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I ABSTRACT

I Microcomputers add a new dimension to modern com-

puters.’s..~Tbeir small size and price make them economic

I ~jpp~~cations which seemed impractical a few years ago.

i . cHOW~V~I, since itorocomputers are not well—suited to
I running large compilers, the medium of communication -

I between the programmer and micros has traditionally been

• assembly language.

I The computer software industry realized some time ago

that the most effective mean s of generating a software
I system is by uslng,a compiler capable of communicating

( cloar].y both with the programmer and the computer hard-
ware. Such compilers are necessarily large, and

S ( are generally used to create machine cod e for the big
machines they run on. However , b3r replaoi~g a compiler ’s

S 
cod e generat or with the cod e generator of a small machine ,
a com piler can run on the large mac hine and generate cod e

• for a small one , and the si ze limitation problem is d im-

(
Thi s thesi s presents just such a cross—compiler .

-~ I ‘ The large machine is the CDC 6000 and the very capable
compiler is the SIMPL compiler wri tten by Victor R. Basili

S and Albert J. Turner. The microcomputer chosen as the
target machtn~ for th~~~p~e generated is the Intel 8080,

- a well known micro and typical of the architecture and

• - f instruction capabi lity of microcomputers. Tb. cross—

Ljr 
_

_
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~
S I

I compiler created by adding the new cod e generator to

SINPL is called SIMPL— M and the code generator itself is

I called CODGEN .

I 
CODGEN was created using the CDC version of SIZ4PL-T

written by John G. Perry, Jr. However, since C ODGEN is

I written in SIMPL, and therefore is independ ent of the

ODC hardware and software, it can easily be transported

I to other SIMPL packages such as the UNIVAC 1108 version.

I Further, CODGEN has been written wi th enough flexi bility

that it could be used as a guideline in the extension of

- I SIMPL—M to other microcomputers.

SIMPL—M utilizeg separately loaded Input/Output

I modules rather than a system library. In this way I/O

mod ules can be permanently loaded into the microcomputer ’s
I PROM m emory for use by SIMPL-M ’s external subroutine

• I features. 
•

- SIMPL— M has been verified in that : 1) a significant

I but not sufficient program named HADAM has been compiled

I on the CDO Cyber 172 , 2) a paper tape of the Intel machine

cod e was punched , 3) the tape was loaded on the UVA Modular

I System Intel 8080, 4) the program executed su9oeseful]y .

i t  

• 

-
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- I 1. Introduction -

I 
Microcomputers are a new and powerful addition to mod -

em computing technology. They can be distinguished from

I other computers in that many computing functions are inoorp—

orated into one integrated- circuit. This allows computing

S with a minimum investment of a CPU and a power supply.

I 
Adam Osborne describes a microcomputer by: “A microcomputer

is a logic device. More precisely, it is an indefinite var—

I isty of logic devices , implemented on a single chip; and

because of the microcomputer , logic design will never be the

I sam e again” (7, p . t — 1 ) .

A microcomputer is not very useful by itself. Data and

- 
I command s must be transmitted in and out; in other words,

i some form of communication between the qser and the micro—
- I computer must be established.

I One d evice that must be added by a micro user is some

sort of data storage device. This can be a teletype with

I paper tape capability, a mass storage device such as a sag-

I netto tape or disk drive , or one of the many forms of memory

available to the micro user.

I The choice of which storage device to use is generally

- determined by user needs and budget. Often a small system —

I is established, and then expanded as greater need s and
S resources are realized. •

I I-. -

Thus a atcroooaputsr system is tailored by the user

F to hi. requirements, usually with little oonosrn as to bow

S S 
-

S 5 - 
—
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I 2

I his system complies with other micro systems. While thi s

I 
flexibility is an asset which makes micros useful to many

users, it puts a great demand on the programmer since each

I system can vary widely in configuration and capability.
S 

One good way to program such a system is in the

I machine ’s own language sizce thi s language is tailored to

I 
• 

the specific requirements of the computer’s hardware. Many

1 microcomputer- users program small applications in machine

I language since it requires a minimum investment in storage

space and input/output capability. However , machine lan-

I guage coding is tedious and impractical for larg e programs.

The next higher language level is-ass-embly language.

I Assembly language inst~uotions correspond

exactly wi th machine language instructions t but are more 
S

I intelligible to the user. Most microcomputers presently in

use are programm ed with assemblers. Those who are familiar

I wi th microcomputer assemblers are also probably familiar

I with the technique of assembling a program on a large compu-

ter and then transmitting the machine cod e output to the

I micro. Thi s could be called cross-assembling since one mach—

inc is used to generate the code which another machine cxc- 
S

I outes. The term cross—compiling as used later in this text

r 
is comparable to cross-assembling. 

.

Still a higher level lang uage ii available to the

I micro user . Compiler , are wri tten in languages which 
- 

- 

-

I 
- - 

-

. 

- - -
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1
I are highly readable and logical to the programmer . Also 

-

compilers are generally designed to f i l l  a user need ; that
I is, the compiler satisfies the requirements of the user

first , and then generates whatever machine cod e is necessary

to satisfy the requirements of the machine. For thi s reason ,

a compiler may not produce machine cod e which is compacted

- 
to the minimum number of instructions which wi ll do the job.

F The luxury of writing a program in compiler language is paid

I for by less than optimal machine code.

The benefits of high—level languages far outweigh the

I weaknesses. Some of these benefits are:

[ 1) Compiler languages are easier to learn and use
- 

than lower languages.

[ 2) Compiler languages are problem- rather than machine—

oriented . 
-

1 3) Compilers can be mad e to be transportable from

I one machine to another.

4) Good compiler languages are self-documenting arid

[ have extensive error checking capability. 
S

I But these benefits present still another problem other than

less than optimal machine code. The more powerful the comp —

I iler , the larger it must be. Compilers are impractical for S

most micro users sinc, they require much more storage than
I —.

~ 
•

L many machines can address. Therefore compiler execution is

I slow due to input and output of the memory load s required by

I r -

- - -~~~~~~~~~~~
-
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I such large programs.

i The obvious answer to the problem of executing a large

I program which is to produce machine code for a small comp-

E uter is to implement a cross—compiler similar to the cross—

assembler previously mentioned.

I This thesis presents just such a cross—compiler. The

compiler chosen to convert to a cross—compiler is SII4PL— T,
I written by V. R. Basili and A. J. Turner of the University

of Maryland. They describe SIMPL— T by: “SIMPL-T is a m em-

ber of a family of languages that are designed to be rela-

[ 
- 

tively machine indbpendent and whose compilers are relatively

transportable onto a variety of machines. It is a proced ure

I oriented, non-block structured programming language that was

I - 
designed to conform to the standards of.struotured program-

ming and modular design.” (1, p.v)

I SIMPL—T was chosen because it is a very capable lang-

uage, and yet it is “simple” in that its only data structure

I is the one—dimensional array. Also it allows three types of

i data: integer , string, and character. For a complete

description of SIMPL—T see reference (1).

I The new language created by converting SIMPL— T to a

cross—compiler has been designated SIMPL-M (for micro).

I Some features of SIMPL-T such as recursive proced ure-s and

I
S string data type have not been implemented in SIMPL-M sinoe

they were j udged impractical for microcomputers. However,

I since the SIMPL—T compiler itself still has the potential of

‘I  ~~
—‘ .4--- S — 

- 
-

• -•
,
~~~~~ •1-~~ — - - 

-~~~



I
I 5.

providing these features, it is feasible that they can

I be added in the future. A complete list of SIMPL—M restric-

tions i-s listed in reference (2).

SIMPL— T, like most good compilers, has a modular design.

It is made up of the following basic modules; 1) Scanner,

1 2) Parser , 3) Code Generator. The SIMPL—T compiler can be

I mad e to generate machine cod e for virtually any machine

by first implem enting it on a host machine, and then replacing

I mod ule 3 with a cod e generator for the new machine . This

requires no alteration to the existing compiler whatsoever

I 
• 

beyond replacing the code generator.

I SINPL—T was originally implemented on the UNIVAC 1108

S 
computer. Since this project was accomplished at the

Univ ersity of Maryland, the first obstable was to transfer

SIMPL— T to tWA’s CDC Cyber 172. Fortunateiy, John Perry of

I Dahlgren Labs , Va. has already implemented SII4PL-T on the

I CDC 6000 (9) and he provided a copy of his program for this

project. This compiler has been brought up on the UVA

‘ I Cyber and can be run using the procedure outlined in

Appendix V.

~ I The next and greatest obstacle was to decipher the
I - 

documentati on of Perry’s compiler in ord er to determine
I what , information the SIMPL-T compiler modules pass to the

I cod e genera~gr mod ule. A large part of this paper is -

dedicated to the documentation of bow SIMPL— T comm unicates

with its code generator in ord er to remove this obstacle.



I

I 6

[ The choice of which microcomputer to choose as a

r target machine for the crose~ComPiler was easy. The
1 Tntel 8080 is representative of the capabilities of many

[ micros and has been used as a standard for many newer ones.

Adam Osborne (8, p. 4—1 ) states that; “The 8080A is the

most widely known of the microcomputers (described in this

chapter); as such, it becomes the fram e of reference in
1 many people ’s mind s as to what a microcomputer should be.

. . . the 8080A was designed...at a time when no definable

• microcomputer user public had established itself... 
S

I “The success of this microcomputer is due either to the

farsighted genius of its designers, or to the fact that

I - the power of most microcomputers so overwhelms the needs

of microcomputer applications, the CPU design becomes
- 

almost irrelevant when compared to product. costs and

I product availability.” (8, p. 4— i)

Although SIMPL—M has been implemented for the Intel

I . 8080 only, it is intended to be flexible enough to be -

I applicable to other micros.

The SIMPL-M crosa-oompiler is the SIMPL—T compiler S

I modified with a replacement code generator mod ule CODGEN .

- 
S

_ _  

______________ I.
_ _ _  
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The OODGEN mod ule is itself written in SI)g’L—T and is
- [ compiled separately from the rest of the SIMPL-T package.

- Onc e it has beera compiled and assembled into CDC machine

I. - cod e, it is merged into the rest of the SIMPL— T package

at load time. The resulting absolute binary core image is

catalogued as SIMPL—M . Due to the large size of the total

package, six levels of overlays are required for the final

- 
load . A complete description of the process to compile ,

I. overlay, load, and catalog SIMPL—M is given in Appendix IV.

This thesis is intended to document the code generator
- CODGEN as it is presently written, to act as a guide in

1 future changes to CODGEN, and to clarify the communication

process between- the SIMPL—T compiler - and its code generator.

t A user’s manual for SIMPL-M has been written which will be

- 
- changed as SIMPL—M is updated (refei2ence 2).

2. Communication between SIMPL—T and the SIMPL-M Code

Generator - OODGEN 
-

E As we have noted, SIMPL— T is made up of three basic

modules; 1 ) Scanner, 2) Parser, and 3) Code Generator.

I Due to the large size of the compiler, these modules are

not resident in the Oyber memory all at onoe. Instead, a

F driver program and a symbol table array stay fixed in memory,

[ and the modules are swapped in and out in sequence.
- Figure 1 is a conceptual fl ow chart of the SIMPL—M systel.

[ Some of the compiler’s features have been omitted or altered

S for clarity.

* 

.

• S _ i
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I I The scanner examines the entire source deck and passes

I 

~ 
the input to the parser in the form of tokens. The

I parser analyzes the tokens and generates quade which it *

I passes to the code generator. These quads, the initial

data file, and the symbol table array contain all the

f information necessary for the code generator to produce

- machine code for the target machine ( the Intel 8080 in

F the case of SIMPL-M). S

As seen in Figure 1, CODGEN receives input from the

S$QUAD file, the SYXTAB array, and the S$DATA file. ~s

[ will discuss each ‘in turn.

[ 2.1 Quad File 3*QUAD 
S -

- 
SIZ.IPL—T passes information to the code generator in an

I intermediate language called quada. When the code generator

~ f 
takes over, all the quads have been definei and have been

t stored in the external file S$QUAD. Each quad has an ID

I number followed by optional integer values according to

the number of quad parameters required. Array NQ contains

~ I a code number which signals PROC NQUAD (VIII, 603)* to read

zero or more quad parameters. -

N. -

15* aWbere appropriate , specific procedures in this text
will be followed by the Appendix number of a listing end

- 
[ - a line number.

~ li _ _ _ _ _ _ _ _ _ _ _ _ _ _—.3 

-5 -
~ 
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1 2 . 1 . 1  Quad Format

A quad that would represent an operator , such as +,I has the following sequence in S$QUAD : 
-

~~Ii 
-

I ID

- APLAG

: 1 .  A

BFLAG -

~II ~. 

- 

B

I 
_ _ _ _ _ _ _ _ _ _ _ _ _

F
I 

- Where ID is the number 7; APLAG, BPLAG, an4 RPLAG tell the
5 - 

1. 
-

. 

• 
type of entry to follow, and A, B, and a f~elds are either

[ 1) pointer to SYXTAB, 2) a temporary number,. 3) an immediate
value.

[ The quad flags, APLAG , BFLAG, and RPLAG must be

logically anded with the following values to determine bow
1 a corresponding field should be handled:

I S - Quad Mask - Typ e
- 

I Temporary[ 
- 

2 STMTAB Array Pointer
* 3 - Immediate

F Unfortunately, these masks do not define all possibilities
for quad values. A complete breakdown can be obtained using

- 
_ _ _ _ _  - 5* - . - ~~ - 

- 

S 

- -~~~~~
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I the algorithm defined by FUNC LABEL (VIII , 775).

I - 2 . 1 . 2  Quad Interpretation

T u e  quads themselves can be regarded as macro instruc—[ tions. For example, the statement

1. DOG := C CAT + RAT) - LOST

F generates the quads:

A 
*

I LINE 1
5* + CAT RAT TEMP 1I - - TEMP 1 LOST TEMP2- I. := TBMP2 DOG

I : F Appendix III lists typical quad sequences for SIMPL—M

statements.

2.2 Symbol Table Array SYMTAB •

~ I-
I. The symbol table SYMTAB is a collection of inter—

I • 
related arrays maintained by the SIMPL-T compiler. All 

S

identif ier  names , constant values, PROC ( procedure ) names ,

F local variable names, parameter names,~ intrinsic names, and

• key word s are contained in these arr ays.

~ I 
-

:1 ~~
- •- Discussion of the symbol
I table wi ll be limited to only those parts which require
• 

S 

- I—
refsranoing ~, CODGEN. A more exhaustive ~ 

S

- 

. discussion of the symbol table is contained in

II referenc e (9)~~ 5 
:<- 

- 

-: 
-

- 
Si _ p  e.

*i 
~
- 

~ ~~~~~~ - 

- 

~~~~~~



‘ I
I . 12

I The symbol table entries consist of three or more word s

which a~e formatted after the UNIVAC 1108 36—bit words. On
L the CDC Cyber, this means the least significant 18 bits form

J the right half—word , the next 18 bits form the left half—

word, and the rest of the CDC 60—bit word is all zeroes:

I! 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i 

S 

24 Zeroes Left Half IRight Half l
S 1 - 36 35 18 17 0

This configuration leaves 24 unused bits in the CDC word ;

( however, by keepin~ the original format , the compiler retains

its portability to machines with smaller word size.

Entries of similar type in SYMTAB are linked by pointers

F which make up a type chain. The entry in each chain 1s
- 

passed to CODGEN via an external pointer . For example , all

I. constants are linked by a chain and the first entry is

I 
pointed to by PCPTR. The next three sections discuss the

IL three type chains used by CODGEN. -

1 .2.2.1 Uninitialized Globals - PROC ALLOCGLOBAIS

I The first symbol table type examined in OODGEN ii
I. uninitialized global.. All gJ obal s are linked i~ SYNTAB by

F the global chain, PROC ALL000LOBALS (VIII, 617) •xamines

- the entries in the global chain and dedicates a memory

1 location to lninitia lised globals only ( initialized global.

F 
are dealt wi th in PROC ALLOCDATA (VIII, 663)).

• I! As PROO ALLOOGLOBALS traverses tile global chain , it

S 
_ _ _ _  

-
-

.

‘S ~~~~~,~~~~~~~~~~ _wI*• —~~~ -
~ — 
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I 1

I checks the description entry of each global; and ’when it

i find s an uninitialized entry , it allocates a memory location
1 and puts the address in the right half of the 13 word of the

f SYNTAB entry. See Figure 2.

I 2.2.2 Constants - PROC OHECKCONSTANTS

PROC CHECKCONSTANTS (VIII , 650 ) traverses the constant

I chain and checks the range of all- constants. Sinc e the

Intel 8080 has an 8—bit word, and the most significant bit

I must be treated as a sign bit to uniquely identify a number ,

the range checked is —2~ to 2~—1 or —128 to 127. Nutnbeçs
- 

- as large as 255 can be tnput, but will generate a diagnostic

warning. See figure 3. -

U 2,2.3 Parameters and Locals - PROC IDPROC

When a PROC (procedure) quad is enooul)tered by CODGEN,

its parameters and local variables must be given memory

I 
locations. These are located in the symbol table and are

15 * connected by the parameter/local chain. The entry pointer

F to the par ameter /local chain is in the right half of the
- 

10 word of the P100 symbol table entry. See Figure 4.

- 2.2.4 More on 1YX?L1

I The name of any symbol table entry is retrieved with

- 

the external function NAME (VIII, 393). NAME baa two para—

1 asters , the 11 address of- the symbol table entry and the

number 1. fts value returned I s  a stri ng. NAME must be

.11 ‘

.

5*

-- 

- 

- 
-
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Ii Description

Ii 0 Constant Chain

J 
_ _ _ _ _ _  

-

I 10 Constant Value S

Ii Description

Ii 0 
_ _ _ _ _

1: 14

F -~
S S - 

S

F Pi~urs 3. The Constan t Chain

5* - 
~~~~~~~~~~~~ - -~~~~~ -
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Quad Ptr 
-

I PROC

10 I ~ Next P/L
- S f - Ii Description -~

- 

- 12 1 Name Array 
S

13 Intel Address 
-

I - - -

-

- 
-

- 
- Parameter 1

F • I - I t N e x t P/L
It Description

I 12 I Name Array

1 13 Intel A&dress

El 
__________
1ooal l

~
S 1  I0 I 0 •

II DescriptionI . 12 t Naae Array
- 13 Intel Address -S

S - Ii Ptiur. 4. Tile Parameter / Local Chain

-
~~~ 

S
~~~~~~~~ *

_ -
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( declared as:

[ • EXT STRING FUNO (INT , INT ) (VIII , 12)

The type of any symbol table entry is obtained by per-
t, forming a logical AND with a bit mask and the SYMTAB des-

S cription word. PROC LABEL (VIII , 775 ) demonstrates the use

of the following binary masks: 
•

SYNTAB Mask Tine

I Integer

S 

- 

1111 PUNC -

F 1Z13* Array

I 1Z19 Constant

1Z31 Initialized (S3DATA entry)

I 1Z22 Parameter

1Z25 Reference PSrameter

2.3 File SIDATA - Initialized Globals — PR OC ALLOCDATA

[ Initial values assigned to globals are stored in file *

8$DATA. PROC ALLOCDATA (VIII , 663) searches this file andI stores initial values in the memory. -The memory address

F is then stored in the SYNTAB entry for the globals If ALLOC-
S DATA encounters an initial value greater than the maximum

[ allowable integer (presently 127), the initial value is

Ii
r •As in SIMPL—T , the NZnn notation denotes there are
I: decimal nn zeroes following the number N.

-S I! 
_ _ _ _ _ _ _ _ _ _ _ _

— 

‘S- 
~~~~~~~
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I assumed to be an address. In thi s case , the value itself is

1 
stored in the SYNTAB address field, and no memory location

is allocated. This feature is necessary for input/output

as it is presently defined .
- 

Figure 5 shows the S$DATA representation of integers

I. and Figure 6 shows the representation of arrays.

I SYNTAB Ptr - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
Value I - II 

— 
Description

I SPITAB Ptr 2 12 0 Name Array 
S

1 
Value 2 ~ \4%%44

5 I ~~

, 

— 
Intel Add ress

II Description

-

• : 12 i Name Arr ay
I) 

- 
Intel Address

I SYMTAB En try
EOIP 

-F ~~~~ ~~DA~4 - 
S

F -

F
F . Pi&ur. 5. File SIDATA

- - 
-- 

-- ____ 
-

S - - - 
- - -

~~~~
* 

— ~~~~~~~~
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I • Format : 
S

f 
- 

Symtab Ptr —.-.__
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

- 1* Ii Description

1. Integer Value 12 P Nam e Array
Repeat Factor 13 Intel Address

- 1* SYMTAB Entry

S 
Integer Value
Repeat Factor -

I 0 * These are boolean tests for the end
of the array.

301?

I 
- ~ile~~tDATA

Example: INT DOG = 9
INT ARRAY PILE(6) = ~(4 , 6 ( 3 ) )

~~~~~~~~~~~~~~~~~~~teger )

- 

$ PILE 

~~~~~~~~~~~~~~~~~~~n g er~~~ r a T~~~~~~~~~~~~~

- _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~YMTAB Descriptions

_ _ _  

5

5

F NOIF S 
S 

-

r - S 

- 
-

L Pi&ure 6. Fi le SIDATA Arrays
i f

—5’ ‘~~~~S~ I~~~’
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1 3. 
• 

Machine Cod e File COMPAS

Intel 8080 machine cod e is output to external f i le
1 COMPAS in string format. Each call to external PROC WRI TEC

f outputs a string record to COMPAS ( Appendix I, next to last
- 

page), and puts an EOR mark at the end . The header LDR and

I delimiter ; are also written to COZQAS as required by the

UVA Modular System (2).

3.1 Sequential Cod e - PROC WRITCODE

I Intel machine cod e for each instruction is included in

the assembly code string declarations (VII , 47) . During

cod e generation, immediate values and addresses are con-

- 
catenated to this and the resulting string is passed to

PROC WRI TCODE (VII , 843). WRITOODE considers all input

I to it sequ ential and increments tile memory pointer accord—

1~ 
ingly. The machine code is removed from t~ie input string as

15 a substring, and thi s is concatenated to a buffer Rtring I

El (CODEBUP). When the buffer becomes full, or it is to be

flushed (see section 4.2), the buffer  is output to f i l e

I COMPAS. - -

3.2 Non-Sequential Cod e - PROC WRITBACK

- 
Forward reterenoeá in CODGEN axe kept in the SAVE stack. S

5* -

~ I - 

—

I As the values of these refer eflces becomes known, they

i written out of sequence by PROC WRITBACK (VI I , 882). 
-

~~~

- WRITBAC IC always checks to see if the cod e buffer I. empty ~-: ~ - -

F before it outputs to prevent WRI TOODE from wri ting a d ummy 
- 

• - - ‘
-
~~~

- ~
- - • 

. -
b -

- ’  - 
~~~~~~~I - 

- 
S5 _5 _ • 5

’ 
• 5 - - - 

• 
•S - ~~~~ - -.5’L 

/ ..w 
_ _ _ _ _
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I value over the forward reference. If the buffer is non-empty

then it is flushed before WRITBACK outputs the reference.

- 
4. Cod e -Generation Messages

1. Two types of printed output are available from OODGEN ;

1- optional and required. Optional output is specifi ed on tti e

compiler execution card as an L or Q parameter (see refer-

I once 2, compiler options).

4.1 Required Output

If a start load address was specified in the program

F then it is printed tout first ( the d efault start load address

I 
is zero). Next the maximum address used by the compilation

H 
~ is written, and finally a start execution address is written.

These three parameters are sufficient  tO’ define a compiled

module for external use. .

The only other required messages are error s and they
-

. are delimited by:

S )))>ERROR<CC( error messag e >)))3RR~~ ((((

- Error messages contain a source line number where appli-

cable. . 
S

I 4,2 Optional Output
IS 

‘:‘ 8p.cifylng L as a compiler option generates Intel 8080

[ - - - assembly oodi’ and memory addiissis. No labels are generat ed

sino~ actual addresses are listed. Some clarifying comments

have been added usiug * as a delimiter.

45” ~.‘ ~~~ -~~~~~~~~~~
-

~~
- 

~~~~~~~~~ ‘- -~
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I Specifying Q as a compiler opti on prints out the quads

in comment format. PROC LABEL (VII , 775) determines what

I type A, B, and R fields are by examining the appropriate

- 
S flags and SYMTAB entries.

j 
~ 

- 5. Input/Output and Start Load Capabilities
I There is no program library available for the present

- [ version of SIMPL—M. Instead, there are facilities to call

external pre-loaded routines such as the ones usually avail—

[ able in the PROM monitor or loader of a microcomputer.

These routines are called by PROC EXTPROC and PUNC EXTFUNC

I 
- (see reference 2, i/o). EXTPROO (VII , 395) and EXTFUNC

t I (VII , 393) are reserved words within CODGEN only. An

external procedure’s start address is passed as a parameter

S II so that any number of pro-loaded routinâs may be utilized.

Both EXTPROC and BXTFUNC require that the subroutine argu-

I sent be passed in the accumulator. See section 7 for a

more thorough explanation of SIMPL-M I/o.

STARTLOAD (VII: , 688 ) is another CODGEN reserved word.

( When it is encountered, the memory pointer is set to its

declared value, The default is zero, and if STARTLOAD is

- I declared it should be the first statement in a program.

1 6. Optimization and Verification

Some cod e opt imization has been utilized in CODGEN.

F This is accomplished with a look-ahead technique. The next

.1: F quad is always available so that a temporary is not pushed

- 
- 

-~ -r  - ~~~
-

‘ • ~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~~ ~‘ 
5- - 
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a

I into the Intel stack if the A field of the next quad is a

temporary. Thus the temporary is held in the accumulator

I to avoid a PUSR command followed immediately by -the POP corn-

sand.
I The SIMPL—N compiler has been tested only in that:

1 1)  a significant but not sufficient program was compiled

on the Oyber 172, 2) a paper tape of the Intel machine

I code was punched, 3) the tape was loaded on the WA Nodular

System Intel 8080, 4) the program executed successfully.
I The test -program HADAZ4 (I) multiplies the 8x8 Hadamard matrix

I times an input vector, and outputs the result. Since the

matrix was known in advance to have all entries either +1

II or -I , no actual multiplication Is performed.

This test program uses many of the capabilities of the
I SIMPL—M compiler , but not all of them. For thi s reason ,

I SIMPL—M cannot at this time be considered verified, but its

verification will be completed when time permits.

I 
_ _ _ _ _7. Conclusion -

1 One of tile most important assumptions underlying this

thesi s is that -a 7—bit integer is reasonable for most appli-

I cations of the Intel 8080. The 8080 has double word instruc-

r tions so that the word size could and should be extended to
1 15 bits. However, if all integers in SIMPL— M are to be

F treated as 15 bits, then the efficiency of the resultant
- 

machin, cod e will drop considerably since 16—bi t mani pu lations

IT are cuabersosi on this machine. For this reason , tile addition

- 

- -
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- of extended precision to SIZ’IPL—M must be treated as an

~ I 
optional rather than a mandatory feature since limited

memory size will probably continue to be important to

J 8080 users. -

- 
The second important assumption is that since micro

I users have widely vari ed I/O resources, exhaustive
library facilities are out of the question. SIMPL—M does

i not have a set of library routines which are loaded with the

I program or which are disk-resident awaiting a call from the

system loader. Instead, this thesis contends and demon—

I. strates that I/O oa~n be handled by accessing preloaded -

I routines particularly those routines which are permanently
iS residen t in PROM . Most existing system s have a monitor with

its I/O routines resident in PROM. By using these routines, 
S

- 
they need not be loaded each time they are .used, plus eaoh

user can tailor his I/O to his requirements and still

r interfac e with SIMPL-N.

The best way to demonstrate how SIMPL—M performs I/o

[ using pre—loaded routines is with an example. The program

HADAII, which was previously mentioned, is a good example

I of SDIPL—M I/O. HADAM was written for tile WA Mod ular

System which has v ery basic I/O subroutines and, therefore
I much of the program ii dedicated to handling I/O. More

- II - . sophietioat.d I/O could easily b• accomplished by extending
- - 

- the existing P1011 routines. The notation (in . , ) used

S~~ • 
thr oughout this secti on ref srs to line ~umb.rs In tile HADAM

S 
- 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
- 1~~~~~_ _~~~~~~ 

-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- routine in Appendix I.

I - 

The UVA Modular System has a PROM resident monitor

in the first 1K of address space. Note that HADAI1’s program

I. load starts at 0000 (in 6). Included in the monitor are

some limited I/O routines. The start address of each of

these routines is declared in HADAN from ln 12 through

in 18 as integers. LB mentioned in Section 2.3, any initial

value greater than 127 decimal is assumed to be an address.

I The WA monitor I/O routines assume the subroutine

argument is always passed in the accumulate; and the

I. EXTPROC and EXTPUNO facilities (see S0ction 5) also make

I this assumption. EXTPROC and EXTPUNO are key word s wi thin
S 

CODGEN which signal the code generator to perform a sub-

IS routine call to the address passed as the first parameter.

• In the case of EXTPR OC, before the call ir .made , tile accumu—

I lator ii loaded with the value of the second argument.

In the case of EXTPUNO , the call is made and the returned
- accumulator value becomes the returned function value.

[ Thus in 92 loads tile accumulator with an ASCII .~inus and per-
form s a subroutine call to location HlOO A6 I which has a pre—

Ii loaded- character. -- print routine, Likewise, in 71 performs

r a function call to location RtøøD9l which has a preloaded
is  character-read routine. The value returned in the 8080

F aoouauiator...then becomes tile function argumsnt and is coa~-

pared wiob ASCII minus in the IF statement (actual assembly

and machine code for this statement can be found under

F 
__________________________________

~~~~~~~~~~~~~ 

‘

~~~~~~~~~~

5’

~~~~-
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line 71 in the assembly listing in Appendix 1).

F - By filling an initialized array (in 43) with ASCII
- 

characters and inserting the character-print call in a
-

~ 
- I WHI LE loop (in 59), string output can be accomplished

- 
even with the existing primitive constructs. Printing the

8X8 Hadamard matrix is relatively simple by nesting

PRINTVEOTOR (in 85) in a WHILE loop (in 106) and using

tile preloaded print-two-hex-characters routine THOHO(ln 97).

I I SIIIPL—M’s interactive capability is demonstrated by

QUERY (1r~ 113). When QUERY is called (in 1-46), it asks if
the previous outpLt is -OK and then inputs a character

- 

I 
(in 116). QUER Y returns TRUE if the input is ASCII N for NO,
or FALSE if the input is otherwise. Tile output created by

- I HA_DAN as it executes on the UVA Modular’ System Intel 8080

- 
is tile last page of Appendix 1. ‘ -

-

SIMPL—M’s capability to use pre—ioaded subroutines

will be expanded as the need arises. The next obvious 
S

Is addition will be a call which passes an address and an

F integer as arguments so that a preloaded string output

routine will have a string start address and a string length

I to work with, Once all, combinations of external

routine execution requirements have been defined and Ia—
I plesented in SIKPL—11, any new or existing I/o facilities can

F 
- 

be handled wj~th SIIIPL-Z( by accessing user defined p-roosduzes.

I~ 
-

- i i  ~S 
S 

S

ii
- -5*- -  - - 5 - 5 - ~-S S. : -.i~o & S!’J~~~~~ 
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~~1S ?A~E IS B~S4I ~JiL11’! rM~~ C~~L~

I fROM COk’~ PU~~I~IS~~~~~~~ 
TO DDO ~~~~~

I Appendix I. RADAM Listing

I -

2 I•THIS PROGRAM DE M ON STRATES PR E— L OA DE D I/O ROUT IN ES IN SIN PL— M. $I
I- “TN PICGRL ” I~~~~ j~~~ ~ ~tcJca u0a_i1iI_juxzoa&o,....pu;n.~t TUF U , r 1 A N A p I~p!

1 /$T*ANS FORN ON THE VECTOR. AND PR INTS OUT THE RESUL.T$/

I 6 INT ST A RTLO A O •
1 -______________

• EXT IN? FU NC EXT FW4 C IINT )
- 9_  ________EXL .P*OC ...EXTPROCCINT ,INTJ _S.__ __~~• - S S S  S _ S  - -  - - S - - S -- ________

10
.i1~• ‘.*EXIE RNA L SUBR OU TINLAD ORE SS DECLARA TIOKS ., ____________

12 INT CRL F • H?O161?, I*PR INT CARRIAGE RETU RN, LINE FEEO* /
____________________ • Ia?QO~~A f .  “P RINL O N L AS. SCLI. .SC HARA C T E R4 ’
14 CHIN • Ht0009t, /*INPUT ONE A S C I I  CHARACTE R * /

I — 15 -____________ DIGOUT s Ht0143?,. I’OUT PUT ONE HEX CHARACTER ’!_____________________
I. 1.6 G E t A • Il ?0167t . /*INPUT ONE HEX C HAR *CTE R * 1- 17 —— __

~.._..JHcHL ._H’o1s3?,jeIIteuT TW O_ HEX_ C NAR ACTERS * !____________________

- ii THCHO • I4tO13~~ I *O U TP UT TWO HEX CHARACTERS ’ !I
1 20 !*ASC II CHARACTERS ’ !  S

- 21. . INL__ ._ .MINUS_ ... Ht2O1,_ .ILANL~~ HtZQt,__ lERO...j....$t3O~,____________________22 COM M A • H?ZC? , N CH& R • 7$
F — 

23._ ..__________ - - - — S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______________ _________________

I 24 /$OTHER GLOEA L Se !
I _,~~j  Is! M . R . i$1tl~ fl~ MA~~I I I *i

26 TRUE ‘1, ~A L S E .0
I- 27 s~~_______ 

__
~~~~

_ — — — — 5— -— S— S _ S _ — S — S  ______ _____________

I 2$ / •NAOA MAR D KAT RI XSI

• I’ 29 _INT_ARIAY ..Jl(64.L_e_L1, •IS ..1i .1,_1, - 1S S S 1• ~ 1, -~ _ --_ -.__________________
30 1,—i, 1,—i, 1,—i, 1,—i,

- 
,ji  a • I ~ ~~~~~~~ i. ~~~~~~~~~~~1 32 - 1,— 1,—1 ,  1, 1, — 1,— 1, 1,

I ~~~ — 1, 1, 1, _ 1 . — 1 , — 1 . — 1 , — 1 ,  -— .5 SS . _- — -—_— -  -- 34 1._i, 1 ,— 1, —1,  1. 1. 1,
- 35 . ______________________________ 1, 1,,1,.

~

’1,—1 ,—i ,_ 1,_ 1, . .__ •. . . .  - _ .______________

r 36 1,—li—I,  1,— i, 1, 1,—i )
- l  — 37 -

3$ /* INPUT DATA AND OUTPUT RESULT VECTORS ’ !
- 39•_ IN LA RR A I O&TA.L.tb..JE SULTII L.......~~_____ __________ _____________

40

I 

~ .41~ I * A it I I_ MESSIAGL*PAErS*,S._ __ _5_  _5*~~5~~_ _ 5_ ___ __ •_  __________

1 42 !‘CR ,L F ,L F ,L F , t F ,  H, A , 0, A, ~, A, 1, 0, a N. A, ’!
41 lkT LI lLY ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
44 I’ T, R, I, X ,CR ,LF ,LF ,LF *l

- F _......14,IZ,!3,SS,13,10,1O,1Q), ... . .  ~ . .  ______

I*CI,LF ,LF , 0’ ~~os~ ‘ ‘~ ., N, 0, ), •I
_ 47 Okj*j).,JI3,1O,1O,79,75,63,32,40,TS,61,71,79,41,32),
4$ - l’CR ,LF ,LF , I, N, P, U, T, , V , E, C, T, 0, *,CR,*!

_~~p tM1lt~~ftI1.(I1.1fl.I .71.7I O.I4.IA.27.lL.AQ.&7 l&.7I l7.1%.
SO l*LF,LF*! -_f t  S 1_o~t 1Oja_ —________ ______

- 52 / ‘CR.LF ,LF , R , I, S, U~ L a T ,CR ,LF ,LP~!
OVThfIft U) • ( 13I1Oa1 On (Z.,h.jIJ)LØ,.1j, .Sj,l3, .~Q A19I

S

I 

— 
S - -

~~~~~~~~~

.-

S

1-I 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _~~~~~~~~ ~~~-‘~~s~~~ ~~ 2 ~~~~~~~ - -
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I - - 55 _____ PROC PR INIII N I ARRAY OUT, 1P4T LOUT )  ______

Sb INT LV A R
5? 1 1 LV AP I. 0 5 5 - - -1 31 2 1 WHILE LV *R ~‘ L(~IJT DO -

I 59 ~~_ . . ) . .  2 _ _ ~~ C ALL EX IFR CC IC~ oUT ,OU T (LVAR ) -

60 4 2 L V A R S.  LVA R • 1 -

$1 ________ .___ ENOISWNILE .!___________ _____ -
62 5 1 RETURN S

83
84 P*OC IN VECTORII N T ARRAY VECTOR )
65 I•It.PUT RE QU IR ED IS 1) + OR — OR BLANK . 2) 2 HEX CHAR NUMB ER *! .~~ S5~~

- be IN T CNT ,COL,CQM PL ,CON ,LC L
.87._ 8_._,1 ._ C ALL PIINT(INME5S ,.1S .L~_ ...._ ...._ __________ ________________

CS 7 1 CNT I. N COL Is O
89 _ S - 1 . ...... WHIL E CM! DO -70 10 2 CON I .  0 CO N PL • F A LSE

I 71 ... 12 • 2 . .  IF E Z T P U N C ( C H I N )  • NINUS .T H EN 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ -I 72 13 3 CONP L • TRUE

I - ~~.73 _ . ... ...._._. _ (ND — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

74 14 2 . LCL s .  I XIFUNC (TI4CHH
- 75 15 2 IF LCL ’127 THEN RETURN END - 

S 
-

76 17 2 - 
IF CC~MPL THEN LCL I. I.C ,LCL ) + 1 I$ZS COMPLEMENT ’ !

77 . .  19 . 3 . CO N PL a. F A LSE - -5 - -
7$ END

- 79 _ .20 _ Z_ _ _  _ V F CT U RI CO L )_)! LCL _ _  
___________________________f 80 21 2 CDL a. CDL . 1 CNT a .  CN T — I

I 81 23 2 II Cl’? THEN CA LL EX TPROC (CHOUT ,COMNA ) END  - S S S -
$2 END !’WHIL .E*!
83 - -  25 - 1 RE TCRN S - S  5 5 —— S • S • _  -

S PROC - PR I NTVECJp(Ijtt_~!.~4LflCj.OR,_LJU_.pj.R
66 IPIT CNT, LCL
67 - 26 .. I . CNT s u N - -  S •~ - 5*S5 S _ _~~~S_ _ S ~~ ~ _~~~ •
63 27 1 CALL EXTP RO C (CR LF ,O ) - —

I 69 - 26 1 - S  - WHILE CN T DO - ~_ . _ _ __ .~~
_ _ _

~~~~_I 90 29 2 LCL V E CTOP IP TR)
ILJ.CL.A.H~8Ot THEN_ _ ._ __ _

~
______________________________

- 92 31 3 CALL Ex TP RO C~ C HOUT,NINUSI
1 93 ._ 32 ~~S 3 - L CL I. .(.C .LCL) . + 1 1*25 COM PLEMENT ’ ! ______________

94 E L S E
- - 95 _~~33 3 . . . . C ALL EXT PRCC (CHOUT ,BLANK ) .~~ _~~~~_. ~_ _ _. _

96 END
F 97 34 .... 2 CALL £XTPR OC (THC$O,LCL) ___________ _______________________

I 58 35 2 IF CM THEN CALL EX TPR OC (CN OUT,CO MNAI ENO -

I S 99 37 - 2 .. . CNT S. CNT .. — 1 P11 5. P TR • 1 . - ss

100 E P’eD !’WHILE*/ -
I- 1C1 ~5 5 5 * _ 39 ~~, 1 RETURN — - 5 —  - — — S - S  S — • S_•  — ~~S S _ S  _ _  ——5—- —I . is;z -I 103 

~~~‘ .__  PROC PR JN TPIA TR IX — -   _______ _____________________

104 lii i P11, RCHI
105 40 1 RCNI a . N PIR . 0 — - —   - _  ______-r 1~ 6 42 - i WHILE RCN T DO S

I 107 43 2 CALL PRINTV ECTOR(H, PTI - - -- 108 44 2 
- 

ICHT I. RCN T — 1
- _ 1O9.__ __ .5 _ & .._-~__ ... PT R .~~~..pTl + N

1~ 110 ENO !SWHILI*I
I 111 _ .S_ 4.6_ 1_*T?UIN S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

___
~~~~.I 112

E

—5-— 5 5 -  

_ _ _ _ _ _ _- - ~~~~~~~~~~~~~~~~~ --



I
~~IS PAGE IS B~~t QUAI1Tf

PR&CflCAZ~
FROM OOFY F1JRZUSILED TO MC ~~~~~~~~~~~~~

1-3

£16 4~ £ £ r UIFuNC (~ P’tNI • NCHAR TNFN RETU RNI FA LS E)
117 _SS SO -. 2 ELSE NET U RUURU E )  .

116 END S  
S

120 PROC TRANSFC RM (INT ARRAY OA TAV . INT ARRAY RE SUL TV )
.121 _ INT RCNT,ROW ,CC NTj LC L I.PTRICDL
122 51 1 RCNT I. N ROW is  0 PT R a.  0
123 . — 54 - 1 WHILE RCNT DO —

124 55 2 LCL a.  0 CCNT . N CCL S .  0
12S __ . 56 . s. 2 _____ WHILE CCNT 00 - - - . - .~~.

126 S9 3 IF H( PT R ) • —1 THE )~.12L__ ~O_—.4 LCL LL..LCL_~- SJAT.AYL~~0L)

126 E L SE
129 61 4 . LCL I. LCL • DATAY I COL )  - S S S _

130 - E ND
131 _ 62 3  - - . CCNT a .  CCNT — 1 _ _
132 63 3 PTR • PTR + 1 CDL S. COL • 1

_ 1 33 IND!*WHILE’!_ ..._......_—
136 65 2 RESUL TV (ROW ) I .  LCL

. 333 .__ 6b _ . 2 - RCNT a. RCNT ..~~.5I.... ROW a. RO W + 1.__ _ -

136 END! ’WHILE*!
1 3 ? . _ C S _ . 1 . RETU*N 5 5 5 5 555 ~~~~5 5 5 5 . 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - - - - 5 5 -5_ - 

13
~ 

PROC HADA IIARD -

140 !‘IPAUE DATA PROCESSING BY HADAMARO TRAN SFO RM*I
141 S~~~~ 69 1 .  - . CALL PRINT IHEACLR ,24 ) •~~~55~~~~~~ 5S ~ S_ — -5— 55 5*~~~~~~~~S-SS 5

1’2 70 1 CALL PRIN T N A TRIX
343 71 1 W H ILE 1 DO
164 72 2 CALL 1 N V L C T C R ( O A T * )
145 73 2 - CA LL PaINTVL C TOPIC * TA ,0 ) -

16G 74 2 II CUEPY TI4LN / ‘ IP~PUT IS CORRECT ’ !
147 ._._ 7 5_ _ . . 3 ._ _ . . _ ._ _ _ _ —  S S C A L L
141 76 3 CALL PRIN T ICUT ME SS .12)
149 . 77 3 CALL PR1NT V (C 1OR~ R ESU L T ,0)  -

150 END
131 E KD / *W H 1LE S / -

152 S T A R T  HADAMAR O 
— - - 5 — - - . —  — — —- ———5-  — - — S  - 5~~~~ SS5_ ~~ ‘4

I ’ 71 STA T EM ENTS 7N PROG R A M 
-

I FIjt~C T ~~~N~ C PR O C E D U R E S  
I 

- -

AVE R AGE STAT tII EI.TS PER PROC !FUP~CS . 11.0 
__ - S 5 S ~~S5 - S  -- - -

S 

-

F — 
S

IS; 
. 

S

_ _ _ _ _ _

~~~ 
-

. - ~~~~~~~~~~~~~~~ - _
~

_
~i~~ i - --
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I
~~IS PAGE Is BEST QUALXrT P 1!I~k?L1I FROM (X)PY FURZ~IS1iED TO DDC .

~~~~~~
— 1-4

I 
_ _ _ _  

S

3 ******$IMTFL BOIQ...A5S3J 1.ILY ANfl  M At W 1N~ £~~~~f**S*6*5_

I ~G4AC NYI A iE Os)
—— —________ . - . . 04A~ LXI H 21 0490

* DECLARATION OF INITIALIZED GLOSALS 
~~~~ NOV M,A 77

JIAIT_LOAD AT 04OO .~~... _. ... • l I N E  5$
J S AOO R ESS CRLF * WHILE 0I. • ~POR~ SLSC)fCjIT _ _ _ ~~_ (LSS____ LVAR _~~QUTSS .~.~~N P I

• * ADDRESS C H I N  C4BZ LXI H 21 0690
_____ * A D O R E S S  O I G O U T .SS _ _ _~

__ .__... 0485 . NOV A,N 7L. .. _____—I * A DD R ESS GETA 0466 LXI  H 21 049$1 - . ADDRESS THCHL _ - 0489 M DV O . N . . 5 .  56
- 

* A D D R E S S  THCHO 041A SUB 0 92
* MINUS .046B_JZ__A DR. ..CA_QEtn

0400 LOU 20 04$E MVI A 3E 01__
~~~~._~~

* 8 L AN K ~~ _ _  ____________________— — - * WHTEST T E M P 1 S S S S S S_ .S.._.

0601 ECU 20 04C0 ORA A 67
~~. ZE R O 

~•_ _  _________________________________ . 04C 1 JZ AOl CA AAAA - -  --
0402 ECU 30 5 L INE 59

I * ~OMNA ....-_S....S.* .CALL ._ .  EXT PR O C S __.. .0_S
I 0403 ECU 2C - * PARM CHCUT 0

• NCHAR —__________________________________ * ARYLOC OUT L V A R  TEMPL_ ._ .
i404 EQU 4E 04C4 MV ! 8 06 00

* N ________ —. 04C C LX I H 21 0440 - 

. 0405 EOU 06 04C9 M CV C , M 4E
•SJSL(L~________________________________________ O4CA _ INtO AOR -. 2A 04SF_____

0406 EGU 01 O4CD DAD 8 09
I S FALSE. ________________________ O4 CE MDV C,fl 4 E ~~~ . -.I 0407 ECU 00 O4 C F PUSH B CS
I - * ARRAY H STARTS .~~L010S . * FARM TE M PI -. 0.

* ARRAY HEAOER STARTS AT 0446 * PUll ALREADY ON STACK
* A R RA Y _OLSTA R!S AT 0460 S ENOPRM _______

I • ARRAY INMESS S T A R T S  AT 046E 04Db POP B Cl
I _______

S A R R A Y  QUI MESS S TA ~~~~~_ A LSQ e0_ _ ._-SS~_ _  0401 MOV *,C 79
~~0EC LA RA T IO N OF NON—INITIALIZED GLOBALS 0402 CALL A OR CO OOA b
S EXTFUNC _______________________— • LINE 60 - -I 04$C ECU 00 • • LVAR 1 TEPIPI

I - 
* £RRALDAT .LJTARTS AT 0480 0405. LXI H .._ 2L_ 0 490_________
* ARRAY RESULT STARTS AT 0495 04D8 MOV A,M 7E

WA~~j~~~ _ ~~~~~~~~~~~~~~~~~~~~ • 126 0409 liV I D 16 01 - - - 5 -

I * LINE 35 04DB ADD D 62is ______ _*

~

PR 0C . PRINT  . * S. T E M P t  - - LV A R
)40C LX I H 21 0490- 

**!S*S.P.MOCSS PRINT •••• )40F_MOV..... 1IsA__ 7L__ .___________
• LOCAL LVAR * LINE *1I _9~49O__ LOU -— .. - 

__
~~~Q0 __. - * ENOW H

I S VAL PARM LOUT
049E Ecu . . . .  OQ. - 

* LOAD OUT OF SEQU ENCE S~~_S..S
• REF PARIS OUT - - 04C 2 ECU 04 E3

F 04SF ECU 0090 - - - ~~ __ 5 - - S • S5 -5_ 5 _________—I * SAVE . R ETURN ADOR 0410 J MP ADR Cl 0482
‘ -  04A 1 POP D - 0~ _~~~~__  — S LINE 62 -.PUt VA LULS IN PAINS * RET URN 0

04A 2  POP B Cl - 04E3 RETURN CS _ . . . _ ._ _I o4*1 txi H 21 049E • LINE 64
I O4A6~~$Oy_J~,.L._7J _ ... _ * ENDPPC -..- _____________

04A7 POP H El - 

* PROC INVECTOR
- 04A6 SHLD AOR 22 049F 5 _________•__ .. -I i PUT RETURN ~$0* $A~ll ON STACK - 

- - 
5* Ø ~~ PROC INVECTOI ’***I-  O4AS PUSH O 0, • . . . .  

__
~~S_ S 5 ~~ _ S S S5 -5_ • LOCAL LCL _ _ _ _ _- 

* LIME 57 04 14 EQU - .

• a. o LV AR — ‘~ L0CALCOM~_.___________
0415 LOU 00

I . _ -. LOC*L .CDMPL _SS____________
0416 EC U 00

_____________ — 

- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



I
THIS PAGE IS BEST QUALITY PfttCTI . 

1—5fl)M CO~X JSSH~D TO D~Q ._. - 
S

-— G~~37 N O V A , N  71
0418 ECU 00 O~ 38 Lxi H 21 04E6 -• REF PAR IS VECTOR - —- - 0538 MDV l.A 77
0419 IOU 0000 5 LINE 73

* SAVE RETI.,RN AODR .~~ _ . _~~_~ — S - — I  S EHO IF
0418 PCP 0 Dl 

~~~ 5~~~~~~ _ S S- 5 • 5 -_ _

- —- S PUT VALUES IN PARMS__, ._ • LOAD OUT OF SECUENC E
041C POP H 11 0532 ECU - - - 053C -
0410 SKID *01 22 04E9 -. - - -- . - —

• PUT RETUR N ADOR BACK ON STACK - * LINE 74 - — _ S . -04F0 PUSH 0 - 05 _ _ _  ._. ______.— • CALL EXT F UNC T EM P1
S LINE 67 _ ._..__~~~ PAPPI 

SS ~~THCNZS.SS.. ..S .. 0
!CALL_PRINT S ____P 053C CALL AOl CD 0153
* PAIN INMESS 0 - - * ENOPIN

04F1 Lxi H 21 046E ._ ..._._.... _~~__  * $•  T EP~P1 LCL04F4 PUSH H ES 053F LXI H 21 04E4 -

* PAlM lB .. 0 . _ _ - . -  0542 NOV PI,A 77 
-04F5 MV ! C CE l~ •~~S SSS * LINE .5 75 . . ~~~~~~~ .._._ S

04 6 7 S PUSH B _ CS._ .__ • ‘ LCL 127 TEMP1
• ENDPR M 0~’3 LXI H 21 04E4 . ~. ——OUt CALL  AOR CD 04A 1 _ -_-.__.—- 0546 MDV A,M 7E
* LINE 68 0347 MVI 0 16 7F 

~~~~~~~ • a.  - H .~ 5 .  CNT 649 SUB 0 92
04F6 LXI N 21 0405 0~ 4A JP £01 F2 0551......-_._.... -
.O4FE_ .$OV ... A,N _ ?L. .. — ts~.’4O X RA A U
04FF LXI H 21 04E% C-~ 41 JP;P AUR C3 C553
0502 I’OV M,A 77 S S S ~~~- S S 5 S SS5 -, C~ 31 PIVI A 3€ 01$ a. 0 C DI. S IF TEpc p~0503 MV ! A 3€ 00 . . ___ _. .__ 0353 ORA A 8?
0505 LXI N 21 04E7 0534 j~ A3R CA AAAA _osoa NOV M,A 77._-_. ‘ L1~4 E 75- 

* LINE 69 S R ETU R N 0
• WHILE 0 . .  - .  . .  -- - 033 7 R ETU R N CO
• hH T EST CMI S ENDIF

0509 LX !  H 21 CUI --

050C MDV A .N 7€ • LOA D CUT CF SECUtS NCE _ _  
—050O _• OR~A~. . A ._ _  S7_.__.. — - 05~~ U~U • 0~ 38

050€ JZ AO l CA AAAA
S LI NE 70 .. ~~~~~~~~~~~~~~~~~~~ S LINE 76
• a. 0 CON * iF (SUMPL

0311 MV I A SE 00 - . . .  C 5 S b  LX I  H 21 04 16
0313 LXI H 21 04E5 ~~~~ st~ v A,M.. 76....
OSlb__.JPV . .  ~~~~~~ — C55 C OR. A 87

S s a  FALSE COMPL 355 C JZ LO R CA A A A &
0~ t7 111 14 21 0407 — - • LINE 76
OSIA NOV A,M 7E • .c. tc i IEP% P1
CS1B L X I H - - 21 04E8.._ ..__.__.._ .. C3~ O L)~! H 21 0416
OSIE MCV M,A 77 Ob~ 3 MUV A.ll 71 - - - - . 5

• LINE . 71 . ~~~~~~~~~~ - —-———-.—- 0364 CI~A ZF — 
S CALL EXTFUNC TEMPI • • TENP1 1 TE1IP2
S PAR IS CHIN S _ 0~~_ ._ _ _ _ ... O 5 S ~~I MV ! 0 16 01

OSI F C A LL AOl CD 0009 C~~~7 A~~~ 0S 

• .INOPRN . .  ~~~~~~~~~~~~ • a. T E P I P 2  L CLS 

- * • TEMP t MINUS TEN P2 3~ $~ LXI PS 21 041’. - -0522 LXI H . 21 0400.. __ ._ .__ _.. 03613 Mt IV N, A 77
S 0323 MUV O,M Sb • LiNE 77

0526 SUB 0 92 ~~ -~~— _______ • i•  FALSE COISPI
Ii 0327 U AOR CA 052E OS2C LX! H 21 0407

O S ZA  X R A  A AF 
~~~~~~~~~~~~~ 0~ ÔF Mu V A.1l 7€

032$ IMP *0* Cl 0530 ~~7O LXI H . 21 0416 - - ii 0321 MV I •_~~_____ 3E Q1 -0573 N O V  N,A 77I t 
—
• IF ~~tMP2 - • LIN 7W  -— _ 5 S 5 5 5  —II  

0330 O RA A $7 - .. S ENDIF
0~31 .52 £DR e* AIU

.1. I T

-
~~~

--‘--, ~~
‘ . 

- ‘ - .
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THIS PAGE IS BEST QUALITY PRACTIC.L?LI

~~~~~~~~~ ~~py FW~NI5l~~ TO DDC — 1—6

I 5 LINE 79 •..* PROC PRINTV(CTO I 5*5*- 

• A RTL O C V ECTO R CDL TEMP1 
* LOCAL LCL

057 4 M V~ B CC 00 - . • 0381 ECU .. 00I 0576 L X I  54 21 0417 5 LOCAL CN T1 -05-79.. NOV C,PS
__

4E .  -- -- OSBLS...EQU.S _ ._ __ .O0- 05 7A LHLD AOl 2A 0469 S V A L PAR IS PTI
0570 DAD B - 09 .. •_~~_ •_ ~~~~• ._ .  0583 LOU - 00

i 0371 PUSH H ES - 
* REF PARIS VECTCRI S ;. - LCL 555 TEMP1_ 0584 EQU 0000 - .. ._1. 05?F LXI H 21 04E4 S SAVE RETURN *00*0582 M CV _ A, M_ JE _._ 0586 POP D. _ .~. Di __________0583 POP H El • PUT VALUES IN FARMSI 0 8 4  NOV M,A 77 - - -

~~~~~~~~~
— 0387 POP B ~~~~. Cl

* LINE 80 0588 LX I  H 21 0583
• 5 ~~~~ C DL 1 TEMP1 - —  05 G B NOV M.C 710585 LXI  H 21 0417 OSB C POP H E l0388 NOV _ Ag N_ _ 7E _ 0580_ $1110 *01 - 22 0 5 8 4 S_  -— - - -—0589 MV ! 0 16 01 S PUT RETU R N AOOR BAC K ON STACK0588 ADO 0 - - - 82 •_ . -_ . ._ . _ _  OSCO PUSH D - S 05 
• a .  T EPIPI Cot 

* LINE 87OSP C Lxi 14 21 0417 
~. . .__  • ~ N - .. CNT S_________ 

-OS8 F NOV PI,A 77 OS C1 LXI  H 21 0405
5 5  * _CNT i T ENPI OSC’. PlOY A,Ij . 71 _______
- os co LXI H 21 04E$ oscs t xi  H 21 03820593 MDV A sN - 76 •_ ~~~~~~~ — OSCB NOV M,A 77 .I 0594 MV ! D 16 01 5 LINE 88

I 0596 SUB 0 . 92 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ * CALL EXTP ROC . 0• 1• T EPSPI CNT 
* PAlM CRLF 0

0597_. .LXI H 2 1..fi~4 i3_________ . * FARM - .50 ._ S . .  __________1 059* NOV N,A 77 05C9 MV ! C 06 00I * LINE 81 — — ~~~ 05C8 PUSH 8 CS ..
* IF CNT S EP4DPRM0590 LXI  H 21 0418 .._. 55__555__.55. 05CC POP 8 Cl -1 0591 NOV A, M 76 C5CD SOY ‘AIC 79I QSQF_CR A ... A _S B7 ..~~S _S5S CSC L. CALL *01.. . CO .OI8L.______________

05*0 JZ AO l CA A A A A  S LINE 89
* LINE 81 

~~~~~~~~~~~~~~~ • w~it ~ 0
- • CALL EX T PRO C 0 • ~HTE S1 (NTI S FA RM CHCUT 0 . . . . .  0301 L XI 54 21 05821 5 PAR IS COPINA 0 

~~~~ MDV A, Pl 71
05*3 . .. LXI .. H _2~L_Q1Q3 0503._ OR A . A - —  01 .. __________OSA C NOV C,N U 0506 .12 A Ol CA * A A AI Q5A 7 PUSH B ..~~ . CS _____— S LINE SO - S

S ENOPRM S A RYL O C VECTOR PIR T EMPI 
-I 05*8 POP B - -- Cl  -. C3C’~ MV 1 8 06 0009A 9 NOV A ,C 79 Q5~~ LXI  54 21 0583i 05A4_ ..CALI. £ORS__SQS.OSO&C CSC E NOV Ca M - 4€ _ .  -I S ENDIF O5 C F LP’LD AOR 2* 05 841 . . - ..  - . .  - --. 0512 DAC B 09 . . _ . .  _~~ 5- - -  

5 LOAD OUT OF SSECU LNCE 0583 PUSH H ES
- 03*1 IOU • 5 5 S_~ 5 5  _~~~~~~~~~~~~ 5_ ______ -— • a .  TEKP1 Id.1 0514 POP H (1I _!..LIH- E __5J.2 S 05(5 MDV A .N 71 - ______

S ENOWN 0516 LXI 54 21 0581
CSE9 P1C.V l IsA 77

1~ 
- ~~~~~

S ICAD OUT 0$ SECUENCE 5 LINE 91I OSOF IOU - - _ SS___.._~~~~~S9 __ _ S .A .  LCL 126 T E M Pt  -I~ 
S - 

- 051* LXI H 21 0581
- SQ~10_..SSJNP.S .S.SADR

__ C3 ~~~~ 03ED~~ NOV .S A iM__ il ....._________________
S L INE 83 O S E E MV! 0 16 80It  S REtURN 1” _. —— OSFO AMA 0 AZI_I ô51ô 11T’J RN CS • ~~ T~~NA1

I -I
Si. [ 

- - S - _~~~~~~ _-~~ 

~~
S S 5 ’~ - _ ~~~~~ - - S_S
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L I 

J1~)M ~~~~ 
J.SU~~ TO ~~Q . .-

~~

I I—?

• CALL UTPRCC ‘ 0 C62A LX! 14 21 0403
• P-A RM -CHOUT - 

- _ 
- O 0620 MUV C,M 4(

S PAR IS MINUS ; 0 062E PUSH B CS
I C,,, Lii H 

- 
21 0400 ._ _ S ft4OP RM

I OSFB MDV Ca M ., U ~~~~~~~~~ 062F POP B Cl
OSFS _.PUSH B ~~~_ ~~~~~_____________ C630 _. N OV - A ,C  _~~.79 .._ .__________

• ENOPRI 0631 CALL AO l CO OOA b
OSF A . POP B — - 

$ 1140If - -  . . -

I ~~~~~ MDV A s C ’  79 
-

SOSF C . C ALL *0* CD 00*6 55 55S5-5_S_~ * LOAD OUT OF SICUINCE
.~~~* 31111- 93  062* ECU 0634

- - S - — S •C. _ _ ..LCL 5 ..___ .. _ST1.MPSSL 
- 

_— _—  - —___________

j 05 FF L X I  H 21 0381 * LINE SO
0602 MDV A 5N 71 — 

S — - - CNT 1 TEMP I___
0603. (ISA - 2F 0634 LXI  H 21 038 2

- - * I - - T EMP1 1 T EMP 2 0637 MGV A iM 71 -

~
- 1 0604 MV! 0 16 01 0636 NV ! 0 16 01

0606 _ ADO 0 _ 12 .__ .___.._ 063A _ SUB 0 ______

5 8. T EY PZ  LCL $ 3. TE PP 1 CM I
- . . - 0607 LX I H 21 0~ B1 - - -  

0636 LXI II 21 OSBZ - --

I - 
- 060* NOV lI,A 77 0631 NOV NsA 77

I - - S LINE 96 S S PTR 1 TEMP1
I ‘ .~ • - L L S E IF 0~ 3F LX I  H 21 0563

S 
_ __ - 5   0642 MDV As ~~~ _ 7 E . _

- • (OLD CUT OF SEOUENCE 064 3 MVI 0 16 01
I 03F3 ECU Ooor -.. - S  

0645 ADD 0 82
• I - 

- 
.~ 

- - - S 5 .  TE M P1 FIR
- 0605 JMP *01 CI AAA -A - .  

0646 LXI  H 21 0583
5 LINE 95 0649 MDV M,A 77

I S C A LL .EXI PROC _____- Q .~..__ ...... S LINE 1O0._ . ._..~~_ .._..._.._..
I - S FARM CI’OUT 0 5 1NOV14

S PAIN 8(11151 0
0CC- I L X I  Ii 21 0401 * LOAD OUT OF SEQU ENC E

1 0611 MI~V C,Pl ‘1 0507 LO U 0640
I 0612 PUSH B CS 

--

I S ENCPV M 064A ... JNP AO l. - .03 Q30L.._.__
iF C013 ~~~ o ci S LINE. 101

c-614 ~ov A,C 7q S RETURN 0 .. - -

I 0613 CA LL £31 CU 00A6 0640 RETURN C9
I. * L IPsE 96 - * LINE 103 .5.

S ENOIF 
- - -- 

* EP.OPRC
S__S_S__ S PR O C_ ..._ ..JRIN.TJ. ATRLX

I LJ AO OUT CF SEG L ’EN C E
I - OCOC ECU (5618 *5* 5  PROC PPI NT NATR IX SS*S .

* LOCAL R CNT
* LINE 67 064E IOU - - - 00

I S CALL IXT PRCC ó -_  
• LO CAL PTR

I . * F A R M  T iCNQ .. __ Q 064F _ S EOU _ .
~~~~~~_~~~~~ __________

S PAIN LOt o * L I N E  105
CA I8 LX!  H 21.058 1 * ~ N R C N T
0510 MDV C,~ U  0650 LX I H 21 0405

I- O6IC PUSH B CS 0633 NOV A,N 71
I • ENOPIN -  0654 LXI H 21 064E

0610 • PL.P B Cl 
~_~~

_________ .06S?._ NOV - Ms A .77 .._____________
OoIE NUV A,C 79 * IS  0 P11r 061F CALL *011 CD C132 0656 . M V ! A _. IL O0 _________ .

I 
- S LINE 98 OCSA LX I  H 21 O$4F

• II CMI 0630 . NOV Ns A 77 _ -S—S_—S_S —
0622 L X I  N 21 05B2 — 5 LINE 106

r 0623 NOV A,M
__ 

7f _____________ 
______$ W H I L E ._0..________________

I 06 2 6 CIA * ~~S7 S %INTEST IC N T S

0627 .5! AOl CA A*A* O65I ._ L I i H  S _ S  ZI S 04~~~t

S LIM E 90  M~*I 00%. A i M  7*

- I T

— _7
~~ _ _ _  

—



~~IS PAGE IS B~ T QiJALIYf ~~~~~~~ 1-81 u:-- ~>~L ~~2~
.,1S!~~ TO DDC ._._.- 

-

I S CALL PK INIV EC !OK o C6al MV J £ 3~ Q~S PARIS $ 0 .._ ___~~~ S IF TEPSPZ0666 LX I Ii 21 0406 
06*9 01* A 070669 P%I~ H H 15 — •—--— - O 6AA JZ AO l 0* AAAAI S PAR IS PU 0 5 LINE 11~066A _ LXXS _ . I$ __~21_O64F. 

. . _  . _ S RETURN FALSE.._ _ _ _ _ _ _ _ _ _ _ _ _0660 MDV C,M 41 06*0 LXI  ~ 21 0407066€ PUSH 8 •S S CS ~ - -  — _ G6BO N OV A iM YE ~- - -5 ENOPIM 066 1 RETURN CS066F CALL £01 CD 0516 
* L INE 1175 LINE 108 
* E L S E I F

~~-.~~~~~~~~~-..SRCNTS-J-_T1MP1
0672 L~ I N 21 0641 5 LOAD OUT OF SEQU ENC E0675 NOV A ,N . 71 . .  _. .~ -- ———-— 06*0 LOU 066 30676 NVI 0 16 01 -
0676 SUB 0 . 92 - - - -— —-  0682 iMP AOl CI A * AA 5 S SSS .~~~~• I. T EIS P1 RCNT • LINE 117I- 0679 LX I  . H ....._ ..21 0*4E. .- - ~~~~‘ RETURN067C 

- 
NOV NsA 77 06E~ LXI H 21 0406

S 
S LI NE lOS .~~~~~~~~_ 0688 NOV A,N .71 .. -• • PTR N TIMPI 0689 R ETURN CSI- 0670 LXI N 21 064* -— —_ 5~~~ S 5 S 55 S L INE 116 5-5 5 55  S_~~555S_~~~~_

I 0680 NOV A,lI 71 
5 E M O tEIS 

~ O’81 LX I ~H ~ ._. 21 0405 
_ _ _ _  

— _ _ _ _ _ _ _ _ _ _0684 NOV DaN 56 5 (DAD OUT OF SEQUENCEO6~~ ADO 0 82 - .. . - 5 5~ 0683 EQU 060* - .. _.. . 5I * s~ P11
I 0886 LX! 14 21 064* • LINE 1200689 NOV N,A ~7 S EHOPRC

S 1.1111 .110 . _ _~~~~~~~~
___ 

~_ .__ * PR OC SS ..TPANS $CR$_~~~~- 
S ENOW NI 

- 55*5 PROC TRANS FOR M 5*5*I 
S LOAD OUT OF SECIJ ENCE S LOC A L CDL0664 IOU 0660 068* IOU 00 —-T S S LOC AL P11I ooea jiip ADR C3 ooSE _______— Q656 ._ IOU 

-
1 

S ISIHE 111 
* LOC A L I~~L5 RETU RN 0 - - - OÔSC EQU 00 S S S S_ - - SCOlD REPU R PI CO S LOC A L ((NTI • LI N E 113 - - - - 0680 ECU 00I. S E NOFI C • LOCAL RCWS P1CC CLE RY .. _ _

~~~~~

__ COBE_ EQU . CQ_ ._ ._ ._ 
—

* LOCAL RCN TF 55* ’  FUNC C’J115Y 5 5*5  06SF IOU 00 -I • i.INE 115 S REF FlIPS R L S UL I VI- 
.5 C A L L  P R I N T  - O_ . ..._~. - 06C0 LOU 0000 -* FARM 051 0 5 RE F PAR IS OA TAV-I 0681 LXI H 21 ~~~~~~~~~~~~~~~~ 06C 2 LOU .. 

_ _ _ _ _I ~~~ PUSPI H 15 
* SAVE RETUR N *001I S PAR IS 14 - 0 . . .  06C4 POP 0 Dioocz MVI C Of Cf S PUT VA LUE S IN PAINS0664 PUSI~ B CS - - .  s . . OOCS POP $ ElI S ENOPIM - 06C6 SHLO £01 22I 0693 CALL 101 CD 04.A) _ _•__ 06C9 POP H . L 1 . .  _ _ _ _ _ _ _ _ _ _ _ _

- 
S LIII 116 - COCA S$L 0 *01 22 06C2
* CALL £XTF U NC _ IENPI -. ~ PUT RETURN £001 IAC51_ O1( ST~ CIIF • PARIS CHIN 0 OtCD PUSH 0 03I COOS CAU. £01 C0 0009 ._S... ._ _.. . * LINE 122 

—~~S tN0PI$ S t .  H RCN IS . S_S__T I IIP1  HCHALJ ISOP’ OOCL._. LXLS__ H .____ .Z1._oA .03..._16 L111 N 2*. 0404 060 1 MDV Ai M if0690 NOV DsII . . 36 ___.  — 0602 S _ L X I  .N ~~il 088F S ._._ _ _ _ _ _ _L 06SF $UI~ 0 9* ~~ 0S MAW 0.1 77

.1 5 ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 5~~~~~
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1—9I PA~ ~~~~~~~ D TO DD.O 
~~~~~~~~~~~~

~~~~~ 
~~~~ ,, ~ s • l .  TINPZ (CL0605 MDV h A  77 0734 LXI H 21 060CS a. 0 P11 .. 0737 NOV ISp A 77060C MV! A 31 00 

* LINE 128 - .  . . .060E LXI H 21 0688 ~~. _  • E L S L I Fo~~i NOV IS,A n 
- - — — - 5  -— -~~~ 5 _____

- - .~
__ * (1146 ~~~ .1 Z 3 .__ ~S _ ._ .__S_  S LOAD OUT OF SEQUENC E

S 11NILE 0 071F LOU 0736U 
- 
S WH TE ST RCNT

OOL2 LXI  H 21 06SF 0736 iMP A DR CI AA * A0619 NOV AiM .. 71 ‘ LiNE 1290666 CIA A 87 
- . _ .* *17(00 DATAY SCOL_T EIIPI.0617 J Z S _ . S AOR _S. .CASS..AAAA._ 0730 ‘IVI B 06 00— S LINE 124 0730 LX I H 21 069*5 a. o LCL .~~ - . -  - . 0740 MDV C,M 41H C6 EA NV ! A 31 00 0741 LHLD £111 2* OaC Z061C LXI  H 21 066CS. - -  5 0744 DAD 8 09ObEF NOV M,A 77 0743 S MCV S .C,N..._ 4 E____ ._ . _.._.._.__ __

5 ~ ~~~~~~~~~~~~~~~~~~~ S.S.CCNT_SS_S_ ._ 0746 PUSH $ CS06*0 LX I  H 21 0403 • • LCL T EM Pt TEMPZ- 06F3 MCI V A.N 71 _._ .._._ ..._ 0747 LXI H 21 oopc0614 LX!  H 21 0680 074* NOV A i M 71 - -- 06*7 MDV NsA 77 - S  . . _ _ _ _ _~~ 0745 POP B Cl
5 a. 0 CCL 074C MDV DaC 31 - C6F8 _ . MV ~ A 3E .O0 0740 ADO 0 62• 061* LXI H 21 068* * a .  T EM P2 (CLOb FO NOV M,A 77 - _~~~~~~~ _ 07.E LXI H 21 060C -

S LINE 125 0151 NOV Ns A 7?• WIILE C 
‘ LI NE 130

- S WHT EST CCNT 
- - ‘ (HOlE 

55 50616 LX! N - . . .  21 0080 - .( 070 1 NOV A iM 7E • LOAD OUT OF SECUIN C E. 
0702 01* A 07 . -  0739 ECU G7!.20103 ii ADR CA AAAA •S 

S LINE 126 . - _ - -  • L INE 131
S ART IOC H FIR TEPIPI 

S - ~~~.... S S S C C 1 4 1  1 TEPIPL _~~~
___

~ _..0706 MV ! S .__ . 06 00  0752 LX I H 21 068007C8 LX I  N 21 0658 c7~~ row A, M YEOYCB NO V Ca N 4f O7 b b rvi 0 16 01I~ OTOC LX ! H 21 0405 0750 SUP 0 Q2P OT C F DAD B . OS . . . _ _ . _ _  • a .  T ErP i CC NT0110 NOV A i M - 7 E  C7~ c LX! 14 . . £1 0690 —
- 

a S SS .__ S TENP1 Z6219L.1V1!L _ C7SC NIV PS5A 771 0111 MV ! 0 16 FF S (I’ll 13211 0713 SUB 0 92 . - ._ . ._  • • ~~ I tEM P t0114 .1! *0* CA 07 19 C7~0 LX I N 21 06680 117 iRA A A l _ MDV b a N  7EI S  0718 iMP *011 CI 0710 078 1 NV ! 0 16 01 . . . . . .I 0118 - NVI A ... . 3 1 0I..._._ — Dial 100 0 62
S j~ TEI%P2 

5 I. TEM Pt FIR0710 01* *  U7~ 4 Li Z 14 21 Deli•- 0111 JZ AOl CA A *AA 0767 MDV N sA 77I - S LINE 127 
~~. 5 S S5~~~~5 5  S 5 CUL 1 TEMP II. S A RY L O C ( A T A V  CCI. TLMP 1 Q?t ~ LXI H ~3 000*u7~ I ISV! C 

- DC 00 ’ - ~~~~~~~~~~~~~~~~~~~ 0765 NOV A sPI 7*- 0723 LX I  14 21 066A Ofl~ PIVI 0 16 ClI 0726 $IS V C a M 46 Olaf ADO 0 . Ut I 0727 LHLO £01 ZA OOCZ ~ . TIPP I CCL

~L 

072* DAD S 06 07 6* LXI N 21 068*- 0725 NOV Ca N 46  DilL .  NOV 0,* 7t~~~ —— S__ S_ _ _ _ _ _ _I~ 072C _ PUSN .SS .....__ .C*’L._ .___________ • tINE 133I -  S — (CL TLP% Pl TEMU 
~~~~~

. lisowoI 0710 - (il_ H5 —
*~ •4S •ØW A . N  ,~

S S 

S 

- 5
5
~~~~~~~~~~~~~~~~~~~~~

2: 
—- 

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



I 
S

0173 JI’P *011 Cl 0611 5 (1141 144
• LINE 134 - S CALL INVECT OR - -S _._ 0 - - -  -5 AR Y LOC R E S U L T V  ROW TENPL S PAIN DATA 0

0776 NV I S 06 00 0114 LX ~ H 21 04*0
0778 LXI H 21 0681 0787 PUSH H E S
0778 . MDV C,M _ . 41 - -   - _ S (NOPIN — ____________

0710 11410 AOl 2* 06CC 071$ CALL AOl CD 0408
0171 0*0 8 ._ . .  09 _ . _ _— ._—  . 5 LINE 143 - -
0780 PUSH N ES S CALL PIINTVE CTOR 0

S s - - (CL - - TE MPI_S....S. S PAIN - CATA — 0 
07e1 LXI  H 21 O6SC oi’s LXI II 21 0460I’ O764._ PIOV.~~A,.&_JE 07$L_.PUSN N _.__.S U_____________

1 0185 POP H El S PAIN 0 0
0786 . NOV M,A 77 075* MV ! C CL 00

S LINE 135 OYC I PUSH S CS
S — • !CNT .1 TENPI S._______ S ENOPRIS - - - -

0787 LXI H 21 06SF OTCZ CALL *01 CD 05B6
07$A __ MOV ._ A,.15_ .71

__
. —— • s.nii 146 ._.~-~~~___ _

0788 MV ! 0 16 01 S CALL CUERY TEMP t
0780 SUB 0 - - - 92 - . ..-._ -. - S INOPRM .. -

• • TEMP1 RCNT 07C3 CALL *01 CD 0651
07*1 LXI  H .. 21 063F _ ._.._ .__ ._ •11 TEM P t ’ - _ . . _  S

0791 MDV NsA 77 C?C9 OPA £ 57 -

S S S_S_~~~ S . S S _. ._ RDW 1 TE MPt 07C9_jZ AOR CA *AAASS__..______
0762 LXI H 21 06Sf • LIkE 147
0795 NOV A 5 M . 71 

~~~~~~~~~~~~~~~~~~~~~~~~ 
S CALL IKA NSFORN - 0

0796 NYI 0 16 01 * pups V&~ A 0
0798 *00 0 52 _ ._  37CC LX I  14 21 0480

S a. TENPI ROW 07(1 PUSH 54 15
0799 _ .LX1 H S~~~~ S•5 21S_06U - • PAR IS RESULT .s _ .. 0_... __ --
079C MCV NsA 77 0700 LXI  ~i 21 0465

S LINE 136 - ~~
_ . ._ — _ 3703 PU~ I9 H E S

S S 1NOV14 S E NO PI N

C704 C A L L  *0* CD 06C4
S LOAD OUT OF SECUENCE • LINE - 140

Q6(.L.JQUSS __ . _..__Ot* Q__________ - 5 C A L L S S S  P?1IT __
~_- 

S PA R IS U.7!ISESS 0
0790 - JNP AOl Cl C6E2 . - _ _ . ..  0707 LXI  54 21 0480

S LINE 137 070* PUS)’ 54 ES
S RETURN 0 ____  S PA lM 12 0

07*0 RETURN CO 0708 MV ) C 01 OC
_______

S L1146 _...S.13q_ O7~,D PUSH E C5.~5. - -

• ENOPIC • EPSO FIN
- 

* PROC • I4A DA MA * D _ _ _  67C1 CALL *01 CD C4* l- . 5 -  
S LINE 149

55*5 PROC H*DAMA*D $±!1___.._ ~ CA LL PRL1I T V EC IOR 0- - 
S L!NL 141 - 

S PAR’ I RE SULT 0_••~••_ S. CA LL _ . PIINT _ 0 — C711 LX I  H 21 04 93 .  
* P A I N  Nt A O~ER 0 0714 RISk H ES

O7A1 LX! H - - 
21 044 1 ._ . ___  S PA I N 0 0 -

07*4 PUSH H 13 0715 MV! C 06 00
• PAIN 24 ~~~~~~~~ . ..  C717 PUSH S CS

07*3 MVI C 01 15 5 Ft.DP*M
01*1_ PUSH $ __ ..C L_... 07E1_ CAL L *0K CD 03B6 ._.

S ENOPIM S L INE 130
07*6 CALL *01 CD 04*1 - 

__
.~~ * ENOIF

S LIME 142
S CALL P* !NTNATR IX_S_...._ .__I s LOAD OUT OP SEQUENCE

S - -- 
S INOPIM ~~ O7C A ECU 011$

DIAL_ CALL .*DR~_J0 ..0.&5Q __. .. .. .. 5——— .-—
• LINE 143 S LINE 151
S WH ILE 0_~~_ S (NDWH 

~~~~~~~~~~~ _ • _ __
S BO T I ST I - . .T:

—
~
-
~.: - ~~~~~~~~~~~~~ - ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
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T3IS ?A~Z IS B~~T 
QUMitTY PR&CTtC1B~!!I 1~~o I _ ~~~~~~~~~~~ p~~ ____l_I—

._ 

I - i l

- I
O7L~ 4’~P AOl Cl O lAf

S LINE 152 - . r S
- L S 1A0-T I4A DA MA R O . .  S

0716 lIT 1 0*

‘I MAXIMUM ADDRE SS IS O7EE
STA R T S EXECU TION AT ADDRESS 07*1..

Ii 
. 

-

- F

IS

I t~ 
-

j - ii -

~ IiI
S 

- S

•1 - 5

F

- r i  -
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S
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- I IS PA~!E IS BEST QUM.~IT -.C
7~ M OO~Y 1lfl ~U5H~~ ~~ D~Q ~~~~~~~~~ S

I 1-12
OVA (OR 

-

;16C4002DZO3OZC4EOSO10001OIO1O1C1O1O10101FF0LFFO1FFCB1E

I ~ 16O41b0IFFO101FIFF0101)~FFF011FFFC1O1FFPFO10l0101010D30
318 C4ZCF FF11 FF101 FF-O1F FF 10111010101FF IF FF1101 0101 FF1131
;ILC442FFOIFFO1OIFF000ACAO&0A48414441404152442040410*bO
I 1b045~ 54524q58OD0A0A0AOC0AOA4F463F2O2e (,[3D4E4F292O0,93

! 
I 1604tE0D0A0A494E5O53542C564543~i44F520D0A0A0D0*OA52O8BC31804*4’4S53554C54000*0*00000000000C000000C0000000000648
~ 17O4SA00000000CC000COZC 121QE0471E1229F04O53EO0219004OAF2I 1e04817721900471219104369zcAcoo436o187cAA*AA06002lcoo4009,
I 18C4C64E2A9F04094EC5C119C0L6002190047E160182219D040031 .I IO1O4DFT7OS,7 . 

- - - - - 5.. 
5

L ;02C4C2130406*7 -

S 1110410C 38204C900000000000000011122190405216E04E50E120C67 - ._

$1604 1 7C 500A 104Z1O5O47E21E6O47 73EO021E 7O47 721E8O47EO (3C
I J1S OSOOB 7 CA AAAA3 tOO21E  504772107C47EZ1E604 77CDD90021000400B0
I ;11OS2SSoS2CA2EOSAFC3 300S3EOIB?CAAAAA2I06O47E21EbO400SF

-‘ I 101053B770593 - - - -

~~20S323C05O*70
117033CC0530121140477Z11.4047E147F92E25105AFC3530531.0100F3

ii - - )C3055387C*AAAACOO8F6
10205355805C*AF - —-S ; 1703582IE6041EB7CAAAAAZ1E40476ZF16O18221E4047721o70400c5
;O5058F7121180477O774 S - - - - . -.I $02053174050A0’

I 170S740600Z1E7O44E2AE4O409E5Z1E4Q47EE17721E7047E16010070 —- 5 5 ; 1t 056db2 21E7 047 72118 047 1t t ,019271E80 477 21L804 76$7 C*AA A * OP CO
)OA OSA 3ZLO 3O44E (S C L?900 A 6000SOS -

i ;0205A1A0050850
I SO2 OS O F000S OAC I — 

- 5-S ; 1705*0C30Q05C9000000000001C121830571E122B405052105040015 —

• - ;1705C4?U1eZ~,5770E00C ~C179LD81O121E2057E57cAAAAAo~ coop 35._
~~ - 11605062103054E2A040509E3E1?1218I0577218103711680*2oE23
1 !I6OSF1B7CAAAAA ZI00044ECSC179COA600ZIIIQ57EZF16QLSZQEOE

~ iS  ;040607215103770759
IOZOSF3OEOCOCO3 - - - 5 _ -5 . 5 5 - - - .

- 1000608C3A*AA2LG1O44ECSCI79COA60000IS 
-

I ;C2O60018060C26 .....__.~~~~_. . _. _ _ _  _ _ ~~~~~~ . - —_______

I $1006182!110546C )C179C032012182057E57C*AAAA2103044E0E13
- JO606ZEC5C179CDA6OO09A 6 ... .._ ..._ .~~; 0Z06283 4C 60 C 31

I- ;160634 2152o5 7 116019221e z o5 7fl103o5761601ezz1 e3o 577o0o e - -I ;0ZC50 740C80C26
I ;17064AC301O509000021050471214606773L00214F06772 141060SF?

17cto17 ~~e 7 c A A A A A 2 1 o s o 4 E S 2 1 4 F o o 4 E c S C O E t ~,5214Eo67E1oo1oEFe
; 120678922141 067721.4*O67E 210504 3612214106 770A 18

I ;~~2UI648DGt OC F3
fl#UESAC3SEOSCSZ16004LSOEOECSCOAIO4(0090021O4045692O104
U 206*3CAA 706A1C3*OOA3EO13 7CAAA *A2 107e471C 90 (oI

S ~~ZC6A3J5O6OD6Z - - . . ._ .. --- -—— -—- —--- -—-— -I IOS3OBZCILAA *21060471090A 43
I ;G20e~ 3ISAO 6OO6F 

-
I I7CbP*0000000000000000000001E 122C0c61 I22C2CEDSZIO!040C35
; 16060 1112191O6773E00215606773100211306772161O67E570106

Ii i16061 ? CAAAAA 3E OOZ1 SCO 6 772I O SO47 I2IS006 77 3 EO O ZI SAOo000S
I .I I606 FO77 2 1S006 7L I7CAA A IA OEOOZI0006 4( 2l0 $ 040971161 FOICO _ _ _ _ _ _
I i  I 170 713 92 CA 1507 A 1C3100 73 60157C a*AAAOAQOZ1S A Oo4UA CZObOETO

$01072A 044 1C321SCO67 101319221 SC06770C13 - - - . . .  -
sC 2O7 1!IIO 7O ESC

I i
$OS0DI2 1IAO67E 1001S22 1SA00770A C3 - -

I0?070416070E 7C
- 

Il?C7?IC IFE06060021SEOO4FZACOO606E,216CO67f1I7721$1061007 -I $IIo?SI?I10019 MsP0677z1lloo?Itoolszzluoalioo7 ,
I p O206E sA OO 7 Of $A - _ - - - ______ - ~~

___
~~~~~~~__

I 110790C36206C9214104E SOE 1ICSCDA IO400S006I EO1S 7CAAAAA 1ZO E
I 11071421S00415C01$042 LSOO4ESOEOOC $CD$ooSco ef o bI7cA*A*A1 )47I I I$0? CCZ 1IOO4 ES21OSO4 ESCOC406ZI$ OO4U OEOCCSCOA 1O4Z 1OSO4 1146Ii IO7O7E SESO EOO C SCD$b OSOS Z$ . . _ . .. — - . .5. -.-._
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S 

•J Ø79 ’

HADAMLRD M.&TRIX

I 

01, ~~~~~ Øi , Øi, 01, Øi , Øi
- Øi ,—Øi , Øi ,-Øi, Ø1,_Oi , Øi ,—~ 1

01, Øi,4i,—Øi , 01, Øi ,-~~i,—~ 1 S

01 -015 —01, 01, Øi,—Øi ,-~oi , ,o1
01, 01, 01, Øi,—Øi ,—Øi ,—~1,—~ 1
ØI,_Oi, Øt ,—Øi ,-Øi, Øi,—joi, jul

S 01, Øi ,—Øt ,—0i ,—0i ,—01, 01, ~1
Øi,—Øi ,4i, 01,41, 01, jul,—pi

- 
.5 INPUT V~OTOR

I :::~::~::~: ~}: ~: ~; ~
IS OU (I=N0)Y
I MSULT

I 00, 00, 00, pØ, -i4, O 4 , 08,00
S INPUT YZOT OR

~: Z: ~/ø: ~:~ 2: ~t; ~: %
- OK? ( N=l1O)T

F
Ii 

.g8, -iØ, —1 8,—20, 08, 10, 18, 2$

I INPUT YZOTOR S

F
r - 

tote s Thi. pag. ii a typed d uplicate of the t.l.typ. print-
1 out prod uced by EADAII executing on the UVA 1(odulsx’ 5yet a

F Intel 8080.

I 
____ 
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I ~~~~ediZ 11 SIMPL Quads Used by SIMPL M S

1 12 Nam e Quad Pields and Types*

1 0 LINE 1= 1
IS 

= A = S ,I,T B = S ,I , T R=T

2 N ‘I

3 - 5 )  II I’ .

I 4 
- 

H N ft

- 5 _) I, ‘I ft~~~

I. 6 )= - 

5 

“ N N

I- 7 + II -

8 — “ -

F’.- 9 * ft H ft

10 / ft ft ft

11 .11 .A. (bit and ) U 
- 

ft ft

I 12 .V. (bit or) “ N

13 .X. (bit zor) N ft LI

1 14 .RL, (rt log shift) “ ‘I

- 
15 .LL. (if log shift) N I) I’

1 16 NEGATE A = S,I,T

1 17 .0. (bit coapl) II

- 
I 18 .NOT. (logical) N N

J 19 .AND. (logical) A = S,I,T B = S,I , T R = T

20 .~~~~~ . (logical) “ N

- 1 30 : (b4~oa..) A = S,I,T 
- 

R =  S

31 Il A = S ,I,T

Hil 
S

4 -

- - 

—t 

: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S J~~
” 

~~~~~~~~~~~~ 
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1 11-2

1 ID Name Quad Fi eld s and Typea*

- 32 ELSEIP
15 33 ENDI P S

1 34 WHI LE A = I
- 35 WHTEST 1= 8,I , T

I 36 ENDWR 
- S

37 INI TOS
- 1 38 OSTEST A * S,I,T R = I

- 

~~~

- 39 CASE 1= 1

40 CSEND

41 C8ELSE 4

42 ENDOS -

43 CALL 1= 3  R = I , T

~~1 44 PARM A = 8,I,T R = I
I 45 ENDPRM S -

- 1 46 ARYLOO 1= 3  3 = 8  R = T

47 STAR T A = 8,1

1 48 RETURN 1= 3

49 EXIT 1= 1
I 50 PROC 1= 8

51 ENDPRC

I-
S 

—~ S

* T~Te porary, I=Ima ediate, 8=STMTAB Ptr.

1~-~ 
- 

5 

5 5

:1 ~~~~~~~~.. 
5 

5

t.
~ ,~~~~~ r~~~•~5- 
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[ Appendix III. TYDIoal Quad 3~~uences 
S

- Notes Al] LINE quade have been omitted.

I, Statement: -

I? DOG = CAT THEN
FRUIT := APPLE

ELSE
PRUIT := Ø

END
Quad a Produced:

ID £ R
- 

= DOG CAT ‘!EIIPI
I, TEZQ1

APPLE FRUIT
ELSEIP

- 0 FRUIT
- 

END!?

- r WHILE StatamOnt:
I 

ONT := 1Ø
-WHI LE OtT DO

I I? ONT OFF TKEN EXIT END
OtT 5= OtT - 1

S 
3ND/*WHILI*/

I. Quada Produced:

I ~NT S S 
- -

S WHILE 0
IHTEST CNTI = OtT 0?? TEI~~1I - I? - TEMP1

S EXIT -
f S  - aNT- 1 TEMP2
I := TEMP2 OtT

ENDWH -

F 55 • 
-

-

:11 5

— 
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1 - 111—2

I CASE Statement:

018! INDEX-i OF
I ~11� �12� INDEX ~~ 1$

IND EX := 0
ELSI YNDEX := 8

IS 

Quads Produced: 
-

ID £ R
TIITCS —

7 . — INDEX I - TEMP 1
CSTEST TEMP I
CASE 1 1
CASE 12
:= 1$ INDEX

- CSEND
S 

- CASE 3
0 INDEX

I CSEND
OSELSE

8 INDEX
OSEND
!NDCS

PROC Statement:

- 1 PROC LDDIT(INT APPLE, ItT WHICH, REF ItT DOG)
Quad s Produced :

I A 
S 

R
PAOO IDDIT — —

Note: Parameters must be sought in the parameter/local

I chain as descrj b.d in Section 2.2.3.

I 
S 

- 

S

1
~

- I ;
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I CALL Statement: 
S

r . CALL ADDIT(PRUI T,LEAST(BOTH), ANI MAL )
I Note: LEAST is a FUNC

I Quad s Prod uced :

ID A B R
I ~1LL ADDI T

i f  PARt FRUIT 0
CALL LEAST TEMP1
PARt BOTH 0I ENDPRN -

I PARt TEMP t 0
PARt ANI MAL 1
ENDPRM

Array Reference: All array references produce an ARYLOC

quad whi ch assigns the array location or value to a temp—

orary.

I PILE(12) := HEAP(Ø) + 5

Quada Produced:

I ID A B R
I~YLOC REAP ~EZQ 1+ TEMP 1 5 TEMP2

1 ARTLOC PILE 12 TEMP3
: TEIIP2 TEZ4P3 5 

5

F - S

I —1

~ ~~~~~ 45$ * ‘ —
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1 111—4

The following quad a need further explanation:

( ~~ Nam e Explanation

0 LINE A is the line number

1 34 WHILE A is the designator and is ignored

1 38 CSTEST R is data type and is ignored

39 CASE A is the case number

43 CALL A is the PROC/PU NC and R = temporary for
FUNC and 0 for - PROC

44 PARt A is the argument and R = 1 for REP and 5

- Ø for value

47 START A is the main PROC or 0 if none

48 RET URN A is SYMTAB address of value to return or
Ø if none 

-

49 EXIT A is the designator and is ignored

50 PROC A is the PROC/FUNO

I •

1~
F
1
I
r •

1~ S

5555
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Appendix IV. Proced ur e for Re-Compiling SII4PL-14

[ Step 1. Compile a new version of CODGEN

Job Card
UPDATE ,N.
REWI ND , COMPI LE. S

ATTACH , SINPLT.
S REQUEST, COMPAS, *PP.

SIMPLT , 3, COMPILE.
CAT ALOG, COMPAS, CODGEN, RP=Ø.
7/8/9

- *D!OK CODGEN
Sourc e Deck
6/7/8/9

Step 2. Assemble output code in file CODGEN, merge new

I code generator with existing SIMPLT package, merge this
wi th overlay structure , and save thi s as the new SIMPLM

compi icr.

Job Card
ATTACH , COMPAS , CODGEN.
COMPASS , 1=0, I=COMPAS.
ATTACH , LCL, SBPFLS.
COPYL, LCL, LGO, NEW.
ATTACH , OVER.
COPYL, OVER, NEW, OVPLS.
REQUEST, iRS, *~~~~•
ATTACH , RSL.
LI BRAR Y, RSL.I . RPL, 75000.

I! LOAD, OVPLS.
NOGO, ABS.
CATALOG, iRS, SIMPLM.I - 6/7/8/9 -

11 St.p 3. The SIMPL—M compiler can now be utilized with the

procedure outlined in reference 2.

I~ 
-

~ 

-
S 

S

ii 
S 

5
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- Appendix V. SIMPL-T on the TWA CDC Crber 172

1 SIMPL— T as it is available on the Cyber 172 ii cuaber—
- 

some in that it produces assembly code which must be assem-

J bled 1before it can be executed. See reference 9 for a
complete explanation of CDC SII4PL-T.

I ~ At present SIMPL—T i~ only available on tape. when

SIMPL— T becomes available as a disk file, Step 1 -will not
S be necessary.

Step 1. Read SIMPL—T and its library from tape.

Operator request card
I Job Card — specify MT1

REQUEST, OLDPL, VSN=SINPLT, flY, NORING.
RE WIND, OLDPL.

I REQUEST, SIMPLT, ‘PP.
COPYB?, OLDPL, SIMPLT.
CATALOG, SII1PLT,RP=30.
REQUEST,RSL, ‘PP.

- COPYBF,OLDPL,RSL.
CATALOG ,RSL,RP 3Ø.

I 6/7/8/9 -

Step 2. Compile SIMPL—T program using UPDATE.
I Job Oard

UPDATE, N.
I RE?IND,COMPILE.
I. ATTACH,SIMPLT.

ATTAC H, RSL.
LIBRLRY,RSL.

- - REQUEST ,COMPAS,’PJ’.S 
- SIMPLT ,S, COMPILE.

CATALOG, OOMPAS, RP~Ø.
1’ 7/8/9

‘DEOX program name
S Source deck - 

S
S 

6/7~8/9 S 

-

S f  
h S

_______ - - 
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I Step 3. Once compilation errors have been eliminated,
assemble COMP ASS.

I Job Oard
- ATTACH, COMPAS.[ COMPASS, 1=0, I=COMP AS.

LGO. S

6/7/8/9

I’
~, 1’ • 

- 

-
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I Appendix VI. SIMPL-I1 User ’s Manual

I S

SIMPL-M:

- A Structur.d Proqraa ing Languag.

I for Microco~~~uts rs

I A User’s Manual

I 
by

Ja mes B. Bladen
Victor R. Basili

- 

Albert J~. Turner

I S

F 
5

-

I; S

( I S

II 
- 

- 
- 

5

II - 
-

S 

Pre pared for the 
-

I - Computer Science D p*tta.nt of the UNIVERSITY OF V~~~~IN IA
ENGINEZR1l~ SCHOOL, Chsrlott.sviU., Vs. 22901.

S 
S

- 
~~~~~~~~~~~~~~~~~~~~~ 
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5

t I SIMPL—M is a member of the SIMPL family of languages as designed by

IS Victor R. Basili and Albert J. Turner of the University of Maryland.
- 

This user ’s manual is based on their manual (1).

~ I The SIMPL-M compiler is implemented on the WA CDC Cyber 172 computer.

I Th. original CDC implementation of SIMPL was written by John G. Perry, Jr.

- 
of Dahlgren Labs, V.a. Mr. Perry ’s system is an imple*entation of SIMPL-T

is documented in (2) . 
-

- I The SIMPL—M compiler runs on the CDC and generates machine code for
• the Intel 8080 microcomputer. Reference (3) gives a thorough explanation

of the Intel 8080 assembly and machine codes.
5 5 The loader format generated by SIMPL—M conforms to the requirements 

S

of the WA Modular System (.4) . The paper referenced in (4) is reproduced
in Appendix IV.

Internal documentation of the SIMPL—M code generator i~ contained
- 

in SIMPL—M: A Cross-Compiler for the Intel 8080 Microcomputer, a masterts

thesis by James B. Bladen (5).

F S

IS - 
- 

S

.

5
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1. Introduction
- 

SIMPL—M is a cross-compiler that executes on the CDC 6000 and Cyber11 series computers , and generates Intel 8080 machine code. SIMPL—M also
prod uces an assembly language style printout which lists the quads gener—f ated by the compiler and the Intel code produced for each quad. The current
implementation produces a paper tape which is read into the microcomputer
via a teletype tape reader (See Appendix I for a guide for executing

S 

SIMPL-M) .
SIMPL—M is the SIMPL—T compiler with a new code- generator module

substituted for the CDC6000 module. Since the Intel. 8080 microcomputer
1 has greatly reduced capability and size compared to the CDC, many of

- the features offered in CDC SIZIPL—T have been eliminated. Some new
features have been added due to the flexible nature of microcomputers.

. • 1 1.1 Features of SIMPL-T not Supported by SIMPL-M.
1. Recursive procedure calls. 

-

I - 2. String data and Paz~twords. 
-

3. Files. 
-

.

A 
~~. tmxi~s descriptors.
5. Disk—resident program library.

1.2 - New Features Offered by SIMPL—M.
1. Start load specification. Any memory address can be declared as a

Ii  starting point for the program load. The default is address zero.
2. Address specification for external subroutines. Pre—progr ammedI - and loaded procedures can be executed by specifying the address -

in the EXTFUNC Or EXTPROC procedure call. This takes advantag~s
S - of pre—prograitued modules often resident in the PROM of micro—

- computers. .

1.3 SIMPL—M Restrictions. 
-

1 1. The only data type is integer.
I 2. Integers must be in the range — 128 to 127 decimal.

- 3. Th. only data structure is the one-dimensional. array,-~~ S

I 4. Tb. maximum array length is 127.

~
- 1’ These restri ctions apply only to th. present version of SIMPL-N.

Future revisions will modify them

_ _ _ _  -
~~~~~
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j 2. The Basic SIMPL-M Language

( 2.] Proqrain Structure - 
S

- The syntax for a SI?WL-M program is illustrated by

[ - 
(<declaration list)) <segment list> START <identifier>

r The <declaration -list> defines the variables that may be used anywhere
I. in the program. The <segment list> is a collection of procedures (sub—

- 

- 

routines) and functions , and <identifier > names the procedure with whichI . execution is to begin. (The <segment list> may consist of only a single
- 

- 
procedure.) 

-15 The following example illustrates this prograr~ structure. 
S

INT x,y,z ) declaration list

I. .:
PROC SUM C(NT A, INT B)

I - Z: A+B S

- 

I ppo~ )iAINPROG 
- segment list - 

-

X s 3  -

F - cAI~ SUM (X ,Y)I START MAINPROG *

I Thus a SIMPL—M program contains a (possibly empty) set of global
- declarations and a set of procedures and functions. Execution begins

with one of the procedures, and the procedures and functions are called
- 

as needed during execution .

2.1.1 Declarations S

The initial declaration list of a program contains declarations for
al] variable identifier names that are global, A global identifier i3 an S

- identifier that is known to all segments of a program.1 2.1.1.1 Integer Declaration - S

- An integer variable may have any integer value between —128 and 127 ,
inclusive. An integ~~ variable declaration consists of the keyword tNT
followed by one or more identifie r names separated by commas. Ini tia lisa—

; tion - may also be specified as illustrated by the following valid declaration

t — 

~~~~~~~~~~~~~~~ 

—



I
list. - 

-I INT X S 
-

IN? CAT, DoGi 
S

f tNT M 3 , N-—i , I S

S 

In the above example N and N are initialized to the values 3 and —1, 
-I respec tively. This means that these variables will have the specified

valuss when execution of the program begins . The value of an uninitialized

I variabl, is initially zero. -

2.1.1.2 Integer Array Declaration -

- 

Th. only data structure in SIMPL-M is the one-dimensional array .
This is an ordered coil~ction of elements, all of the same data type. The
elimenta are numbered 0, 1, .~~~., n—i , where n is the number of elements
in the array.

Integer array decla rations begin with the keywords IN? ARRAY , and

S 
ar. completed by listing the array identifiers and the number of elements
for each array. The number of elements must be a positive integer , and i~I enclosed in parentheses. Fdr example, - 

- 

-

IN? ARRAY TOTALS(lO)

I declares an array of 10 elements: TOTALS (0) , TOTALS(1), . . .,  TOTALS (9) .

- 
An array can also be initialized by specifying a list of values for the

1 array elements. Initialization begins with the first element (number 0) and

• proceeds until the list is exhausted (or all array elmnezts are exhausted) .
A repetition factor can be specified by enclosing the factor in parentheses

- 
following the initialization value . -

I Some examples are

u IN? ARRAY A(3) ,  BAT(95) , VECTOR(20)
IS IN? ARRAY Ai (1O) , B(S) — (2 ,3,—])

IN? ARRAY C(l l )  — (0,1,3(9))

- 
I The second declaration specifies that B(O) , BU) , and 8(2) are to be

initialized to 2 , 3 , and —l , respectively. Th~ third declaration 
S

1 - initialize. C (O) to 0 , C(1) to 1 , and C(2)—C(l0) to 3.

- See Section 1.3 for restrictions on SXMPL—M arrays.

F - -a.

- 

S S

F

— - 5 - — — - . 5  
- 

-- • --
~~~ 

-. -~~: - : -~~~ -~ ~~~~~~~~~~~~~~~~~ - _; - - -
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2.1.1.3 Declaration List

A declaration h i t , such as the list of global declarations at the
beginning of a program , consists of one or more declarations. Declarations
follow one another with no separator (except blanks). More than one declara—
tion for the same type can appear in a declaration list. All identifiers

in a program must be declared .
An example of a declaration list is

INT X,Y

INT l - 
S

S 
- 

- 

IN? ARRAY INPUTS (20) ,OUTPUTS (20)

INT SUM S

2.1.2 S~g~ents

A segment is a procedure or function definition. Segments contain a
list of statements to be executed when the segment is invoked,

2.1 2.l Procedures S

The syntax for a procedure definition is illustr~t,d by

PROC <identifier> ( (< parameter list>)) (<local declaration list>)
<statement list> {RETtffiN-} 

• 
S

where <identifler> j is the name of the procedure.
- An example of a procedure definition is *

- 

- PROC TEST ( tNT X , IN? Y)

/ THI S PROC SUMS X AND Y *f
INT Z

Z s X+Y

A procedure is a subroutine that , when invoked , executes its <statement list>
and returns to the caller . A procedure may access any global identifier
(unless the procedure has a local identifier by the same name) as well as its
local identifiers and parameters.

• The item. of the <parameter list> , separated by commas, are of the
form IN? <identifier > or tNT ARRAY <identif~et> . These parameters are
passed to the procedure when it is invoked (cahlsd)..

Integ.r parameters are passed by value (un less otherwise specified as
iii 2.3. 7. This means..that if a procedure changes the value of an integer
p rameter, the new value is effective only to that procedure, For example ,
if procedure P Ii defined by: S

5- -5-5—--- - - 
- 

- - - - S - - S 5 -
~~~~~ 5 -  - _ - SS~ ~~~~~~~~~~~~~~~~~~ ~S S 
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L
IN? !

f X : 7

1 and the statements
- X : 3

1 CALL P (X )
I

- 
are executed, then Y will become 3 (not 7).

( Array parameters , however, are passed by reference. Logically, this
seans that the array itself is passed (rather than the value as for integer
parameters) . Thus any modification to an array parameter by a procedure
will be a modification to the actual array passed as an argument by the caller.

1 2.1.2.2 Functions
The function definition syntax is illustrated by

I IN? FUNC <identifier> ((< parameter list>)} fc]ocal declaration list>)
(<statement list>) RETUIW((.xpression>)

I. A function is similar ~o a procedure. The main differences are
1) the value of <expression> is returned (as the value of the function

I evaluation ) to be used in the same manner as the value of a variable
would be used ;

2) functions may - not have side effects, that is, th’ey may not change the
values of any nonlocal variables or arrays,

2.1.2.3 Local Declarations

I All local variables must be declared in the local declaration list.
I. Local declarations are similar to global declarations, but initialization

~ 
is not allowed. (The values of local variables at first entry to a seg-
ment are zero.) -

( 2.1.3 Scope of Identifiers
Global identifiers, including segment names, are accessible from all

I - segments unless a segment declares a local with the same name as a global.
- Local declarations overrid. global declarations so that a global indenti. S

-
S

- 

fier is not available to a segment in which that identifier is declared
I. local. S

Local identifiers are only acc.ssible to the segment in which they
I. are declared. Both globals, and locals may be passed as parameters. The

—~~~~ 
—

~~~~~~ ~~~~~~~~~~~~~~~~ TT 7~ 4’T~~ - - ~~~~ ~~~~~~~~
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L value of all locals is undefined at entry to the segment , and locals do
not necessarily retain their values between successive calls to the seg—
ment. -

2.2 Comments and Blanks
- Blanks may appear anywhere in a SIMPL—M program except within an

- identifier, symbol, keyword , or constant. Blanks are significant delimiters

- and may be needed as separators for identifiers or constants. For example,
5 

- 
I F X

and S

IPX 
-

- are not equivalent. -

A comment is any character string enclosed by / and */ • A
• may appear anywhere that a blank may occur and has no effect on the execu-

tion of a program-. The following illustrates a comment

- 

/* THIS IS A CCSIMENT. */

- 

2.3 Statements
S 

The syntactic entity <statement list> denotes any sequence of SIMPL—T
S 

statements. No separators (other than blanks) are used between statements.

1 2.3.1 Assignment Statement

I The syntax of the assignment statement is given by S

<variable> :— <expression>

I where <variable> is either a simple variable (i.e., an integer identifier) or
a subscripted variable. The assignment statement causes the value of the

J <expressi on> to be assigned to the <variable> . Examples of valid SIMPL-T

- assignment statements are

X : Y + Z

1 - 
- A(I)~— A(f4)+A (J_2)*X S 

-

2.3.2 If Statement 
-

- 
The IF statement causes conditional execution of a sequence of one or

— 

S

_ _

~

s-sL

~~~~~~~~~~~~~~~

;
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I more statements. The syntax is

JS IF <expression>
I THEN <statement list>

1

[ (ELSE <statement list>2) END

At execution, the value of the <expression> determines the action taken.
If the value is nonzero, <statement list>1 is executed and <statement

- list> 2 (if there is an else part ) is skipped. If the value is zero,

I <statement list>2 (if it exists) is executed and <statement list>1 is not
I executed . Execution proceeds with the next statement (following END ) after

execution of either <statement list>

ExampleI 
• •  

IF X<3 .AND. Y<X -

S THEN

I Y : X

ELSE S

I
Y~—Y—l

I IP X>!
1 THEN

1 xz _y -

- 
END

1~ 
END

Note that the ELSE part of the main IF statement also contains an IF

i - statement that will be executed only if the ELSE part is executed . S

I: Example.

IF X THEN !s Y/X ELSE Y: Y/2 END

I This statement divides Y by X if X is nonzero and divides by 2
• if X is zero. -

-2.3.3 While Statement

S The WHILE stat ~~~nt provides a means of iteration (looping) :

- WHILE <expression> DO <statem ent List) DiD

I The value of the <expression> determines the action at execution time, Just

— —5-- 
- - — ~~~~~~~~~~~~~~~

- -
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as for the IF statement. If the value of <expression> is nonzero, then

<statement list> is executed ; otherwise <statement list> is skipped and

I execution proceeds with the statement following END . However, if <state ~
ment list > is executed , then execution proceeds with the WHILE statement again.

Thus if <expression> is nonzero, then <statement list> is executed until

I <expression> becomes zero.

Example. The following statement list s~nns the odd and even integers

from 1 to 100.

O D D : 0

E V E N : 0

I I : 0  
-

WHILE 1<100

I - DO

I I ; 1 + l  S

I F I / 2 * 2 a 1  .

I - 

• THEN / EVEN INTEGER */
EVEN : EVEN + I

F ELSE /~ ODD •/
I ,  

0 0 0 :O DD + I

- 
END

1 -  END

In 2.3.3.1 Exit Statement

The EXIT statement provides a means of escaping from a WHILE loop.

In its basic form, the statement

-~~ S S

I EXIT -
S

S causes the immediate termination of the (innermost) WHILE statement

;ntaining the EXIT statement. Execution proceeds as if the WHILE -

-r 
r”_ ~~~~~ 
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1 2.3.4 Case Statement 
S

Exactly one of a group of statement lists may be executed by using the
CASE statement. The syntax is illustrated by

CASE <expression> OF

I >n 1> <statement list>1
- >n~~ <statement list>2

1
— 

I I >n~~ <statement liSt>k
(ELSE <statement list>k4l} ~~

I where each n
1
, 
~2’”’~k 

is a constant or a negated constant.
If the value of <expression> is n., then <statement list>~ is

I executed and the other statement lists are not executed , If <expression>
does not evaluate to any of the n~’s, then the ELSE part ( <statement

I list>k+l
) is executed, if there is an ELSE part , and none of the state—

I ment lists is executed if there is no ELSE part. The cases may be in any
order , and more than one case designator fl j  nay be used with the same

I statement list, as is illustrated in the following example.

I- Example

S CASE X Y+Z OF

1~ 
>1>

- X : 3
>-8> /* CASES NEED NOT BE IN ORDER*/

[ IF X<Y
THEN

1~ X -s— Y S

I END
S 

Y :Y + L  -

~ • I. >4>6> /* CASES 4 AND 6 COINCIDE •/
X : 2

Ii
- 

ELSE

I ~ri— o
END

S I  
- 

-

IT 
1~ 

- 
5- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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1 2.3.5 Call Statement
:~ The CALL statement -

I - CALL <identifier> ( -(<argument list>) )
causes the procedure named <identifier> to be executed. Each argument in
the argument list may be an expression or an array, and the arguments must
agree in number and type with the parameters in the procedure definition

f for the procedure that is called. Arguments in <argument list> are sepa—
L rated by comas.

Upon Completion of the execution of the procedure, execution resumes

~ I with the statement following the CALL statement ,
5 Example. To invoke the procedure DOlT with arguments X+Y and theLI array A , the statement

I - CALL DOlT (X+’i, A)

1 is used. 

-

. 

- 
S

I 2.3.6 Example - 
-

I PROC SORT (INT N , INT ARRAY M
i - /~ THIS PROCEDURE USES A BUBBLE SORT ALGORI~HN TO SORT THE
I - ELEMENTS OF ARRAY ~A 1 INTO ASCENDING ORDER, THE VALUE OF

THE PARAMETER ‘N ’ IS THE NUMBER OF ITEMS TO BE SORTED. 0/I - INT SORTED , /~ SWITCH TO INDICATE WHETHER FINISHED 0/

- 
LAST, /0 LAST ELEMENT THAT NEED TO BE CHECKED 0/

I I, /0 F0R GOING THROUGH ARRAY */
SAVE / FOR HOLDIM3 VAWES TEMPORAR.IIJY */

FI 
THEN /0 SORT NEEDED ~/ -

I SORTED :~ 0 /0 INDICATE NOT FINISHED 0/

LAST ti-i /0 START WITH WHOLE ARRAY *1

I WHILE NOT. SORTED -

S 5 
- DO /* CHECK CURRENT SEQUENCE FOR -CORRECTNESS 0/I SORTED s 1 /0 ASSUME FINISHED 0

I *. 1 /* INITIALIZE ELEMENT POINTER 0/

; I S 

S
WHILE I ( LAST

DO /0 COMPARE ADJACENT ELDIENTS UP TO ‘LAST’ •/

~ 
_ _ _ _ _ _  .-~a -~ 

-
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1 - S IF A(I—l) > A(I) S

- THEN /0 OUT OF ORDER */

- 
SAVE A (.1) /0 INTEF42IWJGE 0/

A(I ) :. A(I—1 ) /* A(I) AND 0/I A (I— l) : SAVE /0 A(I-l) 0/

SORTED : 0 /0 MAY NOT BE FINISHED 0/

I - END S

I :~ 1+1

I END /0 LOOP FOR COMPARING ELEMENTS 0/ -

/0 A (LAST),...., A (N—l) ARE NOW OK */
-~~ 

LAST : LAST —l
- 

END ~/ LOOP FOR CHEC1~ING CURRENT SEQUENCE 0/

I -  END /* IF N>l */
1 /~ END PROC ‘SORT ’ 0/

I 4I 2.3.7 Parameter Passing by Reference
Procedures may cc~mnunicate scalar (integer or atring ) results throughJ the parameters passed to it by specifying that a parameter £s a reference

parameter. Logically, this means that the scalar variable itself is passed
to the procedure rather than the value of the variable , ~uat as for array

S parameters. Thus a procedure can then change the value qf a variable in a -

[ CALL argument list. S

I A procedure declares a 
- 
scalar parameter to be a reference parameter by

means of the keyword REF . The following program illustrates the differenceI. between normal parameter passing (by value) and reference parameters.
- 

INT X , Z—2 , M[ PROC ADD1 ( INT X, LNT Y) 
S S

X : ~~ X - + y  
S

PROC ADD2 (REF INT X, INT Y)
-

, - 

X : - X + Y

F - PROC MAIN
I 

X : 3

F - CALL AD!~ (X,ZI 
Sit - 

M s . X S

• f 5  CALL ADO2 (X ,Z) 
- 

S

S I  M z X
START MAIN -

S 

-
~~~~~~~~~~~~~~~~~~~ ~~~~~

- -  - - - -~~~~~~~~~~
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This program would set N to 3 then 5

S 

Note that only variables (sinçle or subscripted ) may ,be passed by

1 reference. That is, netiher constants nor -expressions (that do not consist
of a variable only) may be passed by reference. -

Functions may also have reference parameters.

- 2.3.8 Return Statement S

1~ The RETURN statement causes a return to the calling procedure or
function, 

- 
It may be any statement in a segment , The form

RETURN 
S

is used for procedures, and the form

I’ RETURN (<expressioj >)

- is used for functions.

I A function FIND which attempts to find a number in an array can be
written to illustrate this statement:

I - IN? FIJNC FIND (IN? NUMBER, INT ARRAY VALUES, LNT SIZE) S

INT l

Ii I : 1  S

- 
WHI LE I <— SIZE

I - 

I? VAWES (I) NUMBER

THEN /* FOUND */ - - 
S

I 
~~~~ J ( ~) S

I- ELSE
I - t~ , — i + i  - 

S

- ENDI END

- 
RETURN (0) /* tior FOUND •/

I /0 ru~c ‘TINU’’ 0/ 
-

Note that the last statement in a funct ion need not be a RETURN - - , - . - 
-

I < eedb0~~ if the structure of the functiofl~s statement list is such

-
~~~~~ 

—
~~~~ 

-

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~ ~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~
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that a return is alway s made from within the statement list.

2.4 Integer Expressions - 
S

I 
- 

An integer expression represents an integer value. An integer cx-
1 - pression may be 

- 
-

S r - 
1) a scalar integer variable (either a siaç].e variable or a subscripted

H I array variable); -

- 
2) an integer constant; -

•
~ 

j
~ 

3) an integer function call;

- - 
4) an integer operation (such as + or -) where each operand may also

- I - 
be an expression ;

- 

5) an integer expression enclosed in parentheses.

2.4;i Subscripted Array Variables

An array element is d~~ignated by following the array name with ~I subscript , enclosed in parentheses , whose value designates the number of
the array- element to be used. The subscript can be any integer expression.

For example

• A (3 )

I designates the 4th element of array A , while

r A ( X + A (Y ) ) S

designates the element whose number is the value of X plus the value of
th. array element designated by A (Y)

2.4.2 Function Calls[ A function call, has the form

r <identifier> {(<argument list>)) 
-

- 1~ where <identifier> is the name of the function. The rules for <argument 
-

- list> are the same as for the CALL statement. S

- 2.4.3 Constan ts -
S - 

An integer con~~ ant may be designated by any sequence of decimal
digits repre sent ing a valid non-neg ative integer value. Plot. -that nsga-

S f tive constan ts may usua lly- be used where desired altho ugh such a constant

-Ii 
S 

S



S 

. 
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- is formally viewed as the unary minus operation on a nonnegative constant
in integer expressions. -

For example, the following are valid SIMPL-M integer constants.

f
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.
S 3 S

S 127

II 
- 

- 0

2.5 Basic Integer Operators
I The operators described in this section all have integer expressions

as operands and yield an integer result. Any arithmetic overflow that
occurs in a calculation is ignored. 

S 

-

1 2.5.1 Arithmetic Operators -

Addition (+) , subtraction (— ) -, and multiplication (0) are binary

I operators with the usual meaning. The integer divide (/) operator yields

- 
the integer quotient of its operands. Thus if the result of X/Y is Q

I then X — Q0Y + R , where P. is the remainder that was discarded in the
integer divide. S

S

I The unary minu~ (-) operator yields the negative of its operand.
S Note that the expreSsion —3 is formally viewed as the unary minus opera-

- tion on the constant 3 although it would probably be logically (and
I 

- 

equivalently) viewed as the constant “minue three” by the progranm er , There
- is no unary plus operator in SIMPL-M.

- 2.5.2 Relational Operators

I The relational operators are equal ( )  , not equal (<>) , less than
(<) , less than or equal (<a ) , greater than (>) , and greater than or

[ ~~~~ 
(>.) . The expression X—Y has value 1 if X and Y are equal ,

and value 0 otherwise. The remaining relational operators are similarly
- d efined .

- 
I - Noes that the resu lt of a relational operation always has value 1 or

ze&o, depending on wheth er the relation is tru• or fats., respectively...w -

‘ I~ The relation al operators can also be denoted by .EQ. , .ME . , .LT. , 5

- .LI. , .W1!. , and .G!. , respectively. -

S ~~

—

~~~~

-- S
£ ~~~~~~~~~~~~ 

S
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- 

- 

2. 5.3 ~ogica1 Operators 
SI - The logical operators ,AIn). , .OR. , and .NQT. are defined by:

X.AND.Y is 1 if both X and Y - are nonzero, and is 0 other—

I wise X.OR.Y is 0 if both X and Y are zero, and is 1
- 

otherwise .NOT SX is 1 if x is zero and is 0 otherwise S

As is the case for relational operations, a logical, operation always yields
IS the result 1 or 0 .

~~

- Note that the logical operators yield the “natural” result.- For example,I~ th. expression 
S

-

, 
- 

S 

X<Y .AND. Y<Z 
-1. will have the value 1 (i.e., will be “true”) if Y is both greater than

- - 
X -and less than Z , and will have the value 0 (i.e,, will be “false”) 

-
S otherwise . -

2.5.4 Precedence
- The precedence of the basic integer operations , from highest to lowest ,

is S

.NOT. — (unary) unary
1 * / S 

- arithmetic
I + — (binary) -

- - — <> < > <— - relationalI .AND .
- 

logical

I The order of evaluation between operator’s of equal precedence is left to
right (except between unary operators, which i. right to lef t ) ,  

S[ As an example, the expression.

- - A + B + C * D  
SIi - would be evaluated by - 

S

(1) negating the value of A 
S1 (2) adding the value of B to the result from (1)

(3) multiplying the value of C by the value of P[ (4) adding the sesults from (2) and (3) -

F 
S 

S

JI—
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1 . - S .

I -

Parentheses may be used to alter the norsial precedence. Thus (MB) *C

I would cause the values of A and B to be added and the result to be
multiplied by the value of -c . - 

-

2.5.5 Examples

I The following are examples of valid SIMPL-~T expressions.
1. (1) X + Y / 7 * 2  

S

1; (2) X<3 OR. X>8 
-

(3) - X>3 .AND. X+Yclo 
S 

- 
S

- (4) X + (X0 (Y+1)C500) - S

For X—9 and Y—l2 these expressions have the values

- 
U) 11 -

I (2) 1 -

(3). 0
(4) 10 

- 
S

2.6 Identifiers S S 
- -

I Identifiers (i.e., names) in SIMPL—M may be any string of letters or
digits that begins witJ~ a letter. For usage in an identifier, the symbol
$ is considered to be a letter . Identifiers are used eq denote variables,

- S arrays, procedures, functions, and other entities in a program. AllI identifiers used in a program must be declared.
There is rio formal restriction on the length of identifiers. However

identifiers may not cross the boundary of a source input record (e.g., card) ,
so that there is an actual restri ction to the length of an inpu t record

I - (e.g., 80 characters).
Certain reserved words (keywords) ~~~ not be used as identifiers in a

I SIMPL—M program. These keywords (such as IF , fliT ) are listed in Appendix
S III. Due to the special meaning given to these keywords, rather disastrous

S reSults ray occur if a keyword is used as an identifier in a SIMPL—M program.
I This is especially true of keywords used in declarations (such as INT

- ARRAY , PROC ) • The resulting diagnøstics generated by th. compiler may not
be too helpful for usch an error , pr imarily because the proqre er of tee

F . 

- 

-I - -

I_ 
_ _ _ _ _ _ _~~~~~~~~~~~ ~ ~ T’~~~~~~

_ -~---
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- 
overlooks this type of error as a possible cause of the diagnostics,1: - - 

Si~ice many keywords are used for more specialized features of the
SXMPL-M language, the li.t in Appendix III should be consulted before

I writing a SIMPL-M program. 
S -

[ 2.7 Basic I/O 
- 

- 
S

There is no pr’s—defined I/O for SflW L-M (See Sections 1. and 1.2).

1 
- Instead , the progranmier can specify the start address of previously

I loaded I/O subroutines anywhere in memory above location 127. This is
done by declaring EXTPROC and EXTFUNC as external and specifying the

I - procedure star t addi~ess as a parameter . -

Ii 2.7.1 Function EXTFUNC (tNT )

- 
EXTFUNC performs a function call to the address specified by its

I - 
parameter. The parameter ii declared as a global initialized to the external

• subroutine address. EXTFUNC assumes the external procedure will return its
- argument in the 8080 accumulator. See Example 2.7.3.

i 
- 2.7.2 Procedure EXTPROC (fliT, INT)

I - EXTPROC performs a procedure call to the address s~ecified by its
• first parameter and passes its second parameter to the subroutine in the

~ I accumulator . The first par amete r is declared as a global initialized to
- the external subroutine add ress. See Example 2.7.3.

I - 

S

2.7.3 Example - -

[ EXT lilT FUNC EXTFUNC(INT) -

- 

~~-. P~~~ EXTPROC(INT,INT) 
S

- lilT D0G.6, CAT 3 
S 

- S

tilT GETAUH+0167+/*GEIrA IS A PRE-LiOADED PoU rINE*/ 
-1 - /*~~ PROM WHICH INPUTS ONE HEX~f

• /~DIOXT TO 1115 ACCUMULATOR*/ - -I! lilT 0tG~~JT N+0143t/*D!GOUT IS A PEE-LOADED ROurrtNBe/
S 

- 

/ 111 PROM WHIQI OUTPUTS ONE REX */ -~
S F /5DIGIT FROM TIlE ACCIREJLATQR*/

11~ 
- 

-

4~~~~~~~~~~~~~~~ — ¶ 
- 

~~~~~~
-
~~~~~_.Lt L -- ~~ -
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PROC TESTXQ - S

- CALL EXTPROC (DIGOUT,DOG+CAT+1)/~WRI TE HEX A*/ S S

I CAT EXTFUNC (GETA) /* INPUT ONE HEX CHARACTER*/
• /~INPUT AND ECHO ONE HEX CHARACTER*/

I CALL EXTPROC (DIGOUT ,EXTFUNC (GETA) )

START TESTIO
- S

3. Star t Load Speàification -

I The Intel 8080 machine code can be loaded starting at any address
- in memory. This is done by- putting the following statement as the very

first statement in the input deck.

tNT STARTLOAD (start address ) -

Where (start address) is an integer constant as described in Section 4.1.
The stirtload address must be in the range ~ to 65,535 Th. default is
address zero. The memory load is sequential and uninterrupted from the

I start load address.

I Examples

lilT STARTLOAD-H+$4$$+ 
-

tNT STARTLOAD-6$

• 4. Additio nal Language Featuree

[ 4.1 Bit Representation for Integer Constants 
S

- 
Integer constants may be specified In bin*xy , octal , or hexadecimal, S

as well as decimal. However, these additional representations specify the
bit pattern for th. word in which the integer is stored, rather than the
value of the integer. Thus a maximum of 7 bits may be specified for the
INTEL 8080. -

F A bit represent~~icn consists of the letter B , 0 , or H , followed-
I by the binary, octal, or hexadecimal, respectively , constant enclosed in up

I
II . 

S 

- - 5- - 
.5-

-‘~~~~~~~~~~~~~~~~
-- 
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I arrows. (Embedded blanks are permitted.) For example , integer value 23
- can also be specified by any of the following ;

B+lolll+ B+OiO 111+

1 0+27+ -

SI 
- 

0+17+ - 
-

S Trailing zeros may conveniently be specified by ending the constant in

r quotes by the letter Z followed by the decimal number of zeros to be included.
For example , -

B+1lZ3+ — B+11000f S 
-

I A bit representation may occur anywhere in a SIMPL-M program that an
I - integer constant may occur.

I 4.2 Bit Operators S

1. 4.2.1 Shift Operators S

There are two shift operators in SIMPL-M; Left logical shift ( .LL.),
and right logical shift ( .RL.) . These are binary operators that are used

- 

in the form.

- S <integer expression> <shift operator> <shift count>

I where <shift count> is an integer expression whose value is the number of
bits to shift. - 

S 

-

- 4.2.2 Bit Logical Operators

r The bit logical operators co’nplement (.C.), and (.A.), ~~r ( .V . ) ,  and
I .  exclusive or ( .X.)  also function the same as the corresponding INTEL 8080

5 hardware instructions. Examples areI •C-. ifflEf H+E1+

• 
- 

8+110103+ .A. B+llOOl+ 8+010001+
8+110101+ .V. 1~Ol100l+ ~ 8+111101+ -

S 
- 1+110101+ .X. 3+011001+ • 3+101100+

F S

- - 

- - 

~~~~~~~~~~~ J••~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
, 

-~~ - -~
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I 4.2~3 Precede nce
Bit complement ( .C.) has the same precedence as the other unary operators

but the binary bit operators have precedence over all other binary integer
operatois. Among the binary bit operators,-the precedence (highest first) is

I
E ‘

~

‘ 

~~
‘
~~~

- -
- 

shift - 
S

:: .x. bit logical

4.3 Compiler Options S

I The following parameters may be listed on the SIMPL-T execute card to
specify output. - -

I 
- 

S Print source deck

- L Print Intel 8080 machine code

I Q Print SIMPL quaas S

S - F - Print cross—reference table.
See Appendix A for the proper format.

44 Source Program Print Commands

- 
I The following commands may be included anywhere in & SIMPL—M program to

control print format.
- /+ EJECT +/ Jump to top of next page.

Skip n lines

- 1+ PRINTOFF +/ Suppress printing betweenI /+ PRI NTON +f these two directives

I S

; I. -

L - r
. 

-

, 

-

Ii S 

- 

-

- 

~~_,•J_-_- 

- 1~ 
-~~-~- -~~~~~~~~~~~~~~~~~~~~~~~ S
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Appendix I. S

1. Compile a SIMPL—N progr~~ on the CDC Cyber 172.

I - 

- Job Card
S 

- UPDATE,N.7 • aI REWX ND ,Cc 4PILE. 
-

• 

- 

REQUEST ,COMPAS , *PF
f ATTACH,SIMPLT,SIMPLM .H I

S SIIIPLT,SLQ,COMPILE. (See Note)
I~ ~ CATALOG ,COMPAS,INTEL,R.PI.O,

1 7/8/9
*DECK Program Name

1 Program Deck
• - 6/7/8/9

2. Generate a loader tape once a SIMPL14 program is correct ,

- Operator Request Card

I - Job Card
REQUEST,PAPER,TP .

I ’ ATTAaI (Tan30,INTEL) S

1 
- UVALIB(pUNPAPR,Pl ,,,,,p6)

- - 6/7/8/9

I. 
-

~ • 
-

- Note : Leave of f L and Q until program compiles to suppress ptl,ntout of
aseembly code and qua4s. - S

~
• I .  - S

• - • - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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f - Appendix II — Precedence of Oper~ tors
- The SIMPL—M operators are listed below in order of precedence from

-- highest to lowest.

- 
- 

.C. .NOT. — (unary ) unary

.RL. .LL. - shift

- 
.A. 

- 
- bit logica l( .~~. .x. -

* / . -

I - arithmetic+ — (binary)

I — <> < > < > relational

I AND. -

.OR. - 

- 

logical

- 
S

I - - 
pI. - 

- 

S

I

- — S 
--



I S -

i Appendix iii - Key~ords

E The ‘following are reserved keywords and may not be used as identifiers
- in a SIMPL-M program. -

- ARRAY DO EXT OF RETURNI CALL ELSE FILE OTHER START
CASE END FUNC -PROC STRING
CHAR ENTRY 

- 
IF REC THEN

DEFINE EXIT INT - REF WHILE S

I - EXTPROC EXTFUNC 
- 

STARTLOAD

I- 
• 

-

I -

I
S •

~

I • S

IS  -

- 

- • 

S 

- 

— — 

~~ ~~~~~~

—

‘ 

— S
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( Appendix IV - WA MODULAR M~CRQCQI~WUTER SYSTEMS - -BASIC MONITOR

Wesley B, McDona]~d , James H , AylQr -

1N1!ROOUCT ION 
- .

1 The monitors which are available for the various microcàmputer
modular systems at the CSL have the same basic instruction set common t~I all. The methods of implementation are different for each , although this

- is transparent to the user. A description of the basic monitor is presented ,
followed by a discussion of each system’s particular differences.

BASIC MONITOR INSTRUCTION SET - 

-

There are five instructions to the monitor, each consisting of one
letter; the first letter of the desired function. These are;

1 1) Memory Display — M -

2) Next Memory Display ‘- N

I 3) Juaup
4) Load Hex — L  S

1 5) Proceed — P

1. - 

Any memory location may be altered by entering a colon and the new
data in hexidecimal immediate ly following the moni,tor.’s response to either
N or N. For example : -

I - . M - O Q O O AF : CD 
-

will result in location 0000 (which had AF in it) being changed to a CD

I The instruction f ormats are presented below. Any underlined items
are characters input from the TTY. Xs denote Hexidecima]. characters. The

F groups of four characters specify addresses and the groups of two characters
S specify data items. - 

- S

F .M xxxx xx xx
1 .M xxxx xx CR LF 

S

- N xxx* + 1 xx xx 
- 

-I! .N x x x x + l x x C R  z.~’
- .J xxxx CR

F S

- .L (LOAD DATA accord ing to for*at)I . 
-

— 

-
~~~~

u-
~~
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LOAD HEX -

S 

The load hex instruction has special provisions which allow communi-
cation with time share basic, If time share is not available, ,L still will

I. function as a paper tape loader. The paper tape format is:

I . LDR xoff CRLF <CHECXSU14> 4 Hex words, or 2 Hex
bytes. The sum of all Hex data in

I line, e.g. BYTES+ADDR+DATA
,<By’rEs><ADDR><DATA><CHEcKs uM>ci~~~ <BYTES>~ # of bytes of hex code in

- I line not to include the
S 

~ <BYTES><ADDR><DATA><CHECKSUM>CRI, checksum bytes
- <ADDR> starting address of data

- IS  ;<BYTES><ADDR><DATA><c~Ec~$[J~>cg~~ <DATA> consists of xx 2 hex wor ds
of data—l Hex Byte

1 ;

The LDRXoff CRLF indicates to the loader that data will follow,
The semi—colon indicates that data follows immediately.
An end of record, specified by a ;OO terminates loading, and results in

J5 termination of the load phase. To run the loaded program, execute ,J xxxx CR,
where xxxx is the starting address of the loaded program.

Time Share Interface
If the time share interface is available (consisting c~nIy of a modem S

I telephone) the monitor provides communication with it through the .L instruction.
In order to prevent confusion, the monitor will not speak to timeshare[ unless in the .L routine. At all other t imes, the monitor is in a purely

local mode, where commands and prompting are sent only to the system TTY.

I Once in the .L routine , all ~ ?Y input is sent to the modem, a nd all
modem input is sent to the TrY , allowing the use of the microcomputer system

[ as a straight timesharing terminal. In the microcomputer system as a straight
• timesharing terminal. In the event that the LOADXX program on basic isr executed , the monitor will automati cally load the data coming fro m time share

into RPM. The loaded program can then be executed through a reset and the •J
inst ru ct ion .I

I.
— 

S~~~~~~~~_ 

~• - - %~~~~-~~~~~~~-4-- - -
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Program Break Points S

1 Each monitor is arranged so that particular instructiqns in the
machine code of the particular microprocessor will cause an entry into the

I. monitor. Normally, such an entry preserves the stock and register integrity.
When a .P is executed, the monitor automatically returns control to the

I calling program at the address of the previous break point.

I Interrupts
I S  All interrupts in the modular system j ump through the monitor to

- a trap ccl]. in RAM. This cell is initialized by the monitor to ju m p through
1 the breakpoint. The RAM location should be initialized to a jump instruction

to the interrupt service routine for special interrupt processing. Note, this

I is not an indirect jump. The program counter is loaded with the trap cell

- address and the processor begins execution at that point. Three bytes are
allotted , so that a j ump inseruction can be executed.

I. -

1

I S 
S

11
I- S - 

- - - — - -

-: 
~~~~~~~~~~~ 
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SPECIAL FEATURES 0? THE MODULAR IIICRQCOMPUTER

SYSTEMS BASIC MONITOR

- 
INTEL 8080

Program Break Point:

- The program break point is established through use of
S the RST 1 instruction. Control is transferred to the

routine beginning at 10 in RON. All processor status

I and registers are preserved and printed out , in the
following order:

I 
XXXX XX XX XX XX XX XX XX XX) :

1 
PC A B C~ D S N L P5W

Control is then transferred to the monitor , which

I. ~ responds with the prompting dot. Execution of .P
5 will resume program execution.

I a

Ii
H 1
~~ _

S iI

I 
~

I F -

~

_ _ _ _ _  -
S -E 

- - -,~~~~~~ -
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[ S

M0TQ~~LA 6800

S 

Program Break Point
The program break point is established through use of the

SWI instruction. Control is transferred to the monitor which
responds with a prompting dot . P11 processor status is preserved,

I Execution is continued through use of .P .

1

I
I

i i;
F
I
I -

I -w

S 

-

-~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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- ~ I Appendix VII. CODGEN Li8ttng -— ~~~~ ~p’ v~~~~ 

~~~~~~~I ~~~~ 7L/PL ~~~ø
1 ’I - ~

-
~/,.,~Agpf_

I
2 1* THIS PROGRAM 15 £ CODE GENERAT OR FOR SIMPLM WR ITTEN BY JIM BLAD EN •/

-
~ 3 /5 CF THE CCI4PUTER SCIENCE DEPT OF THE UVA SCHOOL OF ENGINEERING. $1.

4 /$ THE P~ CGRAM GENtRATES INTEL 80*0 MICROCOMPUTE R MACHIM CCOE IN A SI
5 - — -  S - I’ FOR MAT ACCEPTABL E TO THE UVA IMPLEMENTATION GF THE INTEL eoeo LOAD—S/ .
6 IS ER. FUPIHER U(~CUMENTATION OF THIS PROGRAM IS AVA !! iLE THROUGH TNES/I 7___ . _-_ .--_ .I* COMPUTER SCIENCE DEPARTMENT .b04—924—7Zoj._._......_ .

S_ E XT INT LIUP TNS . FC- PTR, FCPTR.. _ . ._ . ._ ._~_._ . - _ ________

10 EXT INI A RR ~ Y SY~ TAB

I 
lL S— - S — EXT FILE ~~DA T A ,  SIQ UAD, CO IIPAS -
12 E X T  S I R I NG FUNC NA M E ( I N T ,  INT l
13 -- — - EXT PROC . hR I T E C C~~ILE,STRI NG) 5 -  - - _ • S_

EXT PROC CLOS EISIFILE)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — -— S - - - S~~S~~ ~~~~~~~~~ S~~~~~S _______I lb TNT CONSTOII s B’1Z19$, INITB IT • 8~ 1Z31t . INIBIT • 1,
17 - _. — _  A R Y B I T  • 1’1Z13’,.. - -  PARM B RT • S’llZZ’, REIBIT B’lZ25’~ - 

PRCC SW .O , FUN CBI T • 05171’, CHKSUM • 0.
19 -.  - -  -  M AX C C’.Sl • 127, - M I N C O N S T  • —128, ~~~~~~~ -

I 20 Y.EHPTR • —1 , NQ TEM P • 1, • MO ARRAY • 2,
21 . _ ._ .QUE PIR •5 39. ...._ ...__ .OEQPTR • 39, ~~~~~~~ _~~~

__ $Qfl ’NEO • I1’1Z~~P ,.
22 SAVE PIa • —1. HALF • 0’7777771’. LHALF • O1’?7777716?,
23 SS S S S S S  ORGACO R • 0, - DUM P’Y, , LOPTION, -

1 24 FLUSH • 0, FF • HSEFS , FF00 • HSFFOO’ ,
I 23 _ - .  S~~ S S S •~~~ S • S  FUUCSh • O~ NUMW DS • 0, FFFF • NSFF FF S ,
V ?‘ LU, A F LA G ,  A, BF(AG , 8. RFLAG, 1, I’CURRENT QUAD V A L U E S S /

27 __________ — h1D ,NA ILAG ,HA, NBF LAG, P1,NR FLA G ,NR , ISNEX I CUAD VALUES ’ ! - _________

LC.PTION, ROPTION, COPT ION , QOPTICH /SCONPLLER OPTIONS$II 29 
1 30 INT ARRAY SAVEIL OO L , ISFCRWAR O ADORESS STACKS !

- 

~ ~~~~~ QUEI 4O), ISPOINTERS ARE QUEPTP,DEQPT* SI
32 NC(100).13,7(15).513),714),0,O,7,7,5,7,7.8,3,1,1,3,3,
33.. — S — — ——-—S~~~ l,1,S,3,1l3),9,5,1,7,3~4),1,3,5,?,7,3,3,o) - I 34

15 35 - _ - STRING ARRAY QU*DS (63158) • 1 _____

38 ~LINE 1’~ 
S. t~~ 1’ , t~ s , t .  ,, t ’ 1’,

• 1’). 
~ ‘ ‘ ‘S ~~ •~ 1’S t s 5/ ? , ?.~~• 5,

S 3~ ?.V., 5 , ? .X .  t , ? .PL. 5 , t .IL. t , tN(~ ~. ‘.C. t ,
39 _ — ~~~

_._ t.N0T.,~j,j.*NO ._ ?, t.QR,_ t, ?,~ A5, ?,_?,~ c5, t, ‘Q23. _’,_______
‘024 ‘, S.CON. ,, t I NT t~ ?.ABS . 5 , ? MAX 5 , t R IM 1’~ -41 5 $ .  - ?~ t~~ 5 , tELSE IF? , SENOIF 5 , t~H ILE ~ , ? W NT ES T S ,

f 42 
- 

. SENOI. H 5 , ?IN ITCS ? , ‘CSTEST’, SC A S E  1’, ~C$ENO 5 , ‘CSELSE ’.
43 ‘ENOCS ‘, ~C A L L 5, SPARM 5, ‘ENDPPM S, ?*RYLOCt , ‘START 5,
44 SRETURN ’, tEX IT ‘, ‘PROC Si SENDPPC?, SCONTRLS , 5953 t~~

S ‘S _________________ _____________________________

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
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