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HNACHINE ARCHIVECTURE

Introduction

The Airborne Microoprogrammable Processor AMPP; presently

under development at Control Data'Corporationa is é re-packaged
and improved version of the present MPP. The repackaged versicn
uses essentially the same machfnc organization as the present MPP
with circuitry designed for MIL-E-5400 applications and nbrmal

product improvemant to assure low risk.

AﬁPP Functional Description

A simplified block diagram of the AMPP 1is shown in Figure 1.
'The MICRO PROGRAM MEMORY contains up to 4096 bU-bit words.
'ThlS is suf‘Icwemt locgi memorg Eor all Fnrmware requirement
‘These Ly- b1t words are .referred to as MICRO CONNANDS and are’
ireéd‘1ngo the MICRO I REG at the norma] rate of one each 150
‘nanochondS- The bu-bit MICRO CONNAKDS are_broken up into a
:number of Fields which control all operations in the AMPP. In
a given MICRO COMMAND. fields exist for selection {tﬁrdugﬁ';he
MICRO CdeROLLER SELECTION CATES} of two 1k-bit quantifies to
be placed on the A and B bus. an operatidn to be performed on
the A and B bus data. and a destination for the result on the
C bus. Simultaneously. other fields of the NICRO COMMAND word
are used Fohg%esting fhferﬁaljand external status for se]eéfion

requesting instruction and operand memory {RAM} and for

providing literal data.
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FIGURE 1. AMPP BLOCK DTAGRAM
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AMPP Random Access Memory {RAM} Organization

The RAM is organized as a contiguous block of 409t Ib-bit

words for the Receiver (Controller and 2,048 1lb-bit words for
the Transmitter Controller. Each memory is physically located
on a single pluggable module which can contain a maximum

8.19¢2 ]B—bit words:

-

Expansion for the Transmitter Controller memory may be

implemented on thé.sing]e module.

Full expansion of the Receiver Controller memory to 12.288-

1b-bit words will require an additional modules.

:Indididualvaccess ports for each 2K of memory will be provided.

AMPP Interrupt Structure
The interrﬁpt structure of the AMPP is firmware controlled.
Priorit§ is aésignedﬁaccording'té the following stgucture=
l-" Power Failure Auto Restart
2. Internal ANPP Fault

3. Real Time Clock and I/0

Direct Memory Access Channels
The AMPP as configured for either the Transmitter Controller

or the Receiver Controller will provide Direct NemorybAccess



{DNA} chaonnels to the data memory {RAM}.

Data may be written into the AMPP data memory by an external
-source which provides a memory. address. a Write Requesta and

the data word.

The AMPP will respond with a Resume signal indicating that

data has been storéd.

Pata may be read out of the AMPP datavmemory by an external

device which préVides a memory addresss, and a Read Request-

.fhe AMPP will respond by placing the data word on the lines
énd_raising the Resume line.
i

].TheEExteknai device will acknowledge the data by dropping
; 1. as e .

o
its Read Request.

Lok Test Control Panel Interfacé
Each controller will have in addition to the two Direct
Hemofy Access Channels. an interface to a test control panél-'
This intérfaée will be compatib]¢ with an'RS~EBE—C.comenica—
tions device. The Test Control Panel intérface will be 1bcated
on the i/O/gard-.

P-?. Dead Start Facility

Each controiler'willbiﬁclude a Dead Start capability

implimented in micro programmable ROM. Programming shall be
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loadcd via either the Test Control Pancl Interface or the

DMA dinterface from the medium speed digital computer .

AMPP Options

As shown on the block diagram a number of logic functions

options exist in the AMPP architecture. These options of:

.

1.3} High Speed Shift Matrix
2.} Floating Point Option

3.3 File 2 {25b 1lb-bit registers?

.The High’Speed Shift Matrix and the Floating Point Option

" are discussed in Section 2.4 of this proposal. The 25k

reg1ster FI]E E opuuon is used pr1mar11y for emulat1on of

EIGLHeP pPOCCSSOP31 and as suchw has not been cons1dered For

|
"th1sjapp]1cat1on.

FIRMWARE ARCHITECTUREV

Nxcro Memory Descrnpt1on

The micro memory conta1ns up to 409k k- b1t words- In the final

.package cohfigqration of the AMPPa this memory is constructed

of read-only integrated‘cifcuits {ROM} and is'partitidned on
one Pluggable card. During the initial phases of software/ .
firmware checkout and flight testing- however. it wx]l be
advantageou< to make use oF a read/write micro memory. After»
al] requ1rcments have been firmed and the software/flrmware
has been checked. the read/write micromemony will be'rep]aced

by the final ROM card. Since the read/write memory consumes



more power énd occupies more space than the Tinal RO
micro mcmoryw the recad/write memory will be packaged in

a separate encloswre as shown in Figure 2 which will not
be required.in thie Finél equipment. The read/write micfo
memory will be constructed of random access integrated

circuits {RAM}, péckaged with a separate power supply 1in a

172 ATR enclosure. and designed to meet flight environments.

- Memory Overlap/Imnterleaving

The architecture 1in the AMPP 1is designéd to al]OW'either

. simultaneous access of instruction and operand from

independent memaries or sequential access from one memory.

The memory may be organized to operate as a single 1argé

H
] .

- memory or two smaller independently dccessed memeries. While

| .
the two-memory system provides faster execution ratess it also

consumes more power. A'single memory organization- therefores
will be_used'%o conserve perr- With this ohganizatigna a
certain degree of overlap still exfsts in the micﬁoprogrammiﬁg-
That is. given fields of a micro command are used to Eequest a
memory geferenca before the data are actually required. The

reformat matrix in the AMPP actually fetches the word from

~memory and fetains the information until interrogated by

another micro command. The latter micro command is delayed
only if a resume has not been received from memory. Both .
1nstbuttion'and operand look-ahead and retention are provided

in the reformat matrixe
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Reformat Matrix
In addition to providing instruction and operand look-

.ahead and retention. the reformat matrix is used to adapt

the common a?ithmetic 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 emulate do not utilize the same instruction
format for operation code field. index field. file designator

fie]ds% 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 1nterrogated byw and under control of the micro program. The

\

\
.‘ref0ﬂmat matr1x is partltwoned on a s1ng]e p]uggable card which

fs teilored for a particular machine.

Floating Point Speeds

The basic AMPP {without options} can be programmed with
furmuare to execute any particular floating point package#’
for eerta%n floating point word formats. a considerable amount
of bit shuffling is required- when'the program re]ies heaeily
upon floating point operations. a considerable improvement in'

>
speed is obtained by one or more of the options provfded.

As shown in.Figure 1. the A and B bus feed optional logic units.

A 3-bit field {F} 1in each MICRO-COMMAND specifies the function
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of logic unit to be used and-an 8-bit sub-function field
specifiei the cperation to be performed. The results are

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

tion rcgisté} épecifiéalby a b-bit D fiefd in the MICRO

COMMAND «

one of the opt{oné] logic units is the Floating Point Functigh.
This unit requires ;n]y a small amount of hardware {approximately
1/ of a pluggable Card.in the AMPP} and providés a number of
functions such as ‘reformatting of data on the A and B bus-

Binary bqjht a]igqhent count generaﬁionn4norma]ization count

generation. and overflbw/underflow check. The first function

removes the characteristic and closes up the mantissa with

\ .
|

itsgsign bit. -The second function generates the proper
absolute magnitude characteristic difference. = The third
function generates the proper shift count required_to__”m

normalize a result.

Another optional logic unit is the High Speed Shift Matrix.
This unit will shift the quantities placed on the A and B bus

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

-

step. The unit has many sub;Functions such as left of right
shiftingQ end off or sign-extendcd1 single or double lengtha
bytg and half word operationsa Eit iﬁvehsfonw circular. etc.
which make it pséfu] for emulation of other instructions besides

floating point. It regquires more hardware than the Floating

Point Function {approximately 1/2 card in the AMPPY.

-
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" CONTROLLER PCRFORMANCE

Genecral

The AMPP configured as the Signal Processor Controller w1]]

operate exc]ucively out of the hxgh ¢peed micro mnmory. Thus
method of operation provides for a-very efficient utilization
of fhe AMPP architecture and an instruction execution rate in

excess of 2.000-000 instructions per second;

Processing Speed
Using the instruction mix provided in Rayteon Specification
'S?HDl?n the AMPP. u31ng micro program contro] was evaluated.

‘ for processing speed. The resu]ts of this eva]uatxon are as

follows: ) ' ' . - ’ -
INSTRUCTION  RATES INSTRUCTION TIME  PRODUCT
! ~ {MICROSECONDS} o ‘
Load {From Memory} 21z . - .LOY - IS EINS
Store {To Memory} 24z 436 10w
Add/Subtract - 9% kD " Losay
shift Clox 600 . .owoo
Test & Brénch' 30% | -] | | . ;U?éﬁ
And~0r~Compliment 5% : ;hqq ~ ' :  .p302
I-0 Control 12 - ,_‘ 1-060.;' | .0100
| oz - o 430

" INSTRUCTION EXECUTION SPEED 2.159.827 Inst/sec.
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Interrupt Prccessing
General

Hardwarec interrUpts_are sampled during the instruction fetch

~“portion of the emulation loop or at the completion of a

pipeline segment in the application firmware. The maximum -
latency time between occurence and sampling of an interrupt
is 100 us. Upoﬁ.samplings‘all interrupts are classified and.
proceesed in accordance with the present interrupt mask
and the following priority structure:

C(lass 1 Power Failure Auto Restart

Z Internal MPP Fault

3  Real Time Clock. I/0 Interrupts

Pcweﬁ Failure/Auto Restart
When the ANPP Power Supply detects a power fallure cond1t1on

~an 1nterrupt is 1n1t1ated at least 500 usec before shutdown-

Upon detection of this interrUpt1 the firmware Saves the

internal registers and status in core memory and sets an

interrupt condition for software detection.

»

Upon resumptnon of a stable power COnditiOﬂ or initial startup
the AMPP Naster Clear Sequence is entereda the 1nterna] reg1stera
are reloaded from memory. the pane] mounted load su1tch is tested

and if set the firmuare bootstrap executed.
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'I/O Interrupts

Hardware I70 interrupts are classified az to whether they
are associated with Euffered I/0 operation51vprogrammed
I/0+ or the DMA channel. The latter two types cause Busy
to be cleared andva software interrupt to be initiated. 1In
the case of bdfﬁered I/0 the word count 1is decremented and ]
tested_fof zefo- If zero. a software interrupt is esfab]ished
in the usual manner. If non-zeroa. the buffer address ié
incremented and the next word transfer initiated without

interruption of the software.

 PACKAGING

Vo .
Physical Description
i

Control Data propbses,to package both” the Transmitter |

 Controller and the Receiver Controller in a single enclosure

-OCCUPyinQ'aPpPox{mately 0.875 cu. ft. {1510 cubic inches} shown

in Figure 3. The packaging concept consists of a modular
phi]bsophy made up of a power supply. four {U} logic‘modules
and oge‘{l} RAM Module per AMPP controller. RAM modules can
containva méximum of 8K by 1b-bit as presently configured.
Expansiop)of the RAM for individual controllers will be
implimented uti]izing spare module locations. This modular

concept enhances maintainability. handling. expansion. and

_logisticﬁ-_ Table 1 presenté a summary of physi¢al and cooling

characteristics.

10



TAGLE 1. MYSICAL CHARACTIRISTICS

Volume _ 0.875 Cubic Fect

- Height . 7.625 ~ Inches
Width . 10.125 Inches
Length 19.562 Inches
Height yg » Pounds
Input Power . 500 Watts

Cooling

“Air at 55°C ~ 1.5 pounds/minute
Air at 25°C 0.88 pounds/minute
Pressure_Dr@p - 2.0 inches of HZO maximum at

- 70°F inlet air temperature,
sea level pressure, including
inlet header loss, core loss,
and exit loss. ' '

10 A
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Tﬁe enclosure is a standard full ATR size con;iétfngtof an
aluminum chassis into which en interconnection board and

plenum assembly are mounted. _System interfacé connéctors are
per NIL—C-BISlln{e;g. pbwer receptacle M&§1511/23ED02P 1Y and
mount to the front panél of the enclosuré and are hard wired to
the interconnection board assembly with thé capability of being
removed as a complete assemb]y. The top and bottom panels -
can be easily removéd providing access to MPP modu]e31'memory
modules. power supply and intérﬁonnection board assembly.

-

‘fhe modules-consisﬁ of individual heat exchangers laminated
between twobcircuit boards with printed circﬁit connectors
cbn%orming to HIL—C—SSBDE Foh connection to the interconnecfion
boaﬁd- ‘The modules'p]ué into the intergonnettion board and
air!plenum assembly. Components mounted on the circuit boards
are conduction-cooled Ey conducting the heat through the cifcuif,
board via plated-through holes to the heat exchanger thch

is convection cooled by air flowing from fhe supply pienum

to the exhaust plenum. This;cqoling design represehts é‘
paréilelnflow cooling system-‘-Conduction.cooling %S desirable
since it isolates the modules and co%ponents from contaminants
such as fuhgus: sand. dusta ﬁoisture and salt which could<be

present in the cooling air. The overall design is compatible

with MIL-E-5400. Class 1AX.

11



5.0 SOFTUARE PACKAGT
. ~ The software package to be ﬁrovided with the AMPP Signal
Processor Ccntbo]lersAconsist of.that software which.is
" required to.ﬁrograma operate and maintain a micro'progrémmébTé
processor in which all instructions are executed from micro
memory. Since this 1s the casea several of the software 
paékages required by SOW:MAS:?3:0u42- parégréph 3.1.2 are‘not-.
app]icab]e-. These are:

1. .Seif Assembler

2. Relocatable Loadgr/Verifierv

3-‘ De-Bug Program

Software which is applicable to .the AMPP Signal Processor
Controllers are:

1« A MICRO COMMAND trans]ator‘which transTate§
symBolic source~program‘cpmmandsbiﬁto objéct:
‘machine commands; |
'E-: Hardware Diagnéstic Software which detects
processor faults via software and firmwahe;

3. Interface Handlers for Sigha]‘Proceséor"

Controller periphera]s;

$+1  Hardware Diagnostic Package
5+1.1  Fault Detection -
Hardware faults are detected through off-line and on-line.

fault detection firmware and softuare.



O%%—]inc fault detection softwaere requires a system

dedicated for testing aﬁd provides complete fault detection.
Manual operations by an operator are required to initiatea
obserpén and supplemeﬁt the tests. The éontents of memory
aré destrsyedw and all I/0 operations are suspended whan the
off-1ine fault detection is in execution.  The off-line faglt

detection tests are used at any time a complete system

.

verification is required.

On-1line 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

areécontihuously executed on a low-priority basis to provide

| ‘ : :
system confidence. Operating personnel _are notified if
i ’ .

l .
any malfunctions are detected.

‘The off-line fault detection tests are made up of resident
. firmuare {micro commands} tests for testing processor logic. -
All memory and I/0 interface logic are tested with software.

This software is loadable from magnetic tape.
The on-1liné fault detection tests are made up of the same basic

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

with resident software.

13



Fault Isolation diagnostic test routines are off-line
initiated when =ystem or subunit malfunctions are suspected-
Malfunctions are detected through visual observations by

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

5.1.2 Fault Iso]atiom Phi1osophy
The diaghostic.test program and manual procedures are
referred to as Diagnostic Software. The Diagnostic Software
is a tool which along with logic diagramsa Qire lists and
standard test equipmenta ehab]e a trained computer technician

to correct computer malfunctions. -

‘Thg tésts_are'1argely~automatica i'é-1-d9v00t %équifé operator
inéervention- Any failure which prohiEits normal proﬁram:
1o$ding and ph@gram'executioh necessit;tes ﬁanuél.fault'
isolation. Na—]oéd failures can be 1in theAProcessokanemoéy
orlﬂaénetic.Tépe. Fault iso]atioﬁ of No-load failures

is accomplished by manualTy'initiating and observing the

results of tests in the Diagnostic Software.

.Failure signatures are identified through failure codes and
are obsenQéd by the computer technicién at the maintenance’
panel. The computer techniéian will reference the Computerv
Program Operator’s Manual and will identify the failing
signal. The cards on which the failing éignai occurs are

also identified in the same manual. The computer technician

1y



‘has the option of attempting further isolation with
standard test cquipmént and troubleshooting techniquesa or
he can change each card identified in the Diagnostfc

Users?’ Manual.

EXtént of Testing
A1l logic is tested with the 0ff-Line Diagnostic Software.
Self-test capability has been incorporated into the

processor.

"ﬂicro Command Translator

The Nf&ROJ?BIComhééd ffané]étor for fhe Control'Data Aihborhe
,vnichpprogrammable Pfoéessor'{ANPH-provides the'ﬁnemonic
'1éngLage necessary for»the programmer to write'miéﬁoproghémSQ
HICR£~?3;translates»symbolié source phdgram cbmmandé inté |
‘object machiﬁe comménds and'also providés a lfsting of the
franslatbr PeSUltsf |

The base version of MICRO-?3 is written for the CDC 3300
computer. Thi$ base version of MICRO-73 és written'ianortran
with a minimum of machine language roQtin°S 1ncluded1 and thus
‘Is easily transferrable from one type of computer to another type

- of host-computer- CUPPPHL]Y1 versions of MICRO-73 are planned

for the CDC EEDD and IBM series 3bL0-370 computers.

Input to NICRO ?3 is 1n the Form of cards -or card 1mages~ N

conta1n1ng gymbolxc ANPP program command . The output is

15



is object code on cardsa. magnetic tape. or paper tape
along with a printer listing of the microprogram with
-additional debugging diagnostics generated by the JICR0-?3

Command Translator.

SUPPORT EQUIPHMENT
Maintenance Panel
fhe maintenance panel developed for use with the Control
-Data SBUU,SePies of NPP?s.cdntains_all of the controls and
“functions that are anticipated to be necessary for use in‘
"e%theﬂ'haédﬁare debug‘bbvas an operatofs cbnsole {See TaBTé é}-
It %s‘sugggsteq‘that_zhié panel be examjngd functi5ha]]y in
\1igh% ofhthe system mainfainébility Féquiremehts~asfwe11 asvthé
brotétypevdevé]opment requiﬁements-. The“maintenance panel
Qithvité funcfions'will'cpnnect to the ANMNPP through a sehviée

cohnector on the AMNPP front panel. This conneétorA;{lJ not

be used for any other purpose:



TABLE 2, MPP CONTROLS AND INDICATORS

Pancl Nomencelatare

Device

Function -

DATA 0 to 15

DATA 0 to 15

‘ P
IDRESS 0 to 15

_—

ADDRESS SELECT

Indicator lights -

Toggle switches

* Indicator lights

Rotary switch

12

Displavs current binavy data as determined
by positions ol SELECT switch and
pushbuttons.

Specify input data or address. Up -
position = 1; down position = 0,

When TRANSFER DATA switch is depreséed,
number set in DATA switches is transferred
to register specified by SELECT switch and

_pushbuttons.

When TRANSFER ADDRESS switch is

depressed, number sct in DATA switches s

transferred to address register specificd by

ADDRESS SELECT switch. - .-

Indicate address being referenced.” Address

displayed is spccified by ADDRESS SELECT
switch. = Indicators at bit positions 0, 1, 2,
and 3 indicate state of test bit (TB), full
word (FW), half word (HW), character (CHAR)
signals. The FW, HW, and CHAR. indicators
comprisc ‘a character counter that indicales
which two S-bil characters are addressed (not
applicable fox T\IPPS conlalmng dcad start.
option).

Specxﬁcs address for d]:play on ADDRESS

indicators and for transfer address or
advance address operations. '

o MEM: main memory’
e N: N .rcgister.
e K: K régistcr

e MM: micromemory address register




TADLE

-

2 MPP CONTROLS AND INDICATORS (Cont.)

Panel Nomenclature

Device

I"unction

ADDRESS SELECT
(Cont.)

ADVANCE

ADVANCE ADDRESS

TRANSFER ADDRESS

TRANSFER DATA

SELECT

o MIRU, MIRL

VI

Rotary switch

Toggle switch

Pushbutton

Pushbutton

Pushbutton

)
< “Toggle switch

and pushbuttons

A

Contents of N is displayed on DATA
indicators 0-7, When MEM is specificd,
address of last main memory read or write
opcration is displaved on ADDRESS indicators
(only for MPPPs with Lreakpoint option),
Contents of K and MM address register is
displayed on ADDRESS indicators.

Specifies that MM address will be advanced
by a character (CHAR), by an MM page
(PAGE), or by onc MM instruction (ONE)
when ADVANCID ADDRESS is depressed.
(CHAR position not used in MPDPs with dead
start option.) —_—
Causes address specified by ADDRESS
SELECT to advance by onc when depressed,.
for N and K. Causes address to agvance
by one character, onc page, or onec instruc-
tion for MM. JMEM can not be advanced by
depressing ADVANCE ADDRESS pushbutton.

Transfers quantity set into DATA switches

to N, K, or MM, as specificd by ADDRESS
SELECT switch. TRANSFER ADDRESS has ]
no effect when ADDRLESS SELECT specifies
MEM.

Transfers quantity set into DATA switches
to destination specified hv SELECT. switch
and pushbuttons, if destination can accept .
data from maintenance panel (refer to '
SELECT).

Specifics that complement of quantity set into
DATA switches is to be transferred to MIR
upper portion (bits 0-15) or to MIR-lower
portion (hils 16-31) when TRANSFER DATA
is depressed. Contents-of MIR is not
displayved on DATA indicators.
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MPP CONTROLS AND INDICATORS (Cont.)

Panel Nomernelatare

Device

Function

[

SM1, SM2Z, MMU

[

e M1, M2, MML

o ¥2, FI

o

o X, F

e I, X*, BG

e A, A+, Q.

o D, Q', N/RTJ
PE
PROT

Indicator light

Indicator llght

Specifies status/mode register 1 (SM1), SM2,
or upper hall of micromemory location (MMU)
for display or data transfer.

NOTE -1

Data can be transferred to MM
only if MDD has a rcad/write

MM and MM ENABLES/WRITE
swilch is in up position.

Specifies mask register 1 (M1), M2, or lower

half of MMI locatlion (MML) for display or
data transfer.

Specifics register file 2 (F2) or F1 for .
display or data transfer. ‘

Specifies X or I register for'display or dala -
transfer. . \

Specifies I or X* register for display -or data
transfer. Specifies bLit generator (BG) for
display. Output of BG controlled by micro-
instruction, or by lower five bits of N
register if flag 3 of SM1 is set.

Specifies A, A*, or Q register for display or
dala transfer. :

Specifies P or Q* register for display or data
transfer.  When N/RTJ is selected, contents .
of N is displayed on DATA indicators 0-7

and conteuts of RT.JJ is displayed on DATA
indicators 8-15. N can be loaded by transfer
address operation il ADDRESS SELECT is

set to N. RTJ is alterable only by cxecution
of microinstruction. :

Indicates a main memaory parity error (PE)
when lighted,

Indicates MPP is in protect mode "(systems
containing optional program protect logic).
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TABLE 2 MPP CONTROLS AND INDICATORS (Cont.)

-

Panel Ndnwnc]:ztu re : Device Function -
DS Indicator light Indicates MPP is in dead start (DS) mode.
SEL JUMP Toggle switch In up position, interpreted by firmware to

indicate sclective jump is required.
SEL STOoP ‘ Toggle switch In up position, interpreted by firmware to
indicate, selective stop is required.

LOAD MM/OFTF/MEM Toggle switch Uscd for selecting micromemory (MM) or
main memory (MEM) for loading. DS

. indicator lights when sct to LOAD M.
Loading starts when START switch is
depressed. ’

PROTECT/OFT/ Toggle switch Enubies optional protect system when set
MICRO REPEAT to PROTECT. When set to MICRO REPEAT,
) ‘ - L A instruction currently in MIR register is

'(‘ repeated continuecusly when START s

i depressed.

STEP INST/OFF/ | Toggle switch Specifies that each time START is .
MICRO : depressed, program execution will halt after
- ‘ : . o exccuting one software instruction ‘INST) or
- after- exccuting one microinstruction (MICRO).

EXTER/OFF/SWEEDP Toggle switch Switch whose position can be sensed by
: ' microinstructions.

PANEL LOCKOUT - Toggle switch In up position, disables main function switches
' ' ‘ ' except MAIN POWER. SELECT and ADDRESS
SELLCT still operable for display purposes.

MAIN POWER }‘ogglc switch Controls AC power input to processor
ON/OFF . - enclosure.
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. MPDP CONTROLS AND INDICATORS (Cont.)

Panel Nomenclature

Device

Function

MM ENABDLLS

o WRITE

¢ ADDRESS 1I0LD

START-
RUN

STOP,

N MAST’“R CLEAR

BREAKPOINT. MM/
OFF/MEM

Breakpoint

Togwle switches

-

Pushbutton

Indicator light

Pushbutton

Pushbutton

Toggle . switch

Thumbwheel
switches

In up position, enables writing into read/write
micromcmory through DATA and TRANSFER
DATA switches. .

In up position, prevents MIR from being
clearcd when MASTER CLEAR depressed.
Allows microprogram to be started at location
specified by MM address register.

Starts program execution.

Indicates processor is running when lighted. ™

Stops program exccution when next micro-
instruction containing a halt code is executed.

Clears MPP logic circuits.
Specifics that processor is to halt at .
micromemory address (AM) or at main

memory address (MEDM), in sy stems
containing . breakpoint - optlon. E -

Specify hexadecimal address at which
“ processor-is to stop, if cnabled by

BREAKPOINT 'MM/ OFF/MEM switch,




