
FAIRCHILD 

A Schlumberger Company 

TEl:III\IIC4L 
SEItIII\IAIl 



FAIRCHILD F9450 
16-81T MICROPROCESSOR WITH 
COMPLETE MIL-STD-1750A ISA 



I=AIRCHILD 
A Schlumberger Company 

F9450 
SEMINAR 

FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

MICROPROCESSOR DIVISION 

~50 NATIONAL AVENUE 

MT. VIEW, CA 9~0~3 

(415) 962-3888 

TWX 910 379 5091 



THE FAIRCHILD· F9450 WAS 
DEVELOPED IN RESPONSE 
TO THE NEED FOR 

HIGH SPEED 
REAL TIME 
SOP H 1ST feAT ED 
SIXTEEN BIT 
ST AN DARD/ZED (Mil.Std.1750AJ 

MICROPROCESSOR ENVIRONMENT 



THE FAIRCHILD F94·50MEETS 
ALL DESIGN GOALS, UTILIZING 
LATEST ISOPLAN AR INTEG RATED 
INJECTION LOGIC TECHNOLOGY· & 
IMPLEMENTING COMPLETE 
Mil.Std.1750A(notice 1,5/82) 
INSTRUCTION SETON A 
SINGLE VLSI CHIP. 



---F9450 MICROPROCESSOR FAMILY---

*F9450 SINGLE CHIP CPU 

*F9450 SUPPORT CHIPS 
F9t51 ~Ielnory ~Ianagelnen l U ni t. 
F9t52 Block Pro teet Unit 

*DEVELOPMENT ENVIRONMENT 
V A X / V ~f S bas e d ass e In b 1 e r /1 i nk c r / loa d c r 
SBC50 IEEE796 based F9.t~)O CPU board 
Third Party dcvelopll1Cn t. cq ui p. ~nl ppor L 
T h i r d Par t y P D L & 0 P c rat i n g S .r s t. C III :·at p po!' t. 



*F9450 

ON CHIP FACILITIES INCLUDE: 

o COMPLETE FLOATING POINT MATH 
o TWO PROGRAMMABLE TIMERS 
o 16 GENERAL PURPOSE REGISTERS 
o 16 LEVEL INTERRUPT PROCESSOR 
o COMPREHENSIVE FAULT HANDLER 
o MULTIPROCESSING SUPPORT 
o PROCESS Sf NCH RON IZAT ION 
0·2 Meg. WORD ADDRESSING 
o T H RU PUT UP TO 1.5 M.I.P.S. 



BY UTILIZING ADDITIONAL 
MEMBERS OF THE F9450 
PRODUCT FAMILY, ADDITIONAL 
FACILITIES INCLUDE: 

*F9451 
MEMORY MANAGEMENT UNIT 

16 M eg.Word Addressability 
L 0 tg Ii, C (ll, to [J It.,!) S fi, e (I, l l' r (I,I{S l. fl, l: Ii, 0 'II! 

Protection of Logical Space 
01'1. C h .. i 1) . ]J (t 9 e Des C l"i 1) l or i) lo 'f (t, tq C 

Two Translation AI aps 



*F9452 

BLOCK PROTECT UNIT 
Write protect of CPU memory space 
Write prote'ct of DM A memory space 
Protection of tK page space 

(H igher granularity protection) 

Global protection of memory space 
until EN ABLE 



.F9450 

DEVELOPMENT SUPPORT 



F9450 
THIRD PARTY SUPPORT PRODUCTS 

*DEVELOPMENT SYSTEMS 
TEK, lIP 

will have full in-system emulator support 
*SOFTW ARE TOOLS 

JOVIAL 
A V AILABLE USAF & SEA, PSS, SOFTECH & ACT. (V AX/VMS) 

FOHTHAN 
AVAILABLE ACT. (VAX/VMS) 

~IACRO ASSE~IBLER & LINKER 
A V AILABLE USAF & ACT, PSS, INTERMETRICS, MDC. 

SIMULATORS & DEBUGGERS 
AVAILABLE USAF, MDC,: & PSS. 

ADA 
UNDER DEVELOPMENT @ BOEING, SOFTECH, WESTINGHOUSE (VAX/VMS) 



F9450 
THIRD PARTY SUPPORT PRODUCTS 

(CONTINUED) 

*OPERATING SYSTEMS 
E~{BEDDED 'REAL-TIME' & !fULTITASKING 

VRTX from HUNTER and READY 
ESCAPE from PSS 



DIGITAL FILTER BENCHMARK 
DESCRIPTION 

THIS BENCHMARK USES A t6-BIT PROCESSOR TO IMPLEMENT A SPECIFIC, 
EIGHTH-ORDER CASCADED FILTER. ORIGINALLY PUBLISHED IN FEB.'8t 
IEEE MICRO, IT HAS BEEN USED BY VARIOUS MFG. TO DENOTE 
PERFORMANCE IN A REAL-TIME ENVIRONMENT. 

INPUT PEHFORMS WRITgS TO 1/0 DEVICE, 
& POLLS D~~VICE~ UNTIL ACKNOWLEDGED 

OUTP-LD MULrr. SAMPLES BY CONSTANT, THEN 
ADDS ANOTHER CONSTANT TO RESULT 

DELAY-LD SHIFTS MgMORY ARRAY TO ANOTHgR 
LOCATION 

PHE-LD PERFORMS MULTIPLE UULTIPLYS AND 
ADDS 

TOTAL TIME REQUIRED FOR FILTER FROM 
INPUT TO OUTPUT, (1 sample) . 

. Note:assume no 'wait-states' & immediate acknowledge on query 



DIGITAL FILTER BENCHMARK 

Procedure mc68000 z8000 i80286 tms9900 F9450 

input 10.25 15.50 7.90 24.20 5.75 

outp_ld 65.50 127.50 3,1.60 211.50 ?1 ,): 
r.I • r.I t) 

dclay __ Jd 32.00 30.25 9.90 t15.BO 9.85 

prc __ Jd 19,:1.50 380.25 BO.40 559.·10 ..-, .. 1'-
~);)." ~) 

.TOTAL : 327.00 584.00 139.90 1000.00 98.05 

NOTE: all times in microseconds 
data from: Nagle & Nelson, IEEE MICRO, 2/81, pp23-41 

INTEL Corp., iAPX 186, 286 BENCHMARK REPORT, 1982 
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DIGITAL FILTER 
BENCHMARK 

I80286 TMS9900 

.KX?Q1 V///1 

outp-ld delay-ld 

OPERATION 
Nota: data from IEEE MICRO, 2/81 & Intel Corp. 

relative time - Normalized, F9450 - 1 

F9450 

pre-ld total sample 



NEW PRODUCT PLANS 

* SBC50 Complete F9450 system for evaluation & development 

FUTURE· OPTIONS INCLUDE 

* DM A Controller 

,{'( Systcnl Support AIod-ule 

* Enhanced F9450 (F9450EJ 

~\ Othcr Langnn,ges 



FAIRCHILD F9450 

16 BIT' BIPOLAR 

MICROPROCESSOR: , FAMILY 

13 L TECHNOLOGY 

F9450 MICROPROCESSOR 

. .. 
INSTRUCTION SET & PROGRAMMING 

SUPPORT DEVICES & APPLICATIONS 

DEVELOPMENT ENVIRONMENT 



13L TECHNOLOGY & 

THE. F9450 MICROPROCESSOR 
p. 

Comparison with Other Technologies 

Features of the F9450 Family 

F9450 Functional Block Diagram 

Processor State Diagram 

Fault Handling 

Interrupt Handling 

Pin Functions 

Bus· Transactions 



13L TECHNOLOGY EVOLUTION 

1974-78 1979-81 1982-84 

Technology 13L-I 13L-1s 13L-II 

Process features 5-6u 4.5u 3u 
Projection Print Projection Print Projection Print 
Mixed Wet-Dry Etch Wet-Dry Etch Dry Etch 

Full Implant 

Gate Delay 10ns 80s 5ns 

Major Products 9440 9445 9450 
9408 9447/8/9 
9414 9451 
9423 9452 
9441 9423 
9442 

Complexity 10,000 20,000 150.000 

JH:kt 1/85 



COMPARISON WI·TH OTHER TECHNOLOGIES . 

GATE ·AREAS 
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INPUT 
COLLECTORS 

~--

INJt:CTOR --..... p 

--
(INPUn (OUTPUTS) 

INJECTOR BASE COLLECTORS 
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13l LOGIC IMPLEMENTATION 
NAND FUNCTION 

Inl 

in j 

-A-B 

CIRCUIT SCHEMATIC: 

A 

B 

. LOGIC' SCHEMATIC· 

JH:11/84 



F9450 Microprocessor Family 

• F9450 - SINGLE CHIP CPU 

- IMPLEMENTS MIL-STD 1750A INSTRUCTION SET ARCHITECTURE (ISA) 

• F9451 - MEMORY MANAGEMENT UNIT (MMU) 

- LOGICAL TO'PHYSICAL ADDR~SS TRANSLATION FOR INSTRUCTION AND DATA SPACES 

• F9452 - BLOCK PROTECT UNIT (BPU) 

- WRITE PROTECTION OF PHYSICAL MEMORY SPACE FOR CPU AND DMA DATA SPACES 



F9450 
PROCESSOR FEATURES 

-kSingle-chip 16-bit microprocessor w/32 ct 48-bit floating point 
math on chip; .2microS add, t.85microS integer; multiply. * Real-time processing; 2 p'rogrammable timers, 16 lc'vels of 
vectored interrupt. 

-kAddress space of up to 2M words, expandable to 16M words. 
uOptimized instl"uction set for real tirne applicatiorts. 
*Built in self-test. fault-handler, and abort. 
~. 24 'User-accessible registers. 
-kFull development support available from Fairchild ct 3rd party 
vendors. 

~(Single and Double p-recision integer rnath on chip. 
-kStatic operation with single clock: operation from 0 to 201HHz. 
*T11L I/O w'ith 81\Ia drive capability. 
irSmall size 64 pin dip, optional sur face mount devices. 
uFull pe'rjol"'lnance over -SSC to +t25C tentp. runge. 



Rv1;5/84 

F9460 SYSTEM THROUGHPUT (DAIS MIX) 

CPU CLOCK F9450 SYSTEM THROUGHPUT (KOPS - DAIS MIX) 
(MHZ) NO ONE ~~~T' T~~Ef, ~~UR WAIT* WAfT* AI * W I * IT* 

20 690 638 594 556 522 

18 621 574 535 500 470 

16 552 510 475 445 41H 

10 345 319 297 278 261 

*A WAIT STATE IS INSERTED DUE TO EITHER RDYA OR RDYD NOT BEING ACTIVE 
WHEN SAMPLED BY THE CPU AT THE PROPER TiME. 

DAIS INSTRUCTION MIX: SINGLE PRECISION 74% 
DOUBLE PRECISION 10% 
FLOATING POINT 15% 
EXTENDED FLOATING POINT 1% 
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MICROPROGRAMMED CONTROL 

t 
INCREMENTER 

• NEXT ADDRESS 
REGISTER 

I 

• < 

INSTRUCTION 
REGISTER 

MAPPING 
PLA 

t t 
EXECUTE AND 

EFFECTIVE ADDRESS 
POINTERS 

J BRANCH CONDITIONS _t 
~ MULTIPLEXER r-- BRANCHPLA 

i'r , 
MICROCONTROL 

STORE 

r t 

MICROPROGRAM REGISTER 

CONTROL BITS 

rom f IB MUX 
(i nput) 

-



OAT A PROCESSOR 
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F9450 Register Model 

o 0 15 

RO 

"I I '_RA I '_R. 

IU 

III PENDING INTERRUPT REGISTER ,Nt 

"4 .. AS. "EGISTER ..... 

lIS 

"I I fAUlT REGISTER cnt I 
'" 
RI I INSTRUCnON COUNTER cica I 
Itt 

"10 I IUTUS WORD ISWt I 
R1I 

"11 I .'STE" CONfIGURATION REGISTER CSCRt I 
RII 

"I. 

RlI 

nu _ C 1011 



ST A TUS WORD (SW) 

o '3 4 7 8 11 12 15 
. 

condlt19n proces~or address 
rese,ved 

statuI - (CS) at ate (PS) state (AS) 
, 

BIT 0 CARRY - SET TO 1 IF A CARRY FROMAN ADDITION OR BORROW FROM A SUBTRACTION 
BIT 1 POSITIVE - SET TO 1 IF RESULT IS GREATER THAN ZERO 
BIT 2 ZERO - SET TO 1 IF RESULT IS EQUAL TO ZERO 
BIT 3 NEGATIVE - SET TO 1 IF RESULT IS LESS THAN ZERO 

BITS 4 - 7 : RESERVED 

BITS 8 - 11 : ACCESS KEY AND PROCESSOR STATE BITS SERVE TWO FUNCTIONS: 
. . . . . . 

(1) DETERMINE THE LEGAL/ILLEGAL CRITERIA FOR PRIVILEGED INSTRUCTIONS. IF .. . . " . - . ... 

PS ~ 0 AND AN ATTEMPT IS MADE TO EXECUTE A PRIVILEGED INSTRUCTION~ BIT 10 . . - .. , . . 

IS SET IN THE FAULT REGISTER AND THE INSTRUCTION IS ABORTED. 
. . . . 

(2) DEFINES THE ACCESS KEY THAT IS USED IN SYSTEMS WITH AN MMU TO MATCH wnTH 
AN ACCESS LOCK. 

BITS 12 - 15 : ADDRESS STATE 

IF AN MMU IS PRESENT~ THE AS BITS DEFINE A PAGE REGISTER GROUP IN THE MMU. 
OTHERWISE; ~N ADDRESS ST~TE FAULT IS GENER~TE (BIT 11 IN THE F~ULi RE~ISTE~) . . . . .. . . 

FOR ANY OPERATION ATTEMPTING TO SET THE AS BITS TO A NONZERO VALUE. 



System' Configuration' Register' (SOR) 

o 1 2 3 4 5 15 

MMU BPU CONSOLE CO-PROP INT MODE NOT USED 

BIT 0 'I' IF ~MU IS CONNECTED IN THE SYSTEM 

BIT 1 'I' IF BPU IS CONNECTED IN THE SYSTEM 

BIT 2 'I' IF CONSOLE IS CONNECTED IN THE SYSTEM 

BIT 3 'I' IF CO-PROCESSOR IS CONNECTED IN THE SYSTEM 

BIT 4 INTERRUPT MODE FOR POWER DOWN AND USER INTERRUPTS 

'I' IF LEVEL SENSITIVE 

'0' IF EDGE SENSITIVE (LOW TO HIGH) 

THE SCR IS AUTOMATICALLY LOADED ON RESET OR A BPT. 

THE SCR IS NOT A PROGRAM ACCESSIBLE REGISTER~ IT IS AN 1/0 DEVICE AT LOCATION 8410. 



ADDRESS PROCESSOR 

INFORMATION BUS 

A BUS 
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-
IC 

~ ~ 

~ MAR ~ 

""-- INCAEMENTER ..... 

L. 
IB 

MULnPLEXEA 



INTERRUPT & FAULTS PROCESSOR 

A BUS 

4 ~ A It 

FAULTS 

FAULT REGISTER 

.--- AND LOGIC 

-. 
ptR 

---INTERRUPTS 

MK I--

MASK AND ~ 
ENABLE LOGIC 

• PRIORITY 
ENCODER 

t 
LATCH 



FAULT REGISTER (FT) 

o 1 234 5 6 7 8 9 1 0 1 1 

~EMORY 
.. 

PARITY 1/0 
PROTECT 

, 

BIT 0 : CPU MEMORY PROTECT ERROR 
BIT 1 : NON-CPU MEMORY PROTECT ERROR 

BIT 2 .: MEMORY PARITY ERROR 
BIT 3 : SPARE 
BIT 4 : SPARE 

BIT 5 : ILLEGAL lID ADDRESS 
BIT 6 : SPARE 

BIT 7 : SYSTEM FAULT 0 
BIT 8 : ILLEGAL MEMORY ADDRESS 
BIT 9 : ILLEGAL INSTRUCTION 

. BIT 10 : PRIVILEGED INSTRUCTION 
BIT 11 : ADDRESS STATE ERROR 

BIT 12 : RESERVED 

SF· . 

BIT 13 : BITE (BUILT-IN TEST) OR ·SYSTEM FAULT ~ 
BIT 14 : SPARE 
BIT 15 : SYST~M FAULT 1 

no. r- Inlo 

ILLEGAL 

12 13 14 15 

'. 

RES. BITE 



INTERRUPT PRIORITIES 

PRIORITY **... Interrupt Linkage 
(PIR/MK bit number) Pointer Address 

POWER Do~m* 0 20 
MACHINE ERROR-* 1 22 
USER 0 2 24 
F.P. OVERFLOW 3 26 
FIXED PT. OVERFLOW 4 28 
ExECUTIVE CALL* 5 2A 
F.P. UNDERFLOW 6 2C 
TIMER A ·7 2E 
USER 1 8 30 
TIMER B 9 32 
USER 2 10 34 
USER 3 11 36 
I/O LEVEL 1 12 38 
USER 4 13 3A 
I/O LEVEL 2 14 3C 
USER 5 15 3E 

. . .. . . 

- CANNOT BE MASKED OR D I-SABLED 
*- CANNOT BE DISABLED 

. .. . .. ~ - . . 

*** INTERRUPT LEVEL 0 HAS THE HI'GHEST PRIORITY 

R~: 5/84 

Interrupt Service 

Pointer Address· 

21 
23 
25 
27 
29 
2B 
2D 
2F 
31 
33 
35 
37 
39 
3B 
3D 
3F 



Interrupt Handling 

I THE 16 LEVELS OF INTERRUPT IN THE MIL-STD-1750A ARE IMPLEMENTED AND PRIORITIZED ON 
THE F9450. 

I THE F9450 SAMPLES PENDING INTERRUPTS ONLY DURING THE LAST MACHINE CYCLE OF THE 
CURRENTLY EXECUTED INSTRUCTION. 

I EXTERNAL INTERRUPTS CAN BE PROGRA~~ED AS EITHER LEVEL OR EDGE-SENSITIVE~ ACCORDING 
TO THE INTERRRUPT MODE BIT IN THE CONFIGURATION REGISTER. 

I THE INTERNAL INTERRUPT MICROCODE ROUTINE CONSISTS OF: 
- 12 ALU SHORT CYCLES (3 CLOCKS/CYCLE) 

- 2 ALU LONG CYCLES (5 CLOCKS/CYCLE) 

- 5 DATA MEt10RY READ CYCLES 

- 3 DATA MEMORY WRITE CYCLES 

- 1 I/O WRITE CYCLE al/O LOCATION 1000H (INTERRUPT ACK) 

- 2 INSTRUCTION FETCH CYCLES 

TOTAL- 90 CLOCKS" 4.50~SEC AT 20 MUZ (ASSUMING ~IO ~'IAIT STATES ADDED) 



TIMING UNIT 
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CLOCKS { 
CPU CLK AKo 

TIMER eLK (100 kHz) AK, 

AK2 -EXTERNAL { - RESET AK3 
AEQUESTS _ CONREQ STATUS BUS 

ASo - PWADN INT AS, 

AS2 - USAo INT AS3 

USA, tNT 

USA21NT UNACV EA r ERRORS 
INTERAUPTS USA3 1NT MAJ ER 

USA.INT 

- USAS INT DMA EN 

- IOL,INT NML PWRUP 

IOL2 1NT DISCRETES 

SNEW 

- MEM PRT ER 

TRIGO AST 

- MEM PAR ER 

A/W 
FAULTS 

EXT ADR ER -
M/iQ - SVSFl To -- SYS.FLT, 011 

- IBo STRBA BUS CONTROL - IB, F9450 - 182 ROVA -- 183 

- lB. STR80 

- 19s - 186 ROVD 

INFORMATION - 197 

BUS - 18a 9US REO - IB9 - 18,0 BUS GNT - 18" 
BUS 
ARBITRA TlON 

IB'2 BUS BUSY - IB'3 - IB,. BUS LOCK - IB'5 

Vee IINJI I IN.12 GND GND 

t I t 



Clocks 

CPU Clock 

Timer Clock 

External Requeats 

Reset 

Console 
Request 

Interrupts 

Power Down 
Interrupt 

User Interrupt 

110 Level 
Interrupts 

CPU CLK 

TIYER eLK (100 kHz) 

EXTERNAL {- Rim 
REQUESTS CONRIQ 

INTERRUPTS 

PWRDNINT 

USRo INT 

USR, tHT 

USR,INT 

USR,INT 

USR.INT 

USR,INT 

IOL,INT 

IOLz INT 

Single-phase input clock signal (()"20 MHz, 4Q% to 60% duty cycle). 

A 100 kHz input that, after synchronization with CPU ClK, provides the 
clock for Timer A and Timer a If timers are used, the CPU elK signal 
frequency must be >500 kHz. 

An active-low input that initializes the F9450. 

An active-low input that initiates console operations after the current 
instruction. 

An input signal that is active on the positive-golng edge or the high level, 
according to the interrupt mode bit in the configuration register. These 
inputs have hysteresis circuitry for noise immunity. 

Input signals that are active on the positive-going edge or high level, 
according to the interrupt mode bit in the configuration register. This input 
has hysteresis circuitry for noise immunity. 

Active-high inputs that can be used to expand the number of user 
interrupts. 



Faults 

Memory Protect 
Error 

Mtmory Parity 
Error 

External 
Address Error 

System Fault 0 
System Fault 1 

Enor Control 

Unrecoverable 
Error 

Major Error 

MEM .pAT EA 

_ MEMPAAER 

FAULTS ---. EXT ADA ER 

- SYSFLTo 

- SYSFLT, 

An active-low input generated by the MMU or BPU, or both, and sampled 
by the BUS BUSY signal into the Fault Register (bit 0 if CPU bus cycle, bit 
1 if non-CPU bus cycle). 

An actIve-iow input sampled by the BUS BUSY signal into bit 2 of the Fault 
Register. 

An actlve-low input sampled by the BUS BUSY signal into the Fault 
Register (bit 5 or 8), depending on the cycle (memory or I/O). 

AsYnchronous, positive-edge-sensitive inputs to the F9450 that set bit 7 
(SYSFLTo) Or bits 13 and 15 (SYSFLT,) in the Fault Register. These inputs 
are protected from system noise through hysteresis Circuitry. 

UNACVEA 

MAJ EA J= I EAAOAS 

An active-high output that indicates the occurrence of an error classified as 
unrecoverable. . 

An active-high output indicating the occurrence of an error classified 

as major. 



Status Bus 

Access Kay 

Address State 

Information aus 

Information Bus 

AKo 

AK, 

AK~ 

AK3 
STATUS IUS 

ActIve-hlgh outputs used to match the Access Lock in the MMU for memory 
accesses (a mismatch is one of several possible situations that cause the 
MMU to pull the MEM PRT ER signal low). These signals are 3-state during 
bus cycles not assigned to this CPU. 

ActIve-high outputs that select the page register group in the MMU; 3-stnte 
bus during bus cycles not assigned to this CPU. These outputs can be 
used to expand the F9450 direct addressing range to 1M words. 

- 110 - IB, 

- IB2 - IB3 - 16. 

- IBs - IB, 

INFORMATION - IB, 

BUS - IB, - IB, 

IB10 

IBu 

IB,2 

IB'3 

IB,. 

IB" 

An active-high bidirectional time-multiplexed address/data bus .th~t. is 3-st~te 
during bus cycles not assigned to this CPU; IBo is the most !SIgnificant bit. 



Bus Control 

Read or Write 

Data or 
Instruction 

Data or 
Instruction 
Output 

Address Strobe 

Address Ready 

Data Strobe 

Data Ready 

-AIW 

MilO 

-D/I 

STRIA IUS CONTROL 

"DYA -
-STAaD 

"DVD 

An output signal that indicates direction of data flow with respect to the 
current bus master. a high indicates a read or input operation and a low 
indicates a write or output operation. The signal is 3-state during bus cycles 
not assigned to this CPU. 

An output signal that indicates whether the current bus cycle access is for 
Data (high) or InstruCtion (low); 3-state during bus cycles not assigned to 
this CPU. This line can be used as an additional memory address bit for 
systems that require separate data and program memory. 

Output signal that indicates whether the current bus cycle is memory (high) 
or 110 (low). This signal is 3-state during bus cycles not assigned to 
this CPU. 

An active-high output that can be used to externally latch the memory or 
I/O address at the hlgh-lO-low transition of the strobe. The signal is 3-state 
during bus cycles not assigned to this CPU. 

An actlve-high input that can be used to extend the address phase of a bus 
cycle. When ROVA is not active. wait states are inserted by the F9450 tim­
ing unit to accommodate slower memory or 110 devices. 

An active-low output that can be used to strobe data in memory and XIO 
cycles. This signal is 3-state during bus cycles not assigned to this CPU. 

An active-high input that extends the data phase of a bus cycle. When 
ROVD is not active. wait states are inserted by the F9450 timing unit to 
accommodate slower memory or 110 devices. 



Bus Arbitration 

Bus Request 

Bus Busy 

Bus-Lock 

Discrete Control 

Direct Memory 
Access Enable 

Normal 
Power Up 

Start New 

Trigger Go 
Reset' 

IUS REO 

IUSGNT 

IUS BUSY 

IUS LOCK 

BUS 
ARBITRATION 

An active-low output that indicates the CPU requires the bus; becomes 
inactive when the CPU has acquired the bus and started the bus cycle. 

An actIve-Iow input from an external arbiter that indicates the CPU currently 
has the highest priority bus request. If the bus is not locked, the CPU may 
begin a bus cycle, commencing with the next CPU clock. 

An active-Iow bidirectional signal used to establish the beginning and end 
of a bus cycle. The trailing edge (Iow-to-high transition) is used for sampling 
bits into the Fault Register. It is 3-state in bus cycles not assigned to this 
CPU; however, the CPU monitors. the BUS BUSY line for latching non-CPU 
bus-cycle faults into the Fault Register. 

An active-low, bidirectional signal used to lock the bus for successive bus 
cycles. During non-locked bus cycles, the BUS LOCK signal mimics the 
BUS BUSY Signal. It is 3-state during bus cycles not assigned to this CPU. 
The following instructions will lock the bus: INCM, DECM, SB, RB, TSB, 
SRM, STUB, STLa 

DMAEN 

NML PWRUP 

DISCRETES 

SNEW 

TRIGO RST 

An active-high output that indicates the DMA is enabled. It is disabled 
when the CPU is initialized (reset) and is enabled under program control. 

An active-high output that is set when the CPU has successfully completed 
the built-In test in the initialization sequence. 

An actIve-high output that indicates a new instruction will start executing in 
the next cycle; useful for instruction tracing function. 

An active-low discrete output. This signal can be pulsed low under program 
control [110 address 400B (Hex)) and is automatically pulsed once during 
processor initialization. 



Power 

Power Supply 

Ground 

Injector Current 

Vee I tNJ1 .r. 'N.12 

t t t 

+5 V, 200 rnA typical power supply. 

o V reference. These pins should be tied together as clo .. to the chip 
.. poaaIble. 

Current source to provide bias for the injection logic. These pins should 
be tied together as close to the chip as possible. 

I CUllIOU~ I d I _ _& ~ ::: PMIO . _::'IRAL 

IV 

L J::-I--
I ..... Supply. 



. .. 
INSTRUCTION SET & PROGRAMMING 

SAMPLE PROGRAM 

Towers of Hanoi 

Input/Output· Subroutines 

. . 

INSTRUCTION SET ARCHITECTURE 

Data Types 

Addressing Modes 

Instructi9n Set Overvi~w 

ANOTHER PROGRAM 

Matrix Multiplication 

ASCII (----) Binary Conversions 



TOWERS' OF" HANOI' 
'. • • • I • • ~ • 

. ~ -

• • 
• , 

• 

A B 

GIVEN: 3 towers and N disks 

of increasing size 

GOAL: move all N disks from A to C 

by moving one disk at a time 
and never placing a larger disk 

on top of a smaller disk 
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SOLUTION FOR 3 DISKS 

1 
2 

3 

A 8 C· 

disk 
-. 

from to encoding 

1 A C A1C 
2 A B A2B 
1 C 8 C1B 
3 A C A3C 
1 B A B1A 
2 B C B2C 
1 A C A1C 
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RECURSIVE SOLUTION FOR N DISKS 

i·f N =: 1 then 

move the disk from the starting tower 

to the destination tower 

if. N > 1 then 

- move N-1 disks from the starting tower 

to the intermediate tower 

- 'move the Nth disk from the starting tower 

to the destination tower 

- move N-·1 disks from the intermediate 

tower to the destination tower 
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MOVE 2 DISKS 
FROM A TO B 

MOVE 3 DISKS 
FROM A TO C . I 

A3C 

/I~ 
MOVE I DISK 
FROM A TO C 

JUC 

A2B MOVE I DISK 
FROM C TO B 

CIS 

MOVE 2 DISKS 
FROM B TO C 

/ I ~ 
MOVE I DISK 
FROM B TO A 

RIA 

B2C MOVE I DISK 
FROM A TO C 

AIC 

RECURSIVE SOLUTION FOR 3 DISKS 

....... ~ - ~"' .. 
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PROGRAM STRUCTURE 

CHART 

TOWERS OF 
HANOI 

PROGRAM 

INPUT DISK COUNT 
INITIALIZATION 

TVI 

READ A 
CHARACTER 

NEWLN 
ADVANCE 

CURSOR TO 
NEXT LINE 

TMSG· 

TYPE A 
MESSAGE 

TVO 
TYPE A 

CHARACTER 

HANOI 
RECURSIVE 

SUBROUTINE 

OUTPT 
PRINT CURRENT 

MOVE 



TOWERS OF HANOI DEMO FOR THE F9450 

'!'" '.' ,-. It; ! 

; MAIN PROGRAM FOR THE TOWERS OF HANOI DEMONSTRATION. 
; THE USER IS ASKED TO SPECIFY THE NUMBER OF DISKS J 0 .. 9; 
; AN ENTRY OF a TERMINATES THE PROGRAM. THE SOLUTION IS 
J PRINTED AS A SEQUENCE OF MOVES J SUCH AS A3B (THIS MEANS 
J TO MOVE DISK 3 FROM A TO B). THE COMPLETE SOLUTION MOVES 
; THE SPECIFIED NUMBER OF DISKS FROM TOWER A TO TOWER C. 
; THE PROGRAM IS REPEATED UNTIL a DISKS ARE REQUESTED. 
; 

; REGISTERS USED: 

· J 

• J 

· J 

· J 

· J 

; 

RO - NUMBER OF DISKS TO BE MOVED 
Rl - SOURCE TOWER (AJ BJ OR C) (REFERRED TO AS x TOWER) 
R2 - INTERMEDIATE TOWER (AJBJOR C) (REFERRED TO AS Y TOWER) 
R3 - DESTINATION TOWER (AJBJOR C) (REFERRED TO AS Z TOWER) 
R13 - POINTER TO MESSAGE TO BE PRINTED 
R15 - SUBROUTINE LINKAGE REGISTER 

; SUBROUTINES CALLED: 

· J 

; 
, 

J 

, 
J 

, 
J 

START: 

EXIT: 

SZr·1SG: 

HANOI - SOLVES THE TOWERS OF HANOI 
TMSG - TYPE A MESSAGE 

PUZZLE 

r~E\iLN - TYPE A BLANK LI NE 
TYI - READ A CHARACTER 

JC 7JSTART · CONS50 STARTS AT LOCATION a ) 

• LaC 1000 · LEAVE ROOM FOR A STACK ) 

LIM ,R15JSTART ; INITIALIZE THE STACK POINTER 
LIM R13 JSZMSG 
SJS R15 J H1SG · HOW MANY DISKS? J 

SJS R15 JTYI ; READ IN NUMBER OF DISKS 
Armrvl ROJOOOF · CONVERT TO DIGIT ) 

SJS R15 J r·IEWLN · GO TO NEXT LI NE ) 

CIM Raja ; N = a? 
BEZ EXIT · IF SO) EXIT ) 

LIr~ Rl/'A ; INITIALIZE X TO A 
LIM R2/'B , INITtALIZE Y TO B J 

LIM R3 J"C ; INITIALIZE Z TO C 
SJS R15 JHANOI ; SOLVE THE PUZZLE 
BR START , REPEAT PROGRAM J 

BPi · HALT PROGRAM J 

. TXT "How MANY DISKS? (a. ,9) <0) " 



HANOI - solves towers of hanoi puzzle 
~ THIS SUBROUTINE SOLVES THE TOWERS OF HANOI PUZZLE FOR N DISKS 
j USING THE FOLLOWING RECURSIVE STRATEGY: 
~ IF N = 1 
" 
j 

J 

" 

J . 
J 

J 

J 

MOVE THE DISK FROM THE STARTING TOWER TO THE DESTINATION TOWER 
IF N >1 

- MOVE N-l DISKS FROM THE STARTING TOWER TO THE 
INTERMEDIATE TOWER 

- MOVE THE NTH DISK FROM THAT STARTING TOWER TO THE 
DESTINATION TOWER 

- MOVE N-l DISKS FROM THE INTERMEDIATE TOWER TO THE 
DESTINATION TOWER 

j REGISTERS USED: 

" 
; 

J 

RO - NUMBER OF DISKS TO BE MOVED 
Rl - STARTING TOWER (A" BI OR e)" REFERRED TO AS x 
R2 - INTERMEDIATE TOWER (A" B" OR e)" REFERRED TO AS Y 
R3 - DESTINATION TOWER (A" B" OR C)J REFERRE~ TO ASZ 

J SUBROUTINES CALLED: 
J HANOI - SINCE IT IS RECURSIVE 

OUTPT - PRINT THE CURRENT MOVE 

HANOI: elM ROJl ; N = 1 ? 
BEZ BASIS · IF SOl OUTPUT BASIS MOVE I 

PSHM RO I R3 · SAVE N/XJYJZ ON STACK I 

SISP ROJI · SET NUMBER OF DISKS TO N-l J 

XHR R2JR3 j EXCHANGE Y AND Z 
SJS R15 /HANOI j MOVE N-l DISKS FROM X TO Y 
POPM RO JR3 j RESTORE NJXJYJZ 
SJS R15"OUTPT j PRINT X N Z 
PSHr~ RO I R3 · SAVE N/X/Y/Z ON STACK I 

sr~p ROJI ; SET NUMBER OF DISKS TO N-l 
X~JR RIJR2 ; EXCHANGE X AND Y 
SJS R15 JHANOI · MOVE N-l DISKS FROM Y TO Z I 

PO PM RO /R3 ; RESTORE NJXJY"Z 

URS R15 . RETURN I 

BASIS: SJS R15"OUTPT . PRINT X 1 Z I 

URS R15 J RETURN 
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OUTPT - outputs movement of a disk 

; THIS SUBROUTINE PRINTS X N Z BASED ON THE CONTENTS OF 
; Rl., RO J AND R3 

· J 

; REGISTERS USED: 
• J 

· J 

• J 

• J 

• J 

RO - NJ NUMBER OF DISKS TO BE MOVED 
Rl - XJ STARTING TOWER (A J BJ OR C) 
R3 - ZJ DESTINATION TOWER (AI BJ OR C) 
RII - CHARACTER TO BE PRINTED 
Rl5 - SUBROUTINE LINKAGE REGISTER 

; SUBROUTINES CALLED: 
• J 

• J 

OUTPT: 

""' II ,.. .• " fa 

TYO - TYPE A CHARACTER 
NEWLN - GO TO NEXT LINE 

LR RIIJ Rl 
SJS R15.J TYO 
LR RIIJRO 
AIM Rll/'O 
SJS RlSJTYO 
LR RIIJR3 
SJS R15 J TYO 
SJS RlSJNEWLN 
URS R15 

• PREPARE TO PRINT X J 

I PRINT VALUE OF X J 

I LOAD VALUE OF N J 

· CONVERT N TO ASCII J 

; PRINT N 
I PREPARE TO PRINT Z J 

I PRINT VALUE OF Z J 

· SKIP TO NEXT LINE J 

· -RETURN J 



NEWLN - advance cursor to next line 

J TYPE THE ASCII CHARACTERS RETURN & LINE FEED 
• - ,6 

J CALLING SEQUENCE: 
• ,6 

• ,6 

SJS R15~NEWLN 

; REGISTERS USED: 
• ,6 

• ,6 

Rll - WORKING REGISTER TO STORE CHARACTERS 
R15 - LINKAGE REGISTER 

• ~ 

J SUBROUTINES USED: 
• ~ TYO - TYPE A CHARACTER TO THE TERMINAL 
• 
~ 

NE~JLN : LIr1 Rl1.,OOOD 
SJS R15~TYO . PRINT RETURN ~ 

LI~1 Rll~OOOA 
SJS R15 J TYO ; PRINT LINE FEED 
URS R15 . RETURN J 



TMSG - type a message 

; TYPE A STRING TO THE INTERCOM PORT 
· . J 

; CALLING SEQUE~CE: 

• .J. 

· J 

.- . 
.J. 

LIM R13JADDRESS 
SJS RlS JTMSG 

; REGISTERS USED: 

· J 

· .J. 

Rll - WORKING REGISTER TO STORE CHARACTERS 
R13 - ADDRESS OF THE MESSAGE TO BE TYPED. MESSAGE 

; IS TERMINATED WITH A NULL. 
j RIS - SUBROUTINE LINKAGE REGISTER 

· .I 

Tr1SG: XORR 
LUB' 
BEZ 
SJS 
LLB 
BEZ 
SJS 
AISP 
BR 

TMSGX: URS 

'R1(·c;/R4 

RIIJR11 
Rl1.1+0.lR13 
n·~SGX 
RlSJTYO 
Rll.l-+O) R13 
TMSGX 
RlS)TYO 
R13.11 
TMSG 

RIS 

• CLEAR Rll .J. 

• LOAD UPPER BYTE OF WORD J 

• EXIT IF NULL J 

· OTHERWISE) PRINT CHAR. .I 

; LOAD LOWER BYTE OF WORD 

· EXIT IF NULL J 

· OTHERWISE) PRINT CHAR. .I 

• INCREMENT MESSAGE POINTER .J. 

· LOOP J 

· RETURN FROM SUBROUTINE .J. 



. 

TYO - type a character 

I TYPE A CHARACTER TO THE MAIN TERMINAL 
I 

I CALLING SEQUENCE: 
I L RIIJCHAR ; PUT CHARACTER INTO Rll 
J SJS R15JTYO 
I 

I REGISTERS USED: . 
I Rll - HOLD CHARACTER FOR PRINTING (ANY REG, MAY BE USED) 
I R15 - SUBROUTINE LINKAGE REGISTER 
I 

j NOTE: THE SPECIFICS OF THIS ROUTINE ARE DEPENDENT ON THE 
I VERSION OF THE INTERFACE BOARD USED 

,DUSR STATPORT = OFD 
,DUSR OUTPORT = OFE 

TYO: ANDM RIIJOO7F · MASK OUT TRASH J 
Si RIIJSTATPORT · CLEAR EXISTING ACKNOWLEDGE J 
AI~1 Rll /8000 · SET MSB TO 1 J 
ST RII/OUTPORT ;WRITE CHARACTER 

TYOl: L RII/OUTPORT · CHECK STATUS J 
BLT TYOI • WAIT UNTIL READ BY FS-l J 
L RIIJOUTPORT ; CHECK STATUS 
BLT TYOI • WAIT UNTIL READ BY FS-l J 
ST Rll/STATPORT · ACKNOWLEDGE J 
URS R15 ; RETURN 

nil ,.. Inl, 



TYI - read a character 

; READ A CHARACTER FROM THE INTERCOM PORT 

; 

; CALLING SEQUENCE: 

· " 
· " 

SJS 
ST 

R15"TYI 
RO"CHAR 

j REGISTERS USED: 

· " 

· " 

RO - RECEIVES CHARACTER 

R15 - SUBROUTINE LINKAGE 

; CHARACTER WILL BE IN RO 

FROM INTERCOM PORT (ANY REG. MAY BE USED) 

; NOTe: THE SPECIFICS OF THIS ROUTINE ARE DEPENDENT ON THE 

· " 

TYI: 

VERSION OF THE INTERFACE BOARD USED 

.DUSR IMPORT = OFF 

l RO"INPORT j READ INTERCOM PORT 
BlE . TYI ; FLUSH NULLS (OTHERWISE USE -ElT) 
l RO"INPORi · READ INTERCOM PORT " BlE TYI · WA IT UNT I L CHAR. IS AVAILABLE " ST RO"INPORT · ACKNOWLEDGE " 
!\~'!DM • It· ~ RO"OO7F ; MASK OFF TRASH 
URS R15 ; RETURN 



What is MIL-STD 1750A ? 

STANDARD SIXTEEN BIT COMPUTER INSTRUCTION SET ARCHITECTURE USA) 
FOR ALL THREE MILITARY SERVICES 

SPECIFIED BY MIL-SID 1750A (USAF)J UPDATED BY NOTICE IJ 
21 MAY 1982 

THE ISA SPECIFIES: 
DATA FORMATS 
INSTRUCTION FORMATS 
ADDRESSING ~ODES 
REGISTER MODEL 
SUPPORT FEATURES (E.G. STACKJ POWER-UP) TIMERS J ETC.) 
MEMORY (INCLUDING MEMORY MANAGEMENT AND BLOCK PROTECT) 
INTERRUPT CONTROL 
INPUT/OUTPUT OPERATIONS 
DETAILED INSTRUCTION SET REQUIREMENTS 

THE STANDARD IS AVAILABLE FREE. USE THE ORDER FORM ON 
THE NEXT PAGE. 
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F9450' : OAT Ai i TYPESi 

, , . 

BITS - can be set, reset, and tested 

" , 

BYTES - can be loaded, stored, & swapped 

, , , 

SINGLE PRECISION FIXED POINT' (one word) 

DOUBLE' PRECISION FIXED POINT 
(two' words) 

SINGLE PRECISION FLOATING POINT 
(two words) 

EXTENDED PRECISION FLOATING POINT 
(three words) 
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Single Precision Fixed Point Numbers 

15 
(s I I I 

-msb Isb 

Integer 16 bit Hex Word 

32767 7FFF 

32766 7FFE 
• 

· .. 
-. • · · · • 

1 0001 

0 0000 

-1 FFFF 

-2 FFFE 

· · · · · · · · 
-32767 8001 

-32768 8000 
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Double Precision Fixed Point 'Numbers -

o 1 15 16 30 31 

.1 II 
msb Isb 
- - integer 32' bit Hex word - -

2,147,483,647 1FFF FFFF 
· . 

2, 147,483,646 7FFF FFFE 

· · · t · · · · • · · • · 
1 0000 0001 

0 . 0000 0000 

-1 FFFF FFFF 
. 

-2 FFFF FFFE 

· · · · · · · · · · · · 
-2,147,483,647 8000 0001-

-2,147,483,648 8000aOOo 
-. 
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Single Prec'ision Floating" Point Numbers 

o 1 23 24 31 

I 
msb Isb msb lsi 

~r~------------~" ~ y v 
mantissa exponent 

Decimal Number' 
a Ion 

Mantis·sa -
Exponent 

Hexidecimal Not t e 

0.999999S'··x 2127. 7FFF I=F 7F 
.. 127 4000' 00 ". 

' , 

0.5 X 2· 7F 

0.625' X: 24. 5000 00 04 

0.5' X: 2~1 
.. 4000 00 

" FF' 

0.5: X 2- 128 '4000' 00 SO. 

0 
0.0 'X 2 0000 00 00 

-1.0' X: 2° SOOO 00 00 

-0.5000001' X:2- 128 BFFF FF 
, 

SO 

-0.7500001 X 24 9FFF' -FF 04 



Extended Precision' Floating Point Numbers 

a 23 24 31 32 47 

H I I I 
- msb msb Isb Isb 

" " J "", sy> V Y 
m·antissa exponent mantissa 

" (MS)' (LS) 

Hexidecimal Notation 
Decimal:· Number 

... 

-
Mantissa (MS) Exp Mantissa (LS) 

.. 
127 400000 7F 0000 0.5 X 2 .. 

0.5 X 
. -1 
2 400000 FF 0000 

" .127 800000 7F 0000 -1.0 x":-2 
-1 

-1.0 x 2 800000 FF" . 0000 

-128 800000 80 00"0'0 -1.0 X 2 
-·1 

-0.75 X 2 AOOOOO FF 0000 
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ADDRESSING;" MODES 

. Register Direct 

Memory: Direct * 

Memory' Indirect • 

-Immediate Long * 

Immediate Short 

. 
Ie Relative 

Base Relative • 

·can' be' indexed: by' a register 
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Mode Format 
Register Direct o 7 8 11 12 16 

I 00 I RA I RB· I 

M 0 - t 0 7 l' 11 12 16 16 31 
. emory Irec I 00 I RA I RX I I ,.. ] 

Non-Indexed: (~X 18 0) . 

Indexed (RX 'a' not 0) 

Memory Indirect 0 7 8 11 1:! 16 16 31 

... I 00 I RA. J AX II A ·1 
-I- Non-Indexed (RX la 0) . 

-IX·· Indexed (RX 18 not 0) 

Immediate Long 
o 7 8 11 12 16 16 31 

NOT INDEXIBlE I. ~o I .~A loox II I 1 
-1M- . 

INDEXIBlE 
o 7 8 11 12 16 16 31 

I 00 I RA I ~X II~I "";;;;"";"1 
-1M· non-indexed (RX la 0) 

indexed (RX Is not 0) 

Der. Oper. Der~ Addr. 

(RB) RB 

tAl 
(A + (RX)} 

I 

I 

I +(R)() 

A 

A+(RX) 



Format 

Immediate" Short 
POSITIVE 

NEGATIVE 

-'SN-

o 7 8 11 12 16 

J oc I RA I I I 
o 7 8 11 12 16 

I oc I RA I , I , 
Ie Relativ~ - 0 "7 8 15 

" t oc I 0 I· 

Base Relative 

NOT INDEXIBlE 0 6 6 7 8 15 I oe I BR'- I DU I 
BR.RR'· .... 12 -06 DU 6256 

o 5678111215 

I oe I' BR':" 1 oex' RX I 
INDEXIBl~ 

-B· Non-indexed (RX is -0) 

" -BX·" Indexed (RX Is not 0) 

Der. Oper.Der. Addr. 

(1+ 1) 

-0-+1) 

[OU+(BR») 

[(BR)l 

I (BR) +(RX) ] 

D+ (Ie - 1) 

DU+(BR) 

(BR) 

(BR)+(RX) 



OVERVIEW' OF' THE' F9450' .. 

INSTRUCTION'. SET' 
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INTEGER ARITHMETIC/LOGIC 

MNEMONIC ADDRESSING MODE FUNCTION 

A R/B/BX/ISP/D/DX/IM SINGLE PRECISION ADD 

DA R/D/DX DOUBLE PRECISION ADD 

INCM D/DX INCREMENT MEMORY BY POSITIVE INTEGER 

ABS R SINGLE PRECIS10N ABSOLUTE VALUE 

DABS R DOUBLE PRECISION ABSOLUTE VALUE 

S R/B/BX/ISP/D/DX/IM SINGLE PRECISION SUBTRACT 

DS R/D/DX DOUBLE PRECISION SUBTRACT 

DECM D/DX DECREMENT MEMORY BY POSITIVE INTEGER 

NEG R SINGLE PRECISION NEGATE 

DNEG R DOUBLE PRECISION NEGATE 

MS RIISP1 ISN/D/DX1 1M SINGLE PREC. MULTIPLY - 16 BIT PRODUCT 

M R/B/BX/D/DX/IM SINGLE PREC. MULTIPLY - 32 BIT PRODUCT 

DM R/D/DX DOUBLE PRECISION MULTIPLY 

DV RIISP/ISN/D/DX1 1M SINGLE PREC. DIVIDE - 16 BIT DIVIDEND 

D R/B/BX/D/DX/IM SINGLE PREC. DIVIDE - 32 BIT DIVIDEND 

DD R/D/DX DOUBLE PRECISION DIVIDE 

C R/B/BX1 ISP1 ISN/D/DX 1 1M SINGLE PRECISION COMPARE 

CBL D/DX COMPARE BETWEEN LIMITS 

DC R/D/DX DOUBLE PRECISION COMPARE 

OR R/B/BX/D/DX/IM INCLUSIVE OR 

AND R/B/BX/D/DXJIM AND 

XOR RJDJDX/IM EXCLUSIVE OR 

NAND RJDJDXJIM NOT AND 
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FLOATING POINT 

MNEMONIC ADDRESSING MODE FUNCTION 

FA R ... B ... BX ... D ... DX FLOATING POINT ADD 

EFA R ... D ... DX EXTENDED PRECISION FLOATING P01NT ADD 

FABS R FLOATING POINT ABSOLUTE VALUE" 

FS R ... B ... BX ... D ... DX FLOATlNG POINT SUBTRACT 

EFS R ... -D ... DX EXTENDED PREC. FLOATING POINT SUBTRACT 

FNEG R FLOATING POINT NEGATE 

FM R ... B ... BX ... D ... DX FLOATING POINT MULTIPLY 

EFM R ... D ... DX ExTENDED PREC. FLOATING POINT MULTIPLY 

FD R ... B ... BX.lD ... DX FLOATING POINT DIVIDE 

EFD R.lD ... DX EXTENDED PREC. FLOATING POINT DIVIDE 

FC R.lB ... BX.lD ... DX FLOATING POINT COMPARE 

EFC R.lD.lDX ExTENDED PREC. FLOATING POINT COMPARE 

FIX R CONVERT FLOATING POINT TO I6-BIT INTEGER 

FLT R CONVERT I6-BIT INTEGER TO FLOATING POINT 

EFIX R CONV. ExT. PREC. FL. PT. TO 32-BIT INTEGf 

EFLT R CONV. 32-BIT INTEGER TO ExT~ PREC. FL. p. 
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BIT & SHIFT OPERATIONS 
MNEMONIC ADDRESSING MODE FUNCTION 

SB RJ OJ Ox., L IX SET BIT 

RB R/DJDX I L IX RESET BIT 

TB R/D/DX I L IX TEST BIT 

TSB D/DX . TEST AND SET BIT 

SVBR R SET VARIABLE BIT IN REGISTER 

RVBR R RESET VARIABLE BIT IN REGISTER 

TVBR R. TEST VARIABLE BIT IN REGISTER 

SLL R SHIFT LEFT LOGICAL 

SRL R SHIFT RIGHT LOGICAL 

SRA R SHIFT RIGHT ARITHMETIC 

SLC . R SHIFT LEFT CVCLIC 

DSLL R DOUBLE SHIFT LEFT LOGICAL 

DSRL R . DOUBLE SHIFT RIGHT LOGICAL 

DSRA R • DOUBLE SHIFT RIGHT ARITHMETIC 

DSLC R DOUBLE SHIFT LEFT CVCLIC 

SLR R SHIFT LOGICAL I COUNT IN REGISTER 

SAR R SHIFT ARITHMETIC I COUNT IN REGISTER 

SCR R SHIFT CVCLIC I COUNT IN REGISTER 

DSLR R DOUBLE SHIFT LOGICAL", COUNT IN REGISTER 

DSAR R DOUBLE SHIFT ARITHMETIC I COUNT IN REGISTER 

DSCR R DOUBLE SHIFT CVCLIC", COUNT IN REGI"STER 
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LOAD/STORE/EXCHANGE 

MNEMONIC ADDRESSING MODE FUNCTION 

L RJBJBXJISPJISNJDJDXJ 

IMJ If1XJ I J IX SINGLE PRECISION LOAD 

DL RJBJBXJDJDXJIJIX DOUBLE PRECISION LOAD 

EFL DJDX EXTENDED PREC. FLOATING POINT LOAD 

LUB DJDXJ L IX LOAD FROM UPPER BYTE 

LLB DJDXJ L IX LOAD FROM LOWER BYTE 

ST BJ BXJDJDXJ L IX SINGLE PRECISION STORE 

STC DJDXJ L IX STORE A NON-NEGATIVE CONSTANT 

DST BJBXJDJDXJIJIX DOUBLE PRECISION STORE 

SRM . DJDX STORE REGISTER THROUGH MASK 

EFST DJDX ExTENDED PRECISION FLOATING POINT STORE 

STUB DJDXJ L IX STORE IN UPPER BYTE 

STLB DJDXJ L IX STORE INTO LOWER BYTE 

XBR S* ExCHANGE BYTES IN REGISTER 

XWR R EXCHANGE ~~ORDS I N REG I STERS 

PSHf1 S* PUSH MULTIPLE REGISTERS ONTO THE STACK 

POPM S* POP MULTIPLE REGISTERS OFF THE STACK 
. . . .. .. .. . 

LM DJDX LOAD MULTIPLE REGISTERS 

STM DJDX STORE MULTIPLE REGISTERS 

MOV S* MULTIPLE WORD MOVEJ MEMORY TO MEMORY 

. . .. . . 

• S MEANS SPECIAL FORMAT 



PROGRAM CONTROL 
MNEMONIC ADDRESSING MODE FUNCTION 

JC 

JS 

SOJ 

BR 
BEZ 
BLT 

BLE 

BGT 

BNZ 

BGE 

BEX 

LST** 

SJS 

URS 

NOP 

BPT 

BIF 

DJDXJ L IX 
DJDX 
DJDX 
ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

ICR 

S* 

DJDXJ L IX 
DJDX 
S* 

S* 

S* 

S* 

* S MEANS SPECIAL FORMAT 

** PRfVILEGED INSTRUCTION 
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JUMP ON CONDITION 

JUMP TO SUBROUTINE 

SUBTRACT ONE AND JUMP 

BRANCH UNCONDITIONALLY 

BRANCH IF EQUAL TO (ZERO) 

BRANCH IF LESS THAN (ZERO) 

BRANCH IF LESS THAN OR EQUAL TO (ZERO) 

BRANCH IF GREATER THAN (ZERO) 

BRANCH IF NOT EQUAL TO (ZERO) 

. BRANCH IF GREATER THAN OR EQUAL TO (ZERO) 

BRANCH TO EXECUTIVE 

LOAD STATUS 

STACK IC AND JUMP TO SUBROUTINE 

UNSTACK IC AND RETURN FROM SUBROUTINE 

No OPERATION 

BREAKPOINT 

BUILT IN FUNCTION (ESCAPE CODE) 



INPUT IOUTPUT INSTRUCTIONS 
. 

TIMER CONTROL , INTERR~PT IDMA/FAUL T CONTROL 

MNEMONIC ADDRESSING MODE FUNCTION 

XIO 
VIO 

TAS 

TAH 

OTA 

ITA 

TBS 

TBH 

OTB 

ITB 

sr~K 

CLIR 

ENBL 

DSBL 

RPI 

SPI 

Rf1K 

RPIR 

RCFR 

DMAE 

DHAD 

I~L IMX 
D.lDX 

ExECUTE INPUT/OUTPUT 

VECTORED INPUT/OUTPUT 

TIMER A START 

TIMER A HALT 

OUTPUT TIMER A 

INPUT TIMER A 
TIMER B START 

TIMER B HALT· 

OUTPUT TIMER B 
INPUT TIMER B 

SET INTERRUPT MASK 

CLEAR INTERRUPT MASK 

ENABLE INTERRUPTS 

DISABLE INTERRUPTS 

RESET PENDING INTERRUPT 

SET PENDING INTERRUPT REGISTER 

READ INTERRUPT MASK 

READ PENDING INTERRUPT REGISTER 

READ AND CLEAR FAULT REGISTER 

DMA ENABLE 

DMA DISABLE 

NOTE: INPUT/OUTPUT INSTRUCTIONS ARE PRIVILEGED 
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INPUT IOUTPUT (cont.) 
MMU CONTROL, BPU CONTROL & MISCELLANEOUS 

MNEMONIC ADDRESSING MODE FUNCTION 

WIPR 

WOPR 

RIPR 

ROPR 

WSW 

RSW 

RSN 

GO 

PO 

PI 

OD 

RCS 

CLC 

ESUR 

DSUR 

RICI 

RIC2 

RDOR 

RDI 

TPIO 

RMFS 
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-
WRITE INSTRUCTION PAGE REGISTER 

WRITE OPERAND PAGE REGISTER 

READ INSTRUCTION PAGE REGISTER 

READ OPERAND PAGE REGISTER 

LOAD MEMORV PROTECT RAM 

READ MEMORV PROTECT RAM 
MEMORV PROTECT ENABLE 

WRITE STATUS WORD 

READ STATUS WORD 

RESET NORMAL POWER Up DISCRETE 

RESET TRIGGER GO INDICATOR 

PROGRAMMED OUTPUT 

PROGRAMMED INPUT. 

OUTPUT DISCRETES 

READ CONSOLE STATUS 

CLEAR CONSOLE 

ENABLE START Up ROM 

DISABLE START Up ROM 

.-

READ 1/0 INTERRUPT CODE~ LEVEL 1 

READ 1/0 INTERRUPT CODE~ LEVEL 2 

READ DISCRETE OUTPUT REGISTER 

READ DrSCRETE INPUT 

TEST PROGRAMMED OUTPUT 

READ MEMORV FAULT STATUS 



INS T Rue T 10 N EX E C UT ION TIM E S (20M Hz) 

DlNCt . 1InmedI.,. a ••• a ... 
aaslo Instructions Reg .... DINe, Indea IndlntCt ImmedI ... Short R.letlve R ... ,1ve Index 

Single Predalon 

LoadlStore 0.2 0.6 0.6 0.8' 0.55 0.35 0.55 0.55 

Add/Sub 0.2 0.6 0.6 0.55 0.35 0.55 0.55 

Multiply 1.85 2.25 2.25 2.2 2.2 2.2 

Divide 4.85 5.1 5.1 5.05 5.05 5.05 

Compare 0.4 0.8 0.8 0.75 0.55 0.75 0.75 

Set/Reset Bit 0.35 0.8 0.8 1.0 

Double Precision 

Load 0.5 1.1 1.1 1.3 1.05 1.05 

Store 0.8 0.8 1.0 0.75 0.75 

Adcl/Sub 0.8 1.1 1.1 
Multiply 6.15 6.45 6.45 

. Divide 11.95 12.25 12.25 
Compare 1.05 1.35 1.35 

Floating Point 
. 

Add/Sub* 3.1 3.4 3.4 3.35 3.35 

Multiply* 6.0 6.3 6.3 6.25 6.25 

Divide* 11.7 12.0 12.0 11.95 11.95 

Compare 2.6 2.9 2.9 2.85 2.85 

Extended 
Floating-Point 

Load 1.3 1.3 
Store 1.0 1.0 
Add/Sub- 3.55 3.9 3.9 
Multiply· 12.55 12.9 12.9 
Dlvide* 24.0 24.35 24.35 
Comparee 2.6 3.25 3.25 

Branch Taken Not T.ken 
0.75 0.2 



-SAMPLE' PROG-RAM- -' . . 

MA TRIX'MULTIPLICA TION° 



LEFT MATRIX RIGHT MATRIX 

A B 

. -7 11 
10 -4 

8 6 

3 x 2 

15 6 -4 
x -2 7 -3 = 

2 x 3 

RESULT MATRIX 

c 

-127 35 -5 
158 32 -281 
108 90 -50j 

3 x 3 



A Pascal Procedure 
To Multiply Matrices 

CONST MAXDIM = 10; 

TYPE MATRIX = RECORD 
ROWSIZE~ COLSIZE: O"MAXDIM; 
DATA: ARRAY [1"MAXDIM~ 1"MAXDIM] OF INTEGER; 

END; 

PROCEDURE MULTMATRIX (LEFT~ RIGHT: MATRIX; VAR RESULT: MATRIX); 
VAR ROW~ COL~ TERM: 1. ,"MAXDIM; 

SUM: INTEGER; 
BEGIN (*MULTMATRIX*) 

IF" LEFT.COLSIZE RIGHT,ROWSIZE THEN BEGIN 
WRITELN ('MULTIPLICATION NOT POSSIBLE FOR THESE DEMENSIONS'); 
RESULT,ROWSIZE:= O~ RESULT.COLSIZE:= 0; END 

ELSE BEGIN (*DO THE MULTIPLICATION*) 
RESULT,ROWSIZE:= LEFT,ROWSIZE; RESULT,COLSIZE:= RIGHT,COLSIZE; 
FOR ROW:= 1 TO RESULT.ROWSIZE DO " 

FOR COL:= 1 TO RESULT.COLSIZE DO BEGIN 
SUM:= 0; 
FOR TERM:= 1 LEFT.COLSIZE DO 

SUM:= SUM + LEFT,DATA tROWI TERM] *RIGHT.DATA [TERM~COL]; 
RESULT,DATA [ROWICOL]:= SUM; 

END; (*FOR COL*) 
END; (*ELSE* ) 

END; (*MULTMATRIX*) 
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INPUT 
PHASE 

READ LEFT MATRIX 
READ RIGHT MATRIX 

MRE.~D 

COMMON SUBROUTINES 

MATRIX 
MUL TI.PLY 

CALCULATION 

PRINT LEFT MATRIX 
PRINT RIGHT MATRIX 

MPmn 

MMULT 

READ A 
CHAR. 

READ AN 
INTEGER 

TYPE A 
CHAR. 

TYPE A 
MESSAGE 

TYI RNUf1 Tya TMSG 

BK:5/84 

PRINT RESULT 
MATRIX 

MPRrn 

TYPE AN 
lNTEGER 

TtJUM 

OUTPUT 
PHASE 

TYPE A 
RETILF 

r'IH/LN 

TRY AGAIN? 



MATRIX MULTIPLICATION DEMO . 
. .... 

FOR THE F9450 INTERFACE BOARD 

1 MAIN PROGRAM FOR THE MATRIX MULTIPLY DEMONSTRATION. 
1 THE USER IS ASKED TO ENTER TWO MATRICES OF ANY SIZE 
; UP TO 8 BY 8. THIS PROGRAM PRINTS THE TWO MATRICES~ 

- 1 MULTIPLIES THEM (IF POSSIBLE)~ AND PRINTS THE RESULT 
1 MATRIX. 
I 

" 
I REGISTERS USED: .(MAIN PROGRAM ONLY) " 
I RO - WORKING REGISTER~ INCLUDING CHAR. INPUT " 
I Rll - CHARACTER TO BE PRINTED " 
; R13 - POINTER TO MESSAGE TO BE PRINTED 
1 RIS - SUBROUTINE LINKAGE REGISTER . 
" . SUBROUTINES CALLED: " 
; Tr1SG - TYPE A MESSAGE 
I NEWu~ - TYPE A BLANK LINE " 
; TYO - TYPE A CHARACTER 
I TYI - INPUT A CHARACTER ~ 

I MREAD - MATRIX READ " 
I MPRNT - MATRIX PRINT " 
I MM - MATRIX MULTIPLY " 
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.LOC 0 
JC 7 JMULT · INTERFACE BOARD STARTS AT 0 J 

.LOC 1000 · ROOM FOR A STACK J 

r·~ULT : LIf1 RIS/r·mLT • INITIALIZE SP SO STACK J 

· PRECEDES THE CODE J 

LIM R13JMSGI 
SJS RISJTMSG • THIS PROGRAM MULTIPLIES MATRICES J 

LIM Rl3JMSG2 
SJS Rl51 Tr1SG · ENTER SIZE AND TERMS J 

AGAIrh LIM R13 /LMSG · J 

SJS RlSJTMSG • ENTER LEFT MATRIX FIRST J 

LIM ROI'ASIZ 
PSHM RO .. RO · PUSH ADDR. OF A ONTO STACK J 

SJS RIS/MREAD · READ MATRIX A .. 

LIM Rl3JRMSG 
SJS Rl5JTMSG · ENTER RIGHT MATRIX NEXT J 

LI~1 RO/BSIZ 
PSHM RO .. RO · PUSH ADDR. OF B ONTO STACK .. 
SJS RIS/MREAD • READ MATRIX B J 

LIM ROJASIZ 
PSHM ROJRO · PUSH ADDR. OF A ONTO STACK .. 
SJS RISJMPRNT · PRINT MATRIX A .. 
SJS RIS/NEWLN · PRINT BLANK LINE .. 
LU1 RIII/IX · I 
SJS R1SJiYO · PRINT MULTIPLICATION SIGN .. 
SJS RlSJNEWLN · PRINT BLANK LINE .. 
LIM ROJBSIZ 
PSHM ROJRO • PUSH ADDR. OF B ONTO STACK .. 
SJS RISJ~'PRUT · PRINT MATRIX B I 

SJS RISJNEWLN · PRINT BLANK LINE .. 
LIM RIII"= 
SJS RISJTYO · PRINT EQUAL SIGN I 

SJS RIS/NEWLN · PRINT BLANK LINE .. 
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L RO"ASIZ+I · # COL OF lEFT MATRIX " C RO"BSIZ · COMPARE WITH # ROWS RIGHT MATRIX " 
BEZ MULTI · IF EQUAL" PROCEED WITH MUlT, " LIM RI3"MSG7 · " 
SJS RIS" Tr~SG · OTHERWISE" PRINT ERROR MESSAGE " BR TRY ; BRANCH TO TRY AGAIN 

r'1ULTI: SJS RIS"Ml'1 • MULTIPLY THE MATRICES " LIM RO"CSIZ 
PSHM RO"RO · PUSH ADDR, OF C ONTO STACK " SJS RlS"MPRNT · PRINT THE RESULT MATRIX " 

TRY: LU1 R13"MSG6 
SJS RlS"TMSG · TRY AGAIN? " SJS RlS"TYI • READ RESPONSE " 
ANDM RO"OOSF ; CONVERT TO UPPER CASE 
eU1 RO ,,"Y 
BEZ AGAIN · IF YES" REPEAT PROGRAM " BPT · OTHERWISE" HALT " 

MSGl: ,TXT " (OD) (Oft) THIS PROGRAM MULTIPLIES TWO MATRICES 
WITH INTEGER ENTRIES, (aD> (aA) (0) " 

MSG2: ,TXT "You WIll BE ABLE TO SPECIFY THE SIZE AND ENTRIES 
FOR EACH MA TR I X, <aD) <OA>. <0> " 

LMSG: ,TXT " <OD) <OA> FIR ST YOU WIll ENTER THES I ZE FOR THE 
lEFT MA TR I X , (OD> (aA> (a) " 

RMSG: • TXT "(oD> (aAo) AND NOW PLEASE SPEC I FY THE SIZE OF THE 
RIGHT MA TR I X. <OD> (OP) (0)" 

MSG6: . TXT "(oD)(aA)WoulD YOU lIKE TO TRY AGAIN? (YIN) (0)" 
MSG7: ,TXT " (OD) (Of.) MULTIPLICATION IMPOSS IBlE DUE TO MATR IX 

DIMENSIONS, (OD)(aA) (0)" 
ASIZ: .BLK 2 • # ROWS AND # COlS" lEFT MATRIX " 
AMAT: ,BLK 64 · UP TO 64 TERMS " 
BSIZ: ,BLK 2 · # ROWS AND # COlS" RIGHT MATRIX J 

Br~AT : .BLK 64 · UP TO 64 TERMS " 
CSIZ: ,BLK 2 · # ROWS & # COlS FOR RESULT J 

CMAT: .BLK 64 ; UP TO 64 TERMS 
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, . 

MREAD - matrix read 

J THIS SUBROUTINE READS A MATRIX WHOSE ADDRESS HAS BEEN PASSED 
J ON THE STACK. THE USER IS ASKED TO ENTER THE NUMBER OF ROWS 
J AND THE NUMBER OF COLUMNS~ BOTH OF WHICH ARE STORED AS THE 
J FIRST TWO ENTRIES. THE USER THEN ENTERS THE TERMS GOING 

-

J ACROSS THE ROWS. ALL TERMS MUST BE SINGLE PRECISION INTEGERS, 
· ' ~ 

J CALLING SEQUENCE: 
• .~ 

• 
~ 

• 
~ 

• 
~ 

LIM Ra~r~TADR 
PSHM Ra~Ra J PUSH~ATRIX ADDR, ONTO STACK 
SJS R15~MREAD 

J REGISTERS USED: 
• 
~ 

· ~ 

· ~ 

· ~ 

Ra~Rl~R2 - WORKING REGISTERS 
Rl1 - CHARACTER TO BE PRINTED 
R13 - POINTER TO MESSAGE TO BE PRINTED 
R15 - SUBROUTINE LINKAGE REGISTER 

; SUBROUTINES CALLED: 
• 
~ 

• 
~ 

• J 

• J 

• 
~ 

iMSG - TYPE A MESSAGE 
NEWLN - TYPE A BLANK LINE 
TVa - TYPE A CHARACTER 
TYI - READ A CHARACTER 
RNUM - READ A NUMBER (SIGNED INTEGER) 

; GETNM - INTERNAL SUBROUTINE TO FETCH MATRIX DIMENSIONS 

· ~ 

; THE FOLLOWING TEXT MESSAGES ARE PRINTED BY THIS ROUTINE 

Rowr·1SG: 
COLMSG: 
f1SG3 : 

MSG4: 

MSG5: 

. TXT 

. TXT 
,TXT 

,TXT 

,'TXT 

"How MANY ROWS? (1,,8) (0)" 
"How MANY COLUMNS? (1,,8) < a) II 
" ¢lD} ¢lA) Now ENTER ALL TERMS (S I GNED INTEGERS) 

GO I NG ACROSS THE ROWS OF THE MATR I x, (a>" 
" (aD> (aA) You WI LL ENTER ONE TERM PER LINE AT THE 

I , PROMPT, I F YOU MAKE AN 'ERROR ~ (a) /I 

" (aD> <.alVA '?' WILL APPEAR INDICATING THE TERM 
MUST BE RE-ENTERED, (aD) (aA) (o) " 



MREAD : POPi1 
PSHM 
ST 
LIM 
SJS 
LR 
LIM 
SJS 
MSR 
LIM 
SJS 
LIM 
SJS 
LIM 
SJS 

IREAD: SJS 
LIM 
SJS 
SJS 
POPM 
STI 
INCM 
SOJ 
SJS 
URS 

GETNr~: SJS 
SJS 
ANDM 
STI 
INCM 
SJS 
URS 

MPTR: 0 

ROJRl 
ROJRO 
RIJMPTR 
R131ROWMSG 
RlSJGETNM 
R2JRO 
Rl3JCOLMSG 
RlSJGETNM 
R2JRO 
R13 Ji1SG3 
RlSJTMSG 
R13Jf"SG4 
RlSJ TMSG' 
R131MSGS 
RlS1TMSG 

RlSJNEWLN 
Rll/'> 
RlS1TYO 
RlSJRNUM 
ROJRO 
ROJMPTR 
IJ~'PTR 
R2J I READ 
RlSJ NE\~LN 
RIS 

RlSJTMSG 
RlSJTYI 
ROJOOOF 
R01MPTR 
IJMPTR 
RlSJNEWLN 
RIS 

J GET ADDRESS OF MATRIX 
J RESTORE RETURN ADDRESS 
J STORE AS MAtRIX POINTER 
; HOW MANY ROWS? 
; GET THE NUMBER 
J MOVE TO R2 
J HOW MANY COLUMNS? 
; GET THE NUMBER 
; R2 CONTAINS TOTAL # OF TERMS 

; ENTER TERMS ACROSS ROWS 

J ONE TERM PER PROMPT LINE 

J A ? INDICATES AN ERROR 

J PREPARE TO READ EACH INTEGER 
J PRINT PROMPT CHAR. 
; READ INTEGER 
J POP NUMBER OFF STACK 
; AND STORE IT 
; ADVANCE MATRIX POINTER 
J IF NOT DONE J READ NEXT VALUE 
J OTHERWISE'J PRINT BLANK LINE 
J AND RETURN 

; PRINT MESSAGE 
J FETCH SINGLE CHAR. RESPONSE 
; CONVERT TO DIGIT 
J STORE IN MATRIX 
; ADVANCE MATRIX POINTER 
; GO TO NEXT LINE 
J RETURN 

; POINTER TO MATRIX ENTRY 



REPEATE'O SCAN'NING OF 'A ROW 

~ ~--...... --...... 
-6 ~ 9 ,-1 

7 ). 2 ~-1 

8..2 15 

4 ~3 6 

SIZ: 4 

3 
,..AT: -6 

9 RELQAD START OF 

-1 ROW POINTER 

7 
2 RELOAD START OF 

ROW POINTER 
-1 
8 

2 
15 
4 

-3 
6 



SCANNING OF-SUCCESSIVE COLUMNS 

~6 , 

SIZ: 

7 
l 
8. 
~ 
4 

4 

3 !I 
~.AT : -6 -

9 

-1 
RESET 7 
TO NEW 2 
COL. # 
MINUS 1 

8 

2 

4 

-3 
6 

9 --1 

2 -1 

2 15 

. -

INITIALIZE TO COL. NUMBER - 1 

INCREMENT BY VALUE 
STORED AT sIz+1 

INCREMENT BY VALUE 
STORED AT SIz+l 

INCREMENT BY VALUE 
STORED AT SIZ;-! 



SCANNING AN ENTIRE MATRIX 

'" -6 · ~ 9-+ "-1,) 
At 

7 >2 ~. -1 ~ 

. -2 15 

4" ~3 ,6 

SIZ: 4 

3 

ft4AT: 
II!" 

-6 ;L 
9 J 
-1 
7 J 
2 ~ 
-1 J. 
8 i 
2 
15 
4 

-3 
6 

---- ~_ .-.=.0-=0"'"_0. ____ __ -;::::-_"'._~_~ 



MM - matrix multiplication 

; THIS SUBROUTINE MULTIPLIES A MATRIX ON THE LEFTJ CALLED AJ 
; BY A MATRIX ON THE RIGHTJ CALLED B. THE RESULTANT MATRIX 
; IS CALLED C. IT IS ASSUMED THE CALLING PROGRAM HAS VERIFIED 
; THAT THE NUMBER OF COLUMNS OF A MATCHES THE NUMBER OF ROWS 
; OF B. THE FIRST TWO ENTRIES FOR EACH MATRIX ARE THE NUMBER 
; OF ROWS FOLLOWED BY THE NUMBE~ OF COLUMNS. MATRIX ENTRIES J 
; WHICH MUST BE SINGLE PRECISION INTEGERS J ARE ENTERED ACROSS 
; ROWS. THE LABELS ASIZJ BSIZJ AND CSIZ ARE ASSUMED. 

· ~ 

; CALLING SEQUENCE: 
; SJS RlSJMM 
· ~ 

; REGISTERS USED: 

· J 

. ; 
; 

; 

; 

· J 

; 

· J 

; 

; 

RO - ROW COUNT 
Rl - COLUMN COUNT 
R2 - TERM COUNT 
R3 - SUM OF PARTIAL PRODUCTS 
RS - OPERAND FROM MATRIX A 
R7 - OPERAND FROM MATRIX B 
R12 - INDEX TO MATRIX A 
R13 - INDEX TO MATRIX B 
R14 - INDEX TO MATRIX C 

; SUBROUTINES USED: NONE 
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r.1r1: L RO~ASIZ • RESULT MATRIX HAS THE SAME ~ 

ST RO~CSIZ • NUMBER OF ROWS AS A (LEFT) ~ 

L RI/BSIZ+1 • AND THE SAME NUMBER OF J 

ST Rl"CSIZ+l • COLUMNS AS B (RIGHT) J 

XORR R12"R12 • CLEAR INDEX REG. FOR A ~ 

XORR R14"R14 • CLEAR INDEX REG. FOR C ~ 

RWSCN: ST R12 /RWNDX • SAVE TO ROW INDEX FOR A ~ 

L Rl" CS IZ+l • LOAD THE COLUMN COUNT J 

CLSCN: L R13"BSIZ+l • CALCULATE THE COLUMN NUMBER ~ 

SR R13"Rl • WtTH ZERO FOR THE FIRST COL. J 

L R12~ R\~NDX • INITIALIZE ROW INDEX FOR A " L R2" AS IZ+l • INITIALIZE THE TERM COUNTER .I 

XORR R3~R3 • CLEAR THE SUM REGISTER ~ 

Tr'1SC:~ : L RS~Ar1AT" R12 · LOAD OPERAND FROM A ~ 

AISP R12,,1 • INCREMENT INDEX FOR A ~ 

L R7 ~ B~'AT" R13 • LOAD OPERAND FROM B " f1SR RS J R7 • MULTIPLY THE OPERANDS J 

AR R3"RS • ADD PARTIAL PROD. TO SUME ~ 

L R7/BSIZ+l • FETCH NUMBER OF COLS IN B " AR R13"R7 • INCREMENT B INDEX BY THIS AMOUNT .I 

SOJ R2" Tr1SGI • IF NOT DONE" GET ANOTHER TERM J 

ST R3 1 Cr"AT" R14 • OTHERWISE" STORE SUM IN C ~ 

AISP R14~1 
. 

INCREMENT INDEX FOR C • J 

SOJ Rl" CLSCN • IF NOT DONE" GO TO NEXT COLUMN " SOJ R0/RWSCN • rF NOT DONE 1 GO TO NEXT ROW ~ 

URS R15 • OTHERWISE FINISH~D" SO RETURN J 

R'wNDX: 0 • START OF ROW INDEX FOR A ~ 
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TNUM - type a number (signed -integer) 
~ TYPE A NUMBER (SIGNED INTEGER) TO THE INTERCOM PORT 
~ 

; CALLING SEQUENCE: 

· " L RIIJNUMBR 
~ SJS R15 JTNUM 
; REGISTERS USED: 

; PUT INTEGER IN RII 
; R15 IS LINKAGE REG. 

· " · " 

RIO - TEMPORARY WORKING REGISTER 
Rll - CONTAINS NUMBER TO BE TYPED 

· " 
TNUM: LIM 

PSI1M 
LR 
BGE 
SB 
NEG, 

TNWU: DVIM 
BEZ 
PSHM 
BR 

T~IUM2: TB 
BEZ 
PSHM 
LIM 
SJS 
POPM 
RB 

TNUt13: TBR 
BLT 
CIr~ 

BGE 
AIM 

TUUM4: SJS 
POPM 
BR 

nmM5: AIM 
BR 

TNUMX: USR 

NFLG: 0 

RIOJ-l 
RIDJRID 
RIOJRll 
TNUMI 
OJNFLG 
RIDJRID 
RIO .I RADIX 
TNUM2 
RIIJRll 
TNUMI 

, OJ NFLG 
TNUM3 
RIIJRll 
RIL "­
RI5 JTYD 
RIIJRII 
OJNFLG 
OJRll 
TNUMX 
RIl.,lD. 
TNUM5 
Rll,,"D 
RI5 JTYO 
RILRII 
TNUM3 
Rll/'A-ID. 
TNUM4 
R15 

; MARK STACK WITH NEG. DIGIT . 
" 
; MOVE NUMBER TO WORKING REG. 
; SKIP IF POSITIVE INTEGER 
; OTHERWISEJ SET NEG. FLAG 
; CONVERT TO POSITIVE NUMBER 
; DIVIDE BY RADIX , 
; IF QUOTIENT=OJ GO TO PRINTOUT 
; PUT REMAINDER ON THE STACK 
; DO NEXT DIGIT 
j NEG. FLAG SET? 
; BRANCH IF NOT SET 
; OTHERWISE, SAVE LEADING DIGIT 
j PRINT A MINUS SIGN 

; RESTORE LEADING DIGIT 
; RESET NEG. FLAG 
; END OF NUMBER? 
; IF SO, EXIT 

; HANDLE HEX DIGITS A •.. F 
; FORM ASCII CHAR. 0 ••. 9 
; PRINT THE DIGIT 
; POP NEXT DIGIT OFF STACK 
j LOOP UNTIL FINISHED 
; FORM ASCI~ CHAR. A ••• F 
; BRANCH TO PRINT 
; RETURN 



RNUM - read a number (signed integer) 

J READ A NUMBER (SIGNED INTEGER) FROM THE INTERCOM PORT 

· ~ 

; THE FORM OF THE INTEGER IS 

· -~ 

· ~ 

; 

· I 

; 

· ~ 

; 

; CALLING SEQUENCE: 
; 

• .t 

· .t 

SJS RlS,RNUM 
POPM RO J RO 

; REGISTERS USED: 

DIGIT. . 

; READ INTEGER 
; POP RESULT INTO REG. 

; RO - WORKING REGISTER FOR CHARACTER BEING PROCESSED 
; Rl - HOLDS CURRENT INTEGER VALUE 
; Rll - USED TO PRINT A ? IN CASE OF AN ERROR (CALLS TYO) 
; R15 - SUBROUTINE LINKAGE REGISTER 
· .t 

· J 

; NOTE: AN OVERFLOW ERROR WOULD CAUSE AN INTERRUPT TO AN 
; OVERFLOW ROUTINE. THERE IS NO PROVISION FOR CHARACTER 
; CORRECTION VIA ~ACKSPACE. IF AN ILLEGAL CHARACTER IS 
; ENTERED, A ? IS PRINTED AND ENTRY MUST BE RESTARTED. 
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RNUM: XORR RIIRl · CLEAR TOTAL ~ 

ST RIINFLAG • CLEAR NEGATIVE FLAG ~ 

RNUMl: SJS RISI TYI · FETCH CHARACTER ~ 

elM R0 1 32. · SPACE? ~ 

BEZ RNUMI I IF SOl GET NEXT CHAR 
elM RO I"- • MINUS SIGN? ~ 

BNZ RNUM2 · IF NOT I KEEP CHECKING ~ 

SB OINFLAG · OTHERWISE I SET NEG. FLAG ~ 

BR RNU~3 • LOOK FOR SPACES ~ 

-RNUM2: elM RO I "+ · PLUS SIGN? ~ 

BNZ RNUM4 · IF NOTI CHECK FOR DIGIT ~ 

RNUf·i3 : SJS RISITYI · SEARCH FOR NONBLANK CHAR. ~ 

elM R0 1 32. · SPACE? ~ 

BEZ RNUM3 ; IF SOl GET NEXT CHAR. 
R~WM4: elM R0 1 13. · RETURN? J 

'BEZ RNUMS · IF SOl EXIT ~ 

CIM RO/'O 
BLT ERROR ; ERROR IF LESS THAN "0 
CIM RO/'9 
BGT ERROR · ERROR IF GR. THAN "9 J 

SIM' RO/'O · CONVERT TO INTEGER J 

MISP RIIRADIX · MULT. PREVo TOTAL BY RADIX J 

AR RLRO · ADD CURRENT DIGIT VALUE J 

SJS RISITYI · FETCH NEXT CHARACTER ~ 

BR RNur14 · CHECK FOR RET. OR DIGIT J 

RNUMS: TB OINFLAG ; NEG. FLAG SET? 
BfJZ RNur·16 ; SKIP IF'NOT SET 
NEG RIIRl · OTHERWISEI NEGATE RESULT J 

RrmM6: POPM ROIRO · POP RETURN ADDRESS ~ 

PSI1M ROIRI · PUSH RESULT ON STACK I 

URS RIS · RETURN J 

ERROR: SJS RISINEWLN · GO TO NEXT LINE J 

LIM RIL "? 
SJS RlSJTYO · PRINT? PROMPT ~ 

BR RNUf.1 · START OVER J 
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MPRNT - matrix print subroutine 

J THIS SUBROUTINE PRINTS THE MATRIX WHOSE ADDRESS IS PASSED ON 
J THE STACK. IT IS ASSUMED THAT THE FIRST TWO ENTRIES ARE THE 
; NUMBER OF ROWS FOLLOWED BY THE NUMBER OF COLUMNS. MATRIX 
; ENTRIES~ WHICH MUST BE SINGLE PRECISION INTEGERS~ ARE ENTERED 
; ACROSS ROWS. 

· " 
; CALLING SEQUENCE: 

· " 
; 

· " 

LI.M RO"MTADR 
.PSHM RO~RO 
SJS R15~MPRNT 

; PUT MATRIX ADDRESS IN RO 
J AND PUSH ONTO STACK-

; REGISTERS USED: 
• 
" 
; 

· J 

· J 

MPRNT: 

RO"Rl - WORKING REGISTERS 
Rll - USED FOR PRINT SUBROUTINES 
R15 - LINKAGE REGISTER 

POPM RO"Rl • GET MATRIX ADDRESS " PSHM RO"RO · RESTORE RETURN ADDRESS " ST Rl~ADPTR · STORE MATRIX ADDRESS POINTER " LI RO~ADPTR • LOAD NUMBER OF ROWS " INCM l"ADPTR ; ADVANCE ADDRESS POINTER 
LI RLADPTR ; .LOAD NUMBER OF COLUMNS 
ST Rl"COLCT J SAVE AS COLUMN COUNT 

RWPRT: L Rl"COLCT · RESTORE COLUMN COUNT J 

SJS R15JNE\~LN · ADVANCE TO NEW LINE " CLPRT: ItKM LADPTR ; ADVANCE ADDRESS POINTER 
LI Rll~ADPTR · FETCH NEXT ENTRY J 

SJS R15~TNUM • AND PRINT IT " LIt1 RIIJOOO9 · LOAD ASCII FOR A TAB J 

SJS R15~TYO · AND PRINT IT J 

SOJ Rl~CLPRT · LOOP TO PRINT NEXT COL. ENTRY J 

SOJ RO"m'IPRT · LOOP TO PRINT NEXT ROW " SJS R15~NEWLN • FINISH WITH A NEW LINE J 

URS R15 · RETURN J 

ADPTR: .... 
U . MATRIX ADDRESS POINTER J 

COLCT: 0 J NUMBER OF COLUMNS 
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SUPPORT DEVICES & APPLICATIONS 
. . 

MEMORY INTERFACE 

.. F9451 MEMORY MANAGEMENT UNIT 

Features & Map· Structure 
Bloc kD ia g·r am 
CPU/MMU Configuration 

F9452 BLOCK PROTECT UNIT 

Features & Look-Up Table 

Block Diagram 

CPU/BPU Configuration 

CPU/MMU./BPU Configuration 

MULTIPROCESSOR/BUS ARBITERS 
------
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F9451 Memory Management Unit (MMU) 

• MEMORY PROTECTION IN 4K WORD PAGES 
- ACCESS KEY/ACCESS LOCK MATCH 
- WRITE PROTECT IN OPERAND SPACE 
- EXECUTE PROTECT IN INSTRUCTION SPACE 

• LOGICAL TO PHYSICAL ADDRESS TRANSLATION FOR INSTRUCTION AND OPERAND SPACES 

• 2 M WORD SEPARATE DATA & INSTRUCTION ADDRESSING SPACE 
- EXPANDABLE TO 16 M ~IORD FOR NON-MIL-STD 1750A APPLICATIONS 

• INTERNAL CACHE MECHANISM ENHANCES PERFORMANCE 

• MAP RAM (FOUR F93479s) AND BUS TRANSCEIVER (TWO 54/74F245s) INTERFACE 



F9451 MAP STRUCTURE 
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nM. C 101. 
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F9452 Block Protect Unit (BPU) 

, WRITE PROTECTION OF PHYSICAL MEMORY SPACE FOR CPU AND DMA DATA SPACES 

, PROTECTION IN lK WORD BLOCKS 

, INTERNAL CACHE SCHEME ENHANCES PERFORMANCE 

'PROTECTION LOOK-UP TABLE RAM INTERFACE 

, CPU ONLY OR CPU/MMU SYSTEM COMPATIBILITY 



BPU LOOK-UP TABLE STRUCTURE 

6 
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F9452 BPU Block Diagram . 
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CPU/MMU/BPU· Configuration 
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Dual F9450 CPU with External Arbiter 
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DEVELOPMENT ENVIRONMENT 
, . 

FAIRCHILD SUPPORT 

V AX/VMS*Based' Tools' 

SJNGLE' BOARD' COMPUTER' 50 

THIRD PARTY SOFTWARE SUPPORT 
VAX·Based Tools 

Real Time Executives 

THIRD'PART,Y HARDWARE SUPPORT 

Logic Analyzers 

Emulators 

* VAX and VAX/VMS are trademarks of Digital Equipment Corporation. 



F9450/V AX CROSS SOFTWARE 

.MACR050 

RELOAD50 

LIBEDIT 

SVTOLDM 

VPEPLINK 

LDMTOSV. 



MACR050 / RELOAD50 

. . 

Symbolic Instructions, Addresses & Data 

Arithmetic/Logic Expression Evaluation 

Conditional Assembly 

Complete Macro Capability 

Cross ·Referencing 

external Symbols 

Absolute or Relocatable Object Code 



SINGLE BOARD COMPUTER 50 "(SBC50-) 

HIGH PERFORMANCE EVALUATION AND PROTOTYPING OF F945J BASED SYSTEMS 

F9450 CPU 

161< x 16 BIT HIGH SPEED DUAL PORT RAM EXPANDABLE T064K ON BOARD 

16K X 16 BIT EPROM EXPANDABLE TO 32K ON BOARD' 

OPTIONAL F9451 MMU AND F9452 BPU 

DUAL ASYNCHRONOUS RS232C COr.,PATIBLE COMMUNICATION PORTS 
(19.2K aAUD r.,AX) 

iSBX* COMPATIBLE I/O Bus 

IEEE 796 COMPATIBLE SYSTEM Bus 

NATIVE Bus FOR COMMUNICATION WITH CUSTOM MEMORY AND F9450 
I/O DEVICES 

SOFTWARE MONITOR WITH VAX/VMS·· INTERFACE FOR DEBUGGING AND 
DATA UPLOAD/DOWNLOAD 

* iSBX IS A TRADEMARK OF INTEL CORP. 

** VAX/VMS ARE TRADEMARKS OF DIGITAL EQUIPMENT CORPORATION. 



-

THIRD: ,. PARTY: 
.. 

t SOFTWARE! SUPPORTl 



VAX'· SUPPORT 

, 

1750A Assemblers 

Jovial' Compilers 

Linkers/Loaders 

Simulators 

·Interactive Oebuggers 
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J73 AND 1750/1750A SOFTWARE 

Many Government agency support software tools are available for release to AdaJUG and 1750 Users Group members.-Jn 
most cases, users may obtain this software from the specified Government contact point by submitting a Terms and 
Conditions form and a blank magnetic tape. The tape containing the software will be returned to the user with 
accompanying documentation. Where the LCF has been informed of a distribution charge, it is so noted. 

The following table lists each tool, its host and target machines, and its projected delivery date. Also shown are contact 
reference numbers which identify specific contaci: points for each tool. These reference numbers correspond to the 
numbers for the contact points listed on page 7. 

TOCIl - DI¥_ HOST TAIIGIf va_ DIU'W'Eft',· CONTACt 

I. 17S0/17SOA Tools 
MIcro '-__ • MIcro Library. EC5I'O MeDon .... POP.l"". ,7_ Camp ... .., , 

4 .... bfeto. Linker. Doutfa VAX.lll1111. 
Inc! Simulolo< IBM l7O. DlC·l0 

_bier (M". SML. MIA' lC5I'O MeDonne' VAx.nl1lll 17_ Complerod 
CouP" 

__ ,M ... -SMl. MIA' EC5I'O "'<Don ... YAlIolll1111 17_ Camp_ i 
Coull. 

MIcro PMptOCfttOr. ASO CDC 1IIeh00'"'I MOAC c~e':':l0· 17_ Camp ... .., 17 
A...",blor. Lin .... 1_501, 
oInd~O' 

_ble'IAtAPI lC5I'O l'IIW DIC·l0. IBM 170 ,7_ Camp_ 

__ IAtAP! 
IC5I'O TIIW 11M JIO ,75OA NOY84 6 

-...IIIor(AtAP! IC5I'O l'IIW DIC·lU '7_ DECM .. 
_I0I0<(51_, IC5I'O TIIW DlC·l0. 11M 170 '75OA Comple,'" 6 

5imu_{$I_' IC5I'O TIIW VAJl.1111111 l750A Cample..., 

51_I ..... (9M5OA, £C5I'O TIIW VAX· "l11li 1750A Complorod 6 

5 ___ (9_, EC5I'O - TIIW 11M 370 '75OA NOYM 

um.r IEM" 1"llNkS) IC5I'O l'IIW OIC·'o. 11M llO l750A Camp ... .., 6 

Un .... (AUNKSI IC5I'O TIIW VAX· 11l11li l750A Camp_ 6 

LiII .... ,AlINKSI EC5I'O TIIW 11M JIO 1750A Compleled 6 

RoIonN, .. (R'Ml'II, EC5I'O TIIW YAlIolll1111 ,75OA Co"",_ • 
Archkectu," Ti11'II ,...rJlm ""WAt l'IIW (lCNlCMd in 1750A Computers. eN"_ Notice 1 Camp ... .., 

0uaJ Meta A'HItIftbler Linker f.1651'0 P55 OIC·'O. 11M llO. VAJl.lll1111. 17_ Co"",_ 
Orhen 

Funcl_5O_or f.1651'0 P55 11M 370. VAX·lll1111 17_ Comp_ 

1710A 'nSlrucaon Sei 'n,«nwtrict4 I"~ "ppI •. DEC·'O. IBM 310. 17_ CNnpNorice1 Co"",leIed I. _oct .... Simula'ian VAX.1111111.0 ...... 

l750A Link Editor " InlefflWfric .. In.,,..frio Apple. DIC-lU. IBM llO. l750A Comple,.., 11 
Macro Astemb'er VAX.11I1111. ON .. 

MIcro _. UnUr FoI651'O ACT 11M 370. VAX·lll1111 l750A NOVM 13 

Cull""'_ h_dod_." P5S P55 VAX·1117111. 11M llO. 17_ Co"",ioted 
Un .... plus _0 Asomblor OIC·101'211. 0 ...... 

JOVIAl _acti ... 00II_ P5S P55 VAJl.1117111. TeId",ni."", '7501\ lULU 
IRAID! 

Rool'ime Oporl'int s,..... P55 P55 17_ 1750A -'UGIM 
IESCAPE. 

FORTRAN" Compiler ACT ACT VAlCIVMS l750A SEPM II 

VeJ'WIri ....... 1irN Hu ..... " Hu_6 VAX. 18M. ,15OA Compleled 24-
£<oCUli .. (VRTXI17!11\ R..., R..., T ekuoni .. omen 

II. Tools for Other Embedded Computer Targets 
Duol __ ro ...... 

""510 P55 OlC·'O. 11M 370. HOOl Co"'l>iorod 
VAX.11I1111. ON .. 

Fu .... IoNlSlm_ .·11510 P55 11M 370. VAJl.UI1III z_ Comp_ 

MIcro_.,li_ .." 5.0 ACT 11M 310. VAX·1111111 z_ NOVM 13 

~' 

4 



)73 AND 17SO/17SOA sonw ARE (Continued) 

TOOl. - DlYILOPIa - TAIIGIT 
v_ 

DIUYItn" •• CONTACt 

III. /7l Support Tools 

/7l1" ...... iYe~. ECSI'O - DEC·" DEC·" DEC .. 

''' ... _ 5uppDrt 501_. s. ........ AfWAL ee ..... ,Dy_ 
(ai, 

VAX.nl7llll VAX. "nlO & AVSAIL IAN IS 1_ 

/7JAVS IADC. ECSI'O GIIC 11M l7O. VAX·,,171111 H/A CampIe.eeI 

Code_, .. .ADC 1'9 11M 17O N/A 011112 Compleleel 

PSL ASO/ ... DOI. SalT .... 11M 170 N/A 112.01 C""",leIeeI 

!CVS(I_.'.Cl A5OIAOOI. SalT .... HlA N/A SE' .. 2l 

. /OVIAI. (171, W_. ASO/AOOI. SalT .... NtA NtA '''''.1_ C""",leIeeI 15 

.cam ..... ic:._ ~ .ADC esc 0..."""""",,,,,_ DEc·a (IMiIl, DEC-20 Campleled 19 

173:"~~~:~~~ IADC SEA NtA NtA CompIored 

173 Ado T,_or SIllily. 
"OA1_2 

IADC 1'9 NtA N/A C""",_ 

IOVIAI. (1731 Video T_ lADe SalT .... NtA NtA 

,_ 
C~eeI 15 

IOVIAL IV3l _ ....... ASD/ADOl SalT .... 11M 370 N/A 

,_ 
C""",leIeeI 

,7501\ Hlrdw ___ •• 
PSS P5!I NtA N/ ... '7501\ Co"",leIeeI 

17501\ 1 __ DoIIu ... 
1'9 1'9 VAXonl7llll N/A 17501\ IUL14 

In...-T ...... s,.- "'SCf s,o-o...earp. 11M 370 11M 17O Co"'llieled 21 

"""",--.-. "'SCF s,.oon. 0... Carp. NtA N/A NlA NtA 22 
&C.....-.. 

,- , ... SflDNIOII - TAIIGET - OEUV.' CONTACt 

IV. /73 Compilers 

EC5I'O SEA DEC·'O DEC· '0. MIL·'7!OA Validareel 

EC5I'O SEA DIC·'O MAGIC 3121.' VaHdareei 
AN/AYIC-15·, Mll .. ·l75OA 

X EC5I'O 5IA 1IM17O._ Mlt·17!OA.IIM 17O V.lidoleel _]Xx 

EC5I'O 1'9 V ...... ,,171111 VAX-,'I7IIII. MIL·'7!OA VaOdareei 6 

lADe Salfecb 11M 370 11M 17O 9.5 v •• dareel 

X -" SalTecb 11M 370 11M 370 ComPeted ,. 
-.' SalT .... 11M 370 MIL·I7!OA Terminaed 16 

AOIOI5 lOOl5oIl .... 11M .I7OIlQl1 Dls/Z_ 9.' C_ ..... eeI 

MaASM' lOOl5oIl .... IBM 370 Dls/Z_ 761\67400010 Cam ..... ed 

X ,..",,-.. _M.norr .... 11M 17O ....... 9lO OCT 11 

~ SalTecb _370 MECA. 11M 370 TID 
IMO ___ 

SEA VA","171111 VAX·l1l71111. PDP-l1no. TID III 
no .OLM, ..... 

W!C (W_ Syftem C_oIle1l 

5 



Ji'3 AND 17SO/17S0A SOFTWARE (Continued) ,- ,- s_ _Oft. - 'AliCIT VUSION DlllVay CONfACT 

IV. 173 Compilers (continued) 

TI SEA IIM .. ,M1 TI·9'III.TI."" 1002 V.fielMed 12 

INTEL' PS5 111M l7O. INTEL lIOII6 Completed 
lOJl.ml (iAPX 16 fomo!y I 

IWEL' P5S OEC·l0 INTEL IlOl6 Completed 
(iAPX 16 family) 

SM-M.C· S .... JP5S JIM .341 Cl'-lU V.UelMed 11 

SM-~C' 1i_,"5 IIMml MIL·111M V,U_ 11 

,."spo ACT 'IM l7O. lIIJII. 4JXX Z.-z. MIL·l~ V,OelMed 1) 

'.l&SPO P5S 11M l7O. _. 4JXX Z.-z. MIL·'~ NOV IN 10 

Marti ....... ien. SEA OEC·l0 z_ V.HelMed 12 

-I' P5S IlMmI MlL·17_ Completed -.. 
PSI VAX-l'l7III MII.·'~ Comp.ced 

'·l.SPO ACT VAX-l1l71O Z_.MlL·l~ TIO 1] 

GTEISEA SEA OEC·211. VAlI.11171O Z_ ComplMed 12 

A'WAUGTl SEA OEC·20 Z_. Completed 11 

GrllSEA SEA OEC·lona VAX·"17IO C .... p_ 12 

SEA SEA VAX-11J7ID VAX·l1l71O Comp_ 11 

SEA SEA VAX-l1l71O MIL·111M Completed 12 

X SEA SlA OEC·20 DEC·l0 Com..- 1% 

P5S PSS 11M l7O. lIIJII. 4JXX 18M. Improwd. C .... pleted 
S.I-CompiI ... 

SEA SEA VAX-l1l71O z_ Compe.ed 11 

X un.. P5S VAX-"17IO ....... 17_ , ZlLOG Completed 

P5S PSS IIMmI MIL·l~.N_. ComplMed 
Hilh'.",,_ 

X ~II PS5 VAX-l1l71O MIL·'~.N_. Com ..... ed 
Hilh '.Iotmanee 

StA SEA VAX-l1l71O z_ ComplMed 12 

StA SEA VAX.llnea VAX.l1l71O Globol IUNI<I 12 
Optim'''' 

X StA SEA VAX-l1l71O MIL·'~GIobliOpti_ lUNa. 12 

x SEA SEA VAWNIX VAX·',I71O. MIL·l~. OCTM 12 
z·lIGIII. PDf' 

P5S P5S VAX-l1l71O MIL·17_._. OCTIl 
Hilh .... Iormanc. 

X PS5 PS5 11M. VAlI-l1l71O Globol Optimi .. DECM 
(AII'"rplll 

X GDAin.JPU PSI 11M. VAlI-l117111 MIL·l~ Ex.ettded NOVIl _ry Tool S. 

• Unmaintained targets. 

NOTES: 1. lite deliMry da ........ Ima .. alwllen .... pIO<Iua will berele_ by.IIe_lolM'lO .h .. _.ln """' ...... ,;lobi., ... 01_ productt .hrou&h .IIeCSA ,ellatll Software ~ (FSEl __ ,.._ .. _ 

Z. EM· E.-dId M-v 
1. 1'10 _ 'To Ie DeI.minl!'" 

4. T1IiIlOllwore is _ IdiWIIe 10 !h_ public for f_. 
S. Thee If. Co_nment sponsorod ondwill be made ... ilable It no co .. It a I ... dale. 

6. This 10"" ... iI _ amend, l .. tWIt .. 

7. Ditlribudon ctww-. 

6 



1. PS5 /73 Compiien and 
Suppor' Tools: 
1..-1 Fleis. 
I'ropri .... ' Soh_.,,, 

Svl ...... (PSS' 
429 Son'o Monica BIIIII. 
Sui'" 430 
5.1 .... Monic. CA_l 

czn' ..... S2lJ 

.. Ai'~a;,<:~7~~':'::ond 
CJ!r,..,. Marano 
ASD-MALC/AXTS 
WPAFB OM 45433-6503 

(513, 255·5915 
AV 785-5915 

n. f·l11 S""port Softw_: 
Tom lroen 
SM· ... lC/MMliC ... 
McClellan ... FI CA 95&5Z 

(91" 643-6OQ 
AV 633-6OQ 

1" _inSl5otTech Co"",iIer: 
lohn Wlhh 
SolTech. Inc. 
~ Tonen Pond Road 
WaI.hIm MA 0Zl54 

(617) 110-6900 

21. 173 T .... Toot., 
loo B. Collim 
Syllern ~Iopmenl Corp. 
2500 Colorado Ave. 
Sonra Monica CA_ 

(213, 453·5126 

JOVIAL (J73) AND 1750 POINTS Of CONTACT 

Z. Nation.1 Technical 
IniorrNtion Service: 
SZIS Pon 110)'.1 Rood 
Sprinatielcl VA 22161 

(1U,-~ 

7. Air Force foe .. Poin. for Fai,cnlld: 
Micropraceso, Chop Set 
Jeffer, L. Pale, 
ASOtEN (CRFP! 
WP ... FI 0t14543~f503 

(513' Z55·3656 
AV7B5-J656 

MILNEr: 
PESLEIII III WPAlB-"'lCF 

lZ. SEA To .... : 
CIIWoitIIard 
SoIow.e En,_i"l "'HOCilla 
ZlB64 M_1Iome 81"'. 
Suite ZOO 
T_anceCA_ 

(Z13137WW1 

17. CDC l750A ToIIiI: 
R. l. Dldribon 
Con ..... Dif. Corp. 
PO 10._ 
Minn-">MN_ 

(6'12) 153-51191 

zz. 173 ........ _'Slandarcll 
& Conven.iom: 
111 II loe lorzombei< 
AfSCf1DV1 
PO 'I, .. J430 
Sunnyvol" AlS CA_ 

(4011 74406439 
AV 799-643!1 

3. MIIASM DIS Compiler: 
Dee Gtau mann 
SalTeeh, Inc. 
161aS Well ...... nlo Or 
San 01010 CA 9Z1:z7 

(6191 .,1-3350 

I. Solowlre in lCF R_itory: 
Geo,,,,,o""" Chitwood 
ASOt ... DOL 
W' ... FI OM 4$433-6503 

(513) ZS5-447Z 
AV 71S ..... n 

13. ACT TooIo: 
L""ie I. Henh 
... dvanced COmpll"" 

TeehniqUft Corp. (ACT) 
16 bit lZnd 5 •. 
New York NY 111016 

(Z1lt ,*liIIO 

11. I",ermetria l750A Too .. : 
lohn A. Dunfo,d 
Intetmetria. Inc. 
S16Z Spr.natield Pike 
Dlyron 0t1 45431 

(513) 15.1:171 

23. ICY5, IOVIAL (/731 Valid.ion" 
U Col lalePh Dlnt",field 
"'SD-... fALClAxr 
WPAII OM 45433-6503 

(513) 255-5911 
AV 785-5911 

7 

4.1750/175OA T",. Tools: 
Ron Volr.it\ 
ASD·Af"'lC/ ... XT 
WPAfB OM 454J.l.6S03 

(513) ZS5-5911 
AV 715-5911 

9. ...rmy Per"'int Compi .... : 
Doug'" A. Wi", 
US IIIt.Hile Commlnd 
DRSMI-OA 
RedI.one Arsenal Al 3S1!l11 

(115,176·3797 
AV 7*"3797 

1.. In ... ra.ed Support 
Soh_Ire Sv"ern: 
L. Mark S'"phenlon 
AfWAVAAAF 
WPMI OH 45433-6543 

(5131 255-65411 
AV 785-65'8 

19. C50S Tool: 
Federll Solowor e E xchlnp 
GSA SZ03 L ..... burS Pike 
Sui.e 1100 
F .... Churcn V ... llO41 

(7031 756-6150 

l4. Hun.e, & Ready VRTX/1750: 
David M.quord. 
Hun.er '" Ready, Inc. 
445 Sherman Ave 
PO Bo. 60103 
,alo Alto CA 943060G803 

(415) 326-1950 

5. SMO/P"acekeeper 173 Compiler: 
COl>' Harold I. Kunnen 
BMO/ENMG 
Norton ... FI CA 9Z4O!I 

(714' 3IIZ-6IIZl "'v 176-6021 

10. 1·16 SPO Compile,,, 
Tom SpariinS 
... SD/YPEA 
WP ... ' B OM 4S411-6S03 

(513) 255 ... 1776 "'v 71S~776 

lS. Video TI"", and Wo,kbooks: 
Diane kanerhelnrid1 
...SD/ ... DOl 
W' ... fl OM 45433-6503 

(5131 25~Z 
"'V~Z 

ZOo BMO/P"acekeeper 173 C""",iler: 
Moj lohn leilhry I 
Lr Ron ROlZO 
BMO/ENBC 
Norton All CA 9Z4O!I 

(7141 3112·6651 
... " 176-6651 



Ada~ COMPILERS AND TOO'lS 
I. Validated Ada Compilers 

IIOSfIT AIICI1 HOSfITAacn N_ _10. _at.,.. OPtIIAJINC SWlllM VIIISION 

... u U.U~ (CECOM). VA'.11/7111 _3.5 1.25 

... LSYCOMP..IIIII AlSYS VA •• n/1M. 7111. 750. YMS'.O 1.0 
730. M'CRO v .... 

C .... n T.IoW. C ..... C".n UNIST A. 300 S,._V 2.041 

DomIo DomIo Dotamaill VA.·ll17S0 _U 1.1 
C_ 

DECVA ..... DIIbI Equip. C"",. V ..... 11/1M. 7111. 7W, 
730. MICRO v .... 

_'.0 1'11.6-1 

c:.MDICormIft Comwn-,. _ .. 7.571 ISlGIIII. 7.1 -MOD;SO_ of~.c:.MD 

'n,",lIm"" T_. 'Nn_ lOS 2.0Al 
T ... W_ , ........... 

L.abook T_. _.Me_ ROS 1.0 ... , 
IWiClll Lilli" 

NYU"'doIED U.S .... nn, iCECOMI. 
NYU 

VAX·ll/7111 YMSU 1.' 

IIOI.M .... ROLM. DGLMY_. ...OSIYSoA S.2J4 
C_piIor DIlle_ii _._.1_ 0 ... 

SunMIc"",.._ T oIoSoit. Sun Sun 120 UN'X z.OA2 

SYSTEAM~ Cer_n MifthIry VAlI-11/7S0 IIMS10 '.0 
MaDlY .... 01 DoNn.. SYSTfAM 

ToIeSoIt ToIoSoit VAX.11/,.. UNlX'.l z.lIA6 
VAIIUNIX 

ToIeSoIt 'oIoSoit V ... lI-ll17111 VMSl.o tOA6 
VAXlYM5 

'_'JO_ r_ 
M .. oroI.Me_ ROS 2.041 

VERDII YEItDIIC_ VAlI-1117!O U"'X~ VGJ.D< 
YADA01N1111 

11. Ada Tools 
TeI_ ... da 'oIoSoit M ....... I._. 1105. UNIX 

Dew"", ....... Kb PI ... VAX.l1nllO. VMS. UN'X 
'1M 370 VMS.CMS 

-Date shown is testing date. Otherwise, date shown is certificate expiration date. 

,. VoIld .. ed .... Compilen: 
"'udrey Hook 

c:::. \~in"'i'" Oiwitioft 
IlIIIitute for Del ....... ANlyo. 
11111 N. Ie ... ,,,,,,rd 
.......... dri. VA lll" 
(703) 1MS-z!1I 

'" NYU AdaltD Compil." 
Mr E. Schonbor, 
_ York Un ..... , 
251 Mer_ Slreet 
N_ York NY 10012 

(2121 4IfIo73tI 

Adal8 POINTS OF CONTACT 
1. '.50ft Ada C""",ilen and Tools: 

Tom ".,. 
Te_It.lnc. 
10639 Roselle Street 
50n Oiep CA 92,21 

16'9) .57·Z700 

6. ALSI'S Compilen: 
M, J·C Heliard 
ALSI'S 
29 Avenue de Ve" .. II .. 

~1~"t~i~:~im-Cloud. Fran ... 

IllI .1-91.,2_ 

,0. ..... SCompiler: 
M, Billy Mitchell 
5ofT_.ln, 
4&0 TOIten Pond Road 
w."ham MA 02'54 

1617)_ 

8 

1 Do ..... Dllamonk Compil .. : 
M, JIft Pede".,n 
Do",k Dotamarik Cen.er 
Lundtofl..,oj lC 
DK·2_ 
L,nslP/. Oenm.,k 
(45) 2..n!W 

1. VERDIX Compiler: 
Mr Donn Milton 
VERDIX Corporation 
7655 Old Sp,,"shouse Road 
Melon VA 1l,QZ 

(703)~1" 

ACVC v_ 
1.4 

I.S 

1.3 

1.' 

I.' 

I.' 

1.3 

1.3 

1.0 

I.' 

l.l 

I .• 

I.' 

I.' 

l.l 

I.' 

E.NATION 
coNTACT DAn 

11,..-

'2IOEIaS 

OSllIJ15 

.00Z9IIS 

09117185 

1111411S 

05IM 

05111185 

01106185 

OSlllI85 

05IlII11S 

1111l/U 

111M" 

111M" 

OSllI/1$ 

lZ/14" 

4. Siemens C""",iler: 
Or Guido Peroch 
CeoeJlKhafl fu, Mllhemotik und 

Dalenvera,beiruns (CMDI 
Hlid· und Neu",.,. 11).1. 
0·7500 K.rlsruhe 1 
Ka,lsruhe. Wei Germany 

(49) 721 6906ll 

8. fn,:!,:'l)'!~0otel"r: 
Intetlimu: 
6001 Montrow Road 61h Floor 
Rockville MD 20152 

(101)9IIWOOO 

10 
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MSS: MIL-STD-1750A SIMULATOR 
SYNTAX: . -

$RUN [AccrJ MSS ,RET) 

DO YOU WANT STATISTICS? Y (RE~ J SET UP SIMULATOR 
r~AXU'UM ADDRESS FOR M? FFFF (RET) 
HOW MANY PAGE FRAMES FOR M? 3 (RET) 
t1AXIMur1 ADDRESS FOR Ror~? 0 (RE" 

*L LDM FI LE. LDM <RE~ J LOAD . LDM FILE 
LOADED FROM 00000 TO 0023A 
*E M 100 TO 23A M (RET) ; EXAM I NE MEMORY IN MNEMON I CS 

(CTRL Y) 

$ (ESC) E 

; OTHER SIMULATOR COMMANDS 

; EXIT THE SIMULATOR 

; EX IT VAXLl NK 

FE.~TURES : 

BK:5/84 

- THE MODEL INCLUDES REGISTERS 1 MEMORIES 1 STATISTICAL TABLES 1 

REAL TIME CLOCK 

- THE INTERPRETER ALLOWS SINGLE STEP EXECUTION OF 
MIL-STD-1750A MACHINE CODE 

- THE EXECUTIVE CONTROLS THE MODEL AND THE INTERPRETER 

- UP TO 10 TRAPS CAN BE INSERTED 

- UP TO 10 SNAPS CAN BE USED TO DISPLAY SELECTED VALUES 
IN THE MODEL 

- UP TO 10 MONITORS CAN GUARD A PARTICULAR WORD (EITHER REGISTER 
OR MEMORY ENTRY) 

- EXTENSIVE ON-LINE HELP IS AVAILABLE 



SIMULATOR COMMANDS 

E EXAMINE IS INSERT SNAP 

L LOAD DS DELETE SNAP 

S STEP S~IP SNAP TABLE 

. STEP & SNAP XIT EXIT ~ 

I IN 1 TIALI ZE QS OPEN SYMBOL FILE 

IT INSERT TRAP EXAMINE (LI KE E) 

DT DELETE TRAP V VERIFY 

TRP TRAP TABLE RS RUN/SLEEP 

PA PAUSE aD END DO 

HELP GIVE HELP ST STATUS 

= ASSIGN Ir1 INSERT MONITOR 

~l WRITE DM DELETE MONITOR 

R RUN MaN MONITOR TABLE 

DO READ FILE * DO NOTHING 

G GRAPH 

BK:S/84 



SAMPLE SIMULATOR SESSION 

*L LDM HANO 150. LDr1 ; LOAD THE PROGRAM 

LOADED FROM 01000 TO 01041 
*Ir1 M OFE ; INSERT MONITOR 

*R 1000 
IC: 1041 CL: I' I , • I I I I • I • I I I I I 

OOOFE: 0012 ; LINE FEED 

IC: 1041 CL: • I • j • I • I I I ••• , I I • 

OOOFE: 0015 ; RETURN 

0101 ; A 
0061 ; 1 
0103 ; C 

0012 ; LI NE FEED 

0015 ; RETURN 

0101 ; A 
0062 ; 2 

0102 ; B 

*XIT 

EXECUTED • , I ••• INSTRUCTIONS 

SIMULATED I ••• , • SECONDS 

CONSUMED •••••• SECONDS 

RAN , • I • I. SECONDS 

FOR A RATIO OF •••• I •• I •• 

BK:S/R4 



BK:5/84 

REAL TIME EXECUTIVES 

VRTX. 

by Hunter & Ready 

ES.CAPE 

by PSS (Proprietary 

Software Systems) 



BK:S/84 

Approaches To 
Real Time Programming 

CYCLIC EXECUTIVE: 

HARD TO MAINTAIN 
HARD TO INTERFACE TO HIGH LEVEL LANGUAGE (HLL) 
DOESN'T MATCH ADA MODEL 

MULTITASKING EXECUTIVE: 
EASIER TO r1AINTAIN 
EASY TO INTERFACE TO HLL 
CLOSER TO ADA MODEL 



Operating Systems 

REAL TIME TIME SHAREn 

EXAMPLES RTOS VMS 

EMREX UNIX 

VRTX IMDOS 

ESC.~PE RDOS 

, 

SPEED 250 US 2 SEC 

. 
PREDI CTAB I LITY DETERMINISTIC TRY AGAIN LATER 

BK:S/84 



BK:S/84 

Multitasking Executives Use 

Priority Based Scheduling 

10=14 10:3 

PRI=O PRI=14 

NIL 

ID=56 10:28 

PRI:32 PRI=128 



BK:5/84 

COMMUNICA TIONS 

& SYNCHRONIZATION 

MULTIPLE 
TASKS 
TRYING TO 
SEND 
MESSAGES 

ONE TASK 
LOCKS 
RESOURCE 

MESSAGE PASSING 

MAILBOX 

RESOURCE LOCKS 

MAILBOX 

ONE TASK 
RECEIVES 
MESSAGES 

MULTIPLE 
TASKS 
WAITING FOR 
RESOURCE 



GET 
BLOCK 

. Task 

1 

BK:S/84 

COMMUNICA TIONS 

VIA A QUEUE 

Partition 

QUEUE 

PEND 

RELEASE 
BLOCK 

. Task 
2 



BK:S/84 

INTERRUPT HANDLERS 

MAILBOX 

INTERRUPT 

PENDING 

INTERRUPT 

POSTED 

Hardware 

INTERRUP~ 

INTERRUPT 

SERVICE 

ROUTINE 



THE SYSTEM CLOCK 

TIMER 

GET TIME 

BK:5/84 

Clock 

.. . 

CLOCK 

~------------~ INTERRUPT 
INCREMENT 

ROUTINE 

SET TIME 



VRTX ·SYSTEM CALLS 
e 

TASK MANAGEMENT 

TCREATE TPRIORITY . 

TDELETE TINQUIRY 

TSUSPEND LOCK 

TRESUME UNLOCK 

. INTERT ASK COMMUNICATION 
and SYNCHRONIZATION 

POST QPOST 

PEND QPEND 

ACCEPT QACCEPT 

QC.REATE 

QINQUI~Y 

BK:S/84 



-
VRTX SYSTEM CALLS (cont.) 

MEMORY ALLOCATION 

PCREATE 

PEXTEND 

GBLOCK 

RB~OCK 

SYSTEM CLOCK and INTERRUPTS 
. 

STIME . TSLICE 

GTIME UI-TIMER 

TDELAY UI-ENTER 

UI-EXIT 

BK:S/84 



ESCAPE 

PRIORITY-BASED PROCESS MANAGEMENT J UP TO 255 PROCESSES 

SYSTEM CONFIGURATOR PRODUCES RE-ENTRANT J PROMABLE CODE 

MEMORY MANAGEMENT AND BLOCK PROTECTION 

COMMUNICATIONS THROUGH MAILBOXES OR QUEUES 

BOOLEAN FLAGS PROVIDE PROCESS SYNCHRONIZATION 

INTERRUPT VECTORING CAN BE CHANGED DYNAMICALLY 

CLOCK SERV ICES 

SUPPORT FRAMEWORK FOR I/O ~EvrcE HANDLERS 

EXCEPTION HANDLING 

CHECKPOINTS WITH RESTART CAPABILITY WHEN USING RAID 



THIRDll PARTY' . 

HARDWARE' ; SUPPORT 



Features of F9450 Emulators 

CHIP REPLACEMENT 

REAL TJME OPERATION AT 20MHZ 

EMULATION IN A VARIETY OF MODES 

FULL SOFTWARE SIMULATION) NO HARDWARE REQUIRED 

USE HARDWARE CLOCK AND I/O WITH EMULATOR MEMORY 

FULLY WORKING TARGET) EXTENSIVE TRACING 

TRACE CAPABILITY 

INSTRUCTIONS 

REGISTERS 

SYMBOLIC CAPABILITY 

EVENT-TRIGGERED ANALYSIS 

INTERFACE TO HOST COMPUTER 

SUPPLIED BY EMULATOR MANUFACTURER 

VAX INTERFACE 

SUPPORT SOFTWARE 

MIL-STD 1750A ASSEMBLER & LINKER 

JOVIAL COMPILER 

ADA COMPILER IN THE FUTURE 



tl V • C/Q/l 

Tektronix Hardware Support -

Emulator 

V1750A SYSTEM 

8540 + TWO INTERFACE CARDS 
POD + PROBE 
4105 COLOR TERMINAL 

CHIP REPLACEMENT 
HYBRID PROBE FOR F9450 
POD .WITH F9450 + DEBUG CODE 
FULL 20 MHz CLOCK 

BUS EMULATION .. 
GRABBER CLIPS) DIN CONNECTOR) ETC. 
POD WITH DEBUG CODE 
FULL 5 MHz BUS EMULATION 

INTERFACES TO: 
8560 
VAX 
OTHER HOST VIA RS232 



Tektronix Hardware Support -
Logic Analyzers 

BK:5/84 

DAS 9100 

UP TO 104 CHANNELS 
COLOR DISPLAY 
TAPE DRIVE 
.1750A MNEMONIC DISASS~~BLY 
F9450 PROBE 

TEK 1240 

PORTABLE 
1750A nISASSF.MBLY USING PROM P,l\CK 

F9450 PROBE 



HP64000 LOGIC DEVELOPMENT SYSTEM 

10 CARD SLOTS AVAILABLE TO ADD SUBSYSTEMS 

9450 USER DEFINABLE SUBSYSTEM (3 cards) 

• 9450 SPECIFIC CONTROLLER CARD 
• M8~ORY CONTROLLER CARD 
• M~~ORY CARD WITH 128KB 

INTERNAL ANALYZER (HP64302A, 1 card) 

• PROVIDES SIMPLE TRACING CAP'ABILITY IN CONJUNCTION 
WITH EMULATOR SUBSYSTE~ 

LOGIC STA TE/SOFTWARE ANALYZER (HP64620S,. 2 or more cards: 

• PROVIDES NONINTRUSIVE" COMPLEX TRACING CAPABILITIES 
• CONTROLLER CARD 
• STATE CHANNELS" 20 OR 40 PER CARD UP TO 120 r,'AXH1UM 

SOFTWARE PERFORMANCE ANALYZER (HP64310A, 1 card) 

• PROVIDES NONINTRUSIVE STATISICAL & TIMING MEASUREMENTS 

LOGIC TIMING/HARDWARE (HP64600F,. 2 or 3 cards) 

• PROVIDES "GENERIC" HARm4P,RE ANALYSIS" e,.~N TRIGGER OTHER 
SUBSYSTE~1S 

• CONTROLLER CARD 
• EIGHT CHANNEL CARD" 16 CHANNELS MAXIMUM (2 CARDS) 

BK:S/84 



HP 9450 USER-DEFINABLE EMULATOR 

-
SPECIFICATIONS 

.• CHIP REPLACEMENT WITH F9450 IN POD 
• IN-CIRCUIT OPERATION TO 20 MHz 
• SHARED USE OF POWER-DOWN INTERRUPT FOR PROCESSOR 

BREAKING 
• VECTOR JAMMING USED DURING BREAK 
• APPROXIMATELY 55 ICs USED IN DESIGN 
• AVAILABLE IN APPLICATION NOTE FORM 

FEATURES 

• RUN CONTROLS 
• SINGLE STEPPING OF PROGRAM 
• DISPLAY MEMORY) REGISTERS) AND I/O 
• MODIFY MEMORY) REGISTERS) AND I/O 
• EMULATION MEMORY SUPPORT UP TO 64K WORDS 

IN 256 BYTE BLOCKS 
• COMPATIBLE WITH SOFTWARE PERFORr1ANCE ANALYZER 
• Syr1BOLIC DEBUG AND ANALYSIS WITH INTERNAL ANALYZER 
• SIMULATED I/O FOR HP64000 SYSTEM RESOURCE USE 
• ~10NITOR SUPPLIED WITH APPLICATION NOTE 
• ADDITIONAL WAIT STATES M.~Y BE ADDED TO EMULATION 

MEMORY 

BK:5/84 




