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MACHINE A~CHIT(C~UITE 

Introduction 

The Airborne MicrnprogrQmmable Processor, AMPP, pre~ently 

under development at Control Dat~ Corporation, is are-packaged 

and improved 0cr~ion of ' the present MPP. The repackaged ve~~icin 

uses essentially the same machine organization as the present MPP 

with circuitry designed for MIL-E-5400 applications and normal 

product improvem~nt to assure low risk • 

• 2 AMPP Functional D.;:escription 

A simplified block .diagram of the AMPP is shown in Figure: 1. 

"The MtCRO PROGRAM MEMORY contains up to 4096 64-bit words. 

Th is is sufficient loca 1 memory for a 11 firmware requ'irements. 

Thes~ 64-bit words are ,referred toas ,MICRO COMMANDS and are' 
\ 

. -'r~ad !into the MICRO r REG at the normal rate of one ~ach 150 , . I 
nanos'econds. Theb4-bit MICRO COMMANDS are, broken up into a 

, , 

number of fields 'l;Jhichcontr01 all operations in the AMPP. In 

a given MICRO COMMAND, fields exist fo~ ~election {th~ciugh the 

MICRO CONTROLLER SELECTION GATES} of two Ib-bit quantities to 

be placed on the A and 0 bus, an operation to be performed on 
.... , . 

the A and 8 bus data, and a destination for the result on the 

C bus. Simultaneously, other fields of the MICRO COM~lAND word 

are used fo~{esting inter~al 'and external status for selection 

requesting instruction and op~rand memory {RAM} and for 

providi~g ltteral d~t~. 
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AMPP R8ndom Access Memory {RAM} Organization 

The RA~l is organ;-3zed as a contiguous block of 4096 l6-bit 

words for the Rec~iver Controller and 2,048 l6-bit words for 

the Transmitter Controller. Each memory is physically located 

on a single pluggable module which can contain a maximum 

8,192 l6-bit words. 

Expansion for the Transmitter Controller memory may be 

implemented on the single module. 

Full expansion of the Receiver Cont~oller memory to 12,28~ 

16-bit words will require an additional modulesL 

Individual access ports'for each 2K of memory will be provided • 

• 4 AMPP Interrupt Structure 

The interrupt structure of the AMPP is'firmware controlled. 

Priority i~ assigne~ according to the following structure: 

1. Power Failure Auto Restart 

2. Internal AMPP Fault 

3. Real Time Clock and 1/0 

.·S· Direct Memory Access Channels 

The AMPP as configured for either the Transmitter Controller 

or the Receiver Controller will provide Direct Memory Access 

2 
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{D~IA} chdnn~ls tQ the d.:ita memory {RAM}. 

Data may be written into the AMPP data memory by an external 

-source which "provides a memory_ address, a Write Request, and 

the da ta word." 

The AMPP will r~spond with a Resu~e signal indicating that 

data has been itDr~d. 

Data may be read out of the AMPP data memory by an external 

device which provides a memory address, and a Read Request. 

The Af1PP ,:,il1 respond by placing the"data word on the lines 

and r~ising the Resume line. 

\ 
The :External device will acknowledge the data by dropping 
" I " 

its :Read Request • 

1 .. 6 Test Contra 1 Pane 1 Interface 

Each c6nfroller will have in addition to the two Direct 

M~mory Access Channels, an interface to a test control panel." 

This interface wi llbe compatible with an RS-232-C ;cortiinunic:a- .... 

tions device. The Test C6ntrol Panel interface will be located 

on the 1/0 9ard. 
" 

1~7Dead Start Facility 

Each controiler ~ill include a Dead Start capabiltty 

implimented in micro programmable ROM. Programming shall be 

.3 
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loaded via either the Test Control PcJnC!l Interfc3ce or the 

DMA interface from the medium speed di~ital computer • 

• 8 AMPP Options 

As shown on the block diagram a numbe~ of logic functions 

optibns exist in"the AMPP architecture. These options of: 

I.} High Speed Shift M~trix 

2.} Floating Point Option 

3.} File 2 {256 l6-bit registers} 
. 

", The H'igh Speed Shift Matrix and the Floating Point Option 

arc dlscussed in Section 2.4 of this proposal. The 256 _' 

register File 2 option is used primarily for emulation of 
i, 

other processors, and as such, has nO"t been considered for 
i 

.thi~ applic~tion. 

2.~ FIRMWARE ARCHITECTURE 

2.1 Micro Memory Description 

The micro memory contains up to 4096 64-bit words. 1n the final 
. 

package co~figuration of the AMPP, this memory is~o~st~ucted 

of read-only integrated circuits {ROM} and is partitioned on 

one pluggab~/Q card. During the initial phases of software/" 

firmware checkout and flight testi~g, however, it will be 

advantageous to make use of a read/write micro memory- After 

all requirc~ents have been firmed and ~hQ ~oftware{firmware 

has been checked~ the read/write micromemo~y will be replaced 

by the final ROM card. Since th~ read/w~ite memory consumes 



marc power and oocupic:::; more spc]c~ thun the fi na 1. ROri: 

micro memory, th~ re~d/writc memory will be packaged in 

a s~parate enclosure as shown in Figure 2 which will not 

be required in thre final equipment. The read/write micro 
• 

memory will be constructed of random access integrated 

circuits {RAM}, packaged with a separate power supply in a 

1/2 ATR enclosure, and designed to ~eet flight environments. 

~.2 Memory Overlap/Interleaving 

The architecture in the AMPP is designed to allow either 

.. simultaneous a~cess of instructibn and operand fromc 

independent memot.rie-sorsequential access from one m.~nlOry. 

T!1e'memory'm~y be organized to operate as a single large 
I 1. 

\ -
mern9ry or two srma 11er indcpendently accc:::;scdmemcr~es. Whi le 

I 
the. two-memory system provides f·aster. execution rates'l it a Iso 

consumes more pOl'wer. A single memory organization, t.herefore., 

will be used to conserve power. With this organizati~n, a 

certain de.gree of overlap still exists in the' microprogramming. 

That is., given ~ields of a micro command are used to request a 

memory reference before thi data are attual1y requi~ed;The' 

reformat matrix in the AMPP actually·f~tches the word from 

memory and fretains the information until interrogated by . 
" 

another micro command. The· latter micro co~mand is delayed 

only if a reSl,!me has not. been received from mer.lOry. Both 

1nstru'ction and operand look-ahead and retention are provided' 

in the reformat matrix. 

5 



H 
Z 
M 
~ 
~ 
H 
::: 

~ , 
() 

s: 
G) "=j 
t:1 H 
C1 0 

Ln A ~ 
>-

> ::;:1 N ....... 
~ ,-
H 
.... ; 
M 

.". 

H 
(") 
7-l 
0 
~ ... 
t1 ... ..,,, 
0 
:;;;l 
>< 

)t. 
. ,; --=:-::= =:-=--, ='-=:=-==-==-===-==--==-"':==-=,-=-=- -, I ;'r--- - ~- -,------

I "sl 
I , ..... l 

Core 

}iemory 

I CP ,g, 
I ,01 

I 10 ,3 1 
(') 

PS 

lSi 
I I Ig I • I 
'I ' . . I . l.:: , I 
I . ' I I jl--- -- _ -- __ --L -- -.'~ _ -- --.!J 

AMPP 
. I 

I 
(1 ATR Long) 

ROM micro-memory card 
re:1 oved wh i Ie ~\}1 

micro-memory is in use. 

Read/~':rite! 

}1icro Hemory 

& 

Power Supply 

1/2 ATR 

RAN micro memory enplosure 
removed while Rmi 
micro memory is in use 



,i ! 

.~ Reform6t Matrix 

In addition to providing instruction and op~rand look­

_~head and retention, the reformat matrix is used to adapt 

.the common arithmetic section used in all AMPP~s to the 

particular instruction format used in the machine it is 

emulating. That 'is, all machines for which the AMPP is 

intended to emul~te ~o not utilize the same instruction 
. 

format for op~ration code field, index field, file designator 

fields, base address fields, etc. - or even the same number 
. 

of bits for that matter. The reformat matrix simply regroups 

or positions the bits for the common arithmetic section.---It 

is i~terrogated by, ~nd under control of the micro. program •. Th~ 
. l· .. \ -. -. _. __ .: . 

. refo~mat matrix is partitioned on a single pluggable card which 
• 

is tailored for a particul~~ machine •. 

!.4 floating Point Speeds 

Thebasic·AMPP {without options} can be programmed with 

firmware to execute any particular floating point package., 

for certa~n floating point word ~ormats, a consid~raSle ~mount 

of, bit shuffling is required. When the program relies heavily 

upon floatin~ point operations, a considerable improvement in 
" 

speed is obtained byo~e or more of-the optionsprov~ded. 

As shown in ,figure 1, theA and B bus 'feed optional loSic units,; 

A 3-bit field if} in eachMICRO~COMMAND specifies the function 

b 
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or logic unit to bQ used and an 6-bit sub-function fi~ld 

specifies the opcrJtion to be performed. The resul~s are· 

placed on the tri-state C bus, and directed to the destina~ 

tion regist~r specified by a 4-bit D field in the-MICRO 

CO~lMAN D • 

One of the opt~on~l logic units is the Floating Point functioA. 

This unit requires only a small amount of hardware {approximately 

1/6 of a pluggable 2ard in the AMPP} and provides a number of 

functions such as "reformatting of data on the A and Bbus, 
- . 

binary poJnt alig~men_~ count generation, normalization count 

generation, and overflow/underflowcheck. The first function 
• 

removes thecharacte-r:rs-tic and closes up -the mantissa with 
I 

itsisign bit. -The second function ge.nerates the proper 
: 
! 

absolute magnitude. characteristic difference.. The third 

function generates the proper shift count required_'!:.o ___ _ 

normalJze a result. 

Anothe~ bptiohal l6gic unit is the High .. Speed Shift Matrix. 

This' unit will shift the quantities placed on the A and 8 bus 

by the count specified in the SC register in one MICRO COMMAND 
.) 

step- The'unit has many sub-functions such as left or right 

shifting, end off or sign extended, single or double length, 

byte and half word operations, bit inversion., circular, etc. 

which make it useful for emulation of other instructions beside~ 
. . '~, 

. - ~. .. 

floating point. It requ;n2:: more 'hiirdwc':lre than the floating 

Pointfunction{~pproximatcly 1/2 card ," the AMPP}~ 
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3~0 CONTROLLER PERFORMANCE 
( 
3~1 General 

The AMPP configured as the Signal Processor Controller will 
. 

operate exclusively out of the high speed micro memory. This 

method of operation provides for a very efficient utilization 

of the AMPP architecture and an instruction execution rate in 

excess of 2,000,OO~ instructions per second. 

Processing Speed 

Using the instruction mix provided in Rayteon Specification 
.', 

574017, the AMPP, using micro program contro1 was evaluated 

, for processirlg speed. The results of this evaluation are as 

follows: 
, 

INSTRUCTION RATES INSTRUCTION TIME P~ODUCT 

I {MICROSECONDS} 

Loaq {From Memory} 21% " .604 , .1268 

Store {To Memory} 24% .436 .1046 
. 

Add/Subtract 9% .660 .0594 

Shift 10% .600 .0600 

Test & Branch 30% .2 t lO .0720 

And,Or,Complim6nt 5% .604 .0302 " 

1-0 Control 1% 1.000 .0100 

100% .4630 

INSTRUCTION EXECUTION SPEED 2,159~827 Instfset. 



3 1 '~ Interr, UDt t Prccc~~ing • • c.: 

30'- ,2. 1 Gencru 1 
\ 
"-." 

3~.>" . 2 • 2, 
~., 

Hardwure interrupts are sampled during the instruction fetch 

--portion of the emulation loop or at the compl~tio~ of a 

pipeline segment in the application firmware. The maximum 

latency time betw~en occurence and sampling of an interrupt 

is 100 us. Upon s~mpling, all interrupts are classified and. 

processed in accordance with the present interrupt mask 

and the following priority structure: 

Class 1 Power Failure Auto Restart 

2 Internal MPP Fault 
-. 

3 Real Time Clock, I/O Interrupts 

Power Failure/Auto Restart 

When the AMPP Power Supply detects a power failurecondit'ion' 

a~ interrupt is initiated at least 500 usec before shutdown. 

Upon detection of this interrupt, the firmware ~aves the 

internal registers and status ~n core memory and sets an 

interrupt condition for software detection. 

, . 
Upon resumption of a stable power condition or initial startup 

the AMPP Mast'er Clear Sequence is entered, the internal register-s 
" 

are reloaded from memory, the panel mounted load switch is tested 

and if set the firmware bootstrap executed. 

9 



~. 1. 2 • :1 I 10 I n t err u r t s 

4.0 

)1. 1 

~-

Htwdwure IIO intct~rupts ewe cla~.;::;ified as to whether they 

are associated with buffererl IIO operations, programmed .. 
1/0, or the DMA channel. The latter two types cause Busy 

to be cleared and a software interrupt to be initiated. In 

the case of buffered IIO the word count is decremented and . 
tested for zero. ~f zero, a software interrupt is established 

in the .usual manner. If non-zero, the buffer address is 

incremented and the next word transfer initiated with6ut 

interruption of the software. 

PACKAGING 
I 

Ph~sical Description 
i 
I 

C6ntrol Data proposes. to package both-the Transmitter 

Controller and the Receiver C9ntroller in a single enclosure 

occupying approximately 0.875 cu. ft. {15l0 cubic -lr1ches} shown 

in Figure 3. The packaging concept consists of a modular 

philosophy made up of a power supply, four {4} logic modules 

and one {l} RAM Module per AMPP controller. RAM.mod~les can 

contain a maximum of 8K by l6-bit as presently configured. 

Expansio0Jof the RAM for individual controllers will be 
." 

implimented utilizing spare module locations. This modular 

concept enhances maintainability, handling, expansion, and 

logistics. Table 1 presents a summary of physical and cooling 

characteristics. 

10 



TAGL[ 1. 

Volume 

- Height. 

Width. 

Length 

~Jei gh t 

Input PO\'Jcr 

- Air at 55°C 

PresSUl~e Drop 

PHYS I c/\L Cl L,\fU\CTcr~ 1ST! CS 

0.875 Cubic Feet 

7.625 Inches 

10.125 Inches 

19.562 Inches 

40 Pounds 

. 500 Watts 

Coolinq 

1.5 pounds/minute 

0.88 pounds/minute 

2.0 inches of H20 maximum at 
70°F inlet air t~nperature; 
sea level pressure, including 
inlet header loss, core loss, 
and exit loss. 
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The enclosure is' a sti1ndc1r~d fuil ATR size con:;isting of an 

aluminum ch~ssis into which an intcrconn~ction board and 

plenum assembly are mounted. System interface connectors are 

~er MIL-C-8l511 {e.g. power receptacle M8151l/23ED02Pl} and 

mount to the front p~nel of the enclosure and are hard wired to 

the interconnection board assembly with the capability of being 

removed as a compTete assembly. T~e top and bottom panels 

can be easily removed providing access to MPP modules, memory 

modules, power supply and interconnection board assembly. 

The modules consist of individual heat exchangers laminated 

between two circuit boards with printed circuit connectors 

c6nforming tb MIL-C-55302 for connection to the interconnection 
I 

board. The modules plug into the interconnection board and 
I 

j 
air plenum assembly. Components mounted on the circuit boards 

are conduction-cooled by conducting the heat through the circuit 

board yia plated-through holes to the heat exthanger ~hich 

is convection cooled by air flowing from the supply plenum 

to the e-xhilust plenum. This cooling design represents a 

parallel flow cooling system. Conduction cooling i~ desirabl~ 

since it isolates the modules and co~ponents from contaminants 
) 

such as fuhgus, sand, dust, moisture and salt which could be 

present in the cooling air. The overall design is compatible 

with MIL-[-540n, Class lAX. 

11 



5.0 

The software p~ck~ge to be provided with the AMPP Signal 

Processor Controllers. consist of th~t software which is 

. required tb. ~rogram, o~erate and mainiain a micro·programm~br~ 

processor in which all instructions are executed from micro 

memory. Since this is the case~ several of the software 

packages required bv SOW:MAS:73:042, paragraph 3.1.2 are not· 

app 1 icab 1e. These aOre: 

1. Self Assembler 

2. Relpcatable Loader/Verifier 

3. De-Bug Program 

Soffware which is applicable to .the AMPP Sign~l Processor 
i 

Contro llers are: 

1. A MICRO COMMAND translator which translates 

symbolic source programco~mands into object 

machine commands. 

2. Hardware Diagnostic Software which detects 

processor faults via software and firmware. 

3. Interface Handlers for Signal Processor 

Controller peripherals. 

Hardware Diagnostic Packag-e 

Fault Detection 

Hardware faults are detected through off-li~e and o~-line. 

fault detection firmw~re ahdsoft~are. 

12 



Off-line f~ult detection ~oftwar~ requirc~ a system 

dedic~ted for te~ting and provides complete fault detection. 

Manual operations by an operator are required to initiat~, 

observe, and supplement the tests. The contents ~f memory 

are destroyed, and all 1/0 operations are suspended when the 

off-line fault detection is in execution. The off-line fault 

detection tests are used - ..... Ol. any time a comp1ete system 

verification is required. 

On-line fault detection consists of automatic portions of the 

off-line-tests. The on-line fault detection tests operate on 

a non-conflicting basis with the operational software. They . 
are: continuous ly exe"cub2d on a low-priority- basis to provide I _ 

i 
system confidence. Operating personnel_are notified if 

I" _ 
I 
I 

any malfunctions are detected. 

The off-line fault detection tests are made up of resident 

firmware {micro co~mands}tests for testing processor logic. 

All memory and 1/0 interface logic are tested with software. 

This'software is loadable from magnetic tape. 

) 
The on-lin~ fault detection tests are made up of the same basic 

resident firmware test. The memory and 1/0 interfaces are tested 

with resident software. 

13 



5. 1 .2 

Fault Isolation diagnostic test routines are off-line 

initiated when ~ystem or subunit mQlfunctions ~re suspected. 

Malfunctions ar~ dete~ted through visual observations by 

operating personnel or by on-line fault detection. diagnostics. 

Fault Isolation.Philosophy 

The diagnostic test program and manual procedures are 

referred to as Diagnostic Software. The Diagnostic Software 

is a tool which along with logic diagrams, wire lists and 

standard test equjpment, enable a trained computer technician 

to correct computer malfunctions •. 

The test~.are~largely·automatic, i.e., d9 oot ~equire operator 
! 

! 
intervention. Any failure which prohibits normal program 

loading and pr"ogram execution necessitates manual fault' 

isolation. No-load failures can be in the Processor, Memory 

or Magnetic Tape. Fault isolation of No-load failures 

is accomplished by manually initiating and observing the 

results of tests in the Diagnostic Software. 

failure signatures are identified through failure codes and 
) 

are obser·ved by the computer technician at the maintenance' 

panel. The computer technician will reference the Computer 

Program Operator"s rlanual,and will identify the failing 
. 

signal. The cards on which the failing signal occurs are 

c::tlso identified in the same manual •. Th.e ~computer technician 



5. 1.3 

- , 

5.2 

has the option of attempting further isolcltion with 

standard te~t equipm~nt a~d troublC~hooting t~chniques, or 

he can change each card identified in the Diagnostic 

Users ~_ Manua1. 

Extent of Testing 

All logit is tested with the Off-Line Diagnostic Software. 

Self-test capability has been incorporated into the 

processor. 

'Micro Command Translator 

The MICR~-73 Com~and Translator for the Control Data Airborne 

Microprogrammable Processor {AMP~ ~rovides the mnemonic 
i 

-i 
" lang~age necessary for the progra~mer to write microprograms. 

i 
MICRb-73 translates symboli~ source prog~am commands into 

object machine commands and "also p~ovide~ a listing of the 

translator results. 

The base ve~sionof MICRO~73 is written for the CDC"3300 

computer. This base version of MICRO-73 is written in Fortran 

with a mini~um of ~achine language routines included, and thus 

is eas; ly trJnsferrab Ie from one type of computer" to another' type 

of host computer. Currently, versions of MICRO-7~are planned 

for the CDC, 6600 and IBM s~ries 3bD~3jD computers~ 

Ihput toMICRO~73isinth~for~ of cards "or c~rdimages, 
': ..... "' .. , 

containing symbolic AMPPprogramcommands. The output is 

-15 



is object code on card~, mag~etic tape, 'or paper tape 

along with a printer listing of the microprogram with 

-additional debugging diagnostics generated by the ~ICRO-73 

Comm~nd Translator. 

h.O SUPPORT' EQUIPMENT 

b.1 Maintenance Panel 

The maintenance panel developed for use with the Control 

Data 5600 Series ofMPP~s contains, all of the controls and 

~function~ that are anticipated to be necessary friruse in 

'either hardware deoug' or as an operators console {See' TaDTe 2}. 

It is sugg~ste~_that~~_!::> panel be exam,iqeclfunctiona?ly in­

light of the system maintainability requirements as well as the 

protbtype cleve lopment requirements. The" ma intenance panel 

with its functioni will connect to theAMPP th~ough a service 

conhector on the AMPP front panel. Thi~ connector will not 

be used"for any other purpose ~ 

16 
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TABLE ~. ~l PPCONT W)}.S A!\I) 1>-:1 llCATO HS 

Panel };oIllCnl'iaul {"I' 

DATA 0 to 1::> 

DATA 0 to 15 

\ 
'JDru~SS 0 to 15 

ADDRESS SELECT 

I 

Indicrrtor li~hlS 

T oggle ~;'\\'itc hos 

Indicator lights 

Rotary switch 

,., 

Function 

Di!,pln:;~; current binary dala as determined 
by pOSitions of SELECT switch and 
pushhuttons. 

Specify input (btu or address. Up 
pOSition = 1; down position ::: O. 

When TI1,ANSFEH DATA switch is depressed, 
number set in DATA switches is transferred 
to register specified by SELECT switch and 

. pushbuttons. 

When TH.A.KSFEIl ADDH.ESS switch is 
depressed, number set in DATA switches ·is­
transferred lo addrc8s register specified by 
-ADDIlESS SELECT switch. -

Indicat~ address heingrefcrenc(;J. Addre:ss 
displayed is specified by ADDI1ESS SELECT 
switch. Indiculors at bit positions 0, I, 2, 
and 3 indicatc state of test bit (TE). full 
word (FW), half won.l (H\V). cha racter (CHAR) 
signals. The FW. HW, and CIL\R_indicators 
comprise a chal'acter counter that indicates 
which two S~bil characters arc addressed (not 
applicable for l\lPPs containing dead start 
option). 

Specifics address for dispby on ADDRESS 
imlieators :ll1d furll"an;:;fer address or 
advance address operations. 

e MEl\l: main memory 

oN: N rCl~ister 

• K: K rc~~ister 

• M~l: micromcmory addresS" register 



.".. .. 

. T:\ BU·: '") :\:iPP CO~TW)J.s .. \i-~D 1:\lllCt\TOHS (Cont.) 

·"and ~OIliL'lll:lalll rL' 

/dJI>ItI:SS SELECT 
c("on!,} . 

:\D\':\NCE 

AIWA!"CE ADDRESS 

I Tn.-\~SFER ADDHESS 

THASSFER DATA 

!)EI.ECT 

o :.lJIW,· MlHL 

, . 

Devin' 

Hola ry switch 

Toggle switch 

Pushbutton 

Pushbutton 

Pushblltton 

) 
.' Tog~~le switch 

and llushbuttons 

FUllction 

Contl'nls o[ N is Uispl:iyeu on DATA 
inC\it'atnn; 0-7, When ~lE':\l is sredfil'd, 
addrL'ss of last main mcmory n:ad orwrit(' 
opcrnlinn is di::-:pbycd· on ADDnI·:SS indicalors 
(only for ';\Il-'Ps wilh breakpoint option), 
Contents of K ond i\DI address reg-ister is 
displaYl'clon ADDHESS indicators. 

SpecifiC's that)'Di address will oe advanced 
by a character (CHAR), by an 1\ll\I pl:l!:;e 
(PAGE), or by one l\DI instruction (0:\1-:) 
when ADVANCE ADDltESS is depressed. 
(CHAR position not used in :MPPs with dead 
start option.)· 

Causes address specified by bDDHESS 
SELECT to ad\'ance by one when depressed,. 
fo·r Nand K. CRuses llcidreSSlO ndv~lnc(' 
by one character; one page, or one instruc­
tion for 1\11\1. 1IIE~I can not be adv.anced QY 
depressing ADVANCE ADI?H.ESS pushbutton. 

Transfers quantity sel into DATA switches 
. to N, K, or 1\·1:\1, as specified by ADDRESS 
SELECTswitcb,· THANSFEH. ADD HESS. has 
no effecl when ADDRESS SELECT specifics 
MEM. 

lA 

Transfers quantity sel into DATA s\liitches· 
to destination specified by SELECT. switch 

. and ptlshbuttons, if .cl'stination cnn accept 
data from lllaintl'nancc panel (refer to 
SELECT). 

Specifics thnlcompll·mcnt of quantity set into 
DATAs\dlehcs i.s lobe tram;fcl'L'cu to ~llH 
upper portion (bil~ O-]!j) or lo~llR·lower 
portion (bilslli-:U) Wlll'll Tlt·\N::>F EH VATA 
is (k'Pl'I~!->sl"d, Cont('nls' of ~un is not 
di:-;pln.\"(·d 011 I):\TA in·uil'ators. 



TABLE 2. ~lPP CONTROLS AND INlJICATOHS (Cont.) 

o S1\11, S!\12, .:'IIl\lU 

C'; l\U, 1\112, l\1l\IL 

01"2, 

o X, 

" 

FI 
\ 
t 
i 

. !,' 

F , 

e I, X." BG 

o A, A", Q, 

o p. Q', N/nTJ 

P.E 
r- . 

C, 
'IPHOT 

I 

" 

Indicato r. li/~ht 

Indicator HI~ht 

Function 

Spccifics I';lalu:=;/modc re~istcr 1 (Sl\I1), SM2, 
or upper h:J.l( of microlllclllory location (':-'1':-'lU) 
for display or daw transfer. 

NOTE 

Data can be transfcrr('d to IVIM 
only if 1\11>1> has n read/write 
l\1i\I anu l\1!\1 Er.:'ABLES/WHlTE 
switch is in up position. 

Specifics mask registcr 1 (Ml),M2, or lower 
half of .l\E\l location (l\Il\lL) for display or 
data t.ransfer. 

Specifics rcgislc'l' file 2 (F2) or FI for 
display or data transfer. 

Spccifies X or F register for display or 'data 
transfer. 

Specifics I or X· re~stcr for display.or data 
transfcr~ Specifics lJit generator (BO) for 
display., OUlput of BG controlled by micro­
instructioll, or by lower fiye bits of N 
register if flag 3 of S1\11 is set. 

Specifies A. At. it orQ "register f~r display or 
datu transfc,r. 

Specifics P 0,1' Qfrt'gisler for display or data 
transfer. \\'hen N/ln.1 is selected, contents 
of N is displayed on, DATA indicators 0-7 
andcont(,lIts of trLr is displayed on nATA 
indicators 1l-1!i. Nean be loaded by transf(,l~ 

addrcs~ operation if ADDHESS SELECT is 
R('t to N. HTJ i~ altcraulc ooly by execution 
oC microiustruelion. 

Indiclltl'~; a main nH'm~ry parity error (PE) 
when lighted. 

lndicntl's :'1 PP is inprot('c't mode '(ey~:l('ms 
conlainill~ opliollnl Ill'U!~l"aln protect lo~ic). 



TABLE 2. :\.~pp C0NTHOLS AND INDICATOI{S (Cont.) 

I'anel :--;'OllH'IH:l:itu rt' 

DS 

51-:L JC?IP 

SEL STOP 

LO .. \D :-.nI/OEF/MEl\l 

PHOTECT/OFF/ 
~1JCH.O REPEAT 

\ 
\ 

I \,:- ./ 

.-
: 

STEP I!\"ST/OFF/ 
:-'llcno 

, 

D,TEH/OFF /SWEEP 

PAstL LOCKOUT 

~.t:\I~-: POWER 
O:\/OFF 

" 

D'cvil'l' 

Jndica:'.tor light 

TO(T(TIC' switch 
O~ .. 

Toggle switch 

Toggle switch 

Toggle sv.ilch 

Toggle switch 

Toggle switch 

Toggle switch 

FuncliclD 

Indicales ~IPP is in dead start (DS) mode .• 

In lip position, interpreted by firmware to 
indicate selective jump is required. 

In up position, interpreted by firmware to 
indicate. selcclivc stop is required. 

Used for selectin~ micromemory (!\1.:\1) or 
main memory :;"IE:-'l) for loading. DS 
indicr..tor lights when set to LOAD ::\1.:\1. 
Loading starts when START switch is 
depressed. 

Enables oplional protect system when set 
to PROTECT. When set to l\IICH.O REPEAT, 
instruction currently in SnIt register is 
rcpc~tcd ccntinClcllsly wh!:n ST."'.RT !s 
depressed. 

Specifics that each time START is 
depressed, pro~ram execution will halt after 
executing one software instruction 'IX5T) or 
after' executing one microinstruction l;,IICnO). 

Switch whose position can be sensed by 
microinstructions. 

In up position, disables main function sWitCh('5 

('xc('pt 1\I,\lN POWER. SELECT an~l ADDm:;-:.-: 
SELECT still operable for display purposl's. 

Controls AC power input to processor 
enclosure. 

i 

I • 
i 

I· 
I 

I 
I I . 
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TAHL1~ 2. 1\IPP C'ONTnOLS AND l:\Dll'XrOltS (Cant.) 

l':lJ1l' 1 1{ 0 rn L' Ill' 1:1 t II r ... ' 

';"11\1 E:\:'.DU:S 

o WHITE 

(I ADDRESS JIOLD 

START' 

-, 
RUN 

; 

STOP 
. ---

i 
! 

BREAKPOINT 1\11\1/ 
OFF/MEl\l 

Breakpoint 

rI)e\'ice 

To;;;:~le switches 

Pusihbutton 

Indii,cator light 

PuSlhbutton 

Puslhbutton 

Toggle. switch 

Thumbwheel 
switches 

Function 

In up position, enables \\'ritin~ into 1'C3d/write 
micromcmory through DATA and TIl.\~SFER 
DATA switches. • 

In up position, prcvents :MIll from being 
cleart~c1 ".-hen ~IASTEH CLEAR dcpresf,cd. 
Allows mil'roprogram to be started at location 
specified by~l~I address register. 

Starts program execution. 

'indicates processor is running when lightea.- ,-

Stops program execution when next micro­
instruction containing a halt cod,e is cxecu ted. 

c1ea 1's 1IPP logic circuits. 

Specifics that processor is to halt at 
micromemory address (~1l\1) or at main 
memory address (?IEflI). in systems 
containing brc'akpointopti6ri. 

Specify hexadecimal address at which· 
processor'is to stop, if enabled by 
BH.EAKPOlNTl\111/0FF/l\IEI\1 switch. 


