH4tl Storage and lSSl{e the [Readout Selected File Unit
To I-Cycles Has the DCF Been ﬁ:’:"":’;d ’ qug for SS:":“S No. and Send f\ddresf to
General Stop Incremented est for Zero Status. the Control Unit. Wait for
Chart 143 Srutus should be Zero on Address In and Compare
First Pass. Address. |f Address do Not|
Setop C Tt . QH411 Match Go To General St
et up Command for
Read 06 . _._________,[ if Record Value is Ten or
QHael Counter is 0000 Read-in C C H H R More, Subtract Ten. Store Setup Head Seek Command
" 00 3C 00 08 11 : Correct Record Value in 18
e o s e ot QHa71 Readout Record Volue Comversion 60 08 17} |Moin Sorage, Dotble he
i QH501 Wauit Until Counter i from MPX Storage and inus ead Value, i
Command. Wait for Status Z:rlo nitl Counter is Test to See if fhge Valuve 1400 59 08 6: Record Value was Ten or YES QH371
In and Test for Zero Status. If Operation is a Load is 14 (20 Decimal) Stored 19 7 61 More. Store Correct Head Send to the Control Unit Store Command in MPX
(Status Should be Zero) and a RBC Error, Non —_— Value in Main Storage. Bin Bin of 0000 Storage and Issue the
Compare, has Occurred QH501 Double the Cylinder Units Command. Wait for Status 1
Set Op Register Bit 7 to 1 If Read is a Load Op Vaive, Add 1 if Carry QH371 In and Test for Zero Status
(Sector Count is 000). If Bring in the 91st Character. Occ‘urred on Head Con- Send to the Control Unit
Opewﬁor; is;‘ L°S:,; Check Last Character In, Record 20 version ogd Store Rglul;; CCHH from MPX Storage
Bring in the 91st r Load or Move, to See if in Main Storage. uble
Check Last Character In, the Chorccter, hes @ the Cylinder Tens Value, QH381
QH451 Load or Move, to see if Wordmark. Set Command Add 1 if a Carry Occurred
the Character has o Word-| Out to End Operation. QH43) on Cylinder Units Con- After Valuesare Sent,Wait
5:3' Up Counter for Data mark. Set an Indicator Set Op Register Bit 7 to 1. Setup for Head Switch On version and Store in Main for Status In. Status
Check or Unit Field Length : Bit for Validty Error if Set an Indicator Bit on for Search. Set Op Regisrer Add 1 to the Record Value. Storage. Should have Channel End
Exception Move Op = Hex Decimal Read is a Load Op and Validty Error If Read is & Bit 4 to 0. Readout the Set Op Register Bit 4 to Up or Device End, If not
e s cons 9980 Last Character In Did Not Load Op and Last Char Head Value, Check for 0. Set Bit 3 of /O Error Go to General Stop. With Send to the Control Unit
rac e 4 have a Wordmark or Read In Did Not have a Head 9. Byte to Indicate DCF has DE or CE up Test for an Bin B
Load Op  Hex  Decimal is @ Move Op and Last Wordmark or Reod is a Been Incremented. Unit Check. If On Go tc in Bin of 0000
Sector Made 8257':\ 0032 Character tn has a Word- Move'Op and Last General Stop. If not
Sense Command Frack Mode % mark. Character In has a Repeat Seek Command, N
Wordmark. But this time Status is Send to the Control Unit
l QH50 QH411,412 Non-Zero as the Unit is CCHH from MPX Storage
Readout the Next Seeking to Original QH381
Character from Main Using Head 9 Readour fn:.nn MP.X Storage Cylinder. |
the 1400 File Unit No. After Values are Sent
.S‘h?ra-ge ugc[lv‘(\:lz\;ck ml See Add 1 to it if a Carry Wait for Status In. Status \
'Clr\I;ct :0 See if S’ec'l:;o QH431 QH431 Occurred on the Cylinder N ShT)UH'Hm;_e dClL»)cnn]efl :lnd
Devi. . Ch: Head Vat Tens Conversion. If a o or Device End Up, ot
End or Coi::!e Unit Cou.m s Z.ero. Set Op to ;gg:nd e:dd Ia'ge Add 1 to Head Value Cylinder Overflow was DE, CE'or Have Go to General Stop. With
End Up egister Bit 7 1o ! the Cylinder Value Found on the Cylinder an Unit Check DE or CE Up Test for an
(Sector Count}. 4 Hexadecimal to Decimal Unit Check. If On Go to
I Conversion Add 2 More General Stop. Otherwise
to the Module Value and YES Set OP Register Bit 0 to 0.
Character is a Store in Main Storage.
1-Cycles GMWM Readout the Next Position General Stop
of Main Storage and
Write Back the Digit
Portion of the Byte.
Sector Count is 000 Sector Count is 000
Set Bit 3 of 1/O Error Set Bit 3 of 1/O Error Charr 143
QH501 Byte (DCF Incremented) Byte (DCF Incremented)
[
Set Op Register Bit 7 QH422 QH531
to 1. Set Wrong Length Fe' (?P Register Bit 7 Store the Cylinder Vol Op I QH361
R d Bit in File Branch to O (Sector Count Not 000) ore the Cylinder Value .
Breon Set Wrong Length fecard in the Cylinder Buffer FwW Cosebitd on (et Unit Check or Unit
ile Branch Byte Byte ST W Concth Record Rk Exception Bit is On,
L Chart :43 .et. rong ength Recor: QH541 do a Sense Command.
Bit in File Branch Byte :
Otherwisz Repeat the
QHz01 Restore A, B, and |-Stars Head Seek.
Is
Validty Error
indicator On QG031 O
Test Program Mode Switch it Check NO

or Unit Exception
Bit On

—Sense Command

Byte for Allow I/O Traps
and Set Conditions
Accordingly.

—To I-Cycles

Set Disk Error Bit in
File Branch Byte On
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DCF 1400-1311

“/ND,D3 D4 D5 Dg
515553

Example

*051976 XXXX

Changed to 2311 Format
by Using Table Look Up
to Select Module 2,
Cylinder 59, Head 8,
and Record 16. This can

Dividing D, D3 D, D5 by
2 and Using the Remainder
with Dy for the Record .
Add 1 to the Cylinder
and Record Values for
2311 Format .

QH301

Store 1-Star, Setup the
Op Register for Write In
Move or Load Mode .
0000 0000 Load

| Op Register
10000 XXXX Write Load
10010 XXXX Write Move

0010 0000 Move L0 T Low
| 1000 Equl
[ anso1, 3n | 1001 High

Readout the Disk Control
Field and Change from a
1400-1311 Format to
2311 Format. Change

I QHA421

the Op Register to
Indicate High, Equal,
or Low Scan

Store the Operation Code
(Op Register] in MPX

Storage to Remember what
was Done Last. Since this

is a Write Op Set the Read

4
1 l QH34T Back Check Interlock On.

End Result ls:

1400 2311
Module 4 2
Cytinder 59+1 3C
Head 08 08
Record  16+1 n
S —

I
|
1
|
I
|
'
1
1

be Determined by I
1
|
|
|
|
|
1
|
|
|
|

General Stop

Status is Received, Set
the File Bronch Byte for
Busy and Any Disk Condi-
tion. Restore the A, B,
and |-Stars and Return to
I-Cycles. If Status isn't
Received, Wait for Oper-
ational In and Address In,
Check for Correct Address

I QH361

if Status Hos a Unit
Check or Unit Exception
Bit On, Do a Sense
Command. If UC or UE
Bits are not On, Check
for Device End or Control
Unit End. If Either DE or
CUE are Up, Retry the
Command. Otherwise
Set the File Branch Byte
to Busy and Any Disk
Condition, then Restore
the A, B, and I-Stars
and Return to I-Cycles

OH36

Unit Check or Unit
Exception On

Setup a Head Seek (1B)
Command

Store Command in MPX

Storage and Issue the
Command . Wait for
Status In and Test for
Zero Status.

Yes  QH3Tl

Setup to do o Head Seek
Address Transfer. Sent to
the Control Unit Bin.

Bin of 0000 and CCHH
from MPX Storage .

[ ana

After Last Character is
Transferred Wait for S
Status In, Check Status
for Device End or Chan-
nel End. One or the
Other Should be Received
If Not go fo a General
Stop. If DE or CE are Up,
Check for a Unit Check .
If UC Exists go lo @
General Stop .

QH381

NO

Nc
Device End,

Send Address Out. If I

Channe! End or Have a
Unit Check

General Stop

QH421

Readout Compare and
Module Protect Disable
Byte. Check if Module
Protect is fo be Done .
If it is, Check Selected
File Number Against a
Fixed Number. If
Numbers Match Go On,
If not Go to a General

Stop .

Error Qccurred

QH421

Setup the Op Register to
Indicate a Scan Operation
{Bit 5) and to do o Read
{Bit 3).

0001 G100 Read Load
0011 0100 Read Move
Set a Byte in Storage to
Remember What Type of
Scan.

Low - 0000 0000
Equal - 0001 0000
High - 0010 0000

| QHa21

The Operation has Changed
to a Read so it Resets the
Read Back Check Indicator

QH521

Insure the Op Registe!
Bit 7 is O

General Stop

General Stop

Status Should be Zero at

This Time !

Unit Check or Unit
Exception On

Device
End or Control Unit
End Bits
Up

Cycles

General Stop

Reodout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address
In, then Compare
Address Out to Address in

Store Command in MPX
Storage and [ssve the
Command . Wait for
Status In and Test for
Zero Status

After Last Character is
Sent, Wait for Status In.
Check Status for Device
£nd or Channel End,
Should Receive One or
the Other . If Not go to
a Genera! Stop. With
Device End or Channel
End Up Check for Unit
Check, If on a Sense
Command must be Done
to Find Out the Cause of
the Unit Check

Unit Check Bit On

v Chart 146
l QH341

After Each Character is
Sent, a Test for Status In
is Done. If Status In
Comes Up, the Unit Check,
Bit Should be On. The
Unit Check Bit is Set if
the Track is Flagged iDe-
fective Track) or on Equal
Addiess on an 1D Seaich is
not Found Before the Disc
Passes the File Index

Point Twice. This Causes
Early Status and @ Sense

Was an Equal Address
Found on this Search.

1f not Repeat the Search
Command .

Equal Address Found

Chart 146

Forly Status

Command is Done .

Set Op Register Bit 7 to |
(Sector Count 00)

QH341

Readout Selected File
Number and Send the
Address to the Control
Unit. Wait for Address
In, Then Compare Add-
ress Out to Address In

QU341
Address
Out Matches
Address
In

No

General Stop

) I QH341

QH351

Setup Sense Command 04

QH361

Store Command in MPX
Storage and lssue the
Command. Wait for
Status In.

QH361

Send Service Out

CH511
Bring in Sense Bytes 0, 1,
2, and. 3 One Byte at a
Time and Store in MPX
Storage . Test Selected
Bits of Sense Byte O, 1,
and 2 for Error Condition
and Set the File Branch
Byte to Indicate the Error
Condition. If Bit 6 of the
Sense Byte O (Flagged
Track) is On Set an
Indicator Bit On.

8it 6 of Byte 0 on

Yes

Set Op Register Bit 0 to a
1and Bit 7 toa O

Readout Selected File Unit
Number and Send the Ad-
dress to the Control Unit.
Wait for Address In, then
Compare Address Qut to
Address In.

Address
Out Matches Address
In

Setup Command (16) to
Read Record 0 Address

Store Command in MPX
Storage ond lssue the
Command. Wait for Status
In and Test for Zero Status

Is Status 00

Chart 146

General Stop

| QH371

Read In the CCHH Volues
from Record RO and Store
in CPU Storage. lssue
Command Out to Bring
Status In.

I QH3s!
Check Status for Either
Device End or Channel
End. If Either One is On,
Check for Unit Check. If
not Go to General Stop.
¥ an Unit Check is Found
do a Sense Command, If
not Set up to do a Fuil
Seek to an Alternate Track

Using CCHH from Record
0.

Device
End or Channel End

Unit Check Bit On

General Stop

Setup to Develop a Full
Seek Command to an
Alternate Track.

I QH361

Check for Unit Check or
Unit Exception. I On Do
a Sense Command . If Not
Test for Device End. DE
Will Not Be Up until the
Seek s Completed. Until
the Device End Comes Up
Repeat Seek Command

Unit Check or Unit
Exception On

Sense Command

No Device End Up

if Unit Check or Unit Ex-
ception Is Up, Do a Sense
Command. If UC and UE
Are Down but Device End
Is Up, the Read RO Will
Not Be Done . Other-
wise Repeat Command

Unit Check or Unit
Exception On

{ [ QH341

Readout Selected File Unit
Number and Send Address

to the Control Unit. Wait

for Address In, then Com-
pare Address Out with

Address In.

Address
Out Matches Address

General Stop

Setup a Full Seek
Command 07.

Store Command in MPX
Storage and lssue the
Command. Wait for Status
In and Test for Zero Status

Yes  QH361
Insure Bit 4 of the
Op Register is 0.

l QH341

Readout Selected File Unit
Number and Send Address
to the Control Unit. Wait
for Address In, then Com-
pare Address Out with

Address In.

Store Command in MPX
Storage and Issue the
Command. Wait for Status
In ond Test for Zero Status

QH361

a O

Yes QH371

Send Bin Bin of 0000 to
the Control Unit
QH37]

Send CCHH Values Read
from Record RO into CPU
Storage to the Control
Unit.

| oum

Wait for Status In. Check
Status for Device End or
Channel End, Go to Gen-
eral Stop if One or the
Other is Not on. Check
for an Unit Check, if Bit
is On go to a General
Stop. Otherwise Repeat
the Seek Command and
Status will be Non-Zero
Because Device is Busy
Seeking.

I Status should be Zero

! on the

Channel End, or Have
on Unit Check

General Stop

If Unit Check or Unit
Exception Bit is On Re-
store the A, B, and

|-Stars and go to 1-Cycles.
Othewise Repeat Search
Command.
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Chart 145 | QH481 QH361,422
Readout Character from
QH441 Main Storage. Subtract 1 Device No Setup to do a Head Seek
from the Counter and End or Channel End
Subtract 1 from the Check if the Storage Char- Up
Sector Count .
acter is a GMWM. Also . l QH341
QH441 if the Counter is Zero General Stop Using Alternate Track QH531 A P I
eadout Selected File
NG ) Setup to Seek the Original Unit Number and Send
Is Sector QH481 No  qus31 Cylinder Address to the Control
Count 000 Unit. Wait for Address In.
v Storage Ch.eck for .Any Error Bits l QH422 Then Compare Address
Set Op Register Bit 4 and 7 es Character is « GMWM No Being On in the File Set the Original Seek Out to Address In
QH441 fo 1 (Data Tronsfer and orien QHest Branch Byte. If Any are on Cylinder Value info the
Set Op Register Bif 4 to 1 Sector Count is Zero) Chart 145 Z-e,' ;hj :ny'Dt';k gt’njié:"['( Search Cylinder Byte
; 1 N ese e Rea C|
{Data Transfer) Counter 1 0000 Yes Counter is 0000 No Yes Check Interlock Bit.
ounter is Sector Count is 00 l Qrem ] QH341 Out Matches Address
| [ QH34l QH481 Readout Selected File Unit
Readout Selected File Unit No QH481 Yes QH431 Number and Send Address General Stop

Number and Send Address
to the Control Unit. Wait
for Address In, then
Compare Address Out with
Address In

Qut Matches Address

Yes  QH351

No

General Stop

Setup Command for
Read (06)

But Do Not Readout
Main Storage

Bring in Bus-In Character,

of

L ]

Load

QH481 High or Low Do Not Test
Set Bus-In Character into This Compare. If Test $ Store Command in MPX
Hardware Register Compare Is Not Equal Storage and Issue the
Compare=-Storage Charac- Out Matches Address Command, Wait for Status

Load or Move

Move

Compare the Main Storage
Character to a $ or $ with
WM. Check if the Prev-
ious Compares have been
High, Low, or Equal. If

ter with Bus=In Character.
Readout Next Position of
Main Storage and Set Bit
Indicator for Compare

QH481 l

Chart 145

Readout Record Number
from MPX Storage. Check
if Record Number is 14
(20 Decimal)

Record Number is 20

QH431

Add 1 to Record Number
Set Op Register Bit 4 to 0.

Yes

QH431

Setup for a Head Switch.
Set an Indicator Bit if

using an Alternate Track.
Set the Record Number to

If Record Number is Less
than 16 (Dec) and in Sector|
Mode, Set Bit 0 and 3 of
the File Branch Byte.

QH541

Restore A, B, and I-Stars

to the Control Unit. Wait
for Address In, then Comp-
ore Address Out with
Address In

Yes  quast General Stop

Setup Command (07) for
Full Seek

Test Program Mode Switch

| QH361

Setup Head Seek (1B)
Command

In and Test for Zero Status

QH341

Z 199yS - saA10alqO dO upas - 314 0ol

3 01 and the Op Register Bit
Check Last Character for Check Last Character for z,e';“e ‘C/?f” or Byte 4t0 0. Readout the Head Byte for Allow 1/O Traps Store Command in MPX
Store Command in MPX Correct Mode, WM or Correct Mode, WM or ,”] » DCF Ancremented, Number and Set to 00. In- and lSet Conditions Accor- Storage and lssue the Yes  qQuazi Unit Check or Unit Ex-
Storage and Issue the No WM. Set Command No WM ° crease the Cylinder Value dingly Command. Wait for Status - ception Bits On,do o
Command . Wait for Status Out to Bring in Status by 1. Set the I/O Error In.and Test for Zero Status. s?"d A the Control Unit Sense Command. Other-
In and Test for Zero Status I I Byte Bit 3, DCF Incre- Sru'us should be Zero on Bin Bin of 0000 wise Repeat the Head Seek
(Status should be Zero) mented to 1 1-Cycle First Pass. QH371
Send to the Control Unit
I QH381 CCHH from MPX Storage
Correct Mode Wait for Status In or Ser— QH381 g .
vice In. Service In can be Unit Check or Unit Ex=
Received from a Wrong No QH361 After Val Sent
o Length Record in Move Using Alternate Track QH371 A ~e'rf osl;ej arle eréf,‘
. Set Disk Error (Bit 4) in g Send to the Control Uni . . ait for Status In. Status
: Mode ontrol Unit If Unit Check or Unit Should have Channel End Yes
Setup Counter for Dat File Branch Byte W Bin Bin of 0000
5 I: ¢ ou,;he or Data ’ in Bin ol Exception are On, do a or Device End Up. if Not
leld Leng e QH422 Sense Command. Other— Go to General Stop. With Sense Command
Unit Move Op Hex Dec. 45 i h f avi b
Check or Unit Sector Mode 0064 0100 QH481 Chart 145 Readout Cylinder Valuve Send to the Contol Unit E”n‘ff ([:)Ee:«kil :;’D;QV'G; Bf‘iff Cﬁiip T;s(') forG o
i from Search Byte and Set N ‘ n
Exception On Track Mode 0BA4 2980 Readout Byfe from MPX i:gy[?:;:r‘ BUY"eerogwee CCHH from MPX Storage Until the Seek is o General Stop
Load O H b Storage that Indicates Completed
oad Lp ex Lec. Scan Requested and Check —ﬁ_——
?,ectr'xk;de 3257/: gggg to See if this Scan was an S he Seek Cylind QH36!
racl ode . tt
Sense Command Equal Scan, if not Reset Pl ine seex Sy noer After Values are Sent Unit N
the Equal Bit Indicator . Value into the Search \Wai ni o
Move (oad or M Mod Cylinder Value ait for Status In. Stotus Check or Unit DE, CE, or Have a
| QH451 | Qnaor ¢ oad or Move Mode Should Have Channel End Exception Unit Check
I ! Up or Device End . If Not On
Setup a Hardware Register L Go to General Stop. With| < QH38! General Stop
- CE f o
te 0101 1011 (§) unf{ An Check to See if Scan Re- A DE.or Up :I'esv or an Yes - -
other Hardware Register ted was High, Low, or - - Unit Check, if On Go to Set Op Register Bit 0 to 0
End or Control Unit to 0001 1011 ($ with WM)., e e hiRe Set Op Register Bit 7 to 1. Genera!l Stop. If Not Sense Command (Not Alternate Track)
Set a Counter to the Add- Equal . Readout the Hi-Lo- Set Wrong Length Record Repeat Seek Command, but
ress of the Records First Eq Byte from CPU Storage (Bit 2) in File Bronch Byte This Time Status is Non-
Data Ch ter in S jond Sef High Four Bits to Zero as the Unit is Seekin
No ata Character in Sforage Indicate Condition of this ) ] iginal "9
Scan: to Original Track
I-Cycles | I High 1100 XXXX Chart 145
Low 0110 XXXX
Equal 0001 XXXX
Store the Condition in the Device End Up
Hi-Lo-Eq Byte, Set the Op No
Register Bit 7 fo 1 if: DE, CE or Have a
Sc:an Requested Refults A Unit Check Yes QH361
High High or
L iqual Yes Set Op Register Bit 4 to 0
ow ow or
Equal el Gererel stop Qs
qua
Check if the Wrong Length
Record Condition was Set, Sector Count is 000
Counter was Zero before
a GMWM was Found

Yes  QH422

Set Op Register Bit 0 to O
(Not Alternate Track)

No

Wrong Length Record

Set Op Register Bit 7 to 1.
Set Wrong Length Record
(Bit 2) in File Branch Byte

L |
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From Op Decode After 1
1-Cycles !

Chart 148

Chart 115

Reset 1050 Error Bit in the
1/O Error Byte

QGI1!

Set the H6 Latch. Set Tag
Out Lines to 00. Read Out
the 1050 Status Byte from
MPX Storage. If This Op~
eration s in Load Mode,
Set Bit 0 of Status Byte to
1 and Reset the Manual Bit.
(Bit 2). If in Move Mode,
Reset both Bit 0 and Bit 2

| o

Set the Op Register to the
Tags in and Check for
Read or Write Op

Display

Chart 155

T Return of Stop Routine
1 (Intervention Required)
L

ROAR Reset to Address
for Alter or Display

Setup for Alter or
Display

The Attention
Tag Was On

Set the H6 Latch. Set
Load and Manual Bits to
1 in the 1050 Status Byte

No QGI1I Yes

Set the Op Register to
1050 Tags In

QGi21

Reset the 1050 Attention
Tag

QG121

Send Out Tags-RDR2 to
Run and Proceed

Alter or Display Q

Read or Write

Read or Write

Set Home RDR Start and
Reset Command

QGI41

1

Reset Run Mode and Set
Command Start. Turn Off
the H-6 Latch and MPX
Operational Latch

QG141

Setup Error Code
To General Stop

QE641

Send Command Out and
Set Command Start. Send
Suppress Out.

| com

Wait for Status In and/or
Service In, if Service In
Comes in and Error Has

Occurred

After Operational In is
Down Reset C: d

Send Command Out and
Command Start. Wait for
Operational In to Drop.

Yes

Setup Error Code

- Start.

1 QE641

I

To General Stop

Chert 155

A QG121 Chart 155
Reset Command Start
l -~ QH151
A Set the Op Register to
1050 Tags In.
-4
Attention Tag Up
QGl21 QH141
Reset the Inquiry Request Intervention Yes
Yes QG121 Bit (Bit 6) of the Hi-Lo~ Required Up
Eq Byte in CPU Storage
Reset Command Start l
L e & Check if Operation is
QG121 Read, Write, Display,
FAPX Share > or Alter.
Request Bit QG4
(FT Bit 3) On i
rite
. y Write, Display
Display or Read,
Yes QGI21 Alter 1 QGI8l

Set the MPX Operational
Latch

Read,Alter
QGIl41

Set Op Register to the
1050 Tags In and Set an
indicator Bir if 1050
Share Request is Up .

Alter

Read,  Alter Chart 148

QGI21

QGMI, 161

Store a GMWM into
Storage and Increase
B~Address by 1

QG141

Address in Up

Reset the 1050 Status
Byte in MPX Storage. Set

No

QGI2] A Command Start. Reset the
Set Op Register to the 1050 Tags, MPX Opera-
1050 Tags In tional Latch, and the H~6

Latch

QG121

QGH41

Setup Stop Code
To General Stop

QE641

1050 Share
Request Up

Reset Suppress Out Latch

Chart 155

Chart 148

Check for Dath Check Bit
Being On. If On Set 1050
Error Bit in the I/O Error

Byte On

|  acwm

Readout Character from
Main Storage and Check
if it is a GMWM

Character
isa GMWM

Display or

QG181

1

Check to See if Character

Display|

Write Operation
Write QG181

Increase B-Address by 1

Chart 148

Latch

Chart 148

Has a WM. [f it does, 00 o1 10 1
A Check if in Load Mode . 00 {01 [10 |11 00011011 00f{0t{i10|MN 00| 01}j10| 11
If in Load Mode Check if sp —_ 21! 0
Last Character Out was a 0000 _ _
WM, Send this Character / Al 1
Out and Reset Last 0001
Ch(?ruc,er was a Wordmark 0010 BiK|s|2
Indication
oon clLjrys
0100} DimM|ul4
- 010} E{N|V]5
aracter
Has a WM 0110, FlO|wW e
o1 G|P|[X}7
1000 H|Q|Y[s8
y 1 {R|Z1}9
Load or | 1001
Move Mode 1010 5
1001 cls]
o -
1100 L R el
Last Character Yes A 1101 Cl3|~]:
\ was a
Wordmark QGI8I 1110 <N >
A | # v
Ne QGis! Insure Bit 1 of the Charac- mn ia
ter is 1 (No Wordmark) i 0 Bit F ¢
and Check Bit 0 of the Chart 1. 2030 Bit Forma
Setup a Wordmark Chart Character to see if the
(E6-Chart 2) and Set an Character is in Quadrent
Indication of Last Charac— 1 or 3 of Chart 1
ter Out was o Wordmark
00 10 01 11
ooforj10ln o0 forjm0|n oo0forjioimn 10{01110] 11
Quadrant Tor 3 -
0000 SP| & 0
0001 / AlJ !
i Yes
Character is a Blank 0010 BlK ]S 2
0011 clrlr 3
N
2 0100 pim]|u 4
Mo Check 4 Low Bits of the o101[HT [NL EIN]V ClY| )]s
ve
Character (Chart 1), If Flolw bl=]|v
Bits are All Zeros Change 0110 6
Y the Low Bits to 0111 (See o clrplx 2 | 7
Chart 2), If the 4 Low
Bits are Not All Zeros Set 1000 H|lQ|Y 8
Setup Character to C6 8it 1to a 0 So All Cha- v
(b-8lank) . See Chart 2, racter ore in Quadrant 2 1001 TfRz 9
f of Chart 2
A ) QG191 L——_: 1010 %
syl #
Low Four Bits are 1on
1100 Hi*j%|@
101 Cl3~]:
Load .
Low Four are Load or Move Mode = 1110 (VN[>
1101 or 1100
m F|a v
Move QG191 Chart 2. Bit Format form and to 1050
1052 Has No Check to see if Bit 2 is
Y an H-Ball On On, if On Use Character
as is. If Bit 2 is Off, C
% Check if the Character is
e QG201 (ID) or  (5D). See
Chart 1. I itisa
Change Certain Character Change the Bit Format to
to Different Character for 05 for the Tab Function.
H-Ball. If it isa ], Change the
Chort 1 Chart.2 gn F.orma;{ro 15;or ?:1'e
XH-4C to )-C5 arnahge efturn Function.
%-6C  to (-E5 See Chart 2 Is Character on
a-7C to V—D5 Bus Out o
78 to =-D6 WM )
l QG191 QG19i
> l Reset the MPX Operational Increase B-Address by 1 J
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Chart 147

QG141

Check to See if the Can-
cel or Data Check Bits
are On. If Data Check is
On Set Bus-In Character
into the Op Register. If
Either Bit is on Set Bit 4
(1050 Error) an in the 1/O
Error Byte.

QG141

Check Bits 0 and 1 of Bus-
In Character to determine
what Quadrant the Cha~

racter is In. See Chart 2,

Cancel Bit On

QG141

Change Character to a

Blank (40)

Read

Quadrant 0 or' 1

T
If Bus In Character is 1
05 Setup 4D - C !
15 Setup 5D -1 1

TE

Chart 147 O
1

Check to see if the Low 4
Bits of the Bus-In are
Other than 0101, also if
Bit 2 of the Character is @
1. If Either Condition
Exists, Set the 1050 Error
Bit (Bit 4) of the 1/O Error
Byte.

QG141

Alter or Read

Alter

Chart 147

A

Set Bit 1 of Character to
1 (Quadrant 3 Chart 1)

>

Alter or Read

Tags

Set Op Register to 1050

Display Routine

Chart 147

Is the
Attention Tag Up

Low

are 0111

Set 4 Low Bits of Char~

acter to 0000..
See Chart 1.

Numeric Character

‘4 Bits of Character

1

QG151

Enter

Readout Position of Main
Storage Character is to

Character is a

Storage

GMWM

Check to See if the Char-
acter in Storage Has a
Word Mark . If in Move
Mode and Character Has
a WM, add a WM to the
Character to be Stored.
If no WM Insure Bit 1 is
Set to 1 (No WM). If in
Load Mode and Cheracter
Has a WM, Check if Last
Character In Was a WM
Indication. If Last Chor-
acter fn was a WM Set a
WM into this character .
If not Insure Bit 1isa 1.

QG161

Alter or Read

Set 1050 Error Bit in 1/0
Error Byte in MPX
Storage .

Chart 147

| ace

Reset Last-Character-In-
Was-a-WM Indication and
Store the Converted Char~,
acter into Main Storage .
Increase B-Address by 1.

Low
4 Bits of Ch

are 0101

Low
4 Bits of Character
are 0110

QG171

QG171

Set 1050 Error Bit (Bit 4)
Byte in Check Bits 2 and 3 of
Character In, Change

of the 1/0 Error
MPX Storage .

Chart 147

A

A

Yo~

Chart 2
b-Cé
=-Dé
If Bits 2 and 3 are 10
(Chart 2, Quadrant 3)
Set an Indication if
Last Character was a
Wordmark .

to
to

Character to be Stored

Chart 1
00

#-78

Bits
2 and 3 are 00,01

or 10

QG171

| [ qcier

Restore the 1050 Status
Byte in MPX Storage. Set
Command Start. Send Out
Carrier Return and Line
Feed and Reset 1050.
Reset the MPX Operation-
al Lotch and Set the In~
valid A-Address Indica-
tion,

| ecoa

Check Mode Switch Byte
to see if |/O Traps

Are Allowed. Set up H5,
H6 and Command Start

os Required.

[

Readout the 1/0 Error
Byte in MPX Storage and
Test Bit 4 (1050 Error)

On

1-Cycles
Branch on Inquiry

d-modifier
is¥or Q

To Stop

Chart 155

QF701

Set the Op Register to
1050 Tag In and Check
if the Attention Bit is On.

Attention Bit On

QF 651

I

QFé61

ingty

Check to See if Advance
Program Feature is Installed
Set | and B-Star Accord -

|

NO

Check Bits 2 and 3 of
Character In. Change
Character to be stored to:
Chart 2 Chart 1
Quadrent 3 Quandrant 2
Bits 2 and 3

00-) to m-4C
01-v¥ to @-7C
100-( to %-6C

QEO0T

To Interrupt Decode

Chart 155

Character is a Wordmark
Do Not Increase B-Add-
ress

To [-Cycle

Chart 102

QE001
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Restart
Chart

1-Cycles

Chart 115

155
QGon

Set Command Start to Take
Hold of the Channel

QG311

Set H-5 Latch. Set Bits 6
and 7 of Byte 8B in MPX
Storage to 01. This is
Used to Indicate a R/W Op

No

1 QG311

Reset Bits 5 and 6 of the
1/O Error Byte in MPX
Storage. Decode Device
Wanted and Read Out De-
vice Address. If Device
Number isn't 1 or 2 Setup
Invalid Command and Go
to General Stop. Reset
Select Out.

] QG311

Wait for Operational In

to Fall. Send Service Out,
Set d-Modifier into the
Op Register for Decode .
Set Bus Out and Send
Address Qut

] QG301

Wait for Operational In

to Come Up, Reset Address
Qut and Wait for Address
In. Check Address Out to
Address In .

Setup Error Code

Address
QOut Matches Address
In

QG261

Check the d-Modifier to
Insure it is an R. If Not
Go to General Stop

QG321

eral Stop

Reset Select Out, Send
Service Out. Go to Gen-

d-Modi

fier OK

l QG271

Send Service Out and Set
the Op Register to the
d-Modifier

Wait for Service In

Readout the Position In
Main Storage that the
Character from the Reader
will Enter. Check the
Character to See if it is
a GMWM or if it Con=
tains @ Wordmark . 1f it
is a GMWM the Read In
of Data is Finished . If
the Character from Stor~
age Does Not Contain a
WM Set an indicator Bit

QG291
Character
is a GMWM

QG301

| QG291

Service In

QG271

Wait for Status In or Ser=
vice In. Service -In wil
Come Up Until the Lost
Column Has been Read.
After the Card Has been
Read Status In will Come
In with Channe! End and
Device End Both Up

Service In or Status In

QG291

Status In QG271

Check for Unit Exception
Bit being On..If On,
Set Bit O (Switch A) of
the Sense Switch Byte
for Last Card Condition.

Unit Check Bit On

QG271

Check for Channel End
and Device End. Device
End is Up and an Indi-
cator Bit for Channel
Ended Is On

| QG271
Check the 1/O Error Byte
for a Reader Error, If On
Check the 1/0O Stop Switch
Bit. If Stop Switch is On
and an Error is Indicated
Setup an Error Code,
Otherwise Return to
1-Cycles

Reader
Error and 1/O Stop
Switch On

— | ] QG311

Increase B-Address by 1.
Set an Indicator Bit for

Channel-Ended-the-Read
and Send Command Out.
Channel End Will Come

Up Before Device End

Send Service Out and
Check which Quadrant
the Bus-In Character is
In. Do a Table Lookup
of Character to Deter-
mine if it is a Valid

1400 Character

QG271

Command

Check for a Unit Check,
if On Setup for a Sense

No

QG271

Setup Error Code

QG281,321

Reset Select Out and Send

Check if Character from
Table has Bit 1 On. If
Bit 11s On, a Further
Test Is Made to Determine
if the Bus In Characier

is @ MLP Character

Character Has Bit 1
On

QG291

Test if the B

acter is a MLP Character

us In Char-

MLP Ch

Change Bus In Character
to a Character with the

Chart 155

Set Up Read Command (12)
and Issue Command . Reset
Last Card Indication (Bit O
of Sense Switch Byte).

9,8 Bits Removed .

aracter

Unit Check Bit On

No

Set an Indicator Bit that
Channel End Status is Done

Service Out. Go toa
General Stop

I QG271

Check for Channel End
and Device End being
Up . Both will be Up for
a 80 Column Reod. For
a Read Less than 80 Col -
umns Only Channel End

QE641

Chart 155

will be Up

Channel End or
Device End

Channel

QG271

QG271,281

QG291

and Set Bi
Error) On

Readout 1/O Error Byte

t 5 (Reader

]

Send Service Out.
Op Register to the
d-Modifier . Wait for

Set Error Stop .

Readout the 81st Position
of the Read In Area and
QG Check for a GMWM. If
It lsn't a GMWM go to a

Status In with Device End

Character

is a GMWM

Unit Check from

Ending Status of

{ntial Status Can Contain
tionNot Recognized in

'mand. Also Device End
Can Be Up if this Is the
First Command After the
Device is Made Ready

QG271

em————

1 Wait for Status In. Set the
Status Byte into the Op
Register

Condi -

1
'
1
1
I
Last Com—:
'
I
I}
)
1
'

Unit Check Bit On

Yes QG271

Reset Select Out. Setup
to Reselect the Device.
This Clears Status

]

Example:
Bus In Store
00111001 11110001
00111010 11110010
0011101} 11110011

l QG301

|f Storage Character Had
a Wordmark, Store the
Bus In or Converted MLP
Character with a WM in
Main Storage

By 1

Increase the B-Address

If Bus-In Character was

an Invalid 1400 Character,|
Leave the Character that |
was in Main Storage There

| QG271

Status In Comes Up; Set
Status in the Op Register .
Do Not Check for Unit
Exception or the Last
Card Indication will be
Reset. Check for an

Unit Check

QG321

Reset Select Out and Send
Service Out. Gotoa
General Stop

QE641

Chart. 155

| Qo271

Setup Bits 6 and 7 of

Byte 8B in MPX Storage

to 10 for a Sense Command.|
Reset Select Out. Set an
Indicator Bit to Remember
This Is a Read Sense
Command

Decode Device Number
and Read Device Address.
Wait for Operational to
Fall. Send Service Out,
Set Bus Out and Send
Address Out

L QG301
Wait for Operational In
to Raise. Reset Address
Out and Set Command
Start. Wait for Address
In to Come Up, then
Match Address Out to
Address In.

Addresses Match

Setup Error Code

Setup Sense Command (04)

Set Bus Out, Send Com-
mand Qut. Wait for Status
In. Set Status into the Op
Register and Test for Busy

Reset Select Out

QG301

Reset Select Out and Send
Service Out

|f Channe! Ended the Read 1
Device is Busy Until Device=

| oo

Reset Select Out and Send
Service Out. Go to a
General Stop.

Chart 155

Wait for Service In. Set
Sense Byte into the Op
Register. Send Service
Out, Wait for Status In.
Send Service Out

QG281

Check Sense Byte for
Error Conditions

QG281
No

Equipment Check

Yes QG281

Intervention Required

| ecos

Accordingly .

Check PMS Byte to Deter-
mine if 1/O Traps are
Allowed. Setup Lotch

To Interrupt Decode

Chart 155

QF661

To I-Cycles

Chart 102

Set Reader Error (Bit 5) in
the |/O Error Byte

I QG281

QG281
If Either Data Check or
Overrun Condition Exists
t E Bit 5
Test Bit 0 of 1400 Control Set Reader Enrror (Bit 5)
in /O Error Byte.
Byte (I/O Stop Switch). If

On Go to General Stop. J QG281
If Off Go to I-Cycles

Setup Conditions for
Intervention Required
Stop.

QG281

1/0
Stop Switch On

| I e

Reset Select Out and Send
Service Out, Go to o
General Stop.

Reset Select Out and Send
Service Qut

Chart 155
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Chart 155
Restart

Instructions -

M%bGnXXXC Chart 115
M%BGnXXXG

- |
M%GnXXXP I=Cycle

Set Command Start to
Take Hold of the Channel

QG311

R/W Op.

Set H5 Latch. Set Bits
6 and 7 of Byte 8B in
MPX Storage to 01. This
is Used to Indicate a

QG311

Device Address.

Reset Bits 5 and 6 of the
1/O Error Byte in MPX
Storage. Decode Device
Wanted and Read Out

Device Number Isn't a 1
or 2, Setup Invalid Com-
mand and Go to General
Stop . Reset Select Out.

If

| QG3n

Wait for Operational In
to Fall. Send Service
Out, Set d-modifier into
the Op Register for
Decode. Set Bus Out
and Send Address Out .

QG301

Wait for Operational In
to Come Up. Reset

Address Out, et Com-
mand Start and Wait for
Address In. Check Ad-
dress Out to Address In

No Address

In

‘ QG261

Setup Error Code

QG321

Reset Select Qut, Send
Service Out. Go to

Out Matches Address

QG261,341

C -

Check d-Modifier for
Correct Character

G - Punch and Feed
P - Punch No Feed

Punch Skip

General Stop . None
Chart 155 e
b

Command of 01 Will :
Cause the Card to Move 1
column at a Time Until o !
GMWM is Found in Main |
Storage. Channel End |
and Device End Come Up

Together . :

Initial Status Can Contain |
o Unit Check from Con- |
dition Not Recognized :
in Ending Status of Last ¢
Command . !

QG261,341

d-Modifier
isCor G, P

QG341

of 01,

Readout the Low Bias
Byte and Subtract the
B-Address from the Bias
Number . Set the Answer
into a Hardware Register.
Setup the Punch Command

Send Command Qut.

Set Bus Out and

QG271

Wait for Status In. Set
the Status Byte into the
Op Register .

Unit Check Bit On

Set the Op Register to
07. Send Service Out,
Wait for Service In.

— ] I QG291

l QG261

d-Modifier ~ Command

P 01
G 81
Set Bus Out and Send
Command Out .
[ QG271

Wait for Status In. Set
the Status Byte into the
Op Register .

Unit Check Bit On

nized in Ending Status
of Last Command.

: Initial Status Can Con~

| tain a Unit Check from
I Condition Not Recog-
1
1
]

No QG271

Set the Op Register to
the d-Modifier. Send
Service Out and Wait
for Service [n to Come
up.

Determine this is an
Output Op. Readout the
Character from Main
Storage that is to be Sent
to the Punch.

QG301
Check to See if the
Storage Character is a
GMWM. fitisa
GMWM, the Data Trans-
fer Cycle will be Ended.
Add 1 to the B-Address

Insure WM Bit (Bit 1) of
the Character is a 1 (No
WM). Set Bus Out and

Service Out

QG271

Wait for Service In

‘ ] Qo

Determine this is an Output
Op and is a Punch Skip.

[ ccu

Add 1 to the Counter and
Check if a Carry Oceurs,
If a Carry Occurs, End the
Skip. A Carry will occur
When the Counter Reaches
00.

No QG301

Setup a Blank Character
(40). Set Bus Out and
Send Service Out.

Wait for Service In

! Commands 01 and 81 will
Cause the Card to Move

1 Column at a Time Until
la GMWM is Found in Main
[Storage . If @ GMWM is
| Not Found Before Column
|81, the End of the Card
will be Punched Until a
GMWM is Found. Com-
ymand 81 causes the Card
|to be Stacked After a
IGMWM is Found. Channel
|End and Device End Come
up Together for 01, but
channel comes in Before
{Device End Comes in for

81,

QG301

Send Command Out to End
Routine

QG271

Wait for Status In. Unit
Exception Should Not be
on for a Punch Status so
Reset Bit O (Switch A) of
the Sense Switch Byte .
Check for a Unit Check,
If One Exists, Do a Sense
Command . No Unit
Check, Test for Channel
End and Device End. If
this was a Punch Skip or
Punch Stop Channel and
Device End will be
Together . If this was a
Punch and Go Device End
will not Come in Until
the Card is Stacked .

Unit Check Bit On

Channel End or Device
~ End

Both I

Readout the 1/O Error
Byte and Check for a
Reader Error. This Bit
was Reset at the Begin-
ning of the Punch Opera-
tion so Should not be On .
Go to [-Cycles.

QG301

Reset Select Out and
Send Service Out

I QG271

Setup Bits 6 and 7 of

Byte 8B in MPX Storage
to 10 for a Sense Com-
mand. Reset Select Qut,
Set an indicator to Remem-
ber. This is a Punch

Sense Command .

| QG 311

Decode Device Number
and Read Device Address .
Wait for Operational [n
to Fall. Send Service
Qut, Set Bus Out and
Send Address Out.

| aocm
Wait for Operational in
to Raise . Reset Address
Out ond Set Command
Start. Wait for Address
In to Come Up, then
Match Address Out to
Address In.

Addresses Match

Setup Error Code

Yes QG261

Setup Sense Command
(04)

QG321

QG321

Reset Select Out and Send
Service Out. Go toa
General Stop .

QE641

—_—
+ On Punch and Feed,

1 Device is Busy Until

| Device End is Up.

Set Bus Out, Send Com-
mand Qut. Wait for
Status In. Sef Status
into the Op Register
and Test for Busy .

Device Busy

QG321

Wait for Service In
Yes QG271 Set Sense Byte into the
Op Register, Send Service]
Out, Wait for Status In.
Send Service Out.

QG281

Creck Sense Byte for
Error Condition

Channel

A

Equipment Check

QG271

Set an Indication That
Channel End Status is Done|

QG271

Yes QG281
Set Punch Errvor (Bit 6)
in the 1,0 Error Byte

Test Bit O of 1400 Control
QG271 Byte (I/O Stop Switch).

Status In Comes Up, Set If on Go to General Stop.

Status into the Op If Off, Go to 1-Cycles.

Register. Check for a l
Unit Check

Send Service Out. Wait
for Status In with Device

End

Intervention Required

QG281
Setup Conditions for
No Intervention Required
Stop
QG281
1/O Stop Switch On
QG321

Reset Select Out and
QG301 Send Service Out. Go

| [ acoar

Check PMS Byte to De~
termine if 1,/0 Traps are
Allowed. Setup the
Latches Accordingly .

To Interrupt Decode

_To 1-Cycles

Reset Select Out ond

to o General Stop

Send Service Out.

Chert 155

QEQ01

Chart 155 Chart 102



Instruction Kd, KBBBd

Chart 108
I-Cycles

Op Code
Bit 4is al

QG381

Setup Stop Code

QG321

Reset Select Out and
Send Service Out. Go
to a General Stop

QE64]

Chart 155

QG261

Setup Error Code

QG321

Reset Select Out and
Send Service Out. Go
to a Generol Stop.

QE64]

Chart 155

CLF 151

QG381

Chart 155

intervention
Required Return

Set the Numeric Portion
of the d-Modifigr into
the Op Register .

{Numeric Portion Must be a
|0 ~ Reader 2
!2 - Reader 1

| acan

Setup Bits 6 and 7 of Byte
BB in MPX Storage to 11.
Determine if Rd1 or Rd2 is
to be Selected. Readout
Correct Device Address .
Set Service Qut and Com-
mand Start, Wait for Op-
erational In to Fall. Set
Bus Out and Send Address
Out. Set the d-Modifier
into the Op Register

| QG301

Wait for Operational in to
Come Up. Reset Address
Out and Set Command Start
Wait for Address In, Then
Compare Address in to
iAddress Out .

Addresses Match

Yes QG261

Setup Stacker Select
Command (43). Set Bus
Out and Send Command
Qut,

QG271

Wait for Status In. Status
In for a Stacker Select is
Clear Unless an Intervention
Required Unit Check Exists.
When Status is Clear, it
lwill Require One Service
Out-Service In Cycle to
Bring in Ending Status.

This is ONLY for a 1442
[Stacker Select Command.

Channe! End and Device

End will not be up at This
Time. Busy Wiil Also be

Down.

QG271

Send Service Out, Wait
for Service In,

| QG271

Set Bits 6 and 7 in Byte 88
from MPX Storage to 10.
Set Low Portion of the
d-Modifier in the Op
Register . Reset Select

Qut.

| QG3Nl

Reset Rd 1 or Rd 2, Read
Qut Device Address. Wait
for Operational In to Fall,
Send Service Out. Set
d-Modifier into the Op
Register . Set Bus Out and
Send Address Out.

| aca

Wait for Operational In

to Come Up. Reset Ad-
dress Out and Set Command|
Start. Wait for Address

in, Then Compare Address
In to Address Out .

Addresses Match

Yes

Setup Sense Command

(04)

QG322

Set Bus Out and Send
Command Out. Wait for
Status In and Set Status
In Op Register . Send
Service Out.

] QG321

Wait for Service In, Set
Sense Byte in the Op

Register . Send Service
QOut and Wait for Status
in. Send Service Out.

| QG361

Test Sense Byte, Only
Intervention Required
Should be Up Which
Setup a Stop Code and
Go to General Stop

QE641

Y%

Chart 155

1442 - Stacker Select Objective

Set an Indicator Bit that
Channel Ended the Op .
Send Command Out .

| QG271

Wait for Status In. Status
Will have Channel End,
Device End, and Busy .
Check for a Reader Error
and if the 1/O Stop Switch
ison. If the 1/O Stop
Switch is off, o Reader
Error is Forgotten.

QG271

Stop
On Error or Go to
1-Cycles

Go QG301

Set an Indicator Bit to
Take the Branch if Instruc-
tion was KBBBd . Reset
Select Out and Send
Service Out.

| QG301

Test PMS Byte to See if
1/0O Traps are Allowed .
Set Latches Accordingly .

Stop

QG321
Reset Select Out and
Send Service Out, Setup

Error Code and Go to a
General Stop.

\)

Chart 155

Take the Branch

Program Feature

QFé661

Advance

Installed

QF662

Yes  Qresl

B8-St

Set the {-Star into the

A-Star into the |-Star .

1-Star .

Set the B-Star to 0000.
Set the A-Star into the

ar, Then Set the

To Interrupt Decode

Chart 155

Interrupt Exist

To I-Cycles

Chart 102
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{nstruction

BXXX9 - Chonnel 9
BXXX@ - Channel 12
BXXX#* - Punch Ercor
BXXX"' - Printer Error
BXXXP - Printer Busy

Instruction=
BXXXA Last Card
BXXX? Reader Error

Printer

I-Cycles
To Program Mode
Switching

Program

Mode Switch On

YES

_____ -
Printer or Punch Printer
QG Chart 156
Branch NO
or Error Op QG33t
Branch YES

On Printer Busy

Set d difier into the
Op Register

Branch
on Channel 9 or 12

Testing
for Print or Punch
Ercor

{-Cycles QG331 QG331 QG331
Check if Printer Error Check if Punch Error Readout Byte 8B from MPX Readout Byte 8B from MPX
QFesl (Bit 7) of 1/O Error Byte (Bit é) of I/O Error Byte. Storage . Check Bit 0 to Storage. Check Bit 2 to
- is on . Set Op Register Set Op Register to See if Channe! 9 Has Been See if Channel 12 Has
Readout Sense Switch 4 to Indicate the Condition .| Indicate Condition. Sensed. Set Op Register to Been Sensed. Set Op Reg-
Byte from CPU Storage Reset Bit 7 of the /O Reset Bit 6 of the /O Indicate Condition. Reset ister to Indicate Condition
QFé81 Error Byte. Error Byte. [ Bit 0 of Byte Jsa. Reset Bit 2 of Byte 8B.
Branch Reader Error
On Last Card or
Reader Error I I QG331
QFé81 Set an Indicator Bit if
Last Card the Branch is to be Taken l
QFesl Readout the 1/0O Error
Test Bit O of Sense Byte from MPX Storage <
Switch Byte, If on Take and Check Bit 5 (Reader I QG031
the Branch Error). If on Take the
Branch Check PMS Byte to See
If 1/O Traps Are Allowed,

Take the Branch

NO

Set Latches Accordingly.

QG031

NO Toke

the Branch

Advance
Program Feature
Installed

YES

Set B-Star to 0000

Send Service Out and
Set Command Start

QG321

QG331

Check to See if the

Busy Bit (Bit 3) of the
Status Byte is On. If
it is Set an Indicator
So the Branch Will Be

Taken
|

I QG311

Set Bits 4,5,6 and 7 of
Byte 8B in MPX Storage
to 0000.

1 aqcan

Readout Printer Address.
Wait Until Operational
In is Down, Send Service
Out. Set the d-Madifier
into the Op Register.
Set Bus Out and Send
Address Out.

| acao

Wait for Operational In
to Come Up. Reset Addr,
Out and Set Command
Start. Wait for Address
In, Then Compare Address
Out to Address In

Addresses Match

QG261

Set up a Test I/O
Command (00).

QG321

Set Bus Out and Send

Bit 6 and 7 at 00 Indicate
a Test 1/O Command

QG261

Setup Error Code

QG321

Reset Select Out and
Send Service Out. Go
to General Stop

Test I/O

QF661

into the B-Star

Set the Contents of |-Star

1 | crest

Set the Contents of A-Star
into the [-Star

To Interrupt Decode

QF661

Interrupt Exists

QEOC1

Chart 155 Chart 1

To I-Cycle

QEO001

02

R

{Unit Check) On

QE641
Command Out. Wait for
Status In. Check if
Unit Check or Unit
Exception Bits are On in Chart 1
Status, Reset Select Out. ort 155
QG321
Unit
Check or Unit
Exception
Bit On QG351
(Unit Exception) On
YES QG3si
Set Channel 12 Indicator
(Bit 2) of Byte 8B in MPX
Storage
Bit 6 NO

YES
QG351

Set Bit 6 and 7 of Byte 8B
in MPX Storage to 10
(Sense Command).

Reset Select Out.

‘ | oaan

Readout Printer Address,
Wait for Operational In

to Fail, Send Service Out |
Set the d-Modifier into
the Op Register. Set Bus
Out and Send Address Out

|  acan

Wait for Operational In to
come up. Reset Address
Out and Set Command
Start, Wait for Address In,
Compare Address Out to
Address In.

Addresses Match

Do
Test 1/O or Sense
Command

Sense G261

Setup the Sense Command
04).

QG321

Set Bus Out and Send
Command Out. Wait for
Status In and Set Status
into the Op Register. Send
Service Out.

|

Wait for Service In, Set
Sense Byte in the Op

Register. Send Service
Out and Wait for Status
In. Send Service Out.

Equipment Check Bit
On

YES QG361

Set Printer Error (Bit 7)
in the 1/O Error Byte

QG331

9 Was Sensed During

Set Bit 0 of Byte 8B
in MPX Storage

| QG331

Set Indicator Bit so the
Branch Will Not Be Taken

A
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Instruction - M%Y 1BBBW
M%Y 18BBS,

Chart 155

QG261

Setup Error Code

QG321

Reset Select Out and Send
Service Out. Go to
General Stop

QE641

Chart 155

Chart 115

Set Command Start ‘o
Take Control of Channel

Set the H5 Latch. Read-
out Byte 8B from MPX
Storage and Test Bit 3 to
See if the Printer Has o
NPL Bar installed. Set
an Indicator Bit to 1 if

it is an NPL Bar. Set

Indicate an R/W Operation

[ acan

Readout the 1/O Error
Byte ond Reset Bit 7
(Printer Error).

QG311
Readout Printer Address .
Wait Until Operational In
is Down, Send Service Out
Set the d-Modifier into the
Op Register, Set Bus Out
and Send Address Out .

[ acso

Wait for Operational In
to Come Up. Reset Ad-
dress Out and Set Com-
mand Start. Wait for
Address In, Then Compare
Address Out to Address In .

Addresses Match

Yes QG261

1

Decode the d-Modifier for
o W or S (W-Print and

Space). If Nota W or S,
Set an Error Code and Go

to a General Stop. Check

Byte 8B of MPX Storage to
See if a Forms After Com~

mand Has Been Stored . Set
up the Command .

d-Modifier Command
N 01
W 09
If Form After Bit was Set,
the Commond will be
X XXX X001 Depending on
the Form Movement Requir-
led . Set Bus Out and Send
Command Out. Check to
See if the Form Portion of
the Command is a Skip (Bit
[0 of Command witl be a 1},

Command
Contains a Skip

Yes  QG3e!
Check to See if the Skip
is to Channel I, 9, or 12.
Reset or Set Bits 0 and 2
of Byte 88 in MPX Storage
According to the Skip.

Skip  Reset Set
1 Oand 2 —-
9 -- 0

12 -- 2

Bits 6 and 7 to 01 to L

Space and S-Print and No [

L |

Y
Device Is Busy Until |
Device End Comes Up ar |
End of Carriage Motion !
- 1

Set Channel 12 Indicator
(Bit 2) of Byte BB in MPX
Storage .

No

Either Bit

Set Sratus info the Op
Register

QG351

6or 7 Gu

Either Bit 6 or 7 On

0G351

QG351

Either Bit 6 or 7 On

QG351

Set Remote Start Bit in
PMS Byte (9F - LS)

(Unit Check) On

Set Bit 6 and 7 of Byte
88 in MPX Storage fo
10 (Sense Command)

QG351

Reset Select Qut

QG311

R eadout Printer Address,
Wait for Operational In to
Fall, Send Service Out.
Set the d-Modifier into
the Op Register. Set Bus
Out and Send Address Out

QG301

Wait for Operational In
to Come Up. Reset Ad-
dress Out and Set Com-
mand Start. Wait for
Address In, Then Compare
Address Out to Address In

Addresses Match

Do
R/W or Sense
Command

Sense QG261

I QG361

Setup Stop Code

Reset Setect Out and
Send Service Out. Go

to General Stop .

Setup Error Code

| QG321

Wait for Service In, Set
Sense Byte in the Op

Register . Send Service
Out and Wait for Status
In. Send Service Out.

QG361

Set Bit O of Byte 8B in
MPX Storage

Equipment
Check Bit On

No

Set Printer Error (it 7)
in the 1/O Error Byte

l QG361

Set Bit & and 7 of Byte 8B
in MPX Storage to 01, Re-|
set Select Out.

| acaer,an

Chart 155

QG261

QG321

Reset Select Out and
Send Service Out. Go
to General Stop.

Setup the Sense Command
(04)

QG321

Set Bus Out and Send
Command Out. Wait
for Status In and Set
Status into the Op Reg-
ister. Send Service Out
and Test for Busy Con-
dition.

|QGé4l

Chart 155

Reset Select Out

Device is Busy if Sense
Command Was Entered
from Channet End Status
Until Device End Time

Intervention Required

1/0 Stop Switch On

Setup Error Code

/ Check Bit 3 of Byte 8B to
see if a NPL Bar is in the
Printer, if it is Set an
Indicator Bit

|  acan
Readout Printer Address .
Wait for Operational in
to Fall, Send Service Out .|
Set the d-Modifier into the
Op Register, Set Bus Out
land Send Address Out.

I QG301
Wait for Operational In to
Come Up. Reset Address
Out ond Set Command
Start. Wait for Address In,
then Compare Address Out
to Address In.

No
Addresses Match

QG261

QG321

Reset Select

Send Service Out. Go
to General Stop.

Qut and

Chart

QE641

155

I QG261

fora Weor S

Been Stored
Command .
d-Modifier
S
w

XXXXX001

Command wi

Decode the d-Modifier

W or S, Setup an Error
Code and Go to a General|
Stop. Check Byte 8B of
MPX Storage to See if a
Forms After Command Has
. Setup the

If Form After Bit was Set,
the Command will be

On the Form Movement
Required. Set Bus Out
and Send Command Qut .
Check to see if the Form
Portion of the Command
is a Skip (Bit O of the

. If Nota

Command
01
09

Depending

ill be a 1).

Command
Contains a Skip

QG361

Reset or Set

Check to See if the Skip
is to Channel 1, 9, or 12.

of Byte 8B in MPX Storage
According to the Skip

Skip Reset Set

1 Oond 2 -
9 - 0
12 - 2

Bits Oand 2

2, and 3 as

Service In.

Reset Byte 8B of MPX
Storage Leaving Bits O,

Service Out, Wait for

is. Send

| —

Chart 155

No

To Decode Interrupt

| QG371

Readout Character From
Main Storage and Check
if it is 0 GMWM

Character
Is a GMWM

Wait for Status In, Status
will Contain Channel End
and Possibly Unit Check.

Modify Character Bit
Format for Table Lookup

Test to See if the Charact-
er is in Quadrant 1 or 3.
Do a Table Lookup on the
haracters in Quadrant 1,
Also in Row 0 of Quadrant
3. Set Bus Out and Send
Service Out

| acsm

Wait for Status In or Ser-

vice In. Status will Come
In when the Print Buffer is
Full. Status will Contain

Channel End and Possibly
Unit Check

QG351

Readout PMS Byte From
MPX Storage and Check
if 1/O Traps are Allowed.
Set Latches Accordingly

QE001

To 1-Cycles

Chart 102
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Instruction - Fd

No

QG381

Setup Stop Code

QG321

Reset Select Out and Send
Service Out, Go to a
General Stop

Code Bit

QE641

Chart 155

O

P
4isal

Chart 108

QG021

Read Out Byte 8B

MPX Storage

QG381

w Chart 155

QG301

of

Set the d-Modifier into the
Op Register. Change the
d-Modifier to a BCD Char-
acter and Test Zone Bits.
Zone Bits Form Op

No Zone Skip Immed,
A Zone Space After
B Zone Space Immed.|
BA Zone  Skip After

QG381
If d-Modifier is a Blank

(00) Return to 1-Cycles

QG381
d-Modifier is a
Blank
No QG381

Setup the Correct Forms
Command Depending on
the Operation and Form
Movement,

Operation Command
Immediate  XXXXX011
After XXXXX001

Store the Command in the
Temporary Forms Byte in
MPX Storage. Set the H5
Latch to 1. Set Bits 6 and
7 of Byte 8B in MPX Stor-
age to 11. Reset Bit |

After

QG381
Skip/Space
Immediat

| QG381

Set Bit 1 of Byte 8B in MPX
Storage to a | (Indicate o
Forms After Command).

Reset Select Out ond
Send Service Out.

or After

Immediate

QG3N

Readout Printer Address
Wait for Operational In to
Come Down, Send Service
QOut. Set Bus Out and
Send Address Out. Set the
d-Modifier into the Op
Register.

| QG301

Wait for Operational In to
Come Up. Reset Address
Out and Set Command
Start, Wait for Address In,
Then Compare Address Out

to Address In.

Reset Select Out and Send
Service Out. Go to a
General Stop

QE641

Chart 155

QG30!
N
2 Addresses Match
QG261 A
Setup Stop Code
QG321

Yes

Command is @ Skip

Readout the Temporary
Form Byte. Set Bus Out
and Send Command Out,
Check if This is a Skip
Command (Bit 0 of the
Command is a 1 for a

Skip)

Yes

QG361

Check to See if the Skip
is to Channel 1, 9, or 12,
Reset or Set Bits O and 2
of Byte 8B in MPX Storage
According to the Skip.
Skip  Reset Set

Device Should Not be
Busy at This Time

1

0and 2

QG261

Do
Control or Sense

Control

Command

Sense QG261

Setup the Sense Command
(04).

QG321

Set Bus Out and Send
Command Out, Wait for
Status In and Set Status
into the Op Register.
Send Service Out and
Test for Busy Condition,

QG321

Device Busy

Wait for Status in, This
Status Will Be from the
Last Printer Command.
Check Bits 6 and 7 to
See If Either One is On.
Set Status in the Op
Register,

Bit 7
{Unit Exception)
On

QG351

Set Channel 12 Indicator
Bit 2 of Byte 8B in MPX
Storage

QG351

Bit 6

No

Either Bit 6 or 7 on

QG351

Check if Device is Busy.
Device Is Busy Until

Device End Comes Up at
End of Corriage Motion.

Device Busy

(Unit Check On)

Yes

No

] | acas

Set Bit 6 ond 7 of Byte 8B
in MPX Storage to 10
(Sense Command).

QG351

Reset Select Out

l QG311

Readout Printer Address
Wait for Operational In to
Fall, Send Service Out.
Set the d-Modifier into the
Op Register, Set Bus Out
and Send Address Out,

QG301
Wait for Operational In to
Come Up. Reset Address
Out and Set Command
Start, Wait for Address In,
then Compare Address Out
to Address In.

QG301

Addresses Match.

Yes

Reset Byte 8B of MPX
Storage Leaving Bits 0, 2,
and 3 os is, Send Service
Qut, Wait for Status In.

Unit Check Bit On

No

Reset Select Out, Send
Service Out.

Check PMS Byte to See if|
1/O Traps are Allowed.
Set the Latches According-|
ly.

Yes  QE00t

To Interrupt Decode

Chart 1

&
&

No

To I-Cycles

9 - 0
12 i 2 Reset Select Out. QG321
Wait for Service In, Set
I QG351 Sense Byte in the Op

Register. Send Service
Out and Wait for Status
In. Send Service Out.

Channel 9
Was Sensed During
Last Comand

QG361

Set Bit O of Byte 8B in
MPX Storage.

Equipment
Check Bit On

No

QG361

Set Printer Error (Bit 7)
in the 1/O Error Byte,

QG361
Intervention

Yes Required

On

Setup Stop Code

QG321

Reset Select Out and
Send Service Out. Go to
General Stop.

EMI

Chart 155

QEQ0!

Chart 102

r | QG361

Set Bit 6 and 7 of Byte 8B
in MPX Storage to 11,
Reset Select Out.

| acsel, an

Check Bit 3 of Byte 88
to See if a NPL Bar is in
the Printer. If it is,Set an
Indicator Bit,

1 QG311

Readout Printer Address.
Wait for Operational In

to Come Down, Send
Service Out. Set Bus Out
and Send Address Out,
Set the d-Modifier into
the Op Register.

| QG301

Wait for Operational In
to Come Up. Reset Ad-
dress Out and Set Com-~
mand Start, Wait for
Address In, then Compare
Address Out to Address In.

_Setup Stop Code

Reset Select Out and Send
Service Out, Go to
General Stop.

Chart 155

I QG261

Readout the Temporary
Form Byte. Set Bus Out
and Send Command Out,
Check if this is a Skip
Command (Bit 0 of the
Command is a 1 for o
Skip).

Command

is o Skip

Yes

QG361

Check to See If the Skip
is to Channel 1, 9, or 12,
Reset and Set Bits 0 and 2
of Byte 8B in MPX Storage
According to the Skip.
Skip Reset Set

1 Oand 2 -

9 - 0
12 - 2

I [ acss

Wait for Status In, This
Status Should Contain
Channel End, Device End,
and Busy. Unit Check
Could be on for an Inter-
vention Required,

Unit Check Bit On

Reset Select Out, Send
Service Out.

QG031

Check PMS Byte to See if
1/O Traps Are Allowed .
 Set the Latches According-
ly.

To I-Cycles

Chart 102

Yes

To Interrupt Decode

Chart 155
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TAPE ERROR STOP,
OR A/B INVALID

GENERAL STOP

QE651
Setup Stop Code
QE641
HALT OP Store Stop Code in
Error Code Byte. Reset
1-Cycles Select Out.
| Qeear
QE651

Store the Status Register
and Readout the 1400
Controf Byte. Test for
Program Mode Switch

Store Stop Code in
Error Code Byte

INVALID OP

Store Stop Code (04) in
Error Code Byte

From I-Cycles QE471 :
for Row 3 Invalid Op
Codes and Chart 156 1

|
[}
|
t
4

QE651

QE641

Do
Program Mode
Switch

QES4]

Setup and Store the
Interrupt Code

NO

I BEMI

Store the |,A, and B~
Stars in CPU Storage.
Store the Op Register
and 1400 A-Register in
CPU Storage . Set
B-Star from the 1-Star

—_———
If a Program Mode Switch
is Attempted on a Machine
without the Feature, the \
Micro-Program Goes to |
a 10FF Halt with 08 |

1}

Displayed i

QE661

Do
Program Mode
Switch

To Program Mode
Switch Routine

Readout Low Bias

Chart 156 QFsil,821

Readout High Bios
Subtract Bias from

B-Star (I-Star Conversion)
and Convert 1400
Address to a Decimal
Number.

| aen

Store |-Star Decimal
Number, Check if
A-Star was Valid

A-Star was Valid

Change the Invalid
Address to Three BCD
Character (16 Bits) for
Disploy Purpose

QE671

Set A-Star Value
from CPU Storage into

the B-Star

QE671

Readout Low Bias

QFst1,821

Readout High Bias
Subtract Bias from

B-Star (A-Star Conversion)
and Convert 1400 Address
to a Decimal Number

] QEs71

“Store Converted A-Star in
MPX Storage. Check if
B-Star was Volid

Restart - Go to
Restart Routine

Change the Invalid
Address to Three BCD
Characters (16 Bits) for
Display Purpose.

B-Star was Valid

YES

INTERRUPT DECODE

Test for Type of
Interrupt

Channel Interrupt

Update the Timer

QE60!

QE601

QE671

B-Star.

Set B-Star Value from
CPU Storage into the

Readout Low Bios

QE671

QE671

Readout High Bias.
Subtract Bias from

B-Star (B~Star Conversion)
and Convert 1400 Address
to a Decimal Number.
Go to Display Routine

Timer is Zero

RESET

T
| From |-Cycles Interrupt
U (Multiple Entry)

QES01

YES

QE601

Test External Interrupt
Register

QE601

Sense Switch
Operation

Position 2 of the F Switch :
or External Interrupt whichl
Sets F-Register Bits Other |
than 0 or 1 :‘

Setup Bit to Represent
Sense Switch B,C,D,E,F,
or G in the Sense Switch
Byte

Set or Reset
Switch Bit

External or
Console Interrupt

IPL ROAR RESET
CARD OR TAPE

Readout Channel Mask
Test for External Interrupt

Forced ROS Address.
Auxiliary Storage is
Loaded Correctly

QE621

Start Reset

Byte

Reset Bit for Correct
Switch in Sense Switch

Set Bit On for Correct
Switch in the Sense
Switch Byte

Normal Stops are Stop :

Key, tnstruction Stop, or
Roar Stop Delay i
O — |

QE6

Set Stop to 00

Sense Switch
Operation

Setup for Display. Block
all Traps and Set
Command Stort in
Muitiplexor Channel.
|-Address is Displayed
in the 360 A and B
Registers, Stop Code in
R-Register, and ALU
Qutput is 00

QE691

Set the Converted Numbers)
for the 1,A, and B-Star
into the Respective Stors.

Tape Disploy

QE621

QGO71, QESN

Setup Tape Drive
Information for Display.
R-Register Contains:
High 4 Bits - Density
Low 4 Bits - 2400 Unit.

ALU Output is 99

Tape Density, Tape
Address or Sterling Exit

Allow Inf

QE661

O

Turn On Suppress Out,
Reset Command Start

Turn On Wait Latch

Readout Sense Switch
Byte. Setup for Display.
|-Address Display in the
360 A and B Registers
Sense Switch Byte in the
R-Register and ALU
Output is 99

terrupts

QE621

QES521

Setup Address of First
Instruction in the |-Star
Backup Bytes

1

QE631

Reset the Error Bits,
Sense Switch A, Card
Status Bits, Overflow,
and Inquiry Request Bits.
Setup Stop Code of 55.
Reset Various Control
Latches in the 1050
Atatchment.

Reset Zero Indicate.

IPL or Start Reset

Setup Forms Byte to
(08) 0000 1000 QE631

Setup Forms Byte to
(08) 0000 1000

START RESET

QEb61

Chort 156

Clear 1400 Area of

Start of a Routine to :
]
I

Invalid 1400 Characters
-

[aesai

Set a Latch (HO) to
Prevent Memory Wrap
Detection. Readout Bias

QES31

Do Storage
Scan for Invalid
Characters

YES QEsat

Setup Highest 1400
Address. Readout Char
and do a Table Lookup

Blank (40)

Change Character to a

QE641

Legal 1400 Choracter

YES

Chart 147

QE711

To 1-Cycles ‘

Chart 102

Return to Halt and
Branch

CAS Logic QF661

Chart 102

|_'_—"l

QE641

Readout Next Character
from Next Lower
Address

is 1 Less than
1400 Address
0000

Ni T T
0 | When Unit Is Made
Ready | Ready, Continue
| Operation .
| S ——
Set Command Stort, Reset
Suppress Out .
2501,
2520 Operation
&F Stop
T 0 0, Bit )
Stop Code Bit
00 01 2, Bit3 10 n

Stop Code Bit

Return

1442
15ost }Qesm

Chart 149 to 154

Card or Printer

Test 4 High Bits of the
Stop Code. Check what
Routine to Return to

1402
! 403} QGssl

Chart 108

I

QE531

Set the Character 8F

into Main Storage One
Position Less than 1400
Address 0000. (Used to
Detect Storage Wraps).

1/O Traps Bit
On

Setup to Allow Traps.
and Reset Command

Start

1/0O Traps

Setup to Allow External
Interrupts and Prevent all

Low
4 Bits of the
Stop Code are
AR}

———
| A Storage Scan Routine

1 is Done for IPL or
} Start Reset
S —

YES

|

QESS5t

Initial

Program Load QES51

51 Column Load

Setup Address Equal
to 1400 Address 0015
and a Count of 51

Set 1400 Address
0001 or 0015 to a
\ Blank with @ Wordmark

1

QES551

Set Next Position to
a Blank (40)

T
: Clear Read~In Area I

End or Read
In Area

1442 Card Reader

YES

Set 1400 Address 0081
Position to GMWM (OF)

Stop
was an tntervention
Required

QE701

To 1-Cycles

Chart 102

| QE70!1

Restore or Initially Setup
the 1, A, and B-Stars;
Also the Op Code.

Console Interrupf
Key

: Enter Interrupt Routine
| after a 10FF Stop or
1 IPL before going to
| 1=Cycles

T Column 65 - 51 Col Read
! Column 80 - 80 Col Read
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Chart Chort

115 115

Charts 108, 115, 152

Setup Interrupt Code

QE721

Store Interrupt Code and
Set an iIndicator Bit if
Bits 0 - 3 Equal an 'E!
(1110) and This was an
1/O Op with a Branch

| QE721
Setup the Error Code to
00 or FF. The Error

Code of FF couses o
Branch to be Taken on
Return to Compatibility
Mode

[ areer
Store the |, A, ond B -
Stars in CPU Storage .
Store the Op Register
and the 1400 A-Register
in CPU Storage . Set the
B-Star from the |-Star

Chart 102, 155

} 01 - Machine Check
1 Supervisor
t 10 - 1/O Interrupt

Reset Command Start

e
| 00 - General Supervisor

11 - External interrupt

1
QE731

>
10,1
Type of Mode
Switching I QE731
00,01
1 QE731 Reset Stop Code

Reset Stop Code

From

Setup Interrupt Code .
Store Address of Op Code
of This Instruction

Chort 001

Setup to Store PSW

.
A

Chart 007

G

Chart 007

To or From
Main Storage

Setup for Transfer of
Sixteen Bytes

invalid Op '
]
1
[}

Chart 155

Load or Store Constants |
(CFLC, CFSC) !

No

1-Cycles

QA041

Start Setup of Local
Storage Address

QA041

Read Out Byte BC (LS) f
and Check Bit 0 | Operation XXXX
| CFIM 0000
| CFMs 0001
| CFSV 0011
| CFLY 0010
| CFsC 1001
| CFsC 1101
CFLC 1000
{ CFLC 1100

Set Op Reg to XXXX 0001,
Switch to 1400 Mode

QESTI

Set HO to 1

Op Register

Use 1400
Local Storage
A and B

QE801

QEBO0)

To or From

From

1
1
t
[}

Main Storage

Storage 'B' Position and

I

QE8O1

| omso

Store the Byte from Main
Storoge i

Read Out Main Storage
and Store the Byre from
1400 Local S’orage ‘B

Read Out Main Storage
and Store the Byte from
1400 Local Storage 'A’

QEBOT
Sixteen Bytes’
Have Been o

ImnSf‘V <

Slxleen By'es
Have Bee

wfd

OESOI

QEBO1
Sixteen Bytes
Have Been
Transferred

QEBO}
" Read Out Main Storage
l;:f: Out Main Storage To [ Q80T 1 QESO1
P Read Out 1400 Local Read Out 1400 Local | OEB01
[Read Out 1400 Local Storage '8 Byte Storage "A' Byte Reod Our 1400 Locol

Storage 'A’ Position and
Store the Byte from
Main Storage

Sixteen Bytes
Have Been >
Jransferred

No|

Op Register
8it 0 Is On

1 Load or Store Variables
1 (CFLV, CFSV)

Op Code 99 Obijectives

NI
w2 | w2 99 [wijwz[ 81 [ b1
fi Al g

Bytes Defined | | ciai] 158 CFIM | 0 | * | Main Storage

80 through 83 0 8 CEMS { 1 | * Address
CFSV | 3| *1

B4through87 | 1 | 9 Givl 2] *2

88 through 8B 2 A CFSC | 9] *3

8C through 8F 3 B CFSC | D | >4
CFLC | 8} *5

90 through 93 4 C CFLC | c | *6

94 through 97 5 D

98 through 98 6 E

9C through 9F 7 F

Chart 1

Bit 2 Is On
QES51
No

QESH]

Setup Address of First
Byte 00 of Local Storage

Set 360 LS Byte 8C to 44,
Store Instruction Address

Op Register Bit 3 On

Chart 155

Force Op Register Bit 3
On, Store 256 Bytes in—
to 1400 Storage 'A’ from
Main Storage ond 256
Bytes into 1400 Storage

‘B’ from Main Storage

I

Use 1400
Local Storage
AorB

To or From
Main Storage

*

1f W2isa 0= No Initialization Required
1 - Initialize for 1402 Card Lood
2 - Initialize for 1400 Tope Lood
~ Initialize for 1442 Card Load

*11f W2 Is O Through F, Store Four Bytes from Moin Storage at
Location Shown in Chart 1

*2 If W2 Is 0 Through F, Load Four Bytes from Local Storage
per Chart 1 into Main Storage

*31f W2 Is O Through F, Store Sixteen Bytes from Main Storage
into Local Storage 'A'. Local Storage Locations are Deter-
mined by W2; if a 0, Location 00 Through OF are Stored etc.

*4 Same as *3 Only Use Local Storoge 'B’

*51f W2 Is O Through F, Load Sixteen Bytes from Local Storage
'A' into Main Storage . Locations (LS) Are Determined the
Same as *3

*6 Same os *5 Only Use Local Storage 'B'

QE8O1

From

Read Out Main Storage
Byte

Read Out 1400 Local
Storage 'A’ Byte

QE801

Read Out Main Storage
and Store the Byte from
1400 Local Storage 'A'

Four Bytes
Have Been

Yes

I QEBO!

Read Out 1400 Local Stor-
loge 'A’ Position and Store
the Byte from Main Storagel

Transfy

QEBO1

Four Bytes Have Been
Transferred

|

QEBOI

Trops .

Setup for ILC of 10,
Clear any 8F (Wrap)
Setup to Allow
Trops (Reset H-Register)

QA171

Chart 001

From To or From

Read Out Main Storage
Byte

Main Storage

To I QE801

l QES01 Read Out 1400 Local

Read Out 1400 Local Stor-
age 'B' Position and Store
the Byte from Main Storage]

Storage 'B' Byte

QEBD1
Read Out Main Storage

and Store the Byte from
1400 Local Storage 'B

QE8O1

Four Bytes Have Been
Transferred

QES0Y

Four Bytes Hove
8een Transferred




Basic 2030
I-Cycles

Should Be 1 for 1400 1
Procram Mode Switching !

No

QA041

8yte BC
(LS) Bit 0 Equals

al

Chart 007
Entered
From an Execute

oP

QAS11
QA511
Restore High Address, Store
the Instruction Address, the
ILC , and Set a PSW Bit

Restore High Address

] QE8I

Setup to Recognize Which
Op Code is Being Done.
Setup the Addresses of the
Source and Destination
Fields

l QE81I

Byte 1 of the Source and
Destingtion Addresses are
Checked for all Zeros

Read Out Source Chorac-
ter

Byte 1
of Addresses
is 00

QE8II

Read Out Count and Store Source

in Hardware Register. Set- 1 Character has a
Chart 155 up @ Word Separator (WS) WM
Character

Character

- is 0 GMWM
0C- CFLT | QEBI1 =y Setup to Set a Word
0D- CFLF ' CFMT, CFMF Separator in the Destina-
OF - CFMT | tion Field. Setup Source
OF - CFMF 1 Address to Read Out Same
—_ CELT, CFLF Source Position Again Store Count

Chart 158 QE841

Read Out Destination
Field Character

QE841

QE851

Read Out and Set Condi~
tion Register to 0100

CFLF

Read Out and Set Condi-
tion Register to 1000

Destination
Character Has a
WM

No

QEB41

N e Decrement High CFLT Store Source Character Store Source Character or
Set Source 'C.oruj:'erk . Count Byte QE821 or WS in Destination WS with WM in Store the S Addr
dre’ss to Position Just Rea Rood Out Sovrce Field Destination ore the Source ress
ou Character

CFLT Ended by
0 Count

QEB21

Chreck if Character Is a
Word Separator (WS)

Store the Destination
Address . If the Source
Address Is 0000, Set Byte
1 of That General Reg-

QE841

CFLF
Ended by Zero
Count

No

QE841

ister to 01
Read Out Source
Character Destination Character No
QEB81 Field Character Is a Contains & WM
Set Source Character Ad- GhwM
. QE821
dress to Lust Position Read-
out Yes QEsn Character No Chart 001

is a Word
Separator

Remove Word Mark (WM)

Separator QE821

gzjge'ses fD:sg::';’Z:ifi‘:rid Read Out Last Destination
Past GM QES21 Position Read Out and
- Store Source Character
Read Out and Write Back Read Out Destination There
Destination Character QE82! Position and Store Source
Choracter There
Read Out and Write Back

Store Count

Destination Character

QE821

Destination
Character is a
GMWM

QESs21

Destination
Character is
a GMWM

Decrement the Low Count
Byte

Decrement the Low Count
Byte

Set a WM in the Source
Read Out and Set Con- Read Out and Set Con- QEB6! Character. Read Out
dition Register to 1000 dition Register to 0100 Store GMWM in Position Sume. Pofiﬁon.of the
A . Destination Field that was
of Destination Field Last
2 Read Out Lost Read Out and Store
the Source Character with

a WM. Decrement
Low Count by One.

Store the Destination
Address

Store the Source Address.
If the Destination Add-

ress was 0000, Set Byte 1
of That General Register
to 01

Chart 001

CLF 157 CFMT, CFMF, CFLT, and CFLF Instructions, Sheet T



Chart 157

Low Count Byte Is 00

Read Out Source
Character

N CPNME ™ CFMF or CFMT
1 QEB31
Set Source Character
Read t
Address to Position CFMT  QE831 Read Out Source Cehc:,mg:,. Source
Just Read Out Decrement High Count Character
QE831 Byte by One
Decrement High Count QEB31
Byte By One Remove WM if One Exists
Remove WM if One Exists
Count Is Zero Ne
QE831
QE831

CFMF

Ended by Zero ‘Read Out Destination
QE831 Count Character Source Character Is
Read Qut Source Read Out Destination s GMWM
Character Character

Destination
Character |s a
GMWM

Read Out Destination
Character

Destination

High Count
Character s a

Byte Is Zero CMWM Yes  QE861
Read Out Next Position Store a GMWM in the
of Destination Field Yes  QE861 Destination Position Destination

Last Read Out

Update Destination Field Character Has a
Address by One WM QE831
Store Source Character
l I QE831,851 QE831 with WM at Destination
Position
Store Source Character

Store Count

without WM at Destinat~
ion Position

I

Store a GM in Desti-
nation Field Position
Just Read Out

QE861 [

Store @ GMWM in the A
Destination Field Posit-
ion Just Read Out

I

QE831 Store the Destination

Decrement the Low Count

Byte by One

Read Out and Set Cond-
ition Register to 0100

Read Out and Set Cond-
ition Register to 1000

Address

Read Out Destination
Choracter

Store the Source Address .
If the Destination Add-
ress Is 0000, Set Byte 1
of That General Register

to 01

Chart 001

Set Source Address to
Lost Positive Read Out

QEB831, 851

Store Count

QE851

ad Out and Set Cond- Read Out ond Set Cond~
on Register to 1000 ition Register to 0100

QE851

Store Source Address

QES851

Store Destination Add-
ress . If the Source Add-
ress [s 0000, Set Byte 1
of That General Register

to 01

Chart 001

CLF 158 CFMT, CFMF, CFLT, and CFLF Instructions, Sheet 2



Start

Diagnostic Techniques Charts.
How to Use.

1.

Initial enfry can be by:

a. Starting on this chart (chart A) find a symptom
and find which chart shows the required
action needed.

b.  Knowing the symptom and which chart shows
the required action, go directly to that chart.

2. If a chart is entered directly, be aware that some
information is assumed because a previous chart
CE Call was bypassed .

3. If directed to a diagnostic test and while running
ower On Light OFf o the test an error is detected, the user is expected
| LP Console Red Light On to analyze and repair the failure.

Power or LP s 4, [f ot any time the user has developed an approach
°‘|’_’i2m which is faster or better than provided in the
-~ charts, he should leave the charts and link back
o only if more information is needed. Also, send
the procedure to the publication department of this
LP Light Chart YZ . . .
Power Chart YZ, Sheet 1 SheethZ e manual for possible inclusion.

5. Most failures are considered hardware until proven
I Wait Light On and/or otherwise .
| Error Message

) YES
Wait or M g
‘WA
NO
Wait and/or Error Message Chart
Chart W
]
! Examples: /
¢ 1. Print Check P
Select rogram
: :23 ?ecdelr Cche]cks — / Ci::n:li Check Unexpected
: - 1ope In Lelumn Machine Device Multiplexor External
-——- Check Interrupts
Error Channel
- YES
Obvious 1/O Device
Problems l DA PA
NO
— Device Chart P Unexpected External
| Console Red Lights Chart D Cf:;f'd;! Checks Interrupts
| MEX Chart W, Sheet 3
YES Channel
CPU Checks
/\ NA
NO

CPU Checks Chart C

| Console Red Lights
L

YES

Multiplexor Channel
Chart  Chart M

Multiplexor Catalog
Number Chart
Chart N

Selctor Channel

Checks

NO | Unsuccessful Initial Pro-
| gram Load

SA

YES
IPL Oriented

NO

YES

IPL Chart
Chart |

Selector Channel Chart
Chart §

1401 Compatibility
Oriented

NO

1 CPU Results in a Locked
i State

YES

Hang-Ups, Loops
and Stops

NO

1401 Compatibility

Oriented Chart

Chart F

Hang~Ups, Loops, and
Stops

Chart H

Undetermined Failure
But Qutput Results Not
Correct

YES

Machine Language
(Macro Program) Loops

Chart L
CF Stops and Special
One Word Loops
Chart J

Wrong Results

NO

Diagnostic System Check
Out Chart B

Operators Console

Check Out Procedure

Chart E

&)

Missing Records or Wrong
Results

Chart R

DT Chart A Action Index



Clock Start and CCROS This is the first port of the
| Power-On Button Readout Check Procedure ROS Scan Test Procedure,

1D 3345 (Vol 41)

Power-On Light
On

Turn Rate Switch to
Single Cycle

Chart Y Sheet 1

Set F,G,H,J Switches l Note:
to One of the Following | There Are Two W and X
Press LAMP-TEST Switch ! This Includes the Ind- WX Addresses and Press | Registers. One (ALDS
and Ensure All Console | icators on Console Low~ START | RWO11 and RXO11)
Indicators Functioning I er Right (System, Man- | Addresses CCROS and
I ual, Wait, Test, and the Other (ALDS RWO021
| Load) | and RX021) is the
| Indicator ROSAR WX
- _| | Registers
Replace Bad Indicators, IBulb-Holder Color Code WX Read Out Check |
Beware of Loose Con- IYellow ~ Logic Signal Address . |
nections on Bulb Holder Iglqck - Gr\juli‘d 1. 0ACO »:\SHQSn;zLP(B::fs but - —Em
- X .
: = rgg o 2. 0ACT CN P, PS and Displaying Each Address
White with \ Indicator AC PC Bits
l8iack Trucer}\/olmge 3. 0AC2CN P, PS and
: PC Bits
4. 0AC3 All SAL Bits but
PS and PC
System Reset Checkout

Hold Down the System
Reset Key

I'If Selector Channel Op-
| tion Installed, the Two

| P Bits in the Count Field
Light Up with System
Reset Key Pressed (Lights
Go Out on Release of
Key) Selector Channel
Option Not installed;
Take Yes Path

: Correct Address and |
. i<l
1 Parity Displayed | Hard Core Failure. Any

I | Hardware Failure That
! | Prevents a Successful
| Start of the Basic Test

Address 0000

Selector
Channel Count
egister P-Bit:

| For Possible Card Re-
placement Refer to List-
| ing in Basic Test BFF
(Vol 415 under WX Add-
l ress 0000 Zero Test and

Start on ALD PB191 and

Trace Lines Back . Check | CF Stops
for Loose Cables i
lem

The Muliiplexor Channel :AII Indicators Not Ment— Suspect :

Bus-Out Register P-Bit ioned Should Be OFf: This 1. The Clock or .C|of:k—

and the SALs and Control |\5 Pictured in the FE Main-| Start Circuits
Register Data Remain the Itenance Manual, Y24- 2. The START Key or

Same as Prior to System 13390-2, Under CPU Con- A”START Lal0ches

Reset. The Following sole Panel in Chapter 6 (All on ALD's KCXXX)

Lights Should Be On: I

1. Manuel

2. Test

3. Main-Storage Data Chart H Sheet 1

Register P~Bit

4. ALU Output P-Bit

5. Main-Storage Address
Register Hi P-Bit

6. Main-Storage Address
Register Lo P-Bit

7. Main Storage

8. Selector Channel 1
Data Register P-Bit

9. Selector Channel 2
Data Register P-Bit

10. W-Register P-Bit

. X-Register P~Bit

i
| SALs Readout Correct
1

YES

Good Readout Check

An Indicator ROSAR
Failure, ALD's RW021
and RX021

Suspect:
1. WX Register Failure
on ALD RWOTT or

RX0T11
2. F,G,H,J Switch
Failure
Correct Console
Display NO
Good Readout Check ~l
Suspect:
1. Wrong WX Address
Repeat Above Routine Being Sent to CCROS
until All Addresses Have (ALD RWO11, RXO01,
Been Checked ED002, and EDOO3)
2. CCROS Decode Fail-
: |
uspect:
1. ’;ower Is Off in the Display WX chdresses. > \i/:rgré:gRgOSCUmen' cord
Control Unit That 0000 and OFFF (IFFF if
Diagnostic Procedure Has the Interface Compatibility Installed)
Dictates Continuing to Cable Terminator To Insu.re All WX Reg-
Run Basic Test BFF (3345). 2, System Reset s Not ister Bits Set or Reset
However, if Loose Cables Dropping Operation-
Are Suspected, You Can Out on Interface to
Scope it Out {Find the Reset Control Unit Chart C Sheet 3
Indicator on it's Part- MPX Channel - —_—
icular ALD (PBXXX) and ALD FA101 Chart E | Not Nornially Necessary,
Trace Back Selector Channel 1- Refer 1o AD. h | But a Good Check, Es-
ALD GAO21 oo P f‘"' | pecially for Suspected
Selector Channel 2- o; asie heck o Con~ | Loose Cable Detection
ALD GAQZ1 sole Indicators and | or Through CPU Check
3. Control Unit Reset Switches —_—
Failure I

The Following Micro
Diagnostics Are Listed
Showing Run Procedures
for Quick Reference
Only. For Advanced
Information and SWAC
(Stop Word Analysis
Charts) when Results Are
Not Correct, Refer to
Vol 41 under the Test

Number

Chart B Sheet 2

DT Chart B Diagnostic Check Qut (Sheet 1




Chart B, Sheet 1

Run BFF Basic Resident
Micro Diagnostic Test ROS Scan (0BF1)
3345 (VOL 41) to Test the CCROS

Units Using Test I

(VOL 41) S -
Follow Procedure: etup: ) I This Type of Block Is
1. Set F,G,H,J Switches 1. ROS Control Switch | Used on this Chart;
to WX Address OBFF ROS Sean . The Upper Part (Above
2. Set CHECK CON- 2. Check Control Switch | Dash Line) is the
TROL Switch to Stop | Setup. The Lower Part
Diagnostic 3. Others (Below the Dash Line)
3. Set all others to Process | Is the Expected Results.
Process 4. F,Og;l;]’-lIJ Switches I If Results are Correct,
4. Press SYSTEM RESET Go On; If Not, a
5. :ress ;éAR RESET 5. Press SYSTEM RESET | Problem Exists
6. Press START Key to g :::::: E'&ARRT RESET
Initiate Test |

Scan the 2030 CCROS
Unit with ROS ADR,
ROS SALs and Control-
NO Register Lights Blinking.
"1t Will Stop on Errors
with Address and Data
of Failing Word Dis~

YES
| Console Red Lights played
Pp—— I

WX Address 0ABC

A-Register and ALU NO 1400 Compatability
Checks Only Option - Set F Switch
to 1

Scans Both CCROS
Units with Lights

YES
Press START Key Blinking

NO
Add 0807 -
WX ress CCROS Repop Micro ! Repop CCROS Locations
Diagnostic Tests in : 29-0, 29-1, 31-2,
JES Priority Order (Repop 1 31-3, 31-4 and 31-5
Means Nonresident)
NO " Plug the Green Tabbed
. ! Version 000 CCROS
Run the Priority Controls ! Document Cards
Repop Micro Diagnostic _————-!
I- - v YES Test 3347 (VOL 41)
! Setup: I 1 ot any Point the
| A 1. ROS Control Switch - | Proper Results Are Not
: 1 ROS Scan | Obtained, Go to SWAC
2. Rate Switch
IChart [, Sheet 1 : 1s ROS Control Register Instruction Step
IChart H, Sheet 1 | CF Field 100 3. Others
| Process
4. FGHJ Switches
vEs FFFF

CF Stop Word 5. Press LOAD Key

Result:
Failure Type, CF Stop 1. WX Address - 0BC7
2. B-Register CPU Check

YES |
Press Set 1/C

1. WX Address - OBBE
2. A-Register CPU Check

Press START

System Light or Wait
Light On

Failure Type, Loop

No Visval Change

1

Press START

Failure Type,
Machine Check

Failure Type, Zero
Test Stop

1. WX Address - OBCD
I 2. No CPU Checks
Locate the Displayed I
WX Address in the SWAC Press START
(Stopword Apalysis (. x e ——— — - -
Chart) of the Basic Test 1. A High-Speed Loop
ID 3345 (VOL 41) Results (System Light
On)

2. A-Register CPU
Check Is Being
Turned On and Off

System Reset-Start I
Basic Test

Follow Procedure: ! Plug the Red Tabbed
1. Sef. CHECK CONTROL CCROS Document Cards.
Switch fo Stop Version 996 for M2l and
2. Press SYSTEM RESET Run the RAW Storage 998 for M2
Key FLT Repop Micro Diag- _————
3. Press START Key nostic Test 3348 (VOL 41) I -
Setup: =
1. Check Control Switch |
Diagnostic | Storage i
2, ROS Control Switch 8K 2__J1.5 Seconds
NO ROS Scan Fiek _[4 13
WX Address 0328 3. Others Mk T8 Te
Process 4k |8 13
4. Switch F Is Set to the
YES Number of Auxiliary

Storage Units

5. G,H,J Switches
BDD

6. Press SYSTEM RESET
7. Press ROAR RESET
8. Press START
oo < r [ToTm==—T~ 7]
Loop {System Light On)
with Multiplexor Channel
Tags Address~in and
Operation=In Blinking

Loop Basic Test 128 l
Times Via Load

NO

1. SetF,G,H,J " Unit 0000 or Any Other
Switches to 0000 Nonexistent Device on

2. Press LOAD Key to the Multiplexor Channel
Initiate Test

=)

Chart B, Sheet 3

WX Address 0578

NO

Chart I, Sheet 1

DT Chart B Diagnostic Check Out (Sheet 2)



Chart B, Sheet 2

Plug the Orange Tabbed

¥
|
Run the Multiplexor t CCROS Documents
Channel Micro Repop _'l Cards, Version 997
Diagnostic Test 3346
(Vol 41)

| More Commands to
| Enter

Additional C d

Setup:

1. ROS Control Switch
ROS Scan

2. Check Control Switch
Diagnostic

3. Others
Process .

4.A,B,C,D Switches
00 Address of Aux~
iliary Storage)

5. E-Switch
AS (Auxiliary
Storage)

6. F,G,H,J Switches
OBFE

7. Press STORE. This
Stores FE in Aux-
iliary Storage
Address 00

8. Press SYSTEM RESET

9. Press ROAR RESET

0. Press START

NO
Same Device

Execute Setup:

1. H,J Switches - 00

2. Press START Key

This Initiates Execution
of All Entered Commands

Clear Main Storage and
the Storage-Protect
Stack Useing (OBF8)

Result:
WX Address at 0BCD Test 3348 (Vol. 41)

with No Errors

Set Up:
1. Set ROS Control
Switch to ROS Scan
2. Set Check Control
I Switch to Disable
: ?Egk;(r)hseDY;Il:nv;n'E:bbed 3. Set All Others to
{ . Process
: Cards, Version 906 4.SetF. G, H,J
Switches to 0BF8
. 5. Press SYSTEM RESET
Sotions Feature tiong| Feature 6. Press ROAR RESET
un the Storage Protect 7
Micro Repop Micro _—_" + Press START
Diagnostic Test 3350 b - — — = = =
(Vol 41) - Main Storage, Auxili-
Setup: ary Storage, and the
1. ROS Control Switch Storage-Protect Stack
ROS Scan X Are Cleared and Errors
2. Check Control Switch Are Bypassed
Diagnostic
3. Others |
Process
4,F,G,H,J Switches Rotate Check Control
OBFE Switch To Stop
5. Press SYSTEM RESET - - = — —
6. Press ROAR RESET Scan Continues If No
7. Press START Errors, or Halts If Errors
Result:
Stops at WX Address
0BCD with No CPU ﬁug the White Tabbed
Checks | Version 914 CCROS
I Ron the Selector l: REPOP Document Cards
- hannel s
1. Start Key Again "1 ToStop, Tum Rate g:el:cr:;r Fchzrfn)el 1-- !
———————— | Control Switch to Test 3447 _____i
Loops the Two Worst- | Single-Cycle Selector Channel 2--
Case Storage-Protect — Test 344A -
Stack Patterns (Vol . 41) Set Up: (Assumption | For Additional Aid,
l Card Read Used) | Refer to 2030 FE Hand-
1. Place DM4 Monitor book Under Diagnostics.
— Followed by FLT(s) | peration F °W'A}DM4
) For File-Seek .Oper- 2. Ready Reader | Operation Flow-8
Exercise the Channel | ations, Refer to Test (Reader Start and and Operation Pro-
Interfaces Using the __: Description in Vol 41 End-of-File Keys) | cedure for Selector
1/0 Micro Test 3344 - 3. Set All Console | Channel FLT's
(Vol 41) I —_— Control Switches to
Setup: Bl The Initial Command 4 Erocess
1. All Switches | Set Is Loaded into . .etF, G, H, J
Process ! Main Core Location Switches to Channel
2.F,G,H,) Switches | 0000 Thru 0003. and Unit
. OF00 : Additional Sets Con- 5. Press Load Key
3. Press SYSTEM RESET | tinue 0004-0007,etc | o == =
4. Press ROAR RESET Results:
5. Press START 1. DM4 Loads In
————————— 2. Prints WTE DM4
Result: (Level) and the
Stops at WX Address Next Available
0F16 UDT Core Location
Press Interrupt Key
Channel and Device | . x |T
Setup: 1. Prints System Con-
1. F,G Switches figuration
Channel Address 2. Reads in the Test
2. H,J Switches Section of the FLT
Device Address 3. Prints S 3447 (Start
3. Press SET I/C R Test)
———————— 4., Prints Warning To
Loads Channel and Ensure REPOP Card
Device Addresses and In, and All Switches
Stops at WX Address In Process
OF2B 5. Executes the FLT
6. Prints No-Errors~
Found and Option-
To-Recycle Test
7. Prints DM Halt
Message with
Command and Count Supervisor Call PSW
Setup: 8. Goes to Wait State
1. F,G Switches
Command I
2. H,J Switches
Count
3. Press START Key | Press Interrupt Key
Completes Loading of .
One Command Set and 1. Reads in and By-
Stops at WX Address passes the FLT. T‘ﬂ?'es
OF2B 2. Prints T (Termination)
3. Reads in the Next
Test or Goes To
Wait State If Lost
Test.

|

Chart B Sheet 4

DT Chart B Diagnostic Check Out (Sheet 3)



Chart B Sheet 3

The Selector Channel
FLT's Are the Only
2030 Machine Language
(Macro) Diagnostics
That Cause CPU Red
Light Checks. Thus

the User Can Run the
Remaining Tests in

Stop Mode, if Desired

I
Stop Mode Stops the
Machine for Unexpected

| CPU Failures Before

| Monitor Logs Them
QOut. Press Start if

| Logout Is Desired or

| Go Directly to Chart C

| Sheet 1 At CA

Run All Associated

Machine Language

(Macro) Diagnostics.

This Should Include
1. CPU Standard Set

2. CPU Optional
Features

. Standard 1/O

. Optional 1/O

. Meter Test

. Compatibility CPU
and /O

oA w

For Test ID Numbers
Refer to The 2030 FE
Handbook Under
System/360 Diagnostics
For An Excellent Listing
and Suggested Running
Order Refer to the
2030 Installation
instructions Part Number
824400 Appendix A
Sections 3 and 4

7. System Test

Chart R,
Sheet 2

! Review of CEM's, Retain,
efc. Should Be Checked

| For Similar Problems

| Before Even Considering

| These Hints

The Remainder of This
Chart [s Intended to
Introduce the User to
Methods, Procedures,
and Areas of the System
That Are Not Normally
Checked. This Infor~
mation May Be of Value
on Intermittent Prob-
lems or When All Other
Methods Have Been
Exhausted, But Extreme
Caution Is Recommended
in Most Areas

I

. An Excellent CPU
Checkout Is Listed
Under CCROS
Service Hints in
Chapter T of the
2030 FEMM

. Do The CPU Switch
and Indicator Check
Procedure, Chart E,
Sheet 1 at EA

. Run the CCROS
Voltage Check in
Chapter 4 of the
FE Maintenance
Manua

. Disable the Retry
Circuits and Have
Customer Run His
Jobs in Stop Mode

. Run Main Storage
Worst-Case Pattern
Tests and Check
Memory SCHMOO |

6. Disconnect Blower
Motors on CCROS
and Storage Units
Raise Room Tempér-
ature in Attempt to
Bring Out Intermittents

. Coo! Suspected Areas
Using ICE or Dry Ice
and a Blower or Fan
(It May Help to Find
a Broken Land
Pattern.)

8. Vibrate Entire Units

Ensure That All Cards

and Edge Connectors

Are Seated; Use a

Pencil with .an Eraser

to Reach the Small

Crossover Cables in

the CPU

. Tap Cards and Edge
Connectors

11. Use Marginal Voltages
in SMS Control Units
(Such As 2821)

. Varying Voltages in
the CPU Has Not
Seemed to Be of Much
Value, But Can Be
Tried with Extreme
Caution

. Use Anti-Static Spray
and Solutions when
Static Electricity Is
Suspected
Note: Beware of
Furniture with Casters
Being Moved Past The
System

. Run or Prevent Oper~

ation of Communi-

cations and Other

External Electronic

and Electrical Dev-

ices to Decrease or

Increase Failures

Beware of Room

Temperatures Above

98° and Humidity

Below 20%.

Is It Always the Same

Shift or Operator

When Failure’ Occurs

. Check the Last Control

Unit on Every Channel

for the Interface

Terminator

Spot-Check Voltage

Levels on CPU Boards,

CCRQS, Storage, and

the 1/2 Board O1F .

For the 1050 Interface

+6v--Pin B11

+3v--Pin DO3

Ground--Pin D08

-3~-Pin B0O6

Note: For 1/2 Board

Voltages, Refer to

ALD PF571

. Check All Single-
Shot Settings. The
Following Is A List
of the Single-Shots
in the CPU

N

w

IS

w

~

Single-Shots in CPU

ALD Function
DMO51
FA101
GAO021
GA021
HA021
HAQZ1
PF042
PF043
PFO71
PF251

Metering

MPX Channel Operation-Out Reset
Selector Channel 1 Operation-Out Reset
Selector Channel 1 Hold-Out Interlock
Selector Channel 2 Operation-Out Reset

Selector Channel 2 Hold-Out Interlock
1052 Carrier Return Line Feed

1050 Restore (Reset)

1050 Attention (Request)

Audible Alarm (Optional)

DT Chart B Diagnostic Check Out (Sheet 4)



Index
Chart |, Sheet 1
v Chart W, Sheet 1
Chart W, Sheet 2

! Assumption:
! Lamp Check Completed
-

Storage Data Check

Log Console Indicators R Reg in Parity

Use Console Image Sheet if|

Available
Chart C, Sheet 2
I Definite Main Storage or
Check for Diagnostic R-Register Failure
Error Stop L
T
r -
Place All Switches in | Switches: FDo.llow fl':e R/W Storage
Process and Observe the | 1. ROS CTRL ° rc?nosng irocedure Iffam
Test Light on Lower Right | 2. RATE of Test 3348 Located in
of Console | 3. ADDR COMP Volume 41
L 4. CHECKCTRL Note: The Priority Control
Repop. Test Can be
Skipped
NO |
If Selector Channels Were
In Operation: Run the As-
YES sociated FLT(s) in Vol 41
SEL CH 1-Test 3447
Stopped While Running SEL CH 2-Test 344A
a Microdiagnostic Test.
Use Stop Word Analysis
Chart of Associated Test :Idenfified By Cards Plugged
1n;
I 014 - caL2
Check the Diagnostic Latch H
on ALD DKO41 if You: ]
1. Just [PL
2. SYS RST-START ROS Retry Installed
3. Not Running Diag-
nostic
NO
In Stop Mode
Store Address
Check too
YES 1400 Comp NO
Storage YES
YES T CCROS Failure Oceur- Protect Installed
: Should Be Stopped at red During a Cycle
1 WX 12F4 Which Could Have Al-
I tered Data In Storage NO Display Q-Register
=~Do Not Allow Cont- Note: The P-Bit Plus
: inuation of Job Q-Register Bits (4, 5, 6,
. . YES Stopped before H1 was Set | and 7) Should Be Odd
Check Light Still On - I (Q Hi Not Significant)
= If 1401 Compatible, Re~
initialize Compatible
y NG V(\)/X Register NO : Auxiliary Storage with
B2 leti
Indication Probably Obtai-! €ID Deck at Completion
. i of Call
ned Via Logout or From |
Logout Area | YES Second Error Has Oce-
! urred before Logout of NO
First Error was Started Possible Check Circuit
Error--ALD KRO51-~Basic
Test BFF Should Locat
Chart C, Sheet 3 ovle Locate
Second Error Has Occur-
red Bef?re a LOAD PSW Run Storage Protect Fea~
Operation Code was Per- ture Adjustment (Refer to
formed Chapter 4 of 2030 FEMM)
Run SEREP for Possible Run the Following Micro
Indication of First Error Diagnostics
1. Basic Test BFF-3345
2. (REPOP.) Priority
CTRLS -3347
R Cd)nLly Sr‘g 3. (REPOP.) Storage-
ed Hight On Chart C, Sheet 2 Protect --3350
All in Vol 41
If Failure Is Intermittent Place in Stop Mode
Continue Through Chart | Wait for Another Failure
for Possible Hints |
i ]
: Chances Are Same Type
| of Error Occurred Sec-
I ond Time . Continue
\ Into Chart Using Sec~
| ond Error Indication
! |
YES
NGO

Basic Test "BFF * Should
Catch This Error (Vol 41}

T

If Basic Test Does Not
Catch Error-When Error Re-|
occurs Scope Inputs to the
Exclusive OR Circuits on
ALD ALO51 (No Two Inputs
Should Be at the Same
Level)

I

IFor ALU Control Line Def-
linitions Refer to 2030
IFETOM Chp. 2 Arithmetic
jLogic Unit

DT Chart C CPU Checks (Sheet 1)



Chart C, Sheet 1

YES
B-Regi ster Check A-Register Check
B-Reqi A-Register NO
B-Register Out of Parity ]
in Parity
Failure in Error Check
Circuit ALD KRO31
False Error ALD KRO31.
Basic Test BFF Should Spot Check the Allow
Locate Write Light
| = Tl Ser
Spot Check the Allow Redisplay the WX Regs I 1.F,G,H, JSWS to
Write Light Under CPU | Displayed WX Address
Status | 2. RATE SW to SINGLE-
,  CYCLE
I | 3. Press ROAR RESET
- . -1 LdPressSTART |
Without Using SYS RST 1.F, G, H, and J SWS
Redisplay WX Registers to Displayed WX Address -
IZ' Rty S 1o Single Examine CA Field in SALs Ir Use ROS Control Field
Cycle Display for Source | Chart QA 000 Page 1,
3. Press ROAR RESET | Vel 20
L4 - Press START
Examine True CB Field ™ Use ROS Control Field 'é:fesg"'e'
of SALs | Chart QAO00 Page 1 ouree
t Vol 20
. YES X
R-Register CB Source A Source YES
FT,TT,or S
o Register I
N " Beware of an Unspecif- r Allow A-Register Check
| ied Register Being OR'd { Not Now, but at Prev- NO on ALD KR 021 Should
| inwith the Expected | ious Spot Check or from Have Blocked A-Register
Register, Causing the 1 Original Console Log. Check
l Failure : A Source YES
I ! FI Register
| .
| Allow Write On Multiplex Channel or 1/O
1 Oriented Problem.
|_ —_—— Definite Main Storage Statically Check the Drra
! NO or R-Register Failure - on .Bus in at the Contro
] Display Source Register Unit and the CPU. Sus-
| l pect Bad Interface Driver,
i bl
| Follow the R/W Storage Receiver, or Cable
| Diagnostic Procedure,

Item 4 of Test 3348 Loc-
ated in Volume 41
Note: The Priority Con-
trol Repop . Test Can Be
Skipped

Source
Register in Parity

Manually Display L and NO

D Registers

Either Register Out YES

of Parity

Match Destination (CD)
If Selector Channels to CA Source

Were in Operation:

Run the Associated FLT(s)
in Vol . 41

SEL CH 1-=Test 3447

SEL CH 2--Test 344A

Match SAL,s CD Register
Against CB Source

CA and CD
Same Register

R-Register
in Parity

R to (A or B) Register
Transfer Failure

Suspect:
. Source Register to A-
Register Transfer

2., Unspecified Register
\ Being OR'd into "A"
1.1, D, or K to B-Reg Along v.vnh the Expect-
Transfer Failure ed Reg:sf;::
2. An Unspecifi -
o pehecifien Reo Note: If Failure Is Solid
the B-Bus Skip 2 Blocks and Run
BFF Prior to This Pro-
cedure .
1. Locate the Micro
Word Using Module Storage YES
Assign Charts (Q2) in Address Check
Back of Vol 24
2. Tracing Back, Locate "
Block Where Register NO Displayed NO
was Last Changed MN in Parity
3. Early ROAR Stop on _——
This Word . Observe | M2 Memeory: 2 Micro
Failing Register while YES | Second Cycle
Single=Cycling through pmm————
Micro Word l--...—-———-—-- :
[ H 32 or 64K YES
Chart C, Sheet 3 ! M2 Memory
Suspect: ] .
1. Faulty Latch or Assoc- 1 Scope Special 32K MN
iated Circuitry of Reg- ! No Register
ister M2 | Memory Take No l' ALD MAO51 and MA052
2. Z-Bus Parity Generator Leg H
e ——
I I 2nd MN in Parity
BFF Test: Run Basic Micro
Test 3345 (BFF) Vol 41-- Check Circuit Failure
If Necessary, Loop Test ALD KRO31 NO I————_—‘
Using Step 3.2
I 1.F, G, H, JSWS to
v Displayed WX Address
Run Priority CTRL Repop 2., RATE SW to SINGLE-
Micro Diagnostic Test Chart C, Sheet 1 CYCLE
3447 3. ROAR RST
4. START

Check SALS CM Field for

Source

Source
Register in Parity

NO

Suspect:
Source Register fo MN
Transfer Failure

Chart C, Sheet 3

DT Chart C CPU Checks (Sheet 2)



Chart C, Sheet 2

ROS
Address Check

Check Parity of W REG
Check Parity of X REG

Either Register

| Important Assumptions
{ 1. Lamp Test OK
'l 2. Console Logged

“YES

Out of y

NO

SALS
Light also

NO

2. RATE SW to S
CYCLE

»w

. Press START

.F,G,H, JSWS to
Displayed WX Address

. Press ROAR RST

1

INGLE -

——
1

|
|
|
!
|
"
1
|
-

Re-display WX Registers

Image Card

Use ROS CTRL Field Chart |
and CLD, Bit List or

SALS Address Parity (AP)
Bit in Error

I

Suspect:

1. CCROS Decode Failure
Caused Read Out of
Some Other Word

2. Multiple Pick or Drop
of Bits in CCROS

Check Every ROS and
CTRL Register Bit Against

CLD

Suspect:

1. Wrong Document Card
in This Location

. CCROS Decode Failure
Caused Readout of An-
other Word

. Even Pick or Drop of
SALs with No ROS
SALs or CTRL Register
Check Indication. If
the Address P Bit Ends
Up in the Wrong State,
a ROS Address Check
Occurs. Normally a
Static Discharge Prob-
lem

N

w

{

'Assumpfions:

1. Lamp Test Checked

]2. Console Display Logged
I

L

DT Chart C CPU Checks (Sheet 3)

1

CPU Hardware Failure
Suspect:

1. WX Parity Bit Generator|
2. W or X Reg ALD RXO11

Error
Readily Reproduced

YES

NO

Early ROAR Stop on Fail-
ing WX Address. Check
the Displayed CN Field
for Proper Next Address .
Check CLD, Bit List, or
Image Card

@

Chart C, Sheet 2

I"If o ROS Address Check
| Is also Present Begin with
l that Sympton First

|
i
|
ROS SALS

or CTRL Reg-
ister Check

Chart C Sheet 1
Chart H Sheet 1

Chart B, Sheet 1

Check SALs Parity
Check CTRL Register

Parity

Good SALs Parity = (CN
| + CN Parity) Odd and
1(SAP+CH+CL+CA+
| CB+ CM + CU +All of
{ CK) + (ADOR P) Odd .
| Contro! Register = CR +
lcp+CF+CG+CV+
jCC+Cs

Either Out of Parity

YES

1. RATE SW to SINGLE-
CYCLE

. SYSTEM RESET

. ROAR RESET fo Fail-
ing WX Address

4. START

w N

-

Match SALs and CTRL
Registers With Prev=-
iously Logged Console

and Still in Error

NO
|

Retry Installed

NO

NO
Suspect:
Faulty Check Circuit
ROS SAL KRO41
CIRL REG KRO41
YES

e ]
Identified By Cards Plug~
ged in O14-C3L2

Suspect:
Retry Not Functioning

Run ROS Scan Diagnostic
Test Procedure,
Test 3349 (Vol 41)

Run CCROS Driver Volt-
age Check in Chapter 4
of 2030 FEMM

Successful

Voltage Check

NO

Suspect:

1. Intermittent CCROS
Component

2. Static Electricty Dis-
charge

Run CCROS Checkout
Procedure in the 2030
FEMM Chapter 4 Under
CCROS Retry Checks

Run CCROS Driver Volt-
age Check in Chapter 4
of 2030 FEMM

Refer to 2030 FEMM
CCROS Service Hints,
Chapter 1

hile Running ROS Scan
Diagnostic Test Procedure,
Test 3349 (Vol 41) Vary Pot|
Toward Upper Limit Pick
First Failing Word

: For AID:
| Refer to CCROS Retry
L in 2030 FEMM Chapter 1

T Continue This Method
Fixing One at a Time

| Until Upper Limit s

! Clean Then Vary Toward

Lower Limit. Fix One

at a Time Until Successful

| Voltage Check Is Made

]
[}
-

Refer to 2030 FEMM
CCROS Service Hints,
Chapter 1




| Check Log Out Area.

Log Out Area May Not
Be Valid Unless the Log
Qut Area was Cleared

I Prior to This Job

'

Index

Chart M, Sheet 2 Chart 5, Sheet 3
Chart N, Sheet 1 Chart W, Sheet 1
Chart S, Sheet 1 Chart W, Sheet 2

Off Line Service
Considerations

Ensure That CPU Chan-
nel Is Not at Fault

The Error Indication Is
Definitely Control Unit
or Device Oriented

! Particular 1/0 Unit or

l Device Has a Red Light

| Indication
[
1

~J
. N CU or Device YES
1/O Red Light Oriented —l
o Don't Be too Sure Unless

You Have Previously
Run the Channel Diag-
Run the CPU Priority nostics e
Control Repop Micro
Diagnostic 3347 (Vol 41)

Any Evident Physical
Discrepencies on the 1/0O
Device . Example: Tape
Dumped in Columns

/o VQL\ YES

Malfunction

MPX
Channel Type

NO

SW Bit 37 Uni
) i Unit Status Run the Selector Chan- Run the Multiplexor
nel Repop FLT. Channel Micro Repop
Channel 1 - 3447 Diagnostic Test 3346
Channel 2 - 344A (Vol 41)
Unit Check (vel 41
@@
— 5 -
: Bit 1 of Sense Byte Ufing rhe. Micro 1/0 { Use the Commands, Flags,
; Diagnostic Test 3344 . {and Counts from Previously
(Vol 41), Issue the Fail- |Logged Data of Original
) VES ing Commands and the |Faiting Job
Intervention Associated Counts |
Required
NO
I
: Bit 3 of Sense Byte 0 Select All Macro Diag-
T nostic Tests for the Con-
trol Unit and Device,
YES and Run Them in the
Equipment Check Prescribed Order
Some Units Provide an I
Additional Break D . -
Example: Sens:n ':“1” Set Up to Catch CPU |1. Check Control Switch
in Topes. Y Checks, Certain Sel~ | toStop
ector Channel Errors, |2 Address Compare Switch
and ROAR Stop on Pro- Switch to Early ROAR
l ety gram Checks ! Stop

|
Bit 4 of S Byte 0 |3. Compare Address
} 1o sense Byte | Switches (ABCD)

] to WX Address 0147
!

Some Units Provide an Clear Log Out Area and
Additional Break Down. Rerun Original Failing
Example: Sense Byt 3 Job. If Same Failure Per-
The Remaining Bits of in Tapes sists, Call for Assistance
Sense Byte 0 Are Not
Usually Producible Off- I
Line:

0 - Command Reject

2 - Bus Out Parity

5 - Over Run

6 - Command Sequence
7 - (Unit Dependent)

— 1

Aid Examples:
1. CE Off-Line Tester
2. Control Unit CE Dis-

play and Control
Panels

3. FE Maintenance Man-
vals

4. Flow Charts and [LDs
Located in the Main-

The Exception May Be
on Tape or Fite Control

|
|
|
!
|
|
|
CSW Bit 38 Unit Status | 5. Off-Line Diagnostics
|
!
]
|
]
|

L________l tenance Diagram
T Manuals
1
: Bit 7 as on 2841
H 6. Tape or File Off-
Line Drive Testers
Unit Exception
NO -_——— -
The rlormol Procedur: Attempt to Create the
Wouhd B.e r;’ Ensure That Condition Off-Line
Mechanical Hardware Using All Available
and Initial Recognition Alds
Circuits Are Function-
ing Off Line, but On-
Line Check Is Necessary
to Check Control Unit Failure Cannot Be Pro-
to CPU Transfer duced Off-Line
The Remainder of the ‘ Refer to the Control Unit
Status Bits and Addition- SRL or to the System/360
al Sense Bytes Are Un- General FE Handbook
ique to the Command and | for Specific Descriptions

the Control Unit. They
Are Not Usually Produc-
ible Off-Line. A Quick
Attempt Off-Line May
Prove Beneficial

DT Chart D Device Chart



Index

| Note: This Chart Is a
General Check of the
Various Indicators and
Switches of the |BM 2030

Assumption: System
Reset, the Clock, and
the Read-Only Storage
(ROS) Aret Has Been
Checked in the First
Section of Chart B.
Also, No Pertinent Data
Is in Storage

| Operator's Console Dis-
t play Panei. 100%

| Checkout Is Not Intended

Power Switches and
Emergency Power-Off

]

Pull Emergency Power-
Off Key.

Power Drops

Manually Reset the
Emergency Off Key and
Press Power-On Key

1. Press Normal Power-
Off Key
2. Press Power-On Key

Observe Console Indi-
cators. They Should
Appear As Described on
Chart B, Sheet 1,
Except That All Read-
Only-Storage (ROS)
Data Lights Should Be
Off

Check

LP Light Check

|
—

1. Address Compare
Rotary Switch

2. Match Light and
Circuits

3. All CPU Check

Indicators

Check Reset

Load Key and Load

Indicator

6. System Light

v

[

Disconnect the Air Hose
to the CCROS Unit
The LP Light Should
Come On

1. H, J Rotary Switches
2. B-Register Display

}7

The LP Light Also Is Used
to Indicate When Storage
Temperature is Not High
Enough But the Check
Procedure Is Too Time
Consuming.

Hold Store Key Down
and Rotate H and J
Switches .
Observe the B-Register
for Proper Character and
Parity

1. F, G Rotary Switches
2. A-Register Display

}—‘

Set Up:

1. Set All Swirches to
Process

2, Press System Reset

3. F, G Switches--xx

4. Setl/C

5. Vary F, G Switches

One At a Time and
Branch to Step 2

Observe the Contents
of the A~Register for
Proper Character and
Parity

1. A, 8, C, D Rotary

Switches

2. Manual Store and
Display Keys

3. M- and N-Register
Display

4. The Auxiliary
Storage Indicator

P

Set Up:
1. Press System Reset

2. Set E-Switch to
Red Bond and AS
{Aux Storage)

3. SetH, J Switches-~
FF.

4. Press Store Key

5. Press System Reset

6. Press Display Key

Results:
1. Aux Storage Indi-
cator On

2. Main Storage Data
Register (R-Reg) =

FF
Vary the A, B, C, D
Switches, Pressing Store
On Each Change
Observe the Main
Storage Address Register
{MN) for Correct Char-
acters and Parities

DT Chart E Operators Console Check Out (Sheet 1)

Set Up:

1. Set Address Com~
pare Switch to SAR
Stop Delayed

2. Set Others to
Prodess

3. Set ABCD Switches
to 0000

4, SetF, G, H,J
Switches to 0000

5. Press Load
Results:
1. Load Light

2. Match Light
3. No CPU Checks

1. Set Address Com-
pare Switch to
SAR Stop

2. Press Load

1. Match Light
2. All CPU Check
Indicators

Check Reset

No CPU Checks

1. Set Address Com=
pare Switch to
ROAR Restart

2. Press Load

1. System Light

2. Match Light

3. Sel Chan Count
Reg P-Bits On

I

1. Set Address Com-
pare Switch to
ROAR Stop

2. SetA,B,C,D
Switches to 0B08

3. Press Load

1. Match Light

2. WX Address 0B08

3. Sel Chan Count
Reg P-Bits Off

1. Set Address Com-
pare Switch to
Early ROAR Stop

2. Press Load

1. Match Light

2. Set WX Address to

0B07
I

1. ROS Control Switch
2. Wait Light
3. Test Light

1. Set ROS Confrol
Switch to ROS
Scan

2. Set Others to
Process

3. Press System Reset

WX Address Is 0300
Instead of 0000

1. Store Hex 02 in
Main Storage
Location 0001
(Wait Bit of 0000
PSW)

2. Set ROS Control
Switches to Inhibit
CF Stop

3. Press System Reset

4. Press Start

1. WX Address Is 00AE
(Wait Word)

2, Wait Light On

3. Test Light On

I

1. Leave in Wait Loop
2. Turn ROS Control
Switch to Process

Test Light Goes Off

Chart E, Sheet 2



Chart E, Sheet 1

Multiplexor Channel

Device on Same

Check Control Indicators I
Switch
Bad Storage Data -
Detection 1. Set All Switches to Assumption: No Device
- | Process on the Multiplexor
Set Up: | For .Orher Core Addresses 2. SetHand ) I Channe! Has An Address
1. System Reset | or Different Chu_rocters, Switches to FF Iif FF
2. Set Rate Switch to Refer to Bad Parity Char~ 3. Press LOAD
Single-Cycle | acter under Console Po-| & A _______ —
3. Set ROS Control | cedures in gbgprer 7 of 1. WX Address 0578
Switch to ROS Scan The 2030 FEMM 2. Suppress-Out (MPX
4. Set Check Control I ————— Tag) vls On
Switch to Stop 3. Mulnple‘xor Bus-
5. Set Address Compare Ovut Register-FF
Switch to ROAR |
Sto,
6. Sepr, B,C,D If a Check of Multiplexor
Switches to 0304 Tag Lines Is Desired,
7. SetF, G, H,J Use the IPL ROAR Stop
Switches to OB9B Address Chart 1 and 2
8. Press ROAR RESET
9. Start Four Times |
Enters An Out-of-Parity
Hex 00 in Main Storage
Location 0000 Sedlector Channel
[ Indicators
1. SetA,B8,C,D 2 Selector Channel
Switches to 0BFO
(Normal Memory The Following Routines
Scan) Check One Channel at
2. Press SYSTEM RESET a Time. Complete the
3. Press ROAR RESET Entire Selector Channel
4. Press START Section Then Start Over
_________ Again To Check the
1. Manual Light Other Channel
2. Storage Data Check l
3. MN Reg Has Address
of Bad Data
4. Bad Data Displayed -
in R-Register Setup: | The Ser‘ring of Switch F
5. Pressing Start Allows 1. Set Address Compare | Determines the Set or
Memory Scan Through Switch to ROAR Sto, | Reset of the SX2 Sel-
P N
Good Areas and Stops 2. Set All Others fo | ection Latch (ALD HJ‘OH)
at Bad Data Location Process | Thus De'erfrﬁning Which
3. SetA, B, C, D ILHOnnel Will Be Checked
Switches to 091F
1. St\;cbkl Control to * gil'i:::lh::"voH(; /
e (Chan 1 or 2) FF
2. Press START 5. Press LOAD Key
Continual Scan with .
Storage Data Check ;: V'C;Tdsrlgg 091F
3. Selector Channel
I —_ Data Register--All
While Looping Sloruge,j : A Machine-Check Trap . i‘: i
Turn Check Control to | Was Attempted to WX 5‘ Cov):lmond——monk
Process | Address 0004 But ROS 6‘ Flags-~CC and
Lo 1 Scan Mode Forces X3XX : SLIg
1. Stops with Match 7. Tags--Select-out
Light On and Address-out
2. WX Address--0304
| 1. Setf, G, H,J
Switches To the
Address of An
Available and Ready

Interrupt Key

Channel
—_ Flags--CC and SLI

2. Press Load
B-Register Displ. A
egister Displays An Tags--Op in and

[ C RN

3. Press DISPLAY Key Key-~-P Bit

Comnand - 2
}f Bit 1 Is the Interrupt-

! The Program Check Was
Set First. Processing

} Continued Until Interface

| Control Check Was Set,
Which Coused the Stop

1. Set Check Control
Switch to Stop

2. Set All Others to
Process .

3. SetF, G, H, )
Switches to 095D

J (WX Address ALD

QDI8Y).

1. Press Interrupt Key
2. Press Display |

Key Position

B-Register Displays a
Hex BF

- Because of the Check

| Control Switch Being in

I Stop Mode

4. Press SYSTEM RESET

Set Up: The F-Register (External
1. Set E-Switch to | Interrupt Reg) Displays R —
Grey Band and | in the Indicators Those 1. WX Address—0981
Display F | Interrupt Latches that 2. Selector Channel
2. Press SYSTEM RESET | Are Off Data Register-02
Qut-of-Parity Hex FF :
Stat in
5. Press ROAR RESET

6. Press START

CPU Status Indicators

1]

1. WX Address-~092A

Setup:
1. Set All Switches to (ALD QD 161)
Process 2. Selector Channel
2. éef'F,hG,' HéB.FJF Program Check (Red
witches to Light)
3. Press SYSTEM RESET 3. Selector Channel

Interface Control
Check (Red Light)

4. Press ROAR RESET
5. Press START

1. Under CPU Status

A. MPX Chan Light
B. Sel Chan Light
2. Multiplexor Channel
Bus-Out Register-77

1. Set Rate Switch to
Single-Cycle

2. Press LOAD Key

3. Press START Key End

1. Allow Write
Indicator On
2. A-Register Check

If 1050 Is Installed and
Power Is On the 1050,
Press the REQUEST Key

Under CPU Status 1050
Req Indicator On

1

DT Chart E Operators Console Check Out (Sheet 2)



Index

Any Console
Red Lights

NO

YES

NO

Selector Channel YES

Check

NO

LP Light

Chart YZ, Sheet 2
NO

CID Appear to Load
Successfully

Will Any Other 2030 Ne

Deck IPL

YES

W = 682 or 6FF S YES

Wait Loop

NO

Chart C, Sheet 1

Chart §, Sheet 1

Chart 1, Sheet 1

Chart J, Sheet 1

WX =
OAE Wait State
01E8 Displayed in BA
Lights

YES

NO

an Error

Reader/Validity Check
Occurred While Reading
CID. Check the Last
Card in the Stacker for

This Can Occur Only if
the Customer Has Mod~
ified the CID as per TNL
N24-0397 . Check the
1400 SRL (A24-3255) to
Determine if it Is at This
Level or a Later Level.
Determine if the Change
Has Been Made to the
3-Card Hex Loader

Has Mode
Switch Been Made to
1400 Mode

YES

NO

Place Address Compare
Switch in ROAR Stop .
Set O3FD in Switches
ABCD and Re-IPL

NO

Match with WX = Q3FD
QA461

YES

Set 030F in Switches
ABCD and Press START

NO
Match with WX = 030F

]

ing 2030 I-Cycles
Suspect:

65K Machines

QA041

CFIM, 99 Operafion
Code, Not Decoded Dur-

1. Missing Card in CiD
No. 37 or 0518 for
Non 65K Machines
No. 38 or 052E for

2. The Diagnese instruct-
ion Which Allows 1400
Instructions was Not
Executed Properly. See
Note on CAS Page

3. Hex Loader Deck Pro-
blem. Try New Loader

Re-IPL Stopping on O3FD.
Single Cycle to Find Why
030F was Not Reached

Rate Switch to Single-
Cycle and Press START
One Time

Compatibility Mode Es-
tablished . The Machine
Should Not Switch Back
to the 2030 Mode Unless
Mode Switch Is Allowed
to Occur on a Subsequent
Operation. Check Bytes
9C and 9D of Auxiliary
Storage A for PMS Con-
trol Bits. If These Bifs
Are Off, the W-Register
3 Bit Should Never Be
Turned Off with Normal
Processing. Single Cycle
and Determine Where and
How W3 Is Being Reset

Unsuccessful Module Switch
and/or Bad Bronch. Check
SALs Alternate A-Bit Tran-
sfer to W-Register 3 Bit.
The SALs A-Field Is Also
Gated to W-Register

Bits 4567

DT Chart F 1400 Compatibility Oriented (Sheet 1)

YES

NO

At 1032 or 10FF Halt

NO

Manually Set 14 to Add-
ress of First Program Load
Instruction. This Instruct-
ion was Read in from Either
Card 00A0 or 00BO. Col-
umns 6 - 9 of Card 0390
Specify This Address.
ROAR Reset to ROS Word
1100. Set Switches ABCD
to 1792 and Place Address
Compare Switch in ROAR
Stop Mode . Press START:
Match Should Occur .
Single~Cycle from Word
1792 (CAS Logic Page
QGOO01) and Determine
Why Machine Did Not Go
to 1032 or 10FF . If This
Routine Works and the
1402, 1442, or 1729 Load
Does Not Work, Check
Card Load or Tape Load .
1J in Auxiliary Storage

A - 90 thru 93. These Loc-
ations Should Specify the
Address of the Card or Tape
Load Instruction Read By
CID Card 00AO and 0080

YES

YES

Chart W, Sheet 1

Chart F, Sheet 2

R-Register Is
4F, 5F, 6F

YES

The Remote-Restart Bit Is
Set Only when Unit-Check
Occurs During the Initial
Selection Sequence Ent-
ered While Attempting to
Get to a 1403, 2540,
1443, 2501, or 2520. This
Unit Check Indicates That
the Device [s Not Ready .
After You Read the Device
(Which May Require Load-
ing Cords in a Reader/
Punch, Putting Paper ina
Printer, or Adding a Car-
rage Tape), the Micro Pro-
gram, Which {s Looping

at 1032 Waiting for Add-
ress-In Will Re-attempt to
Execute the Desired Read,
Punch, or Print Operations

Will Device
Become Ready

Did Micro Program
Restart

YES

Invalid

I

Determine Why Wait
Light Is On. Wait State
(In Compat) Should Only
Be On In Word 1032

Invalid

|

The Remote-Restart Bit [s
Not Being Reset After Be-
ing Tested. This Bit Is Bit
1 of Byte 9F in Auxiliary
Storage A . The Reset Oc-
curs (Logic Page QEGT1)
in ROS Word 173C. If the
Reset Is Occurring Prop-
erly, Check when the Bit
Is Being Turned on By SAR
Stopping on 9F (Auxiliary
Storage A). Check FEMM
Chapter 2 under Console
Procedures for SAR Stop
Procedures

Check Device

i

Chart D, Sheet 1

Machine s Now
Operational

Dial 1033 into Switches
ABCD, Set Address Comp-
are Switch to ROAR Stop .
Go to Device for Which
Intervention was Required
and Make the Device
Not-Ready, then Make

it Ready

Either Device Did Not
Send Address-In or Req-
vest-1n After the Device
went from Not-Ready to
Ready or Request-In was
Not Recognized By the
Processor . This Can Be
Checked By Scoping MPX
Request-In Signal (Page
FA041). The Normal Seq~
uence of Events Is: Req-
uest-In to Cause Select-
Qut/Hold-Out to Be Pro-
pogated . When the Device
Recognizes Select-Out/
Hold-Out, the Device
Should Send Address-In.
The Micro Program Uses
Address=In to Restart the
Previously Attempted

1/0 Operations

Place Address Compare
Switch to Process and
Rate Switch Single Cycle .
Step through Desired Op-
eration. ROS Word 1033
Can Be Found on CAS
Logic QE692




Chart £, Sheet 1

Check R-Register Decode
Chart

Chart H, Sheet 1

(a) Run the Applicable
1400 Diagnostics

(b) ROS Scan

(c) Check Bump

Missing
Records or Wrong
Results

Check

1. 1400 ROS Branching
2. 1400 Mode Latch
(DLO31)

3F06 = PMS Test
3F07 - 1402

3F08 - 1402 PFR
3F09 - 1402 Col Bin
3FOC- 1403

3F10 ~ 1442

3F13 - 1443

3F16 - Tapes

3F19 - Files

3F1C - Typewriter

Suspect Hardware on
DLO31, ie., Gate L-Reg~
ister fo M Bus

Chart R, Sheet 1

DT Chart F 1400 Compatibility Oriented (Sheet 2)




On all stops at ROS address 10FF, a coded digit is displayed
in the Main Storage Data Register. [n the case of a set IC
operation, the contents of the main storage location to which

the instruction counter has been set are displayed. In the .
case of a sense switch operation, the resulting sense switch (1) The hexadecimal 1400 instruction address in locations
byte (98 of Aux. Stor. A) is displayed. In all other cases,

the displayed digit has the significance shown in the R-

Register Decode chart. @)

@)

In addition to the coded digits which are detailed below,
the following 1400 addresses are available on o 10FF halt.

(1) The decimal instruction address is displayed in the BA-

registers.

The hexadecima! equivalents of these storage-address reg-
isters are also available and can be obtained by displaying
the following Aux. Stor. A locations:

88 and 89.

The hexadecimal 1400 A-storage-address register in

locations 8A and 8B.

The hexadecimal 1400 B-storage-address register in

locations 8C and 8D.

The S-register is stored in byte 8F of Aux. Stor. A. If

either $6 or $7 or both S6 and S7 equal 1, the respective

1400 storage-address register, A or B or both A and B, is
displayed in hexadecimal rather than decimal form. Al

(2) The decimal A-storage-address register is displayed by for 56 or S7 denotes an invalid address for addressing
the MSDR lights. storage. No hexadecimal-decimal conversion is attempted
on an invalid address. For example: M%UISOOR; - the
(3) The decimal B-storage-address register is contained in contents of the A-storage-address register (%U1) is con-

the U-and V- registers and must be displayed manually.

sidered an invalid A-address.

Digit Displayed
In MSBR

Reason For Halt

Comments

Chart H, Sheet 1

R-REGISTER DECODE CHART

Digit Displayed
in MSDR

Reason For Halt

Comments

00

01

02

04

05

06

07

08

09

0A

(o]

OE

Normal stop. Appears when the stop is caused by
pressing the stop key, ending an instruction executed
in instruction-step mode, or a match occurs in SAR
Delayed-Stop mode.

The program attempts to use an invalid 1400 8-
address.

The program attempted to use an invalid 1400 A-
address .

The program attempted to use an invalid 1400 opera~
tion code.

An invalid 1/O operation was attempted; either the
unit selection or the unit number was invalid.

A storage-wrap condition occurred when an address
outside of the system capacity was used to address
core storage.

Storage protection occurred in 1400 mode.

An attempt was made to switch fo 2030 mode without
the PMS feature. May also be caused by erroneous
interrupts.

An invalid source or destination address was specified
on one of the following special 2030 PMS instructions

CFMT - OE R1,R2 - COMPAT FEAT MOVE TO
CFMF - OF R1,R2 - COMPAT FEAT MOVE FROM
CFLT - OCRI1,R2 - COMPAT FEAT LOAD TO
CFLF - OD R1,R2 - COMPAT FEAT LOAD FROM

The microprogram attempted to convert to BCD an
address that was less than the bios address. This
occurred during execution of a clear-storage or store-
address-register operation.

Storage wrap low; the 2030 storage location 1 less
than 1400 000 was addressed.

The program attempted to index without advanced
programming being defined by CID.

The address displayed in the BA-register lights is the
address of the next instruction character which has

a word mark. Working back from this next instruction,
assemble the failing instruction and attempt to de-
termine why the B-address was invalid. Use a pro-
gram listing if one is available. Was the instruction
read into storage improperly ?

Same comments apply as for character 01 halt.

The decimal oddress displayed in the BA-register
lights is the address of the next character with a
word mark. Working back from this address, de-
termine the failing op-code. From a program listing,
attempt to determine what the op code should be.
Also investigate for a misplaced word mark.

Check the A-field of the previous op-code. The
address of the previous op-code should be 7 less than
the address displayed in the BA-lights. This halt
identifies a problem with the hundreds and/or units
position of the A-field. in the case of M%U1500R,
the difficulty would be with the U or the 1.

Check the op-code to ensure that valid addresses are
being used. If these addresses are valid, check the
storage size as defined in the CiD. Cards 0320,
0390, 0420, 0500, and the last card of the IBM
Standard CID contain references to storage size. {f
these addresses are invalid, attempt to determine
what the address should be from a program listing.

Check the Q-register. Bits O through 3 should be
either 0000 or equal to bits 4 thry 7. If these bits
do not compare as indicated above, check the pro-
tection key in the last loaded PSW. This key must
be equal to Q-register bits 4 thru 7. If these two
differ, call for programming assistance. Check that
the conditions specified by the last loaded PSW exist
while the machine is operating in 1400 mode. If the
key in the PSW is 0000 or equal to bits 4 thru 7 of
the Q-register and this halt occurs, a hardware mal-
function has probably occurred. See Chart P-PE
(Storage Protection).

Check the PMS control bytes for proper definition.
Bytes 9C and 9D of Aux. Storage A contain bits that
define the program-mode-switch subfeature. If the
feature is not installed on the machine, these defi-
nition bits must be zero. The bytes are

oC 9D

Mode Sw On Inv 1/O Ops

Mode Sw On Console Ops

Mode Sw On Printer Ops
Mode Sw On Inv Ops Mode Sw On Rdr/Pch Ops
Mode Sw On Halts Mode Sw On Tape Ops
Mode Sw On File Ops
Mode Sw On Error Stops

NOCURWON—O

to word 1102 (CAS logic page QE601). ROAR stop~
ping on this word and displaying the F-register indi-
cates what type of interrupt has occurred. Note: All
bits of the F-reg are normally on. Bit O being off
indicates a timer interrupt has occurred. Bit 1 off
indicates a console interrupt. Bits 2-7 indicate that
an external interrupt has occurred.

The third byte of the source and or destination ad-
dress is non-zero. The next Basic 2030 instruction
should be stored in Basic 2030 LS A9 and AA. Work-
ing back from that address, check the specified reg-
isters to determine why the addresses are invalid.

This situation usually appears when the execution of
an operation is attempted where the A~ and/or B~
fields are obtained from the backup locations; for”
example, M H aoa. When execution of the Move
operation is attempted, the A- and B-addresses are
fetched from LT and UV backup locations. These
addresses are in hexadecimal format. When the
clear-or store-star operation is attempted,” these
addresses are converted to BCD. If the address is
less than the bias, the OA-halt occurs. When the
PMS feature is installed, the programmer can alter
these locations. Therefore, checking the 2030 op-
code which can access these locations may poinr to
the error. These op-codes are of the §| format:

[ 99]w1iw2[B1{DI ]

The BA-register may be invalid at this halt, ie., it
may not contain the decimal address of the next
instruction. If this is the case, repeat the job and
ROAR stop on word 1002. When a match occurs, the
next instruction address may be obtained by display-
ing bytes 83 and 84 of Aux. Storage A. Working back
from this instruction, determine the failing operation.
Suspect misplaced wordmarks .

Check bit 1 of byte 9C in Aux. Storage A. This
bit should equal 1. Card 0390 of the standard CID
contains this definition.

Also check if an erroneous interrupt is forcing a branch

DT Chart F 1400 Compatibility Oriented (Sheet 3)

1

21

22

23

31

3F

41

42

4F

Some device other than the 1050 attempted to take a
multiplexor-channel data-cycle while preparing to
enter the 1050 data loop.

A word mark was missing from the 1400 op-code dur~
ing [-Cycles.

A wrong address was sent back from the channel
during initial selection of a tape operation.

GMWM in first position of tape write field.

A word mark was detected in the A~address of an /O
instruction, for example:

M%U1500R

A 2540 or 2501 reader error, a 2520 PFR error, or an
invalid character has occurred.

An 8F character was detected at an address other
than the bias address while in 1400 mode. For a
65K machine, this may indicate a 1400 high-wrap
condition because 256 8F characters are placed
between the upper limits of 1400 storage and the
highest core address.

Invalid channel status was detected following a
tape-read operation {Selector Channel only}.

1442 Reader or Punch intervention required.

While waiting for TREQ to come up, another device
sent its address in an attempt to take a data cycle.
CAS logic page QG121, ROS word 1944 detects
the Address-In signal. This routine is normally used
to stack any outstanding status so that the channel
is free to operate with the 1050. Check to ensure
that this data-transfer request is not from a device
which was initiated in Basic 2030 mode prior to a
mode switch to 1400 mode. This is defined as an
invalid operation in the PMS portion of the [BM
System/360 Model 30 1401,/1440/1460 Compatibility
Feature Systems Reference Libary. If the operation
was initiated in 1400 mode, a hardware problem
probably exists with the device whose address was
sent in. Also check that the proper signals are re-
ceived by the device which was forced to stack its
status.

Usually occurs when a branch is made to a location
not containing a word mark. The decimal BA-
address points 1 beyond this location. There is no
easy method to determine the branch from address.
Several steps which may be taken in order to further
define the problem include:
(1) SAR stopping on the location to which the branch
has occurred to determine how it is changed dur-
ing program initialization and execution.

8

Determine the operation when the failure occurs
(perhaps through observing an /O operation
prior to the failure) and then operating in in-
struction mode to pinpoint the failing instruction.

Restart the operation. If tapes are on the multi-
plexor channel, ROAR stop on address 1AA0 (CAS
logic page QG761). The desired unit address can
be found in the D-register. Execute the next micro
word 1AA4; this sends Address-Out. Check the TCU
to determine that the proper address was received.
Place rate switch to process mode and early ROAR
stop on word 1A93. If entry to 1A93 is via 1A92,
Address-In came up. This address may be deter-
mined by displaying FI. [f this address is different
than the contents of the D-Register, a TCU problem
probably exists. [f entry to 1A93 is via 1A41, an
invalid channel condition exists; for example: Op-
in and Select-In up simultaneously. If an address-
mismatch condition does not exist at this time,
single-cycle through the next several words to ensure
that the proper address-compare branch takes place
in word 1A98 or 1A99.

if tapes are on a selector channel, ROAR stop on
word 1A%4 (CAS logic page QH021). The desired
unit address can be found in the MSDR. This ad-
dress is sent out to the TCU with the execution of
ROS word 1A97.  In word 1AAQ the address sent
from the channel is compared to the address sent
out. The address-compare branch takes place in

word TAA2,

A tape write command was issued. The first char-
acter to be written was a GMWM, which terminated
the operation. Check the first data location to de-
termine if there actually was @ GMWM in this po-
sition. The decimal address in UV at this halt points
1 beyond the GMWM location. The B-field of the
previous op-code points at the first data location.
Determine how this GMWM was inserted in this field.
Suspect tape drive failure or invalid programming. If
the same situation were to occur on a 1400 system,
the tape drive would have 'run away'. Check that
this is not a delibertate operation by the customer,

SAR stops on the main storage location containing
the erroneous word mark. Determine when and why
it is being set. Remember when SAR-stopping in
compatibility mode, the hexadecimal Basic 2030
main storage address must be used rather than the
1400 decimal address. This can be obtained by per-
forming a set |C operation to the decimal address
and reading the hexadecimal address in the MN-
register lights.

Check the read-in area (001-080); any invalid
characters have been replaced by a blank. Check
the last card in the stacker for an error. If no
invalid character has occurred, then unit check has
been sent with the channel-end status from the
reader; this means that an equipment-check condi-
tion, such as a hole-count error, has been detected.

Detecting this character while in 1400 mode forces
a microprogram trap to ROS word 1002. The dis-
plays at WX = 10FF cannot be guaranteed with this
halt. In order to determine the location of the 8F
character, check the BA-address and determine if
it contains a valid address. s there a word mark

in the BA-address location? If BA contains a valid
instruction address, determine what the failing op-
code was; this may define the storage areas where
the 8F was detected. Also check the A and B stars;
these may point directly at the BF character or 1
position on either side of it. If these methods fail,
ROAR stop on word 1002. When a match occurs,
the failing location is displayed in the MN lights
in hexadecimal form and the previous instruction
address is in bytes 88 and 89 of Aux. Storage A

(in hexadecimal). Once the failing address is known,
SAR stopping on this should point out how the 8F
was generated. [t may occur as a result of o disk-
out-of-sync condition or it may be read in via a
Basic 2030 prepared tape where 8F is a valid char-
acter,

ROS word 1A30 gates the GJ-assembler containing
the channel status on to the Z-bus. The following
word branches on Z = 0; if Z is non-zero, this halt
occurs. The bit configuration of GJ at word TA30
is:

0 - Program controlled interruption

1 = Incorrect length

2 - Program check

3 - Protection check

4 - Channel dota check

5 - Channel control check

6 - Interface control check

7 - Chaining check

If this halt occurs while operating in 1400 mode,
a channel hardware problem probably exists. Check
the selector channel chart. Chart S at SA.

This stop indicates that a Not Ready condition exists
at the 1442, This condition usually results from:

(1) an empty hopper

(2) a full stacker, or

(3) an open cover.
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52

55

62
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7F

80

80

8F
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The program attempted to perform an |/O operation on
a device for which the compatibility feature is not
installed.

A device-end signal was received before a GMWM
was encountered on a tape-write operation. This halt
can occur on both selector and multiplexor channels.

A 1400 start reset function was performed.

For tapes on the selector channel, this stop means
that Status-In and Service-In came up at the same
time during a tape-write operation.

For tapes on the multiplexor channel, this stop means
that the TCU disconnected during a tape-write
operation.

The program has issued a stacker-select command to a
2540 more than 6 ms after the previous card-read
instruction was issued.

If this halt is used in conjunction with the 1403/2540
or 2501/2520/1403, it means either that there was no
oddress compare (Address-In was not the same as

Address-Out) or that a punch-transfer error occurred.

When this halt occurs on a machine that has the 1442/

1443 compatibility subfeature installed, one of the

following situations has occurred:

(1) A no-compare condition exists between Address-
Out and Address=In.

(2) A data-transfer error has occurred during o printer
operation.

(3) The print field was not terminated by a GMWM.,

For tapes on the selector channel, this stop means that
Status-1In and Service-In came up simultaneously on @
read-move operation.

Tape-unit infervention is required for tapes on the
multiplexor channel or on the selector channel. At
this halt, 1J has been decremented to the op just
attempted. BA points to this decimal address. Press-
ing START allows the operation to be tried ogain.

The program has attempted to use an invalid d-modifier
on a 1442/1443 operation .

Operational-In disconnect on 2540 or 2501 reader.

Working back from the BA-address, determine what
the invalid operation is, for example, M%Y1201W
for a machine with 1402/1403 subfeature. If this
occurs while running a diagnostic test, check the
TAD(s) to determine that the proper types of 1/0
devices are deseribed. If this occurs while loading
CID, the 1J backup locations that point to the first
1400 instruction may be erroneously set. Columns
28 and 29 of card 0380 specify the Basic 2030 main
storage locations from which the first 1400 instruction
is read. This instruction is contained on card 00AQ
or 00BO of the CID and is loaded into the 2030 main
storage .

If the halt occurs while attempting o 1729, 1402,
or 1442 load, the card-load or tape-load |J address
specified in bytes 90 through 93 of Aux. Storage A
may be erroneously set. These locations are used to
set 1J when 1729, 1402, or 1442 load is attempted.
These locations should contain the addresses of a
card-read or tape-read instruction located in Basic
2030 storage. These addresses are loaded from card
0390 and are contained in columns 6, 7, 8, and 9
for card foad and 11, 12, 13, ond 14 for tape load.

This is probably a tape-drive or control-unit problem.
If tapes are on a selector channel, refer to CAS
logic page QHO71. Word 1763 branches on Status-
In and Service-In. If Status=In occurs before the
group-mark word-mark, which normally teiminates
the operation, this error halt occurs.

If tapes are on the multiplexor channe!, refer to
CAS logic page QG79t. Word 1A40 or 19C4
branches on Status-In and Service-In.

Do not attempt to ROAR stop on a word containing
the Status-In, Service-In branch; these are part of
the data loop and cause overrun conditions, etc.,
when the match occurs.

This is probably a TCU problem. CAS logic page
QHO71 contains the word where the branch is made.

This is probably a hardware problem. ROS word
1A40 or 19C4 (CAS logic page QG791) contains

the branching conditions which detects this failure.
Taking the 1,1 branch does not mean that Status-In
and Service-In came up simultaneously, but rather
that Op-In dropped. Check the applicable hardware
on ALD poges FA092 and FAO41. Also refer

to Chart D ot DA.

Check the program to determine if a lengthy /O
op was issued between the Read command and the
stacker select. Also check the 2821 to ensure that
the attention bit is sent to the processor during the
6 ms provisional feed time.

Early ROAR stop on word 1892. If the previous
address displayed is 181B, a punch-transfer error
has occurred; that is, an error occurred while filling
the punch buffer. It can either be & Bus-Out check
or an error internal to the punch which would result
in bad parity data being transferred into the buffer.
If the previous address was either 1896 or 1897, o
no-compare condition exists between Address-Out
and Address-in. This is probably a hardware problem
in either the channel or the device. Check that the
proper address was sent out and received by the
device. Address-Out is sent during the execution
of word 1801 (CAS logic page QG531). Also check
the address sent in to verify the comparison and
branch executed by the microprogram. The address
compare is made in ROS word 1898 (CAS logic page
QG531) ond the branch is made in the following
word.

Repeat the operation and ROAR stop on ROS address
188A (CAS logic page QG261). If @ match occurs,
Address-in does not match Address-Out. The od-
dress sent out is contained in R-Register in its crossed
form at this point, The address sent in can be dis-
played in FI. This is probably an I/O hardware
problem. Check that Address-Out is properly re-
ceived and decoded by the device; Address~-Out is
sent in word 1821 (CAS logic page QG311) and the
address comparison is made in ROS word 1887 (CAS
logic page QG301).

If a match does not occur, there has been an error
during data transmission, a unit check has occurred
at channel end. This is probably either a Bus-Out
error or a device error associated with receiving the
data. This stop is set up on CAS logic page QG351
word 1842, Also, check if o GMWM (OF Hex) is
in the print field; the absence of this choracter can
also result in a unit check at channel end.

This is probably a TCU problem. CAS logic page
QHO81 contains the word where the branch takes
place.

Unit check is in the status response to Command-Out
during initial selection. Check that the TCU is on-
line, that the desired tape drive is ready, that Aux.
Storage properly defines the drives and control unit.
(See the description for the 92 halt for proper defi-
nition), that a write operation is not being attempted
on a file-protected drive.

Check the program residing in core storage to de-
termine if the d-modifier is actually valid. If it is
invalid, attempt to determine how it was introduced
into the instruction stream. If it is valid, check the
microprogram decode. The stop code is set in ROS

words 1816, 188B and 1893 (CAS logic page QG261).

Op~in dropped during a read operation. This is
probably a hardware problem. ROS word 18CD

(CAS logic page QG561) contains the branching
conditions which detects this failure. Taking the

1,1 branch does not mean that Status-In and Service-
In came up simultaneously, but rather that Op-In
dropped. Check the applicable hardware on ALD
pages FA092 and FAO41. Also refer to Chort D

at DA

Digit Displayed
In MSDR

Reason For Halt

Comments

92

A0

A0

BO

A tape error occurred on a tape initial program load.

An Operational=In disconnect occurred during a 1403
print operation.

There was no GMWM in storage to terminate o 1442
read operation.

Invalid selector-channel status was received on a 1400
branch-if-tape-error instruction.

An Operational-In disconnect occurred during a 2520
or 2540 punch command.

A printer error on a print operation or a 1442 error on
a read or punch operation has been detected.

A unit check is contained in the read ending-status
of a 1729 tape load. This end status can be located
by displaying F! after executing word 1A46 (CAS
logic page QG802) when the tapes are on the multi-
plexor channel. When the tapes are on the selector
channel, this ending status is displayed in GR fol-
lowing the execution of word 19D5 (CAS logic page
QHo8l).

When performing a tape IPL (1729 in switches
FGHJ--Press SYSTEM RESET - ROAR RESET - START),
the machine is forced to ROS word 1729 (CAS logic
page QE521). This routine loads |J-backup with the
contents of tape-load-1J (bytes 92 and 93 of Aux.
Stor A). The instruction located at the address
specified by tape-load~1J is L%UI00IR  and is
read into the machine from card 00AQ of the CID.

After performing a start-reset function, the micro-
program |J~backup is loaded into 1J, and |-cycles
are entered. After completing the read, 1J is forced
to 1400 storage location 001 and processing of the
data just read begins. Check that this is done cor-
rectly if the 92 halt occurs. Also check that the
proper drive assignments have been made. Byte 81
of Aux. Stor. A must properly define the Basic 2030
drive containing the initial program:

Bits 0 and 1

00 - 7-track @ 200 bpi

01 - 7-track @ 556 bpi

10 - 7-track @ 800 bpi

11 = 9-track
Bits 2 and 3 should be zeros.
Bits 4 - 7 contain the Basic 2030 drive number which
is to be assigned as 1400 drive #1. Bits 4 - 7 of
Byte 80 of Aux. Stor. A contains the TCU address .
In addition, bytes 97 and BB of Aux. Stor. A contain
7- or 9-track status information and must be initial-
ized as follows: Bit O of each byte has 7~ or 9=track
status for tape unit 0; bit 1 of both bytes is used for
this status for tape unit 1, etc. If a bit of the first
byte (position 97) is set fo 1, the associated tape
unit is equipped with 9-track read/write facilities.
The unit is a 7-track drive if the associated bit in
position 97 is set to 0. If the corresponding bit of
the second byte (position BB) is set to 1, the associ-
ated tape unit is o 9-track phose-encoded drive with
density set at 1600 bpi. [f this bit is set to 0, the
associcted tape unit has a density setting of 800 bpi
and is either o 7-track or 9~track unit.

Op-in dropped during the data-transfer portion of

a print operation. This is probably @ hardware prob-
lem. ROS word 18BC (CAS logic page QG551) con-
tains the branching conditions which detects this
failure. Taking the 1,1 branch does not mean that
Status-In and Service-In came up simultaneously,

but rather that Op-In dropped. Check the applicable
hardware on ALD pages FA092 and FAO41. Also
refer to Chart D af DA.

On a 1442 read.operation, a GMWM (OF hex) is re-
quired to terminate the operation. Manuolly check
the read-in area for this character; if there is o
GMWM in read-in area, this is probably a hard-
ware problem with the GMWM detection tatch (ALD
page MBO31). If this halt occurs after mode
switching from Basic 2030 mode to 1400 mode during
initialization, check CID card 0384, columns 28 and
29 and card 0390, columns 8 and 9. These columns
should each contain AD. Also check card 37. For
non=-65K mach, columns 18 and 19 should be 09.
For 65K machines, check card 38, columns 18 and
19, These should also contain 09. These cards
cause a GMWM to be inserted in storage location
0082 of 1400 storage when compatibility mode is
initialized via the 99 op code.

Non-zero channel status was sent back from the
channel on a TIO; Word 1A12 gates channe! status
on to the Z-bus (QH111), This is probably a channe!
hardware problem. Also check that the proper com~
mand was sent to the channel. Command-Out is
sent during the execution of word 1AA4 (CAS logic
page QHO21).

The command byte sent should be 00. Word 1AA9
(CAS logic page QHO021) should reset GR prior to
issuing Command-Out in word 1AA4. Check the
selector channel chart (Chart S at SA) for addi-
tional assistance.

Op-~in dropped during the data-transfer portion of a
punch operation. This is probably a hardware prob~
lem. ROS word 1820 (CAS logic page QG521) con=
tains the branching conditions which detects this
failure. Taking the 1,1 branch does not mean that
Status-In and Service-In came up simultaneously,

but rather that Op-In dropped. Check the applicable
hardware on ALD pages FAQ92 and FAO41. Also
refer to Chart D ot DA.

If on a read command, this signifies either an equip-
ment check or an invalid card code. For the punch
command, this halt identifies an equipment-check
condition. ROAR stopping on word 1877 (CAS logic
page QG281) allows displaying the sense byte in the
G-register. The sense byte makeup is:
0 - Command reject
1 ~ Not ready
2 - Bus-Out check
3 - Equip check

(a) reader check

(b) punch check

(¢} invalid card code punched

(d) data error at channel end
4 - Data Check - invalid card code on read
5 - Overrun check

if performing a print operation, the sense byte may

be displayed in the G-register by ROAR stopping on

word 1876 (CAS logic page QG361). The sense byte

content is:

0 - Command reject

1 - Intervention required--printer not ready because
forms check, stop key, or carriage-stop key
pressed , or cover interlock open.

2 - Bus-Out parity check

3 - Equipment check

4 and 5 - Typebar selection

6 - Channel ¢

7 - Channel 12

If a 1403 is operated with the 1443 microprograms,
the sense byte is:

0 - Command Reject

1 - Intervention Required--Not Ready

2 - Bus-out Parity Check

3 - Equipment Check--Parity Error in CU or device
4 - Data Check

5 = Not Used

6 - Channel 9

7 - Channel 12

DT Chart F 1400 Compatibility Oriented (Sheet 4)
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Status—In and Service~In occurred simultaneously on a
1400 read-load operation, for example:

L%UXBBBR
This halt is valid only when tapes are on the selector
channel.

Operational~in disconnect on a multiplexor channel
tape-read operation.

This halt indicates that a premature data disconnect
occurred on a read operation. Pressing the start key
causes processing at the next sequential instruction
but loses the record just read. To re~read, the oper-
ator must set the instruction counter to the address of
a backspace-re-read routine.

1050 intervention is required.

A microprogram initiated sense operation was pre=
maturely ended. This halt can only occur if tapes
are on the multiplexor channel.

Operational=In disconnected on a microprogram~-
initiated mode-set operation with tapes on the multi-
plexor channel. This mode-set command is issved in
order to send the track-in-error byte previously stored
to the TCU.

A 1400 halt instruction has been properly executed.

A 1400 halt instruction with an invalid B-address has
been successfully executed.

A 1400 halt instruction with an invalid A-address has
been successfully executed.

A 1400 halt instruction with an invalid A- and B-
address has been successfully executed.

A 1400 halt-and-branch instruction has been properly
executed.

ROS word 1A63 (CAS logic page QHO91) has this
branch. Both Status-In and Service~In up at the
same time probably indicates a channel or device
hardware problem. Also check the set and reset of
S4 and S5. These are the status indicators on which
the branch is made. Use the selector channel chart
(Chart S at SA) for checking the channel .

Op-~in dropped on a tape-read operation. For aread-
move operation, the branch is found on CAS logic

page QG801; for a read-load operation {page QG802).
This is probably a channel or device hardware prob-

lem. Also check the Status-In and Service=In branches.

Taking the 1,1 branch does not mean that Status-In
and Service-In came up simultaneously, but rather
that Op-in dropped. Check the applicable hard-
ware on ALD pages FA092 and FAO41. Also

refer to Chart D ot DA.

The following conditions have occurred when this

halt is reached:

(1) Unit check in read end-status.

(2) 12 or fewer characters have been transferred into
storage.

(3) The noise bit has been set in the TCU and has
been recognized as bit 0 of the 2nd sense byte
sent from the TCU. The noise bit being turned
on implies that after the data-disconnect addi-
tional bits were found before the IRG was de-
tected. Tape movement was continued until an
IRG was recognized. Therefore, the data en-
countered after data transfer was halted has been
skipped over.

This halt generally indicates a problem with the tape
drives. Check the following:

(1) IRG

(2) Start/Stop adjustment

(3) Dirty idlers/prolays

(4) Ungrounded or improperly grounded drives.

Check for an out-of-paper, power-off, or off-line
condition. Bit 5 of the 1050 tags indicates this
intervention-required condition. These tags are
gated to the G-register in ROS word 1946 (CAS
logic page QG121). Branch on G5 to check for the
infervention-required condition (CAS logic page
QG141 word 197A).

This is probably a hardware problem. ROS word 1A8D
(CAS logic page QG781) contains the branching
conditions which detects this failure. Taking the

1,1 branch does not mean that Status-In and Service-
In came up simultaneously, but rather that Op-in
dropped. Check the applicabie hardware on ALD
pages FA092 and FAO41. Also refer to Chart D

at DA,

ROS word 1A6C (CAS page QG781) contains the
Status-In and Service-In branches for the track in-
error mode-set command. If Op-In drops, this
error halt occurs. This is probably a channel or
device hardware problem. Taking the 1,1 branch
does not mean that Status-In and Service-In came
up simultaneously, but rather that Op-In dropped.
Check the applicable hardware on ALD pages FA092
and FAO41. Also refer to Chart D at DA.

Not an error halt.

Not an error halt.
Not an error halt.
Not an error halt.

Not an error halt.

Digit Displayed
In MSDR

Reason For Halt

Comments
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Read-back check stop. A disk write instruction was
followed by a disk instruction other than a read=-back
check.

Channel-end or device-end not received during
ending stafus.

Wrong address sent back from the channel during
initial selection.

Unit-check status response to seek command, following
address transfer.

Operational interlock

Module overflow detected. The disk module value in
Aux. Storage B BOll, 2, 3, 4, or 5 is different from
the module value specified by the disk control field
of the disk instruction.

If the 1/O stop was caused by operator intervention,
press SYSTEM RESET to clear the read-back check
interlock, set IC to the beginning of the write oper-
ation, and press START to continue processing. If
the I/O stop is caused by programming=--a write
disk without a subsequent read-back check--the
program is invalid and should be corrected.

This condition is tested for on QH381, location J3.
At this time, a 2030 disk command should have been
completed, ond ending status posted by the file
control unit. Ending stotus was detected at location
J1 on QH381. The last 2030 disk command issued
can be read from the B Aux. Storage XXBE.

To recreate the 1400 disk operation that led to
this coded stop, find the address of the next se~
quential instruction displayed in the B-star and
A-star registers. The beginning of the disk instruc—
tion is this address minus 8. It is necessary to set
up the disk control field correctly each time before
executing the 1400 disk operation.

To set up the disk control field prior to executing
the operation, a disk control field can be moved into
its working location with @ move data or load data
op-code.

Note: If the disk operation is a muiti~sector oper-
ation, a microprogram stop at the J3 location (QH381)
causes fime disorientation. It is necessary to reset
and restart at the beginning of the disk operation.

This stop is probably caused by a hardware malfunction
in the multiplexor channel bus cabling or associated
hardware.

A test /O instruction to the 2311 in question can
be used to determine if the problem exists in Basic
2030 mode.

The 2841 file control unit hardware that receives
the Address~Out from the processor is located on
page GAO71 (2841 ALD Page). The 2841 FCU
initial selection microprogram is on QBO10. During
initial selection, the microprogram moves from
location E2 to A6, where Address—In is raised. It
is possible to single=step both the processor and the
2841 microprograms through the initial selection
sequence.

The disk compatibility initial selection micro=
program is on page QH341 (2030 CLD Page),
locations G5 through L8.

This stop happens if the seek address sent to the file
control unit is outside the range of addresses accept-
able to the FCU.

The address~transfer portion of a full seek is de-
coded to binary and stored in the B-auxiliary storage
in addresses XXAD, E, F, and XXBO. The bytes
stored in these locations for a seek operation are
the CCHH values. The highest legitimate value
that can be stored, is hex 00 CB 00 09, which
represents cylinder 203, head 9.

If for any reason, a previous read operation placed
non-zero values in addresses XXAD or XXAF, which
were not removed by a built-in microprogram house~
keeping program, the seek check can be removed,
as an interim measure, by manually performing the
following steps:

(1) Note the B-and A-reg display of the 1400
program next address.

(2) Press SYSTEM RESET to clear 2841 microprogram
notation.

(3) Set the processor to 1400 mode.
(4) Set IC to I=next minus 8.
(5) Press START to retry the seek operation.

This type of stop has been eliminated for all known
cases used by customer programs.

This stop occurs when the control unit is disconnected
from the processor, and the processor microprogram
is at a microaddress, where it should be only when
the two boxes are logically connected. The pro-
cessor disk~compatibility microprogram can exit to
the 50 stop from several places. This exit is taken
whenever the processor microprogram is at a 4-way
branch, waiting for service-in or status=in. [f the
control unit is disconnected, the 11 branch is taken
to the 50-coded stop.

During the execution of disk operations, the
file control unit should stay connected until the
operation is completed. The most probable time at
which this stop can occur is when the disk compat-
ibility feature is updated and a wrong EC level or
incorrect CCROSS card is inserted. A wrong next-
address in a microprogram block can put the micro~
program into one of the 4-way branch blocks that
leads to a 50-coded stop.

It might be possible to correct this condition rap-
idly by checking the EC level and version of CCROSS
cards installed during change activity. Another
approach is to use EARLY ROAR STOP on the pro~
cessor, and work back to the wrong CCRQSS card.
This approach is based on the assumption that 2030
disk diagnostics had run successfully, and that the
file control unit is working correctly. Disk compat-
ibility CCROSS cards are from location 79-0 to 84-7.

(Limited Usage). Change disk packs, if program
depends upon module overflow to indicate pack
replacement. All others: Set BO10 Aux. Storage B
to 40 hex. Set IC to 1400 displayed address =8,
press console START to continue. In the IBM
System/360, Mod 30 1401/1440/1460, Compatibility
Feature Manual, Form No. A24-3255, see Appendix
F card 410 - Disk File Functions, to determine
whether this stop can be disabled for customer ap-
plication. See Appendix D, Storage B Byte 10

Bit 1 on Module=Overflow Detection usage. Most
users can disable this stop, and must disable this
stop if they use labels on drives other than drive 0.
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{ to Chart J for CF Stops

YES

Listed on Stop
Chart

Use That Chart for Hints
and Direction

se Module Assignment

U
Charts (Vol 24) QZ Pages
r

Locate Micro Word in
CLD Logics

Found in CLD

z
o

Chart J Sheet 1

YES

Invalid CF Stop Field

NO Suspect:

1. Wrong CCROS Doc-
ument Card

2. CCROS Addressing or
Readout Failure

Check Entire SALs and
Control Register Fields
Against the CLD .

SYS RST and Re-Display
This Word

Use ROS Control Field |

Chart (Vol 20) QAQOD |

| Does the Micro Word Dis-
played Have Only Parity

| Bits Plus a CF O Bit?

T y

ROS Display

k
SALs Blan Changed

CCROS
Volt chk | NO

Suspect:

1. You Used Wrong Ver- Chart C, Sheet
sion Chart QZ Pages
(Voi 24)

2. Wrong Document Card
in This Location

Invalid Destination

Suspect;

. Bad CN Field in Prev-
ious Word

. Double Error on CCROS|
Readout or CPU Next
Address Generation

N

Failure

Set Address Compare
Switch to Early ROAR
Stop . Set ABCD Switch
to WX Address of the
Error

Chart H1

Determine Last Initiated
Instruction and Set {C
Back to That Address and
Press START (or Restart
the Original Job

I

When Match Occurs, Re-
display This WX Address
with RATE Switch in Sing-
le Cycle

Remove CCROS Document
Card and Inspect

{Cols)  (Description)
1-2 Board

3 Card Location
4-7  Part Number
8-10 EC Number

System Light On

Invalid Condition; One
YES of These Must Be On:

1. Wait ALD PB041
2. Manual  ALD PBO91
3. System  ALD PBI1OI

Check for Macro Program
Loop

Rate Switch to Inst. Step

Manual Light On

Chart L Sheet 1

Chart H Sheet 1

DT Chart H Hang Ups, Loops, and Stops (Sheet 1)



Chart H, Sheet 1

Single Word Micro Pro-
-gram Loop

Rate Switch to
Single -Cycle

Log in Console ~ Use
Image Sheet if Available
Press START

New Address in

Locate WX Word in CLD ! Use Module Assignment
Logics 1 Charts (Vol 24) QZ Pages

| Does CLD Show That
This Word Can Loop On
1 Itself ?

Valid Loop

Suspect:

1. Wrong Document
Read All General Com- Cord in CC!(OS,
ments at Top and Bottom Check Version
of CLD, Under the Loop- 2.CH, CL, or CN
ing Word, and Each Pre- Fields Punched
ceding Block Wrong or Decoded

Wrong in CPU

:Wui ting for an Interface
{Tag in Compatibility Mode!
1

1401 Interface Tag

Suspect:
1. CPU Status Set or Reset
Suspect Failure
1. Interface (RCVRS and 2 :V‘e':;‘gci?fo&?jf”
Terminators) SALs and Control Reg-
2. Channel or Control ister Fields Against
Unit cLD
3. 1/O Cable l
I Chart H1
Chart HI1
Determine What Instruct=
Determine What Instruct- ion Code Is Being Per-
ion Code Is Being Per~ formed when Failure Oc-
formed when Failure Oc- curred
curred I
l Run ineThis Order
Try Any or All: Resident
1. Statically Scope Inter- Basic Test(BFF) 3345 Vol 41
face Line from CPU to Repop
Control Unit Priority Confrols 3347 Vol 41
2. Repop Micro 1/O Test
3344 (Vol 41) 10 1/O
Unit
3. BFF Basic Test 3345
4. Multiplexor Micro
Diagnostic or Selector
Channe! FLT
5. 2030 Macro Diagnos-
tics to 1/O Unit

DT Chart H Hang Ups, Loops, and Stops (Sheet 2)

Multiple Word Micro
Program Loop

Assumptions:
1. Console Logged
2. Manual Light On

Locate the Last Logged
WX Address in the CLD
Logics

i Use Module Assign Charts
1QZ Pages
F(vel 24)

Read All General Com-
ments at the Top and Bot-
tom of the CLD as Well as
Under the Micro Word

. Press START

. Log in WX

. Read and Analyze
Micro Word Comments
and Functions

4, Look for Possible Exits

from This Loop

WN —

I

Continue the above 4
Steps until a Significant
Portion or the Complete
Loop Is Logged

! For Aid in Diagnosis Use
| the CLF Flow Charts in
{ the 2030 FEMDM (Voi 32)

Check to See if You Are
Taking a Continual Trap
or Interrupt By ROAR
Stopping on Each Trap WX
Address

1/0 Oriented
Loop

Suspect:
1. 1401 Compatibility,
Control Unit Contin-
ually Answering Busy
to Initial Selection
2. Suppress Out Not Func-
tioning or Control Unit
Not Stacking Status

. Continual Multipiexor
Selector Channel Trap

4. Wrong ROS Next Add-
ress Due to Bad CN
Decode or Wrong Doc-
ument in CCROS

5. CPU Status Set or Re-
set Failure

|

]

Chart H1

Determine What Instruct-
ion Code Is Being Per-

formed when Failure Oc-
curred

Run:

Resident

Basic Test(BFF) 3345 Vol 41

Repop

Pricrity Controls3347 Vol 41

Multiplexor -

Repop or 3346 Vol 41

Selector Chan.

FLT Ch 1 3447 Vol 41
Ch 2 344A Vol 41

|

Try Any or All:

1. Repop Micro Test
to 1/0 Unit

2. Macro Program Diag-
nostics to the 1/O Unit

3. Hand Program to 1/0O
Unit

| Refer to Traps in Priority

| Order in the 2030 CE

{ Hand Book . If Passing

| Through ROS-ADDR 0147

| This Is @ Program int-

| errupt Probably Caused
By IPL to a Non-Ready
Device, to a Device
Which Does Not Send

| Any Data, or Sends Bad

| Data in First Card

Suspect:

1. CPU Status Set or Re-
set Failure

2. Wrong Next ROS
Address Decode

3. Wrong Document in
CCROS

Chart H1

Determine What [nstruct-

ion Code [s Being Per-

formed when Failure Oc-
curred

Run:

Resident

Basic Test(BFF) 3345 Vol 41

Repop
Priority Ctrls 3347 Vol 41




‘ Start )

Determination of Last
Initiated Instruction
Address

Running 1400 Compat-
ibility Job~Compatib=

ility Mode Light On

NO
1400 Comw

YES

|

l'in Some Cases when 1)

}1s Needed for an Add-

| itional Address Counter,

| the Next Absolute Add-

jress Is Stored in the |J

| Backup Location in Aux-
iliary Storage (A-CPU
088 and 099). An Example

lIs o File Operation

1

Most Compatibility Op-
eration Codes Keep the
Next Sequential Instruc~
ruction Address Stored
in the [J-Registers

This Is an Absolute
2030 Address . Not the
Converted Decimal
Address

Display Main Core Use-
ing |J-Address

Display the PSW Bit and
Instruction Length Count-
er Byte in Auxiliary Stor-
age Location {L5)08C

Log ILC Bits 4 and 5 for
Future Use . Inspect the
PSW Bit (Bit 1)

: s a Word Mark Present
| (Absense of Bit 1)

NO
WM
Suspect:
YES 1. The Next Address |s
in |J Backup

2. Catastrophic Fail-
ure, Lost Address

8it 1 On

NO

Not Certain

Subtracting One from
the Address, Continue
to Display Main Core
until Another Word
Mark Is Detected .
This Will Be the Last

Initiated Instruction

| solute 2030 Address
| (400 - 1 = 3FF)

! Remember: This Is an Ab-

Last Instruction Address
Is in Auxiliary Storage
(LS)0A9-Instruction
Counter HI
(LS)CAA-Instruction
Counter LO

The Last Instruction
Address s Located in
the tJ-Registers

To Retry the Instruction,
Store This Address in |J.
ROAR Reset to WX-Add-
ress 1100, Press START
or Decode Decimal Add-
ress and Set 1/C to it

Subtract the Decoded
ILC Equivalent from
the Instruction Counter
to Locate the Last Inst-
ruction Address

‘, Address 1100 Is [-Cycle
| Start on CLD QE00!

Set IC to the Instruction
Address

Single-Cycle through the
Operation Looking for
Clues

Link Back to Origin Point

ILC | Bits | Action |
4 5 Subtract
0 0 2

0 1 4

1 0 4,

1 1 é

DT Chart H1 Last Initiated Address




Index

Chart B, Sheet 2
Chart H, Sheet 1

Any Console
Red Lights

YES

Load Light

NO

Chart C Sheet 1
NO

IPL Has Been Completed
and the Loaded Program

Load Req Latch
Is Waiting for an Exter- (KCO41 and KCO051)
nal Interrupt

Suspect:

Failed to Reset the Load
Req Latch When Passing
through WX Address

6FE (CLD QC351)

Check the Resets of the Selector Channel

Light
YES
-
Chart S, Sheet 1
YES
Stop Mode
NO

Place Check Control
Switch to Process. Press
START Twice or IPL Again

l LP Light —I

Suspect:

1 Program Waiting for
the Interrupt Key to
Be Pressed

2 Trying to Get to an
Unavailable or Non-
ready |/O Device
Check Print-Ready
Light and 1050 Intv
Req Light on Console

3 If 1050 Intv, Suspect
Paper Not Under
Interlock

4 Improper System Mask
Not Allowing Inter-
rupts

5 Operating System
Supervisor Halt

Chart W, Sheet 1

Chart YZ, Sheet 2

YES

IPL Halt or Loop
Word

Double Failure. Bad Sel-

BFF Basic Test Check ector Channel, Channel
Status and IPL Routine
Failed to Catch the Fail- Is the WX Adcress One of
Place All Switches in Il Switches: ore the Following?
Process and Observe the | ; ;OS Control [ ZS 954
Test Light ate For Aid, Go to the Stop A 95E
! i éﬁdrissc(:o:nplare Word Chart (Chart J} and 682 981
[ eck ~onfre Read Comments on WX 6FF AlS
Address 095E and 0A15 8EC  A7A

YES
Test Light

Check for IPL Stop or
1 Word Loop

b e

Not BFF Halt. Replace
Switches to Original
State

YES

Failure Occurred Dur-
ing Basic Test or System
Reset Portion of IPL

IPL Halt or Loop
Word

Chart J Sheet 1

YES
Load Light

Check for Program Inter=

T
| CPU in Continual Loop
rupt Loop

| Passing thru WX Address
L 147

Suspect:

The Load Latch or the
Load Request Latch Did
Not Set (ALD KC041
and KCO51)

Set A B C D Console
Switches to Address 0147

Address Compare Switch
to ROAR Stop

YES
WX Address = 000

Suspect:
NO 1 No ROS Go
2 Clock Failure

Chart H, Sheet 1

YES

Initial Selection to IPL
Unit was Successful .
CPU Now in a Contin-
ual Program-Interrupt
Loop . Program New PSW
Next Address Probably

Is Pointing to 000, Which
Contains an Invelid*
Operation Code

WX Address = 328

Failure Has Occurred in
the Basic Test

v Suspect:
The Diagnostic Latch

No [PL Trap Taken

Chart B, Sheet 1 (ALD DKO11) Did Not Suspect:
Reset on WX Word OABS 1 First IPL Card or Re~-
on QA951 cord Bad

2 IPL Device Read or
Transferred Bad Data

3 IPL was Attempted to
an QUTPUT Device
that was Ready

If the Diagnostic Latch
Is Off, Run the Priority
Controls Repop Micro
Test 3347 (Vol 41)

Check for Mechanical
Action of the IPL Device

If Improper Disk Seek
Takes Place, Attempt to
Create Same Condition
Off-Line Using an "02"
Command (IPL Read)

IPL Mechanical
Device Action

Card Did Any Cards
Reader | Feed?

Did the Tape
Drive Move
Tape Tape Away
From Load
Point

Before Pressing
IPL, Manually
Place the Read~
Write Head
Assembly at
Some Cylinder
Other Than
Zero. After IPL,
Did the Head
Seek Cylinder
Zero

Disk

Chart | Sheet 2

DT Chart | IPL (Sheet 1)



Chart |, Sheet 1

Mechanical Action
Takes Place

Load Light

While Proceeding through
the Remaining Flowchart

Invalid Condition. The

I
Load Request Latch was :

Reset After the Basic Test | Observe When IPL Wind-
Initial Selection to Dev~ but Before Norma! IPL I up Takes Place and When
ice Either Not Success- Windup | the Load Light Goes Off

ful or Incomplete; Should
Have Stopped at a Word
on the J ChartSheet 1(JA)

L

Load Light

Initial Selection to the
1/O Device was Success-
ful but IPL Windup Not
Completed

Suspect:

Load Latch or Load Re-
quest Latch were Not Re~-

set. Normal Reset WX
Address 6FE (CLD QC351)

[

To Locate Where IPL
went Wrong, Use a 3-
Card Hex Loader ina
2540 and Follow Step by
Step Procedure on the

IPL Three Card Hex Load-
er Flowchart Located on
ROAR Stop Chart 1

IPL Has Been Completed.
Problem Now Is Located
within the Loaded Pro-

gram

Chart H Sheet 1

DT Chart | IPL (Sheet 2)



index

Chart |,

Sheet 1

-Chart H, Sheet 1

Note 1: All CPU CF stops are listed except diagnostic test stops and 1620 feature stops.
* For additiona! aid in locating IPL failures, use a three-card hex loader in a
2540 and follow the step-by~step ROAR-STOP procedure on the IPL three-card
hex loader flowchart located on ROAR stop Chart 1

WX 1 Type CLD Normal Cause Hints and Aids
ADDR Page No
0082 Stop | QA961 | A second machine check occurred with check control | Check control switch to stop; try again or go directly
switch not in stop, before the first machine check to CPU check. Chart C, Sheet 1 at CA
could be logged.
O0FF Stop | QA941 | Soft stop occurred because STOP key was pressed. Check process stop latch on ALD KC081
Rate switch was in instruction step, or match occurred
using SAR delayed stop mode.
0328 | Stop | QA951 | System reset followed by pressing the START key If IPL initiated, suspect the multiplexor channel .
once -~ basic test BFF has run successfully 128 times. | Trap was not taken at previous WX O0EA , best
action run priority controls repop micro test 3447
0578 IPL QCO91 | Attempted to IPL to an unavailable or non-existent Suspect: *
Stop device on the multiplexor channel, Select-In re~ 1. Desired unit is off line
ceived in response to Select-Out. 2. Desired unit does not recognize its address
3. Wrong address being sent out on channel
Do: ROAR stop on ROS address 05A0 - QCO51
Check Bus-Out and control unit stetically
0649 1PL QCO061 | IPL was attempted to a non-ready device on the Suspect: *
Stop multiplexor channel . Control unit answers busy to initial selection
Do:
ROAR stop on address 05AC, rate switch to
single cycle, press START, A-Register now
contains status from device .
0682 IPL QC351 | 1. During IPL on the multiplexor channel, the control | Suspect: *
Loop unit failed to send Request=In or the CPU did not 1. If only one card fed into the stacker, suspect
recognize Request=In, which is necessary to cause that it is not the proper {PL card
a multiplexor channel share request trap 2. Request~In from control unit not getting to CPU.
2. First card read did not have proper {PL data or data Check Request-In on ALD FA082
read in was blank . This is one way of causing a 3. CPU failure to take multiplexor channel trap to
program check that causes this loop WX 0010.
4, Operational-In appeared dropped to CPU
5. Reader clutch failed to energize
Do:
Run priority controls micro repop diagnostic test
3447 and multiplexor channel repop test 3346
(Vol 41)
06FF 1PL QC351 | Bad final status received from source unit during {PL Do: *
Stop on the multiplexor or selector channel Go to Chart J, Sheet 2 at JB
08EC IPL QC511 | IPL attempted using address assigned to the 1052 1. ROAR stop on WX Address 00EA - QA951 and *
Stop console KB-Printer IPL again - If no match, place rate switch to
single cycle and IPL again, scope diagnostic
latch on DKO11. This latch is not on while
executing basic test causing a premature [PL
trap to 0002
2. If a match occurred in 1, ROAR stop on 053A -
QCO041 and single-cycle through address forma-
tion for clues
0954 IPL QD091 | Selector channel wait loop, waiting for selector Suspect: ®
Loop channel chaining trap or share cycles. 1. CPU failed to take selector channel trap
2. Control unit failed to bring up Status=In or
Service-in
3. Selector channel poll control problem
Do:
Run pricrity controls micro repop diagnostic test
3447 and selector FLT 3447 - 344A (Vol 41)
095E {PL | QD181 | 1. Initial internal channel status not equal to zero Do: *
Stop on selector channel IPL; or Go to Chart J, Sheet 2 at JC
2. Program check occurred during IPL on selector
channel .
0981 IPL QDOT1 1. Initial status from source unit during IPL on Do: *
Stop selector channel is non zero, or Go to Chart J, Sheet 2 ot JD
2. IPL attempted to non existent or unavailable
selector channel
0A15 iPL QD121 | Non-zero channe! status detected at completion of ROAR stop on WX Address 0AO1 - QD 121, rate *
Stop IPL on the selector channel switch to single~cycle press START. R-Register
now contains ending channel status
O0AZ7A | IPL | QC451 | 1. A machine check occurred during IPL while check | Do: *
Loop control switch was in process Go to Chart J, Sheet 2 ot JE
2. A multiplexor channel control check occurred dur-
ing IPL
3. Interface time-out occurred during IPL
T0FF Stop | QE691 1401 Compatibility coded stop, R-Register hexadecimal| Do:
¢haracter determines cause Go to Chart F, Sheet 3
12F4 Stop | QES61 1. Machine check occurred in Compatibility mode Place in stop mode and catch error when it occurs,
with check control switch in process; or or go to Chart C, Sheet 1 at CA
2. Second machine check occurred in Compatibility
mode using mode switch on machine checks
1E4F Stop | QG532 | An RPQ operation (branch on next card column binary) | Ready reader or ROAR stop on WX Address 1E4E -
was attempted but reader was not ready CLD QG532 and observe Status-In in multiplexor
channel and control unit

DT Chart J CF Stops and Special One Word Loops (Sheet 1)




Chart J, Sheet 1

O6FF

Address Compare Switch
to Early ROAR Stop . Set

F G H J Switches to O6FF

QC351
I

IPL Again

WX Address 6FD

WX Address

YES

1

F G HJ Switches

to 06FD
|

IPL Again

WX Address

AV7

Chart J, Sheet 1

0981

Address Compare Switch
to Early ROAR Stop . Set
F G H J Switches to
0981 QDO

IPL Again

WX Address

9C8

Select-In Received in
Response to Select-Out
(No Confrol Unit Res-
ponse) . Desired Control
Unit and Device Now

in Selector Data Register

Control Unit Initial Status
Non Zero. It Is Now Dis~
played in Selector Data

Selector Channel Has
Received Some Final
Status Bit Other than CE
or DE. The R-Register
Now Has Unit Status

Multiplexor Channel Has
Received Some Final
Status Bit Other than CE
or DE; The A-Register
Now Has Unit Status

Multiplexor Channel is
Responding with O Status.
A-Register Now Has Unit
Status

Selector Channel Is Res-
ponding with 0 Status.
R-Register Now Has Unit
Status

|

Suspect:

Unit Check Occurred
During IPL Windup

Chart J, Sheet 1

095E

Address Compare Switch
to Early ROAR Stop. Set
F G H J Switches to
095 OD181

IPL Again

WX Address

Early ROAR on 095D to
Determine Type of Pro-
gram Check

Initial CPU Selector Chan~
rel, Channel Status Bad

Suspect:
Data Being Read in
Does Not Have Pro-
per [PL Information

2 Blanks Are Being Read
n

Suspect:

I Channel Hardware

Failure

Select=-Out Did Not:

Propagate - Result

Channel Interface Con-|

trol Check Due to Time

Out

Interface Cable Un-

plugged

4 CPU Machine Check
caused Channel Con-
trol Check

N

w

Place in Stop Mode -
Try Again

1

Suspect:

CE or DE

Unit Response Is Missing

Suspect:

1 Control Unit Off-Line
2 CPU Selected Wrong
or Invalid Channel
3 Channel Trying to

Select a Non-Exist~
ent Device

Chart J, Sheet 1

0A7A

Solid Failure

Address Compare Switch
to Early ROAR Stop.
SetF, G, H, J Switches
to 0A7A QCA451. Set
Check Control Switch

to Stop

IPL Again

CPU Check
Red Light

Channel Check ~ Press
Start. Go to WX 0A7A

Register
Suspect:
Not-ready Answering
Busy

Chart C, Sheet 1

In IPL Mode Log Qut
Byte 0082 Is Not Indicat-
ive of Error Conditions

Y
|
i
as Specified !

Read All Comments on
QC451 Using 2030 CE
Handbook Under CPU
Channel log, Det-
sermine Type of Failure.
R-Register Now Has Cat-
alog Number or Machine
Check Indication

Run Priority Controls
Micro Repop Diagnostic
Test 3447 and Multiplex-
or Channel Repop Test
3346 (Vol 41)

DT Chart J CF Stops and Special One Word Loops (Sheet 2)



Index

LA | Chart H, Sheet 1

Assumptions:

1. The Rate Switch Is
Now in Instruction
Step

2. The Displayed WX
Address Us 00FF or
10FF

BASIC 2030 MODE

Determine the Next Se-
quential instruction Add-

1400 COMPATIBILITY

ress ]

e Displayed Address

The Address of the Next
| May Not Be the Next

Instruction to Be Proces-
sed Is Now Displayed in | Sequential Address After

Hex in the A and B Reg- | the One Just Completed.
isters | Satisfied Branches Reflect
} the New Address

| .
In Most Cases the Condi- 1 R Register Bits

tion Code Register and
the Program Mask Are Now|

10 - Condition Code 8

Displayed in the R~Reg- 1- "4
ister . This Is Only True t2- " vo2
if the MN-Registers Are 13- " LI |
Displaying Auxiliary Stor- | 4 - Fixed PT OVFL Mask

lage XOBB }5- Decimal OVFL Mask
| 6 - Exponent UNFL Mask
7 = Significant Mask

|
1
!
|

-

If Processing Is to Cont-
inue in Sequential Order,
the Next Instruction Add-

‘ress Is Now Displayed in

Decimal in the A and B
Registers

1 If the Instruction Just

| Completed was a Sat-

| isfied Branch, the Dis-
| played Address Is Not

| the Address of the Next
| Operation Code to Be

: Processed

The Resultant A-Field
Address Is Now Display-
ed in Decimal in the M
and N Registers. To
Display the Resultant
Decimal B-Field Add-
ress, Display the UV
Registers

Log the Next Sequential
Address, Then Press
START

B

Continue This Procedure

until a Substantial Num-
ber of Addresses Are Log~
ged or the Program Loops
Back on itself

Program Listing NO

Available

| -

Dump Core Using a Pro- B
gram Dump or a Micro | If in PMS and Both 1400

I Dump | and Basic 2030 Dumps

| Are Desired:

| A. Dump Basic 2030 First

| if Micro Core Dump
Used

| 5. Dump 1400 First if
Basic 2030 Macro

Use Available 1400
Macro Deck to Obtain
an Edited Core Dump of
the 1400 Area of Stor-
age

| |
| Dump Is to Be Used
‘ I

Locate the Loop in the
Listing or the Dump

Observe All Possible Exits
from the Loop and Attempt
to Determine the Expected
or Normal Exit

I

Basic 2030 - 1400 Mode

2. Program Mask Not
Functioning Properly

3. System Mask Not
Functioning Properly

4. Error Recovery or

" Other Seldom Used

Routines That May Not
Have Been Completly
Debugged

Oriented Problems l I
Suspect: Suspect:
1. Failure in Condition 1. 1/O Device Contin=
Code Set/Reset vously Busy

2. Some Portion of 1400
Auxiliary Storage was
Changed or Destroyed

3. Incorrect Sense Switch
Settings

4. 1/0O Check Stop
Switch in Auxiliary
Storage in Wrong
State

5. Tape and Disk Assign=
ments in Auxiliary
Storage Incorrect

6. Hi, Lo, Equal, Com-
pare Operation Code
Not Functioning Pro-
perly

7. The GMWM Latch
Failure or Other
Compatibility Orien~
ted Hardware (ALDs
MBO31 and DLO31)

l

Chart L, Sheet 2

DT Chart L Machine Language (Macro Program) Loops (Sheet 1)

“ITo Be a Valid Instruct-

| ioh Step Stos ‘the R-Reg-
} ister Must Have Hex
| Code 0U




Chart L, Sheet 1

1

]

Suspect:

. Program Deck Has Re-
cently Been Altered
or Changed

. Wrong Branch Taken
in Micro Program Due
to Undetected ROS
Failure or Stat Decode

. Main Core Failure

. Basic S-Register Fail~
ure

. Undetected Failure in
1/0 Unit During Data
Input

. ROS Control Switch Is
in Inhibit CF Stop Pos-
ition

. The Program Encounter-
ed an Unrecoverable
Error and Cannot Cont-
inve

R

If the Complexity Is Be-
yond Your Experience,
Call for Assistance .-
Continue through This
Chart While Waiting for

Aid L

N

[X)

Micro Diagnostic
Procedure

- Run the CCROS Driver
Voltage Check .

See Chapter 4 of the
2030 FEMM

. Follow the R/W Stor-
age Diagnostic Pro-
cedure ltem 4 of Test
3348 (Vol 41)

. If the Problem Is Chan~
nel-Oriented, Run the
Associated Channel
Diagnostics (Vol 41)
Multiplexor - 3346
Selector 1 - 3447
Selector 2 - 344A

| I

Run Associated Machine

BASIC 2030 MODE

1400 COMPATIAILITY

Language (Macro) Diag-
nostics

|

Run the Following CPU
Macro Diagnostics

(Vol 42)
~Test 3201
-Test 3202
Standard | -Test 3261
Set 1 -Test 3262
-Test 3263
~Test 3264

(And Any Associated

2030 1/0O Tests)

Run the 1400 Compati=-
bility Macro Diagnost-
ics Under Control of Test
-3F00 (Vol 43)

3F01 through 3F05 (and
Any Associated 1400
1/0 Tests 3F08 through
3F1C or 3F06 if PMS Is
Used)

Place Check Control
Switch in Stop to Catch
CPU Checks. Place Pro-
gram Interrupt ROS Add~
ress, 0147, in the ABCD
Switches and the Address
Compare Switch to Early
ROAR Stop

Re=run the Failing Job

if Same Original Failure
Occurs, Call for Further
Assistance

DT Chart L Machine Language (Macro Program) Loops (Sheet 2)




Index .
Chart W, Sheet 1 -
Chart W, Sheet 2

Save All Logged Data
that s Pertinent to
the Existing Failure
and Run Micro Diag~
nostics

Run Priority Controls
Micro Repop . Test
3347 (Vol . 41)
Followed by the Mul-
tiplexor Micro Repop.
Test 3346 (Vol .41)

Continue Using Data
Derived from Failing

Job

Error Conditions—-
More Than One Bit
in The Status Bytes
May Be on. Use
SRL for Reference

Reference Material

1. SRL--System/360
Principles of
Operation.

2. System/360 1/0
Interface Channel-
to-Channe! Manual

3. Field Engineering
Maintenance
Manual

4. FE Handbook

PCI Bit 40

Check Channel Status
(Byte 45) Byte 5 of
csw

! This Is an Indication
| of A Channel Error .
| Bit Combinations Are
| Possible .
|

|

1

I

|

Use System Reference
Library Manual and
Units Reference Manu-
al with These Flow
Charts for Trouble

Program Check Bit 42

. Set Check Control
Switch to Stop
2. Set Address Compare
Switch to Roar Stop
3. Set Switches ABCD
to OA8E

Rerun Job--Match Light !

on [ndicates Program
Check Has Occurred ]

Unless Error Occurred
During Command Chain-
ing, Catalog No. will
be in the High Data Field
of the CSW

When Stop Occurs ALU
Output will be Display-
ing Catalog # See CAS

Page QC461

Go to Suspect Chart M
Sheet 3
Channel Control
Check Bit 45

Check Control Switch

Was in Process Mode

Inspect Logout Area
Bytes 81, 82, 83

Reference CLDs
QC451 & CE Handbook
Logout Area

Put System in Check
Stop Mode. Run
Channel Macro Test
3430

Refer to Red Lignt
Chart (Chart C) when
Stop Occurs,

DT Chart M Multiplexor Channel (Sheet 1)

ly Logged

Inspect CCWs Previous-

Does One
of The CCWs Have
Bit 36 on

YES

This is not an Error.
Refer to System/360
Principles of Operation
for PCI Function

Not Exist .

Bit

This Condition Should
ToDo A
CSW Store, A CCW
Must Contain A PCI

tected

Rerun Job and Set Up
to Stop When PCl Is De-

1. Set Address Com-
pare Switch to Roar

Stop .

2. Set Switches A~B-
C-D to 067E., CLD
Page QCO091

When Match Occurs A
PCI Has Been Detected

Inspect UCW for CCW
That Was Working when
PC| Was Detected

Use CE Handbook to
Inspect UCW.

Subtract 8 from CCW
Address to Find Working
CCW Address . Inspect
This String for A PCI
Bit 36

!
|
I
I
|
!
|
|
|
|
|

WLR Bit 41

Chart M Sheet 2

Protect Check Bit 43

Analyze Log Data to
Insure Not Programming
Problem

———— — —

Protect Keys Have Mis-
matched Somewhere

Run’Storuge Project
Micro Diagram 3350

Run S.P. Macro
Diagnostic 33C9

1

Do Storage Project
Stack Adjustment Pro-
cedure

-

| Use the Procedure as

| Qutlined in the Field
Engineering Maintenance

| Manual, Chapter 4

I

Set Up System to Stop

on Error and Rerun Job

1. Set Address Compare
Switch to Roar Stop .
2. Set Switches A~B-C-
D to Address 0040.
This Address s Forced
when Error Occurs
. Rerun Job
. Match Light on
Indicates a Protection
Error Occurred
5. Main Storage Now
Contains Address of
Protected Area
6. Set This Address into
Switches A.B.C.D.
Set Switch E to M.S.
Press Display Key
7. Step Six Has Now
Read into Q~Regis-
ter Low, the Key
from The Protect Stack
8. Display Q-Register
9. Normal Operation
Would Have Q-High
and Q-Low Match.
the Occurrence of
A Mismatch Is
Flagged As A Program

AW

Error

Chart M Sheet 2

Find Last Working CCW
from Log Data. SLI Bit
34 Should not be On

i

Count In CCW s the
Amount Of Bytes To
Be Transferred. Use
This Count And Command
And Run 1/O Micro Test

I

Run Units Macro Diagnostic|

Rerun Job to See if Error
Reoccurs




Chart M Sheet 1

Interface Control
Check Bit 46

Residual Count = 0

Inspect Logout Area
Bytes 81 82 83

Byte 0082 = 08

This Is the Machine
Check Error. Go To Red
Light Chart (Chart C)

Run 1/O Micro Test
Using Address of Unit
Found in Location 83

Error in Diagnostic
Test

Run Macro 3430

Go to Suspect Chart N

if All Tests Run, Rerun
Job with System Setup
to Stop on Failure

1. Set Address Compare
Switch to Early Roar
Stop

2. Set Switches A-B-
C-D to 0A71--CLD
QC451

3. If Error Occurs
(Match Light on),
WX Register Indicates

CCROS Word That De-

tected Failure

4. Set WX Address in
Switches A-B-C-D
and Rerun Job
Using Addresses Dis-
played in WX and
CLD's Starting on
Page QC451, Deter-
mine Nature of Hard-
ware Failure

Go to Suspect Chart
(Chart N)

The Residual Count Be-
comes Meaningful if the
W.L.R. BitIs on in
Byte 45, Bit 2. Refer
to SRL for Additional
Count Information

YES

! Refer to CLD Page

| QC451 and CE Handbook

| Logout Area

MPX Channel Appears
in Order. Continue
investigation by Check-
ing the Control Unit and
Device

Was SLI Bit 34 on in
Last CCW

I Chart D Sheet 1

YES

NO

With SLI Bit on A Mis-
match in Number of
Bytes Transferred [s
Possible. This Is Not
Always An Error

Check with Program
to See If Count Bytes
Should Match

Bytes Should Match

The Count Value in the
CCW Could Be Larger
than the Record That Is
Being Acted Upon.
With SLI Flag on, Look
for Other Error Indi-
cations

With No SL| Flag the
CCW Count and the
Record That Is Acted
Upon Should Be Equal in
Length

Run 1/O Micro Test
3344 Using CMD and
Count of Failing CCW
with Unit That Had

Failure

1 Use 1/O Micro Test
to Trouble shoot Failure

Unit Is Capable of
Handling This Count .
Check CSW for Other

Error Indication

WLR Bit on
CSW Byte
45 Bit 2

“YES

Chart M Sheet 1

Next CCW Address
Bytes 0041, 0042, 0043

This Address Will In-
dicate 8 Higher than the
CCW That Was Being
Used when the Error Oc-
curred. Use This as a
Starting Point when Try-
ing to Find What CCW
was Working when the
Error Occurred

DT Chart M Multiplexor Channel (Sheet 2)



L-Register

CLD Page

Stop at

Early ROAR

Do WX
Registers
Read at

Hints

01

02

05

06

07

08

09

0A

0B

0D

OE

1F

2F

QCO021

QCO021

QCO021

QCO021

Qx021

QCO11

QCO021

QCon

QC081

QC101

QC101

QCO021

QCO031

QCi3l1

QCI131

0A89

0A89

0AB9

0A89

051E

058A

0A8BB

0526

OABF

0A8B

0588

OA8F

OABF

OAS8F

OAS8F

052C

0590

0515

051D

0518

0572

0517

0522

0611/
0613

069C

053C

052D

052A

06BC

S

. Zero count in CCW Byte 6 and 7

Check CCW display DL-Registers now holding the

count.

. Invalid flags in Byte 4 of CCW.

Display L-Register .
Low-order three bits must be zero.

. Initial operation has a TIC or

. Two TICs inarow.

. Inspect CCW string for this condition.

. Invalid command Byte, check Byte 0 of CCW.

. Byte 1 of CCW is not zero.

Check CCW for this Condition.

. Protection error in CCW.
. CCW address too big for memory size .
. Byte 0049 must be zero for 2030.

. Check CAW format using CE Handbook or

SRL Manual .

. Two successive TICs. |- and J-Registers now have

address of CCW that had the second TIC as its
command . Inspect CCW string for this condition.

. The new CCW address designated by a TIC

command was not located on a doubleword
boundary .

. Memory wrap when CCW was being updated during

a chaining operation

. Zero count detected while data chaining or

invalid flag Byte .

. Check L- and D-Registers for count.

. Check S-Register for 5 bit being on. If 5 bit is off,

an invalid flag Byte was detected .
Check CCW for these conditions.

Memory wrap on next CCW address while CDA..

. I- and J-Registers now should indicate zero.

. Zero count detected during a command chain.

Check L- and D-Registers for count.

. Check CCW string for these conditions.

. Invalid flag Byte while command chining.
. L-Register contains flag Byte.

. Check CCW string for this condition

. Memory wrap detected while command chaining.

Next CCW was located outside of memory .
I- and J-Registers are 0000.

. Check CCW string for a CCW located in the

last 8 locations in memory . This one is
chaining out of memory.

. Command Byte all zeros detected while command

chaining. U-Register now holds the command .

|- and J-Registers now contain the failing CCW
address plus 1.

. Check CCW string for this address and the

indicated error condition.

DT Chart M Multiplexor Channel (Sheet 3)




Index

Interface Control Checks
Are Due to Timeout Con~
ditions or Invalid Seq-
vence of Interface Sig-
nals

Determine Catalog
Number

Sheet 2 (MB)

YES
Number 31 or 41

WX Register Is 058C or
05BE QCO051

Display Fl-Register, it
Holds the Unit Address
That Is Trying to Use the
Channel

Fl Should Equal Address
Found By Sheet

IC Not,
Suspect:
Line Receivers and Assoc-
iated Circuits Starting

Page FA082

Operation-In Did Not
Fall . WX Will Be 0678
QC161

Operation-In

I' Refer to Interface Con-
: trol Checks on Chart M
1

Internal Trouble . Suspect
Line Receiver and Assoc-
iated Circuits.
Example:
01A~A3C5
01A-B2D6
01A~ A3F2

False Request, No Sel-
ect-In QC211
WX Will Be 0669

Do an IPL Using an Add-~
ress That Is Not Used By
Your System, Do a ROAR
Stop on 05A2

Does WX
Registers Indic-
ate 05A2

Select-Out Circuits Are
Working. Re-run Test.
ROAR Stop on 0669

False Request with No
Select-In. Select-Out
Should be Up on the
Interface at this Time.
Check for No Response
from Unit or Block of the
Select-Out Signal by a
Unit

DT Chart N Multiplexor Catalog Numbers (Sheet 1)

: Check Logic Page FA092

| for Operation~In Signal
Trouble Is At I/O Unit
or in Cable

YES

Check for Terminators
Plugged in Last Unit on

Line
]

Check Which Unit Is
Holding Up the Passing
of Select-Out

Number 80

Number 90

Chart N Sheet 2

Double Request Console
and 1/0 Unit. WX Reg-
isters Will Be 0657
Qcz21

Display Fi-Register for
Unit Address

Check This Unit for a
Request-In Signal

YES

This Unit Should Have
Operation-in Up. The
Unit Wanis the Interface

1050 Reguest-In. 1050
Wants the Interface .
Check for Error in 1050
T-Register Circuits. This
Is in Error

PF082 T-Request Should
Not Be Active

NO

Address-In Up

Trouble Shoot Unit. Find
Why Address-In Is Up

Internal Trouble.

Suspect:

Address In Circuits FA092

Example: O1A - A3C5
01A - A3F2
0lA - B2D6

Timeout in Data Loop.
WX-Registers Will Be
0600 QCO81

The Unit with Operation-
In Up Has Failed to Raise
Status-In or Service-in
or Has Raised Both

|

| Check Logic Page FA092

[}

|

: !Only One of These Inter-
:face Signals Should Be Up

Neither Both

Status=In or
Service-In
gt Interface

Internal Trouble . Suspect Chart D, Sheet!

Status-1n or Service-in

Circuits

Logic Page
FA092 01A-A3C5-D5
FAO41  01A-A3E6-D7-E2
ALO61  01A-B2D6

YES

Unit Did Not Respond
when Chaining. WX-Reg-
isters Will Be 0582 QCO091

— e oo —

Operation=In
—

:Check Logic Page FA092

at Interface

YES Unit Failure . Run Unit
Diagnostic

System Has Failed to
Branch on Operation-in

Internal Trouble. Suspect
Operation~In Circuits.
Logic Page .
FAQ92 01A-A3C5-83
FA091 01A-A3F2
ALOS1 01A-B2D6




Chart N, Sheet 1

YES

Unit Did Not Respond on
Initial Selection With
Operation=In and Select-
Out Not Received WX~
Registers Will Be

0545 QCO91

Check Interface for Op-
eration-In or Select-In

Operation=In at Inter=

NO Internal Trouble/ Suspect
Operation=In Circuits
Logic Page

FA092 01A-A3C5-B3
FA091 O01A-A3F2

ALOS1 01A-B2DS

Select-In at Interface

Internal Trouble . Suspect
Select=In Circuits

Unit Failure Did Not é:%;zPagglA_Aacs-Bft
Raise Operation=In or FAO91 01A-A3E2
Select-Out Not Prop- PF081  01A-C3D7-B6
agated. Run Unit Diag- PFO82  O1A-C3E7
nostic

YES

Number BO
o Unit Did Not Stop

WX-Registers Will Be
068E QCO91

Check for Status-In Re-
sponse to Command-Out
when Count Has Gone to

Zero
1. R Test. ROAR St | Check Logic Page FAO21.
o 062F Stop | The Command-Out Latch

Should Be On when Step

. Rate Switch
2. Sef Rate Switch to 3 Is Done . Check Unit for

Single-Cycl
3. P::sgseSTi{:liey. its Receiving Command-~
Command-Out Will [ Out

Be Sent to the Unit,
Service-In Should Fall

4. Keep Pressing the
START Key, Status-In
Should Be Sent, Not
Service-In

5. If Service~In Is Sent
This Is an Error (Unit
Failure)

YES

This Is a Multi-used Cat-
NO alog Number . Refer to
CLD OC451 Cat. No. 77

Determine Type of Error.
Either Operation-in or
Status-In Failure . WX~
Registers Equal Timeout
Word and Type of Failure

YES

Operation=In Failure

Internal Trouble/ Suspect
Operation-In Circuits
Logic Page

FA092 0lA-A3C5-B5
FAO91 OlA-A3F2
ALO6T  01A-B2D6

NO

YES
Status-In Failure

internal Trouble. Suspect
NO Status-In or Service-In
Circuits

Logic Page

FA092 01A-A3C5-D5
FAO41  Q1A-A3E4-D7-E2
ALO6T  01A-B2D6

This Condition Should
Not Exist

DT Chart N Multiplexor Catalog Numbers (Sheet 2)



Index

Chart W, Sheet 1
Chart W, Sheet 2
Notes:

1. Channel program checks are covered on associated Channel Charts

2. For general descriptions of program checks refer to Program Interrupts
Derive, Log and Analysis in the System/360 SRL Principals of Operation (A24-6821) under Interrupts
of Pertinent Program Data

" Hex Code Description

7 Data

A Decimal Overflow
B Decimal Divide

i

Interrupt 7,

Obtain Storage Printout orre!

Via Dump
l NO
Using Program PSW Det- : Bits 4-7 of Main Core Run Decimal Instruction
ermine Interrupt Code i Hex Location 002B Bits Tests 32E1 and 32E2
| 0-3 Should Be O's (Vol 42)
T —_——l
Determine Address of the : Old Program PSW Core
Interrupted Operation } Locations 002E and 002F
Code I Contain the Next Op- ! .
: eration Code Address . Hex Code Description
| The Instruction Length < Exponent Overflow
I Counter Is Located in D Exponent Underflow
: Bits 0, 1 and 2 of Core ] E Significance
| 002C. Interrupted Op~ y_F Floating PT Divide
| eration Address = Next L
| Address - ILC
: Note: If ILC Is 000 the Interrupt C,
| Interrupted Operation D, E orF
{ Address |s Not Certain
L
. NO Run Floating Point Inst~
Program . ruction Tests 3291,
Available 3292, and 3293 (Vol 42)
Examine Printout and -——
Program Listing to Det- Run R/W Storage FLT This Is to Verify Storage
ermine that They Agree Micro Repop Test 334A Addressing
and Are Correct (Vol 41)
Verify that This Is Not
a Program or Data Error
o
S:an;:r: o Cusfom.er Program The Ramainder of This
Analysis Chart Is intended to Aid
a Hardware Oriented CE
in Analyzing the Situat-
Program or Data ion Using the Customer
Program While on the
Turn Action Over to System
Program Oriented
Assistance
—————— Program Mask Check i
Run Associated Macro and |r Diagnostic Procedure | Program Maskable Codes
Micro Diagnostics | Dictates Running Diag- J
I nostics but This Area Can
| Be Skipped and Returned Interrupt 8,
L to Later A/ D, orE
r -
|_Hex Code Description Check the Program Mask : Old Program PSW Pro-
o Op-Code incorrect for Mask Allow Bits | gram Mask . Bits 4, 5,
] 02 Privileged Op | 6, and 7 in Core Hex
[ 03 Execute Error |_002C
05 Addressing
06 Specification
08 Fixed PT Overflow r
| 09 Fixed PT Divide | Code Mask Bit
I8 4
A 5
1 D 6
\1 { E 7

]’213‘}'\10 . ==

interrupt N
d Mask Bit o

6,8, and 9

Chart P, Sheet 2 | vES

%

Run CPU Macro Tests for ! Sections:
Standard Instruction Set | 3201, 3202, 3261, 3262,
L3263, 3264 (Vol 42)

The Mask Bit OFf Should
Have Blocked This Pro-
gram Interrupt. A Micro
Program Branch on the
Mask Bit Located in Loc-
al Storage Determines
Interrupt - Continue Flow

Storage Protection

I
L
|
1

NO

Interrupt 04

Chart P, Sheet 2
v YES

Run Micro Repop . Storage
Protect Diagnostic 3350
(Vol 41)

Run Storage Protect
Macro 3369 (Vol 42)

Chart P Sheet 2

DT Chart P Program Checks (Sheet 1)
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System Reset and Set 1/C
to the Address of the Int-
errupted Operation. Do

| Use Data Address Gather-
ed in First Section of
! This Chart to Set in SWs

Early ROAR Stop on the
Common Entry for Pro-
gram Checks WX 0147 -
CDL QAB881. Press START]|

Not Press START lFGHJ

2
i
1 Storage Protect
| . S
YES Match Light YE
Chart F, ! For Aid in Comprehension, -
Sheet 3 | Refer to Chapter 1 of the NO

| 2030 FETOM Under Stor-

| age Protection in the CLD's and Read All QZ-=- Pages in the

Comments on the Page for Back of Vol 24
Clues

Locate the New WX Word : Use the CLD Index
|
|

In 1400 Compatibility
Mode: Use WX Address
1040 (QE561). Restart
Interrupted Instruction

Earty ROAR Stop on Pro=
tect Trap WX Address
040 - QA961 Restart
Interrupted Instruction

System Reset and Set |/C
Back to the Interrupted
Operation Code , with
Rate Switch in Single
Cycle, Step Thru the
Micro Program Looking
for Clues

If Diagnostics Have Not
Been Done, Do So Now

Match Light

No Protect Trap
Set 1/C Back to Operation
Address

Suspect: |
| The Failure Is Inter~
mittent because Fail-

. ; Q-Hi Q- Lo ure Did Not Occur
Display the Q-Register This Ti
PSW Ke St K is Time
P ’ el 2 The Wrong Operatior

0123 4567 Code-or Instruction

I 1 Address was Used

P Bit with Q-Lo
Read from Stack

Leaving ABCD Switches
at 0147 and Address

YES Compare Switch in Early
ROAR Stop and Run En-

tire Program again

Q-Hi = Q-Lo

PSW Key O

False Protect Trap. Go
Back to Diagnostic Sect-
ion of This Chart

Chart P Sheet 1

: Address or Storage Wrap !

YES

Interrupt Code 5

Early ROAR Stop on Stor-
age Wrap Trap WX Add-
ress 020 - QA941

Press START

Check Address in MN
Registers for Exceeding
Machine Core Storage

No Wrap Trap

Set 1/C Back to Operation
Address

False Wrap Trap. Go to
Diagnostic Section of This

Chart

Chart P Sheet |

DT Chart P Program Checks (Sheet 2)



Index

Following:

. NO
Intermittent Failure

Intermittent Is Defined
as at Least One of the

1. A Similiar Failure
Cannot Be Forced
2. The Job Has Since
Run Successfully
3. Failure Repetition
Rate Averages Less
than 1 per Shift

Definite [/O Device

Failure

Suspect:

Analyze All Common Fac~
tors of Past Failures

Mechanical Adjustments
Qut of Specification .
(A Prime Example Is Tape

Start-Stop Times)

Chart R, Sheet 2

This Type of Failure
Can Depend upon Cer-
tain Common Factors

Chart R, Sheet 2

Out~of-the~Ordinary
Conditions May Have
Occurred During the Run
of the Failing Job. Be-
ware of the Following
Types:

1. Error Messages or
Diagnostic Logouts
2. Was Operator Inter=

vention Required for
Any Reason, Such as
a. Excessive Tape
Read Errors Neces-
sitated Skipping a
Record
. End of Forms on
Any Device
. Any Check Point
Restarts
. Unexpected Sys-
fem Halt Neces-
sitating Pressing
START or INTER-
RUPT Key

o o

o

e. Any Console Red
Lights
. Excessive Traffic or
Movement Near Sys-

w

tem

Log in Pertinent Data for
Future Use and Compare
Them with Any Past His-
tory of This Failure

Examples of Pertinent
Data and Common Factors
A . Physical Dependencies
1. Always the Same
System
2. Same /O Device
or CU
3. Same Job Number
4. Input Type Source
a. Type of Card
Stock
b. Where Input
Tape was Gen-
erated
c. Same Disk Pack
5. Use of Special
Features (Example:
PFR)}
B. Environmenta! Factors
. Shift and Date
. Same Time of Day
. Same Operator
. Temperature Above
90°
. Humidity Below 20%
. Adjacent Equipment
Running Simultaneous-
ly. Examples: Com-
munication, Unit Re-
cord, Elevators,
Electronic Doors etc .

W N =

o w»

-

| Suggestion:
| Record the Data on a
| Card. If an NTF Results,
; Store the Card in the
Tray for the Repop CCROS
Cards (Use for Comparison
| on Future Calls)

Obtain an Edited List of
the Diagnostic Logout
Area. Use SEREP-Test
3FET (Vol 40)

DT Chart R Missing Records or Wrong Results (Sheet 1)

! SEREP Does Two Things:

| 1. Possible Clues to Any

| Detected Failures

| 2. Clears the Logout
Area So That on the

l Next Run You Know

| When Logout Occur-

| red

{

Chart R, Sheet 2

Uncommon Conditions

| During Failing Run Did

I Anything Questionable

\ Occur

: Message or Logout

\\ YES

Analyze the Data, Com-
pare to the SEREP Results,
and Attempt to Derive a
Sympton Other than
Wrong Results

|
| Operator Intervention
{

NO

Suspect:

1. A System Failure
Occurred and was
Bypassed

2. After or During Inter-
vention the Operator
Caused the Problem.

3. End-of-File or End~

of-Forms Device R
ognition

ec-

| IR

Traffic

T

Type 3

Suspect:

1.

Electrical Static Dis

charge . (Humidity Be-

low 20%)

. Loose Cards or Cables

Failing on Vibration

— 1

Diagnostic Procedure
Dictates That You Should
Continue Through This
Chart and Run the Approp-
iate Diagnostics, but
Enough Data May Be
Known to Retry the Cust-

omers Job

If the Decision Is Made
to Run the Customer's
Job, Ensure That All
Other=-than~Normal Con-
ditions Are Duplicated .
Have Same Operator Run
the Job Tracing His Or-
iginal Steps

Examples:

1. Vibrate Unit Around
Which the Activity

Occurred

2. Allow the 1/0 Device
to Run Out of Forms




Chart R Sheet 1

%

CPU and Channel Check

Out

Run the Priority Controls |

Micro Repop Test 3347

(Vol 41)

Run CCROS Driver —: Very_Important

Voltage Check in Chap- 1 Especially if ROS Retry

ter 4 of the 2030 FEMM I Is Installed or System Has
} History of ROS Failures

.

; [mportant
E?clzl::os:}i‘i ﬁr/ovi eSdruorr:ge |To Test Storage Addressing
Item 4 of Test 3348
(Vol 41)

mulﬁplexor Channel Used
l on Failing Job
]
1
]
MPLX Channel
NO Run the Multiplexor Re-
pop Micro Diagnostic
Test 3346 (Vol 41)
|- Bl
rSelector Channéls Used
| on Failing Job
]
]
YES
Selector Channels
Run the Selector Channel
NO FLT Repop Tests
3447 - Channel 1
344A- Channel 2
(Vol 41)
+ |
rF:Hing Job Was Run in
1 1400 Compatibility Mode
—
!
YES
1400 Compatibility
Reintialize the 1400 Aux-
iliary Storage Using Test
3F00 under Control of
Under Confrol of DMA—4 | |osnt oo rut0 i
ot et | s
Sheet 1 201, 2 and 39 stics 3F01 Through 3F05 (Vol 43
‘
3261, 2, 3, and 4
(Vol 42)

Chart R, Sheet 3 (RD) Support 1/0O
. 1052 KB-Printer
. 1403 Printer

1
2
3. 2400 Tapes
4
5

Obtain Clues and En-
sure the Reliability of
the 1/O Units Used on

the Failing Job . 2540 Reader-Punch

. 2841/2311 Disk

Chart B, Sheet 4 (BF)

For Additional Hints Re-
fer to Overall System
Check

I

Rerun the Customer's —| [If 1400 Compatibility, Prior

Job o Rerun Reinitialized the
|1400 Aux. Storage Areas
|Using the CID. If Same Job
| Failure Results, Inspect the]
|ICID or Take 1401 Edited
|Storage Dump Using Test
13FD1 (Vol 40)

L

Same Failure

Call for Assistance . Re-
quest a Software-Hard~-
ware Trained Person.
Run System Test 3FL1 While Waiting, Run Sys~
(Vol 40) about 20 Minutes, tem Test 3FC1 (Vol 40)
Log All Significant Data,
and Turn System to Cust-

omer

At Minimum, Stand by
until Next Job Has
Been Successfully Start-
ed

DT Chart R Missing Records or Wrong Results (Sheet 2)
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&

Unit
Description

Symptom or Cause

Notes and Hints

Suggested Minimum
Quick Check

1052 Key Board

1.

Missing characters caused

by console attachment failing
to read punch-1-clutch
signal

Check interface cables in the 1051,
the half board 01F-A1, and in

the CPU on boards 01A-C2 and C3
(ALD PF 521)

. Extra character in storage

Console request-in line may not be
resetting properly (ALD PF021)

. Wrong data in storage; good data

on 1052 printer

Check PT & T to EBDIC Translate
starting at PF 291 through PF 331

Wrong data on printer; good data
in storage

Definite 1051 or 1052 printer
failure

Run the read inquiry macro
diagnostic 902 Vol 43

1052 Printer

. Missing characters--caused by

1051 home loop timer running
slower than the console attach—
ment clock--or console attach-
ment clock faster than 1051 timer

1. Check attachment clock timing;
refer o note on ALD PFO11

2. Check 1051 home loop single
shots in 1051 manual page
131TM

Only one character of a message
prints. This may also be the
wrong first character

Posssible that 1050 -Request-in
line not being reset (ALD PFO71)

1050 intervention required
would cause no message to be
accepted by 1052 printer
(indicator on lower right of
console under CPU status)

1. Is printer paper under interlock

2. s CPU switch off

3. Check EPO switch inside back
cover of 1051

Incorrect data

1. Turn the 1052 CPU switch off.
Type A through Z. If incorrect
character prints, 1051 or 1052
is af fault.

2. On-line check the EBCDIC to
PT & T Translate on ALD PF
191 through 222

Run the basic write function
macro diagnostic 900 Vol 43

Des‘::‘i:ﬁon Symptom or Cause Notes and Hints SUQST::: é’:::;:wm
2540 Reader 1. Two cards feeding piggy-back Check reader throat adjustment; Run macro diagnostics
through reader if near ,020", this is a possibility 1. F821 routine 1--
2. Interface or 2821 failure causing (punch 27 cards)
data record to be cut short 2821 Vol 8
3. Any error check circuit not Running cards with one set of 2. F811 routine 1--
functioning would fail to catch brushes removed will check one (read same 27 cards)
input errors possibility 2821 Vol 8
4. Multiple pick or drop in reader
buffer
5. Cards way off registration Very remote
2540 Punch 1. Failure to give dummy write to Check program for proper punch

punch at end of job allows one
card to be left in punch, This
card is not checked when
nonprocess runout key is pressed

end procedure

2. Using EOF key on other than
PFR can cause a missing record
when cards are allowed to run
out, new ones placed in
hopper, and job continued

Use EOF on PFR operations only

w)

. Punch check circuit failure in
conjunction with valid punch
check

1. Lift punch brushes, check

for errors when punched cards
are fed

Check the PCH BRUSH CL
DELAY INT signa

N

. _See No. 2 on reader

[CIEN

. Punch buffer pick or drop of
even bits

Same as 2540 Reader

1403 Printer

. Wrong chain on 1403 or wrong

UCB image

Check job for proper chain and
UCB deck

Hammer check circuit malfunction
not catching extra or missing
hammer fire, or failure to receive
data check on unprintable UCS
character

Diagnostic F832 will check this

w|

Interface or 2821 failure causing
data record to be cut short

. Multiple pick or drop of bits in

UCB

Reinitialize UCB

. Multiple pick or drop of bits in

print buffer

6. UCB parity-check circvit failure
7. Print buffer parity-check circuit
failure
8. Sync-check error circuit failure To ensure back in sync, open and
close T-casting or initialize the
UCs.
9. End-of-forms indication mal- Test off-Tine
function
10. Failure to recognize data checks | Diagnostic F832 will check this

could be caused by the BLOCK
DATA CHECK LATCH or the
FOLDING LATCH in 2821 (in
UCB only)

Missing slug on chain or broken
hammer

One character or one print position

Run printer macro diagnostics

1. F 832 (UCS printers)
(2821 Vol 8)

2. F 836 ripple print (2821
Vol 8)

delay noise trigger ever comes
on. Records can be skipped if
it does

justed drive start-stop times

wf

Tape being used was generated
bad at a previous date, possibly
on another system

Check tape source, ond the age
and condition of the tape

Detected hard errors not being
handled

Run job with error hold plugged on
TAU

Failures in special recognition
circuits and command codes such
as single tape mark records,
noise bits, EOF, erase, back~

space and forward space d:

1400-compatibility mode: check
the operation of the GMWM latch
on CPU ALD MB 022

Failures with data convert,
translate, and densities, either
hardware or program failure

12. 1401 compatibility missing last 32 | Missing bit 0 in COMP AUX
positions of print line storage-B of byte 8C. This bit is
reset on 8K machines if operator
presses the load key with 1402 in
the F, G, H, and J switches; then
does system reset, ROAR reset,
and start
2400 Tapes 1. Drive start=stop time maladjust= | Most probable cause Run the following macro
ment diagnostics fo check tape
2. Check fo see if the forward stop | This is usually a result of malad- start-stop times:

16K systems ==F521 and F522
8K Systems--3523 and 3524
only

All systems—-for Diagnostic
Check F510

All tests are in MDP Tape/TCU
(Vol 3)

DT Chart R Missing Records or Wrong Results (Sheet 3)

2841/2311 Files

1. Intermittently missing dota or
receiving no-record-found

Head alignment problems can
cause this. But if adjustment is
made beware of causing new
problems while trying to read
packs written before adjustment

2. Missing records resulting in
no-record-found

1. Have customer temporarily
add a patch to his program to
do a read-back check after
every file-write command
2, Suggested programming
procedure after no-record=
found
a. Read home address to ensure
correct cylinder
b. If not correct cylinder, a
recalibrate command should
be issued
c. If correct cylinder, retry
the original record at least
10 times
Note: STEP C may have to be
patched in some operating
systems
3. Address marker detection circuit
failure

3. Missing or short-length records
with no indications

1. Run 2841 in check-stop mode
to ensure that all detected
errors are caught and handled

2. Address marker detection
circuit failure and the program
is not checking record
identification

3. 2841 metering=in line is not
forcing CPU metering-out
when the CPU is stopped and
the file command is still being
executed. Check -0 channel
to meter line on ALD KUOT1

4. 1400-compatibility count
fields and data fields located
on the wrong cylinder.

The compare-disable bit 1400 AUX
storage B UCW (XX10) bit 0 was
possibly on when data records were
written. This bit should be on
only during the original 1400
formatting of the disk

1. Run the 2841 nonresident
micro test--read/write
100 address marks.

2. Run the 2841 macro test
602 (MDP Vol A02)

3. Run the 2841 interchang-
ability macro test 613
(MDP Vol AO1)




SELECTOR CHANNEL
* SELECTOR LOG DATA * ¥ SELECTOR CHANNEL FLT
1. GUV - Data Address Channel 1 - 3447 Vol . 41
2. GCD - Count Channel 2 - 344A Vol . 41
3. GS - Status, Control, Error
Conditi
oncitions Interface Control -
4.GT - Inbound Tags, Control Check Generally a Cable, Inter~
Information face, or Control Unit
5. Next CCW Address from Local Failure
Storage . Channel 1 - 8E - 8F
Channel 2 - AE - AF

l Selector Log % I

Check ROS Address

! 92A Turns on Interface
l Control Check Latch
)

ASSUMPTIONS

[

|

! Assumptions:

[ . Lamp Test OK

| 2. Console Logged

| 3. Channel 1 Failure (If
Sheet 2 | Channel 2, Replace

L G with H)

YES

WX Address 92A

NO

CR=>-Gl Status-In, or Select-

I

|

| Channel Control Channel Data (L Compare R-Register to

| :)nrerfacecgon:ol Protect Check NO Selector Channel Catalog

rogram Checl
I I I F:x Meaning or Condition
| Set During Share Locate CLD Word 10} Poll Control Timeout
| Set During Share or Cycles Only SI0, N0, HIO
Micro Cycles 20} Queue Status Timeout

| S10, TIO, HIO

l l 30} No Address~In,
d

Statement In. (CC or Initial

’ 008 Interface Trap P Select SIO, TIO,
Run- Selector FLT HIO)

40 | Address Mismatch

(810, TIO, HIO, or
Command Chain)

50 { No Status-In or Init-
ial Select (S1O, TIO,
HIO, or Command
Chaining)

60 {Bad Address or Status
Byte on Initial Sel-
ect (S10, TIO, HIO,
or Command Chaining
70 |Status~in Timeout on
Initial Select (TIO)

80 | Status-in Timeout
on Command Chain-
ing

90 | Select-In on Com-
mand Chaining Re-

Channel Control
Interface Control
Channel Data

r-
|

GR
Parity Error

Suspect:
1. Error Check Circuits
2. Bad GRGI Decode
3. Bad GB Decode

Was CPU Check Switch
in Srop

f
|
|
]
]

YES
NO

Check Bus-In with Scope

Stop Mode

IL ‘Instruction Length)
Program Check
Protect Check

Interface Control
Check

Bus-In Good

NO

Control Unit Problem or
Cable

Run Selector FLT
l un Selector FL 1 YES

[ selection
Suspect: AO0] Control Unit Busy
Run Priority Controls 1. GR-Registers on Command Chain-
Micro Diagnostic Repop 2. GR Assembler w ing
Test 3347 (Vol 41) 3. Data Path to GR BO | Address Mismatch
Assembler on TIO or Halt 10
‘ 4 Parity Check Chart D, Sheet 1 CO| Stotus=In or Oper-
5. SALs Timing ation-In Cannot Be
6. Skew on Bus-In Reset on CSW Store
CPU Check Switch to

EO | Poll Control Can-
not Be Set on HIO
FO | Operation-In Can-
not Be Reset on HiO

Stop, Try Original Pro-
gram Again

Almost Always a
Channel Failure

Generally Main Storage
Failure on Output Op~
eration and Control Unit
or Device on Input

YES

Channel Control

Check Is This Your Initial Att-

empt at This Faiture

Channel Data Check

Run- Selector FLT % %

GR-Register YES
in Parity
Try Original
Program Agoin I Suspect: |
1. Error Check Circuits
Inspect Displayed Sel-
ector Channel Command
‘ Selector Log % ‘ Register
I | Run- Selector FLT # % |
l Run- Selector FLT %% ’ YES l
Suspect:
| 1. Hardware Failure of
Channel Data Check
Run Storage Protect Micro NO Latch
Repop . Diagnostic Test
3350 (Vol 41) I Output Operation | [ Input Operation |
Subtract 8 from Logged Suspect: Suspect:
CCW Address to Get 1. Main Storage 1. 1/O Device Bus Lines
Address of Failing CCW 2. Selector Channel 2. Interface and Cables
Data Path 3. Selector Channel Line

Receiver
4. Path from Receivers

to GR-Registers
Run Selector FLT
Run Selector FLT * |
Chart D, Sheet 1

Suspect:
Hardware Failure of
GR-Registers

Generate a Macro Loop
Using the Same CCWs
as Failing Program

Suspect:

1. Selector Channel Clock
Failure

2. Selector Priority

3. Hardware Failure of
Channel Control Check
Latch

Chart S, Sheet 2

DT Chart S Selector Channel (Sheet 1)



Chart §, Sheet 1

YES Instruction Length
Check

Program Check

Selector Log *

. YES
CSW Printout l
Inspect CSW  Printout CSW Printout
NO to Determine Failing
CCW Address
VES Subtract 8 From Logged
l CCW to get Address of
Failing CCW
Display Failing CCW, .
Determine if CCW is Inspect Printouts; Check I
Valid, Check: OP, Data as Follows
Address, Count, Flags, Display Failing CCW,
Two Tic’s, and CCW Check As Foliows !
Addres¢ Invalid.
First CCW a TIC on S1O J
CAW Invalid
]
H
Set Address Compare Data Chaining NO
Switch to Early ROAR
Stop
Set Switches A,B,C,D ziD LU’L'}S o Program
t
to 095D eck Lig "Residual Count YES
I in GCD -and/or l
2 b Device Not Sending or
erun Program NO Accepting Enough Bytes
to Channel
: Hardware Turns on Pro- |
I gram Check Light nspect Displayed Sel-
CPU Stop L ector Channel Command
Register
Memory Wrap During
YES | Data Transfer
I YES
Bit 7 On
[ Run- Selector FLT #* % |
I NO
Suspect: : Output O i
1. Wrap Detection Cir- Input -Operation P peration
cuits I l
‘ Condition Should Not Device Not Accepting
—_—— e o= - Exist Last Byte from Channel
Check WX Address QAet = 2 —
Wrap in Selector ROS I I
9AA| Request /
YES
QD041 SLI Bit On

One
Of Above
WX Addresses

Invelid TIC, Two TICs
9AA in a Row ’

92F | Invalid Low CCW Address

YES ! H5 =1 Turns on Sglector I o
! CPU Status Light QDos1
CCW Wrap or Chained

YES 9DE| Data Count =0

ILC Should Not Be Set
NO
IL Check Should Be Set.
Must Adjust Count in CCW|

If Qutput Operation and
GSO =1 (GR Full), Then
Residual Count is GCD+1

ccw
Count Match
Record Size

Selector Light On

H5=1 Invalid Flag Byte or

933 | jnvalid Operation
NO 938
Error Occurred During 03,, Count = Zero
Command Chaining 939

Error Occurred During
StO

Residual
Count in GCD and/or
CSW = Zero

YES

Selector Log %

Device Trying to Send Device Not Sending or
Subtract 8 from Logged or Accept Too Many Accepting Enough Bytes
CCW to Get Address of Bytes to Channel to Channel

Failing CCW

Display Failing CCW,
Determine if CCW is
Valid, Check: Op, Data
Address, Count, Flags,
Two Tic's, CCW Address

Run- Selector FLT # %

Suspect:
1. Circuit on GB
I 2. ILC Latch
Suspect:
1. Wrong Branch in Micro
Program
2. Hardware Failure of
S-Register

3. Decode of Program
Check Latch

Chart S, Sheet 3

DT Chart S Selector Channel (Sheet 2)
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YES

Protect Check

Do Manual Storage Dis-
play Using GUV Data
as Address

Display Q-Register Low

1

l Selector Log # w

( Inspect Failing CCW I

NO

Operation Bit 7 On

Input Operation

l Output Operation

Skip Bit On

Protect Check Should
Not Be Set

L Run Selector FLT ‘l

Suspect:
Circuits on KW061, Key
Matching Circvits

Check

GK - Registers Good

; Q-Register, P-4567
i Bits = Odd . GK-Register

1= Odd

Run Storage Protect Micro
(3350) and Macro (33C9)
Diagnostic Test

l

and Q-Low forOdd
Parity

GK~Register
P-Bit Failure

Do a Storage Protection
Stack Adjustment as Out-
lined in 2030 FEMM
Chapter 4

GK = Q-Low

YES

NO

Run Storage Protect Micro
(3350) and Macro (33C9)
Diagnostic Test

Protect Stack Failure l

I GK Register Failure

l

[ Run Selector FLT % # J

Do a Storage Protection
Stack Adjustment as Out-
lined in 2030 FEMM
Chapter 4

ICouId Be Program Problem

|

For Additional Aid, Pro-
ceed to the Device Chart

)

Chart D, Sheet 1

Run Storoge Protect Micro
(3350) and Macro (33C9%)
Diagnostic Test

|

Do a Storage Protection
Stack Adjustment as Out-
lined in 2030 FEMM
Chapter 4

DT Chart S Selector Channel (Sheet 3)



"ls the 1050 Intervention
| Light on the Console On

Index Chart I, Sheet 1
w Chart H, Sheet 1 2
=1
ssumptions:

) A

| 1+ That the Console
\ Has No Red indic-
|
I'a.
1

|

|

|

|

ators on As An End 1050 Intervention

Result

All Peripheral 1/0O's
in Use Appear in
Ready Status with No

Put All 1052 Switches
On-Line and Ensure
That Paper Is Correctly

Obvi?us Red Lights Use Off-Line Tester: Placed under the Paper
or Evident Mal- Especially Check the Contact
Functions 1050 Operational Line -

| -

Suspect Loose Cables:

Check for Other 2030 1. On OIF - Half Board enance Manual,

[
: Refer to the FE Maint-

|

1

Wait Conditions ! Wait Light on and WX 2. In the 1052 Chapter 1
| . OlA -
| Address Is 0AE CLD 3:On A~ C2orC3
| QA9a] -
_—— : Refer to ALD Pages
| PESXX
Wait Light
Only Indication Is An -——
Error Message Error Code Description | Remember Description for

| Future Reference

1F Device Error
Chart W, Sheet 2 OF Channel Error

Chart W, Sheet 2
: 1400 Compatability
| Intervention Wait Loop

Chart F Sheet 1

Display the Command : Core Locations (Hex)
Address in the CAW | 49, 4A and 48 (First ccw

| Address)

Min Core (Hex) 41, 42, and

Display and Log the |
Unless the Rate Switch CSW Command Address |43 (Failing CCW + 8)
Is in Single Cycle or I
the Match Light Is on,
This Condition Is Invalid Compare the CAW
Command Address to the
CSW Command Address

w Chart H, Sheet 1 Minus 8
I System Under Control of
: Basic Operating System
YES

: SYSLOG Print Out ] One CCW J [ Chained CCW's l
- | J

YES

Equal Compare

Display and Log All of

the CCW|
NO e (s)
FFFF Displayed in A -
and B Registers Obtain: : For Best Results Run
1. Sense Information SEREP 3FE1 (Vol .40)

2. Diagnostic Log Area

Display Main Core Hex 3. Additional CSW
Address 0032 for Error Information
Code

Unit Check, Unit
Exception, or Any Ab-
normal Combinations of
the Remaining Unit

| Message Identification
| No. 0701

YES

1D 0701

@
N
NO

Status Bits
Program Check Has
Qccurred. Storage
Machine Check . Run Printout Should Be Device Error YES
SEREP - 3FEL (Vol. 40) Available
to Edit the Diagnostic
Scan Out Area Chart D, Sheet 1
Consult BOS SRL
v Operators Guide, Chart P, Sheet 1 Channel Type
C24~5024, for Aids or
Chart C, Additional Action
Sheet 1
hart M, Sheet 1
Continue Only for Chart M, Shee
Additional Aid
Chart W, Sheet 2 Chart S, Sheet 1
YES
Code 3F
Chart W, Chart W, Sheet 1
NO . .
Device Not Operational Sheet 2
Obtain Channel and | TOS/DOS - Display Core
Device Address | 0002 & 0003
I BOS Display Core
: 3A 838
I Is the Console at Fault
[]
If the Desired Device Is
YES Ready, Try IPL'ing to It
Ensure That Power Light anf OPserve the Inifial
on 1052 Is on Selection Sequence
]
[}
T w1
This Technique Works
| With 1/O Devices, too.
Use the Initial Address
2 | Stop Portion of the IPL
| Flow Chart ROAR Stop
| Chart 1

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 1) -



Chart W, Sheet 1

Chart W,
Sheet 1

: System Under Confrol of
| Tape or Disk Operating
| Systems

! The CPU Waiting For An
Interrupt, But Wait
| Loop Never Exited

YES
TOS or DOS

Expecting Interrupt

N : [ l
NO Display the Active PSW I Bits on Allow Interrupts
System Mask in !

- AUX Storage ~
(LS) 0B8

|
1 SYSLOG Printout
|

U

Consult TOS (C24-5021)
or DOS (C24-5022)
Operator's Guide for
Aids or Additional Action

Bit 0-~MPLX Channel
1--Selector

Compare the Stored

Display Main Core

=i
|
. Mask with the Outputs
LOCO&':; 0001 for Mess- of the Hardware Latches : 2n§.‘,h|anr:e| !
age e " on ALD FATI s lector
Continue Only for ! Channel 2
Additional Aid ! 7--External

Hardware Failure
Suspect:

1. Program Hos Use The Set IC Routine

incorrect Mask to Check the Storage to
2. The Interrupt Key Mask Set

Does Not Turn off
Bit 1 of the F-Regis-
ter (Display the F-
Register)

3. 1050 Request Key
Does not Turn on the
1050 Request Light
on the Console

4. The Interval Timer
Is not Functioning

‘ WE | Chart W, Sheet 3

IDid the Operating Super~
| visor Automatically Log

Fw Tee Wait

=- |Code HEX | Description
|
1

S E2 SEREP

An Unrecoverable Error
on the System Resident
Device Has Occurred.
RE-IPL Job or Check

System Resident Device
Off-Line

Store E1 in Local
Storage System Mask .
Set Rate Switch to
{nstruction Step, Press
the SYSTEM RESET, Set
IC and Start Keys.
Hardware Mask Latches
Should All Be Set On.
All Should Go off when
1E Is Stored in System
Mask and the Set IC
and START Key Are

| Pressed

|

Machine Check. Run
SEREP - 3FE1 (Vol. 40)
to Edit the Diagnostic
Scan Out Area

YES

I/O or Channel
Oriented

Chart C, Sheet 1

NO ) Out Pertinent 1/0 Data
]
Device Not Operational NO
evice Not Opera ID"GJ Log Supplied
Channel Error Chart W, Sheet 1
YES Obtain:
1. The Resultant CSW

Chart W, Sheet 1 2. The Failing CCW or

CCW Siring
3. The Sense Byte(s) of
the Failing Unit

I Diagnestic Monitor
| Controlled

YES Normally the Failing
CSW s Still Located

in Main Core Hex Loc-
ation 0040. Using the
Command Address in the
CSW Minus 8, Locate the
Last CCW. Log All of the
CCWs. The Rest of the
CCW Storage Key Information s Best Obtain~
CCW Flag Bits ed By Running SEREP -

. Failing Command Il 3FET (Vol 40)

Using Obtained Data,

Record the Following:

1. Channel and Unit
Address

. CSW Channel Status

CSW Unit Status

CSW Residual Count

For Wait State Aids

Refer to DMA4/30

Write Up in Section 5.4.1
under iD3020 (Vol . 40)

Additional Aid--Refer to
the DMA Flowchart in
the 2030 CE Handbook
under Operator's Flow-
chart A

To Clarify Error Messages,
the DM4 Message Editor

|
|
|
I
|
|
1
|
|
!

NoOsrwN

| Unit Check, Unit Ex-
ception, or Any Abnormal
Combinations of the
Remaining Unit Status

| Bits

Chart W, Z
Sheet 1 310A (Vol. 40) Should YES
Follow DM4 When Loaded Device Error

Chart D, Sheet 1

Assemble All Available
Data to Locate Failure
or Categorize Symptom
for Further Action

Chart M, Sheet |

T

Consult the Particular {Under Normal Conditions,
Operator's Guide and tthe Operator's Guide
Make Use of Any Error (Wil Supply the Necessary
Messages . |Action
Examples:

0S--C28-6540

TOE--C26-3564 Run In SEREP - SFE1

(Vol . 40) to Edit
Diagnostic Log Area

Condition Code 3
: Being Set after Start 1/0O

YES

1/O Not Operational Chart C, Sheet 1

Program Check

Chart W, Sheetl
Chart P, Sheet 1

YES

Chart W, Sheet 3

None of the Above
Categories

Run SEREP--3FET

(Vol . 40)
1. To See if Any Error
Logs Exist

2. To Reset Error Log
Area for Next Run

Chart W, Sheet 3

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 2)



Chart W, Sheet 2

AN

Diagnostic Check
Procedure

Follow the R/W Storage
Diagnostic Procedure
Outlined in Item 4 of
Test 3348 (Vol . 41)

Run the Multiplexor
Micro Repop Diag-
nostic Test 3346 (Vol .41)

|

This Procedure Includes
Basic Test BFF and the
Priority CTRLS Micro
Repop Diagnostic

If the Selector Channels
Are Being Used, Run the
Associated FLTs

Run the CPU Standard-
Set Macro Diagnostics
ID 3201 through ID 3263
(Vol . 42)

Additional Aids

Place Check Control
Switch to Stop

| To Catch CPU Checks
| and Certain Selector
| Channel Failures

Address Compare Switch
to Early Roar Stop.
Compare Address Switches
(ABCD) to 0147

Address 0147 s An
Indication Of a Program
Check=--The Preceding
WX Address Indicates
where The Program
Check Came from

With the Above Con-
ditions, Rerun the
Failing Job

Check for the Match
Light or Console Red
Lights

If Failure Reoccurs,
Programming Aid Is
Necessary. If Sympton
Changes, Use Approp-
riate Chart

(Volume 41)

Selector Channel 1
Test 3447

Selector Channel 2
Test 344A

Index

: Unexpected External
IL Interrupts

-
Lcheck the External Old l

PSW Program Mask

1" Main Core Location
| 0018

]

Mask Bit 7

NO

! Bit 7--Allow External

: Interrupt
Hardware Should Have
Blocked This Interrupt

Suspect:
1. The External Inter-
rupt Mask Latch
(FA 111) Was Set
Extraneously
2. The External Inter-
rupt Latch (RF041)
Was Set Extraneously

~

The State of These
Latches Has Probably
Been Changed

Determine From External
Old PSW the Channel
That Interrupted

Code 00

| Use the System/360
! General FE Handbook
I" for the Code. The
: Core Location Is 001B

Suspect: The External
Interrupt Latch (RF041)
Was Set Extraneously

1 Hexcode 40

Suspect:

1. Bad Interrupt Key

2. Bad F-Register 1 or
Console Interrupt
Latch on (RFO11)

No Unit or Feature
Assigned to This Channel

Unused Channel

Suspect:

1. Noise on the External
Cable Setting the
Appropriate F-Regis=
Bit (RF 011 through
RFO31)

2. Power Was Brought
Up on Specific I/O

Unit

Run the Direct Control
Macro Test 34E1 (Vol. 43)
and All Associated Tests
for The 1/O Unit

DT Chart WX Wait and/or Error Messages, Unexpected External Interrupt (Sheet 3)

Suspect: Noise Setting
the Associcted F-Regis-
ter Bit (RFO11 through
RFO31)

| HEX Code 80
|

Suspect:
Timer Switch on or
Faulty

| !

NO

HEX Codes 01, 02, 04,

10, and 20

Multiple Interrupt Codes,
Interrupt Codes Are Bit
Significant and Byte

Can Be Decoded




--T Power On Light

' is OFF
L

OV/0C Trip
Light On

NO Inspect Failing Supply and
its Pluggable Cards. On

tnv/Conv Machines Check
the Outboard OV Assembly
for Signs of Overheated or
Burned Components . Check
fnv/Conv Fuses 1 and 2

Thermal Light On

Inspect for Signs of Over-
heating at Gates, R/W
Mem Units, C-CROS and
Power Tower. On the 50-
Cycle Machine there Are
Two Thermal Switches in
the Midpak Transformers
That Open when Over-

YES

Fault Located

heated YZ042

YES Reset Over Current Cond-
Fault Located ition and Press Power On
l - NO
OV/OC Light On
Thermal Reset ]
Intermittent Trouble .
Check All DC Voltages.
Check OV Trip Point of
Failing Supply . Inspect
Thermal YES- Entire Power Area for

Loose Wires and Screws.
Check that Machine |s
Wired Correctly for Act-
val Mainline Voltage

Light Out

Power Up, Check Air
Flow from All Blowers

(208/230)
Different Supply
OV/OC Light Again
Ambient YES
Temperature Return Fault Located 3
to Normal Same Supply Should Not Happen
for Mid-Pac
| IR —
YES Exchange Pluggable Cards
in Failing Supply with
Thermal Light Returns Spares
YES
Jumper Terminals On TB9 Fault Located
to Locate Faulty Thermal
Switch or Connection
Y.
l 7 ¢ P Supp] Mid-Pac
Repair or Replace Faulty ype of Fower Supply l
Components. Thermal - —
Reset and Press Power On Remove Amplifier Card
Conv/Inv from Failing Supply .
Power On

Short in Load

Power Transistor Shorted
r in Series Regulator

(108 XSTR)
Disconnected Load from
-Supply at Feed through

Capacitor at the Top of
the Power Tower

YES

OV/OC Light Again

Perform Conv/Inv Check~
out Procedure Outlined in
Chapter 5 of the 2030
FEMM

Disconnect Distribution
Branches Logically to
Locate the Section of the
Machine that Is Shorted .
Logic YZ062 Shows the
Primary Distribution for
Each Supply

If Short Is on Gate, Iso~
late at Laminar Bus to
Locate Board

Remove Cards Progressively
to Locate Shorted Card on
Board

YES

Fault Located

Check Power Line for
Out-of-SpecVoltage
Fluctuations . Check that
Machine Is Wired Prop-
erly for Line Voltage Con-
ditions (208 or 230)

]

1

Repair or Replace Faulty
Components . Reset
OV/OC iIndication and
Press Power On

Chart Y, Sheet 2

DT Chart YZ Power and LP Light (Sheet 1)



Chart Y, Sheet 1

All 1/0O Units
Powered

Power On Lamp Failure

Some 1/O Units
Powered

Trouble . Be Sure all Units

YZ051, YZ052

Determine Power On Seq-
uence of Units from EPO
Tailgate Plugging. Check
Last Box Up and First One
Not Up for Sequencing

Have Line Power . Check
Stepper Switch and /O
Control Relays (RY8 thry
RY15) for the 1/O Position
Indicated . See Logic

For the Following Checks,
Press and Hold the Power-
On Key if Necessary to
Keep the Power-On Seq-
vence initiated

Blowers Operating

Check for 24VDC between
EC4-1A(+) and EC 3-5A(-)

(YZ041)

Check TDR 1, Logic
Y2041

24 VDC Present

Check All DC Voltages
at Feed through Capaci-
tors at Top of Power
Tower

All
Voltages Present

RY3
K2

Check for 28 VAC be-
tween TB2-4 and TB2-7

28 VACPresent

NO

/SOME

Voltages Present

Check: K1, RY3, CR1
CR2, CR3, CR4
See YZ021

NO

Check:

Mainline Power EPO
Switch

CB1

Mainline Switch on 50-
Cycle Only

F2

CB2 (Not on all Mach-
ines}

See YZ021 (60nv)

or YZ121 (50)

Type of
Power Supply

Conv/Inv

Fuses
1, 2 (Conv/Inv)

Blown

Bad or No Output from
Conv/lnv

YES

Check 1/O Unit
Line Power

EPO Cables Properly
Plugged

CPU EPO Dummy Plug
in Next Position after
Last [/O

Check Stepper Switch
Operation - Refer to
Chapter 5 of 2030 FEMM
and YZ051

Check 1/O Control Re-
lays RY8, RY9. YZ052

YES

-30 (M21)
or +40 (M2)
Missing

Check:
RYS3, RY4, K3

Check Individual Module
for Missing Voltage

Mid=-Pac

Check:
CB2 (60rv) Bulk XFMR
Connections

Thermal Switch (2) in
50vBulk XFMR Assembly

YES

Repalce Both Fuses

If Fuses Blow Again

A4

Perform Conv/Inv Check-
out Procedure Outlined
in the FEMM . Refer to
Chapter 5 of 2030 FEMM

Repair or Replace Faulty
Components

]

Index

Chart |, Sheet 1

F_ﬂ

LP Light On

Check Air Pressure Gage
Pump Starts at 3.9 + .3
Pst

Pump Stops at 6.9 + .3
PSI. Refer to Chapter 5
of 2030 FEMM and YZ044

R/W Memory Type

YES

Pressure Sw #1 Failing
or Needs Adjustment .
Relief Vaive Opens at

81+ .5pPs|

Check R/W Mem #1
Array Temperature Refer
to Chapter 4 of 2030
FEMM

NO

Over 91° F

YES

R/W No 2 Installed

Over 91°F

False Low-Pressure
Indication. Check
Pressure Sw #2 Opera-
tion and Adjustment,
See YZ044 and YZ045

NO

Often

Pump Running

Should Open at.
8+ .5 PS|

Air Leak . Check All Pump
Hose and Air Bag Con-
nections. Check Air Pres-
sure Releif Valve. it

Check Pressure Switch 1
Adjustment . Check for
Clogged Air Filter (Pump).
Pump Motor Has a Thermal
Cutout which May Have
Operated . See YZ044 and
Refer to Chapter 5 of
2030 FEMM

FEMM

Array Temp Too Low
Check Array Heater and
Fan Operation YZ045 and
Refer to Chepter 5 of 2030

f Heater is Off, Check
Conttoller Operation
and Adjustment . Note 1

DT Chart YZ Power and LP Light (Sheet 2)




IPL THREE CARD HEX LOADER - MPX CHANNEL BURST MODE

OVERALL SEQUENCE FOR
1st CARD

—— "t —

Set F G H J Switches to
Device Address

I Depress IPL Key I

—

[BFF Runs 128 Times

IPL Routine Forces 1st CCW
in Core 00,Format 020000~
0060000018 Command
Chaining On

Force SIO,Execute 1st CCW

Determine if Using Sel
Chan or Mpx Chan
$2=1=Sel

S$2=0=Mpx

rlni'r Sel Seq Start ]

Efcr’r Data Handling Seq l

Stop Data Handling Seq
When CT=0

CE,Check CE Status for
Error, Issue Serv Qut

Do Not Put CE in IB
Feed a Cc:rdI

[Trap to 010 [
|

DE Status,Check, Service

Out Issued

1st Card Loaded
1. PSW in 00

2. CCW in 08
3. CCW.in 10

OVERALL SEQUENCE
FOR DATA FLOW
2nd CARD

e — o —

Force Start |/Q To
Execute 2nd CCW

[ initial Sel Seq J

Data Handling Start

Control Unit Initiates
The CE Sequence

CE Status Checked
for Error, CE Not Put
In I1B,Feed Card

DE Causes MPX Channel
Trap to 010

DE Status Checked,OK,
Serv Out Issued

2nd Card Loads Data
Starting at Addr 288

DETAILED SEQUENCE FOR 1st CARD

INFORMATION

P S

ROS ADDRESS LOGIC PAGE

$2=1=Sel
$2=0=Mpx

MPX or SEL Channel F— 588 | — —{ qco1l |

| Addr Ouf—lSupp out |—- 580 |—— qcos |

Addr Out-Sel Out |-—-{ 59D }- —— QC051 ]|
Op In
[Op In-Addr In {588 | ——{qcos1 |

[ Stat In-Op In F—- 50 }—— Qcos |

|Enfer Data Loop J———‘ 6C1 }——-—t QC231 J
I

Op In FI=CE Issue
Serv Out
|

Op In-Serv In - —— 62F |- ——Qco8l |
Count=0 -

I
Op In=Stat In L - ¢10 }—— qcos1 |
FI=CE 00001000
Feed Card

I
Supp Out=Stat In- | — 638 | — - qci21 |

Supp Out - A -—-acie |
I

by DE Int

Trap to 010 Caused |- —~{ 010 |- —— QC201 |

1
[Check for Stat In J- ——' 6C1 I———l QC23]J

Ready to Execute

Serv Out Issued fo "-—‘i 6B1 j———" QC131 ]
Stat In
I
Start Getting Next [———{ 4p9 —— Qci131
Sort 689 F—— |
I
Finish with CCW b —— 5E9 |-—— QC031 |

DETAILED SEQUENCE FOR 2nd CARD

INFORMATION

ROS ADDRESS LOGIC PAGE

Addr Out-Supp Out - — 540 F = acost |

Op In

Addr Out=Sel Out == 59D |- —— QC051 |

Opln-Addrin  }-{5a8 F—— qcosi |

of Initial Sel Seq

Stat In=Op In End |— —{ 580 }=—~ QcC051 ]

[ Enter Data Loop  —— 6c1 -—- qc231 |

Data Handling

Cont Unit Ends -

—— 6A7 —-I QCII1 |

Op In FI=CE Issue
Serv Out

Supp Out=Stat In |——{ 638 F—- QcC121 |

[ Supp Oufl b —— 67A }-—< QClé1 |

by DE Int

Trap fo 010 Caused |- ——{ 010 —- qc201 |

|
[ Check for Stat In  |=—— 6C1 }—-{ QC231 |

I
| Serv Out Issued J-———' 6B1 J——-l QC131 |
|

Start Getting Next f—— —{ 689 |-—- QCI31]|
CcCw

Finish with CCW |~ ——{ 569 | —- Qco31 ]
Ready to Execute

IPL Three Card Hex Loader-~MPX Channel Burst Mode RS Chart 1 (Sheet 1)



IPL THREE CARD HEX LOADER ~ MPX CHANNEL BURST MODE

OVERALL SEQUENCE FOR
3rd CARD

DETAILED SEQUENCE FOR 3rd CARD

INFORMATION
——

ROS ADDRESS LOGIC PAGE
e et

Force SIO to Execute Addr Out=Supp Out I— —-—I 5A0 |———[ QCO51 I

Go to Load PSW Routine
to Setup 1st PSW from
Main Storage 000

3rd CCW
Addr Out-Sel Out [~ —=1 59D }-—- QCo51 ]
Op In
Llniﬁal Sel Seq l
Op In-Addr In |- ——{ 548 |-—-{ Qcos1 ]
l Data Handling Start I
Stat In=Op In,End |- —~{ 580 F—- @cos1 |
of Initial Sel Seq
Handle CE Which Was i
Initiated by Control Unit
ey e ® [Enter Data Loop |- ——{ 6C1 |- Qc2a1 |
CE Back to CPU,Checked F?:.m:l Lg‘éfssn? —_—{ 647‘!___1 QC1z I
for Error Status,OK,lssue Pm 'a esf IPl? us
Serv Out,CE Not Put In V\l/'?p;:re or
IB,Feed 3rd Card ndup
IPL Windup Routine I Reset Load Light }———I 6FE l——-l QC35ﬂ
Reset Load Light
[ Enter LPSWRine  |-—— 0377 F—4 QaAv921]

| Cycle Start |- —— 109 F—4 qao01 |
[

DE Stat Causes —— 010 -4 aco]
Trap to 010
|
010 Trap Caused by DE Load IB with Dev f——— 63D F—- QcCi21]
Int Addr l
I
Check Dev End Status | Load 1B V‘;”h 00 Stat}~—— 640 |- QcCi21 ]
Device Addr and 00
States n the B fssue Comm Ovt 1o |- ——{'64b_}---_aciz1]
Stat In
Issue Comm Out if Stat | Restore CPU F—— 609 - acsi]
Good : I
l Go to | Cycles 1 ] Restore WX Reg '———‘ 67F l——-l QC3M l

IPL Three Card Hex Loader--MPX Channel Burst Mode RS Chart 1 (Sheet 2)



SELECTOR CHANNEL - TAPE & FILE IPL

OVER~-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

P e, S NS e i — ——e—
IPL Key Check for Sel or —-—{ 588 l————-{ QCO11 \
MPX Channel
$2=1=Sel
System Runs BFF S2=0=MPX
128 Times
Check for Sel # 1or2f}—— 919 |—— QDO11
IPL Forces 1st CCW in ggj;ée: ;
MS 000,1st CCW Format —Ume
02000000
60000018

[CCasLl Flogs =919 - --4QDosi |

Addr In-Op In — 93A — QD051
Sel Out

Gate SWS GHJ for
Device Address

Check S2 for Sel Channel rComm Out Issued —}-__-{ 993 I‘__{&D(E_

52=1=Sel
$2=0=MPX
Stat In,Stat in the ————-‘_ﬁj—- QD081
For File CR Reg
Initial Sel Seq See Note on
___} Sheet 2
Check Channel ——l 97A I—- -QDOS'I
Enter IPL Wait Loop Stat=To 0
for Data Cycles
Tape Motion Occurs p—— 9C1 —— QD091
After Execution of
Trap o This
to 00B or 008 ‘ '
008 Depending Y

| IPL Wait Word J__-{ 954 J_

on Chaining

00B Trap Caused 00B Trap Ccusec.l I?Y — —m_'_
DE CE And Chaining
by DE,CE '
and Chainin Op In=Stat In-Supp
’ Out

DE and CE in the "—[LOC_J—
Data Reg

Issue Serv Out I

Bring Up Supp Out Serv Out Issued to ——M—

Stat In,Should Not
be Displ on Console

Get 2nd CCW and .
Put it in Sel Channel Supp Out-Up |‘——‘ 98B }———l QD111 |

Registers
Addr Out,Addr of 937 QD061
Device in
Data Reg

Initial Sel Seq I

go to IPL Wait Word Addr Out-Supp Out }____I 972J_ l QDO51 l

Sel Out=Supp Out

Comm Out Issued  |— 993 QD081

Should not be Dis-

played on Console
|

Op In-Sel Out ——| 9F4 l——— -QDOSI

Stat In=Supp Out
|

rO Stat in CIBr Reg F —[ 9BC1—

Serv Out Issued — 9C1 QD091
Tape Moves
Supp Out-Up

-
LlPLWait\?lord - —{ 954 }—— QDO091]

Selector Channel=~Tape and File IPL RS Chart 2 (Sheet 1)



SELECTOR CHANNEL - TAPE & FILE IPL

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

e e

Op In=Stat In {008 ——] @QD12!
Sel Out

008 Trap Ending Sequence
Caused by DE and CE
No Chain

| Op In=Stat In | — A0l |—— aD121
ETT——pry Wy

[Rieset Load Light

Begin Load PSW

Issue Serv Out ——-[_A;(EBJ— QDiI121
Should Not Be

l'G° To | Cycle Start J Displayed on the
Console

Drop Op In-Stat In |~ —] A10 j——{ QD121

[ Reset Load Light b —{ e - Qcas! |

Device Addr e 6F9 QC351

In R Reg

PSW Routine

[Tcycle st — 109 }——{ qaoo1 |

NOTE:

1. File Control Unit Decodes the 02 as a Read
IPL

2. Control Unit Causes a Seek to Cylinder Zero
3. Selects Head Zero

4. Search Address Mark on Record One

5. Reads Record One Data Field (24 Byte Loader)
6. Present Ending Status

7. Channel takes an 00B Trap if Chaining is

designated in the Selector Channel GF
Register

Selector Channel--Tape and File IPL RS Chart 2 (Sheet 2)



I OBJECTIVE APPROACH TO CHANNELS

A, Enter the following program using the illustrated
variables desired to simulate your failure. Enter
the program by using either manual store or BF6.

By insertion of the following instructions in front
of the I/O program, we can simulate customer
operation. This is accomplished by introducing

a time constant prior to execution of the I/0O

NOTE: Clear Memory using BF8 prior to enter- program.

ing program.

Review of BF6 procedure:

System Reset

Set IC to 1st Address to be Altered
Roar Reset to BF6

Start

® 9 O oA W N e

Set Switches HJ to Desired Character

MAIN STORAGE ADDRESS

Load Reg 04F8 41 10 01 00

Branch on Count 04FC 46 10 04 FC

0500 - Beginning of 1/0
Program

In the above example, we load register 1 with a

Start
. value of Hex 100 which in turn causes the Branch
Repeat Step 5 & 6 until Data Entry is Complete on Count instruction to cycle 256 times prior to
Set IC to 500; Depress Start entering jche 1/0 program, It should be noted that
by changing the address in the Load Reg instruc-
tion varies the cycle time on the Branch on Count
instruction.
MAIN STORAGE ADDRESS
Test /O 0500 9D 00 0X XX
i Channel And
frensae
0504 47 70 05 00 : Device Address
Start /O 0508 9C 00  OX XX
----- sswssssnssssasnunsnnnnnll
050C 47 70 05 08
0510 47 FO 05 00
CAW 0048 00 00 06 00
CcCcw 0600 XX 00 07 01 20 00 00 XX
Command ¢
Code ount
Write 01 30  Less Than Buffer Size
Read 02 50  Buffer Size
Write/Space 09 30  Less Than Buffer Size
50  Buffer Size
30  Less Than Buffer Size
84  Buffer Size
PROGRAM FLOW [N INSTRUCTION STEP FOR SELECTOR/MPX CHANNELS
For MPX Page 4.12
TIo For SEL  Page 4.17
No cc
0
} Yes
For MPX Page 4.13
SIO For SEL  Page 4.17
N
° cc
0
Yes

Unconditional
Branch

L

Address of Next lnstruc-; MPX = Channel ————————
tion Displayed in A & B Address Trace 500 | 504 | 500 | 504 | 500 | 504 | 508 | 50C | 510
Reg in Instruction Step. Condifion Code I 1 1 0 0
NOTE: Initial Test 1/O ¥ Interrupt - Buffer  § 00 00 00 08
after S)gtem R;set has: CSW - Byte 44 l 08 08 04 04 04 04 04 04 04
cC =0,
B = 00 CSW - Byte 45 00 00 00 00 00 | 00 00 00 |00
CSw= 00
Condition Code settings
shown in charts are after
execution of instruction. SEL- Channel
Address Trace 500 | 504 | 500
Condition Code 1 1
CSW = Byte 44 0C 0C | 0C
CSW - Byte 45 00 00 | JO

Objective Approach to Channels RS Chart 3 (Sheet 1)



TEST I/O - MPX - PRINTER - READER - PUNCH

Active
Bit
On

Yes

————{src_ |- qcos41 |

| UCW Addr=inter Buff ——] 5,1 - Qci41 |

[QC051 |-~ 5A0 |——| Address Out
{

[qcost -~ 59D |- — Select Out
|

[acost |- 58 |-— Op In-Addr In
|

[acost |- 580 | —{ Comm Out
l

| QCO051 |-—L5§2_)——{ Status In

[acort |-—{ 569 ——

Serv Out-Stat In
Drops

00
Yes
On Status Off
Medifier
Bit

|

mrfiol CSW Store ]

[ Complete CSW Store ]

I__J

[ Allow Traps__——157C or}= oci¢1 |
57D
Torn OFf Active Bit |——1551 == QC401 |

If S2=1

Three Passes are Made Thru This Routine,
Flow Determined by Following Decisions:

Pass 1 - Active Bit On
Pass 2 - Active Bit Off and Status Non Zero
Pass 3 - Active Bit Off and Status 00

MPX = SIO INITIAL SELECTION

SEQUENCE

P e, S N

rOp Out I

ROS ADDRESS

7|
@re Condition Code l__‘ 5EA J-——‘ 0C151 I

NOTE: Pass Thru 5EA 3 Times
Pass 1 and 2, CC=1
Pass 3, CC=0

CC Displayed in MSDR
Address XOBB in MSAR

[Refurn to | Cyc|e54l

LOGIC PAGE

——

———{s5a0 }——acos1 |

[ Addr Out

[Sel Out - Add Out — ——{ 59D |— —Qcos1 |

[Opin-Addrin  |———588 |——{Qcosi |

Not Displayed Due to Very Short
Duration Command is On Bus Out

l-——{sD0 }——acost_|

l Comm Out

[ StatIn - Opln J_— ——{ 580 I___—{QCOHJ Display FI for Status Byte

oo ]

rServ Out

—

mﬂ: Loop Entry J‘——

\J

Exit to Proper Routine is Dependent
on the Count Fld and Mode Setting

Objective Approach to Channels RS Chart 3 (Sheet 2)



MPX - SIO INPUT/OUTPUT BURST OR BYTE MODE CHART REPRESENTS = TO AND LESS THAN BUFFER SIZE

Less Than Buffer Size ROS ADDR
CE Alone simulates a Run Condi- LOGIC PAGE
tion and can be achieved with
following sequence:
1. Roar Stop at 62F
2. Set Roar Stop to 67A SVi Up N 671
3. Activate Start Key twice Entry into Data Loop QCO081
rapidly to eliminate stop at
61D and assure stop at 67A %8
before Card is fed Test Ct
Set $2=1 if Ct not Zero 0OC081
Ct = To Buffer Size
CE alone to simulate Run Condi-
tion.
1. SAR Stop 74F
2. Roar Stop at 67A
No
Count =0
Yes
Ct=Zero, 52=0
Set G6, G3=(11) 650
Br on SV, SVI OCes!
SI
svi
[Counr = To Buffer Size —I'— -
Ct Zero, Send Cmd Out o2F
Set G6, G3 = (01) -
Ct = 30 - Less than Buffer Oco81
Size
R
Status In | 672
Branch on G6, G3 QCO0%91
Read out UCW Byte 0 o1 . Read out Status Byte of
A5 |_ _|(status), Store WIR if no | (O1) 0D Jucw-ce, 63=11 | __[eA7
QC111 SILI Bit, G6, G3 = (01), Count = To Buffer Size QCIn
Cmd out to SVI
Read out UCW Byte 1 6A8
Op & Flags QC1N
Check UCW Active, Test 6AD
Bit 5 of UCW Byte 1, QCln
Active Set 52=1
Branch on IPL L 647
Test Ft - Bus QCI121
i
IPL
1
63A
QC351
650
l&onch on 1B Full ]‘ Qci121
63C _{ B Full Yes 18 Foll No |IB Empty, Load Unit Addr | 63D
QcCi2l Read out Status Byte v | into 1B LS 88 QcCi21

N

@

MPX=--SIO Input/Output Burst or Byte Mode RS Chart 4 (Sheet 1)



" MPX - SIO INPUT/OUTPUT OR BYTE MODE CHART REPRESENTS = TO AND LESS THAN BUFFER SIZE

l 2 l I 3 l ROS ADDR
LOGIC PAGE

64F 63E
oci2] —{ Check 1B for CHE ] Status In, FI = CE - ocTl
UCW Active, This is DE First Status from Unit
64D — Status, Send Cmd-Out to Store Status in IB — 638
QCi21 Stack Status, Set S6=1 to Serv=-Out To Status-in QCI121
Indicate DE Status

Branch on Op-In R 67A
Wait for Op-In to Fall QC161
Op-=In down, Exit to VCW 575
Restore Entry, Unit - ociél
dropped off Interface -
Begin UCW Update L 6CD
Fl = Device Addr QC301
Exit UCW Restore, Enter L 664
CPU Restore QC301
Branch out of CPU Restore| 6D9
if MPX Req In is active QC3MN
MPX Req, Set Sé to
6E1 ¢ Yes Req In No | No Req, UCW Active, 6E3
acan T reflect G5 Branch to Req Active S4° ég=(”) ve — —Tacan
Entry 4
Turn off MPX Oper Latch | 180
Return to | Cycles QC311
I Cycles next Op Code | _ 109
displayed in MSDR QA001
MPX CHANNEL SHARE REQUEST ENTRY
A70
LBrcnch on, Req=~In ]‘ oc2
Cmd-Out (Proceed), Turn 6D4
on MPX Operation Latch QC211
Byte into G Reg for r QC221
Branching Stat-In, FI=DE
UCW Active S6, Read out | 65F
Data Addr from UCW Qc221
Entry Final, Housekeeping| 6C4
Routinge QC231
Entry to Data Loop or L 6C1
Status Branch on ST, SVI QC231
ST SVi

U J

MPX-=S10 Input/Output Burst or Byte Mode RS Chart 4 (Sheet 2)



SELECTOR CHANNEL

ROS LOGIC
CAS FLOW SEQUENCE ADDRESS PAGE

o ——— . —

Check for Sel or
MPX Channel
S2=1=Sel
$2=0=MPX

— —{588 |— —{QC011]

|
Check for Sel #1 or 2

S7=1=Sel 1 — —919 - —{aQDpoi1]

$7=2=Sel 2
|

[Addr Out

= —{935 ]~ {oD05T |
[Op In,Add In,Sel Out |~ —{93A |~ —{GD051 ]
| Command Oulf Issued  }— —{993 |— —{QDO08T |
[Op In, Sel Olljf,Sfctus In |~ —[9F4 }= - QDO8T |
[Stat In, Stafu:s in GRReg = —{98C }— —{oD081]

Check Channel - m m
Status=To "0" 97A QD081
Data Transfer begins after -

execution of the word — —9Ci}- —{qpost |

Op In, Sel Out, Status in
after end of Data Transfer

Begin to return to |
Cycles

— —19c3 ]~ —{Qpost]

— —{105 }— < QA001 |

The Channel

A. The Channel Returns Control to the CPU.
B. Control Unit Presents Ending Status.

C. 008 or 00B Trap is Taken Depending on Chaining.

Trap To
00B or 008

Depending on
Chaining

[Trap to 008, no Chaining |~ —{008 |- QD121 |

Y
| Trap to 00B Chaining - —{os | - QDITT]

CE & DE no Chaining
Op In, Stat In, Sel Out, [ —{ 008}~ —{aoi21)

This branch taken on final
CCW

IQP In, Stat In

- —{A0}- —{qpi21]

Issue Serv Qut should
not be displayed on
Console

— —AOB}— —{qDi21]

|- —{An}- {apiaT]

| Drop Op In, Stat In

Reset ROSAR to Add of
dead cycle ROS word

— —{9F1 - —{QD111]

[Return to 1 Cycles ]

Selector Channel RS Chart 5 (Sheet 1)

N



TRAP, CHAINING ON SELECTOR CHANNEL

ROS LOGIC
CAS FLOW SEQUENCE ADDRESS PAGE
M
00B Trap caused by CE,
DE and Chaining . 00B —{apin
Op In, Status In, _I *- 9 l
Supp Out

On File Seek Op = If access moves, gets DE
only

"CE" and/or "DE" in the

Data Reg .
|

Serv Out issued to Stat In . :
-+ Store CPU into Local St R

Should not be displayed [ —|_0F—D‘- —‘QDHI—I ore into Local otorage Registers

on Console
[[supp Out-Up f— —988 I —qbDii1]

|- Set up next CCW Address from Local Storage

Addr Op Device in the Address 8E and 8F for Sel Ch 1

Data Re': — —1937 = —{QDosi | AE and AF for Sel Ch 2

[Add Out, Supp Out — —972} —{qpos51]
|

Op In, Add In l_—l
Sel Out, Supp Out — 922 IQDO5] l
I« Next CCW is read out of Main Storage and
Comm Out issued should put in Channel Registers
not be displayed on — — 993 - —{qDos1]
Console
|
Op In, Sel Out L _[or4 - —{qpost]

Status In, Supp Out

|
[ 0 Status in GR Reg - —98C |- —{QD081]
|

Serv Out issues Data
Transfer begins — —9C1 }— —{GD0%1 ]
Supp Out

Restore ROSAR

Set H5=0 — 9F1 -{QD111]

Channel will Trap

)

Selector Channel RS Chart 5 (Sheet 2)



SELECTOR CHANNEL TIO AND SIO

SEQUENCE ROS ADDR LOGIC PAGE SEQUENCE ROS ADDR LOGIC PAGE
P e I N st OO—
TEST 1/O START I/O
| Addr Out I--rwo i_—'rQDON l rAddr Out H 935 J"—rQoole
I |
[ Op In - Addr In - Sel Ouf-4 99C —{ QD071 | Op In - Addr In - = 93A  |— QD051 |
Sel Out

[Op In - Addr In {986 |-—{ qpo81 ] Op In - Sel Out --{ 94 |——{aqpo81 ]

Stat In
[ Op In - Stat In - 980 |-—{ qpos1 |

Serv In - Sel Out - 98F  —{QqD091 |

OpIn

Op In - Sel Out - Stat |~ 9C3  |-— QD091 |
In-CC=0

I Return to | Cycles J"‘[ 109 }‘—i QA001 J

[ Chan End Dev End Trap |-—{ 008 |-—{@D121 |

[Set Intr Ltl A0 -—aDp121 ]
]

Return to Interrupt
Micro Program

t—{ 984 }——{ QD021 |

o ThisTrap Can Occur Either in Branch or in
TIO Instruction.

If Roar Stop at 986 is Used, the Program Stops
in the TIO Instruction at the Point Where

CC =1 is Set and the Trap is Already Taken
e —— — ie. After Restart the Program Goes One More
Time Through the TIO Instruction in Order to

-—{9%8A — Qo021 | SetCC=0

[ RetumtolCycles | 109 }—{ qaool |

Selector Channel TIO and SIO RS Chart 6 (Sheet 1)



1400 COMPATIBILITY | CYCLE
500 M 555 666

507 B

555

666 1

OVER-ALL SEQUENCE

o —— e tO—

OP Code for WM

Bit Signfc. OP Code read-
out Bit Signfe OP code
should be 80 Check for in=
val. OP Code Check Bits
0 & 1 of Bit Signfc. OP
Code

Storage 8A

Afield Addr

Field Addr

Field Addr

Readout Hundred Byte of
B-Field Addr

|7Xfer of B=Star to A-Star J— ————————

Field Addr

Readout OP Code Check  — — — = = — —

Store B Star in Aux A p— —— — — — —

Readout Hundr, Byte of [~ — —— — — — —— —

Readout Tens Byte of A= = — — — — — —

Readout Units Byte of A= [— — — — — —— —

Readout Tens Byte of B~ = — — — —

Readout Units Byte of B= = == == — —

DETAILED SEQUENCE

INFORMATION

e ——— e tt——_

ROS ADDRESS LOGIC PAGE

—{ 1400 OP Code = 94

displayed in R-Reg
R-Reg Bit 1=0=WM
1 Op of | Cycles

-~ 11CDf- = —_QE001 |

Set Up Addr To Readout thef- — — — — — — — — MN= Addr of Bit

Signfc. OP Code R=
Bit Signfc. OP Code

on prior word

inval. OP Code tested

-~ 112 |- —~{ QE001 |

~——1 Save B Star for

possible Store B-Star
Op Code

-4 110} —— qEont |

—~ Hundred Digit of A~

Field will be in R-
Reg

- - s} -~ Qeonl |

Tens Digit of A~
Field will be in R~

Reg

-—{ n2Ff—— oront ]

— Units Digit of A-

Field will be in R=
Reg

- - 1564} —— Q051 |

= = = =] Hundred Digit of B~

Field will be in R~
Reg

- - 19el —— orost |

— I.E. A-Field Hex

equiv. Addr is now
in LT Reg

-~ 1145}~ o |

————— Tens Digit of B=Field

will be in R-Reg-
Check for Index

L — {112F |-~ 011 |

————— Units Digit of B~

- — {1584 | ——{ QE051 |

Field Addr

Field will be in R-Reg

B-Field Hex Equival.
Addr is now in UV Reg

B Star Complete
I

or next OP Code,Check
for WM

Do E Phase of Move OP

Readout Possible Modifier fr — — — —

b————————— — — — — — 1198 |- Qeosl |

In this program
Example = B

- — {119C |- —- QEos1 |

1400 Compatibility | Cycle RS Chart 7 (Sheet 1)



1401 COMPATIBILITY PUNCH OPERATION = |-CYCLES FOR 4 OP

444 4
445 B 444
449 7
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
e e —— e — e emt——_
Readout 1401 Op Code P— o~ = ~—~e~ —— — — 1401 Op Code Dis- ———l 11CD ‘-——lQEOOI l
Check Op Code for a WM played in R-Reg.
R-Reg Bit 1=0=WM
| Op of 1401
Set Up Address to Read |- — — —— — — — — {MN=Address of Bit |——— 11F2 | —-JQE001 |
Out the Bit Significant Significant of Code.
Op Code,Readout Bit Sig=- R=Bit Significant Op
nificant Op Code. Should Code in Valid Op
be 24,Check for Invalid Code Tested on Prior
Op Code,Check Bits Oand Word
1 of Bit Significant Op
Code
Readout Hundreds Byte [~ —— —— — == === —— = —lHundreds Digit of [~ ‘| 111A |—"‘lQEO]l |
of B-Field. Test Bit 001 B-Field Will be in
of Bit Significant Op R-Reg. R-Reg =
Code. Check for a One Hex 82. R-Reg Bit =
Character Op 0=WM= 1 Character
Op
Check Bit Significant Op  — — — — —— — — {G-RegBit2& 3 |-—-—{11CB }—-qE081 |
Code Bits 2 & 3 Are Tested
[ Decode Row 2 b —_——— = —1072 | —-oe4n |
| Test for PMS F—— —— ————4z=0-Nopms |} —-i7a0 }—dacoz1 |

[ Do E-Phase l

1401 COMPATIBILITY PUNCH OPERATION - EXECUTE

444 4
4455 444
4497
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
— e e e e,
[1 Cycle Start P —— 1401 Op Code is Dis- |~—{11cD F — {qE001 |
played in the R-Reg
Get Bit Significant Op |~ — — — — — — —— ] Bit Significant Op [~ —-11F2_ |- ——QE001 |
Code From Bump Storage Code Displayed in
R-Reg
| Start of Op Decoding | ——= —— == = — — —— — — —— — —11c8 -—qros1 |
| Test for PMSon This Op = — — — — — —— — — — — —— — — — —17A0 |- —-{qco21 |
lDo I/O Common Sef-Up} —_—_— = — —{1824‘l“ "‘IQGSBI ]
[—
Llssue Sense Command —l- ——————— - —"léddr Out ‘}-“—I 1898 I“ -'[OG53] ]
|
Status will be clear |F— —[Op In - Sel Out |- — 1898 -~ QG531 |
only if no cards have | Addr Out 12nd time
. [Eplg L LLb
been punched in
1401 Mode '
= —Op In - Addr In - —189A - —-aGs31 |
| Sel Out 12nd time
|
L —{Op In - Stat In - sel —-{188c F —-Jacs31 |
/niﬁal Out Fl = 14 or 00
. Stat of Sense Yes FI=14
e e FI = 00 = Not Busy
FI = 14 = Busy
A
\ 4
Clear Stat at Device [~ —=1F1 = 14 to come this —-ﬂ18Fﬂ“ﬂG59l I
by Issuing Serv Out to way, DE and Busy
Stat In
FI=00 to come this [~—18A9 |- ——0G531 |
[Issue Serv Out to Stat In |— ———————— =1 way
|Serv In Comes Up ‘I— ————————— Op In  Sel Ou* ~ —_'h871 —I" "‘LQG53] ]
Serv In FI = 00

1401 Compatibility Punch Operation RS Chart 8 (Sheet 1)



1401 COMPATIBILITY PUNCH OPERATION - EXECUTE

OVER-ALL SEQUENCE

I Check Sense Byte

DETAILED SEQUENCE

INFORMATION

e — . rri—_

ROS ADDRESS LOGIC PAGE

Set S-Reg Bits if
Sense Byte has Bit
7 On

- — 1843 }—- qcsa

[Send Serv Out r—_—_———————_————— —— — 18A9 F—— QG531
Wait For Stat In = — — —— —— — —] Opln-SelOut |—— 1872 F—- qas3i
FI = CE & DE Stat In FI = OC =
CE & DE
llssue Serv Out to Stat In J— ——————— 1~ -‘ Op In = Stat In }- ——l 18FA l——‘{ QG591
|
L {Alltagso - 18r4 F—~ acso
[Initial Sel Seq for SI0  |= =—=— — — — — — 1— = Addr Out 11898 |~ acs3t
|
}—— Op In - Sel Ot ——[18%8 }- —{ QG531
' Addr Out ! 2nd time
|
m—lopin-selowt "~ 189A |~ ocs31
| Addr In L?_r_sgi__fi_m_g
|
L {opmn-sel oot F—- 18sc -4 qasar
Stat In FI = 00

|Check Initial Sel Seq Stat [~

ilssue Serv Out

Set Up Converted 1401
Addr - Set FO Into 1401
Addr 100

Go Into Data Handling
Routine

Control Unit Ends Op
by Presenting CE Stat

Errors,Unit Check or
Unit Exception

I Reset Sel Out I'—

Change Bit Significant
Op Code in G Reg from
24 to 20

Update B Addr to 1401
Addr of 180

to Stat In

I

LRefurn to | Cycles

Check Ending Stat for |

Send Serv Out [n Response [—

———————————————— —I 1867 t_-_l QG541

e = — —— ——— {80 |- { qosa

MN = Converted
1401 B-Star Addr
R=FO

- - 186C |-—— QG541

e — —— {n F-{ o

Op In - Stat In - —- 1822 |- —— QG521 |
Sel Out FI = CE

~ 1818 |- —— QG521 |
Op In - Stat In - —— 1819 }-—- QG521 |
FI = CE

— 1890 - QG521 |

- 1819 = QG521 |

— — — — — — — — ]

After Execution of
This Word All Tags
Will be Off

- - 1818 }- —d QG571 |

— 1100 }-=—- QE001 |

1407 Compatibility Punch Operation RS Chart 8 (Sheet 2)



1401 COMPATIBILITY READ OPERATION

4441
445 B 444
4497
OVER=-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
el — e e it——
[ 1 Cycle Start - ———— —— ——] 1401 Op Code Dis~ == —11CD |~ —-{ QE001 |
played in R-Reg
Get Bit Significant Op |—— — — — — — — —— Bjt Significant Op ———[HFZ —'— —"l QEO001 l
Code from Bump Storage Code Displayed in
I R-Reg
| Start Op Decoding F——_—_——— e ———— —~ics -+ qeost |
[ Test for PMSon ThisOp - — — —— — — — — —— — — — — —— —{17A0 | — < QGo21]
[ Do 1/O Common Set-up l“‘ ———————————————— '{1824 !“‘ '{ QG581—|
<
l Issue Sense Command I— —————— - —{ Addr Out ’— ——{1898 ]— - —{ QG53ﬂ
I
b~ — Op In - Addr Our - ——{18%6_}—-{ QG531
| Sel Out 12nd time
I
Stat Will be Clear Only :—- — Op In = Addr In ——-|]89A |— ——{ QG531 ]
if no Cards Have Been | Sel Out 2nd time
Read in 1401 Mode | T
4
L. —{Opin - Stat In - —{i188c }—{ @cs31]]
Sel Out
i
]
— = F! =00 = Not Busy
FI = 14 = Busy
\ 4
Clear Stat at — |~ == FI Would Have Been [~—-{18FA | — 1 QG591 |
Device by Issuing Hex 14 to Come This
Serv Out Way Op In - Stat In
I Issue Serv Out to Stat ITF ————————— FI Would Have Been ~— -{18A9 }- —-LQGSSI I
00 to Come This Way
IServ In Comes Up ]— ————————— Op In = Sel Out -—--l 1871 }— ——‘ QG531 |
Serv In - F1 = 00
lEheck Sense Byte '_ _________ Set S=Reg Bits if - _‘[ 1843 } - ‘@6531 I
Sense Byte Has Bit 7
[Send Serv Out |— ———————————————— —lLSA?'— —-l QG531 I
Wait For Stat In =~ — — — — — — — — ] Op In - Sel Out — —{1872 }——aG531 |
FI = CE & DE Stat In = FI = CE DE =
ocC
Issue Serv Out to Stat In '—- ——————— 1— —[Op In - Stat In —I—~~I 18FA I———rQGS?I l
|
L— [ Ail Togs OFf T —18F4 - —Jacso |
[Initial Sel Seq forstI0 |~ — — —— — — T 1 Addr Out =89 |~ acs3 |
|
— Addr Out = Op In ——-i 1898 l— —~4 QG531
I Sel Out 12nd time —{_—:l

|
|
Op In = Addr In —‘l 189A I""‘“QGSN

| Sel Out 12nd time

L_[OpinFI=00 ——188C | —-4acs531 |
Sel Out = Stat In

|Check Initial Sel Seq Stat I

[1ssue Serv OT R i —— — 1880 |- —{qss41 |
|Set-up Converted 1401 Addr} — — — — — — — — = —— — — — — — — 11887 - —ocs4 |

[Set 1401 Addr 000 toan & > — — — = — —— ———— —{1850 -~ —acser |

&
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1401 COMPATIBILITY READ OPERATION

OVER-ALL SEQUENCE

DETAILED SEQUENCE

INFORMATION

— P tit—_

ROS ADDRESS LOGIC PAGE

e — it

Go Into Data Handling f— — — — = — —— e —— — — —{isco F—- QGsét |
Loop,Retain WM if They
Are There

[
Control Unit Ends Op by |— — — — — — — T —10Op In - Stat In - —— 18C2 f-—- QG571 |
Presenting CE, DE | Sel Out FI = 0C

I’—'"I Op In - Stat In

F——1805 |- qosn1 |

L —{ Card Feeds All Tags - ——-l 1881 I——--LQGSBI l
Off
| Check for Last Card —_———————— — — —_———— - 1805 - QG571 |
Change Bit Significant Op = == == = o= — — —— - 180A }F - { qcs71 |
Code in G Reg from21to 20
[Check for Invalid Char | — — — — — — — — $'5=1=Invalid |} —~—18DA}- QG571 |
Char Would Have
Been Set During Prior
Sense Comm
ICheck for a Unit Check }— e e —{18pC}- -4 qces71 |
Issue Serv Out b———— ——— =] If There Was an In- |~— — 1818 }~— 4 QG571 |
valid Char,181A
Would Issue Serv Out
[Return to | Cycles o e ——— —1100 | —- Qeoot ]

1401 Compatibility Read Operation RS Chart 9 (Sheet 2)



1401 COMPATIBILITY  PRINT OPERATION

4442
445 444
4497

OVER-ALL SEQUENCE

—— e i—

DETAILED SEQUENCE

INFORMATION

e — it

ROS ADDRESS LOGIC PAGE

e — e

| - Cycle Start

‘_

1401 Op Code Dis-
played in R-Reg

——|l1co f“—| QE001 I

Get Bit Significant Op

Code From Bump Storage

|

Bit Significant Op
Code Displayed in
R~Reg

——iir2 F—— qroor |

Tice [~ qros1_|

I?fart Op Decoding I
[Test for PMS on This Op | 1740 }—— qco21 |
[Do 1/O Common Set Up ]_—_—___—'—'————'1]824J_—'| QG381 l
[ Tssue Sense Command }-—————————r—{ Address Out —898 —— @cs31 |
. |
fritial\_ A o Srovyd be Either | ko 0p in - Addr Out = 1898 -~ qosar |
Stat of Sense Yes ‘ I Sel Out 2nd time
CommHa/ I
Busy On Op In - Addr | - —figoA |-~ qcs3i
- p In rin
I— Sel Out 2nd time
No Yes l
L OpIn-Statin  |-—188C —] QG531 |
Sel Out

————is2c —{ qce21 |

Clear Chans 9 and 12
Indicators

[ Test for Channel 12 }——T18D7 ——] QGé21 |
]

I
Set Chan 12 if On In
Stat Byte

—i8D4 —— QGé21 |

I

Issue Serv Out to

‘! Reset Stat In

Issue Serv Out to
Stat In

lServ In Comes Up

FI = 14 This Way L

Op In = Stat In —i8rA —— Qo591 |
FI = 00 This Way

Op In - Stat In —18a9 —— QG531 |
Op In = Sel Out

ServInFI=00  j——fi871 }——] qcs31 |

[ Check Sense Byte T | setsegits1f  [——11843 |——] qas31 |
Sense Byte Has Bit
7 On
[Send Serv Out - JieA9 }—] QG531 ]
Walt For Stat I j——— o — ] Op In-Sel Out ——1872 F—— QG531 |
FI =0C Stat In = F[ = 0C
| Issue Serv Out to Stat In I.—_—_-—-———[—{ Op In - Stat In }———-—[l_B_FA_l—— —-‘ QG591 I

L-ﬂ All Tags Off

= —18F4 —=— QG591 |

Llnifial Sel Seq for Start I/Q}“

=—1898 == acsa1 ]

-T--—[ Addr Out

L

—
|

L

Addr Out =Op In  ——1898 ———l QG531 |
Sel Out 2nd time

Op In = Addr In = —189A ""i QG531
Sel Out 2nd time

Oplin-Statin [~ —188C = QG531 |
Sel Out = FI = 00

Should Be = 00

ACheck Initial Sel Seq Stat

Issue Serv Out Reset
Stat In

Check for Either 100 or
132 Print Position

e et e e e —880 _}—— QG541 |

—{ RO=1=132

}— —iss0 —— qos41 |

Set=up Converted 1401
Addr (201)

&

1401 Compatibility Print Operation RS Chart 10 (Sheet 1)
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1401 COMPATIBILITY PRINT OPERATION

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

o —— . ii—__

L

, Enter Data Loop ]———-————-——————————-———l 183?'——‘3G5;]

I Print Op Completed |——-——-———-———- Op In = Stat In —-—LwBE }'——| QG551 ]

FI = 08

Issue Serv Out Reset S ——— — —“—I 1818 1_“{ QG571 |
Stat In

| Enter Ending Routine  }— —_— ———— 1838 |— — QG591

l Return to | Cycles J-—-—-——-——— —_ —IW]'——" QE001

1401 Compatibility Print Operation RS Chart 10 (Sheet 2)



1400 TAPE OPERATION - TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - | CYCLES

444 M % U 1 500w
452 B 444
456~

OVER-ALL SEQUENCE

Op
Code Has
a WM

Go to Error Routine

Set-up Addr to Readout
Bit Significant Op Code

Readout Bit Significant
Op Code ,Check for In-

DETAILED SEQUENCE

INFORMATION

——— P i—

ROS ADDRESS LOGIC PAGE

— ncof- —{ qeonr |

F — 170 -~ qroor |

valid Op
I

Set Status Bit to Denote
Special Op

I

Bit Significant Op
Code Should be in
R=-Reg

Store B Star in Local

- —[11F2 |— —{ QE001 ]

p—— ——— - — ———— ]

Store

UV has B Star Put
it into UV Backup

Readout Hundreds Byte of
A-Field,Check fora M,
L, orU Op

- 10— —{ qeo1r |

e —— e ————— —

Hundreds pos of
A-Addr in R-Reg

— —{1118_}——{ QE011_ |

Check if Hundreds Byte=og|— —— —— —— — — — —— —— —— — {1125 - —{ QE021 |

Set Hundreds Byte into a
Hardware Reg and Read-
out Tens Byte

Hundreds Character
will go in D-Reg
Should be Displayed|
in R-Reg

— — 1121 }— —{ Q021 ]

Start to Change Op Code
to 2D

Changes Low Order
Bits of G-Reg to D
Tens Pos of A-Addr
in R=Reg

Readout Units Byte and
Set Tens Byte into B Star
Check Tens Char for WM

Set Units Byte into B Star

Check Unit Byte for a WM

— —{11C0 }— —{QE021 ]

—180 - —qro21 |

Units Position of A-
Addr in R-Reg,After
execution of this
word the V-Reg has
the tens & units addr

_ __ma_ QE081

Store Hundreds Byte into

Storage

A-Hundred Backup in MPX

—[ 28 |- | QE08T |

Complete change of OP
Code to 2D

High Order Bits of
G-Reg set to Hex 2

L [ 11ee |- —{ qEos1 |

Check if A=Field was
just finished

]

Also reads out
Hundreds pos B=Addr

98| | QEoél |

Transfer B Star to A Star

Transfers V=Reg to T-
Reg,Check for WM in

hundreds pos of B-

Field,Hundreds pos of

B-Field is in R-Reg

__| 119E|__.[ QE061 |

Check Hundreds Byte of
"B" Address For Bit O on

Checking for a
possible invalid addr
Transfers U-Reg to
L-Reg

__[ HAS—i__.{ QEO71 ]

Readout Tens Byte of B-
Addr,put Hundreds Byte
into B Star Check Hun=-
dreds Byte for Zone Bits
Bits 2 & 3

Set Tens Digit and High
Thousands Hex Digit into
B Star,Check tens byte
for WM, Check if Tens
Byte invalid

< NAE}—— QEO071 |

Tens position of B~
Field is displayed in
R-Reg

- —{ 112F}— —{ qEon1 |

1400 Tape Operation-Tapes on MPX Channel or Selector Channel--1 Cycles RS Chart 11 (Sheet 1)



1400 TAPE OPERATION = TAPES ON MPX CHANNEL OR SELECTOR CHANNEL - | CYCLES

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

P S N e — P i—

%

Set 2nd and Third Thousand f— == — — — == — — — — — — — — — {1137 |— — QE03]

Hex digit into a Hardware
Reg,Check for Indexing

Add Low Bias + Hex equiv=|——— ———— —_— e — 1143 |~ — QEO31 |
alent of Hundreds Digit

Check for invalid Hundreds
and or Tens Digit

Low Bias and Hundreds —_— ————l 1507}——1 QEO31 l
Digit Look-up

1

R.O. High Bias Byteand [—~—————— 717" ———— —— —— 15DD QEO31
add it to High thousands r -—l l_ —| I

Hex Digit |
|

Readout Units Byte "B" I |
Address

Add units digit to Low b— — «— — — — —— — Units Position of B~ |— 15E6 QE051
Bias & Low Hundreds Addr is displayed in __1 J._ —-i |
Digit,Check units Zone the R-Reg

Bits

Add thousands Hex Digit | o o _f 1577 l__ IQEOSL]

to B=Star

Readout Tens Hex Digit pP——————rm——e——— — — — — — — — 15F6 QEO051
from Table ,Check for WM _{ ]_— —-i J
in Tens Character

Check Units Char for @ b e e e e e e e e e __| 15E9 }—_| QEOéu

special char,Add Tens Hex
digit to the sum of the low
Bias + Low Hundreds Digit
and set it into the B=Star,
Check if tens char is valid

[Readout the D-Modifier |- —_— — {1198}~ —{ QE061]
Check if D=Modifier has D-Modifier displayed i
Shec _R-Re; ifier displayed in |0 _hwd_ __i QEO061 ]

|
Set D-Modifier into a

Hardware Reg and read=- D-Mcdifier is in D-Reg
out the nextgc:hcrcéfer after executing this block —1189}— —{ OE081 |

I
[ Check next clhar for aWM | -_ —_— "I—llﬂ_ _‘ QEO81 '
Check Bit Significant Op
Code Bits 2 & 3 ncs— —{oees1 |
I
[ Decode Row l2 ] —_— 1016}— — GE431 |
[Test for Invalid B-Addr | N {im8}— —{qcoo1]

l
Test for T, Y, or U=
Operation, U-Operation
should be at 17B3, Also
check for PMS

=— {1783}~ —{0GO011]

This Decision is not made
by a Micro Program

Branch. The Correct Rou-
tine is entered depending

Wr Op ROAR Stop Chart 13| [©on the Feature installed.
Rd Op ROAR Stop Chart 12 [ {1481} —{QHo01 |
Go to Read Op — {1A00— —QGo4i]

‘ROAR Stop Chart 14

Go to MPX Chan Wr Op
ROAR Stop Chart 15 {1A78}— —QG76]]

1400 Tape Operation-Tapes on MPX Channel or Selector Channel--1 Cycles RS Chart 11 (Sheet 2)



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL

444 M % U1 500R
452 B 444
4567
OVER-ALL SEQUENCE DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE

Set Channel 1 Latch

Turn on Sel Channel Re- | —_ —_ —— — —— —'——hA45 }——iQHOOI |

quest Latch,Reset Channel,
Turn on Supp Out,Set De-
vice into a Hardware Reg

Store Device Addr in MPX ——-—-——@——————————-———{msl ——{aHoo1 ]

e
ITftempf to set Poll Ctrl [—————————"——"""1 OpIn-Addrinand —_'|]A85 }_'—lQHOH
Sel Out Could be up
at this time if a CE
and/or a DE is pend-
ing Supp Out is Up.

Check if Stat Inis Up  p——————— ———————_ _1ag7 |——]{qHo1

Poll Ctrl would have been set if the
A device and the control unit were

-~

S ||\<Yes free. Op In & Sel Out up would have
° revented it from settin —_
Control E — I ’lﬁ43 }——{QHOI IJ

On T T

[ Set Poll Control —————————————1a85 ——{gHon__|
[ Check if Addr InisUp  f—m—m———— —{ OpIn-Addin  F——{i1a89 F——laHo1 |

Sel Out = Supp Out
Should be Up

| Send Comm Ovut P — ——— —— —iA86 ——qHo11 |
LWoif for Stat In to come up ]_' ______ — | Op In - Stat In _—hASB ]_—_'[QHOH J

Sel Qut

[ Reset sel Ou]f ——— - — —asa F——jonon |

[ Send Comm Out Queve Stat f———=—-—-—-——=—— Comm Out Issved  —=—1A91 F—={qHo11__|
Stack Status

[ Wait for Op In = Stat In fo fail - — —— ——— — — — — — —— — —hagc }——fqHo11 ]
S ——U—

I
Reset Supp Out ‘l'__ ______ T ________ -L1A84 |"_—l QHO021 —I

— 1494 -— qHoz1 |

Set Up Last T-dpe'Unif
Used Device Addr
Store Device Addr in F——————— —— —— 1A95 —f QHO21

MPX Storage

| send Addr cl)m B —————— —{131F_—— QH021 |

| set Sel Out P———————— Op In - Addr In  |——{ 1AAT}——{ QHO21 |

Sel Out Device Addr
in GR

| Wait for Adiir In —————————————— ~11a90 —— qHoz1 |

[ Check for Corr Addr ]'— _______________ - —[IAAO—I_ "[ QHO021 ]
|

|_store Comm in MPX Stor [—=—=—=——==—— — ——{1am F—— qHoz1 |

e — —J1a88 LT QHO21 |

Set GR o 00 for Test —}——] GR = Comm Issued |——] 1AA4 }——f qHo21 ]

1/O Comm Issue Comm
Set Comm in GR,1st Issue || Oyt |

Comm Out, Ist Time though ]
on 9 track Comm is a Readf ™ —————-—

on 7 track drive the 1st Part Part
Comm will be a Mode Set ir 2 ‘3”

1400 Compatibility Tape Read Operation--Selector Channel RS Chart 12 (Sheet 1)



1400 COMPATIBILITY TAPE READ OPERATION - SELECTOR CHANNEL

OVER-ALL SEQUENCE DETAILED SEQUENCE

INFORMATION ROS ADDRESS LOGIC PAGE

e eI e et e i

)

| Wait for Stat | —— —————————iaaF |~ qHo3i

2nd time

Test Bit 7 of Stat Byte | —— ———— — — —— —— —— —— —— ——{1AAE |——] QH031 |

Read Out Byte 0 of Stat

Byte
I Check for Unit Excepﬁon}'—‘—'—_——‘—‘——'——"——'———llABO }‘——l OHOS]J
| Reset Sel Out - —J1488 |—— qHo31 |

[ send Serv Out —_ —1a88 —=—{ qHos1 |

Wait for Op In and Stat ————— ———————~—————— 'I]AAC I——{ QHO31 I
In to Fall
| Reset Addr Out b — ————————{1AAD | —— QHO31 |

Part 1
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
e tO— e ra—_
| Check Cirl Unit Busy  J=————————1 OpIn-Sel Out |——] 1AAE|——] QHO31 |
Stat In
| Check for a Sense Comm l“""———"—__—— Sense Comm's are ——r 17BE J'——I QHO041 l
only issued for 9 -
track read Ops with
an error
Store Stat Byte and Setup [ - R — 176F ]_ —|70H04] !
Tape Ctrl Unit Byte Addr
Change Last Tape Unit e -'—{ 1A98J'—-—LQH041 ]
Addr Byte to Addr of
Present Tape Unit

CE Should be Up if This
is a Mode Set Comm

CE & DE should be ——{ 1ABD——| QHO41 |
up if this is a Mode
Set Comm,00 Stat =
Read Comm

Reset Sel Out Set Unit [ == ~— = e e e e e —— —— —— |A46 [——] QHO61 |

Addr in CPU Storage

|
| send serv oin b — 1ABF ——{ QHos1 |

Wait for Stat In and Op | == = == — = e — — — — — —{ 148 | ——] QHO61 |
In to Drop
I 1
Check for a Mode Set Comm| — ——————— — —{ a9 | qHoe1 |
|
Read Out Next Comm — e e e e e e e e e e e — AC6——{ QHO61 |
from MPX Storage 6 |Part 1

1400 Compatibility Tape Read Operation--Selector Channel RS Chart 12 (Sheet 2)



1400 COMPATIBILITY TAP

OVER-ALL SEQUENCE

E READ OPERATION - SELECTOR CHANNEL

DETAILED SEQUENCE

INFORMATION

e —— . ii—

ROS ADDRESS LOGIC PAGE

———ei—

Send Serv Qut

1________ PR

——{1A58_—— QHO41

If Roar Stop is Used

on this word the Addr
Compare Sw must be
Set to Process Pos Be~

I Wait for Stat In to Fall

fore Starting
— — —1A58 ——{ QHo41 |

[ Check Comm

l__._._.______
—{1a59 |—— qHo41 |

Check for Even or Odd
Redundancy

- — iacr }—{ qHos1 ]

Comm Move or Load

Check for a Read or Write

[

Go to Move Read Data
Loop and Start

e — f9p3 =] G081 ]

Data Loop Ends

I__.___

Roar Stop can be Used from this

— —190A |—— oHos1 |

Word On without overruns occur-
ing,Op In - Stat In = Sel Out -
Are Up,GR = CE and DE-OC

Check for Odd or Even
Redundancy

-1-———————-—[19597—{ QHo81 |
|

Check if this is a 9 track

drive

Set Main Stor Addr o ————— ——-{ 1728 —-— QH101
Addr of the 1st Char
Read from Tape
Reset Sel Out f'___—""—__—“—— - "1 175cJ_—l QH101 I
Read Out First Char,of - — T T 71 MN = Addr of 1st ‘——'i 17D7 }__{ QHI01 l
Record from Main Stor Char,Reg.R= 15t Char
Check if Tst Char has | === s e e e e — —— — — {78 [~ QHI0I
aTM
Store B Star info the —_—— —'—'—'{ 17CA }——i QHI101
O Star in MPX Stor

rSend Serv Out }‘———'——'———“'— O Star Back-up is ——{71765 ]"——i QH101 I

B Aux Stor Hex Addr
8E and 8F

Go to | Cycles

QE00T |

1400 Compatibility

Tape Read Operation - Selector Channel RS 12 (Sheet 3)



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE
444 M % U 1 500 W

452 B 444
456
OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION  ROS ADDRESS LOGIC PAGE
P S R N e e —_
e — /7
Store Device Addr in MPX}—— - —{1A81 |- — —{ QHooT |
Set Channel 1 Latch

) J
Turn on Sel Channel l_ "‘_LIA45 }"— ‘| QHOO01 I

Request Latch Reset Chan, ]
Turn on Supp. Out T —_——

Set Device into a Hard-
ware Reg.

I Y

lAf’rempt to set Poll Ctrl. J—

———— e Op-in, Addr-In & | — — 1A85 |~ —~ QHOI1
T Sel-Out could be up —{ }- —| l
at this time if CE &
DE are pending.

| Check if Status is in Up  |— —————J1a87 | — qHon |

Poll Ctrl.would have been
set if Device & Ctrl.Unit

were free. Op-In Sel-Out
up prevents lféll Ctrl.

\from setting .
Poll
Control - ——————————I 1A43 '———l QHOT l

I Check if Addr=In is Up '——— ~—— —— —— —— o Op-In, Addr-In, Sel ——— 1A89 -—-i QHO11 l
Qut, Supp-Out
| Send Command Out - —_ —{1a86 } — - qHort |
l
Wait for Status In to ————————— —{Op-In, Status=In, }——1A88 | —— QHo11 ]
come up Sel-Out
|
[Reset Sel Out o —————————-{sA} —{ GQHOIT |
Send Command Out —— — Command-Out ——{1a91 F — 4 qHont |
(Queue Status) Stacks Status
I
\l/xo;ot :gll'lOp-ln & Status- )——-—————-——l Suppress Out 4]'— 1A8C —-| QHO11
L 1

|Resef Suppress Out J———— ‘l— I “—l 1A84 l" - '{ QHO021 l

No J

Yes

Set Up last Tape Unit used——f—— — —1A94 |- ~-{ QHO21 ]
Device Address

Store Device Address in _— _— “—i 1A95 l’" "{ QHO21 J
MPX Storage

[
| Send Address Out ]— —| Address-Out J——(]3]F l— - —| QHO21 l

[ief Select Out JI* —_— —— — Op-in, Addr-In, — _‘ 1AA1 ]" - "'I QHO021 I
| Sel-Out
[Wcif for Address~In }_—__.___._—__._.__._ —_—— ——— 1A9D _..| QHO21 l
[Ck. for Correct Address | e e e L Address of Device |——1AA0 F~—| QHO21 |
in GR
Store Command In MPX  f—— — —_— —1AAB - =~ QHO21 |
Storage Ctrl.Unit busy if stat
o e e e e ] stacked before enter- |— 1AA8
— ing this Routine
U (’:"Bl. Yes e e — ] Ist Command issued __l 1AA8 }-— -l QHO021 ]
nit Busy * will be a Mode Set
Set GR to 00 for Test Command
1/O Command ——
Set Command In GR Issue Command Qut 1
Reg. Issue Command
Out. _“‘_—'_——_—_‘———J—_'ilAA4 I"t@HOZl I

3 I Part 4 ! 2 | Part2

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chart 13 (Sheet 1)



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE

OVER-ALL SEQUENCE

DETAILED SEQUENCE

INFORMATION

o — " tit—

ROS ADDRESS LOGIC PAGE

Wait for Status=In

—— Op-In, Status-In, —{ qHos1_]

2nd Time

Sel-Out

Test Bit 7 of Status Byte
Read out Byte 0 of Tape
Control Word

{14} - qHos1 |

Check for Unit Exception

——J 180 } —-{ qHo31 |

Status is in the GR

Register Hex value
of IC

( Reset Select-Out

T

— — 1288 } — qHo3i_|

Send Service Out

i—"—‘—'—_""—"—"— Op-In, Status-In up, ——'iTABS l rQH03]J

all Tags will be off
after execution of
this word.

Wait for Status-In and
Op-In to Fall

— —J1aac}-— qHo3!

I Reset Address Qut

[ < 1AaDF = QHo31 |

[ Send Suppress Out

e 1493 | — aHoot |

&

Part 1

Check Control Unit Busyk——_ JE——

Op-In, Sel-Out,

L —{1AAE | - QHo31 |

Status-in. Ist time

through will be a
Mode Set Command.

Ck.for a Sense Command

| ————{178¢ |- —{ QHo41 |

Store Status Byte & Setup
Control Unit Address

—1176F |- —- QHo41 |

CE will be up "¢ this is
a Mode Set Command

———{ 128D} — { QHo41 |

GR=0OC=Mode Set
GR=00O=Write

Reset Sel-Out Set Unit
Address in CPU Storage

____________ —~{1A46 | — { QHo6l |

{Send Service-Out

—— ——1a8F | — qnoe! |

Wait for Status-in & Op-

A48 -~ QHoé1 |

In to Drop
|

Ck . for Mode Set Comm. J———-———' ———————— "‘r]A49 l‘ ""{ QHOéLI

Read out next Command
from MPX Storage

e — J1AC6 |- — - QHO81 |

I 6 J Part 1

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chart 13 (Sheet 2)



1400 COMPATIBILITY - TAPE SELECTOR SETUP - TAPE WRITE OP 9 TRACK DRIVE

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

e e—— e e —— ———
Send Service-Out Jli h— 4: 1A58 }_"{ QH04L‘
—{ After this point, - -
Weitfor tons-in o Fel | aier i et over——{ 1438 |- qnos |
if single cycle orroar
stop is used.
Check if TIE being
Performed ——,m —-{ QHO41
|
Check for Even or Odd — ——1acF |- qHos |
Redundancy
Check for a Read or Write[——————— =|! 1A6E I—- ‘[ QHO51 {
Comm. Move or Load
| Go to Write Data Loop J—‘—— h— — _—__-LTA‘N ]"“ITQHOS] J
| Data Loop Starts V77 |- aHon |
|
| Data Loop Ends |——--—————-]—— GMWM in Stor End |—— 17AF |—~ QHO71 |

End Write Operation

'—-— Control Unit Should .——IT7AFJ-——| QHO71 l

End Op,Comm Out
| Would Have Been
Issued to Serv In

| Wait for Op In to Fail I—-———-——J--—--——————————WAFJ-——l QHo71 |
|
[ Check Allow 1/O Traps Biff— ——— — — — —— ————— — — —{1753 }-—{ acoat |

ﬁefurn to | Cycles J'——_'___'— - w = —|_QEO00} |

1400 Compatibility Tape Selector Setup-Tape Write Op 9 Track Drive RS Chort 13 (Sheet 3)



1400 COMPATIBILITY TAPE READ OPERATION TMPXR
444 M % U 1 500R

452 B 417 L

457 B 400

461 U % U 1B

466 B 400

470 7

[ Service Out, Accept Stat |-

If next Char in

I Store GM or GMWM ﬁ,

Core is: Go To:
WM, no GMWM 1A C4
No WM, no GMWM 1A C5
GMWM 1A Cé

ROS LOGIC
OVER-ALL SEQUENCE INFORMATION ADDRESS PAGE
o ———— et P ST NS
[Read Op } _— — {TA00 |- {QG04])
[9 TR Tape Unit } — — J1A19 | 4QG051]
Set up to a Req Tie if last J7A20 F {Qcos1]
Op to this unit was a Bksp
A Mode Set CMD will be
[No Mode Set needed _F e done on all Write Ops  {— —{ 1A84 P —<QGO051]
and 7 TR Read Ops
[Turn on Command Start | —_ — —1A78 406761
[Turn on H5 ] { Block Sel Chan Traps __|=— —{ 1AA1 |- 4QG761]
[Set Device Addr in R Reg | —_ — —1a40 } H0oc7481]
[Set Bus Out, Addr Out __} {Begin Initial Selection }— ~| 1AA4 - -QG761]
Sel In | — — A1} {ac761)
I Device not Available |
Reset Addr Out — A2 761
Wait for Addr In _{ ! l- -|OG I
Addr No
Match —_ — —1A93 }- Joc7e1]
Yes [ Go to Tape Stop Rin |
Péfma:; 4 out {Read Command 1 —{7a% | {ac7el]
[ Wait for Status In | —_ — —1A58 4 aG761]
Status will be Zero unless
Status No last Op was a Control Op
or a Write Op. Status is |— —{1a30 - QG761]
Zero 1 stacked on Write Ops, DE
Sve Our. Go back 10 is pending on Ctrl Ops
Yes Initial Selection
[SIO with Zero Status } —_—— — —{1AA8 }daG771]
If last Op was a Bksp to
Req Tie Yes this Drive and this is 9
Needed TR, a Req Tie will be —_[ 1A6A ‘--{ QG77]]
executed first
No
[ Service Out, Accept Stat } —_—— — —1A3D }-{QG771]
—_—
Go to QG801 for Move
B oo T . ?p,d%o to QG802 for QG801
eaq ata oop I oa P, s ct———  — o
ROAR stopping in Data Qc802
Loop will cause Overruns
SVI STI
‘ SVI

— —{ 1aCX - QG811]

NOTE: [f 2030 has 1401

See Page

Compat Noise Bit Change f— -{ 1ACé

F4ocsi]

X

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 1)



1400 COMPATIBILITY TAPE READ OPERATION TMPXR

ROS LOGIC
OVER-ALL SEQUENCE INFORMATION ADDRESS PAGE
——— e — e — —~——
7 or
) - — —{14a80 }F {qacsii]
9 TR
|Store Stat 1401 MPX 00BC +— { Stored during Sense Op  |——{1A8A QG811 ]
92 TR
No
uc —{Stored during Sense Op |— —{1A8A } {QG811]

Do Sense Command
Initial Selection

! Same as any SIO - —{1Aa0 } JocG761]

Wait for Third Sense Byte
(Tie) _—— — —{1a70 }{ocG781]

Store Tie Byte

— — —1a71 | 4oG781]

Set CMD Out
|
LWcit for Status In ,l — -_ —LIA79 ]" —QG781]
I Accept Status from Sense
Send Service Out Command. Read Ending
Read Out 1401 MPX O0BC Status is restored to the | _[ 1A4E ]_-[ QG78]]
G Reg .
[End Sense Command - —_ — —1A82 406811
—p- | ;
Set UE Bit in TU Ctrl
Byte if UE in Status or —_— — — 1906 } H0G841]
First Char TM
T
Go to Common MPX —_— — —{ 1A% Q84|
Tape End

Allow
I/O Traps

Yes

— _——— — — — {1753 }-{0G031]

t Tumn Off H5, H6,
Ilefurn to | Cycles ] | CMD Start

— — —17% F4qcosi]

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 2)



1400 COMPATIBILITY TAPE READ OPERATION TMPXR

ROS LOGIC
OVER-ALL SEQUENCE INFORMATION ADDRESS PAGE

/A_/\_,\ M
At this time, initial

3
selection has been com-

1 _ pleted for the Mode Set. |
I 9 TR Mode Set - The proper Command was _{ 1A36 i- -I QG781 i

issued by a decision made

earlier.
[ Read Out Tie Byte ] _— — —1A32 Fdoc7si]
[ Wait for Service In — — — —{1a6c FHoc781]
[Send Tie Byte to Ctrl Unit } R ——— R YVYY S feYeT ]
{ Wait for Status In i —_ —-—lﬁéc - 4ac7s1 ‘
[Reset Tie Indicator | _— ——1a77 }{ac7si]
Current TU Address is
[Read Out TU Address Byte | stored in 00BA MPS duringl— —| 1ABE |- {QG781]|
Initial Selection

ﬁ{eod Out Command Byte J—— _—— e — _ -—'I 19C3 |--|QG77]
[Mode Set Done — — — ——{ AR Fdocr71]

@

NOTE: This Routine is used only if the 2030 has the 1401 Compatibility Noise Bit Change installed.

[Store GM or GMWM___} — — —{1acs F{acs11]
Store Status
1401 MPX 00BC - — —1A80 }-{qcs]
No
uc — — — — — —— — —{7A80_}{QGs1T]
:5
Turn on S6 to force Sense - —
o e — — —— —{1AB3 }-{aGsil]
1
Do Sense Command { Same as SIO T —{xxxx F{Qc7er]
Initial Selection L
|
Wait for Second Sense — e e —— _‘HAD3J"“! QG781
Byte -
No r - .
i { Nosie Bit 1— —1a70 }{ QG781]
[Add 13 to 0=Star  —— — —{1538 }4oc781|
I
Subtract O-Star
From B=Star —1595 |+ 4QG8l |
Yes
—_ —_— —— —{15A5 }-4QG781]
Send CMD Out
Wait for Status In - -l 17¢ ]—-rQG781 I
[ Encode "CE" MSDR Stop |- —_ — —{1ApA FdqG7s1 |

[Go to Tape Stop Rtn

| _ — — — {1738 }-{0G831 ]

1400 Compatibility Tape Read Operation TMPXR RS Chart 14 (Sheet 3)



1400 COMPATIBILITY - TAPES ON MPX SET UP -TAPE WRITE OP 9 TRACK DRIVE

444 M % U 1 500W
452 B 400
456

OVER-ALL SEQUENCE

———— . i—

lTurn on Command Start JL

{ Turn on H5

L

[ Put Device Addr in R Reg_}

LOGIC
INFORMATION ADDRESS PAGE
A_/\_A
—_ — 1a78~ —{oc7e1]
—{Block Sel Chan Traps = —fIAAT}= — QG761 |
—_— — —f1aao— —{qcre1]

Initial Selection
Attempt to do a Mode Set

[ Set Bus Out and Addr Out |

Sel In

CMD to a Device with
pending status

— —{IAAd— — QG761

— a1 = —qc7e1]|

[ Device not available |
Reset F‘;“i{ d‘jr“:n —— ——{Addr In and Sel Out Up__}— —{1A92— —{QG761]
Addr No
Match | _— — —{1A98}— —{QG761 |
|Go to Tape Stop Rtn |
gf:“g:':d Out [ Mode Set Command - —{1a%8}— —{aG761]
Device will have Pend~
ing Status unless this is
[ Wait for Status In | — first Op or last Op was [ —{TASS 1— -{QG76LI
a Read
N‘N
No This exit will be taken
Zero Status — —
/oy on first Op ~1aaa Fqacre1]
Status was CE, DE, BSY
Set Svc Out to accept —— = Mode set attempted with [== —{ 1AAD }<QG771]
Status ‘ Stacked Status
[ Put Device Addr in R Reg = —_ J1ar0 }H{ac761]
|
Bus Out Initial Selection |
Addr Out Do a Mode Set Command 1AA4 Qe7ét
Sel In
_— {1a41 }40G761]
| Device not available I
Reset Address Out v
Wait for Address In {1A92 }~0G761 |
N
° —_—— {198 }-{qc7ei]
| Go to Tape Stop Rin ]

Command Out

J, Mode Set Command

Bus Out

— 1A | {QG761]

| Wait for Status In

1400 Compatibility=Tapes on MPX Set Up--Tape Write Op 9 Track Drive RS Chart 15 (Sheet 1)
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1400 COMPATIBILITY TAPES ON MPX SET UP - TAPE WRITE OP 9 TRACK DRIVE

OVER-ALL SEQUENCE

P e e N

Non

Yes
Zero Status

w/ay

INFORMATION

A_/\_,\

ROS LOGIC
ADDRESS PAGE

Status is CE, DE
=1 Indicating Mode Set
Complete

— —{1aAA }HaG771]

Set Service Out I

End of Mode

has now been accepted

All Status for this Device

— —{1AAC |- <0G771]

Write Command is now

Set Command
1

in the L Reg

— —{1AA2 | 4QG771]

| Set Device Addr in R Reg f
1
[Bus Out, Addr Out }

— ~{1AA0 | dQc761 ]

Initial Selection for

— —L1aa4 - qcrét ]

Write Op

Sel In

— — —{1a41 } {0G771]
Device not available ]
Reset Addr Out _

Wait for Addr In — —{1a92 } {ac771]

Addr No
Match —_— — —J1A98 }- <40G771]|

I Go to Tape Stop Rin J

Yes

Command Out This is the Write Op L
Bus Out 1 Code —1a% } {0G771]

[ Wait for Status In ] — — —1a58 }doc771]
If not Zero Status, go to
Stat N )
o 2 — — Status Handling Rin ot = —| 1A30_} QG781
1AAA QG771
Yes
[set Service Out 3 _ — —1a30 }FqaQc771]
—
ROAR stopping in Write
- 1 pping |
[ Write Data Loop } Data Loop will cause —J1a7¢ < QG791]
overrun
N
- GMWM — — —{19c5_Fac791]
Yes
[ Command Out } Status is stacked — —{ 1287 F {qc791]

Overrun on ROAR Stop

This is the first Addr after
[ End of Write Data Loop  }— the Data Loop on which - {7486 }- {QG831]

no Overrun will occur if
ROAR Stop is used

Store Addr of TU in —
Byt —{1A5F_F q{qcs41]
Y
Remember this was a
_— —_ 51 841
Fwd Space 1A F{ocs4]
I
[Zero the Status Byte _ }— {1401 Ls o087 - —{1a20 } q{acs4i]

— — {1753} JaGo3i]

.(‘-:L:J:mo:f\dH:florl;'é — — 799 F dacos]
>
iReturn to | Cycles J

1400 Compatibility-Tapes on MPX Set Up--Tape Write Op 9 Track Drive RS Chart 15 (Sheet 2)



I 1400 FILE COMPATIBILITY

A. To allow proper operation of the included programs E. If an Alternate Track is assigned, the 2311 Car-

and stop words, the following initial preparation is
necessary.

1. Initialize Disc Pack in 360 Mode writing Home
addresses and record zero on all tracks using
UT069.

Surface analysis should also be done to flag
defective tracks,

2. Load Auxiliary Storage using either CID or
3F00.

3. Write 1400 addresses with Clear Disc Program.

Word 1D1D).

This may cause confusion if a Validity Check
breaks chaining before 16 records are processed.
Result is that X and V are posted when V is the
actual cause.

1311 DISK INSTRUCTION FORMAT

M/L % F n BBB R/W

riage will be restored at the end of each com-
pleted 1400 Operation or 20 Sectors, This means
that a RBC following a Write Operation will have
to seek to the Alternate Track and return as did
the Write Operation. Also, if a number of tracks
are to be processed (sector count greater than
020) and more than one is flagged, the 2311 Car-
riage will be restored after each Alternate Track
Read or Write is completed. Therefore, an Alter-
nate Track Seek can occur more than once during
a single 1400 Operation.

F. Auxiliary Storage B - 90,92,94, 96 and 98 (File
. ) Unit Addresses) must be in sequence when doin
Item 3 'can‘be bypassed if 1400‘Wr1te‘ Address Address Operat)ions or Alternate Track Oper- ¢
Operat%on 18 to.be perfor.med. ﬁrSt.Wlth Com- ations or a No Address Compare will occur. The
pare Plsable Bit on. This will write addresses data in these addresses is always stored in K29
on a given track and allow other tests to be MPX on Initial Selection. When the above two
run on that track. operations are performed, a table look-up is done
. using the value in K29 MPX to determine the Aux-
. When restarting any of th'e example programs, a iliary Storage Address that the actual cylinder
second error may occur if the following is not value is stored in 91,93,95,97 or 99. An Out of
performed. Sequence Unit Address will result in looking up
cylinder value for the wrong file. This procedure
1. Do 1400 Start Reset is necessary because some program applications
) . . use other than normal addresses on certain cyl-
2. Start program at an instruction that will re- inders, such as labels. If addresses are abnormal,
store the DCF. it becomes impossible to read 360 Record 0 or re-
turn to the proper track.
. A Validity Check during Read or Write will break
chaining, This will force a Sector Count 000 In-
dicator (Bit . 7 of Operation Register), The num-
ber of sectors not processed will be indicated in
the 1400 DCF., G. Module Protect Check is defined on Head Seek
flow chart.
. Sector Read and Write with addresses will post a
No Address Compare (X) if the last Record Ad-
dress is not 16 or greater. This test is made to
check for missing 2311 address marks, (QH531, H. STOP CHECK is indicated on several flow charts,

This is the first stop point since 1BB0 of the
search command that will allow continuation of
the operation without an overrun, Check FI =
CE« DE, Op In and Stat In up, command code in
Aux B - BE, updated CCHHR stored in Aux B - AD
thru B1,

d — MODIFIER

ﬁ R — read operation

( W— write operation

B — ADDRESS

address of the high order
storage location of the disk

address
control field

UNIT NUMBER CHARACTER

0 — seek

1 — sector mode

2 — track record mode

3 — write disk check

4 — not used

5 — sector count overlay

6 — track sector mode

(with addresses)
7 — scan disk (low or equal)
8 — scan disk (equal)
9 — scan disk (high or equal)
@— track record

(with addresses)

UNIT SELECT CHARACTER

% F — disk operation

MODE OF OPERATION

g % — 1/O operation

Op CODE

M — transfers data in 7-bit
BCD mode (CBA8421)

L —~— transfers data in 8-bit
(WM CBA8421)

1400 File Compatibility RS Chart 16 (Sheet 1)



1311 ADDRESS CONTROL FIELD

Gate
Value 1 2 3 4 5 6 7
Decimal
Addrose | */N D1 D2 D3 D4 D5 D6
BCD B84/
Format 8421 8 2 8421 8421 8421 8421 8421
Units ?
S — Disk Sector
Tens 5
Units 2
T 5 =+ 2 = Head
ens
Units
Tens + 2 = Cylinder
Hundreds
Alternate code if first character is *
Zero — Not Used
Alternate code if not *
PERMANENT FILE AUXILIARY STORAGE LOCATIONS
AUXILIARY STORAGE B
0 1 2 3 4 5 6 |7 |8 9 A B C D E F
0 TLU for Head and Cylinder 10's Decode
00 05 01 06 02 07 03 {08 | 04 09
N File | File |File | File | File
1 ‘]’*e Mod |Mod |Mod | Mod | Mod
00 02 04 06 08
8 Sense [Bytes
0 1 2 3
File Unit O | File Unit 1| File Unit 2 |File Unit 3| File Unit 4
9 [Addr |Cyl [Addr |Cyl |Addr |Cyl |Addr|3 |Addr |Cyl N2<)fe
00 |[Loc |O1 |Loc |02 |JLoc {03 |Cyl |04 |Loc
Loc
TLU for Cylinder 100's Decode P Always 00
umeric re= f —l
A 00 [ 50 [ 10 T &0 [ 20 [ 70 30 [80 [ 40 | 90 | vious
Hex File Cyl | Cyl | Head
00 32 0A 3C 14 46 1E |50 | 28 5A | Op 00 00
File |[Last | Scan
o Not I‘:f‘loo Unit |File | Cond
B |Head| S | K [ D | D 5 e Addr |Comm | Note
N° Init jand |3
°- Sel
AUXILIARY STORAGE A
0 1 2 3 4 5 6 7 8 9 A B C D E F
Scan
Re~-
9 sult N:te
Note
3
Alternate Track Addr Read
A From RO of Flagged Track
Cyl I Cyl |Hecleeud
NOTE 1 NOTE 3 K3l ucwogcw ggH CPU SCAN NOTE 4 NOTE 5
3T O — w RESULT WT 1400 BR BYTE On alternate
BIT ?_ aggppggﬁe%lf SCAN LO 7 0 HI 12 0 - NO ADDR COMP | track operation,
g Eg ? 2‘ - evllJ_SF(Y original cylinder
NOTE 2 SCAN EQ 8 | HI lg 2' QXJR’{ITY ;l:l:teo::dAi:’:fa
BIT 3 = II?J?:%EMPI‘Z%%I’ED | £Q X 5 - NOT RDY for return seek
SCAN HI 9 2 HI 12 6 - RBC
2 LO 6 7 - ON-Checked for
2 EQ | Recalibrate Seek

Necessary

1400 File Compatibility RS Chart 16 (Sheet 2)



FILE READ/WRITE GENERAL ADDRESS FLOW

Details on the following address are on the individual charts for each operation.

From | Cycles

|- Ring 8 ———————11A8

1BAO
Initial Selection 1B90
1B92
1BA5
1B3A
1BBO
1BB4

JHead Seek 1B 1B8F
__.—E___F 1BAO

Initial Selection 1B90

1892
Loop Until Search for 1BAS
ID and/or RO Complete 1B3A

This section can be performed in single
cycle or Roar Stop and program may be
continued without error.

II SECTOR OPERATIONS IN COMPATIBILITY MODE

Note the following characteristics of Sector OPs
in compatibility mode:

1.

o

Sector address is incremented in 360 CCHHR not
1400 DCF.

. Updated CCHHR is not converted and stored in

DCF until sector count 000 is detected.

. Sector count is decremented in 1400 DCF.
. In event of error sector count could appear de-

creased and sector address may not be increased
in the DCF. CCHHR in aux. B - AD thru Bl
should be checked for actual sector address value.

. DCF incremented bit - aux. B-9 A-Bit 3

Bit 3 = 1 indicates CCHHR has been incremented
(sector count more than one) therefore CCHHR
must be converted 1400 format and zone bits
stripped.

Zone bits will remain in DCF only if initial
sector count is 001.

1BBO
1884 N
1Search 1D 31 1B8F A
This section must be performed in run for
e _JInitial Sel 1BAO If program to operate correctly. Roar Stop
1890 Error may be used but a overrun will occur and
Loop Until Sector 1892 Do program must be restarted. A sense Com-
Count is Zero 1BAS Sense mand can be forced by stopping in this
1B3A Comm section. This will allow checking sense
1BBO Command.
1B8F N
Read/Write 1C1D i !
1BAO
Initial Sel ]BZO This section can be performed in single
1892 cycle or Roar Stop and program may be
:gg\é continued without error.
1B3A
1880
Sense - 04  1BB5
1C43
1C79
—— [__p Stop on this Address and display Auxiliary B - BE for failing
command Auxiliary B-BD for failing unit if read or write
completed sectors can be determined by Auxiliary B-BI or
Return to | Cycles DCF of 1400 Program.
| Op 11CD

III SECTOR OPERATIONS - READ/WRITE/RBC

The following programs should be used when possible
as they are tested and provide predictable results:

Read Op

500 M % F 0 800 R
508 M % F 1800 R
516 M 709 809

523 B 532 Y

528 B 508

532 . 500

536 .

Write Op

500 M % F 0 800 R
508 M % F 1800 W
516 M 709 809
523 M % F 3 800 R
531 M 709 809
538 B 557 Y

543 B 508

547 ._500

551 .

700 - * 010000 001
800 - * 010000 001

910 -|*

Seek

Read

Restore DCF

Branch on any condition
Loop

Seek

Write

Restore DCF

RBC

Restore DCF

Branch on any condition
Loop

Can be increased from 1
thru 20 depending on the
number of sector opera-
tions desired.

Add 100 addresses for each sector over

one (1) to be processed.

1400 Sector Read/Write/RBC RS Chart 17 (Sheet 1)



SECTOR OPERATIONS READ/WRITE/RBC

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION  ROS ADDRESS LOGIC PAGE

P e, S N Y

rlRing8 I }-———————-—-— —-

Converted 1400 DCF to e —{ Stored in Aux B - AD - — —— — QH301
360 CCHHR and Add 1 thru B1
to Cyl & Head Value
Initial Selection [ ====—=]=--- ROAR Stop Chart 19
Head Seek - 1B | ======|--- ROAR Stop Chart 20
Initial Selection
SearchID-31 | =======-—- ROAR Stop Chart 21
I Decrement Sector Count ][ _ ———=—-1 Sector Count Maintained —-——-———! QH441
in 1400 DCF
I Initial Selection I’—————'——-—"—— Read - 06 or Write 05 is

Stored at Addr 1B3A

{ | 4

Read Datal | | Write Data
Loop Loop —— —— ——="—— " T "] Data Loop is Not Ter- [~ — QH47

T i d Until Counter
|___-____________________| minate nti u
l | (90 or 100) is Zero,Short
Record Sets Indicator But

Continues to Counter 0

RBC Data | A e e ——— e —— Main Stor Char is Com= [——=———— QH461
Loop pared to Bus in Char if
Unequal Set Validity Ck

Read Out Next Main
Stor Char to Check for
WMGM

[ Check for WLR _-—_———— — Aux A-9B Bit 2 “F-{1cs1]--{ ansor ]
I

[ Status In + — —{Fi=CE - DE +—{ice2 |-— qn3e1_|

General Stop

Stop Check J— _——— ———(TC—TD:I———l QH391

Subtract One From Cyl b —mm—ir——— —— —— QH401
and Head Value

—— Aux B - 9ABit3 ——{1B02}——[ QH41T ]

Convert CCHHR to 1400
Format Store In DCF in

Main Stor
[ Return to | Cycles 4l|:_ —— 11CD

Record
20

Add 1 1o Record Value |——] Aux B - B F-ics2 | - qr431 |

Set Up Head Sw and
Cy!l Sw if Necessary

| setbcr ncremented pirf——— ————{AxB-9A83  |—icce}—1{qna |
l

l Search Next Addr J

1400 Sector Read/Write/RBC RS Chart 17 (Sheet 2)



PROGRAM EXAMPLE FOR SECTOR WRITE WITH
ADDRESSES (Write 20 Sectors with Addresses)

500 M % F 0 800 R Seek to Cyl 050 (1400)

508 M % F 6 800 W Write

516 M 709 809 Restore DCF

523 M % F 3 800 R RBC

531 M 709 809 Restore DCF

538 B 547 Y Branch on any Condition

543 B 508 Loop

547 - 500 Stop/Seek Restore after
Error

551 -

700 % 01 0000 020

800 % 01 0000 020 01 0000
2824 0 10 019

2930

PROGRAM EXAMPLE FOR SECTOR READ WITH
ADDRESSES

500 M % F 0 800 R Seek

508 M % F 6 800 R Read

516 M 709 809 Restore DCF

523 B 532Y Branch on any Condition

528 B 508 Loop

532 - 500 Stop /Seek Restore after
Error

536 =

700 01 0000 020
800 % 01 0000 020
2930 #

SECTOR READ WRITE WITH ADDRESSES - OBJECTIVES

LFrom | Ring 8

f-—nss |

Readout 1400 DCF Con-
vert to 360 = CCHHR

Store in Aux Stor Incre-
ment Cyl & Record Plus 1

Aux B
— | AD thru B1

[

Initial Selection

ROAR Stop Chart 19

Head Seek - 1B

--ROAR Stop Chart 20

Initial Selection

Search ID - 31 - ROAR Stop Chart 21
Read Read - 1E
Or
Write
Write -1D

Convert 1st DCF to be
Written to CCHHR and

Store in Aux Stor

Llniﬁol Selection

|

| Read CCHHRKDD |

| Write CCHHRKDD]

Subtract 1 from Cyl &
Record and Store in
Main Stor

L Decrement Sector Count

Read or Write Data

Loop

General Stops

[ Stop Check |-=——[1CID} | QH391 |
v

Return to |-Cycles

1400 Sector Read/Write/With Address RS Chart 18 (Sheet 1)



WRITE ADDRESS OPERATION 1D

Initial File Address to be Written Has Been Developed with the Cylinder and Record Count Incremented Plus 1 to
Conform to 360 Format and Stored as CCHHRKDD in Aux B AD thru B4.

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

e — e it— —
Llnifiol Selection ] Stat In During Write Addr Loop — — — — QH371
| Initiates a Sense Command.
| Write Addr Loop - — — — —+ Write CCHHRKDD from Aux B-
AD thru B4
| stat In F———————{F=ce-DE F—188F }—{ QH37T |
I
Decrement 1400 Sector — —— —— — Sector Count Maintained in
Count 1400 DCF
|
LWrite Data Loop l— — —— —— — Status In During Write Data Loop p— — — — _OH471
I Will Either Set WLR or Initiate
Sense Command
[ tn e

L— — — —{ Fi=CF DE F—- 1c62}-—- qHasi]

Error General Stop

Error Do
Sense Command

Set Suppress Out j

Read Out Next 1400
Yes Addr Format for 360

Initial Select Repeat
1D Until Sector Count = 000

y
[ Stop Check broorno—m—————-— — — — — ——{1CID }——{ QH391 |
= —— —— —— —— —— — Check for Missing -——t ID]DI’“""‘[ QHS531 I
Check last Record 2311 Addr Marks
Was 16 or Greater Aux B-B1
To | Cycles

READ ADDRESS OPERATION 1E

OVER-ALL SEQUENCE DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE
e — e siiti— —

[ Initial Selection | Read CCHHRKDD from FCU info}— — — — — QH371

Aux B-AD thru B4.

I Read Address Loop I——— — — — Stat In During Read Addr Loop
l Initiates a Sense Command
[ Status In b ———— —{ FI=CE-DE - —mssF -4 qH371 |

|
Decrement Cyl and
Record Value by 1 for
Actual 1400 Values

Convert 360 CCHHR to  |— ——~— ————= Can Stop to Single Cycle Thru ——I 1CD3 '——-{ QH401 l
1400 DCF and Store in 1 Addr Convert Cycle then Prog
Main Stor Must be Restarted,Stored in Aux
B AD thru B1
Decrement 1400 Sector | oo This is Actual 1400 DCF
Count in Main Stor
Wotc Read Loop '__""-"_ — Stat In During Data Read Loop T T T T QH471
Will Either Set WLR or Initiate
Sense Comm

[ Status In - ———————F=cE-DE }——W:—&—}———{ QH381

Sense
Command

General Stop

Set Suppress Out J

Repeat Initial Sel
for 1E Command

[Stop Check - — ——-{1CID - —{ QH371 ]
Check Last RecordWas 16— I Check for Missing |—— 1D1D —— QH531 |
or Greater 2311 Addr Marks

Aux B-B1

[ Return to | Cycles J

1400 Sector Read/Write/With Address RS Chart 18 (Sheet 2)



INITIAL SELECTION FILE COMMANDS

OVER-ALL SEQUENCE

———— e ——_
From | Cycles

Number

DETAILED SEQUENCE

INFORMATION

e — " ti——

ROS ADDRESS LOGIC PAGE

Read Out NPL Module == ——————=—==———=——1 File Unit Addr Dis-

played in MSDR
Stored in Aux B-BD

——{18cp F——1 oH341_|

[ Addr Out —— —

File Comman

Execute File Comm Set up
at Addr 1B3A

Y

Status Non = Zero

Unit Check
Or
Unit Except

Yes

| Addr In ] I ———
LResef Sel Out I"_ ——————— —

i
|
|
|
|
!
|
|

——— — —1pA0 F——{ oH341_|
[ el Out - Op In be—_——————————————— —{ 1890 }—— oHaa1 |
|

— Addr Out Drops

Must be Addressed
Twice

—— 1892 1 qHas1_|

Supp Out is Reset on [ 1BA5 | QH351

1D and 31 Commands

File Comm Code Dis

veloped on QH351
04 - Sense

05 - Write

06 - Read

07 - Full Seek

16 - Read RO

1B - Head Seek
1D - Write Addr
1E - Read Addr

played in MSDR De-

-1 1B3A ——{ oHse1 |

——1 18B0 ——{ QH361 |

31 ~ Search
[ Status In  —————————J Addrin Drops = FI =
00 File Comm Stored
Stat No in Aux B-BE
0 > ——— Following Seek Op
F1=14, Check for
Yes Error.

Re-try Initial Sel

______________ {189A } —{ QH3s1 |

Set Aux A-9B to
14 - 1400 Y and N

1 At a Future EC a
Sense Comm is Initiated

Instead of Setting
Not - Ready

Y

I Return to | Cycles ‘

If DE go to 1C76

If not go to 1C77

- — {1887 }-—-{ QH3é1 |

————i Set Aux A-91B J

Initial Selection File Commands RS Chart 19 (Sheet 1)



HEAD SEEK 1B

OVER-ALL SEQUENCE

P N

[ Initial Selection I

DETAILED SEQUENCE
INFORMATION ROS ADDRESS LOGIC PAGE

l Service In 4}'___’_— _I Drop Status In '_—{W_' '| QH361

| status In ————————{F=CeDE F——{ 188F }——{ oHan |

No

Bit Off = Compare Aux B~
BD to BY

\

If Module Protect Disable ™ —— —— —— = — Read Aux B-BD, Convert

Y

Error
General Stop

Aux B-10Bit 1 =0
Mod Protect is Active

to do TLU from Aux B-11
thru 15, Read Aux B-B9
and Compare to Value
from TLU

l Suppress Out }——'— —————————— —[ ICAD}——FQHQI J

| Reset Op In - Stat In }_

Initial Selection to
do Search -31

—_————— —~ 1c85|—— onez2 |

Head Seek 1B RS Chart 20 (Sheet 1)



SEARCH ID - 31 COMMAND

OVER-ALL SEQUENCE

DETAILED SEQUENCE

INFORMATION

e — N eitit—

1400 Addr Transfer,Send
CCHHR to FCU to Lo-
cate Record

Stat In During This Loop In-
dicates either a Flagged Track
or Index Passed Twice Without
Equal Addr Found. This Initiates

Sense Comm

r Stat In

No

Yes

Error
General Stop

v

Do
Sense Commaond

Yes

No " Addr

Op

Yes

Search

/

ROS ADDRESS LOGIC PAGE

—— ——

— FI= CE - DE

F——{18F — —{aH71 |

Stat Modifier on Indica-
tes Search Equal.

Comm Continues to Loop
Until Search Equal or
Index Passed Twice.
Equal on with Either ID
or RO.

[ Set Supp Out

Initial Select to
Repeat Op 31

Complete

Initial Selection
Do Read or Write

Compare
Disable
On

No

Addr Op
1C3F

1

Sector Op
1C3D

Search Complete is
Search = On Both RO

and ID

~{ a1 ]

- —{1cecl —{qr3 |

Compare Disable On
Says, Search was for
RO, Search ID was
Bypassed

- — - 1CBEF~— QH391 ]

Set Record Value to 00 }——‘

After Search ID

Search RO is Neces-

ing Sync

sary to Establish Tim~-

btore Cyl Value

F{Aux B - B8

l

—— 1C7F—— oH422 |

| Read K29~ Aux B - BD |——{ TLU Using this Value—— 1c19F——] qrazz |
I

Determine Actual Cyl

Stored in Aux B -

91,93,95,97 or 99

Value

Initial Select Repeat 31
Code to Search RO

This is required to

insure RO Compare.
Search ID may have
been for an Address

not normal to that
Track

Search ID-=31 Command RS Chart 21 (Sheet 1)

—— 1c7a—— oHa22 |




SENSE COMMAND - 04

OVER-ALL SEQUENCE

l Initial Selection I

DETAILED SEQUENCE
ROS ADDRESS LOGIC PAGE

e — e

INFORMATION

e e —

I Serv In

—{ 1885 ]———-LQH361 |

Read Sense Bytes and

Stored in Aux B ~

QHS511

Store in Aux Storage 80 thru 83

Byte O —_————— — — —'1C40

Byte 1 ————————— ——— e — —— 4]

Byte 2 —— 142

Byte 3 ———_——_——_—_————_—_— ——— — 143

[ status In ————————{r=oc=ce-pE F——ices }-— qns11 |

lResef Op - Status In

_— —1c79 = oHs21 |

—— e — - Sense Byte 0 Bit 6

Using
Alternate

Track

Yes

No

On is Flagged Track

Y

SetGOto 1 =

R

Set Alternate Track

—— 1C49 |——{ QH521 |

Indicator Alternate Track

Alternate Track Routine

To Return from
Alternate Track
Routine

Set 1400 any File Error
Condition Reset 1400 RBC
Bit if On

— —{1coo =— consn

—— Return to | Cycles

Sense Command--04 RS Chart 22 (Sheet 1)



v

SEEK OPERATION

Initialize Auxiliary Storage

. Enter following program

Ready the 1st File

. 1400 Start Reset
2. Start Program (Set 1C to 500)

. Execute program in single cycle or Roar Stop on

address provided in tlow chart for Seek Operation.

This program should do repetitive seeks between
1400 cyvlinders 000 and 050. The actual physical
location on the Disc Pack are cvlinders 001 and
031. The compatibility feature increments all
1400 cylinders plus one hecause cylinder 000 is
reserved for 360 use.

500 M T F0600R  Seek to Cylinder 00
308 B 500N\ Branch on Busy
5313 M  F 0700 R Seek to Cylinder 50
521 B 51 3\ Branch on Busy
526 B 500 Return to Seek

G600 X 000000

700 X 010000

SEEK OPERATION =07

OVER-ALL SEQUENCE

P, N

DETAILED SEQUENCE

INFORMATION

P S N N

Start Execute Seek

\

[ Addr Out

[ Sel Out - Op In

I

Addr In Up
Addr Out Drops

ROS ADDRESS

T ——

LOGIC PAGE

F———————"{ s Out = Dev Adar |——{ 18a0]—— @341 |
———————————— — 1890 |——{ qHa41 |

1B92 Addressed
Twice to Execute

Addr Out

Sel Out Drops

Stat In = Addr In Drops

L —— 1892 F—— qH341 |

- ———— —{ BAs | —{ GH351 ]

Stat In Always Pre-
sented Twice

Ist Pass Fl = 14
2nd Pass Fl = 00

rDevelop 07 Command

— —{ 1880 }——{ QH361 |

- — 140 | qr3st |

| Store Comm in Aux B-BE """ —"""] Displayed in MSDR_|— ] 183A |~ — QH3é1 |

Op In,Stat In Drops

1st Pass

—— 1884 —— qH3er |

Serv In Up

2nd Pass

Init
Status
00

Seek File 1400
Cylinder +1

1

= ri=08=ce

[Sfut In

—— 188F [~ qH371 |

Stat In and Op
In Drop

Return to | Cycles —_————————

Seek Operation RS Chart 23 (Sheet 1)

_______ —[1C33 [ omaT |
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ALTERNATE TRACK ENTRY AND EXIT OBJECTIVE

Refer to Individual Flow Charts for Details on the Following Command Codes.

OVER-ALL SEQUENCE

B e S N

Initial Selection

Head Seek - 18

|

Initial Selection

Search ID - 31

Unit Check Encountered
Do Sense Command 04

Initial Selection

Sense - 04

[ Track is Flagged

DETAILED SEQUENCE

6=1, Trk Flagged

INFORMATION ROS ADDRESS LOGIC PAGE
e — A i—_ e~
~==~ ROAR Stop Chart 19
-=-- ROAR Stop Chart 20
--=-- ROAR Stop Chart 21
---- ROAR Stop Chart 22
———————] axs-80, 8 |-—o 125 |- QHsTI

Initial Selection

Read RO - 16

RO Contains Alternate

Track Address

|

Initial Selection

Full Seek - 07

Seek to Alternate
Track

Initial Selection

Stat In

———f 18BO l——l QH36]]

Search ID - 31

Search Orig Addr

Must Process
In H Mode

Initial Selection

__ I

Read or Write

Stop Check

{0 anan |

|

Return to Orig Track ]

Initial Selection

Full Seek - 07

Seek Orig Track

l

~-=~ ROAR Stop Chart 23

LRefurn to | Cycles ]

ALTERNATE TRACK ROUTINE

OVER-ALL SEQUENCE

DETAILED SEQUENCE

ROS ADDRESS LOGIC PAGE

— — — e—

- {oT ]

INFORMATION
P R S N
Ffrock is Flagged J— _— _{ Aux B-80 Bit 6=1
Initial Selection RO CCHH Read Into Aux
Read Record 0 — —— ——— —— —— A - A0 thru A3

Initial Selection

Full Seek - 07

Seek to Cyl Value Read
From RO

No

Yes

—

Initial Selection

Search ID - 31

Aux

Search Using
original Values Stored in

B - AD - Bl

Initial Selection

Rd or Write Data Loop

Return from

Al rerncire Seek

| ¢

[Store Cylinder Value

J_.__.._____.___4

Store Aux B - AE in Aux
B - B8

[Read K29 - Aux B-BD

]

File Unit Addr for Init SelJ

Determine Cyl This Unit
was at before Alt Trk Seek
| and Store in Aux B-AE

Do a Table Look up Using
Value in Aux B - 8D to

Locate Cylinder Value in
Aux B 91,93,95,97, or 99

[;_-{ 1C74 |—— QH422_|

Initial Selection

Full Seek - 07

Return to Orig Track Using Cy!
Value in Aux B-AD-B1

No Yes

Restore DCF Cyl Value |"—’

Move Aux B - B8 Back

to Aux B - AE

Initial Selection
Head Seek - 1B

Return to | Cycles

Return to 31 Command of
Operation being processed
when Flagged Trk was detected

Alternate Track Entry and Exit Objective RS Chart 24 (Sheet 1)



///// /////////////Storage Address Bus 17 Bits and P///@

é ALU Q Bus
P-Bus 1 Byte ALU P Bus
ALU Extention Register
Y ¥
1 Holds T t Holds
Byte Byte
Count /| Address )
Flags == — — . —— i — — ;
PC | PG Flags Checks & Status T Register S Register .
0] a]% %] << |= |= zlgs|l®|(zQIQ T @] PC PC i N
gn:g 2 2 2|3 e % g % :g z Q :ér-‘ : Channel
“le S EAEY TO m SX , SO S1 Key
CH |
plof1]2|3 | {45 |6 |7 olrf2{3f4{s]elz PO - 7|P0 - 7 P5-7/P0 - 7 |PO - 7 - 7
S W R i g
Il | Set Only | 1 l Storage Protect Compare Bus
pC PG ) A
Bus | _; 1]3)2 | | i
us In —
LS Zere | | ) ALU Extention Output Py
Byte Buffi 7
Selector ? yte Jumers & | 56,7 |1 f Il '
Channel rcl|™ - - - - |
Interface 0-3 = = l l l
| | ALU Output Bus 1 Byte
Bus Out P m— WO J=—1] WI w2 W3 w4 I — ALU Output Bus 1 Byte
| | |
PO-7 PO-7 PO-7 PO-7 PO-7 l l | I
I
I | | | | ALU Compress o
\ | I | |
2N . | | | |
A\ . | | | !
RO R1 R Bus 2 Bytes and Extension
- R-Bus 2 Bytes
ROS Bus
I NS NRONRN £ === NN NN
1
CA Field from ROS
D=2 D=0,1
Start Address Constant Cond
mlol1 1] 1]Q]Q10 olo|o]ls IC
X0111000XXX00 ES > | > > > >
p|w|o|=|N|w
121n1jw0l9ls|7]615]4|3[2]1]l0

ROSCAR -—

N o
N 7 T T Y o —— Y

FIGUREO11, SELECTOR CHANNEL DATA FLOW



I/C_OR STOR ADR DISPLAY

Byte | Byte Byte O Bytel |Bytel
X X Bits Bits Bit 7 Any Ext lrpts
Bits | Bit 7 0-7 0-6 Mpx |SC1}SC2
586 Manual Address
y Entry Switches
Prot 6 Bits 0 2 7
IS;""e andIY—l J Interrupt Request Letch=] External Interrupts
4 Bit 8 Wds| o
e 5 Bits §7 Storage Address Bits and Y1 Select =z 3 5
M_ --|8 Mpx MS Address Compare -
pX a,
R Stor 6 Bits and Y1 0111213]4]516]7
128 Wds,
5 Bits g -
T z
& ——- Select Trans- Trans- |a:
Q Storage Address Bus 17 Bits Plus P AeApx 17 Bits — o= late late % | Main Storage
Stor Logic Logic g' 1
1 2
Mpx Store STATICIZER
p— | Direct ==
‘ CIPG) Control
ALU ontro
X 0 Yo Accept
PSN 4 & PSN A Y1 -7
0-3 4-7 24 Y2
PSN 5-7 _ o 13l va
{ - -
AL | Y4
ALU P Bys 1 Byte i ; 51 Y5
PN Y&
. ALU Extn Reg P5-7 ]
f Zlz DC Iy
i i I~ L. gROPSNG
PG g '
b= it | : =Yg 1D
PCPG) < ield [ v LY? Mmi = b i
P | Data o5 7 LI D Man To BO ?- C Instructions i
P0-3— ————— pc - - 'II—- e|  Error
DC Instructions P ———1 P Q | Y = -
PSN 477 - PO -7 |P -7 | '1' E [5gizT DC_Out
Ke; - [ l2_WJ E] - | I Load
4 B Register ister 1o Ext €k§W SS'feWr | H C Register D - Registe |
PO -3 - - - - - utter| elec g - ister
PC B0 8] I CervyALU Po-3jp0 - 7 | - - - - = _ASCH [ ]
= LU == cx co 1 Do D1
. Compare Bus l Compare J AX A0 Al ! | — :- Fut?gn ’2_ nary ! ¢ | l{O PSN5 = S .
¢ 21T S vProltect - 71p0 - 7 | | ' PO ~'4 [pg| Outpit | - PO - 7 PO - 7 PO - 710 - 7 l =.
iolation -
i3 P! i POALS _7 | ! | PSN 5
Confrol| Decimal / | [=] Disabl [ ] "
A | | | -4 . | Disable Direct
){ LU Extn Output )y Corr, ! I | PSN 6 Control
T ' : ROPSN1 = Present
- PMA 0 - 7
r b | | ROPSN2 :
[ | | f ¢ i = _imA
ALU Output Bus b | ! | | ?
[ ! |
(. | | )
| | [ RX PSN 67 Compress | P
( ALU Compress ! ! | RO PSNP-2 T 'l
J : | Manual Control  Adr | |
P §RX gROy R1 Entry, Load Adr Entry| I Mpx
Error Entries 2 Bytes Plus 3 Bits 2 Bytes Plus 3 Bits Pﬂm Entry, Store I Data
Select Entry | { o - 7
2 Bytes 2 Bytes : | PC Mpx Bus Out
!
MAOWWO‘O R Bus 2 Bytes Plus 3 Ex SOOI K - ox Bus |
X { !
| o aGlEe
(17 ' —~ | ! 4 RO R1 PG - -
Y O] ROS Bus [ NN N R - Register Errors PC
! | '
! 1 ‘ [ On Internal A_ —_ __!‘ E!& FC PG = | P 7 PG
! ) ¥ F Read Only Storage CE Panel , v RO 7 1 po R1 .
eld|ROS Bit Function | 5-7 - -
: - form;:o Decoder* PSNO-3 PSN 4-7 - . LEGENhD
- - Al0-3 ROS Next Address - atcnes » Control ~ —— = 1 Bit Data Patl
ROBAR PG ROAR B |[4-7 B Condition Tests Special Controls B Next [ Incr )
P12 - 0 P12 - 0 C ]8-11| € Condition Tests C C ROS Word _2 -(;]‘0 = Extension (PSN P5-7) Data Path
D [12-13 | ROS Address Control D Add . .
o E [ 14-17| Emit Field ) ey ress = Wmm—= = Half Byte Bus (4 Bits + Parity)
’ F 18 Word Addre:ss Parity Bit E ZZ7Z7Z = 6 Bit Address Bus
* G |19-20] ALU Function Control g » Control LOCAL Reg Format
oo T TR (28] e | ST G o] jo  [p| e = .
K 729 | Skew Control OF ALUQ Ent = J Channel Tests 144 WORDS 3 LSAR H J
ew Control ntry =3 i a
{ L |07z Rfesister Ouput Cotr g [ ] | LSenditions 28T E 03 4o o - 7 b0 - 7| NN\ = 14Bit Address Bus (13 Bits Plus Parity)
- utput Contro A M \_.
ROS Address N | 37-40[ Stat And Function Reg. Input-Ctl . — N ] N Conrol * All Decoders 2 2 Z = 17 Bit Address Bus
Compare P | 41-43| ALU Input From P Bus P> CPU mnd Are Checked Expect T ) o
Q [44-47| ALU Input From Q Bus Q an L And M Indicators On - = 2 Bytes Bus (16 Bits + 2 Parity Bits)
Channel
R [48-50 | Miscellaneous P R Data Fl Internal CE Parnel L
S 51 | Word Parity Bit ata Tlow @ = 2 Bytes + Ext Bus (19 Bits + 3 Parity Bits}
3 T |52-53 Carry Control = Special quc Path For D'ump Log Out Or
JX 54 J Field Extension B Manual Display Operations
\ PX 55 P Field Extension = Crossing Buses
Manual Pofa ROS Word Manual Adr = Bus Distribution
Entry Switches
Check Entry Sw
= Parity Checker

FIGURE 012, CPU DATA FLOW

Parity Generation

Indicator



Instruction
Fetch Start

o

l Put Current PSW into Local Storage
I

| Scan to Detect Cause of PRI Condition I

Read Out Machine Instruction

Branch Here on a '*Supervisor —I

Branch Here on Program Error l Call'" Instruction

Branch Here after Log Out or after

a ''System Reset'' Resulting from a
Console Initiated ''Loop'* Operation

I

223-2844 |

"*Current'’ PSW is modified to indicate latest status (condition codes etc.) and is stored in main storage. I

Instruction
Step
Mode

No

Reset Halt Latch

Main storage location is determined by the type of interrupt. The stored PSW is now the "old" PSW
Y6 Set by To Load First Customer PSW from MS Location 00000
Start Key Yes (To PRI Scan Routine)
Causes
Ignoring PRI 223-2842 A '"new’' PSW is transferred from main storage to local storage. Main storage location is determined by the type of interrupt. ]
Fig 638 This "'new'' PSW is now the '‘current'' PSW.
Write Back
Machine Instructions Is the
Wait for PRI Yes ' "Wait Bit ' No
Instruction of the Current
Fetch I Enter Microprogram ‘'Wait Loop'" SWa™ Transfer Current PSW from
223-2842 with Wait Light Glowing on Console Local Storage to Data Flow
Figs 601 - 606
Analyze Bits 0 - 3 of Op Code
(1st Level Function Branch) PRI Is
Condition Instruction Count
? . Odd or Even?
Invalid Memory Address l To PRI Scan Tol . To P
or | Display Micr ram . o Instruction o Program
Invalid Op Code play [Vicroprog Microprogram Fetch Check
or . Microprogram
Specification Error?
To Program Check Interrupt . Manual Stop microinstruction
Microprogram ""Manual ' light glowing on console
. Exit only under console switch control
! Always
Active
\
223-2841 | Depress Store Pushbutton I l Address Comparé Set at *'Loopon MS"I l Depress Load Pushbutton I I Depress Start Pushbutton
Supervisor
Call l
Instruction? | Depress Display Pushbutton L Depress System Reset I L Depress Power On Pushbutton I
l l Reset Halt Latch I |
Flow Charts for - - To Supervisor Call Interrupt | Store Microprogram I | Set Halt Latch | I Set Halt Latch ]
O . Execute Machine Instruction !
p Codes in Microprogram
Test for Program Errors
223-2842 [ Set Load Stat Y15 ]
Diagnostic
- N From any Control Switch
Microinstruction Off?
Program Error T
or Yes | Address Compare Switch
", n
Overflow etc ?, Not Masked Set at ''Loop on ROS (To other built - in
diagnostic microprograms
" . lected by diagnostic
Diagnostic bt !
To Program Check Interrupt Yes Control Switch No control switch)
Microprogram No ROAR Yes "CPU" Setting?
= Data Keys
?
These decisions are effective at
any time during the execution
of the instruction.
No Stop or Loop Yes I Hardware Controlled System Reset
OnMS,
Error Routine j
Error Defected in Any Refer to CPU and Channel Che, i
N ckout Microprogram
No SAB=Addr Yes Microinstruction if Errors are Machine Status (Hardstop on any Error) s
——————————————<Keys During)——‘ Enabled and Y12 is Off Charts

M S_ Write
NS

Set.Halt Latch

Depress Log Out Pushbutton
(Always Active)

223-2844

223-2841
Hardware Controlled Log Out of
) Partial Data Flow into Local Storage
Microprogram Controlled Log Out
of Local Storage and Data Flow into Hard
Main Storage - Set Y7 to Indicate gh:ipE?orf:TIm[
Log Out - Set Y4, Y5 and Y6
Dependent on Channel Errors
Note 1. Conditions that Cause Program Interrupt (PRI) @ Halt latch on @ External interrupts masked to allow
a.  Stop key a.  Console attention (interrupt pushbutton on console depressed)
@ Channel interrupt if masked to allow b.  lInstruction step mode b. Imervull timer in mcinhsforuge7has timed out
c.  Stopon MS . itech c.  External interrupts 3 throug
@ 4 bit timer nonzero (cancelled by disable interval timer switch) d.  toop on MS } via address compare switd
e.  System reset pushbutton
f.  Power on Pushbutton

FIGURE 014, CPU MICROPROGRAM FLOW CHART (CHANNEL DATA SERVICE NOT SHOWN)

I main storage validated if Y15 on
l Microprogram Controlled System Reset if log out, only channels in error
| are reset

Exit Conditions from System Reset. Take One Leg Only

223-2842- Model 40 Diagrams Manual
223-2844- Model 40 Theory of Operations
223-2841- Model 40 Maintenance Manual

Halt Address Compare Switch for a Log Out has Initial Program Looping on
Latch Looping Operation and an Equal Occurred Load CPU Checkout Test
On Comparison Detected Y7 On Y15 On Y3 On
L IPL Microprogram J

To Manual Stop

Microprogram To Machine Check

Interrupt Routine
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A- and B-Address Setup, 1400
Add Decimal, Example

Add Decimal, SS

Add Example, Floating Point
Add Logical, RR

Add Logical, RX

Add Normalized--Double, Floating Point-=RR
Add Normalized--Double, Floating Point--RX
Add Normalized--Single, Floating Point--RR
Add Normalized--Single, FloatingPoint=-RX

Add, RR

Add, RX

Add, RX Halfword

Add Unnormalized--Double, Floating
Point--RR

Add Unnormalized--Double, Floating
Point=-RX

Add Unnormalized--Single, Floating
Point==RR

Add Unnormalized--Single, Floating
Point=--RX

Air Pressure Check Out DT

Alternate Track--1400 RS

AND, RR

AND, RS

AND, RX

AND, SS

Auxiliary Storage Location, Permanent RS

File 1400

Branch, 1442-, 1443-1400
Branch and Link, RR

Branch and Link, RX

Branch Index High, RX
Branch Index Low/Equal, RS
Branch on Condition, RR
Branch on Condition, RX
Branch on Count, RR

Branch on Count, RX

Catalog Numbers--Multiplexor DT
CFMT, CFMF, CFLT, and CFLF Instructions
CF Stops DT
Channels--Objective Approach RS

Check Out Operators Console DT

Command Chain, MPX Routine
Compare Decimal, SS
Compare--Double, Floating Point--RR
Compare-Double, Floating Point--RX
Compare Logical, RR

Compare Logical, RS

Compare, Logical, RX

Compare Logical, SS

Compare, RR

Compare, RX

Compare, RX Halfword
Compare--Single, Floating Point--RR
Compare--Single, Floating Point--RX
Console, 1400

Convert to Binary, RX

Convert to Decimal, RX

CPU Checks DT

Data Chain, MPX Routine
Data Loops, 1402-, 1403-1400
Decimal Add Example

Decimal Add, SS

Decimal Compare, SS

Decimal Divide, Example
Decimal Divide, SS

Chart

103
021
020
029
005
005
028
028
028
028
005
005
005
028

028

028

028

YZ

24
004
004
004
015

16

152
006
006
006
006
004
004
004
004

043
111
021
020
020
025
024

Decimal Multiply Example
Decimal Multiply, SS
Decimal Subtract, SS
Decimal Zero and Add, SS

Device Errors DT
Device Symptoms DT
Diagnostic Check Out DT

Divide Decimal, Example

Divide Decimal, SS
Divide--Double, Floating Point-=RR
Divide--Double, Floating Point--RX
Divide Example, Floating Point
Divide Example, RR-RX

Divide, RR

Divide, RR

Divide=-Single, Floating Point=--RR
Divide--Single, Floating Point--RX

Edit and Mark, SS

Edit Example

Edit, SS

Error Messages DT
Exclusive RO, RR

Exclusive OR, RS

Exclusive OR, RX

Exclusive OR, SS

Execute, RX Halfword

External [nterrupt

External Interrupt--Unexpected DT

File Op 1, 2, and 5

File RBC 1, 2, and 5, 1400

File RBC with Address, 1400

File R/W, 1400

File--Read/Write/RBC Sector Op 1400 RS

File Scan, 1400

File Seek, 1400

File Stop Codes--1400 DT

Floating Point Instruction--See Instruction
Name

Forms, 1443-1400

Forms Op, 1403-1400

Halt 1/O, MPX Routine

Halt I/O, S1

Halve--Double, Floating Point--RR
Halve--Double, Floating Point--RX

Hang Ups, Loops, and Stops DT
Hex Loader--Three Card RS
Head Seek--1400 RS
[-Cycles

[~Cycle End, 1400

[-Cycles, 1400

[-Cycle, 1400 Compatibility RS
Index, 1400

Initial Program Load

Initial Selection RS
Initial Selection 1400 File Command RS
Input/Output--MPX~-=S1O RS

Insert Character, RX
Insert Key, RR
Interrupts

Interrupt, 1400
Invalid Address, 1400

IPL, 1400

IPL Check DT
IPL Stops DT
IPL--Tape and File--Selector Channel RS
IPL Three Card Hex Loader RS

I/O Interrupt
I/O Interrupt to Store CSW

Chart

023
022
020
020

025
024
032
032
033
010
009
009
032
032

017
018
017
WX
004
004
004
015
006
007
WX

139
143
141
137

17
145
125

154
114

042
037
026
026



Last Initiated Address DT
Load Address, RX
Load and Test--Double, Floating Point==RR
Load and Test, RR
Load and Test--Single, Floating Point--RR

Chart

H1
003
027
003
027

Load Complement--Double, Floating Point--RR 027

Load Complement, RR

Load Complement--Single, Floating Point--RR

Load--Double, Floating Point--RR
Load--Double, Floating Point--RX
Load Multiple, RS

Load Negative--Double, Floating Point=-RR

Load Negative, RR

Load Negative--Single, Floating Point=-RR
Load Positive, RR

Load Positive--Single, Floating Point--RR
Load PSW, RS

Load, RR

Load, RX

Load, RX Halfword

Load--Single, Floating Point==RR
Load--Single, Floating Point=--RX

Machine Check

Machine Language Loops DT
Missing Records DT
Mode Switching

Move Character, S1

Move Numeric, SS

Move, SS

Move With Offset, SS

Move Zone, SS

MPX Channel Machine Check Routine
MPX Channel Share Request RS
MPX Data Loop

MPX Errors

MPX Share Loop

MPX Share Routine

MPX-=S|O-~Initial Selection RS
MPX==510-~Input/Qutput RS
MPX~-Test /0O RS
Multiplexor Catalog Numbers DT
Multiplexor Checks DT

Multiply Decimal, Example

Multiply Decimal, SS
Multiply--Double, Floating Point--RR
Multiply--Double, Floating Point=--RX
Multiply Example, Floating Point
Multiply, RR

Multiply, RX

Multiply, RX Halfword
Multiply--Single, Floating Point--RR
Multiply-=Single, Floating Point=--RX

OR, RR
OR, RS
OR, RX
OR, SS
Obijective Approach to Channels RS
Objective Flow Charts (1400)
IPL
Interrupt
ROAR Reset
Print, 1443
1443 Print
Forms, 1443
1443 Forms
Stacker Select, 1442
1442 Stacker Select
1442 Read
Punch, 1442
1442 Punch
Branch, 1442-1443
1442-1443 Branch
Print, 1403
Forms, Op, 1403

027
027
027
027
014
027
003
027
003
027
007
004
003
003
027
027

007

L

R
156
014
015
015
019
015
044

4
039
044
043
043

1403
Read, 1402
1402 Read
Punch, 1402
1402 Punch
Tape Selector
Tape MPX
Seek, File
File Seek
Scan, File
File Scan
RBC with Address
File RBC with Address
File R/W
RBC, File Op 1, 2, and 5
File RBC 1, 2, and 5
File Op 1, 2, and 5
Console
Operator Console Checkout

Pack, SS

Power Check Out

Print, 1403-1400

Print, 1443-1400

Print Operation-~1401 Compatibility
Program Checks

Program Error in MPX Channel
Program Interrupt

Punch Operation 1400--1-Cycles
Punch Operation 1400-~Execute
Punch, 1402-1400

Punch, 1442-1400

Read, 1402-1400

Read Address--1400 File Op

Read Data Loop 1402-1400

Read Operation--1401 Compatibility

Read, Punch, Print Op Decode, 1400

RBC, 1, 2, and 5, 1400

RBC With Address, 1400

Read/Write With Address~-1400 File
Sector Op

ROAR Reset, 1400

Scan, 1400

Search |D--1400 File

Sector Op--1400 File Read/Write/RBC

Sector Op--Read/Write With Addresses
1400

Seek, 1400

Seek Operation--1400 File

Selector Channel

Selector Channel Checks

Selector Channel TIO and SIO

Sense Command=-~-1400 File

Set Key, RR

Set Program Mask, RS

Set System Mask, RS

Share Request MPX Channel

Shift Left, Double--RS

Shift Left Logical, Double--RS

Shift Left Logical, Single--RS

Shift Left, Single-=RS

Shift Right, Double--RS

Shift Right Logical, Double--RS

Shift Right Logical, Single=-RS

Shift Right, Single--RS

SIO-=Initial Selection--MPX

Special 1 Word Loops

Stacker Select, 1442-1400

Start 1/O, MPX Routine

Start 1/0, S1

Start Load PSW

Stop Codes--1400

Stops

Store Character, RX

DT

DT

RS
DT

RS
RS

RS

RS
RS
RS

RS
DT

RS
RS

RS

RS

DT

DT
DT

Chart

114
112
112
113
113
121
116
125
125
145
145
141
141
137
143
143
139
148

019
YZ
114
153

10

044
007

113
150

112
18
110

108
143
141

18

155

145
21
17
18

125
23
034

22
003
007
007

013
013
013
013
013
013
013
013

151
038
035
007

003

X-2



Store=-Double, Floating Point=--RX

Store Multiple, RS

Store, RX

Store--Single, Floating Point--RX

Subtract Decimal, SS

Subtract Logical, RR

Subtract Logical, RX

Subtract Normalized-~Double, Floating
Point==RR

Subtract Normalized--Double, Floating
Point--RX

Subtract Normalized--Single, Floating
Point--RR

Subtract Normalized--Single, Floating
Point=--RX

Subtract, RR

Subtract, RX

Subtract, RX Halfword

Subtract Unnormalized-~Double, Floating
Point--RR

Subtract Unnormalized--Double, Floating
Point=--RX

Subtract Unnormalized--Single, Floating
Point--RR

Subtract Unnormalized--Single, Floating
Point==-RX

Supervisor Call, RR

Tape, MPX 1400

Tape--MPX Ch.,, Tape Write, RS
? Track 1400

Tape Operation--1400 |-Cycle RS

Tape--Read 1400 Compatibility RS

Tape--Read Operation~=-1400 RS

Compatibility Sel., Ch.

Tape Sel. Ch., 1400

Tape~-Sel .Ch. Tape Write, 9 Track RS
1400

Tape Setup-~-MPX Channel, Tape RS
Write 9 Track 1400
Tape Setup--Selector Channel, RS

Tape Write 9 Track 1400

Test and Set, S1

Test Channel, MPX Routine

Test Channel, S1

Test |/O--MPX~-Printer--Reader-- RS
Punch

Test 1/O, MPX Routine

Test |/O, S1

Test Under Mask, S1

Three Card Hex Loader RS

X-3

Chart

026
014
003
026
020
005
005
028

028
028
028
005
005
005
028
028
028
028

007

116
15

11
14
12

121
12

15
12
014

042
034

041
036
014

TIO and SIO Selector Channel
Translate and Test, SS

Translate, SS

Trap, Chaining on Selector Channel

Unpack, SS

Wait Messages
Write Address=~1400 File Op
Wrong Results

Zero and Add Decimal, SS

99 Op

1050 Console Routines

1311 Address Control Field

1311 Disk Instruction Format

1400 Compatibility Diagnostic
Techniques

1400 Compatibility 1-Cycle

1400 Compatibility Tape Read
Operation Sel. Ch.

1400 Compatibility Tape Read--
TMPXR

1400 File--Alternate Track

1400 File Auxiliary Storage Locations

1400 File Compatibility

1400 File--Head Seek

1400 File--Initial Selection

1400 File--Read/Write/RBC Sector Op

1400 File Search ID

1400 File-~Seek Operation

1400 File-~Sense Command

1400 File Stop Codes ’

1400 |-Cycles

1400 Invalid Address

1400 Stop Codes

1400 Tape Operation=-1 Cycles

1401 Compatibility--Print Operation

1401 Compatibility=-Punch Operation

1401 Compatibility Read Operation

1402-, 1403-1400 Data Loops

1402-, 1403-1400 Ops

1402-1400 Punch

1402-1400 Read

1403-1400

1442-1400 Punch

1442-1400 Read

1442-1400 Stacker Select

1442-, 1443-1400 Branch

1443-1400 Forms

1443-1400 Print

RS

RS

DT
RS
DT

RS
RS
DT

RS
RS

RS

RS
RS
RS
RS
RS
RS
RS
RS
RS
DT

DT
RS
RS
RS
RS

Chart

016
016

019

WX
18

020

156
045
16
16
F7

14

24
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16
20
19
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23
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104
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10

111
109
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150
149
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