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I NTRODUCTI ON 

THE ALTERNATIVE TO RANDOM LOGIC SYSTEMS 

GENERAL DISCUSSION 

Since its inception, digital computer 
applications have evolved from calculation 
through data processing and into control. 
The development of the minicomputer has 
vast l y increased the scope of computer 
usage . In particu l ar, the use of mini
computers in dedicated applications has 
had a profound effect on systems design. 

Many engineers have found that a mini
compute r at the heart of a system offers 
significant advantages. Minicomputer 
systems are more flexible. can be easily 
personalized fo r a particular customer ' s 
requirements. and can be more easily 
changed or updated than fixed-logic 
design systems . For most designers, the 
programming of a minicomputer is a much 
easier and more straightforward procedure 
than designing a controller with random 
l ogic. 

Unfortunately, the size and cost of even 
the smallest minicomputer has limited its 
use to relatively l arge and costly systems. 
This has resulted in many sma ll er systems 
being impl emen t ed with complicated random 
l ogic. 

COMSTAR NOW OFFERS ANOTHER ALTERNATIVE ............. . 
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. .......... THE COMSTAR STAR SYSTEM 4 MICRO COMPUTER SET 

THE ADVANTAGES OF A MINICOMPUTER 
AT ONE TENTH THE COST. 

Thi s new concept in Large Scale Integration (LSI) 
technology makes the power of a general purpose 
computer available to almost every logic designer 
and represents a strong attack on the dependency 
of systems manufacturers oncomplicated random 
logic systems . This MICRO-COMPUTER from COMSTAR 
can provide the same arithmetic, control and com
puting functions of a minicomputer in as few as 3 
small circuit boards plus power supply and costs 
about one tenth as much . 

A NEW CONCEPT FOR CONTROL JOBS 
TOO SMALL FOR A MINICOMPUTER. 

The STAR SYSTEM 4 is fully as flexible and versatile 
as the best minicomputer. The only significan t 
difference is in operating speed . The STAR SYSTEM 4 
is actually capable of performing most tasks currently 
done by minicomputer where speed capabilities of the 
minicomputer are not heavily taxed. But the STAR 
SYSTEM 4 is by no means slow. For one application , 
S5-4s are currently in use in a tape editing system 
reading and punching paper tape at 110 characters 
per second and editing the data between characters. 
The 5S-4 can execute roughly 100,000 instructions per 
second! 
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The heart of each system is a single card central 
processor ~nit (CPU) which performs all control 
and data processing functions. Auxiliary to the 
CPU are Programmable Read Only Memories (PROM) 
which store microprograms and data tables; Random 
Access Memories (RAM) which store data, and 
Input/Output cards which constitute the Input/Output 
capacity of the system. The Star System 4 (55-4) 
system communicates with circuits and devices 
outside the family through Input/Output "ports" 
provided on each RAM and I/O card. 

A system using this set of devices will usually 
consist of one CPU card. from one to 16 PROM's 
on one or two cards . up to 16 RAM's on one or 
two cards and up to 16 I/O cards. A minimum system 
could be designed with just one CPU card, one PROM 
card and one I / O card. With these components, you 
can build distributed, dedicated, or personalized 
computers and utilize INIFINITE COMBINATIONS OF 
MICROPROGRAMMING. The designer buys standard 
devices, and with micro-programming of the PROM, 
fulfills his own unique circuit requirements. 
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COMSTAR MICROCOMPUTERS 

FEATURE FOUR MAJOR 

ADVANTAGES 

GREAT SYS TEM FLEXIBILI TY 

Easily reprogrammable; ability to increase or 
decrease the system; small size and low power. 

EXPEDIENCY OF DESIGN 

PROM programming is easier than random circuit 
design, therefore checkout is easier using 
electrically programmable and erasable PROM's 
and ability to insert new microprograms means 
no system obsolescence. 

MANUFACTURING ECONOMIES 

Come from compact package design. lower labor 
costs, lower inventory of parts and boards . 

COMPLETE liD CAPABILITY 

The 55-4 is directly compatible with the full 
line of COMSTAR's Lee Logic Industrial Modules 
for signal conditioning, logic, and driver 
modules, and can directly drive up to 576 inputs 
and outputs. 
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SIMPLICITY OF DESIGN 

When designing with random logic (logic gates~ flip 
flops. etc.), the designer will usually start with 
a description of the desired function and attempt to 
wire counters, gates. etc . to achieve this function. 
Switches, displays, etc . are also connected to the 
logic. To correct errors or make changes in a design 
usually requires significant changes in wiring, often 
requiring that circuit boards be scrapped and replaced 
by new ones . 

To do the same design with the 55-4 MICRO COMPUTER SET, 
the designer again starts with the functional description. 
However, he implements the required functions by encoding 
suitable sequences of instructions in the PROM. The 55-4 
instruction set is quite complete and allows a wide 
variety of functions to be performed : decimal or binary 
arithmetic, counting, decisions, and table-lookup, 
switches, displays, keyboards, solenoids, etc. 

As a result of this organization, the entire logic, the 
"personality" of the machine is determined by the 
instructions in PROM. Very significant modifications 
of machine characteristics can be made by changing or 
adding PROM's without making any changes in wiring or 
circuit boards. 

5 



' . 

THE COMSTAR SET OFFERS TREMENDOUS FLEXIBILITY 
OF DESIGN AND ALLOWS THE USER TO HAVE MANY 
OF THE DESIRABLE FEATURES OF A CUSTOM CIRCUIT 
DESIGN - - - - - - -

SMALL NUMBER OF CARDS, A SET OF COMPONENTS 

WHICH IS UNIQUELY HIS OWN (FOR EACH USER'S 

PROGRAM ROUTINES ARE HIS PROPRIETARY PROPERTY) 

------AND YET HAVE NONE OF THE DISADVANTAGES 

OF LONG DEVELOPMENT CYCLE, HIGH DEVELOPMENT 

COST, ETC, 
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APPLI CATI ONS 
FOR THE 

SS-4 MI CRO COMPUTER SET 

The heart of the COMSTAR 58-4 micro computer set is 
the CPU. This device has a powe r ful and versatile 
instruction set which a l lows the system to perform 
a wide variety of arithmetic, control and decision 
functions . The microprograms stored in the PROM 
devices give the designer the power of designing 
custom computers with standard components. You can 
use the 55-4 almost anywhere. 

Here are a few examples ... .. ... . 
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APPLICATIONS •..• 

CONTROL FUNCTIONS - BECAUSE OF LOW INITIAL COST 

AND FLEXIBILITY OF PROGRAMMING, THE SS-4 CAN 

BE USED IN PLACE OF RANDOM LOGIC IN SYSTEMS 

SUCH AS THOSE IN PROCESS CONTROL, NUMERIC 

CONTROLS, ELEVATOR CONTROLS, HIGHWAY AND RAIL 

TRAFFIC CONTROLS. BY CHANGING PROM MICRO

PROGRAMS THE WHOLE SYSTEM CAN EASILY BE 

MODIFIED AND UPDATED. 

COMPUTER PERIPHERALS - THE SYSTEM CAN BE CON

VENIENTLY USED IN PERIPHERAL EQUIPMENT TO 

CONTROL D I SPLAYS, KEYBOARDS, PR !tITERS, 

READERS, PLOTTERS, AND TO GIVE INTELLIGENCE 

TO TERMINALS. 
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APPLICATIONS .. 

CO~'PUTI NG SYSTEMS - THE SS-4 SYSTEM I S I DEALL Y 

SUITED FOR SUCH DEVICES AS BILLING MACHINES, 

CASH REGISTERS, POINT OF SALE TERMINALS AND 

ACCOUNTING MACHINES , FOR EXAMPLE, THE ADDING 

OF TWO 8 DIGIT NUMBERS CAN BE DONE IS 850 
MICROSECONDS, IN ADDITION, THE SS-4 CAN BE 

EFFICIENTLY USED TO DECENTRALIZE CENTRAL 

COMPUTER FUNCTIONS, 

OTHER APPLICATIONS - THE ELEMENTS OF THE SS-4 
HAVE MANY APPLICATIONS WITHIN TRANSPORTATION, 

AUTOMOTIVE, MEDICAL ELECTRONICS AND TEST 

SYSTEMS, WHERE INEXPENSIVE DEDICATED COMPUTERS 

CAN IMPROVE SYSTEM PERFORMANCE, 
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FEATURES OF THE STAR SYSTEM 4 

4-BIT PARALLEL CPU WITH 45 INSTRUCTIONS 

DECIMAL AND BINARY ARITHMETIC MODES 

10.8 S INSTRUCTION CYCLE 

ADDITION OF TWO 8 DIGIT NUMBERS IN 850 
MICROSECONDS 

NESTING OF SUBROUTINES UP TO 3 LEVELS 

INSTRUCTION SET INCLUDES CONDITIONAL 
BRANCHING, JUMP TO SUBROUTINE, AND 
INDIRECT FETCHING 

ERASA&LE AND REPROGRAMMAELE PROMS 

SYNCHRONOUS OPERATION WITH MEMORIES 

DIRECT COMPATIBILITY WITH FULL LINE OF 
LEE LOGIC MODULES 

DIRECTLY DRIVES UP TO: 4K BY 8 PROM 
1280 BY 4 RAM 
576 liD LINES 

MEMORY CAPACITY EXPANDABLE THROUGH BANK 
SWITCHING 

SINGLE POWER SUPPLY 

EXTENSIVE USE OF METAL-OXIDE SEMICONDUCTOR 
CIRCUITRY 

MINIMUM SYSTEM: CPU CARD, PROM CARD AND 
ONE liD CARD WITH POWER SUPPLY AND RACK 

10 



~ 

~ 

CPU CARD 
1<1 ~~I t l ~ ~ ~ ~~9 ~ ~§ ~ J ~ ~~

-
""_ l;:>I.t~ 
~ ~ .. ~ .., ~/~ 
~ 1 _ 

,H 
s 

PROM 
CARD 

PROM 
CARD 

1 

Ftfi-~l l I 

, 
~, 

, .-,.. ,-

I 
I 

I I rf 1:=0 --r ! -=-; - ' 
~ E¥: t+- '_. -----rt 

I/O CARD 

~WJJ 
"NPvT U ovHI/T 

L.,Nt. ""Nir 

r/o CARD I/O CARD 

" lNPU'f " l.11Vi$ L.INE" 

~. 
Ii. INPUT ," OUT PUT 

LIN!S I.. I NI"$ 

Figure 1 
Syst.a Interconnection 

1 

1 

, 
·1 
I 

1 

I/O CARD 

" 'N PUT " OI/Tl"ffT 
L..INfJ LINES 

(Maximum System without I/O Expansion Shown ) 

RAM I 
§ .-
~ 

31. OuTPUT 
L./NfS 

...-RA M 
CA P D I ) 32 cC:-:::'

UT 

Abbreviations 

CN RO' PRON I/O 
Co •• and Line 

C. RAMn RAN Co •• and Line n 

Al 
A2 Machin e Sybeycl!!s 
A3 (See Figuu 2) ., 
.2 

DBBn Data Boo Bit n 

IE" Input Enable 

0'" Output Enable 
LIDA Load I/O Address 
IRES Input Reset 
01 Clock Phase 1 
02 Clock Phase 2 
Synch CPU Synch Signal 
Reset CPU Reset Lin e 
IOXn I/O Expand Line n 

• 

• 



THE SS-4 SYSTEM 

GENERAL DESCRIPTION 

Each 55 - 4 circuit constitutes a basic standard 
building block which allows the design of many 
different types of systems which can be fabricated 
using the same parts. (The only custom part is 
the PROM chip which will store a microprogram 
defined by the user.) 

The 55 -4 micro computer set consists of the 
following 4 cards: 

CPU - A Central Processor Unit 

PROM - A Programmab l e Read Only Memory 

RAM - A Random Access Memory 

I/O An Input/Output card 

The CP U contains the control unit and the 
arithmetic unit of a general purpose 
mic r oprogrammable computer. The PROM stores 
microprograms and data tables, the RAM stores 
intermediate results, and the I/O card is used 
to interface with I/O lines ..... .. .. . 
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•••••••• II I. I ••• • THE CARD ELEMENTS 

PROM - The PROM is a 2048 Bit electrically 
programmable and erasable PROM providing 
custom microprogramming capability for 
the 55-4 micro computer set. Each chip 
is organized as 256 x 8 bit words which 
can be used for storing programs or data 
tables. 

RA~ - The RAM performs two functions . As a 

liD 

RAM it stores 320 bits per chip (8 chips 
per card) arranged as 4 registers of 
twenty 4-bit characters each . As a 
vehicle of communication with peripheral 
devices each chip is provided with 4 
output lines and associated control logic 
to perform output operations. 

CARD - The I/O card has 16 input lines and 16 
output lines at High-Threshold Logic (HTL) 
levels for direct compatibility with Lee 
Logic peripheral circuitry. including 
signal converters, triac drivers. stepper 
motor drivers, etc.; TTL I/O also available. 

CPU - The CPU card is designed to work in 
conjunction with the other cards of the 
55-4 micro computer set to form a completely 
self-contained system. The CPU communicates 
with the other members of the set through a 
four line data bus and with the peripheral 
devices through the RAM output ports and the 
I/O card . The CPU card contains 5 command 
control lines; four of which are used to 
control the RAM chips (each line can contro l 
up to 4 RAM chips for a total system capacity 
of 16 RAM's) and one which is used to control 
a bank of up to 16 PROM chips (2 PROM cards) . 

13 



BAS IC SYSTEM OP ERATI ON 

THE SS-4 USES A 10 .8 MICROSECOND INSTRUCTION CYC LE. 
THE CPU GENERATES A SYNCHRON IZING SIGNAL (SYNC) , 
INDICATING THE START OF AN INSTRUC TI ON CYCLE, AND 
SENDS IT TO THE PROM's, RAM's AND liD CARDS . 

Basic instruction execution requires 8 or 16 cycles of a 750 KHz clock . In a 
typical sequence, the CPU sends 12 bits of address (in three 4 bit bytes on the 
data bus) to the PROM's in the first three cycles (AI' A2, A3). This address 
selects lout of 16 chips and lout of 256 a-bit words in that chip. The selected 
PROM chip sends back 8 bits of instruction (OPR, OPAl to the CPU in the next two 
cycles (MI , M2). This instruction is sent over the 4 line data bus in two 4-bit 
bytes. The instruction is then interpreted and executed in the final three cycles 
(Xl' X2 , X3)· (See Figure 2) 

When an I/O instruction is received from the PROM, data is transferred between the 
CPU and four of the I / O lines during X2 time. 

A set of four RAM chips is controlled by one of four command control lines from the 
CPU. The address of a RAM chip, register and character is stored in two index 
registers in the CPU and is transferred to the RAM during X2, X3 time when an SRC 
instruction is executed. When the RAM output instruction is received by the CPU, 
the content of the CPU accumulator is transferred to the four RAM output lines . 

The CPU, and RAM's can be controlled by an external RESET line. While RESET is 
activated the contents of the registers and flip-flops are cleared. After RESET, 
the CPU will start from address 0 and CM-RAMo is selected. 

THE SS-4 CAN HAVE UP TO 4K X 8 BIT PR!J'1I'()R!)S, 1280 X 4 BIT IW'1 
CHARACTERS AND 576 liD LINES, WITKllIT REQUIRING SPECIAL INTERFACE 
LOGIC. 

BASIC SYSTEM TIMING 
For the correct operation of the system two non-overlapping clock phases - ~l ' ~2 
are supplied by the CPU to PROM, and RAM. The CPU also generates a SYNC signal 
every 8 clock periods and sends it to the PROM and RAM. The SYNC signal marks the 
beginning of each instruction cyc l e. The RAM chip then generates internal timi ng 
using SYNC and ~1' ~2' The CPU also supplies necessary timing to PROM. 

Figure 2 shows how a basic instruction cycle is subdivided and what the activi t y is 
on the data bus during each clock period . Each data bus output buffer has three . 
possible states: lilli, "0" and floating . At a given time, only 1 outp~t buffer :s 
allowed to drive a data line, therefore all the other buffers must be ~n a floating 
condition. However, more than 1 input buffer per data line can receive data at the 
same time . 

14 



GN 

00 

0, 

0, 

0, 

SYNC 

'00 
Co.".11 
Om B~ Ou.,u, 

ll.l0 

-

-

" , 

. -C<I.,on .. 

\J 

L U L W L L U L L , 
" A, A, A, M, M, " " '" 

Tho CPU 
II JOR"'n. 

Tho CPU n. StIocI. ~OO, I. bobW SoIoc.od 4001 YM CPU I. e .. blod IIhtll"" II f .... IocI 0,40112 ..... 
f""'IIIII,O'h .. , 
.... Tho CPU 
I, hollltd 

l ......... j' MOld .. "" Hillh .. HI~ I-'OIIIU<,"'. I. CPU- 0'''' Out 
01\ •• ,,.014_ 

AH, ... ,. ,. RAM' .... 
Add,...,. Add, ... 1. Aid, ... t • ROM', II 10'" RAM'. II 
ROM'. ROM', ROM',lClup aPR t. CPU 0'" to CPU INo, lioN) D. $ACI» 

SRC<2I 
Soiocl Cod.1 .... ROM'. 

.... RAM', 0." ,. CPU 
II JO'" II rOA' " 

111 10",,,,,, •• _ co"" ...... 11ow.,t "" ....... ,_1>0,_ ...". .......... In CPI), 1101_ .. ROM'. ond ~A"".""" AAM" ...... IDR II""", ' " 10 II .... , In"'" 
.... ltIo Cl'U ";11 ,_ cII1, I.om RAM ....... '-...... 01 I/O ..... ' II .... 01400",. 

(21 Tho SAC ... ,,,0<,_ .... ...- .... do.p "".,boo """ -..,. I", • I.n .... ,'" 10 .... "."'d ..... 

Figure 2. Basic In struction Cycle 

CM-ROM eM-RAMO Ot-RAMO! cp, 
@~ e~ e~ 8~ @ ~ 8~ ~0 

CM LOGIC t BUFFERS I TIMING 18 

° 
@ ! 1 

D---+ 
eM REG I- INDEX 

00---+ r f- REG 

8 " , • 
- ACC CY - RAM 

" 
iNSTR. " t 0 0 

" - ~ " PROGRAM 
~ ~ z 

OEC . z 
COUNTER 0 0 .. -BIT u u 

AOOER 
AND 

AND STACK 

SHIFTER 
.. X 12 

RAM 

INSTR 

0- REG 

G 
--1--- INCRE -

OATA OPR 1 OPA MENTER , 
t t BUS , 

1,0 e 8 • 
BUFFER 

TEST RESET 

Figure 3. CPU Bloc~ Diagram 

15 

• 

-
r 

SYNC 

f--



4 BIT CENTRAL PROCESSOR UNIT (CPU) 
DESCRIPTION 

The CPU shown in Figure 3 contains the following 
functional blocks: 

Address register (program counter and stack 
organized as 4 words of 12 bits each) and 
address incrementer. 

Index register (64 bits organized as 16 words 
of 4 bits each. 

4-bit adder. 

Instruction register (8 bits wide), decoder 
and control. 

Peripheral circuitry. 

The functional blocks communicate internally through 
a 4-1ine bus and are shown in Figure 3 . The function 
and composition of each block is as follows: 

ADDRESS REGISTER (PROGRAM COUNTER & STACK) & ADDRESS INCREMENTER 

The address register is a dynamic RAM cell array of 4 x 12 bits. It contains one 
level used to store the effective address (program counter) and 3 levels used as 
a stack for subroutine calls . The stack address is provided by the effective address 
counter and by the refresh counter, and it is multiplexed to the decoder. 

The address when read is stored in an address buffer and is demultiplexed to the 
internal bus during At, A2 , and A3 in three 4-bit slices (see Figure 2 for basic 
instruction cycle). The address is incremented by a 4-bit carry look-ahead circuit 
(address incrementer) following the outputting of each 4-bit address slice. The 
incremented address is transferred back to the address buffer and finally written 
back into the address register. 

INDEX REGISTER 

The index register is a dynamic RAM cell array of 16 x 4 bits and has two modes 
of operation. In one mode of operation the index register provides 16 directly 
addressable storage locations for intermediate computation and control. In the 
second mode, the index register provides 8 pairs of addressable storage locations 
for addressing RAM and I/O as well as for storing data fetched from PROM. 

The X address is prOVided by the internal bus and by the refresh counter and is 
multiplexed to the X decoder . 

The read content is transferred to the internal bus through a multiplexer . Writing 
into the register is accomplished by transferring the content of the internal bus 
into a temporary register and then to the index register . 

16 



4-BIT ADDER 

The 4-bit adder is the ripple-through carry type. One term of the addition comes 
from the "ADD" register which COIllIllunicates with the internal bus on one side and 
can transfer data or data-not to the adder. The other term of the addition comes 
from the accumulator and carry flip-flop. Both data and data-not can be transferred. 
The output of the adder is transferred to the accumulator and carry FF . The 
accumul a t or is provided with a shifter to implement rotate right and rotate left 
instructions. The accumulator also communicates with the command control register, 
ROM's, the condition flip-flop and the internal bus. The command control register 
holds a 3-bit code used for eM-RAM line switching. The ROM's perform a code 
conversion for DAA (decimal adjust accumulator) and KBP (keyboard process) instruc
tions . The ROM's also communicate with the internal bus. The condition logic senses 
ADD = 0 and ACC = 0 conditions~ the state of the carry FF, and the state of an 
external signal (TEST) to implement JCN (jump on condition) and ISZ (increment index 
register skip if zero) instructions . 

INSTRUCTION REGISTER DECODER AND CONTROL 

The instruction register (consisting of the OPR Register and the OPA Register each 
4 bits wide) is loaded with the contents of the internal bus (at Ml and M2 time in 
the instruction cycle) through a multiplexer and holds the instruction fetched from 
PROM. The instructions are decoded in the instruction decoder and appropriately 
gated with timing signals to provide the control signals for the various functional 
blocks. A double cycle FF is set from anyone of the 5 double-length instructions. 
Double-length instructions are instructions that need two system cycles (16 clock 
cycles) for their execution. A condition FF control s JCN and ISZ instructions and 
is set by the condition logic. 

PERIPHERAL CIRCUITRY 

This includes: 

The data bus input-output buffers communicating 
betwe en data pads and internal bus. 

The c l ock and timing generator. 

I ROM command control (eM-ROM) and the 
4 RAM command control (eM - RAM) output buffers . 

Reset flip-flOp. 

I/O instruction control logic. 

I/O bank selection logic. 

During reset, all RAM's and static FF's are cleared, and the data bus is set to "0". 
After reset, program control will start from "0" step and CM-RAMo is selected . To 
completely clear all registers and RAM locations the reset signal must be applied for 
at least 8 full instruction cycles (64 clock cycles) to allow the index register 
refresh counter to scan all locations in memory. 
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ONE WORD INSTRUCTIONS 

o. o. 0, o, o. o. 0, o, 

, , I ' I , I , , I ' , ... "A 

.. ""'. I MODIFIER 

, , 
D. 

, , 
I

INOEX REGISTER 'AIRI 
X ADORESS 

R R R X .. 
OATA 
o 0 0 

TWO WORD INSTRUCTIONS 

101 INSTRUCTION CYCLE 2nd IN$TRUCTION CYCLE 

O. 0, 0, 0, O. 0, 0, 0, OJ 0, 0, 00 0, 0 1 0, 00 

I ' I ' I , I , , I ' I , I , I 1,1'1'1, 1'1'1'1' 1 ... ..A ... "A 

OI'CODE MODIFIER 01' COOE MOOIFIER 

I ' I ' I , I , I Uf'I'fR ADOfIESS I 
A, A, "', "" . 

MIODU AOOfIIESS LOWER ADORE. 
AI AI AI AI "'1 "', ... , A1 

, I ' , I ' I CONDITION 
0, I 0, 0, 0, 

MlooL£ AooRESS LOWER AooRUI 
"'2 A, Al AI A, A, A, "', 

DA 

I ' I INOEX REGISTER , X , ....... • , , • 
MlooLE AOOfIIESS LOWER ADORED 

A, A, A, A, A, A, A, A, 

DA 

, , , , I INOEX A~r':R ' .... R I 
R R " X 

Uf'I'IER OAT ... I LOWER DATA 

0, 0, 0, 0, 0, 0, 0, 0, 

T.ble I . M.chine Instruction Format 

0, 0, 0, .. 0, 0, 0, .. 
, , , , I , , , , ... "A 

IHPUT /OUTI'UT • , I , , I 0 , I ' I xl ' I RAM INSTRUCTIONS 

ACCUMULATOR GROUf' , I , I , I , I ' , I ' I ' I INSTRUCTION$ 

WHERE X· EITHER A "0'" 0fI A ~"'. 

Table II . I/O .nd Accumu"1or Group Instruction Formetl 
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REGISTER 
HUMBER 

""M' RECEIVEO 

EFFECT IVE 
AOORESS 

-

..,,, 
RECEIV[O-

JMS _4 
I'IECEIVEO-

• 

SINGLE REGISTER AOORESSING REGISTER 'AIR AOOAESSING .. " , 

" " • 
" " • 
• • • 
• , , 
• • , 
, , , 
, , , 

Table III · Index Register Organizat ion 

AOORESS REGISTER 

'ROO RAM COUNTER 

1'1I00I'IAJIII COUNTER 

RETURN AOOI'IESS .2 

RETURN ADDREss.1 

RETURN AOORESS Il 

RETURN AOORESS M2 

1'1I00RAlil COUNTER 

RETURN ADDRESS II 

JMS" 
-RECEIVEO-

ADDRESS REGISTER 

1'A00RAM COUNTER 

RETURN ADDRESS.1 

• 

I'ROGRAM COUNTER I'USHEO UP ONE LEVEl. 

_., 
-RECEIV(O-

." -RECEIVED 

RETURN ADDRESS .J 

RETUR PII ADDRESS _2 

RETURN ADDRESS .1 

I'ROGRAM COUNTER 

RETUR N AOORESS J3 

RETURPII AOORESS '2 

1'A00RAM COUNTER 

THE OEE'EST RETUfiN ADDRESS IS LOST I'ROGRAM COUNTER PlJSHEO 00- OHE LEVEL 

Operation of the Address Regi.ter on a Jump to Subroutine Instruction 

19 

REGISTER 
'AIR 
NUMBER 

EF FECTIVE 
ADD RESS 



INSTRUCTION REPERTOIRE 

THE INSTRUCTION REPERTOIRE OF THE CPU CONSISTS OF: 

16 MACHINE INSTRUCTIONS (5 OF WHICH ARE 
DOUBLE LENGTH) 

14 ACCUMULATOR GROUP INSTRUCTIONS 

15 INPUT/OUTPUT AND RAM INSTRUCTIONS 

THE INSTRUCTION SET AND ITS FORMAT WILL BE 
BRIEFLY DESCRIBED IN THE NEXT SECTION, AND 
IN DETAIL FURTHER ON, 
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CPU INSTRUCTI ON SET FORMAT, INDEX REGI STER ORGANIZATI ON 

AND OPE RATI ON OF THE ADDRESS REGI STER 

INSTRUCTION SET FORMAT 

MACHINE I NSTRUCTIONS: 

• 

• 

I-word instructions - 8 bits long and 
requiri n g 8 clock periods ( 1 instruction 
cycle) 

2 - word instructions - 16 bits long and 
requir i ng 16 c l ock periods (2 instruction 
cycles) for execution 

A I -word instruction occupies one location 
in PROM (each location can hold one 8-bit 
word) and a 2-wo r d instruction occupies 
t wo successive locations in PROM. Each 
in s t r u ction word is divided into two 4 - bit 
fie l ds . The upper 4 bits is called the CPR 
and contains the operation code. The lower 
4 bits is called the OPA and contains the 
modifier. For a single word machine 
instruction the operation code (CPR) 
conta i ns the code of the operation tha t is 
to be performed (add, subtract, load, etc . ). 
The modifier (OPA) contains one of 5 thing : 

1 ) A register address. 
2) A register pair address. 
3) An upper portion of another PROM address . 
4) 4 bits of data . 
5) A condition for jumping. 

For a 2 - word machine instruction, the 1st 
word is the same as a I-word instruct i on . 
Th e 2nd word contains eit h er the middle 
portion (in OP R) an d l ower portion (in OPAl 
of another PROM address or 8 bi t s of data 
( t he upper 4 bits i n OPR and the lower 4 
bi t s i n OPA) . 

Th e u pper 4 bits of instruction (OPR) will 
a l ways be fetched before the lower 4 bits of 
ins t ruc t ion (OPA)during M and M2 times 
respective l y. Tab l e I illustrates the contents 
of each 4-bit fie l d in the machine instruct i ons . 
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-

HIPUT/oUTPUT & RAM INSTRUCTIONS AND ACCU~IU LATOR 
GROUP INSTRUCTIONS 

In these instructions (which are all single word) the CPR contains 
a 4-bit code which identifies either the I/O instruction or the 
accumulator group instruction and the OPA contains a 4-bit code 
which identifies the operation to be performed . 

IND EX REGISTER ORGANIZATI ON 

The index register can be addressed in two modes: 

By specifying lout of 16 possible locations with an OPA code of the 
form RRRR. (see Table III) 

By specifying lout of 8 pairs with an OPA code of the form RRRX . 
(see Table III) 

When the index register is used as a pair regist~rJ the even number register (RRRO) 
is used as the location of the middle address or the upper data fetched from the 
PROM, the odd number register (RRRl) is used as the location of the lower address 
or the lower data fetched from the PROM . 

OPERATION OF THE ADDRESS REGISTER 
COUNTE R AND STACK) 

(PROGRAM 

The address register contains four l2-bit registers: 
program counter and stores the effective address; the 
the push down stack . 

one register is used as the 
other 3 registers make up 

Initially, anyone of the 4 registers can be used as the program counter to store 
the effective address. In a typical sequence the program counter is incremented 
by 1 after the last address is sent out. This new address then becomes the 
effective address. If a JMS (Jump to Subroutine) instruction is received by the CPU, 
the program control is transferred to the address called out in the JMS instruction . 
This address is stored in the register j ust above the old program counter which now 
saves the address of the next instruction to be executed following the JMS . This 
return address becomes the effective address following the BBL instruction at the 
end of the subroutine. 

In summary, then, a JMS instruction pushes thp program counter down one level and a 
SSL instruction pushes the program counter up one level. Since there are 3 
registers in t he push down stack, 3 return addresses may be saved . If a fourth 
JMS occurs, the deepest return address (the first one stored) is lost. 

Since the JMS instruction is a 2-word instruction the old effective address must be 
incremented by 2 to correctly give the address of the next instruction to be 
executed after the return from JMS . 
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1024 x 8 BIT PROM CARD 
The PROM card stores the program for the system. In addition, tables of constants 
can be kept in PROM for use by the program . 

The PROM card is configured as shown in Figure 4 . It may contain up to eight 
256 x B bit PROM chips. 

Ouring AI' A2• and A3• the PROM card accepts and decodes an address from the CPU. 
The chip select logic enables one of the eight chips on the card, and then during 
M and M the demultiplexer puts the data from the PROM onto the data bus. 

I 2 

540 X 4 BIT RAM CARD WITH OUTPUT PORTS 
The RAM card contains up to 8 RAM chips . Each RAM chip performs two functions. As 
a RAM it stores 320 bits arranged in 4 registers 6f twenty 4-bit characters each 
(16 main memory characters and 4 status characters). As a vehicle of communication 
with peripheral devices, it is provided with 4 output lines and associated control 
logic to perform output operations . (The block diagram is shown in Figure 5) 

In the RAM mode, the operation is as follows: when the CPU receives an SRC 
instruction it will send out the content of the designated index register during X2 
and X3 and will activate one CM-RAM line at X2 for the previously selected RAM bank. 

The status character locations (0 through 3) are selected by the OPA portions of the 
RAM instructions. 

The twenty 4-bit characters for each RAM register are arranged as follows: 

1. 16 characters addressable by the SRC instruction : four l6-character 
registers constitute the "main" memory. 

2. 4 characters addressable by the OPA of the I/O instruction: four 
4-character registers constitute the "status character" memory . 

Bank switching is accomplished by the CPU after receiving a "DCL" (designate 
command line) instruction. Prior to execution of the DCL instruction the 
desired CM-RAM code has been stored in the accumulator (for example, through 
an LOM instruction) . During DCL the CM-RAM code is transferred from the 
accumulator to the CM- RAM register. The RAM bank is then selected 
starting with the next instruction. 

Two separate X decoders switch between main and status character memories. 

When an I/O or RAM instruction is received by the CPU, the CPU wi l l activate one 
CM-RAM line during M2' in time for the RAM to receive the OPA (2nd part of the 
instruct ion), which wil l specify the I/O or RAM operation to be performed . 

The I/O and RAM operations are divided into Read operations (lOR) and Write 
operations (lOW). The state of 0 3 will determine if the operation is a read or 
write . 03 = 0 for lOW. 
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Abbreviations 

DBBn 
ODBn 
Synch 
~l 
~2 
CM - RAMn 

Dat a Bus Bit n 
Output Dat a Bit n 
CPU Synch Signa l 
Cl ock Phase 1 
Cl ock Phase 2 
RAM Command Line n 
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• 

In the I/O mode of operation, the selected RAM chip (by SRC) , after receiving the 
OPA of an I/O instruction (eM-RAM activated at M2)t will decode the instruction. 

If the instruction is WMP. the data present on the data bus during X will set the 
output flip-flops associated with the I/O pins. That information will be available 
until next WMP for the same address. 

In addition to the RAM chips, the RAM card includes drivers for all the RAM outputs. 

16 INPUT/16 OUTPUT liD CARD 
The I/O card ties the system to external devices, both inputs and outputs . Each 
card has 16 latching inputs and 16 latching outputs, organized in groups of four 
inputs and four outputs for each I/O address. 

When the CPU sends out a LOAD command, during X2! indicating execution of an SRC, 
the I/O card accepts an address from the CPU . This address is then decoded. If 
the address is on the card, one set of four inputs and four outputs is selected 
for subsequent I/O operations. 

When the CPU receives an input or output instruction, it sends an input enable or 
output enable command, which causes the I/O card to transfer data between the bus 
and the selected port during X2. 

When the I/O card receives a reset command, which the CPU sends after an input 
instruction, the selected input latches are reset. 
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Figu r e 6 rio Card Block Diagram 

Abbreviations 

rOBn rnput Data Bit n 
ODBn Output Da t a Bit n 
10Xn rio Expand Line n 
l EN Input Enable 
DEN Output Enable 
IRES Input Reset 
DBBn Data Bus Bit n 
LI OA Load I/O Address 
EN Card Enab l e 
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PROM 

Complet. Bas ic 
Star System 4 

RAM 

C.P.U. Module 

Oi9ilol l/0 

Analog 1/ 0 

Power Supply & 
Mounti ng Rode 

$195.00 

$995.00 

Includes I PROM Boord & 1 PROM Chip. 1 RAM 
Boord & 1 RAM Chip. 1 c.P.U. Module. 
Power Supply & Rack, 1 Oigifol l/ O Boord. 

Includes one PROM chip ond printed circuit board. 
S 1 00.00 for eoch additional PROM chip up to 
Q maximum of 8 on a boord. 

$ 95.00 
Includes 1 RAM chip & printed circuit boord. 
S 35.00 for each additional RAM chip up to a maximum 
of 8 on Q boord. 

$350.00 - Processor Module Complete 

$ 160.00 

$320.00 For : Analog Input - 16 Channel - 12 Bit 
$175 .00 For : Analog Output - 4 Channel - 10 Bit 

$350.00 
Includes power and space for mounting 0 maximum 
configuration. 

Oe corotiv. Cabinet 
Enclosure 

$ 100.00 - Add on with above rock & power supply. 

Pragra mming Available from Comstor, price an request, or Customer 
can program with reprogramming device and 
ultraviolet light source, listed below. 

Re programming Device $250.00 - Available from Comstar, Rent, lease, or Buy 

Ultrovialet light Saurce $58.50 (Prom Eraser) 

Order your Stor System Irom -

7413 WASHINGTON AVENUE SOUTH, EDINA, MINNESOTA . 612-941-4454 

0 1972. All Righls Re~rved . 
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