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ABSTRACT 

MICROCOMPUTER DESCRIPTION 

AND SOFTWARE DEVELOPMENT 

Richard S. Gogesch 

Master of Science in Engineering 

Youngstown State University, 1976 . 
Basic features of some microprocessors are discussed. 

Internal operation of a typical microcomputer was investigated. 

Special software features of a 4040 microprocessor 

are discussed. Part of the family (MCS-AO) of peripheral 

devices that can be employed with the 4040 microprocessor are 

presented. A software system (assembly language + simulator) 

was developed. The test procedure to verify the operation of 

the software is given and a typical application follows. 

The · software developed-serv~s to decrease program 

development time of a 4040 based mjcrocomputer system. 
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I. I NTRODUCTION 

The objective of this thesis is to de velop an assembly 

language and a simulator for the Intel 4040 microcomputer. 

The Intel 4040 microcomputer was chosen because documentation 

for this microcomputer was readily available. 

Machine language programming is a very time-consuming 

and tedious process. An alternative to machine language pro

gramming lies in the use of assembly language s, which are 

software systems that allow the use of mnemonic operation 

codes and mnemonic statement labels. With the use of assembly 

language, the programmer can program more easily and q uickly, 

however, once written, there is no assuranc e that the program 

will work properly. · One method of testing a program is to 

actually run it on the _microcomputer. An alternative to this 

approach is through si~ulation of the microcomputer. Simula

tion is a very popular method of testing programs, since simu

lation does not require the acquisition of an expensive micro

computer development system. The use of assembly languages 

and simulators, therefore, . represent a cost effective means 

for microcomputer program devel~pment. 

Chapter II describes the functions of a typical micro-

computer. This chapter give s the reader background informa-

tion on microcomputers. Chapter III describes the features 

of the Intel 4040 microcomputer. Ghapter III also gives a 

detailed instruction description for the 4040 instruction set. 

Chapter IV gives a basic description of a few of the MCS-40 
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system comp on e nts. Chapter V is a discussion of the assembly 

language and simulator deve l o red . Chapte r VI explains how the 

assembly language and simulator were tested. Chapter VI a lso 

presents a sqmple application of the use of the ass embly 

language and simulator. The conclusions which were r eache d are 

found in Chapter VI I . Appendix A contains a pro g ram lis ti n g of 

the cross-assembler. Sample output of the cross assembler is 

s e en in Appendix B. Appendix C is a program ·listing of the 

simulator. Sample output of · the simulator is seen in Appendix 

D. Appe ndix E contai ns a samp le prpgram us ed to test the as s e m-

bler. Appendix F contains a n example program d eve loped to 

implement motor speed control. 

A microcomputer is an inte grated system of mi n iaturized 

electronic devices .capable of performing the functions normally 

associated with random logic·, minicomputers, and larger c entral 

processing units (CPU's) . 1 A microcomputer r ep lace s random 

logic by storing program seque~ce s in memory, rather than imple

menting these logic functions with gates and flip-flops. The 

advent of the microcomputer h a s r~volutioniz~d many product 

fields and is being designed into many other areas. 

Once a microcomputer has been chosen as an integral 

part of a design, the desig~ engineer faces the problem of 

choosing the best microcomputer for the given application. Wi th 

more than 100 microcomputers availa ble this becomes a t edious 

process. The design engineer can, however, minimize this tas k 

by choosing some criteria to eliminate several microcompute rs 

from consideration. 

1 ''Put a complete Microprocessor in your System for 
less than $30", INTEL Corporation, 1975, p. 1-4 



Some major fea tures lf microcomputers arc : 

Interrupt Structure , 
One -Chip CPU Packagi ng , 
Microprogrammability , 
OMA (Direct Memory Access ) Ability 
Arithmetic Modes, 
Speed, 
Word Size, 
and Power Requirements. 2 

These factors, while not the only important features 
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of microcomputers, are important e nough to be amoung the first 

to be examined. 

Interrupts can be def ine d as the ability of a micro-

processor to respond to an external event . Interrupts may or 

may not be an important feature , depending upon two facto r s: 

1) does the application require real time quick respo n se to 

e x ternal events, and 2) does the software design strategy 

encourage the use of interrupts? Many applications will no t 

require interrupts, even some real time applications do not 

require interrupts. An alternative to interrupts is software 

organization such that . ~xternal ev~nts are monitored frequently 

enough to guarantee se.rvice . 

The next factor to b e considered is · one-chip CPU 

packaging. One-chip CPU pa6kaging has a substantial effect 

on assembly and repair cost, as well as affecting the size of 

the finished product. Even among one-chip CPUs there are a 

tremendous variety in the number of integrate d circuits which 

must be added to achieve a working computer. A CPU which 

multiplexes data and addresses through the s a me pins will 

require additional hardware support. Some other areas f re-

2 0gdin, J. and Phillips, S., "Processor Selection", 
New Logic Notebook, September, 1974, p. 3. 



quently requiring substantial hardware support are state 

decoding and input/output (I / O) control. While the cost of 

this hardware support circuitry is small, it can double or 

triple the manufacturing costs of the computer. 
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Microprogrammability allows the fine structure of the 

microcomputer to be changed while the .overall structure remains 

the same. An example of this would ~e the number of registers 

and set of instructions available to the programmer. They can 

be changed within limited realms, however, gross changes are 

not possible. Microprograms are usually stored in read only 

memories, either on the computer's control chip or externally 

in standard read only memories connected to the control logic. 

Microprogrammability becomes important when a microcomputer is 

designed to emulate some other computer, or to . implement a 

specialized set of instructions. CommQn software routines 

such as multiply and divide can easily .be implemented in a 

microprogram. Virtually all progra~s can be reduced to a micro

program. 

DMA is an a~breviation for direct memory access. DMA 

lets high-speed peripheral devices gain direct acc.ess to main 

storage without disturbing the CPU; the alternative approach 

requires that the CPU read or write every word between memory 

and the peripheral device. In order for DMA to work the CPU 

must be prevented from interfering with the block of main 

storage in which DMA is in progress. Most microcomputers with 

DMA capability suspend CPU cycles when DMA is in progress. 

Some microcomputers with more sophisticated architectures 



allow the CPU to continue ope ration while OMA is in progress 

unless I/0 is attempted in c o re where OMA is occuring. This 

more sophisticated architecture, while more efficient, also 

requires substantial hardware support. 

Arithmetic is usually performed in two's compliment 

form on microcomputers. In addition, .some processors have 
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special instructions which are desigped for handling binary 

coded decimal (BCD) numbers. Whether these instructions are 

important or not depends upon whether data must be transferred 

in BCD form. If BCD data is presented to the computer, or 

required from it, BCD arithmetic is an essential feature of 

the microcomputer system. 

Speed of a microcomputer may become important if real

time events must be handled within specified time limits. · 

Word size is simply defined as the number of bits with which 

the microcomputer can directly perform . arithmetic. Word size 

is not an important factor unle ss speed is . required, since 

computers with smaller work lengtqs can perform functions of 

a larger microcomputer in an increased number of machine 

cycles. Power requirements are also important, since some 

technologies require several supply voltages, thereby increas

ing the cost of the system. 

Another important consideratio~ when selecting a 

microcomputer is vendor commitment; that is, will the vendor 

continue making the microcomputer for the entire applications 

life. Generally a good measure of vendor commitment is soft

ware support. If the vendor has a considerable investment in 
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software support, t he n chanc e s are the microcompute r wi l l b e 

around for some time to come . Documentation is another mea sure 

of vendor commitment. A product with skimpy, vague , and ambig-

uous specifications usually connotes a manageme nt disinterest 

in the product. Products such as these should be avoided. 

If large syste ms are dealt with, software support is 

essential. Minimal software support . should include: 

1. An assembler that allows use of symbolic operation 
, codes and s ymbolic statement labels. 

2. An editor that allows the programme r to easily 
change source programs for re-assembly. 

3. A simulator that executes machine code for the 
microprocessor on a large r computer or mini
computer. 3 

3 0gdin, J. and McPhillips, S., p. 5. 
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II. FUNCTIONS OF A TYPICAL MICROCOMPUTER 

A typical digital computer consists of the following : 

1. A central processing unit (CPU1. 
2. A memory. 
3. Input/Output (I /0) ports. 4 

Primarily the program me~ory aerves as a place to store 

instructions, which are the coded pieces of data that direct 

all of the activities of the CPU. A group of instructions 

logically arranged in program memory is ref erred to as a pro-

gram. The CPU fetches each instruction from memory in a logic -

ally determinate sequence, and uses it to initiate processing 

actions. · 

The data memory is used to store the data to be manip-

ulated. The CPU can access all data in the data memory bank. 

At times there is not enough data memor,y to store all of the 

data required for the application. The solution to this pro-

blem lies {n the use of input ports, The CPU can address t ,hese 

input ports. Data can be contained in these input ports. 

Another feature of the input ports is that they allow the CPU 

to receive information from peripheral devices. 

Most computers have output ports in a~dition to input 

ports. These output ports allow the computer to transmit 

data outside the computer. The output _may go to a display , 

to a peripheral device that produces a "hard copy", such as 

4 Raphael, Howard A., INTEL ~McS-40 User's Namual for 
Loqic Designers (Santa Clara, CA: INTEL Corporation, 1974) 
p. vii · 

359988 
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a line printer, to a peripheral storage device, such as a mag-

n.etic tape unit, or the outp u t may constitute process control 

signals, such as in an automated assembly line. 

The CPU ties the system together . It con t rols all of 

the functions performed by the othe r device s. The CPU must 

be able to fetch instructions from memory, decode the binary 

instructions, and execute them. It must be able to reference 

memory and I/0 ports. In
1

addition to thes e functions, some 

CPUs can respond to certain contr~l signals. Two examples of 

these control signals would be interrupt and stop. 

A typical CPU consists of the following interconne cted 

units. 

l. Registers. 
2. An Arithmetic/Logic Unit (ALU). 
3. Control Circuitry. 5 

Registers . ar ~ temporary storage· units within the CPU. 

Some registers, such as the program counter and instruction 

register, have dedicated uses. - Other registers, such a s the 

accumulator, are for more general purpose u~e. As a result, 

these registers are usually referred to as general purpos e 

registers. 

The accumulator usually stores operands (numbers) 

which are to be manipulated by t he arithmetic logic unit. A 

typical instruction might direct the ALU to addl to the 

accumulator and store the result in the accumulator. This is 

5 Raphael, Howard A., MCS-40, p. viii 
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an example where the accumul a tor is both a source (opera nd) 

and a destination (result) r egister. 

Program instructions are stored in the program memory. 

The CPU must· examine the contents of memory in order to deter-

mine which action is appropriate. This means the CPU must 

know which memory location contains the next instruction. 

Each of the memory locations is numbi=red to distinguish .it 

from all other locations in memory. The number identifying 

the memory location is called an address. 

The CPU contains a counter ·which contains the address 

of the next program instruction. This register is called the 

program counter. The CPU updates the counter . by adding "l" 

to the counter each time it fetches an instruction. This 
, M M ~ 

process assures that the counter is always current. 

The programmer therefore, stores instructions in 

numerically adjacent addresses, such that the instructions in 

lower addresses will be execute d before instructions in the 

higher addresses. The only time this general rule is violated 

is when a "jump" in~truction is executed. 

A jump instruction contains the · address of the instruc-

tion which is to follow it. The next instruction can be stored 

in any address, as long as the jump instruction specifies the 

correct address. During the process of a jump instruction, 

the CPU replaces the contents of the program counter with the 

destination address of the jump. 

A special kind of jump occurs when the program 

"branches" to a subroutine. 'l'his kind of jump requires that 

the CPU remember th~ contents of the program counter b e for e 
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the jump occurs. This proce s s enables the CPU to r e sume 

execution of the main progra~ when the last instruction in the 

subroutine has been executed. 

A subroutine is a program within a program. It is 

usually a set of instructions which must be executed repeat

edly within a program. Routines which calculate the square, 

the sine, or the logarithm of a variable are good examples of 

subroutines. Other examples might be programs designed for 

inputting or outputting data to a peripheral device. 

The processor handles subroutines in a special way. 

When the processor receives a jump to subroutine instruction, 

it incre~ents the program counter and stores the result in a 

memory known as the stack. The processor then stores the 

address specified in the jump to subroutine instruction in its 

program counter. Therefore, the next instruction executed 

will be the first instruction of the subroutine. 

The last instruction i n a subroutine will be a branch 

back instruction. When the proce&sor receives a branch back 

instruction, it replaces the cont~nts of the program counter 

with the address of the top of the stack. 

Subroutines are often ·nested; that i~, one subroutine 

will sometimes call a second subroutine. This is an acceptable 

procedure, as long as the CPU has enough capacity to store the 

return addresses, and the logica l provision for implemen t a tion. 

Therefore, the maximum level of subroutine ne sting is de ter

mined by the depth of the stack. If the stack has space for 

storing seven return addresses, then seven levels of subroutine 



nesting may be accomodated. 

Every computer has a word length. A computer 's word 

length is determined by the size of its inte rnal storage 

elements and ' data busses. A computer whose registers and 

busses can store and transfer 8 bits of i~foYmation, has a 

word length of 8 bits. The character~tic 8 bit fie l d is 

usually referred to as a byte. A 4 bit field is referred . to 

as a nibble. 

11 

Each operation a computer can p e rform is spec ifie d by 

a unique binary code. An 8 bit word used as an instruction 

can refer to a maximum of 256 alternative actions. This is 

more than adequate for most processors. The e ight bits stored 

in the instruction register selecti..ve ly activate one. of a 

number of output lines. In this case a maximum of 256 output 

lines. Each line represents a set of activiti e s associated 

with execution of a particular" instruction code. Timing pulses 

develop electrical signals which ar~ used to initiate s pecific 

actions. The translation of bina~y code into a spe cific 

action is performed.by th~ instruction decoder and associated 

control circuitry. 

A CPU may use a register or a register pair t.o store 

the address of a memory location. If the address register(s) 

is programmable, then the programmer c~n change the conten ts 

of the register prior to execution of a memory reference 

instruction. 

All processors contain an arithmetic/logic unit. The 

ALU must contain an adder capable of combining the contents 

of two registers in accordance with the rules of binary 



arithmetic. This capability al lows the processor to perform 

arithmetic manipulations on data it obtains from memor y and 

other inputs. 

Using only the basic adder, a programmer can write 

This 
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routines which will subtract, multiply, and divide. 

gives the machine complete arithmetic .capabilities. In prac-

tice, however, most ALUs provide other built-in functions, 

including hardware subtraetion, boolean logic operations, and 

shift operations. 

The ALU usually contains flag bits which register 

certain conditions which arise during arithmetic manipulations. 

Generally, it is possible to program jumps which are condi

tionally dependent upon one or more f lag bits. Thus, for 

example, the program may be· d e sig ned to jump to a special 

routine, if the car~y bit i~ zero. The presence o f a carry 

generally .indicates an overflow in the . accumulator. 

The control circuitry i s th~ primary functional unit 

within a CPU. The control circuitry maintains the proper 

sequence of events required for any processing task. Some 

processors have control circuitry capable of responding to 

external signals, such as an interrupt request. An interrupt 

reque st causes the control circuitry to temporarily interrupt 

main program execution, jump to a spec~al routine to service 

the interrupting device, then automatically return to the 

main program. 
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III. THE INTEL 40 4 0 CENTRAL PROCESSING UNIT 

The Intel 4040 is a single chip 4 bit parallel metal 

oxide semiconductor (MOS) central processor. The 404 0 is 

packaged in a 24 pin dual inline package (DIP) . Th e pin con-

figuration is shown in Figure 1. A b~ief functional d e scrip-

tion of each pin is given in Figure ?· 

Circuit timing for all clocked .CPUs is critical; the 

4040 is not an exception. Figure 3 shows a timing diagram for 

the 4040. Circuit timing is accomp lished by a two phase non -

overlapping clock. The start of an instruction cycle is 

signaled by a SYNC signal, which is generated by the p roc e ssor . 

The SYNC signal is sent to the various read only memory (ROM) , 

and random access memory (RAM) , and peripheral .chips in the 

system . An instruction cycle consists Df the followi ng ope ra-

tions: 

1. The 12 bit content s of the program counter is 
sent out to the ROM chips in three 4 bit groups during 
Al' A2 ' A3. 

2. The 8 b~t instruction · or data from the a ddresse d 
ROM location is received by the processor at M1 , and M2 
at which time the instruction is decoded . . 

3. Instruction e xecution occurs during X1 , X2, and 
x 3 . Data or address information may be sent to output 
ports or RAM chips; data may be received from input ports 
or RAM chips; or data may be operated on within the pro
cessor. 6 

Figure 4 is a block diagram o f the 4040 indicating the 

major circuit blocks and their interconnections. The follow-

ing major functional blocks are contained in the 4040: 

6 Raphael, Howard A., MCS-40, p. 1-6 
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4040 - Central Processor Un it 

• Instructions (60 to tal) including Log ical Operat ions 
and Read Program Memory 

• Large number of fami ly d evices 

• 10.8 mic rosecond instruction cycle standard 
• 2·phase dynamic operation 
• Instruct ion set includes conditional branching, ju mp 

to s~broutirie and i11direct fetching 

• Logical instructions 

• Binary and d eci mal arithmet ic modes 
• CPU directly compatible w ith MCS-4 ROMs and RAMs 

• Unlimited number of input and output lines 
• Interrupt capability 

• Single step operation 
• SK byte memory addressi ng capability 

and up to 5120 bits of RAM 

• 24 index registers 
• Subroutine nesting to 7 levels 

Do 

o, 

o, 

o, 

STP 

INT 

INT ACK 

v" ., 
•a 

ft HIT 

CV 

C"4 ROM, 

CM ROM1 

Voo 1 

CM·AAMt 

CM ·RAM1 

CM·RAM1 

CM·RAMa 

SVNC 

Voo 1 

Voo 

TUT 

FIGURE 1. 4040 PIN CONFIGURATION 
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Pin Description 

Pin No. Designation 

1-4 

5 STPA 

6 STP 

7 INT 

8 INTA 

9 Vss 

10-11 

12 RESET 

13 TEST 

14 Voo 

15 

Description of Function 

Bidirectional data bus. All ad

dress and data communication 
between the processo r and the 

RAM and ROM chips is handled 
by way of these 4 lines. 

STOP ACKNOWLEDGE out· 
put. Th is signal ack nowledges 

that the processor has entered 
the stop mode. Output is "open 

drain" req uiring pull-down re

sistor to Voo . 

STOP input signal. A lbgic "1" 
level at th is input causes the 
processor to enter the STOP 
mode. 

INTERRUPT input signal. A 
log ic " 1" leve l at this input 

causes the processor to enter 

the INTERRUPT mode. 

INTERRUPT ACKNOWLEDGE 
outpu t . Th is signal acknowl
edges receipt of an INTER · 
RUPT command and prevents 
additional INTERRUPTs from 
enterin'g the processo r. INTER
RUPT ACKNOWLEDGE re
mains active until ·Gleared by 
the new BRANCH BACK . and 

SRC (BB~) instruction. The 
output is "open drain", requ ir

ing a pull ·down resistor to Voo · 

Circuit GND poiential - most 
positive supply voltage. 

Non·overl appi ng clock signals 

which determin'e processor tim
ing. 

RESET inpu t. A "1" level ap

plied to this pin clears all flag 
and status flip-flops and forces 

the program counter to 0. To 
completely clear all of the ad· 
d ress and index registe rs, RE· . 
SET must be applied for 96 
clock cycles( 12 machine ~ycles). 

TEST inpu t. The logical state 
of this input can be examined 
with the JCN instruction. 

Main supply voltage to the pro

cessor. Value mu st be Vss 
-15.0V ±5%. 

Supply voltage for output buf

fers. May be varied depending 
on Interface conditions. 

Pin No. 

16 

17-20 

21 

22-23 

24 

Designation 

SYNC 

CM-RAMo· 

CM-RAM:J 

CM-ROMo
CM-ROM1 

CY 

15 

Descr iption of Function 

SYNC output. Synchron ization 
signal generated by the proces

sor and sent to ROM and RAM 
chips. Indicates beginning of in

struction cycle . 

CM·RAM outputs. These out

puts act as bank select signals 
for the 4002 RAM chips in the 

system . 

Supply voltage tor t iming cir

cuit. Value must be Vss -15.0V 
±5%. Allows low power stand
by operation. Only SYNC will 

be genera:ed when this pin is 

the only act ive Voo · 

CM- ROM outputs. These out
puts act as bank se lect signals 
for the ROM chips in the sys· 

tern. 

CARRY output buffer. The 

state of the CY flip -flop is pre· 
sented at this output and is uir 
dated ·at X1. The output is 
"open dra in" requiring a pull· 

down resistor to Voo . 

FIGURE 2. 4040 FUNCTIONAL PIN DESCRIPTION 
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SYNC 

INAILE OATAOVT 

ENABLE DATA IN 

LATCH rTP OR INT 

CY 

·' 

" ,_ . 

ENABLED 

INHIBITED 

IF 1/0 121 ____ J 

INHIBITED 

ENABLE 

LATCH STP 
INT 

L __ _ IF SRcl>l1 

ENABLED . INHIBITED .ENABLE 

INHIBIT INHIBIT 

CY UPDATED HERE 

DATA BUS 
CONTEN TS -ADDRESS TO MEMORY INSTRUCTION ,ROM -•lo----1-o--INSTRUCTION 

-- MEMORY u EXECUTION 
ACCUMULATOR 

NOTES: 

1. CM·ROM, RAM SIGNALS WILL BE PRESENT AT M1 FOR ANY SINGLE CYCLE 
INSTRU CT ION OR FOR THE FIRST CYCLE QF A DOUBLE CYCLE INSTRUCTION, 

2. CM-ROM, RAM SI GNA LS WILL BE PRESENT AT M1 FOR ANY OF THE SIXTEEN 
110 GROUP INSTRUCTIONS. 

J. CM·ROM , RAM SIGNALS Will BE •RESENT AT Xa DURING EXECUTION 0, AN 
&RC INSTRUCTION. • 

4. IOR MEANS ONE Of THE 1/0 READ INSTRUCTIONI: IBM, ROM, RDR, ADM, 
ROf, R01 , ~02, ADJ. • 

CONTENTS 

FIGURE 3. 4040 CIRCUIT TIMING 
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UNIT 
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IUPl'l lES 
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- -
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AT BUS 0 ... 
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~ BUFFER 

I 
1 

INSTrlUCTION L 
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l 
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l. Addr e s s r e gister s t ack and add r es s inc r e m t er . 
2. I ndex r eg ister a r r ay. 
3. Instruction reg i s ter/de coder a nd control logic. 
4. 4 bit adde r/accumula tor. 
5. Hardware interrup t and stop control. 
6. Periphe ral circuits for contr9lling timing and 

external ' communication. 7 
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The addre ss r e gister is a d y namic RAM array of 8 x 12 

bits, operating a s a push~down stack . . One l e v e l of th i s 

array is used to store the effective . address. This leave s 

seven levels available for subroutine nesting . 

The con~ents of the s e lected address register are 

stored in the address buffer and multiplexed to the inte rna l 

bus during A1 , A2 , and A
3 

in 4 bit nibbles. The conte nts o f 

the address buffer are increme nted by a .4 bit carry -look-

ahead circuit after outputting e ach 4 bitnibble . Th e i ncre -

me nted value is trans f erre d back to the address buffe r a nd 

written back into the selecte d address .reg iste r. Since the 

array is dynamic, inte rnal p~ovision is made for r e fr e shing 

the store data. 

The index register is a dY.namic RAM array of 12 x 8 

bits, orgainzed as three bank s of ' 4 x 8 bits. Two of the se 

banks have identical address locations, · so the se bank s mu s t 

be individually selected with program instructions. The 

third bank has unique addresses; therefore it is a l ways 

available · for use. 

The index registers can b e us e d two diffe r ent ways . 

They can be used to store 4 bits data for computation. They 

can also be used in pairs for addre ssing ROM, RAM, and I/0 

7 Raphael, Howa rd A., MCS-40, p. 1-7. 
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ports or for storing fetched da ta from ROM. 

Index register addre s sing is provided by the internal 

data bus. The addresses are multiplexed to the array decoder. 

The content of a selected index register is stored in a t e rn-

porary register and multiplexed to the internal bus. 

The 4 bit adder use d in the 4a40 is the ripple-through 

carry type. The adder buff e r/register communicates with the 

internal data bus on one side and can transfer the data or 

one's complemented data to the adder . The other term of 

addition comes from the accumulator and carry flip-flop. The 

output of the adder is transferred to the accumulator and 

carry flip-flop. The accumulator has the capability to irnple-

ment shift-right and shift-left instructions. The accumulator 

can communicate with the command register, with special ROMs, 

with the condition l?gic, and with the ~nternal bus. The 

command register contains a 3 bit code ·used for CM-RAM line 

switching and one bit used for · cM-ROM switching. The special 

ROMs communicate with the internal. bus. The condition logic 

senses when an additi-0n yields a zero result, when the accum

ulator is zero, the state of the carry flip-flop, and the 

state of an external signal (TEST) . These conditions can be 

used to implement jump-on-condition and increment and skip 

if zero ~nstructions. 

The instruction register is loaded with the content 

of the internal bus at M
1 

and M
2

. The instructions are decoded 

in the instruction decoder and gated with timing signal to 

provide the control signals for various functional blocks. 
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The 4040 has interru p t and stop controls which ove r-

ride normal processor operat i on. The interrupt logic detects 

and acknowledges presence of an external interrupt signal and 

forces the processor to execute a jump-to-subroutine to loca-

tion 003 hexadecimal. 

The stop control logic detect~ and acknowledges the 

presence of a stop signal. The proc~ssor is forced to e xecute 

a no-operation instructiorl until the stop signal is removed. 

The CPU command lines (CM-ROM, CM-RAM) are used to 

control the ROMs and RAMs by indicating how to interpret the 

data bus content at any given time. 

The command lines allow the implementation of RAM 

bank, chip, register, and character addressing. The command 

lines also control ROM chip addressing. Operation of the 

command control lines is seen in Figure 5. 

The 4040 has a set of sixty instructions. The instruc-

tions can by divided into four ~ groups as follows: 

1. Machine Instructions ~ This group of 16 instruc
tions are designated by an OPR code of 0000-1101. Within 
this group is cqntainea a second group which is designated 
the suppleme-ntal group. 

2. 4040 Group - This group of 14 instructions is 
designated by an OPR code .of 0000 and an OPA code of 
0001-1110. These are the new instructions which have 
been added to the 4040. 

3. I/0 Group - This group is d~signated by an OPR 
code of 1110. This group of 16 instructions is used for 
transferring data between the processor and the RAM chips 
or I/O circuits. 

4. Accumulator Group - This group of 14 instructions 
is designat~d by an OPR code of 1111 and operates only on 
the accumulator/carry flip-floP., the special ROMS and the 
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command r e giste r. 0 

There are 2 types of i nstructions; the y are 1 word 

instructions and 2 word instructions. A 1 word instruction 

is 8 bits wide and requires 8 clock periods (1 instruction 

cycle). A 2 word instruGtion is 16 bits wide and requires 

16 clock periods (2 instruction 6ycl e s). Each inst r uction 

word is divided into 4 bit nibbles . . The uppe r 4 bits is called 

the OPR and contains the operation code. The lower 4 bits is 

called the OPA and contains the modifier. For single ~ord 

instructions the operation code (OPR) contains the c o d e o f the 

operation that is to be performed. Examples of this a r e add, 

subract, and load. The modifier (OPA) contains on·e o f 4 

things. They are as follows: 

1. A register address. 
2. A register pair ·address. 
3. 4 bits o f data. 
4. An instr.uction modifier. 9 

Fo~ a 2-word ma6hine instruction, the first word is 

similar to that of ths 1-word instruction, however, · the 

modifier contains one of 4. things; They are as follows: 

1. A register address. 
2. A register pair addre ss. 
3. The upper portion of another ROM address. 
4. A condition for jumping. 10 

The second word contains either the middle portion (in OPR) 

and the lower portion (in OPA) of anothe r ROM addre ss or 8 

bits of data. Instruction formats are shown in Fig ure 6. 

8 Raphael, Howard A., MCS-40, p. 1-18. 
9 Raphael, Howard A., MCS-40, p. 1-18. 

l 0 Raphael, Howard A., MCS-40, p. 1-18. 
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ONE WORO INSTRUCTIONS 

o, 

I . 
o, o, o, o, o, o, o, o, 

I • I • I • I • I • I • I • I • 
"'" OPA 

Of' CODE MODIFIER 

I • I • I 
INDEX REGI STE R x AD DRESS 

R R 

OR 

INDEX REGIST ER ,.AIR 
x x AOORES.S 

R " 
OR 

I • I x I • . I DATA 
D D D 0 

TWO WORD INSTRUCTIONS 

ht INSTRUCT !~ CVCl E 

o, o, o, o, o, o, o, 

I • I • I . I . I • I • . I 
"'" 

Of' CODE 

x x x 

"' .. 
MODIFI ER 

u,.ER AoonESS I ... , ... , ... , ... , 

CONDITION 
C1 C1 

INDEX RE GIST EP. 
ADDR ESS 

R A 

Oii 

Oii 

Oii 

2nd l ... ST AUCT IO.. CYC LE 

o, o, o, o, o, o, C>, o, 

• I • I • I . I • I • I • I . I 
"'" "' .. 

Of' CODE MOOIFlfA 

MlOOLE ADDRESS lOWER .t..DOA(SS 

A 1 A 1 A1 A1 A 1 A1 A1 A 1 

MIDDLE ADDRESS ... , .. , ... , ... , L()¥rfE~ AOCH, ESS 
... , ... , ... , ... , 

MIOOlE AOORESS LOfifE A AOORESI 
At A 1 At A J A, A1 A, ' A1 

Uf'PUll DATA LOWUt 0....T A 
o, o, o, o2 ·o, o1 o, o, 

FIGURE 6. 4040 INSTRUCTION FORMATS 
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The upper 4 bits of a n instruction will always be 

fetched before the lower 4 b it s of instruction. 
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Index registers can be addressed in two ways. The 

OPA code of an instruction may specify l of 16 possible loca

tions. The bank switch of the 4040 will allow access to 8 

more registers. The second way to access registers is by 

specifying a pair of registers with the higher order 3 bits 

of the OPA code. This will allow direct addressing of 8 pairs 

of registers. The bank switch of the 4040 will allow access 

to 4 more register pairs. 

The following is a detailed description of the 4040 

instruction set. 
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DETAILED INSTRUCTION DESCRIPTION 

A. Symbols and Abbreviations 

The following symbols and abbreviations will be used throughout the next few sections: 

SRCR 
() 

ACC 
CY 
ACBR 

RRRR 

ARR 

PL 
PM 
PH 

· ai 

CM; 
M 

M,; 
DB (T) 

Stack 

CR 
IE 
RBO 
RB1 
v 
/\ 

SRC Registe r 
the content of is transferred to 
Accumulator (4 bit) 
Carry Flip-Flop 

Accumulator Buffer Registe r (4 bit) 

Index register address 

Index register pair address 
low order program counter Field (4 bit) 

Middle order pJogram counter Field (4 bit) 
High order program counter Field (4 bit) 

Order i content of the accumulator 
Order i content of the command register 

RAM main cha racter location 
RAM status character i 

Data bus content at time T 
The 3 or 7 registE:rs in the address register other than the program counter. 
Command register 

Interrupt enable 
Reg ister bank 0 RRRRo - RRRR, enable 
Register bank 1 RRRRo - RRRR, enable 
logica l OR 
logical AND 

Throughout the text "page" means a block of 256 instructions whose address differs only on the most 

significant 4 bits. 

" Example : page 7 means all locations having addresses between 011.1 0000 0000 and 0111 1111 1111 

B • . Format for Describing Each lr:istruction 

Each instruction will be described as follows: 

( 1) Mnemonic symbol and m.eaning 
(2) OPR and OPA code 

(3) Symbolic representation of the instruction 
(4) Description of the instruction (if necessary) 
(5) Example and/or ext-eptions (If necessary) 

C. One Word Machine Instructions 

Mnemonic: 

OPR OPA: 
Symbolic: 

Oe~cri pti on : 

Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

NOP (No Operation) 

0000 0000 
Not applicable 
No operation performed 

lDM (load Data to Accumulato_rf 
1101 · DODD 
0000-+ACC 
The 4 bits of data, DODD stored in the OPA field of instruction word art loaded into the 
accumulator. The previous contents of the 1ccumul~tor art lost. The carry/link bit is 
unaffected. 

25 
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Mnemonic: 
QPR QPA: 

Symbolic : 
Description: 

Mnemonic: 
QPR QPA: 
Symbolic : 
Description: 

Mnemonic:, 
QPR OPA: 
Symbolic: 
Description: 

Example: 

LO (Load index reg ister t~ Accu mulator) 
1010 RRRR 
(RRRR) -+ACC 
The 4 bit content of the designated index register (RRRR) is loaded into the accumula· 
tor. The previous contents of the accumulator are lost. Th~ 4 bit cont.ent of the index 
regis ter and the carry/link bit are unaffected. 

XCH (E xchange index register and accumulator) 
1011 RRRR 
(ACC) -+ACBR, (RRRR) -+ACC. (ACBR)-+ RRRR 
The 4 bit content of the designated index register is loaded into the accumulator . The· 
prior content of the accumula tor is loaded into the designated register. The carry/link bit 
is unaffected. 

ADD (Add index regis ter to accumulator with carry) 
1000 RRRR 
(RRRR) + (ACC) + (CY)-+ACC, CY , 
The 4 bit content of the designated index register is added to the content of the accumu· 
la tor with carry, The result is stored in the accumulator. The carry/l ink is set to 1 if a sum 

greater than 1610 was 11enerated to indicate a carry out; otherwi$8, the carry/link is set to 
0. The 4 bit content of the index register is unaffected. 

Augend 
(ACC) 

i 
co 

+) r3 r2 r, ro 

_JYI Addend 
(RRRR) 

CARRY - c4 s3 s2 s1 so - SUM 

Mnemonic: 
QPR OPA: 
Symbolic: 
Description: 

Example : 

' .___,__..., (CY) (ACC) 

SUB (Subtract index register from accumulator with borrow) 
1001 RRRR 
(ACC) + (RRRR) +(CY) ..... ACC, CY 
The 4 bit content of the designated Index register is complemented (ones complement) 
and added to conten't of the accumulator with borrow and the result is stored in the 
accumulator. If a borrow is generated, the carry bit Is set to O; otherwise, it is set to 1. 
The 4 bit content of the index register Is unaffected. 

Minuend 
(ACC) 

i 
aa a2 a, ao 

. (CY) 

__J 
Subtrahend 

(RRRR) 

I 
Borrow --- C4 s3 s2 s1 so -Result 

• '---r-' 
(CY) (ACC) 

26 
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Mnemonic: 
OPR OPA: 
Symbolic : 

Description: 

Mnemon ic : 

OPR OPA: 
Symbolic: 

Description: 

Mnemonic: 

OPR OPA: 
Symbolic: 

Description: 

INC (Increment index re g_ister) 
0110 RRRR 
(RRRR) +1 -+RRRR 

The 4 bit content of the designated index register is incremented by 1. The index register 

is set to zero in case of overflow. The carry/link is unaffected. 

BBL (Branch back and load data to the accumulator) 

1100 DODD 

(Stack) -+PL, PM, PH ; DODD -+ACC 
The program counter (address stack) is pushed down one level. Program control transfers 
to the next instruction following the last jump to subroutine (JMS) instruction, The 4 
bits of data DODD stored in the OPA portion of the instruction · a~e loaded to the 
accumulator . BBL is used to return from subroutine to main program. 

JIN (Jump indirect) 

0011 RRR1 
(RRRO)-+PM 

(RRR1) -+PL; PH unchanged 
T he 8 bit content of the designated index register pa ir is loaded into the low order 8 
posi ti ons of the program counter . Program control is transferred to the instruction at that 
address on the same page (same ROM) where the JIN instruction is located. The 8 bit 

content of the index reg iste r is un~ffected. 

EXCEPTIONS: When JIN is located at the address (PH) 1111 1111 program control is transferred to the 
next page in sequence and not to the same page where the JIN instruction is located . That 
is, the next add ress is (PH+ 1) (RRRO) (RRR1) and not (PH) (RRRO) (RRR1) 

Mnemon ic: 
OPR OPA: 
Symbolic: 

Description: 

Mnemonic: 
QPR OPA: 

Symbolic: 

Description: 

SRC (Send register control) 
0010 RRR1 
(RRRO)-...DB (~L 
(RRR1)-+DB.(X3) 

The 8 bit content of the designated index reg istr.r pair is sent to the RAM address register 
at X2 ·and X3 . A subsequent read, write , or 1/0 operat ion of the RAM will utilize this 

address . Specif ically, the f irst 2 bits of the address designate a RAM ch ip; the second 2 
bits d esignate ) out of 4 registers within the chip; the last 4 bits des ignate 1 out of 16 
4 bit main memory characters within the register . This command is also used to designate 
a ROM for a subsequent ROM 1/0 port operat ion. The first 4 bits designate the ROM 

chip numb~ r to be selected . The address in ROM or RAM is not cleared until the next 
SRC instruction is executed. The 8 bit content of the index register is unaffected. 

FIN (Fetch indirect ·from ROM) 
0011 •RRRO 
(PH) (0000) (0001) -+ROM address 
(OPR)-+RRRO 
(OPA)-+ RRR1 

The 8 bit content of the 0 index register pair (0000) (0001) is sent out as an address in 
the same page where the FIN instruction is located. The 8 .bit word at that location is 
loaded into the designated index register pair. The program counter is unaffected; after 

FIN has been executed the next instruction in sequence will be addressed. The content of 
the 0 index register pair is unaltered unless index register 0 was des ignated. 

EXCEPTIONS: a. Although FIN is a 1-word instruction, its execution requ ires two memory cycles (21.6 · 
µsec) . 

b. When FIN is located at address (PH) 1111 1111 data will be fetched from the next 
page (ROM) in sequence and not from the same page (ROM) where the FIN 

instruction is located. That is, next address Is (PH + 1) (0000) (0001) and not (PH) 
(0000) (0001 ). 
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Mnemonic: 
OPR OPA: 
Symbolic: · 
Description: 

Mnemonic: 
OPR OPA: 
Symbolic: 

Description: 

Mnemonic: 
OPR OPA: 
Symbol ic: 
Description: 

Mne monic: 

OPR OPA: 
Symbolic: 

Description: 

Examples : 

Mnemonic: 
OPR OPA: 

Symbolic: 
Description: 

HLT 

0000 0001 
1-+HALT 1 -+STOP 

The processor sets the HALT and STOP flip -flops . Program co.,nter incrementer and data 
input buffers are inhib ited. The processor executes NOP continuously; continuat ion can 
occur by means of.ST.OP or INTERRUPT control . 

In this mode, the Program Counter + 1 is gated out at A1, A7, and A3, times on the data 
bus . M 1. M7 times will conta in the addressed ROM instruction on the data bus. X1, the 
4 bit Accumulator contents, X2 and X3 will contain the 8 bit SRC register. 

BBS 

0000 0010 
(Stack-+PL, PM . PH ;) 
SRCRO-+ DB(X2) 
SRCRl -+DB(X3) 

This instruction is a combination of BRANCH BACK and SRC. The effectiva address 
counter is decremented and program con.trol is returned to the location saved by the 

forced JMS which occurred at the beginning of the interrupt routine . In add ition, the . 

content of the SRC register is sent. out at X2 and X3 of the instruction cycle, thus 
restoring the 1/0 port selection. This instruction will also turn off the INTA line re
enabling the CPU for Interrupt. 

The previously selected Index register bank will also be restored during this instruction. 

LCR 
0000 0011 
(CR)-+ACC 

The 4 bi! contents· of the :::OMMAND REGISTER are transferred to the ACCUMULA
TOR . This allows saving the command register value~ before processing the interrupt. 

OR4 

0000 0100 
(RRRR4) V (ACC)-+ACC 

The 4 bit contents of index register #4 are logically "OR-ed" with the ACCUMULATOR. 

The result is plated in the ACCUMULATOR and \he CARRY flip-flop is unaffected. 

(ACC) 0101 
(RRRR4) 1001 
ACC 1101 

(ACC) 0000 
(RRRR4) 1000 
ACC 1000 

ORS 
0000 0101 

(RRRR5) V (ACC)-+ACC 
The 4 bit contents of index register #5 are logically " OR-11d" with the ACCUMULATOR. 

Carry flip-flop is unaffected. 
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Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

Examples: 

Mnemonic: 
OPR OPA: , 
Symbolic: 
Description: 

Mnemonic: 
OPR OPA: 
Symbolic: 
Description: 

Mnemonic: 
OPR OPA: 
Symbolic : 
Description : 

Mnemo"nic: 
QPR OPA: 
Symbolic: 
Description: 

Mnemonic: 
QPR OPA: 
Symbolic: 
Description: 

Mnemonic : 
OPR OPA: 
Symbolic: 

Description: 

ANG 
0000 0110 
(RRRR5) /\ (ACC)-+ACC 
The 4 bit contents of index reginer #{) ire logically "AND-i!d" with the ACCUMU· 
LA TOR. The result is placed In the ACCUMULATOR and the CARRY is unaffected. 

(ACC) 0110 
(RRRR5) 0100 
ACC 0100 

(ACC) 1111 
(RRRR5) 0001 
ACC 0001 

AN7 
0000 0111 
(RRRR 7 ) /\ (ACC)-+ACC 
The 4 bit contents of index register . #7 are logically "AND-ed" with the ACCUMU· 
LATOR . Carry flip·flop is unaffected. 

DBO 
0000 1000 
Enable -+CM-ROMo 
DESIGNATE ROM BANK 0 . The most significant . bit of the COMMAN.D REGISTER, 
CR3, is reset. On the third instruction cycle following its execution, it causes CM·ROMo 
to be activated. This Bank is selected with reset. 

DB1 
0000 1001 
Enable-+ CM-ROIV11 
DESIGNATE ROM BANK 1. The most significant bit of the COMMAND REGISTER, 
CR3 , is set. On the third instruction cycle following its execution, it causes CM· ROM1 to 
be activated. 

SBO 
0000 1010 
1-+RBO, O-+"RBl 
SELECT INDEX REGISTER BANK 0-. The index register bank select flip-flop is reset. 
Index registers 0 • 7, 8 • 15 will be available for program use. This bank is to be selected 
with a Rj!set. ' ' 

SB1 
0000 1011 
0-+RBO 1-+R81 
SELECT INDEX REGISTER BANK 1. The index register bank select flip-flop is set. 
Index reg isters o• · 7" ,'a· 15 will be available for program use. 

RPM 
0000 1110 
( 1111) (SAC)-+ ROM/RAM address 
(DODD) -+ACC . 
READ PROGRAM MEMORY. This instruction can be used only with the 4289 Standard 
Memory and 1/0 Interface Chip. The contenu of the previously selected nibble of R/W 
Program Memory are tran5ferred to the 4040 1nd loaded to the ACCUMULATOR. 
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Mnemonic : 
QPR QPA : 

Symbolic: 
Qcscription : 

Mnemonic : 
QPR QPA: 

Symbol ic: 
Qescrip tion : 

EIN 

0 000 1100 
1 -+IE 

ENABLE INTERRUPT, Internal interrupt detection logic is enabled. 

DIN 

0000 1101 
0 IE 
DISABLE INTERRUPT. Internal interrupt detectio[l logic is disabled. 

D. Two Word Machine Instruction 

Mnemonic: 
1st word QPR QPA : 
2nd word QPR QPA : 

Symbolic : 

Description : 

Mnemonic: 
1st word OPR QPA: 
2nd word QPR OPA : 

Symbolic: 

Description: 

Example : (4004) 

NoJMS 
received -
JMS#2 
received -
JMS#4 
received -

JUN (Jump unconditional) 

0100 AJ A3 A3 A3 

A2 A2 A2 A2 A1 A1 A1 A1 

At A1 At Ai --> PL, A2 A2 A2 A2 -+ PM, A3 A3 A3 A3 -+ PH 
Program control is unconditionally transferred to the instruction locator at tht 
address A3 A3 A3 A3 , A2 A2 A2 Ai. A1 At A1 At 

JMS (Jump to Subroutine) 

0101 A3 A3 A3 AJ 

A2 A2 A2 A2 A1 At At 
(PH , PM, PL + 2) -+Stack 

Ai Ai At At ->PL, A2 A2 A2 A2 -+PM. AJ AJ ·A3 A3 -+PH 
The address of the next instruction in sequence following JMS (return address) is 
saved in the push down stack. Program control is transferred to the instruction 

loc~ ted at the 12 bit address (A3A3A3A3A2A2A2A2A1 A 1 At A1 ). Execut ion of a 
return instruction (BBL) will cause the saved address to be pulled out of the stack, 

therefore, progr~ms.ontrol is transferred to the ne·xt sequential in'struction after th• 
last JMS. 

The push down stack has 4 registers (8 register> in 4040). One of them is U$ed u 
ttie pro.gram counter, therefore nesting of JMS can occur up to 3 levels (7 levels in 

the 4040) . 

Stack Stack 

JMS#l 
----... received -Program Counter 

Progra m Counter Return address # 1 

Stack Stack 

Program Counter 

Program Counter JMS#3 Return oddress #3 _ _ received 

Return address #2 Return addr05S #2 

Return address # 1 Return address #1 

Stack 

Return address #4 Program Counter 

Return address #3 BBL 
Return address #3 

___..,..received 
Return address #2 Roturn addr"s #2 

Program Counter 

Tho dHpest roturn oddrou 11 loat. 
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Mnemonic: 
1st word OPR OPA: 
2nd word OPR OPA: 
Symbolic: 

Description : 

Example: 

EXCEPTIONS: 

JCN (Jump cond i ti o ~ al) 

0001 C1 C2 C3 C4 . 

A2 A2 A2 A2 A, Ai Ai Ai 
If Ci C2 C3 C4 is true, A2 A2 A2 A2 -+PM 
Ai A, Ai Ai -+PL , PH unchanged 
if Ci C2 C3 C4 is false, 
(PH) -: PH, (PM) -+PM, (PL+ 2)-+PL 
If the designated condition code is true, program cont'rol is transferred to the 
inst ructio n located at the 8 bit address A2 A2 A2 A2, A1 A1 A1 A1 on .the same 
page (ROM) where JCN is located . 

If the condit ion is not true the next instruction in sequence af~er JCN is executed. 

The cond ition bits are assigned as follows : 

C1 • 0 Do not invert jump condition 
C1 = 1 Invert jump condition 
C2 • 1 Jump if the accu mu lator content is zero 
C3 • 1 Jump if the carry/link content is 1 
C4 • 1 Jump if test signal (pin .10 on 4004) is zero. 

Cx Condition Table for JCN Instruction 

0 0 
0 0 
0 0 
0 0 
0 
0 

0 

0 1 

OPR 

0 

0 
o_ 
0 

CJ 
0 

0 

, 
0 

0 -,-· , 
0 

0 

1 , 
0 

0 

1 , ' 
OPA 

~ 
0 NO OPERATION 

1 Jump if test• 0 (High) 

0 Jump if CY • 1 

J um p if test= 0 or CY • 1 

0 J~mp if AC= 0 , Jump if test = 0 or AC• 0 

·O Jump if CY• 1 or AC• 0 

1 Jump if test"' 0 or CY • 1 or AC• 0 

0 Jump Uncondit ionally 

Jump if test .= 1 (Low) 

0 Jump if CY= 0 , Jump if test• 1 and CY • 0 

0 Jump' if AC'* 0 , Jump if test• 1 and AC'* 0 

0 J~mp If CY • 0 and A<:;'* 0 

Jump if test• 1 and CY• 0 and AC"' 0 

0001 0110 Jump If accumulator is zero or carry • 1 

Several conditions can be tested simultaneously. 

The logic equation describing the condition for a jump is given below: 

JUMP• 'C1 • ((ACC • 0) • C'2 + ICY • 1) • C3 + TEST • C4 l + 

c, • 11Acc - o) • c2+1cY - 1 l · c3 + fEs r • c4) 

If JCN is located on words 254 and 255 of a ROM page, when JCN is executed and 
the condition is true, program control i1 transferred to the 8 bit address on the next 
page where JCN is located. 
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Mnemonic: ISZ (Increment inde x regi ster skip if zero) 
1st word QPR OPA: 
2nd word OPR OPA: 

0111 RRRR . 

Ai Ai Ai Ai A1 A1 A1 A1 
(RRRR) + 1-+ RRRR , if result~ 0 Symbolic: 

Description : 

EXCEPTIONS: 

Mnemonic: 

(PHI -+ PH. IPMl-+PM . (PL+ 2)-+PL : 
if result* 0 (PH I ->PH, 

Ai Ai Ai Ai - •PM. A1 A1 A1 A1 -+PL 
The content of the designated index regi ster is incremented by 1. The accumulator 
and carry/link are una ffected. If the result is zero; the next instruction after ISZ is 
executed . If the result is difforent from 0 , program control is transferred to the 
instruction located at the 8 bit address Ai A2 A2 A2, A1 A1 A1 A1 on the same 
page (ROM) where the ISZ instruction is located. 

If ISZ is located on words 254 and 25S of a ROM page, when ISZ is executed and 
the result is not zero, program control is transferred to tlie 8 bit address located on 
the next page in sequence and not on the same page where ISZ is located. 

1st word OPR OPA: 
2nd word QPR OPA : 

FI M (Fetched immediate from ROM) 
0010 RRRO 

Di Di Di D2 D1 D1 D1 D1 
D2 D2 D2 D2-+ RRRO Symbolic : 

Descript i o ~: 

D1 D1 D1 0 1 -+RRRl 
The 2nd word represents 8 bits of data which are loaded into the designated index 
register pair. 

E. Input/Output lnstru<;tions 

The following 1/0 instructions are descr ibed as they relate to ROM. and RAM devices. These same instruc· 
tions (mnemonics) can be redefined fofaevic.es other than ROM and RAM . 

Mnemonic: 
QPR OPA : 

Symboli c: 
Descr iption: 

Mnemonic: 
QPR OPA: 
Symbolic: 
Description: 

Mnemonic: 
QPR OPA: 
Symbolic: 

Mnemonic: 
QPR OPA: 
Symbolic: 

Mnemonic: 
QPR OPA: 

Symbolic: 

ROM (R ead RAM character) 
1110 1001 
(M)-+ACC 

The content of th e previously selected RAM main memory character is transferred to the 
accumulator . Th~ carry / link is unaffected. The 4 bit data in memory is unaffected. 

R DO (R ead RAM status character 0) 
1110 1100 
(Msol-+ACC 
The 4 bits. of status character 0 for the previously selected RAM register are transferred to 
the accumulator . The carry/link and the status character are unaffected. 

R 01 (Read RAM status character 1) 
1110 1101 
(Ms1l-+ACC 

R 02 (Read RAM status cha racter 2) 

1110 1110 
(Ms2l-+ACC 

RD3 (Read RAM status character 3) 

1110 1111 
(Ms3)-+ACC 
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Mnemonic: 

OPR OPA: 
Symbolic : ' 

Description: 

Example : 

Mnemonic: 
QPR OPA: 
Symbolic : 
Description: 

Mnemonic: 
QPR OPA: 
Symbolic : 
Descr iption : 

Mnemonic : 
QPR OPA: 
Symbolic : 

Mnemonic : 
OPR OPA: 
Symbolic: 

Mnemonic: 
QPR OPA : 
Symbolic: 

Mnemonic: 

OP.R OPA: 

Symbolic: 
·Description: 

RDR (Read ROM port) 

1110 1010 
(ROM input lines) -+ ACC 

The data present at the input lines of the previously selected ROM chip is transferred to 
the accumulator. The carry/l ink is unaffected. 

If the 1/0 option has both inputs and outputs with in the same 4 1/0 lines, the user can 
choose to have either "O" or "1" transferred to the accumulator for those 1/0 pins coded 
as outputs, when an RDR instruction is executeCiJ. 

Given a port with 1/0 coded with 2 inputs and 2 outputs, when RDR is executed the 
transfer is as shown below: 

(ACC) 

1 xx 0 ~ 1 

'°' I 
(1 orO) (1 orO) 0 

\ I 
Input Data User can choose 

WRM (Write accumulator into RAM character) 
1110 0000 
(ACC) -+M 

The accumulator content is wr itten into the pre.viously selected RAM main memory 
character locat ion. The accumulator and carry/link are unaffected . 

WRO (Wri te accumulator into RAM status character 0) 
1110 0100 
(ACC) -+Mso 
The content of .. the accumulator is written into the RAM status character 0 of the 
previousl y selected RAM register. The accumulator and the carry/link are unaffected . 

WR 1 (Write accumulator into RAM status charaeter 1) 
1110 0101 
(ACC) -+Mst 

WR2 (Write accumulator into RAM st~tus character 2) 
1110 0110 
(ACC) -+Ms2 

WR3 (Wr.ite accumulator into RAM status character 3) 

1110 0111 
(ACC) -+Ms3 

WRR (Write ROM port) 

1110 0010 
(ACC) -+ROM output lines 

The content of the accumulator is transferred tQ the ROM output port of the previously 
selected ROM chip. The data is available on the output pins until a new WR R is executed 
on the same chip. The ACC content ~nd"carry/link are unaffected. (The LSB bit of the 
accumulator appears on l/Oq.) No operation is performed on 1/0 lines coded as inputs. 
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Mnemonic: 
QPR QPA: 

Symbolic : 
Description: 

Mnemonic: 
QPR OPA: 

Symbolic: 
Description : 

Mnemonic: 
QPR OPA: 

Symbolic: 

Description : 

WMP (Write memory port) 
1110 0001 
(ACC)-+ RAM output register 

The content of the accumulator is transferred to the RAM output porl of the previously 
selected RAM chip, The data is available on the output pins until a new WMP is executed 
on the same RAM chip. The content of the ACC and the carry/link are unaffected. (The 
LSB bit of the accumulator appears on Qo, Pin 16, of the 4002.) · 

ADM (Add from m.emory with carry) 

1110 1011 
(M) + (ACC) +(CY) -+ACC, CY 

The content of the previously selected RAM main· memory character is added to the 
accumulator with carry . The RAM character is· unaffected. 

SBM (Subtract from memory with borrow) 
1110 1000 
(Ml+ (ACC) +(CY) -+ACC. CY 

The content of the previously selected RAM character is subtracted from the acx:umulator 
with borrow. The RAM character is unaffected. 

F. Accumulator Group Instructions 

Mnemonic: 
QPR OPA : 

Symbolic : 

Description : 

Mnemonic: 
OPR QPA: 

Symbolic : 
Description: 

Mnemonic: 
QPR OPA: 

Symbolic: 

Description: 

Mnemonic : 
OPR OPA: 

Symbolic: 
Description : 

Mnemonic: 

OPR OPA: 
Symbolic : 

Description: 

Mnemonic: 
OPR QPA: 
Symbolic: 
Description: 

CLB (Clear both) 

1111 0000 
0 -+ACC. 0-+CY 
Set accumulator and carry/link to 0. 

CLC (Clear carry) 

1111 0001 
0-+CY 
Set carry/lin k to 0 

CMC {Complement carry) 

1111 0011 
(CY)-+CY 

The carry/link content is complemented 

STC (Set carry) 

1111 1010 
1-+CY 

Set carry/link to a 1 

CMA (Complement Accumulator) 

1111 0100 
;3 -;~ 1-ao -+ ACC 
The content of the accumulator is complemented. The carry/link is unaffected. 

IAC (Increment accumulator) 

1111 0010 
(ACC) + 1 -+ ACC 
The content of the accumulator is incremented by 1. No overflow seu the car'\'y/link to O; 
overflow sets the carry /link to 1 1. 
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Mnemonic: 
QPR QPA: 
Symbolic: 
Description: 

Example: 

Mnemonic: 
QPR QPA: 
Symbolic : 

Description : 

Mnemonic: 
QPR QPA: 
Symbolic : 

Description: 

Mnemonic: 
QPR QPA: 
Symbolic: 
Description: 

Mnemonic: 
QPR QPA: 

Symbolic: 

Description: 

Mnemonic: 
QPR QPA: 
Symbolic: 

Description: 

DAC (decrement accumulator) 
1111 1000 
(ACC) - 1 -+ ACC 
The content of the accumulator is decremented by 1. A borrow seu the carry/link to 0, 
no borrow sets the carry/link to 1 1. 

+) 1 1 1 1 

C4 S3 S2 S1 So • CY ACC 

RAL (Rotate left) 
1111 0101 
Co -+ao. a; -+a;_ 1, a3 -+ CY 

The content of the accumulator and carry/link are rotated left. 

RAR (Rotate right) 
1111 0110 
ao -+CY, a; -+a;_ 1, .Co -+a3 
The content of the accumulator and carry/link are rotated right. 

TCC (Transmit carry .and clea-r) 
1111 0111 
0-+ACC, (CY)-+ao. 0-+CY 
The accumulator is cleared . The least significant position of the accumulator is set to the 
value of the carry/lin~. The carry/link is set to 0. 

DAA (Decimal adjust accumulator) 
1111 1011 
(ACC) + 0000-+ ACC 

or 
0110 

The accumuiator is incremented by 6 if either the carry/link if 1 or if the accumulator 
content is· greater than 9. The carry/link is set to l ·.1 if the result generates 1 carry, 
otherwise it is unaffected. 

TCS (Transfer carry subtract) 
1111 1001 
1001 -+ACC if (CY)• 0 
1010-+ ACC if (CY)• 1 

0-+CY 
The accumulator is set to 9 if the carry/link Is 0. 
The accumulator is set to 10 if the carry/Hnk'is 1 1. 
The carry/link is set to 0 . 
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Mnemonic: . 

QPR OPA : 

Symbolic: 

Description: 

Mnemonic: 

QPR OPA: 

Symbolic : 

Description: 

KBP (Key board process) 
,,, 1 1100 

(ACC)-> KBP ROM -> ACC 

A code convers ion is performed on the accumu lator content, from 1 out of n to b inary 

code. If the accumulator content has more than one bit on, the accumulator will be set to 

15 (to ind icate error): The carry/link is unaffected . The conversi on table is shown below. 

(ACC) be fo re KBP (ACC) after KBP 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 1 0 0 
1 0 0 0 
0 0 1 1 
0 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 1 

0 1 0 
0 1 1 

0 0 
0 1 

0 
1 ' 1 1 1 

., 

DCL (Designate command .li ne ) . 

1111 1101 
ao ->.CMo ; a, -> CM1, a2 -> CM2 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1. 0 0 

1 

1. 

1 

The content of t he three leas t sig nificant accumula tor b its is transferred to the command 

control reg iste r w ith in the CPU . 

. Th is instruct ion ·p rovi des RAM. bank se lection when multip le RAM banks are used. (If no 

DCL ins truction is sent out, R"AM Bank .number zero is automat ically selected after 
appl ication of ~t least one RESET). DCL rema ins latched unt il it is changed. 

The selection is made accordi ng to the fqllowing truth table . 

(ACC) 

x 0 0 0 
x 0 0 1 
x 0 1 0 
x 1 0 0 
x 0 1 1 
x 1 0 1 
x 1 0 
x 

CM· RAM; Enabled 

CM· RA Mo 

CM · RAM 1 
CM· RAM 2 

CM · RA M3 

CM - RAM1, CM - RAM2 

CM • RAM1, CM - RAM3 

CM· RAM2. CM· RAM3 

CM • RAM1, CM • RAM2, CM • RAM3 

Bank No. 

Bank 0 
Bank 1. 
Bank 2 
Bank 3 

Bank 4 

Bank 5 

Bank 6 

Bank 7 
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IV. MCS-40 SYSTEM COMPONENTS 

A complete microcomputer is composed of several inte

grated circuits. A working knowledge of the microcomputer 

system is not possible unless a basic und~rstanding of the 

function of the system components is achieved. ·The system 

components are the set of all integrated circuits designed to 

set system timing, store data, perform input/output, and per

form all functions which are not contained within. the CPU 

chip. 

The first of these peripheral integrated circuits is 

the Intel· 4201 clock generator, The 4201 is a compl ementa:ry 

metal-oxide-semiconductor (CMOS) integrated circuit. The 

integrated circuit is designed to fill the clock requireme nts 

of the MCS-40 11 micr?computer set. The 4201 contains a 

crystal controlled oscillator (external) , clock generation 

circuitry, and both two-phase MOS and transistor-transistor

logic (TTL) level clock driver circuits. 

The 4201 also performs the reset function required by 

the MCS-40 components. It also provides the stop and single

step function of the 4040 central processing unit. 

The 4201 is packaged in a single 16 pin DIP. The pin 

configuration and a functional description of each pin is 

seen in Figure 7. 

11 Raphael, Howard A., MCS-40, p. iii 



12 RESET IN 

13 

14 

15 Vss 

16 t/>2T 

'• 
L. 

Input to which RC network Is 
connected to provide power-on 
reset timing. 

Reset signal output which 
directly connects to all MCS 40 
reset inputs . 

Phase 1 MOS level clock out· 
put . Directly drives all MCS 40 
clock inputs. 

Circuit reference potential -
most pos itive supply voltage . 

Phase 

put . 
TTL level clock out· 

Pin Des.cription 

Pin No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Designation 

GND 

t/>1T 

Voo 

MOOE 

N. OPEN 

X1 

X2 

N. CLOSED 

ACK 

FIGURE 7. 4201 CLOCK GENERATOR 

Description of Function 

Circuit ground po tent ial . This 

pin can be le ft float ing for low 
power applicat ion . MOS clock 
o•Jtput w ill be operative, TTL 
clock outputs will not . 

Phase 1 TTL level clock output. 

Phase 2 MOS level clock out· 
put . Directly dr ives all MCS 40 
components. 

Ma in Power Supply Pin. 

vDo: vss - 1 sv :t 5%. 
Counter mode control pin . 
Determines whether counter 
d ivides bas ic frequency by 8 or 

7. 
Mode 1: Vss 
Mo.de 2: Voo 
Input of sing le step circu itry to 

wh ich normally open contact 
of $PDT switch is con nected . 

External Crystal Connection 

External Crys tal Conn ect ion 

Input of single step circuit ry to 

wh ich normally closed contact 
of SPOT switch is connected. 

Acknowledge input to single 
step circuitry normally connec· 
ted to stop acknowledge out· 
put of 4040. 

Stop outp'ut of single step cir· 
cuitry normally connected to 
stop Input of 4040. 
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Another periphe ral i n tegrated circuit i s the Intel 

4002-320 bit RAM and 4 bit o utput port. The 4002 performs two 

functions. As a RAM it stores 320 bits arranged in 4 registers 

of twenty 4 bit characters each (16 main memory characters 

and 4 status characters). As an output port, the 4002 is 

provided with 4 output lines and associated control logic to 

perform output operations. The 4002 . is a p-channel MOS device 

and is compatible with all MCS-40 components. 

The 4002 is packaged in a single 16 pin Dip. The pin 

configuration and a function description of each pin is shown 

in Figure 8. A block diagram of the 4002 is shown in Figure 

9. 

The Intel 4289 standard memory interface is anothe r 

peripheral integrated circuit. The 4289 standard memory 

interface enables the CPU devices to utilize standard memory 

components for use as progra~ data memory. 

The 4289 also contains - a 4 ~it bi-directional I/O bus 

and the necessary logic to multipl~x a host of I/0 sources 

to the CPU. The re~d and write program memory instructions 

implemented with the 4289, allow the user to store · data and 

modify program memory. The device directly addresses 4K 

bytes of program memory. The address is obtained sequentially 

during A1 ·- A3 of the instruction cycle ~ The 8 bit instruc-

tion is presented to the CPU during M1 and M2 of the instruc

tion cycle via the four bit data bus. 

The 4289 is packaged in a single 40 pin DIP. The p in 

configuration and functional description of each pin is 

shown in Figure 10. 
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Figure 4-14 . . 4002 Pin Configuration. 

Pin Description 
Pin No. Designation 

1-4 

5 Vss 

6-7 1/111'2 

8 SYNC 

. 9 RESET 

Description of Function 

Bidirectional· data bus . All ad· 
dress, instruction and data 
comm11r,ication between proc· 
essor and the RAM MEMORY 

or the output po~.J.s. trans · 
mitted on these 4 .t;> ins. 

Circuit GND potential; most 
positive supply voltage. 

!'Jon-overlapping clock signals 
wh ich are used to ·generate the 
basic chip timing. 

Synchronization input signal 
driven by SYNC output of 

processor. 

RESET input. A logic 'T' level 
applied ta the chip, will cause a 

clear of all output and .control 
static flip-flops and will clear 
the RAM array. To completely 

clear the memory, RESET 
must be applied for at least 32· 
instruction cycles (256' clock 

periods) to allow the internal 

P'ln No. 

10 

Chip No. 

11 

0 
1 
2 
3 

13-16 

Oesign1tlon 

Po 

CM 

4002 Option 

4002-1 
4002·1 
4002·2 
4002·2 

VDo 

Description of Function 

refresh counter to scan the 
memory. During RESET the 

data bus output buffers are 
inhibited (floating conditi on). 

For chip selection, the 4002 ii 
availabl e in two metal options, 
4002-1 and 4002-2. An exte~ 
nal pin, P0 is also avail able for 
chip select ion. The chip num· 
ber is as si gned as fo ll ows : 

Po 

GND 

Voo 
GND 

Voo 

0 0 
0 1 

0 

Command input driven by 

CM-RAM o utput of processor. 
Used for enabling the deviu 

during the decoding SRC and 
instructions. 

Main power supply pin. Value 

must be Vss - 15V ± 5%. 

Four bit output port used for 

transferring data from the CPU 
to the . users system. The out· 
puts are buffered and dill 
remains stable after the port 
has been loaded. This port an 
be made TTL compatible. 

FIGURE 8. 4002-320 BJ;:T RAM AND 4 BIT OUTPUT PORT 
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DA TA 
BUS 

IN ·OUT 
BU FFER 

OUTPVT 
PORT 

.1 . 
t t 

DATA 
IN 

TIMINO 

t t t 

CONTROL 
LOGIC AN O 

INSTR UC'TION 
DECODE 

A DDRESS 
REGISTER 

AN O 
DECODE R 

t 

AO OR ESS 

'x 18 
REC 0 

STATUS 
• x• 

I 14-----0 SYNC 

------., v .. 

~Voo 

ME MO RY 
.DATA 

MUX 

DATA 
OUT 

CM 

'o 
RIT 

ONE OF FOUR RE GISTER.I 
OF THE RAM ARRAY 

REGISTER 0 

MEMORY CHA"ACTEA 0 

: I 

MAlfr\I MEMORY CHA"ACTlf\I 
0 TliROVGH 11 

MEMORY CHARACTER 15 
STATUS CHARACTER 0 

I STATUS CHARACTEl<I 
I OTHROUOHJ 

STATUS CHARACTER J 

'--,-/ 
4Bln 

FIGURE 9. 4002 BLOCK DIAGRAM 

41 



n·34 

36-39 

40 

.. 

' . 
l. 

Voo1 

Voo 

Do 

o, 

o, 

0, 

DORO 

DORI 

DOR2 

DORl 

DOAO 

DOAI 

DOA2 

DOA3 

•• 
•• 

SYNC 

CM 

"ESET 

IN 

out 

v,. 

Chip select output b~ffers . The 
address data generated by the 
processor at AJ. or during an 
SRC are transferred here. 

Supply voltage for address and 

chip select buffers. 

Bidirectional 1/0 data bus. 

Data to and from 1/0 ports or 
data to write PROGRAM 

MEMORY are transferred via 

these pins. 

Main power supply pin. Value 

must be Vss - 15V ± 5%. 

•• Voo 

,. 110,.-· 

38 1i6, 

• 37 llo, 

38 1/04 

35 Vc:o1 

34 c, 

3J c, 

32 c, 

)I c. 
4289 30 ... 

29 ... 
28 .... 
27 ... 
,. ... 
25 ... . , 

24 ... 
13 ... 
" fl 

21 , .. 

Pin Description 

Pin No. Designation 

5-8 

9-12 

13·14 

15· SYNC 

15 CM 

17 RESET 

18 lN 

19 OUT 

20 Vss 

21 PM 

22 F/L 

23-30 
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Description of Function 

Bidirectional data bus. All ad· 
dress, instruction and datJ 
commun icat ion between proc· 
essor and the PROGRAM 
MEMORY or 1/0 ports is tran1· 
mitted on these 4 pins. 

The high order 4 bits (OPR) of 
the instruction or data (RPM) 
from the PROGRAM MEM· 
ORY are trans fe rred to tht 
4289 on these · pins. · 

The low order 4 bi ts (OPAi of 
the imtruction or data (RPM! 
are transferred to the 4289. 

Non·overlapping clock signal! 
which are used to generate thr 
basic chip timing. 

Synchron ization input 1ign1I 
dr iven by SYNC output of 
processor . 

Command input driven by 

CM -ROM output of processor. 
Used for decoding SRC ar,d 
110 instructions. 

RESET input. A logic "1 " levrl 
applied to this inpu t resets t"" 

.CM flip -flop and FIRST/ LAST 
fl ip-flop. 

Output signal generated by 

4 289 when the processor ut
cutes an RDR or RPM instruc· 
ti on. 

Ou tpu t signal generated by t"" 
4289 when the procmo< 
executes a WRR or WPll 

instructi on . 

Circuit Reference potenti1I. 
most positive supply volta9' 

Output signal generated by tl\f 
4289 when the processor eu 
cutes an RPM or WPM imtr\IC 
ti on. 

Output signal generated by tht 
4289 to indicate which ha:t 
byte of PROGRAM ME MORY 
is to be operated 0 11. 

Address output buffm. Tht 
demultiplexed address vilvn 
generated by the 4289 f1cr 
the oddross data supplied t>t 

the processor at A1 and A2 · 

FIGURE 10 . 4289 STANDARD MEMORY INTERFACE 



In the f ollowing cha pter, a simulation program is 

developed based only upon the components presented in this 

chapter. As new components become available, the simulation 

program may require minor modification. However, the basic 

procedure would remain essentially unchanged. 
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V. SOFTWARE AND SIMULATION 

Programming of microcomputers is primarily done in 

machine language. This means that programs are written as 

sequences of binary numbers. Writing and debuging programs 

written in machine code is a tedious p~ocess. An assembly 

language is a program language which .allows mnemonic operation 

codes to be used in place of the binary operation codes. The 

assembler translates these mnemonics into binary code. 

As a part of this thesis a cross-assembler was written 

for the Intel 4040 central processing unit. The program is 

written in Fortran. A cross-assembler is an assembly language 

for a computer which executes on another computer. The cross-

assembler written executes on any IBM computer . . Cross-assem-

blers have become very popular for microcomputers, since most 

microcomputers can not directly address. enough program memory 

to use a resident assembler. 

A program listing of the CfOss-assembler is seen in 

' Appendix A. The cro2s-assembler ts of the type known as a 

two-pass assembler. The first pass assigns an address to 

each of the labels used in the . program. The second pass of 

the assembler generates the machine code for the microcompu-

ter. All ·syntactical errors are flaged _in the second pass. 

The cross-assembler is a fixed column assembler. 

This means that all operands must reside within certain col-

umns on the input record. There are six input fields that 

the assembler recognizes, These input fields are seen in 
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Figure 11. The function of the label parameter is to identify 

the address of the assembler statement. The label parameter 

is an alphanumeric symbol which can be up to 3 characters 

long. The operation code parameter is a lso an alphanumeric 

symbol which can be up to three characters long. The arg uments 

which can be used as an operation code. are the mnemonic machine 

instructions which appear in Chapter . III. One additional 

instruction may appear in ' this field. The instruction is 

"end". The instruction "end'' tells the assembler that this is 

the l ast instruction in the program. The next field is desig -

nated OPT. OPT is a single hexadecimal argument. OPT contains 

one o~ four things. They are as follows .: 

1. A register address. 
2. A register pair address . 
3. 4 bits of data. 
4. A condition for -jumping. 

The next field is de~ignated branch label. The field contains 

a label which is the same as a label appearing in the label 

field. This field is ~sed for branch instructions. If a 

branch occurs, the program will be directed to the address of 

the statement which has a label field identical to the branch 

label of the instruction being executed. The last two fields, 

ARGl and ARG2, are only used for the FIM instruction. These 

two fields contain data in the form of 2 hexadecimal digits. 

Input to the cross-assembler must be in the form 

specified in Figure 11. The cross-assembler will produce a 

program listing and the machine code equivalent of the input 

program. The machine code produced.is written as 2 hexadeci-

mal digits in the first 2 ·columns of a record. Therefore, a 
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1-word instr uction will requ i re l record, whil e a 2-word 

instruction will require 2 r e cords. A flow chart of the cross

assembler logic is seen in Figure 12. 

Once · an ass embler program has b een written there is 

no assurance that the program will work properly . An effec

tive method of program testing is thro~gh s i mulation. As a 

part of this thesis a 4040 system si~ulator was deve loped. 

The simulator is writte n in Fortran, and will simulate any 

4040 microcomputer system utilizing the MCS-40 system compo

nents discussed in Chapter IV. The simulator program l ist ing 

is seen in Apprendix C. The simulator requires hexadecimal 

machine code as input. This program was designe d so that 

output of the assembler can b e used as input to the simulator 

without modification. 

The simulator first r ead s the hexadecimal instructions 

into an array (CORE) . The simulator then prints a pseudo-

assembler listing of the progr~m . The simulator now begins 

simulation of the 4040. program. When the simulator encounte rs 

a 'OF' hexadecimal ~nstruction, program simulation is ended. 

At this point the simulator prints a complete register, stack, 

and I/0 port dump. A flow diagram of the simulator . is seen 

in Figure 13. 

The simulator will simulate execution of all 60 

instructions described in Chapter III. The only f eature of 

the 4040 which was not effectively simulated is the ex t erna l 

interrupt. Exte rnal interrupts were not simulated b e cause 

there was not an effective method for implementation on the 

IBM 370/145 computer used to run the simulation. 
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Sample output of the assembler can be seen in Appendix 

B. Sample output of the simulation is found in Appendix D. 

The program found in these appendicies inputs 2 four bit 

numbers from · 2 input ports, one' ·s complements the numbers, 

then outputs the numbers at two output ports. 
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VI. TESTING AND APPLICATIONS 

Testing of assemblers and simulators is necessary. If 

an assembler · or simulator does not work properly, then a pro-

gram developed with the assembler and simulator will not work 

properly when installed on the actual ~icrocomputer. The 

assembler was tested by checking the . binary operation codes 

produced by all mnemonic operation codes in the 4040 instruc-

tion set. This was done by assembling a program containing 

all mnemonic operation codes in the 4040 instruction set. The 

output of this program can be found in Appendix E. Testing of 

the simulator was performed by comparing simulator output of 

sample programs with results obtained by hand calculations. 

This hand method is inferior to comparing simulator output 

with results obtained on a MCS-40 microcomputer development 

system. However, MCS-40 microcomputer . system hardware was 

not available. 

Thorough investigation of the MCS-40 components and 

use of the assemble~ and simulator, will simplify system 

• I design of 4040 based microcomputer systems. 

Applications for microprocessors range from automated 

cash registers to industrial controllers. An interesting 

application of a microcomputer is in the area of motor speed 

control. 

A conventional digital method used in motor . speed 

control is implemented with the use of a digital phase-lock 

loop. This method is seen in Figure 14. The conventional 

digital phase-lock loop makes the voltage controlled oscilla-
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tor frequency track that of t he reference. In motor speed 

control, the volt~ge control led oscillator is actually a motor 
.. 

tachometer. The loop will correct whenever the feedback 

frequency does not equal that of the reference. Phase and 

frequency correction is performed by either applying an error 

signal to the motor or by applying no .signal at all. 

With the microcomputer appro~ch, a dedicated series 

of micro-instructions implements the strategy of phase and 

f 
. 1 2 requency correction. Figure 15 shows how a microcomputer 

becomes an integral part of a digital phase-lock loop, and 

Figure 16 is a flow chart describing one method of microcom-

puter driven motor speed control. As can be seen .. in Figure 16, 

when the leadin·g edge of the reference frequency is encountered 

an interrupt is sensed. The processor turns on an error signal. 

The leading edge of the feedback frequency signals the proces-

sor to turn off the error signal. If the motor speed decreases, 

the error pulse duration increases, , thereby speeding up the 

motor. Should the motor load dec~ease, thereby increasing 

speed, error pulse quration would ' decrease. This would result 

in less average power applied. The processor now .checks if 

an out-of-lock condition exists. This function is performed 

by producing a count indicating the feedback frequency. This 

is compared to the reference fr e quency._ If a gross difference 

exists, application or removal of the error pulse will bring 

the motor into lock . Figure 17 shows the overall system 

12 Raphael, Howard A., "Motor Control by PLL", 
ELECTRONIC DESIGN, April 26, 1975, p, 54-57 
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design with some examples of lock conditions. 

To calculate the coun t, the processor executes a soft

ware loop while the feedback signal is present. Each· execu

tion of the loop contains a fixed number of instructions, with 

fixed execution times. Therefore, each execution of the loop 

requires a fixed period of time. · 

The probability of equal feedback and reference counts 

is small. Therefore, a tolerance is used such that . the feed-

back count must equal the reference count plus or minus a 

maximum count of n. 

The previous motor speed · control problem represents a 

shortcoming of the simulator, since the example requires an 

external interrupt feature and the simulator can not implement 

external interrupts. 

A modified computerized speed oontrol method is seen 

in Figure 18. The method seen in Figure 18 requires that the 

motor speed be presented to the microcomputer in binary form. 

The program developed from the flow. diagram in Figure 18 is 

seen in Appendix F. . 

The program in Appendix F first reads a 4 bit (scaled) 

desired motor speed. The program then checks if the motor 

speed is greater than the desired speed. If the motor speed 

is greater than the desired speed, the error pulse is turned 

off. This results in less average power applied and a reduc-

tion in speed. The error pulse is a single bit. The error 

pulse is off when the output bit is "0''. The error pulse is 

on when the output bit is "l". If the motor speed is less 
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than the desired speed, the c ~ror pulse is turned on. This 

will result in an increase i n speed. The program now loops 

back to the initial test. This completes the cycle with which 

computerized motor speed control can be achieved. 
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VII. CONCLUSIONS 

The software develope d in this thesis is functional. 

The cross-assembler generates machine code for the 4040. The 

simulator simulates any 4040 microcomputer system. The o n ly 

weak point of the software developed lies in the s i mul a tor. 

External interrupts could not be adapted to the simulator. 

Microcomputers are becoming integral - parts of cash 

registers, display panels, industrial controllers, and many 

other devices. All applications 6~ microcomputers require 

that a micro-program be dev eloped to implement the strategy 

required for the application. This thesis has provided the 

4040 microcomputer user with an effective method of program

ming the microcomputer system. This thesis has also provi ded 

for inexpensive program check-out through simulation of 4040 

microcomputer systems. 

The software developed allows the user to design 

around 4040 microcomputer systems. This may represent a limit

ation to the design engine,er, si~ce other microcomputers may 

be better for a given application. This limitation is due to 

the fact that the software developed is not directly applic

able to other microcompute;r systems. The developed software, 

however, ·.can be modified such that it will work for another 

microcomputer. This modification would mean completely 

rewriting all of the software developed, but the rewriting 

process would be relatively inexpensive since the program 

structure remains basically the same. Only the features of 

the microcomputers will differ. 
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Development o f highe r order languages is a sugge sted 

extension to this thesis. A higher order language such as 

Fortran or PL/l could be developed. The advantage of a high 

order language is that it allows the programmer to write a 

program in fewer source statements then a _similar progrnm 

written in assembly language. This represents a r eduction in 

development time and a cost savings . . The software developed 

in this thesis should be used to develop the high order lan

guages, since it will simplify development of the hi gh order 

languages. 

In conclusion optimal microcomputer s y stem performance 

is only as good as the software developed by the engineer. 
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f l~E; ~;SEMBLE FORTRAN ~\ YOUNGSTOhN STATE ~NlVERStTY CO~P~TER CEN~ER 

____ lt'\ P L !_(:,I \ _J_~~ _T.f. G E!LJ _A-=--ZJ. __ ------------------------~ s s c_o c. \ o __ 
Cl l'EN S10N , LA~ELC2000),l./IBA00(2000),SY1'4BCL(l0. 0) ASSCC02C 
~l l'ENS IO~ .NJCLC721 ASSCCC10 

c - - · ~ s. sccc~c __ 
C , ~ SSC OC5C 
C LAA~L . IS _AN ARRAY CONTAINING LABELS ASSCOCtC 
c .. .!. __ _ _ __ '--"-'- _ ______ Assccpc __ 

-C LABAOO IS .Al'\ .ARRAY CONTAH,Il\G ACORESSES CF LABELS ASSCOC 8 0 
IC , ASS(:CC9C 
_c ___ ~y~~Q_L _ _ l_.L~~__A~f3..E- Y~~NT~JHtfili~. S .Hl1~~.!.R l'NE~_ON I c SYl:'BOL s .t:. s sr;o IC C __ _ 

C , ., ASSCOllC 
C PACO IS A VARIABLE CONTAINll\G THE PRCGRAI' ADDRESS ASSCCt20 

_ _ C ___ _ - ------ _AS SC 0 l 3 O __ _ 
C ASSO O ll\O 
C AS~C015C 

____ c AT A_ EN c I. f N c_ ~/ - - -- - --- ____ _ _____________ _!. s '.)C 0 1 t- 0 __ _ 
CATA BLA NK / 1 1 / ASSCC170 
CATA LA f:JEl /2000*' 1 / ASSCOIP.O 

_____ c~ T !': Ltd! AC Q __ 12 cc 9!..0 I _ - -- --· - ------- _ __________ Ass c c 19 o __ _ 
CATA SYl'BllL/'NOP 1 , 1 HLT 1 , 1 8BS 1

1 'LCR 1 , 1 CR4 1 , ·'0R5 1 ,'AN6 1 ,'AN7', AS SC02C O 
••cnc•,•ce1•,•sec•,•so1•,•e1N•,•01N 1 ,•RPl' 1 ,~JCN','Fll'','SRC', AS~C02l0 

____ • • F 1:..; • ! • J 1 N •, • Ju N ~!._· Jl'_S_'...! _ ~ LN C_ ~L1 .. g~_!_~ c _c~ .L.sue~ _1.. o •, • xcH •,•BBL•, h s sc 02 20 ___ _ 
• I L c ,v I •• loo RM ••• \;Mp I ' • loo RR ••• Ii p /I I ' I w i< 0 I •• h R l • ' • \.JR 2 • ' • h R] • ' Ass c 0 2 ) 0 
* • s 13 11 

I ' ' R c .~ I ' ' R 0 R ' ' • AD /I • ' • R 0 c ' •• R D l ' •• R D 2 • ' • R D 3 • ' • c L B • ' A s s c 0 2 4 0 
---- * 'CLC '. · ~I AC _•' •c ,~ C__'_!_ ~cr1 A ~ · •RAI.,~ !..' RA_13~·-'...!i=~Q-~~. ~s SC02~0 __ _ 

• • r cs • , • s Tc • , • o A A • , • KB P ....,_...o c_ L • , •EN o • / As s co 2 to 
OA NK:l ASSC0210 

____ JNF lLE '.'. l _ __ _ _ ~ ASSC02e0. __ _ 
CFILE=7 ASSC0290 

c ASSC03CC 
_ <; _____ _ ____________ ____________ AS~C0310 __ _ 

c 
9 PAC0=-1 

AS)C Q j?Q 
ASSU0330 

------------ AS SCC34C __ _ LAO KN f=l 
--,--- F 0 K ~·A T ( A 3-;2 -.x' A 3;·2x~i'l ' A 3 ' 2 z l ) -----

1 CO N TINUE . 
--'----'--Rs AJJ._J NF IL E..!.l_1 El\ O= 4) RLAB, RS'\' l'B, OPf\, ARS Y l'B, ARG l r ARG2 

c 
c 

ASSC0350 
ASSC03t0 
AS ~ CO. EO~--
ASSCC3 RO 
ASSC039C 

____ _:_P~CD= PA cc_ ..!___ l ______ _ ____ _____________________ A? SC o~ co ___ _ 
IF!RLAO.E Q.HLANKlGO TO 2 ASSC041C 
LASELCLA OKN Tl= RLAB AS SC0420 
LAOACO(LAOKl\Tl=PAOO ASSC04~0~---

----- L- -ABKl'..T = L ABKN T--+- - y - As SC04 40 

C ASS00450 
2 IFC RS YMA.f.O.SYl'BOLC 16) lPACO = PllCO_+~l,__ ______________ ~SSC0460 ___ _ 

----i Fi ·R.s v ~~ u. E o: s Yl'uOL _( _f'1Ti PAC D-,;:-P-A.co + i As s c 0 1• 1 o 
!FtRSY MB .EQ.SY M80 L(2lllPADD =PACO+ l ASSC0480 

----'I_F._ ! ~ SY M~! EC! ~Y_l:'.CCL_ (_?2 ... lJP ~QJ)_.=_.P~ -~-0 + l AS ~ CO~ '] C,__ __ _ 
IFtRSYMB.EO.SYl'BOLl24l lPADO = PAOO + 1 ASSC05CO 
lFlRSYMB. NE.ENDlGU TO l ASSC0510 

C --------------------------------~AS ~C~2?0.,__ __ _ 
C ASSC053C 
C ASSCOS40 

-=-c ___ TH E _ _f~ LL Ol!J~~~E c T t ON GE NE RATE s THE~C'-=C'-=D'--"E=---------------'=A s SC 0 5. ~ o __ _ 
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' _c:, __ ~_' ~ .. _,_· ·____,_· _' _' '-' ~' -' _. __ 1 _'~_,._1_----------~..------------rs~s:Oii5J.o_ 
C , . . , , . ... ,, . f\SSCC570 

REWIND I NFILE 1-ss'ccsAO 
_.,..._ __ _f C 0 L~ ! .==_,,C'---------------,-------------------'-'·S S.C_0.5.9.Q__ 

.PAGE .= l , . . ' , , . I " I I . A s s c 0 6 0 0 
STIJT=O ASSC0610 

-~-~~ACC".: l___ ASSCCt:20 
hRITEl6,901 f.SS .CG63·0--
hiUTE(6,CJOllPAGE ,, ,.

1
, .ASSC064C 

h R ITEl6,CJ02)8A NK ASSCC65C 
----hR ITEl6, 9C-3i ASSCOttU-

.' I t . 
) GO TO 51' ASSC0670 

_ _ <;_9 ___ ~~ I TE! OF 1. L.s_• l 7 IC A Tl _ti S 500 .tFO __ 
17 FO~IJATll2l ASSC06'iC 

IFITWO DA T.EQ.llhRITE!OFILE,17JOAT2 ASSC07CO 
51 REACI I NFILE,7lRLAB,RSH'.[l,OPTl,ARSYMB,ARGl,ARG'2 ASSC0710 _( ___ . . .... ·- - ·-- -- ------- . ASSC0720--

.~ C ASSCC73C 
____ ! _1-:0 c~ r ': .G -----------------------------" ... s s cc 1 _:. c __ 

P ACO= PACO + l ASSCC75C 
903 FOR.r1 ATI 38X, 'ADDRESS STl-4T STATE~ENT' l ASSC07l:O 

_9_Q_l _ _ ~CR .VA TI l lOX ~~?.~G_E_~IJ. I AS scc779 __ 
9C2 FORIJA T(ll OX ,'f3A NK '.131 ASSC0/80 
'i04 FORVAT(4CX,Z3,~X,J4,5X,72All ASSC0790 

____ CPAGE=MCC ( PAf:C. Z5~1 ASSOOflOO __ 
IFIC PAGC . NE .OIGC TC 50 ASSC081C 
CPAGE=PACC/256 ASSC0820 

_ _ _ _ WR I TE I 6' e?9J_ C~AG~ ~s $COHJ_Q __ 
e99 FORl-'AT(ltlOX,' .CCK[ PAGE 1 ,I3,/l ASSC0840 

PCOL ~T=PCCUN T + 3 ASSCOtl~O 
~O IFIPCOU '.H._L~ _!5.~JGO TO 83 ~SSC08t0 __ _ 

PCCLNT=O AS500870 
hR!TEl-6,901 ASSCOeP.O 

<;Q F_ORr1 A r I lh l J ----------------------~----!l .. S~COtl9C __ _ 
PAGE=PAGE + 1 ASSC09CO 
hRITE16,CJOllPAGE ASSC0910 

----"'RI TE I 6, 9C 2 IBt- ~K ASSC0'?.29 __ _ 
WRI TE(6, 9C3 1 ASSC0930 

83 PCOUNT=PCOUNT + l' ASS00940 
____ _ STr-<T=ST~T _+ l . ASS 009'.'!9....__ __ 

BACKSPACc I NF ILE ASSCOS6C 
REAC(INl-'lLE,e4lNJCL ASSC097C 

84 FOR~' A Tl UAl I ASSC09AO"'---
~RlTtf6;904 lPACC,ST~T,NJCL ASSCO<;<;C 
CO 53 J=l.lCC ASSC!CCO 

____ !F IRSY MB .EQ!~~ ~.89.hJ . .JJ..1-J?.~ TC 54 ASSOlC!O 
~3 CONTINUE ASS01C20 

hRlT~l6,94ll ASS01C30 
<;41 FO~IJA! ( ~ ••• SYNTAX •••• l ASSC IC40. __ _ 

c 
c 
c 

GO TO 99 ASSClO~O 

ASS01060 

-----~------------------------~AS~91~7~--
ASSClCeO 

54 Go 10 1 ico,1cc,1co,100,1co,1co,100,100,1co,100,1co,100,100, ASSOl09C 
•100,100,11s,116,111,118,119,120,121,122,123,124,12s,126, ASSOl lCO 
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FILE: ~SSEMBLE .fQR1RAN A,~ YOUlliGSTC~N STAIE UNlVERS\ll CQ~~UtE~ CE~lER 

_ _,__ __ • ~ 2Ld_2std 2_'t..r_1n,_i J_l_1_UL ... u.J._._u__i._._uJ_._i2_i • 13 i. i 31. 131. 131. ~ s.s_o_ui0 __ _ 
•131,13l,l3l,l31,131,l3l,13l,l31,131,l3l,131,l31,l3l,13l, ~SSOll~C 
•131~131~131,131,131,161,s,0,s,a,s,a,a,a,s,s,s,a,s,a,s,a,a,a,a, ASSC1130 

----•~r~. rJ'. •.~ r _B_LBr . B __ t.l3_Lll_r_SlL~Lll_dl_&,_8 __ ,jl_,~~L~JULJ ____________ t.SSQll40 __ _ 
ASS0ll50 

, _ ASSCl lbC 
-~-=--- c AT l :__..j :-- _l ---------------·----,.----------" S s C 1 p 9'---

GO . T099 , , ASSCllFlO 
DATl=J · + . rD ASSOll90 

----~co . To _99 ·----------------------------~~ssc i2co __ _ 
rw OCAT=l ASSC1210 

ASSE~BLER INSTRLCTION IS ••• FIM ASSC1220 
____ CAT1=32 + OPTl AS S0123Q,_ __ 

C A T 2 = -ii:: *A RC l + AR G 2 A S S C l 2 4 C 
PACG= P~CD + l ASSC12'JO 
GO TO 99 ~SS012f.0~---
CONT INUE ASS01270 
ASSE~OLER INSTRLCTION IS ••• SAC ASSC128C 

____ CA!l= lJP !_L__!_ _ _l_3 ASSC12~C __ _ 
GO TO 99 ASSC13CO 
CATl=CPfl + 48 ASS01310 

____ A~ SE~' ll L ER INSTRL.CTION IS FIN ASSOq2Q __ _ 
GO TO 9'1 AS~ClBC 
CAfl= OPTl + 49 ASS01340 

--=----~ S SE1'£JL ':~-~ S_l~_1_C TI ON IS JIN AS SO 1 ~')(: ____ _ 
GO ro 99 ASSOl360 
f~OOAl=I ASSC1370 

____ C,\ Tl= 16 _+. __ 0? fl __:__ ~SS C 1380 ___ _ 
C ASSEl'uLER INSfRLCTION IS ••• JCN ASS 0 13GO 

CALL SU BFND IS UA COR,LABEL,ARSY~O,LABKJliTI ASSC14CC 
____ NUl'=LA fl flCQ!~\J A_C_p~_) AS SO l~ 19,__ __ _ 

A=~L.M/2')6 ASS01420 
B=PACC/256 ASSOl430 
I F ( A .'~ E • B l h' R l TE I 6 , 17 1 l AR SY I' B AS Sp l ~ ~ 9 ___ _ 

--7~FOfl. ~' AT ( ' -- LABEL - 0 ;~-CAUSED PAGI JliG. ERRCR JCN INSTRUCT ION' I AS SC 14 '50 
CAT2= 1'0C I NUM ,256l ASSOl460 

-----'-PA GD:: P. AC p~ _ _l ~S S C l ~ ?.9'----
GO TO 99 ASSOl4eO 

120 CALL SUHFNOISGACOR,LABEL,ARSYMB,LABKNT) ASSC1490 
___ NUM =LARACOISL~Cr.Rl ~SSCl~CO_~-

C ASSE~BLER INSTRLCTION IS ••• JUN ASSOl~lO 
CATl= 64 + NL~/256 ASS0152C 

____ TWOCAT=l __ _____ . ____ ASS01530. ___ _ 
C~T2=1'0CINU~,256l ASSC1540 
PACO=PACC + 1 ASS0155C 

_____ Go _ IP ~9 ------ - - --- ----- - Ass o1,eo'------
121 CALL SUHFNOISUACORrlABEL,ARSYM8,LABKNT> ASSOl'J70 
c ASSE~OLER INSTRL.CTION IS ••• J~S ASS01seo 

-----~UI' =LAOAC_D \ SGAOC~) !IS SO l ':>9P'----
CA fl= 80 + NL~/256 ASSOlbCC 
TWOCAT=l ASSC1610 

___ _:=:C_AJ 2 :=_".'.QC! _~UM ,2561 A_?~Q_ lt _,,_2-'<-0 __ _ 
PACO=PACD + l ASS01630 
GO TO 99 ASS0l64C 

122 D~_lJ"' 0PT1 + % AS SC lt 5-=-C __ _ 
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' ' ' ' I ~ • '\ ' , • 1 ' ' • I ' r ( • • I I • ' • f . 1 

FILE: ASSE~BLE FORTRAN Al 

... 
. · __ c ___ _ .· ~s~i:~~L_ Ei~ :·iNSiRJ:iLoN:l s'. ~~~: tNt: :: _, · i ' '' · : ·: ·' 

1 
· ' · i . A ·s_ s:d~ -~:o~-

.. co . rc 99 . , · , . • : .. . ASSOH70 
CONj l NU E . PSSCl~PO ) 12 3 

---~~A rt= _ 11 _2__.! _ C_F: !_L AS~_o_~~_9_Q_ 
! ASSE,., BLtR INSTRLCTION IS ISZ ASSc11co 

J W (~AT~l . ASSC171C ) ., , . 

____ c A l L s u B F N [) ( s u A c 0 R ' l AB E L ' A R s y ,., B ' l A B Kr-. T I !' s s c _I n 0 
:i; u ,_. :o i: Ar.-: .\ cc 1 ·s l. 11fo R 1 - - -,- -- - - - --- - -·-=-~~'-'-----~---------" s s r. i ·, ~ o--

' : I 
C 3T2 = ~ oc,Nu,.,,2s61 ASSCl740 
F U Rl1 1\ T q : _J~~~L. !__,~~ · CAC~_EO PAGING ERRCR IN ISZ INSTRUCTION' I ASSC 175C 

- - --,,=i\L1-'12c;;t . . , .A s sci 1(:0--
888 

B=PAcc 12s6 ASS C1770 
____ ! F ( 3. ~; t. B_ I _W ~_! T ~ !.{> d:HlEl I AR sr~.!L----~--------------- A s so I 7 AQ __ 

GO TQ 99 ASSC l7 90 
) 124 CATl=\28 + OPTl ASSOl~CO 

__ C __ _ ASSE ~'flLE~_J!i S_T_Rl,.CTJ9N IS ACD AS SOlf110 
GO 10 99 ASS CIE?0--

) 125 C~Tl= 144 + CPTl ASSU IPJO 
-~C ___ A SS O'tll Ef_{ _j_N SJB_LC TI ON IS SL:B AS Sfl 113 40 __ 

GO TC ~ 9 ASSU l8 50 
) 126 C.Hl=l60 + OPTl ASS01860 
_c _ _ _ ASStYrl lf.~_U'~ ST fl.L: C_TION IS ••• LD ASSOIH70 

GO TO 9 9 -"--"--"--==------------------ASS 0 l A 8 0---
127 CAT1 =176 + OPTl ASS0 1A9 0 

_ c __ _ Ass E '-lflL ELI r:; s r_~ _1.;_C_LI _C1L.~CH As so 19 cc __ _ 
GJ TO <19 . ASS\.J "l !C 

128 CAT1=192 + OPTl ASSCl920 
C ASS EI-' BL E ~ _JN S T:i3 l.~_l_l _O_N_ _ _I_S_.__._,_JtE)_L A SSC l ~ 3 O~--

G O Tb 99 ASS01940 
129 Ci\ Tl= 208 + CPTl ASSGlS50 
c ASSE:JBLE~ ___ J_NSI_R!,~_uous~LOM ASS019t0. __ _ 

GO TO 99 AS S0 1970 
161 C ON~ l ~UE ASso1gec 

-~---· · _ . ~ .. -- --- --- - -- l\SSClSSO, __ _ 
C TH IS SECT ION IS \>HERE ENO IS ENCCUNTEREC ASSCZC >.: O 

'• 
!. . 

!F(DA ~K.EC.2l GO TO 1982 ASS02CIO 
____ P.M<1<_=2 _ 11ssozc2c __ _ 

INF1Lt=2 ASSC2C3C 
CFILE~8 ASSC2040 
GC TC 9 ASS02050 __ _ 

_ e ____ COi\ T INUE AS SC2C 6C 
1982 STOP ASS\.2C70 

-----------·--------------------~ASSC20HO __ _ c 115502090 
) SUBROUTI NE S~BF~C!SUAOOR,LABEL,ARSYMB,LA8KNTl ASS021CC 
---- JM p LJ c I r .l NT EG~B. _(A _-_Z_l ______________________ A s S0 2 l Io __ _ 

Cl~ENSIO N LABEL!2CCOl ASS02120 
CO l J=l,LABK NT 115502130 

____ IF!ARSYl-'B.fC..!_l _A _ll_~_l.!Jll GO TC 2 ·ASSU2140 __ _ 
1 CONTI NU E ASSC2150 

nRITE(6,9871ARSYMB ASS02160 
987 ' F_ORl-'ATL'-~ERROR •u •,A3,' NOT FCUNO FOR eRANCli Cf:ST[NATION'I ASSC2170'----
~ SUACD~=J ASSC2180 

RETURN ASS02190 
____ E_NO A~~~~~c~o __ _ 
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APPENDIX B 

CROSS-ASSEMBLER SAMPLE OUTPUT 
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1•1 

' TOP r- rr ~ ?. no 
~ r. r ') 

j r. r r. 
r. r 'A 
' !rn 

) >: r 11 n 
r rr· , 
1. r 11 -:; 
s r. r " J .. 
nr r 
r r ·A 
\Jf'R 
x r, ll J 

srr - rrir 

R· , 

., 

) 

.. 
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/\ rrr.r;,~ ~T~'T STfl.Tr-r•r.tJT 

r.nPF. PAr.F. 0 

nno , T("lp r= I r' ., on 
n n,, ., 

~l"r ? 
nrn :'i rrr. 
0011 · 11 rr ·" n n r; r; • •rr 
"rv r: )' r" (I 

M17 7 ! '"'r' , 
n n~ r' ~1r1 •. .. ... 
n n,, n ~rr ! 
001\ :i. () l":I r. p 
(I (H~ , i rr' ."' 
(I ('l r. , ?. 11r:i n 
n n r :1) . vr!I , 
0 nF !. It ;.Tp P''"' 
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·" 

J 22 
..,. () () 

;? ~ 

) . E !\ 
f: ,, 

F'.' 
I'\ r, n ,I 

f'll 
rn 

~ 
., 7 I 

) ' · I 

r:.A 
r. ,, 

"l F'.( ' rn 
~ 

R • 
I 

•, 

, . 
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APPENDIX C 

INTEL 4040 SIMULATOR PROGRAM LISTING 
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-~·~-~-.._ ......... ...-...... , .... ,_M_' ..... · ... ---~·;..·_.0 ... 1, __________ _ 
--~-- ...... ---~ ..... .. __ ....,__.... 

FILE: Sli'-1 FClRTRAN Al YOUNGSTOWN STATE LNIVERSITY CCMP~TER CENTER 

___ I .~r L_l.C l_T__JJiLE G E.~R~l_A~-~~---------------------~'-~CC..QlO.,_ __ 
REAL TM t Sll'COOZC 
C I ~·ENS I 0 N LC CATE I 1) , I NOE X { Z , l 6 l , C 0 RE { 2 , 2, 4 0 9 6 l , S I I' CCC 3 0 

---*C A TR~~- ( 4 ,_'!._ ,_ ~ - ' 2 Ql...!._~Q_~.!!_, 4 l S_l}:'._C C Q 4 O,__ __ 
Cl~f NS I ON DIZI Sll'CC050 
c o~~CN /SU 8 /CCRE Sl~CCC6C 

~c ______ ____ _______________ ___________________ $ 1 ~ cc q _c,__ __ 
C LOCATEl71 IS AN ARRAY CCl\TAI N! NG 1 ACCRESSES FOR A SUBROUTI NE SI MCC C80 
C hHICH CA N BE CALLED Sil'CCC9C 
c___ _ _ ___________ _______ ----------------------"~-' t'.C o 1 cc. __ _ 
C INCEXIZ,16) IS AZ Dl~ENSI C l\AL ARKAY CONTAINING T~E 4 BIT VALUES Sl~C O l!C 
C hH!C H ARE FOL ND IN THE ! ~D E X REGISTER~ SIMC0120 
C Sl ~C0 1 3Q 
-c co'R[ "(i~- 2;4(J-96i($A3-ol ~EiiTs- lof\ALARRA'f CONT A 1 NI l\G I NS TRUCT I CNS TCS I 1-'C 014 0---
c BE EXECLTED Sll'CCISC 
C lST POS ITIO N IS COR E ll:il\K NlJl-' 9ER 5! f'.: CO !tC __ _ 

e:---2 ND PfJ SIT.iON _ l _S_ hiE_ N.UM[lER CF THE HALF BYTE POSITION SI ~OU !70 
C 3RC PUS ITI ON IS THE ADDRESS CF THE I NST RUCTICN Sll'CCleO 
C ~!~C0 1 9C -e: CHR M' (l,;-i;-, 4-~z-cff!5A _4 __ C_l_MEf\ SIONAL AKRAY - CONTAil\ING CATA IN Sl l'C02CO~--
c THE CATAMA~ Sl~ C0 21C 

__ c ___ ! s T p 0 s I T I 0 N s I G NI F IE s 0 AT AR A~ B >'! N K s I I' c 0 2 2 c __ _ 
C 2ND POSI TI CN SIGN IFIES CATARAI' NU~ HER SIPC0230 
C 3RD POS ITI ON SIGNIFI ES ROW CF DATARAI' Sl l'C02 40 

__ c 4_T t:! __ PG S IT I (l ~ s I (>NJ f.! E s __ COLl,.J ~~ ~ l.Jt:' 8 _ _£_B_t_l,_A s T 4 NU!'! BERS ARE s ! t' C 0 2 5 l":~--
c STATLS PCSITIC NS --· Si l'C0 2f0 
C Si l' C0270 
~----~ A !Ol/ T ( 4 '4) 1 s __ A J _ _(;" I I' E.'J s ! ON AL AR~ AL CCN T A_I _t< _I ~ G _ _c_u_1_1:_u_T OF THE s I l' C 0 2 80 
C 16 CAT ARA~ ChlPS, FI RS T PO SI TIO N IS BA NK NU llBER, SECONC SI~C02~C 

C POSITI ON IS C~IP NUl'BER Sl l'CC3 CC 
_c ______ .. _______ --·- ·- _ _ __ _ ___ _ _ __ ___ ... ..... _________ __ . _s 1 r1 co 3 10~--

c SCYCLE IS A VARI AB LE THA T TELLS l~ THE BA NKS ARE TO BE SIMC 0 320 
C SW I TCH[C, Shi TCh OCCURS IF SCYCLE IS EQliAL TO 3 SI 1'C03 3C 

__ c -··- ·- - -- __ _______________ _ _ ·-------- _:; 1·~!;\i 3 ~ "'"c __ _ 
C SBA NK IS THE VA RIA BLE TELLll\G WH ICH BANK IS TO BE SWITCHED TC, SI MC03 ~C 

I. • c c ao 1-'EANS SBA NK=l, CBl l'EANS SBANK=2 SI MC03f0 
c s lt-'l":.9U9~--
c INTE-NI 5A- v-ARIABLE TELL i'NG-· IF-INTERRuPT 1 s ENABLED s ll' GO 3eo 
C IF INT EN= l 11'. TERRuPT IS ENAtJ LED,IF 11\TEN=O I NTERR l.J PT Si l'O OHO 

-~---..:' s __ q s ~ s_ ~_rn _ ____ _ _______ ____________ _,,s 1 l'C o" co __ _ 
C Sll'C041C 
C CHIP IS A VARIABLE USED FOR SRC ACD RESSil\G RA M C~iP NU~BER · s11'C 04 20 
C S!l' CO~dQ __ 
c REG s rn 1 s A VAR 1 Aal"'Eus-{o -·'Fe r< - ·sRCli c"CR_E:.sS-1 NG--RAM REG 1 s reR Nu11BER s 1Mco 4 4 o 
C Sl ~C0 45C 

_C __ -=C~H~A~R. 15__A_Y_~.B ... L~.]hE UStP-1:Q~RC AO_Q_RESSil\G RAM C~ARCTER NUMBER SI~C0~60 
C Si l'C C470 
C PAGE IS A VARIABLE TELLING WHICH PAGE PRCGRA ~ IS EXECUTING IN Sil'C04eO 

_C - - - - - - - - - - - - --------- Sl (1 C0 '• 5 C __ 
C THE FOLLOWING DATA STATEllENTS WILL lNlTlALIZE ARRAYS S!l'CC5CO 

CATA LOCATE /7•C/ SI~C051C 
~---CATA ! NCE X /32*C/ ________________________ ~SJM00?.~9 __ _ 

CA T~OATRA~/i2so•O/ Slr.CC530 
CATA DATOUT /16•0/ SlllC0540 

c SIMCO~~O 
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FILE: ·SIM FOR TRAN A 1 YOUNGSTCHN STATE LNIVERSITY CCMPLTER CENTER 

cc _________ ___ _________________________ _,SI~ C0~60. __ _ 
S! l'C0570 

c THE FILLOWING SEGMENT LOADS THE HEXACECil'AL PRCGRAI' INTO CORE Sll'COSeo 
J ___ TH_E __ ~ ~U GR~ rj__ _ _I_L_JQt;_ATEO CN RECORDS WITH Tl:iE FCLLG\.ING FGRMAT S!l'CC~qc 
C FOR~AT(32(2Zl,1Xll S-ir; C06CO __ _ 
c $11'00610 
c_ _ ___ __ _ _ . _____ ___ ________________ _.:s 111cc6 2 o __ _ 
C THIS SECTION NEEDS hRITTEN S!l'CC6JO 

CALL CORLD Sll'C0640 
_c~--------....,....------------------.,-----------=s~ ~co 6so __ _ 
C Sl/l.CC660 
C P~GGRAM IS NG\. LOADED INTO CCRE SIMCC670 
c___ s [l' CC 6eO C - ------- -------------------- Sl l' CC6 SC __ _ 

C PSIZE IS A VARIABLE CONTAINll\G PROGRAI' SIZE SH'C07CC 
_( _ __ ___ _ ----- --- ·- - ----------- _ _ _______________ Sl !"CCJ 7l0 
C THE FCLLOW!NG S~BROUTINE CALL Hill PRINT OUT THE ASSEMBLER LISTll\GSl ~C Of20 
C Sll'CC7:C 

_____ C~A ~L ~L-~~l:'.~ST Sl ~ CO?~O __ _ 
c Sl l' C0750 
C Sll'C0760 
c ·- -- - ·-· s r ~ c c n c __ _ 
C THE NEXT PART OF ~tlE PROGRAI' Will Sll'ULATE RUl\Nll\G T~E PRCGRAM Sl l'C0 7EO 
C THf 4 1.'• C SYSfE/I. Sll' G0 7qo 
( --·- -- __ __ __ $I l'OO C' GO __ _ 
C PlJ.~~~K IS A V•\R(ABLE OESIG.i~TING INCEX RtGISTER E!ANK SELECTEC Sl l'CCe lO 
c [l.l NK IS A VARAAElLE 't.h!CH -. SIGl\IFIES 'nHICH CCRE BANK IS ACTIVATED s111cce20 

_c _ __ cvc LE I s A __ VAR I A Ell E _.\-HI C_ij _ KEE p s J~ ~Ct<. __ Of __ H_Qli:_~~tit-1'1.~<:;H I N_E c YCL.t.L_S I /l.C 01n o __ 
C THAT IT TA KES TC . RUN THE PRCGRAI' Sll'COE40 
C Sl~C 08 5C 

_c __ _f' ACO Is _ A VA R I ABLE __ 'nH l_C.H._J)_E_S IG N~J .~L.l~~_ACCB E.S.LJl-E I' I CRO Is s [I'( Cll f.O __ 

.~ 
C PRESENTL~ EXECUTING SJl'CG870 
C 1';0 Bf\l\K IS A VARIABL[ TELLING WHICH INCE;( REGISTER Sll' CO Ef.O 

_c ___ ) s ~C.! _:.c_u Y.A_J EC $ l l'COe 'lC __ _ 
c s111coqco 

'· 
(. . hqJTE(6,189l SI~C0 9 10 

_lil~f [J~ ~'. A I I' ENTER THE STh~Tl ~ G POSIT I SN FCR RAl-1 II\ 'BANKl THEN BANK sp: oo520 __ 
*2' l SIMC0930 
R~AC(5,*lB Sll'CQq4Q 

____ FLIP=I ?11'C0450 
l ~c Al\K=l Sll'COG6C 
l\ 08ANK =2 SIVCOG70 

---- BA 'J K = l S 11' Co_ c; !:! O __ 
cvcLE=O S!MC0~90 
Pf\C~=C Sll'ClCCO 
I NTEN=O S!l~C lClC __ 
SCA NK~ l Sl 1'0 1C20 
SCYCLE=3 S!l'Cl03C 

_ __ COl'L IN= l SI MC I C4G_ __ 
GS'l9 CO N TINU~ Sll'ClC5C 

Pf\CO=PACD+l Sll'ClCtO 
CY C L E = C Y C l E + l S I ~: 0 l (;]_ O __ 

----SCYCLE=SCYCLE+l Sll'Clceo 
IFISCYCLE.EQ.31BANK=SBANK Sll'ClCSO 

c SIMCllOO 



' ·- -

72 

ILE: SIM FORTRAN Al YCUNGSTCWN STATE UNIVERSITY CCMP~TER CENTER 

__ __,_I_,N_5.lB__l_S~_R_J_!_BLE CONTAINING THE FIRST 4 BITS CF THE 
TO BE E XECUTEC 

I NS TRVCT I CNSJ_t~Q_l..ll~O __ _ 
Sl1'0112C 
SP' Cll3C 

__ ___,I .:iS ~-': .C_C R EJJ2 AN K ,_l__,__p l\.Q_O l + l,__ ______ _____________ _,, _l t' C l 1 ~O,__ __ 
GO TO< 1C0.1 0 1,102.103,104.1C5.1C6.107.l08,109,11Ctlll.112.ll3, 5I 1"0 1150 

•114,115), I NSTR · Sl1'01160 
'------~ ------ - ·- - - - - --- - --- -----------------~ ! ~ Cl lJQ __ _ 

ICC 

THE Ad OVE GC TO BRA NCHES TO THE PART WHE~E THE FIRST . 4 BITS OF 
ThE INSTH UCTION ARE 

SI MO tl ll O 
Sll' Ol 190 

. ------- --- ----- ·-------------------------51 1" 0 l2C~--
CU R 2=CU KE (OA~K,2,PAC 0 l + l Sl~ C l21C 

GO TO (2CC,2c1,202,2c3,204,205,206,207,208,209,210,2ll,212.213. SI MC 1~20 
___ •214. 21_? > _!__c;~_?. _ ___ _ ______________________ 511:'.0 i no~---
~co co N TI NuE Sll'Cl240 

ASSEl' BLtR I NSTRLCTION IS ••• NOP Sl l'C l25C 

2
,_,
0
_
1 
_ _ ~ 0 . T 9 _ ! ii'!___ S I I' C l 26 O __ _ 

PA CO=l Sl1' 0 127C 
ASSE MB LE R l~STRLCTION IS ••• HLT 51 1'C l2fC 

---~ R l _T E ( 6, .9J_)__ ------------------------~5 l,"_G l 2 '.l9 __ _ 
FO Rl'A TI' HLT IN5TRUCTICN Er\COVNTEREC, INTERRUPT PRCCESSE0 1 l 5l l' Cl3CO 
GO TO 9 SS9 SI MO l31C 

.f Ql___CO rn 1 rw F 5 1 ,., o l 3 2 o"----
c ASS El"tl LE R ! NSTRLCTI.ON IS ••• BBS S!l' OlBO 

P.\C C=LOCATl:'(ll Sl l'C l)4C 
---~o 12) KKK = 1. 6 ·--------------------'------5 I ~· c l ) ~ o. __ _ 
123 LOCl\T EI KKKl=LOCATEIKKK+ll 51 1"C l 360 

LOCl\TE(fl=99<;S9 Sl 1" 0 13 7C 
_ __ GD TO 9<J ~ 9 . ·- - ---. _ . .S ll' C 13 0 
203 CO N fI ~ V E Sl1' 0 1390 
c ASS~l' tl LER I NSTRLCTION IS ••• LCR SI M0 14 00 
____ ACC= I ClW L ! ~-: 1 l .!_f.___!_t_ ~ l\N _~ -1 -1 S.11".0 14 l C,_ __ 

GO TO 9 SS9 Sl l'C l42C 
204 C O N Tl ~U E SI MCl430 
c _ __ AS SE l' BL·ER ! NSTRLCT!O N IS ••• OR4 $1 ~10 1440,__ __ 

cALL t3 1 r1 0 4, s 3,a2,"ti1 ~ -!No·{x_1 _IRBANK,s>1 s1 ,..0 14sc 
e1 CALL A l TIC4,C3,C2,Cl,l\CCl Sl~ C l460 

___ 'J F I 04 . EQ . L -C ~ , _C4 . EO, 1J (:'!__= l 51 1'0 14 70 _ _ _ 
IFI 0 3.EC.l . GR . C3.E ~.l)C3=1 Sl ~C l4 8 0 

IFI B2.EC.l . CR . C2.EC.llC2=l Sll' Cl4 qQ 
____ ! F ( tl l. t c. l _ . CH • _ _ cl • E c. l ! c ! :_,,l,__ ___________________ s 111 c 1 5 co __ _ 

ACC=C4• E + C3•4 + C2*2 + Cl Sl ~C l510 
GO TO 9SS9 Sl~ O l520 

205 CO NTI NU !: Sl t:'. 0 15 ~ 0 __ _ 
-:c=---A s s E:~ H L {;C fNs'fR-LCTloN- 15·-:- •• ORS s I ~ c 1540 

CALL BIT(84,B3,B2,Bl,!NOEX( IRBANK,6)) SIM C1550 
____ GO TO Bl S _ll' Ol ! 69 __ _ 

206 
c 

CO NTI NUE Sl~Cl ~ 70 
ASSE~ H LER lNSTRLCTION IS AN6 SI1"Cl5 80 

--:----C.AL L_ (l IT ( 04_,_B 3_, B2_~ ~ l _._ir,o_E_! ( I RBANK' 7 I) s I ~c l _~q_o __ _ 
ez CALL BIT(C4,C3,C2,Cl,ACCl Sl ~ OltCC 

IFIB4.EC.O .CR. C4.EQ.OIC4=C Sl~Oll:lC 

___ __:_I :_...F ( f3}~! Q. 9~CB_._j:._ h_S..9. ._Q L~ 3 z c s ! 1:'.Q.!f 2_0 __ _ 
IFIG2.EQ.O .GR. C2.EQ.OIC2=0 SIM01630 
IF!Bl.EC.O .GR. Cl.EQ.OlCl=O 51~01640 

___ ..... A~C ~ ~ ~ ! 8. ___! _ ~-3_ ~~---Q .!.? __ + C l S 1 ~ 0 l=-6=-5"-'C=----
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FILE: SIM FORTRAN Al YOU~GSTCWN STATE UNIVERSITY COMPUTER CENTER 

___ G.O_I_0_25~c;~9-----------------------------~.J.t'J)_U60. __ _ 
207 CO NTI NUE Sl,..Cl670 
C ASSEMBLER I NSTRLCTION lS ••• AN7 S!f'Cl68C 
___ CALL _~ I ! .~6_3_&?_,JU~OEXC !R~.ANK 8) l 5_1~ 0 16 ,'? 0. __ _ 

GO TO 8 2 Sl1'017CO . 
208 SOA NK=l Sl ,..C l710 
___ .SCYCLE=O. -,-,-- ----- ------------------SP1_Cl720 __ _ 
C A SS E ~ B LER INSTRLCTION IS OBO Sl l'C l730 

GO TO 9c;c;9 S!f' Ol740 

2 0 9 SB MJK:: 2 ·--- - - ------- ------------------$ I f'. CJ J 5 ~~--
C ASSE ~B LER INSTRLCTION IS ••• OBl Sl f' Cl760 

SCYCLE=C Sif'Cl770 
_ _ _ _ GO TO 9c; c;9 SIMCI 7 P.O __ _ 
~ l 0 I q fl.I\ NK = 1 S I t1 0 l 7 9 C 
C ASSEMBLER INSTRLCTION IS ••• SBO Sl f'O l 8 CO 
_ _ _ NOUANK =2 SJ !:\ 0 18 10 __ _ 

GO r ci 9~99 SI MOle? o 
211 I RBANK =2 Sl f'C l~3C 

c !' s s E,.. d I:. E ~ ~ s TR L c T I .0.N I s . • • s B l s ( !'.'. 0 le 4 o~--
N OB AN K = l Sl/' 0 105 0 
GG ro 9c;c;9 S! l'Olt60 

~12 INTE~=l Sl l' Ol e 7Q 
C--·r.ssE:,nLER-iNSTRLCTlON IS EIN Sl l'O l !lB O __ _ 

GO TO 9<;~9 511'01890 
213 nnEN=O Sll' Ol <;_CO ___ _ 
C t.SS EMl i LER !NSTRLCTION IS ••• OiN Slf' C l S lC 

GO TO 9G S9 Sll'Ol~?O 

.2.J~_.C ON T I 'HJ E --- ··-- - ·- -----------------~SI ,V 0 19 3 Q __ _ 
C A SS~f'9 LER !NSTRLCTICN IS RP~ SI~ C l <; 40 

ACCKES= 256*CATOL;Tll.ll + l.6•llCHIP-ll•4 +REGSTR-11 Sll' C l<;SO 
•+!Ct-A R-ll + l Sl ~ Cl96Q 

---Ac c=cc R E 1 sAi-JK ~FT!P-;AcoREs 1 s 1,..0 i no,,_ __ 
IFIFLIP.[C.llF=2 Sl l'Ol<ie o 

__ __,I F_ 1 FL I P ... E q .! fJE = l S I ,V 0 Vi '7Cl'----

'· 
l . . 

F LIP= F Sl l'C2 CCC 
. GO TU 9c; c;9 SI MO ?OlO 

215 J:ONT INU~ .... .. S)J'02C2~C __ _ 
~RITEl6,987~l Slf' C2C30 

<;876 FO R~A T('l 1 ,///,40X,' REGISTCR DUMP') SI MC20 40 
___ _ Tl-1E= CYCLE * 10. 8.E -6_ S!MC2 C50o__ __ 

~R!TEl6,1987lCYCLE,T M E , Sl,.. C2 06 C 
1987 FORf' ATl///,tx,• Sl~LiLATICN REQUIRl;:0 1 ,I9, 1 CYCLES 1 ,1, s1~· 0 2c1c 

•IX, 1 THIS IS APPROXI MATELY', ElS.7, 1 SECC~DS CPU TIME•) Sif'C2C BO 
_9_8_7_5-F OR ~'AT (/ ii ~ 0REG.!S TER _O ._ i _ 2_'3°_4_ 5 6 7 8 9 A B C C E F' I SIM 0209 0o__ __ 

hRITEC6,9 8 75l Sll'C21CO 
-=--- -'"R I IE ( 6t .'H:l 7 1• l(l!i D~ ~.Ll.!~ .>_ , J= l t 16) ? !"':02 110 __ _ 
9874 FU RtJA TI • eANK 1 •,t6l?.l s1l'o2120 

WRITE(6,9~73)11NOEX(2,Jl,J=l,l6l 51~ 02 130 

~8 . .:U_ FO Rf'AT( I BANK 2 .. _',_l6l2l_ _ _ _ _ 511'0211•0 _ _ _ 
WRlf((6,9872lACC 511' 0 2 150 

9872 FORl'A J(///, 1 THE VALUE OF ThE ACC UM ULATCR IS ••• 1 ,Z21 SI1' 02 160 
hRITEl6,987lllCARRY SlfJC2170 _ _ _ 

98Ti -l - FORl' ATl//,• - -HtE - VA.L.'uTcJ°F"fHE CARRY FLIP-FLOP IS ••• •,z2l si 1'.021eo 
hRITEl6,9B71) Sl1'02190 

'78_.!.l__!' ORI' A !__(~ _l ~-· !...!!..!~ .er~. !~ RAM _QY_!__l_'_l:U_P U"'P I l s I MO 2 20 _0 _ _ _ 
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---~q. 1 HJ_9_,.9Jl.7.o > _ _ __________________________ _,, ~~.o.zz.1c ___ _ 
>.~ .7. 0 FO,R"'.t\ T(,O,• C~IP Nt..;l'BER '•' 0 l 2 3'1 S~l'C222Q : 

CO <;H68 . K=~o'1 1 . , • • ., . , . ,. • .. , Si l'C223 C 
KK = K-1 . . . . S (~C~24~ 

---~ ·1 i TE (6 ",'9"P."6-c;)"KK-:-IDA-TOU T ( K' J l 'J= 1, 4 l . s I 1'0 2 25C·----

18 6,9 F ll RI' AT I. I c 0 I' I' AND L IT'\ E • ' I 2 ' • • '4 l 2 l s ~I' c ~ 2 c 0 
!~Q. B_CQ~; TI 'J U~ - _ _ _ __ S Jl-'C2,2.7C __ _ 

hqtr~!6,9 B 60> . . . , . , SLl'C2 2 eo 
rn60 FO!H'.H('l',///,35X,'ACDRESS REGISTER DUl':P'I s~n:22'iC 

---~O <;fl61 K: 1, 1 - ----·-- S ! l'C23.CQ ___ _ 
hR IT E !6, 9H59 lK,LOCATE!~l S l~02l l0 

) 8 5 9 F 0 R .'' A T ( ' A 0 t: R E S S ST ACK l EVE L NU I' 8 ER ' , I 2 , ' I S AC CR f S S ' • Z 3 l S I I' C l 3 2 C 
186 l CON .T_I ,LE ____ S ll' C2 ~ 30~---

hRITE(5,9 8 58l SIM 0 2340 
)858 f Qql'.J\T (' CO YCU 1-iANT A DATA RAM DUMP?? · l=YES,O=l\C' l Sll'0235C 

RE i\ c ( 5. ~ ) c ON _______ ________________ $I ~· o 2 "!6 o ___ _ 
--- --! F l CO N. NE . l) S TO_P_______ S l 1'02 3 70 

CO <;e40 Cf1M L I N= 1,4 SI ~' C21PO 
_ . ___ hR I TE l 6 , 9 fl'j~ > __ . S I ~C2 ~<JO ___ _ 
f 8 5 0 F n R ~· A r t • 1 • , 4 c x • • o A r A RA I' o u,., F • 1 s p· c 2 4 c o 

HR ITE! 6 , 9R49 l Sll'C2410 
~-8 4_ 9 __ _F D f{ I-' AT ( I I I ' • _RA ~ . ..Jl_g_g_~~2._S ____ o=--..=cl--=2'--"3_4_~5~6~~7~8~9_A~B~C~D~=E~F-'~>- s I ~· 0 2 '• 2 o __ _ 

COl'=CCMLI N-l 511' 024]0 
hRITElo,9B39lCOI' . 5! 1'0 2440 

~ 3_9_F 0'H'A r ( ._ CO~ l'A NG _ _!.l_M__N~l'~fB_JJ2) s I f.' 0 24 sp. ___ _ 
CO 9E40 CHIP=l,4 5!1'02460 
CH=CH IP-l 5!1'02470 

CG 9e 4 0 R [ G IS T :J • ~ ------·---------'------------ $ I l' C 7 4 PO. _ __ _ 
RE=REG I S T-1 Sl1'024SC 
WR ! TE l6, 9839 llCH,RE,(DATRA M!COl'LI N,CHIP,REGIST,Il,l:l,16l SIM025CO 

l§J.1__1 _ f OIH' .\T _( ' __ <:;~_lp_~Llf~E_q S Trn..!_J.J.1.., l6Z2 l S ! !:"02 5 !Q __ _ 
j840 C G~ Tl ~UE Sl l'C2,20 

CO 9020 CCM LI N= l,4 Sll' C2 510 

---"~ Ir r: ( !> , 9 1.1 '.>0 ' - -· ------ ---· SI l'C2':l4C'-----
h 1 ~ I T E ( 6 , 9 8 l C l , S I ~ C 2 ; 5 C 

1810 FO R~'A f(' STATL.S CHARACTER C 1 2 3'1 Sl,...C2560 

" 
___ _co~·=C OM LI N-: l s P'C25 IO __ _ 

l . - ~RITE(6,98l9lCO,_. Si1' 0 25AO 
>819 F OR~AT !' C OIJ,... ANO LINE·NUMBER',121 Sll'0259C 

CO 9 8?. 0 CHI~ = !,~ SI MC26C O __ _ 
C H= CHIP-1 Sl ~0 2tl0 

CO 9820 REGIST=l,4 Sl,... C262 C 
RE :REG IST-1 ~l,...(2t~C 

---~R ITE ( 6. 98 o9 "1cH ,R·{-;(oATRA-M ( CCML IN ,CH Ip' REG Is T t l) t I= 17 ,20) s I ~: 0264 0 __ _ 
1809 FO Rl'AT l' CHIP'.12,' REGISTER'..12.1X,4Z2l Sl,...02650 

·U!._2_9_ CON T 11\ UE ·--- ·-·- - .SI 1-'02HO __ _ 
STOP 51 ~026 70 

C O~ TI NUE · Sl1' 026P O 
___ AS StMC LER _ I N ST_RLCJ_!Ot'!_I_L~~ · JCN'--_________________ St r1 C26'1 C~---

PAGE =~:QC((PAC0+2l,256l Sll'C27CO 
AO DRES=25 6 q PAGE + l6qCQREIBANK,l,PACO+ll + COREIBANK 1 2,PACD+ll SIM027 ~ 0 

----..:CY~LE :=. <:;YCLE + 1 S. J1'0272 0~--
SCYCLc=SCYCLE +l Sl,...C273C 
CORD=CORE!BA~K,2,PADDl + l SI MC2740 

__ --'-P~A.Q Q_" P.~.D + _l · SI I' 0 ~ 7~5_0 __ _ 
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'dle: SIM 
,, 1 

FORTRAN Al 

__ 4~3~_J: :of .. ~~!J _; _·_· _'.· i .~.f..lll2. VA.Lfil . F.~O~R~T~E~S~T~'~>~~~--------------·S l ·~·Q ZI_~~--
GO TO 1sco.so1,so2,so3,so4,scs,so6,so1,sca,so9,510,s11.s12,s13, S)l-'c2110 

•514,5151,CORD S~1'02780 
500 (_:;0 _. !O . _. ~c;c;9 :1r:q2]5_r;_ __ 
so~ . h~ITE(6,43) SJ:VC28CO 

READ(S,(<lTEST 5)~'02810 
_ ___ !FI TEST. EO. 0) PACO=ACORES _S,l r:'.Q2132Q __ 

GO . . T09 9?9 ·-· - , . Sil'02830 
502 IF(CARRY.EQ.l)PACO=ADORES SJl'C2 e 4C 

_ _ ___ GD . . TD 9SS9 Sl ~C 2fl~q __ 
503 ,,RJlE(6,43) - , SJl'C2860 

REACIS,*lTEST Sll'C2~70 
____ ! F_( TEST .t C ~ ~Q~C_ARRY .EQ. l l PAOO=ACCRES s.r 1-'C 2~ AQ __ 

GO TO 9SS<J 
504 IFIACC.EC.OIPACC2AODRES 

Sll-'02890 
$11'02900 

_ ___ GO TG 9~sq 

-lo;R!TElo,43) --------------------------~Sl~Q291C 
505 

REAC(5,¢lfEST 
____ IF l_H S_T. E9 • 0 .OR. ACC. EQ.O l PAGO=ACDRES 

GO TO 9qc;q 
SC6 IFIACC.EC.O .OR. CARRY.EQ.llPAGD=ADDRES 

Sll'C2S2C 
s1r1 c2c;30 
s [ !:'0 2 '.; 4 c 
S !.''02S5C 
S!1"C29c0 

GO TO qc;c;q _______________ S!MC2970 
507 h.{lfEl6,43l Slli02 9f'O 

RC~CIS,*lTtST Sll'02S<;C 
____ _I F ( Ac c • Er. • Q_. ~ c.~R Ry • .E_~0~-1.U.l.-_E_~. 0., p AO D =A c __ D_R_E_S ______ s [ "c 3 cc o __ 

GO TO 9c;c;9 Sl1"03Cl0 
508 PAGD=AD DR ES Sll-'03020 

_____ GO T0 _ 9999 SI 1"03C~O __ 
509 hRITE(6,43l 511'03040 

REACISt•lTEST 511'03050 
----IF l TE s T. E Q • . . lJ_f~(:_D.=_>\ CCl~.E s .S [ r~o 30 60 

GO TO 9c;c;9 Sl~03C7C 

519 IFICARRY.EQ.OlPACD=AODRES Sll'C3CPO 
----~O TO _ 9SS9 SI ~'03090 _ _ 

511 hRITEl6,43l 511-'0JlCO 
REAC!S,•lTEST · SifJ03110 
IF' TE s T. EQ d-~~P.~_c_~8!D' _._e_o. 0) PAD_Q:~.AO .Q8J:S s [ :vc 3 110 __ 
GO TO 9S<;9 Sll-'03130 

512 lFIACC.NE.OlPAOC=AODRES S! M03140 
-----'GO TO _ 2'199 SI 1:'C3 l ~C __ 

513 hRITEl6,43l Sll'G3160 
REAC(5,*lTEST SIM03170 

____ ! F ( A~C. NE •. q_. ANG. TEST. EQ. l) PAOD:ADCRES s ! l'q lea __ 
GO TO 9'1<;9 Sll'031GC 

514 IFtACC. NE .O .AND. CARRY.EQ.OIPAOD=ACCRES $11'032CO 
____ GQ_! O. 9qc;~ -- - S!r". 03210 __ _ 

~15 hR!fEl6,43l S!M0322C 
REl\Cl~,•lTEST Sl1'0323G 

____ l FI l\CC. NE ._Q _ _ !ANO. CARRY. EQ. C • AND. TEST. EC.LI PACC:ACCRE S S_l "'.0 3240 __ 
GO TO 9'1S9 SIM03250 

102 CONTINUE S!M03260 
C ASSEMBLER H\STRLCTION IS ••• FIM OR SRC Sl r:'. _ _c3?_l.0 __ 

COMPLJT- ; - PACC-;-1 $I 1'03280 
REG=COKECBANt<,Z,PAODI SIM03290 

____ _!2_!:.f .!9~.". _,..00 I CCR E (BANK, 2, PADO l, 2 l SI 1'033 CO 
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-~-~! f. !_CE ~.l CE ~N t; •. Q l _QQ._J_Q_J~~~..u.....~-'--~~--------------~P'..C.33.10.~--
C ASSE:i"9LER l ~S l RLCTION . IS ••• . FIM , . I • I' SF'03 ... 2C 

I NC E X l l R. BA :\J K , R E G + 1 j = C 0 RE tB A I\ K , 1 , C 0 I' P LT l S I :1 C ~ ~ 3 0, 
_ _.......~_I 'JD~ X ! 11~ [l ,\ NK, ~ EG!V =CO_R_E_ !Jl'.'1 ~~1 2_ i_C_ Ol'f'UT l S. 1. ~C ~ l. '•0~---

C YCL E ,CYCLE+ l Sll'C3350 
SCYCLE=SCYCL~+l Sl1'03360 

_____ Pt.CU=Pi\CD + l _ :. --·---'- ' --'- - - S !l'C337C __ _ 
I F ( ( I{ E (; +l ) • LE • 8 ) G 0 TO c; c; c; 9 s I r- 0 3 rn 0 
i '< 8 EX ! ~ I 0 :1 ~ :~ Y- •REG+ l ) = ! N 0 E X'I I RB AN K, REG+ l l S I ~· G 3 3 <) 0 

____ I NC EX UHJtl.\ .'IK , REG +2 l =I NO E XI IR OAl\K, REG+2 l SI t'.C~ 11CC __ _ 
G 0 T 0 9 <; <; iiJ . -- - - . .. .. - - · -- -- S l I' C 3 4 I 0 

C ASSE~BLER I NS lRLCT!O N IS ••• SRC S!l'C3420 
_E~3~ _ _ CH I I"'= I NCEX (I !HJAl\K, REG)/_'!__ ~ _ ~ -- · SI ~034 3Q __ _ 

R [cs r R = ~:a [.; ( 11\ c Ex ( I Kt\" N K' Rt G ) '4 ) + l s I ~· c 3 4 '• 0 
CHAR.: l NOEX !IRt3t. NK ,REG+l) + l Sl l'C345 C 

- -10_3 _ _ GO TO <;•S9 •. ·· ---- - --- - ---- - ----------------------$ ll'C34c0 ___ _ 
C O~ T! ~U E Sl1'0347C 

C ASSEM R L~ R 11\S TRLCT!ON IS ••• FIN OR ~IN Sl~C34eO 
____ _ c E c IDE= ;-·o I ~ (cc RE (fl ... N K. 2 '~A_l!Ql .1 .. V __________________ s I r1 c ~ 4 "!. c __ _ 

REGlST=CCRE(RANK,2,PAGCl Sl1'03)CQ 
IF! CEC ICE.EC.llGO ro 84 Sil'U]j{Q 

___ .f3 E G l ST= Ht G IST . + __ l __ _ __ _ -------~--------------~$I~ CVi 2C __ _ 
C ASSE~ULER ! NS lRLCT!O N IS ••• FI N S!l'C353C 

PAGE=rACC/25c Sl1'03~40 

_____ Ar;c1q=s7'2':i6 * PAGE + _l6..!_ ( (lj0EX ( .. IRBA ~15..Ll.l_!._lli._DEXIIReAl\K,2) + 1 ~!1'03??C __ _ 
I NCt XI J R[lA1\K,Rt;GIS TJ= CC.RJ;_(eA(ljK,l,ACCRESl . Sll'C35c0 
I ND E X I 1 K lJ AN K , REG I S T + l l '7.C CR E ( B:. :-< K , 2 , A 0 CR ES l S I I' C 3 5 7 0 

____ CY CLE=CYC LE+l _ ··--- -·- - - ·- Sl /1 0 3 5 20 __ _ 
SCYClf=SCYCLE+( Sil'035SC 
IF( KEG IST.LE.BlGO TO 9S99 S! ~C 36CO 

____ I :'cE x 1 .'i c r~ A:--.JK , ~EG 1 s r L':Jf\.DEx u.~OAN~ .-~~ G. l 5-.lJ. s 11-:0 J t Io _ _ _ 
I NO EXC ~CG ANK,~EGIST+lJ=INDEXll~BANK,REGIST+ll SIM03620 
GO TO 9~<;9 SI~ C3c~ C 

e 4 p A G E: = ( p A c c + l ) I 2 ') 6 _s I ~· c 3 I. 4 c __ 
C AS S E r-' t3 L ER I N S 1 R LC Tl ON I S • • • J I N S I r~ C 3 6 ~ c 

ACCRES=256*PAGE + 16+INDEX!IRBANKrR!GISTl + INDE~(lRBANK,REGIST+llSIM03t60 
____ .PACC= ADCRE? S! ~C36 l C __ 

GO TO qc;c;9 Sl,..C3c80 
lC4 CON TI NUE SIMC36SC 
C _ASSE~'t3LE~ . It~- ~ -TR !,._<;__!_ICN IS ••• JUN S! ~ 0370Q __ 

CYCLE=CYCLE+l Sll'C371C 
SCYCLE=SCYCLE+ l Sll'C3720 

____ PAO c':~o~ E !.~A N~!.2..!. ~ ADO) •22_~+CCRE (BANK .1. PACC+ l) • 16 +CCRE (DANK. 2. PACO s I MC~ 7J_O __ 
* + l ) S JrJO 37 4 0 

GO TO Y999 Sll'C3750 
105 CD NTl'·WE Sll'_C3H-0 __ 
C A.SSO'llLER- TNS TRLCT!ON IS••• JMS S! MC .3770 

L0{AT E (7l=LOCATE(6) SI M037EO 
____ l 0 CA Tf. ( 6 l = l 0 CATE ( ~ ) ~ (I'. 0 3 7 <; C __ 

LOCATEC5l=LCCATEl4l Sl,..03HCO 
LUCATE(4l=LOCATE(3) SIM03810 

---~U)C ~.T~J 3 J.=~ O<;_A TE_l_2 I ?.! /:'03 .e_?p __ 
LOCATE!2l=LOCATE!ll Sll'03e3o 
LOCATE( l l=PACD+l Sl,..03840 

____ P_A~f.:.~9 .~£1~~~'5...!~!PACOl•256 + CORE(BANK,l,PACO+l>•l6 + SIM03 ~8-=-5-=-0 __ 
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1 1 r r • • •• • 
FILE: SIM 

~---• c o~ '.E_l~_A ~~ . ?~1 P .A Q__~J~' ·+--· -+1~---:-:-___.__.~-----------------·~ ~ ~ii_i H"""'o ___ _ 
~YCLE=CYCLE+l - . I ' I II " , .,.' . I .S~1'03(!70 
scvcLE = scvcLE•l ,. 5 ,1:1 C3 eeo 

____ GO __ T0 __ 2_<; c; _q _ --~ 5 ) ! _03(19_0-___ _ 
1C6 
c 

REGl5r=CCRE.lAfl NY. ,2,PADDl + l .Sll-'03SCO 
ASSE l'.HLER .I NSTRLCTION IS ••• I NC .5 .l1'03'11C 

____ _ ! NC EX ( I R [lt. NK , REG IS T .I.': l Np_E Xj_I_R_B AN ~ ,__BE_G_l_$ T .J + l S) l'C 3'; 2_0,_ __ _ 
1 F ( I NOE X I I R BJ\ 0\ K, REG IS Tl. EO. l Ci I I NOE X 11R8 A l\K, REG I 5 Tl z 0 SJ IV (;3 <; 3 0 
.IF ( RE..; I S T. L E • 8 ) G 0 T G <; 9 'l 9 S I fJ 0 3 <j 4 0 

___ I NO E X ( NCBM~K ,REG I 5 TI= I NDEX ( lRBANK ,REGIS TI 5 _1 ~03 c; '.iC=-----
GO TO '7<;<;<J ' - - - - -- -- - -- - Sll'C3<;tC 

107 CO ~JT l iW c 5 I MCJ'l70 
_c=-----~s SU'. BL cR I NS T_R_<;: _U! ! O"i_J s_~~~_1_$l S_! I'() 3'l ~ O"'-------

CYCLE =C YCLE + l S! l'C 3<;GC 
5CYCLC=5CYCLE+l 5l l'C4 CCO 
REG 15T=C CRE IOA NK,2,PA00) + l 5! ~0 4010.,__ __ 

---- i NoE: xi 1 ROAN K, R-EG rs r 1 ~ r Noc xi l RBANK, REG r ST 1 + i 51 r-to 4c20 
IF(R EG IST.GT.€ll NOcX(NGBANKrREGISTl=INDEX(lRBANK,REG15T) 51 ~0 4C3C 

____ IF (_I ND EX ( l R~_ ll l\~- ' R~G l 5 T l_._!;O d 6} ! ~J} ~Xi_LR~Al\ K, R_EG I ST l =O S I J~~~): t.O ___ _ 
IF ( REG I s T. GT. 8 ) I NOE x ( NO A AN K. REG r 5 T) =I ND Ex ( IR !3ANK 'REG rs T I 5 11'0 4 c 50 
PACC= PJ\ CC+l SI ~0 '1C6C 

____ IFll N1JU (!R 8A l\K,REG!ST_l __ ~E _Q ~Q_lG_O TO <;999 5 ! ~' 0 '1C7C 

PA GE= (P flCD + ll/2 56 511'\.4C 8 C 
ADD~E5=256*PAGE ~ 16*CO REIBANKrl1PACCl + COREIBANK,2,PACOl 5! ~04090 

_____ P AC C = A 0 CR ES S_ I I' C 4 l CO. _ _ _ 
GO TO yc; c;g 51 1'C 4! 1C 

108 REG I S T= CCREI BANK ,2,PADD ·l + l 51 1'04 120 
-~C ___ A55U' fl LE:R !NSTR LCqON _ IS __ •• _.__ ADO Sl11 C41 10 

ACC=ACC + l N DEX~!ROANK,RE~IST) +CARRY 511'04140 
lf(ACC.GE.l6lCA RR Y=l 51~04150 

____ ! F ( fl CC . GE . UiJ~CC=~~C=J6 . s l 1' 04169 __ _ 

109 
c 
c 

GO TO 9S S'l 51 ~0 4170 

CO NTI NU E SI M0 41 PO 

~---------------------S! M~ 419C __ 
As s E ~'.~l ER ___ ! N s T RLCTlONl s. SUB 5 l I' 0 4 2CO 
REG15l=CGRE("A NK ,2,PAODI + l 5! MC421C 

_____ Cl NCX=l'.J -: ! NCEX( IROA t:-J~ _1 _1::!~G_J~Tl 511''_0'•2 2'.:: __ 
I F ( CAR~ Y • E 0 • C l O· EK.= l S ! I' 0 4 2 3 0 
IFICA qR Y.EQ.llCrEK=O 51MC4240 

-----'ACC=HC ~ - c;H~K- +q fl!Q X $1~04250 
CAR RY=O . SIMC426C 
IFlACC. GE.16lCARRY=l SI MC4270 

____ ACC= MO D ( ~C~~ -16 I 5 ! M~4 28Q __ 
GO TO 9SS9 Sl~0429C 

110 REGIST=CCRE(BllNK,2,PAOOI + · l 511'043CC 
C ASSEl~B L CR ! NST Rli CTION IS LO 5lflC43lQ __ 

-=----ACC=) o\J OEX i 1 ROA NK ;REG I ST) S ! 1-10 4 320 
GO TO 99'l9 SI M04330 

111 REGIST=CCRE!AANK,2,PAODl + l Sll'C':!~ ~-0 __ 
-~c-"-"---ASS U'.B L[R ___ INSTRLCTION - is XCH S!l'C4350 

) IHOLD= h CC SI MC 43t0 
ACC=I;o.;OEX( IR BANK,REGISTI Sll-'_0_':!] 70 _ _ 

----I NCEXll ~ BA N K,REGISTl ~iHOLD Sil'C43 P.O 
J IFIREGIST.GT.BllNDEXINOBANK,REGIST>•INDEXIIRBANKrREGlSTl 5IM043'l0 
____ G~O TO 9999 Sl~04400 
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-~l~L=2 __ ~\:.C7_<;Q~~ LRA.N~. 1. l_ 1f_4J~D~----------------------~- l"'0-~'i. l0~--
C ASSEllRLER : I NS TRLCTION IS ••• BBL SL1'0442 0 

PACD;'LUCATE ( l I S ll'C44 30 
____ r;:Q ... ~4Cl __ JJJ.:J_,_6 S_ ~ll .C'• .4 _4Q __ _ 

~ 4 0 l l 0 q Hi ( J J J I ~ L 0 CATE I, ~ J, ~ t : ~ l , 1 S ~I' 0 4 4 5 C 
G 0 TO 9 <; <; 9 . . , . , , . , S 11' 0 4 4 6 C 

- --=-l--=-L-=-3--'AC_C ';C Q~ E ! BA ~K 1? .• ~l\C:O. L.... . . . S ~l:'C,: 4 4 7..,__ __ _ 
C l\SSEl'HLE:R . IN5TRLCTlqN : ~5 .•• ., , ~DM,: . , .. _ ... , ,,_,.. SU'C44 HO 

GO TO 9'1<;9, . 511104490 
-...=.1...=.1_4 _ _ CCRC=CO~E ( RAl'\K ' 2 ,Pl\CC) + 1 5 ~ r:'. C~5~o .... __ _ 

co ro 13ca,3·c1 ·;fo2 ·;3c2:·3c4,3c5.306,301.3ca,309,31c,311,31z,313, s111c4510 
•314,3151,CORC $[M04520 

1' 15 CORO=CORE!QA .1\K_ y2 1 ~A~Q_L1 + l . S[':'.0453Q __ _ 
GO TO l4C0;4Cl,402,403,404,4C5,406,407,408,409,410 1 411,412,413, 511'C4540 

•414,4151,CORC - Sll'C4~50 
4CO ACC= O ~I~C4560~---

_ _ C ___ A5SE!J,HLE-R INSTRLCTIUN IS ••• CLB 511'0457C 
Cl\RRY=O Sl~045PO 

-----'G 0 TO lJ ~5..9 S _11' C 4 5 c; O. _ __ _ 
401 
c 

CA RRY =O Sl1'046CO 
A5SE~ S LEq INSTRLCTION IS CLC S[1'04610 

____ GO TO 9<;99 51 ~ ~~620 ___ _ 
icc~AC~;i Sll'C~630 402 

c ASSEMBLER IN5TRLCTION IS !AC S IMC 464C 
[FI AC C.1~~J-~_>J;_Q_!O 9999 $1 ~ 0 465C ___ _ 
ACC=O 51~0466 0 

CA RRY= l 511'04670 
____ GO TO 9<;_<;_2 ~!~'0468Q __ _ 

403 
c 

IFICA RRY.EO.llC=O SIMU4690 
ASSE MB LE R INSTRLCTION IS ••• Cl'C Sl1'~47CO 

---- I F ( CARR_.'!'. .! E 0 • C I C = l S _11'_ C !! Jl 0-<----
C ARK Y = C 51 1'0 4720 
GU TG 9<;99 Sl1'04130 

404 ACC=l5-ACC ~ll1 g _47~9,_ __ _ 
_ C ___ ASSEl~BLER .lN STRLCTION' IS CMA Sll-'.04750 

GO TO 9<;<;9 Sll'C4760 
_ _ 4 Q_5 _ C: I\ CC _ S 11' 0 i UC.,.__ __ _ 

C ASSEM BLE:R INSTRLCTION IS ••• RAL Sl~C47BO 
ACC:,..ODIACC,81*2 ; CARRY SIM04790 

____ CA RR Y=C/8 . S l,..04 1l QO ___ _ 
GU TO 99CJ9 Sl1'04 P IO 

4C6 C= M00 (ACC~21 Sl~C4820 
- --'--C ___ ASSEl' O LE~ I NSTRLCTION IS RAR Slr".Q4 _\l ~O ___ _ 

ACC=ACC/2 + CARRY~8 Sil'04e40 
CAR RY =C Sl1'0485C 

___ __,G D TO 9<;<;9 Sll'G'!86Q ___ _ 
ACt ;~ARR~ SI MC 4870 407 

c ASSEMBLER INSTRLCTION IS ••• TCC -· SIM04Eeo 
____ c AR I{ Y= 0 s I ,..04 e c;c ___ _ 

GO TO 9979 Sl1' 04S CO 
408 CONTl ~U E SIM04<;10 

_C::.._ _ _:A~~~E~S~ ER INSTRLCTION IS ••• DAC S! ~04S20 ___ _ 
ACC=ACC + 15 Sl,..04<;30 
CARRY =O SI1'04940 

-~---=l~F~IACC.GE.161CARRYal SIM04S50 
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r i 1 I . ·: ! • . ' ( 1 '' fl• ,\ ' f\ 1 
FILE: SIM FOR TRAN Al 

• '' I f '' .\ '' . ' I• ' ~ ~' . ' ' ' I 
-~--" ·· C C_=YO.O_( AC\:_ ,_ ~~ l._·_.......__,_._-+-~-,......;"-'-''--------~----------_,.,f /'.0 .~ _Q ¢:6_ __ 

Gll ,TO .9.999, ( I' srl' o4c;7,0 
409 CO NJ! NUE 'I. : . SJl'C4980 

- -=-c__._;._.___;A s s u- a 1- ER . ~ r:i s I R_L qgi~.J-~, .. • r c s. __________ ~ ______ __,s ; .~.o '· <; .CJ.o __ 
IF(( AqKY .EQ.OlACC=9 Sf1'05CCO 

I , l F I CA RR Y,. E 0. 1 .l AC C = 1,0, .S ,11' C 5 C l C 
____ CARK Y=O _ __ S.it'C SP .C __ _ 

GO TO 99 99 Sl1' 05 C30 
410 CA RRY =l , , . 1 Sl1'05C40 

-~C ___ ASSEl' B L ,ER _ .l_ ~j!~LCJ:_ICN IS ••• STC S_ll'O?C<;C 
GO TO 9c;c;9 Sl~C 5C60 

411 IF!C ARR Y. NE.l .A NO.ACC.LE.9JGO TQ . 9999 Sl l'O':i C7 
C ASSE MB LER INST RLCTION IS ••• OAA ~l1' 050e 

----AC C = AC C- l 0 . - --- SI I' C :> C 9 
IF! ACC.GE.6lCARRY=l Sl l' C51C 

____ IF ( ACC. LT. 0 l ACC =ACC+ 16 S !MC:_5 11 
GO TO 9c;c;9 -- - ----- Sl1'0512 

412 C=ACC Sl1'0513 
C A SSE~D LER I NSTRLCTION IS ••• KBP Sl ~ C514 

---- ACC =l 5 -- - Sl1'0515 
IF(C.EQ.OlACC=O Sll'0'.>16 

____ ! F I C • E Q • l l AC C :' ! S l I' C 5 1 7 
IF!C.E0.2lACC=2 Sll'C51 A 
!F!C.EQ.4JACC=3 Sl M05 19 

____ lF!C.~Q.Bl ~ C:C:=4 Sl ~0 5 2C 
GO TO 9999 Sll'C 52 1 

413 !F(A CC.GE.BICOl'LI N=ACC-7 S!1' 05 22 
-~C ___ A SSE~: BL ER l r-.J S f R_ LC.: I I 0 ~ _ _1_$_ ._._._0_C<l._ l l'_O 5 2 1 

IF! AC C.LT.BlCCl'LIN=ACC + l SI1'0524 
GO TO 919 9 Sl1'0525 

_4l_4 _ _ C O ~H! N UE __ Sl1"C52f: 
415 hRJTE(6,95l SIM0527 
95 FO Rl'A T(' ILLEGAL COMl'ANO HEXIOECil'AL FE OR FF, EXECUTION TERMINASi l-'05 28 

----*Tl NG ~_.1___ ___ S l_l'O'J29 
STOP S! M05 J C 

3QO OATRAM !COMLIN,CHIP,REGSTR,CHORJzACC SI M053! 
_ c ___ ASSE l". BLER _ I_~ _~_T-~L-~ _uc~_D 'wRI' . 5!1'0_53? 

C 0 TO CJ c; c; 9 S 1'' 0 5? 3 
301 CATCUTICCPLIN,Ch!Pl=ACC 5!1'0534 

hRITE(6,7 899 lCOl'LI N, CHIP,OATOUTICOMLIN,CHIPl S!M0535 
-7899FORl'ATI. THE VALUE FGR RAM PCRT--·# ·;· ,f2·.-.-· ca11,uN # ~,12,• IS •,I2) Sll'.C536 

C ASSE ~OL ER INSTRLCTION IS WMP Sl~0537 

----~0 -~0 9?S9 S!l'C'J3 A 
302 CO NTI NUE 5!1'0539 
C ASSEl' BLER INSTRLCT!ON IS WRR SI MC540 

____ ACC 1~Es,,, 1_c~l (_Cfi J ~=-1. J ~-!-·-~EG s TR-ll +CHAR-1 s [ 1'054 I 

2 l 

~03 
c 

~ R lTE!6,2llACORESoACC Sll'0542 
F 0 RI' A Tl ' H· E CUT PUT VALUE F 0 R P 0 RT # ' ,I 4 ,-1 I S ' ,I 3 I S I MC 5 4 1 
GO TO 9c;c;9 ___ ._ _________ SI MC544 
CO NTI NU E SI M0545 
ASSE MH LER INSTRLCTION IS ••• WPM Sl~0546 

____ ACORES=256*DATOLT(l,ll + l6•11CHIP-1)•4 + REGSTR-1) + CHAR-1+1 Sll'O':i47 
t~EK ;i oc~~~ :r- SIM0548 
IFIBIBANKl.GT.CHEKlGO TO 33 SI1'054S 

____ C~Q~£~~~~~,rL~P,ACORE$l•ACC SIMC55C 

0 
o__, 
0 
0 
0 
0 
0 
a 
0 
0 
c 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
c 
0 
0 
0 
0 
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____ 1. F .< ti.-.1.r .. , ~ P, 1 1 f. .~ _2 ·-------------------------st ~o. s. s.1 o., __ _ 

FLJ P=F S ~C553Q 
IFlfLIP.EQ.2lF=l 5~1'0~52~ 

____ G.Q _ ro-51 ~~3_ ,_ _ _ ,. .. ___._._. s t; os. ~~o. __ _ 
33 ~RtTE!6,34laANK ,CHEK $[1'05550 
34 t-UIH-'ATt' P~OGRAM , ~C~BEO WP/I TRIED TO WRITE IN RCM BANK'rl2r' · AC Sll'GS560 

_ _ __ *C;(ESS _~ _ • V_ l_ Sl,:-' C5570 
ST OP S~l'G5~8 0 

;o~ OllT RA~ ICC ML I N ,C HIP ,R EG STR,lll= A CC s~ ~0559 0 
_ _ c ___ I\ s s t~·9p !{ . ~~.F~Ln~ 9~ _ \_S___!_!._O__J:l ~O s I ~c 5 6C 0 

G 0 to 9 <; c;·9 S l I' 0 'H> l c 
!Q~ GATRAV(COMLIN .C~I P .REGSTR,18)~ AC C Sl MC56 2 c 
C 4SSE ~El LE :~ .U~ SJ.~L CTI ~.!'i._J~___li .RJ S!,..051:~ 

GO TC 99<;9 s ' "C564 
0 
c 

3C6 CAT R AV <C C~ LI N ,CHIP, REGSTR ,l<;)= ACC S I V0 565 0 
C A S S E ~·fl L c R I N S TR LC T I 0 N I S • • • WR 2 S l MC 5 U 0 

- -----GO fO •J<;<;9 - -· ·-- . -· ---· - ·- -- ---- ·-- -- - 511'0567 
0 

307 C4TRA~!CCMLI~,CHIP,REGSTR,20J=ACC S!,..~568 G 
C ~SSE ~ill ER l~~I ~!,. q pJ_l'LJ . .L_•_!.,.., __ ~_~} SI l'.0 51: <; c 

GrJ r 0 9 ~ <; 9 S ! ~· G 5 7 0 0 
?08 Cn NTIN UE Sl~OS71 0 
C .OSS c~'f\ Lt:OR _ J_~SIRLCTIO!'J __ l_L!. .~.!..... .SBM Sl11 C57? c 

CUJDX = 1 5 - CllrRAM(COt'LIN,CHIP,REGSTR,CHAR) S l l'C573 0 
lFICA R RY .EQ. OlC~EK= l 5 11'05 7 4 0 

_ ___ IF(C.n Ry _.fQ ~ llC )c ~~:'Q Sj.''0575 c 
ACC =AC C t CHEK • CI NCX -·-· S I /JCS 76 0 
CllR Rv~o S! ~C577 c 

____ I F < AC C • \. F. • l 6 l CA~ ~-'C:: l S l I' 0 5 7 8 () 
ACC=rlJD ( ACC' 16 i s I ~·0 5 (<; c 
GO ro 9<;<;9 Sl1'05~C c 

_3_9_9 __ ACC = [l4 rn 11!' ( CCl'L l lo.I , c I-! I P. _,_.El!;(;_S...IB. , CtiA R) s r i~ O 5 H. I 0 
C ASSE~ALE R ! NSTR LC TION " IS ••• ROM 51 ~058? 0 

·' GO TO 9G<;9 Sll'05eJ 0 

'• 
t • • 

~J_O _ _ c o~ T 11;u1: s I l'G'Je4 
C ASS E l-' [J LE~ l~STRUCT(CN.IS _R_CR Sl /J05 t15 

A(;Cl{ES: l 6* (( CH!P -ll*'• + REGSTR-11 +CHAR-1 S!M0"51l f 
----"-~ I TE !_6 , 2Q_) _ACCRE S S ! 1'05_e] 

0 
0 
0 
0 

~ 0 F 0 i{ M:. T f ' II'\ PU T 4 VA l L; E F 0 R I NP UT PC RT# 1 ,I 3 ) S II' 0 5 P. 8 c 
REAC ! 5 ,">l11CC Sll-'05EG c 
GO TO 9<;S9 ~!~05~~ 

_3_1_1-- ACC = ACC +·DA l:RAM- ffffi--. LIN~ CH IP, REGS TR, CHAR) + CARRY SI MO 5 'l l 
q 
0 

c ASSE~BLER I NSTRLCTI ON rs ADM S!M0592 c 
lF!ACC. GE .16lC ARRY= l ? I ~C5G3 

-----cl F (ACC . Gt . 16 I 4CC=ACC=i6 SI /'C 5 G4 
9 
0 

GO TC 'l7S9 Sil'C59~ 0 
3 lZ ACC:oC<'I fRJ\M I CCML l~,CH_ l _ !'_ , _R EGS__!B ,j 7_l _________________ _ S l ~\ 0 ':> 9t 0 
C ASSE~O L ER INST RL CflC N IS ••• RCO S I PC597 c 

GO TO 9~<;9 S!MC59 A 0 
3 13 ACC =DAT RM'. I Grll'_L!N, CH I . ~• R_E_G_UB ,_18_) S l l'C ~<; 9 c 
C ASSE~HLE R l~ST RL CTI ON IS ••• RO l S l l'C6CC c 

GO TO 9SS9 SlVC6Cl 0 
; l 4 AC C =[_)A TR A .~ (~-Cl' L Fi ,_C_H.!l'_,_gf ~?.l~ !.L9 > S 11". C 692 c 
C ASSE MBLER I NSTKL CTI UN IS ••• R02 Sl1'06C3 0 

GO TO 9SS9 S!MC604 0 
315 AC_C ~ O ~'!_~Al'!_ CO f'. LIN,C f:1!.f • ~E~S_T ~!2 01 S _l"'.~ ~~5. c 
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. ,, , : #, .. ' • . . . , .. . , ,\ l , • ' '• • f"' ff I '' t I • ' 1 I \' t ( r I I f I'' 'fr · fl t • 

FILE: SIM FORTRAN Al YOUNGSTCWN STATE CNIVERSITY COMPUTER CENTER 

I ' I t • I I ' . ' • I I : ~ I I • ( . . • • 1 I ' 

__ C __ ~A.S_g);:l_\l).._ER IN_STRLCTION IS ••• R03 .SJ~~-6.0~--
PP : .TD 99<;9 Slt'06C70 
ENC, S~l'C6Ce ,o 

-~C~-- _, _ _ ___ , __ ._ ---'--~-----------------------~S .I .1' .C _f?09 .Q __ _ 
.SUBROUTINE BITIB4,B3,82,81.,PASSJ, .' ,.. . . . ' I ... ·\O . SI1'061CO 
.11-'PLICIT I T:HEGER IA - Z> S!l-'0611C 

-~c ___ . ·- -----·- ---,,.---~---~~-----------$_I ~-C ~ ! 2_Q __ _ 
c "· 
c 
c 

THIS SUBROUTINE PISASSEl'BLES . A HEXADECil'AL DIGIT ' INTO 4 BITS SJl'C6130 
84 BEING THE ~OSJ ~IGNlFIC~NT Sl1'061~0 
---~-----------------------------5'1'_06l~C,__ __ 

84=0 Sll'C6!60 
63=0 Sl~C6170 

----~2= Q ----------------------------$_! M09 ! 80. __ __, 
lll=O Sl 1'0cl9C 
IFI lPASS-71.GE.llB4=1 Sll'C62CO 

____ CH=PASS - 84*8 ________________________ SJ~g6z~p"-----~ 
l FI l C H_:--3 · )~-G·E : -11B3= l SI MC 0220 
CH=CH -ll3*4 Slt'Oo230 

____ ! F_l l C.t'._=.J __ l .GE. l I 82=1 S 1 . t:'.~~2_ ':_. =0 __ __, 
Bl=CH-62*2 SIHC62~0 
RETURN SIMC6260 
ENO SIM0627 
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_....__--'~· u B ~U.TJ r:!~; l\S "'. L_S._,_T_,.~-'-'--+-'~-.,-~"-'-"-~------------------=A H'·C.O.C. l.C.~--
1 M P L I C I T l.~H E G E R ( A - l l A S I' C C C 2 C 
COl'l'ON /SU B/CCRE ASl'CCC3Q 

-~---() I ~'ENS I CN _c;D RE ( 2 ,2_, 4096 J ~~1'~0_ 04Q ___ _ 
CJ1'£ NS! UN . LA RE L(b0l ... , . · . ASl'CCC5C 
GATA L l\B EL/ 1 ~CP 1 ,•HLT 1 ,~BBS 1 ,'LCR•,•cR4','0R5','A~6·.•AN7•, ASl'CCG6C 

--'----• • csc • ~- · o~ l ' . ••s o c•,_~ SB l~L~EJ. ~-~-·~Q._1_~_'..B..P __ l:'_._.c._.,icN •, • F 1,, •, • sRc •, A~ F~oc:;zo~---
• 1 FI N',' JI N',, Ju N ~.·Jl'S•,•1Nc1,•1sz•,!ACC1,•sue~.·~o·,•xcH•,,saL•, AS~COC80 
* ' LC I' ' , ' I-R M 1 

, ':, I' P ' , ' \o. RR ' , ' WP I' ' , 1 ~I RO 1 
, '\o. R l ' , ''.-1 R2 ' , ' h R 3 1 , AS,'-' CCC 9 0 

-----· • s tl I' . '· '. R c,,. ' • ~OR ~ ' I A 0 ~ -· - ·-~'R 0 .£..'.L~ R 0 l~-- '- ~~ () 2~_ LJU)} __ ~_L I c LB' A.SI' c 0 ~G. D.,__ __ _ 
• I c L c I ' ' l A E • ' • c Mc ' ' • c 11 A I ' • RA L I ' 'RA R. I ' Tc c • ' '0 AC I ' A s~· c 0 l l 0 
• • r cs • , • s r c • , • c ,, A • , • KB P • , • oc L • / As,.. co 12 c 

--~-;-~--~~ ~i;~ ~: r i~~ ~~~~~~ ~;i 3·F _,,_T _ _ S_.!_~!_[l'E~ T.) :~~:~~ ~~~·----
9C2 F ORl'A T(ll OX ,' 81\~K 1

1 [3) AS~'CDl5C 
903 FORl'AT(~ CX ,l3,5X,!4,5X,A3) AS l'C 0l60 ___ _ 

-904-- FORF :\ r ( 4 ex' l 3. 5X. I 4; 5X , A3 '2x·-;-·R·i>- ·- ;f2) A Sl'CO l 70 
~C5 F OR~A T(4C X ,Z3,5X,!4,5X,A3,2X,'R •,I2l ASl'C0l 80 
<; C 6 F 0 R v •H ( 4 C X , l 3 , 5 X .I 4 , 5 X , h 1 , 2 X , l l , ' H ' l AS. I' 0 0 l '.J .=.0 ___ _ 

-~ o 1- - f: o K •" A r ( 4 c x ·, z 3 , s x , 1 ·4 , ·s x ; A j , z i ·; Tx'"72i i > A s I' c o 2 o o 
SOB FO Rl'A T(4CX,Z3,5X,!4,5X,A1,2X,'RP 1,!2 1

1 ,A 111 ,2Zl, 1 '''1 ASM C0 210 
909 F OR~A Tl4CX,l3,5X,!4,5X,A3,2X,3lll AS ~C0 220 ___ _ 

- -<; i 6--f: o R,, A r ( 4 c x·, z 1 , 5 x , 1 4 ; 5 x', A 3 ; 2 £ ;;·R • , 1 z , • , A • • • , 2 z 1 , • • • • J A s I' co 2 3 o 
911 FO Rl'AT(40X,•U• ERROR•?••) ASl'C0240 

_____ LA SACC= _g _ AS!'C02 ~O'<----
E~K O~S = C ASl'C 02 t0 
PACC=O AS1' 00 270 

------B.H.K = l __ _ _______ .,.___ ·------------------AS l'C 0 2 PO ___ _ 
ST~T=O ASl'C 0290 
ACCRES=-1 AS ~C 03CO 

-----~KC LN ~ . = __ C _________________________________ A Si" C 0 ~JC"-----
PAGE= l AS~C0320 

t.666 C~EK K =CCRE I BA NK, 1.1l•16 + CCRE ( BA NK ,2 .tl) A SMCO ~ 30 
____ IF ( c HE K K. E c_._LliQO =o_.cT-=0'----42,__,l'-'5~ ______________________ A s I' c 0 l ~ o ~----

h R l TE ( 6, 90 l l PAGE ASl'0 035C 
'· 
L • • 

WR!T"E(6,902lBANK ASl'CGHC 
_____ w R I TE .( 6 ' 'jj:_Q_ ) As .I:!~ c F ,_,o"-----

9999 CO NTINUE ASM 00380 
e RA=O ASl'C039C 

___ CPA GE =o'·'OC ( PACC, 256 l ~Sl'CC4<;. 0 ___ _ 
IF(CPA G E:Eo~c ·:· cR--~ !CPAGE.E(;.l .ANO. LASACD.EC.ll>BRA•l AS~~C0410 
LASACC=C AS~C0420 

____ IFIQRA.EC.OlGO TO 50 A ~~-~Q~)'--'0'------
CPAGt=PACD/256 ASl'C0440 
~RlTE(6,e99lCPAGE ASl'C0450 

--=ac..:<;c..:9:....__~o~ l' A T_(/,} ox .~CQ~E PAGE. I 3 /) ~ S~IQ 04 60~---
PCOLNl = PCCU N T + 3 ASl'C0470 

~o IFIPCOU NT.LE.55lGO TO 83 ASM C0480 
____ _:h'U TE ( 6 ,90 l AS l1 C0'!9 9 ___ _ 

<;Q FDRl'ATI 11-ll ASl'C05CO 
PAGE=PA0E + l AS MC 0510 

-----'1-R I TE ( 6, 901 l PAGE AS l-!00~20~---
l<.R I TE ( 6, 902 l.BANI< AS1'00530 
1<.RITEl6,900l ASl'C0540 

------'p-'~Q L N ! "'0 AS MC 0 5 5~0~---
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• ~ ' • • ' ' • • 1 • • •• • I • I I\ . • • • • I • 

8 3 pc_c u~ r. :: .!'CO U~ T + l AS ~_0.0 .5.¢ .0 __ _ 
ACC RE S=ACCRES+l . ~ Sf9057Q 
P ~ CC=P A ~ C •l . . ~Sl'COseo 

____ [ F ( _P.~ L: \J .• GE.!_'! .Q.'Ul_i;.Q :._tc 215 t: ?!!- .C .C .5~'1_C~---
ST M T= SH' T+ l . ... , • . , .• . . .. , ,ASllCC6C C 

. CQf{C=CO REfB Al\K,l,PACOJtl .. I • • " ' . . " . " " . ASl'CC61C 
----GO TO ( 1 CC• 1 C t.d~?-•. J.93 ! ) C1., l CS ,jj)_Q_, l 0 7 (108 t..J~ l lC r 11°l, 112 r l 13,t AS ll_C Cc ?S:c----

• ! l 4.ll5 l, CCq D , . . ASl'C0 6 30 
lCO CO AC=CO RE!BA NK,2,PACOI + l , , ASllC0640 

---- ~o TO ( zco.? C_C_<2_9.9 ,_z_g_Q__. ?_Q.O..!l_C 0 '200' zoo_, 2 00. 200. 200. 200. 200. zco. 2 CO_A s l' C c~ ?~---
•, 2! 5 l. CO RD ASl'COf:!:C 

200 ~ ~ ITEf 6 , '10 31AODRES,STMT,LABELICOROI ,, ASl'CC670 
' GO TO 9 ~ r, 9 ASl' CC t ec 

_2_1_s--i F ( cf-E KK .Eo :1·~ i·ca--ro-54 t.s~·c ctic; c __ _ 
hR!TE1 6 ,977l ASl'C07CO 

c; 11 F lJ q ~· A T ( 5 9 x ' I u * EN 0 0 F J 0 B •• * I ) A s ~· c 0 7l 0 
" " I TE ( 6' 5 3 ., ER.RORS . - ---- ·- ASl'CO 7 20 __ _ 

~3 FO Rl'A T(5X,J3,' ERRORS WERE DETECTED ~HIS PASS'I ASl'C0730 
54 IF ( (\ A N~ . ~ ~ .J_lQ_Q_J_O 7 77 7 ~ s r-c 0 7_1,c ---

B ~ N K =2 AS MC 0750 
STllT =O A51'00760 

____ ACC '< ES=-t AS:' CC77C ___ _ 
PCC LNT=O AS l'C07 80 
PAGE =l ASllCC790 
p .~C C=O ASl'CO e r.c ___ _ 
E~R OK S = C AS l' C0 8 10 
GD TO 6ct6 ASl'C0 8 20 

101 LA SACO=l ~Sl' C Oe~o 
-----~RI r·e ( 6 ~ 9oT )ACORES, S H i T, LABE LC 16 I ,CORE <B Al\K, 2, PACC l ,CORE (BANK, l A S M OC 8 L,C~---

•, PACC + l I, CORE I BANK, 2, PAOO+ l l ASl'C C85C 
____ PA OD =Pf\CC+l ASl' C011 t 0 ---

A C DR ES ~A CCR~S~l ASl'C 0 8 70 
GO TU 9 9 <; 9 AS l' OOP.AO 

_lQ_Z _ _ CHK=::l OD I CC RE_( OA ~~ · 2, i:_> ·i\D_O l, 2 l i\ Sl' CCA<;Q ___ _ 

'• 
l • • 

RP=fC G ~f(!lA N K,2,PADOl/21*2 ASPCO~CO 

IF(C~K -~C.llGO TO 85 A S ~ o oc;10 
____ _ V.R I TE ( 6, 9 08 ) AC D R~S r S_l!'!_L_l_,!112_~-~~r_C.QB_E I 8A!';K, l ,PACO+l l 1 ASl' CO<; ?C ___ _ 

*C ORE IBA ~K ,2,PACD+l) AS~C09~0 
ACCRES=ACC RES+l ASMC0<;40 

____ pACC=PACC+l AS ~ 00950,,_ __ _ 
LASACO=l AS l' C0'160 
GO TO 9999 ASl'C0970 

_8_5 __ h R I TE ( 6 , 9 04 l_ ~QQ.~ ~ i.~. ~TI'..!.! .\:~ BE LC l° 8 l , -'R-'-P---------------- AS I' 0 0 9 8 0 ---
GO TO 9 9<;9 ASl'COS 90 

103 CHK= MUCICOREIBA NK,2,PACOl,Zl AS l' GlCCC 
____ RP ~ I COR f ~A_(' N K • .~ ! P~ p.J..il.l.~? ASl' O IC lQ __ _ 

IFICHK.EC.llGO TO 86 A~l-'01020 
hRlTE(6,9 04lACDRES,STMT,LABEl(l9l,RP ASl-'01030 

----~o TO 9c;c;9 -· ·-·- -- -··- ---- ASl'C lC 4C ___ _ 
Eo ~R ITEl6,<;04lACORES,STMT,LABELl20J,RP ASl'OlCSO 

GO TO 9c;c;9 ASl' OlC60 
104 ~ R I TE ( 6, 909 l _ACD~ E_~, ?Jl:'. I, Ll~§fl.l_?.1J...rJ:CRE I BANK, 2, PA CC l, CORE !BANK, l t A Sl'O l 07<;: ___ _ 

•PACO+ll,CO~EIBAl\K,2~PAOO+ll . ASl'ClCAO 
PAOD=PACC+l AS1'01090 

_____ AOC~~S=.~£CRES+l AS·MOl~l~O~O ___ _ 
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---.--1,.· A? ~ \; Q = L S ':'..O. l,U 0,.---
G O TO 9999 .. . AS1'Qll20 
h R ITEl6,909)ACORES,STl'T,LABELl221,CORE(BAl'\K,2,PACCl,CORE<BA~K,l, ~Sl"Cl(3~ 

----·-~ ~~ o~ t) , cc ~sJ] .. ~-~-1-.?_,_PAc_q • 1~> ____________________ 4 s1:1.n1 ~ c __ _ 
PACO=PA[;C+~ . . t\S/"01150 

105 

ACCRES=ACDRES+l ASl'Oll60 
_LA_SACu': 1 . . · · · ' · '"" ' AS t'c;;t po 

----GO TO 9 <;<;9 . ASl'Cl 1 8 0~--
,a~ ~~ITEi6,9051ACORES,STMT,LABEL123J,CCREIBANK,2,PACCI t\51'01190 

____ GO TO 9 '1 99 . ' . I ASl'O ! 2CG 
rill.. i i Ei 6 ~ 9 i. Ol AC 0 R !: S , S TI' T , LA 0 EL ( 2 4 l , C C R E I B AN K , 2 , PA C C I , C 0 R E < B AN t< , l .~ S I' C l 2 l C---107 

•, P .'IC D • l l~CCR. E(BANK,2,PACC•ll, ASl'Cl220 
____ PAC D=Pt..CD·+ I ASl~ C ! 2~0 __ _ 

ACCRCS=ACORES+l ASP Ol24C 
LASACu=l AS1'0125C 
GO TO YSS9 ASl'_OlUO __ _ 

- -10-8-- CON.T ! NU E . ASl'Dl270 
109 CONTI NUE ASl'Cl2PO 

_ _ l _l_O _ _ ~ONT ! NU ~ _ ____ A S I'~ 12'.!0~--

l l l hR!Tf(6,905IACORES,STMT,LABELICORO+l61,CCREIBANK,2,PACOJ ASMC13CO 
GO TO 9 999 . AS~0131C 

-~l~l~2~~h. R I TE ( ~, 90i>.J.~C_CR ES, S TMT, LABEL ( 2'll..JCCRE ( B Al>.K, 2, PACC I AS:' C 11 2C. __ _ 
GO TO 9<;<;Y ASl'Cl330 

11 3 hRITE(6,906lACDRES,STMT,LABELl30l,COREIBANK,2,PACCI ASl'Cl140 
_ ____ GO TO 9 9<;9 .. __ __ ·-- - - - ~ S l'Ol 350 __ _ 

114 CO RC=C OR El8Al>.K,2,PAOOl+31 AS~Cl360 

h R I r E ( 6 ' <; 0 3 ) A c 0 R E s ' s rn r-;tA BE L ( c 0 R 0 l A s I' 0 l 3 7 0 
_ _ __ GO TO 9999 -·- - ------- -·-- ASM C l 3eo __ _ 

115 IFIC O~ EIBA N K,2~PA90l.LT.14lGO TO 116 AS M013 9C 
wRITEl6,9ll) ASl'Cl4CC 

____ ER~O~S=E ~ RQB~+l AS~G!~l9~--
GO TO 9999 AS~Ol420 

116 CORO=COREl8Al>.K,2,PAC~J+47 • AS~01430 
____ W~ l.! t !..6 _ _. ~.03 l ACOR ES, S TMT, LABE LI CORO) A~~OJ .. '!i!.9'----

GO TO 9SS9 AS~Cl4~0 

'· 
l •• 

7777 RETU~N AS~Ol460 
ENC ASM01470 
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, f 1, . " ' . . , I I 1 • • I •• ,I\ I ·' 1 

FILE: CORLD FORTRAN Al 

____ 's.usR.:ou.1_:1 r:< E; _coR L c--------------~-----------r~ :o:R:cbob_1:o __ _ 
ll'PLICIT I NJE,GER . IA I · p, 11 , , .. . , , . , , .. .. . ", · ' · CO KC CZC 
co~ ~ON / S LB/ CCRE . tORCC~30 

____ _c l . 1' .~N?J.01\ __ ~_CB.£~ 4096) C.PR_Co~:..o~---, 
DO l K= 1.? . I CC RCOP O 
,CO 1 J=l ,40'l6 'cc KC CC 6 C 

____ COR tl K,l,,Jl : C .CCRCC_(?Q __ _ 

l . ' COREt K,2,Jl=l5 ' I I .. I CC RCOC80 
hRITE16,21 COR CCOCJC 

2~ __ fCRMATt ~ ~- E N T. ~-~ UNIT NUMBE~HERE PROGRAI-'. [S .TO BE LOADED' I C Oi<COlCO~---, 
REACIS,*llNFILE CCRC0 110 
DO 3 J=1.2 CCR 00 !20 
CO 4 K= l,40 96 COR00l 3C __ -: 

---- RE:~ c· I IN f l LE°~- 5 ~ E ~Dz 3 l CORE I J, l , K l , C 0 RE ( J, 2 , Kl C 0 KC 0 14 0 
FORl'A Tl2Zll COR G015C 

_ _,,4 ____ CO N r l o'J U_E _!:O ~Q O_ l_c_0~---
3 lNFILE=INFILE + l COK C017C 

RET~KN CORCD1 80 
____ END CORC01c;c 

·' 

I .. 
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APPENDIX D 

SIMULATOR SAMPLE OUTPUT 



ronr: PAGr: ri 

.n F.r.nons \·'F.r<F rr:rr:rTF.f"I TH 1 s -P/\S~ 

t . 

nno 
n n ?. 
() f) :'i 
nn11 
nnr; 
n n r. 
n n 7 
n n fl 
r. n n 

n n" 
n n n. 
nor 
n n ri 

J 
: 

I• 
c: 

"1 
; 

n ,, 

"' , () 
1 , 
·' .•. 
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r I '~ r r ,,,/\'no• 
~rr rr ') 

rf"'r 
r1 •.r1. 
'•nr 
:-' r ! I · r n 
I rt t' , " 
:v rfl r -:i; 

~nr R" ') 

r ,, r 
r r ~" 
I" n r. 
:" r JI n J 

*** n·r "'r- .rnn *** 



" 

? 

n n 

? 
:'i 

P'Pl'T I\ '''\U'r:: r-nR p1rr 1T f'("lrT !." {) 

? 

11 

T•1r n11Trr 1T ''!\I. IT r-rr nnr-r t
p1n11T I\ 11.'\11 1r r-rR 1•1rr•T nnrTJ' 

n r ~ ,_ '.' 

J 

1 IS 1 l 

88 



:, rr ·• 1 r r. " T r m r n r. n 1 1 r n r r 
TJJf~ rs .tif)rr.nxtr~J\Tr:r . v 

J. r; r. v r r. r ~ 
n.1~2n .nnnr.-n~ sFrmr,...s rrr· Trr~r. 

r r. r r s Tr n. n ! /. :'l 1! :; r: 7 P n /\ ~ r r r- r: 

r."r'K J nrornnn1rionononnnnnnnnrrn11nnrrinoo 
~ N ! ~ '.' n n ,., n o o n n n n n n.n n r. n n n n n n n n o n o n o n n n n 

TllF. Vl\f f'E nr- THF r/\nny Fllf'-Ff.[lP IS ••• nn 

89 



90 

r. r 1 r r lll'l 1f'lrR () J. ") "') 

r.m•r'M'n I I'' F n nonnonnn. 
rnr ··~·M1r LI 'Ir J no non r. no 
crwr'M!r' LI~! F '.' o o on ono n 
r o r.~r~ t>. r I"' LIM F. 1 000()()()()() 

:, 

!. • • 
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/\rirr,r- SS 11r. r- t STFR rt •r• r 
/\rrrFs~ STi\rl( 1. r 11r 1 rll'l'IV7 f'! , IS /\fl!"'f'l='S~ 0 o n 
/\. rrn.r.s~ ST.'\rf" l.F."FI. tJI ir'"r. r, ? IS /\f"'rJ<FSS nno 
!\l"'l"'f"'FSS ~ T" \.I~ Lr"EI. t r! 11•r r. J( 7, IS /\"'f"'rFSS oon 
/\r.rrr:.s STArV. LF''f"'.I. ~·1 1 r'"r. r 11 IS /\f"'rrF:-s non 
Arrr<FSS ST!\ rl'~ r_r \f FI. ti! 'f'Pf. f{ r, IS /\f'r'P.F'SS oon 
Arrni::~s ST .~rK f.F\!rt. tJt•r•nrn r; rs /\rrnr- ss nno 
.l\f' rnr:: ss :ir/\r.r. l.F.:'IFI. f.'l l~'RI=' J< 7 IS l\r'lflJ<F SS nnn 

? 
•, 
!. • • 1 



<".6 

U 0 0 U 0 0 0. () 0 0 0 0 U U U () () '() U U U U U U (J U U () 0 0 U 0 i. <.LJ l S I J ~<.I £ d I HJ 
UUUUUUUUOUUUOUUUl:iUUUUUUUUUUUUUUU~ <JJ.lS IJ::lu ~ J ltiJ 
uouuuuuuuouuuouuuuouuJuuuuuuuuuu L J.:.i.L~ l;;~J i. d ldJ 
u Liu (ju (Ju (Ju u u u u u U·U u u u u~u u u u u (J 0 () u u u u u (j j ls I J j (J ~ J Ii' J 
vuuuuouuuuuuouuuuuuuuuuuuuouuuuu~ J.:i.l.:> 1.J::iJ e:: d 111J 
UUUUUUUUUUUU.u UlH.1uUUUUUUUUUUUUuUU<.: UJ.lS IJ.:HJ <: J liiJ 
lJU\JUUUUUOUUUUUUUUULiuUUUUUuUUUUUU L lJ.:i.l~ IJ.:iJ ~ J lilJ 
uuuvUUuuuuU J uUuuuuuuuuuuuuuuuuuuu JJ.LSl~~J t oliiJ 
U U u i.J u U U U U 0 U u U U u U lJ U U u lJ u u. U U U U u U iJ u U ~ d J .l. S I J ;, ti ·c J I 1· i j 
UUU1..iUUUUUUUUUuUUU U UUUU U lJUGUUlJUuU~ UJ..i..J l ~.L::lJ I u liiJ 
UUiJUUUuU UU(JuUULJUuUuUUuuUuu UuUUUJ.l UJ.J..:.; IJ.:HJ I J lrlJ 
UuUUUUUUUuuUUUUUUUUUuuUU UuUuuUUUU LJJ.l~l~~u I ul1iJ 
0u0uuuuuuuuu u uuuuuuuuuuuuuuuuuuu~ J.:.l.L~IJ~J u ul11J 
UJuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu<.: LJ.:J.l~ IJ.:HJ u cJ l1iJ 
UUUUuUUUUUUUUUt..UlJliuUuUUUUUOUOuuu L iJjJ..~ IJ ::i u u J lfjj 
UJuUUUUUUUU~UUUUUU00UuUuUUJOUU0Uu dji~IJ~J U ol11J 

u <..l.:.1u,J&11J J 1d ·1 u1~v.J.hJJ 
j j u J u v u u - L :J ~ i j ~ ~ L u S::)j(JJJ\i ,j\/J 

u.Ji1u .Jvu v.:...vu 
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APPENDIX E 

ASSEMBLER TEST OUTPUT 



9 4 

_________________ AQJ1_fU:2__~ __ _s ·1 ~r _ _ SJ_A.JJ~ E.NT _______ _____ _ 

RE PAGE 0 

- - - - - - - ··--- -
000 l TOP NOP 
001 2 .JCN ATOP 
003 3 ~IM 0 00 ·----- - - -- - --- -------- ---- --~---
005 4 SRC 2 
006 5 FIM 0 
008 6 FIN 0 -·-- ------- - . ------- . . ·- - -- -----· 
OOY 7 JIN 2 
OOA 8 JUN TOP 
OOC 9 JMS TOP - -----· ·--- . --- ---- - - - --·- -
00 E 10 INC F 
OOF 11 IS! ETOP 
010 12 ACD 5 ---- -------- -
01 l 13 SUB 7 
012 14 LO q 
013 15 XCH 7 -----------------
014 16 BBL l 
015 17 LOM 9 
016 18 CLB 

.:...--~--------------
0l7 19 CLC 
018 20 lAC 

___ QJ_Y_ 21 ___ CMC 
· OLA 22 CMA 

OlB 23 RAL 
______ _ ____ _ _ _______ Q_!._~ . 2 4 RA R 

010 2s rec 
O'lE 26 DAC 
OlF 27 TCS - --------- ----- --·-··- - --
020 28 STC 
021 29 CAA 
022 30 KAP - - - - ----- ------
023 31 DCL 
024 32 Hlf 

_ ____ _925 33 8[35 _ _ 
026 34 LCR 
027 35 OR4 
02U 36 O~~ 

~-~---------------'--=-· - - - --- -----------029 37 AN6 
02A 38 AN7 
028 39 DBO 
02C 40 COl 
020 41 SBO 

-----------------~02 E 4 2 S B_l __ 
02F 43 ElN 
030 44 DIN 

_________ _____ .:::_0 .:::_3_""1 ____ 4 5 RPM _ _ _ 
032 46 WRM 
033 47 WMP 

~-------"---------=-034 48 WRR ___ ___ __ _ 
035 49 WPM 
036 50 WRO 
037 51 WRl 

-------------5-3-8----·-· -~·2 wR 2--:----- ---

039 53 WR1 

----- - --- -.... --



9 5 

A 0 DR E S S S H1T S TA TI: ME ~J __ _ r--·-----0-3A 54 SOM ------ · 

038 55 ROM 
______ 0_3_C_;c__ __ ~5 6 ______ R DR - - ·------ · 

030 57 AD M 
03E 58 RDO 
03F 59 ROl 

, -----04 0 6 0 RD 2------ -

1 041 61 R03 
042 62 END 

--------- ------- ---- - - ---···-- ---·--

----- -------------- ---- --- - ---- - --

·---·- - ·- - - --- - - - -- ------ -- --

- - ------------------ - -- ---.------

·-------------------- -·-- ----

·- - --- - ·-- - ------- - ---

- - -- - --- - -

- . . - . - .. - . ,,_ ·- - · ··- ·· - --------
ff) / 



Fill: : GAlA 

TOP NOP - - - -
JCN 
FI M 
SRC 

--~·---

FIM 
FIN 
JIN 

OUr-'MY 

J\TOP 
0 00 
2 
0 
0 
2 

JUN TOP 
JMS TOP 

f\ 

___ I N . .=C _ _ F _ ___ ____ _ 
I s l 
ADO 
SU~ 

E TOP 
5 
-, 

LO 9 
.XCH 7 

___ B_t3 L l'--- ----
L D M 9 
CLB 

____ C_LC _________ _ _ ·- - -
I AC 
CI-IC 

___ CMA::_ _____ _ ____ _____ _ _ 
RAL 
RAR 
rec - - - - ---·- ·------ ---·----- - ---- - -
DAC 
TCS 

9 6 

_ __ _ S_T_C 
CAA 
KBP 

- - ·- - ·--·- ·- - ----- --- ---· ----------- · ·- - - ·, -

OCL 
HLT 
8 BS · 

___ l::_~~._c___ ____ _ 
OR4 
OR5 
AN6 _ _ _______ ___ _____ _ _ _ _ - - - - -

--- - A-N7 

CAO 
DBL 
SBO 
SBl 

EIN~-----------------------------DIN 
RPM 
WRM 
WMP 
WRR 

____ WPM._:_ __________ _______ _ 
WRO 
WRL 

____ W_R2: __________ ____ ·---- --------- -----
WR3 
SBM 

_ __ R_O_M ___ ____ __________ _ 



FILE: OhTA OU,...~Y 

___ R CR-'----------
A C~ 
ROO 
RDl --- - ---
R 02 
R03 
END 

97 

----- -- - - ·---

------·------ - - ·---------

----------------

-- --- -·--------

·-------------·--------·-- ·--~-

- - ·- -- ------ ---- ·---·- - · - -- ··---- - ------- -
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FlLF.: DUtl.MY DU A 

co 
IA 
co 
20 ----(0 
23 
;;o 
co 
30 
? 3 
40 
co 
so 

-co 
hF 
7 t= - -co 
fl~ 

S7 
f\9 
e1 
c 1 
D<"J 
FO 
F l 
F2 
F3 
F4 - --
F5 
F6 
F7 
FR 
Fg 
FA -----
FB 
FC 
FD ----
0 l 
C?. 
03 
04 
(5 

C6 
C7 
CB 
09 

- -{A 
OB 
oc 

--ob 
OE 
EO - -n--
E? 
E3 --- - -------------------



f-ILE: OUtA~y 

E4 
ES 
f. 6 
E 7 ----
ER 
E9 
EA ·--·-·-----
E 5 

OU A 

EC 
ED --- -··---- --·-----------------------
EE 
EF 

99 
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APPENDIX F 

MOTOR SPEED CONTROL SAMPLE PROGRAM 



101 

.._ ___________________________ ;;__ _ _;_ __ ..;.._~--· - · .. · ... -·' 

FILE: CATA FILE A 

T [l p FIM 0 _ _ cg 
! 

SRC 0 '. ' 

R OR 
XCH 0 
FI M 2 01 
SRC 2 

LOP CLB 
R OR 
SUB 0 
C tJC 
rec 
lo.RR 
JUN LOP 
END 

l' 

'" 
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--- _ ______ ADDB _ _E_S_S __ s_un __ S_T_li(_~!;_N_r ______ _________ _ 

CORE PAGE 0 

- -- - ----------
000 l TOP FlM 0 co 
002 . 2 SRC 0 
003 3 HOR ---
004 4 XCH 0 
005 5 FIM 2 01 
007 6 s·Rc 2 ----- ------- - - ---· 
008 7 LOP CU3 
ooq 8 ROR 
00" 9. SUB 0 
OOB 10 CMC 
ooc l t rec 
oou 12 WRR 
OOE 13 · JUN LOP I 

I 

010 14 ENO 

-. 
~ 

~ 

. 

"'"'" 

---
, ......_ 

-

f'-.. 
.. 

. 
.'--

-

L . 
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... 
. ., 

I; -
: ,\··,J~j~' 

I MPl·IT A VALi!~ FOR I N Pl'T POfi"I II (\ 11· ( · : · ,, ,J 
,~, i ~ ? 

' 
5 

' I I ' , 
I NPllT A l/ALllE FOR I r\ Pl JT f'ORT/I ] , •1 , , ? , : 4• ... 

4 
THE OIJT PIJT l/AllJE FO R POR'I ii 1 IS 1 
I N f"ll!T A VALlJE FOR I N Pl Ir f'ORTlf 1 .... , . 

? . J~ · 

l~ .... 
TIJ F' . . 01 JT PllT VA LllE FOR POHT# ] IS 
IN Pl! r A 'I AL lJ E FOR I NPUT .POR P 1 

; • ? I 

G 

I· ·r IJ r: OllTPllT \Jt\LW:: FOR POf-rl II l I S () 

I N Pll T A VAL!J t: FUR I N Pill PORT ,Y 

? 
G 

T '~ F. OIJTPllT VJ\LIJE FOR PO fr! rl IS n 
I NPllT A 'I A LUE FOR I NPIJT f'ORi il 1 

? ., 
Tl! r: QlllDI JT 'It, l II E FOR PORT # .1 IS 0 
IN Pl.If A . 1/ /.\LI IF~ FOR I N Pll 1 PORT 1'f 

? 
'.' 

·1 I I[ Ol !TP11 ·r l/Alllc F 0 R - Pu KT 11 l 1.:, 1 
IN Pll'f ~ VALi!~ FOR I NPIJT PORl If 1 

? 

. ' 
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