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Prefac e

The topic for this thesis was the result of a

recommen dation from the Phase II study of the Space

Programming Language Machine Architecture Study. The

recommendation was to recode the Clock Level Simulator

developed in the Phase II study into a compiler oriented

language (e.g. FORTRAN or JOVIAL).

This document has been written for the reader with

an understanding of the various aspects of computer

languages (e.g. syntax , compiler) as well as the basic

hardware structures of a computer .

This thesis was accomplished using the DEC— 10 system

of the Air Force Avionics Laboratory. We found the DEC—10

to be very user oriented , and the quick response time and

file structures were extremely helpful in working with a

program as large as the Clock Level Simulator. This thesis

was typed using the PUB document genera~~r of the DEC—10.

Since this thesis was a follow—on study, we often

needed and obtained information from Mr. Fred Gerbstadt , one

of the original designers. We would therefore like to thank

Mr. Gerbstadt for his help and advice.

We would also like to thank our sponsor Dr. Mark

Michaels , Mr. Richard Sowar , and the members of Advanced

Systems Group especially Capt . Dan Burton. Our readers , Dr.

Gary Lamont and Capt . Pete Miller. provided many helpful
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- comments , and we appreciate the time that they took from

their schedules to read the rough draft.

We would especially like to thank our advisor Capt.

J. B. Peterson for his technical support and guidance

throughout this project . His timely suggestions and

enthus iasm for the project gave us incentive to over come the

various problems encountered.

This study could not have been completed , however ,

were it not for the cooperation of our wives , Nancy and Meg.

They were very understanding when they were inconvenienced

and were a constant source of moral support. Thus were are

grateful for their patience and perseverance.
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Abstrac t

This document~l1sts the results of a follow—on study

of Phase II of the Space Programming Language Machine (SPLM)

~~~~~~~~~~~~~ 
7?~ ).

Architecture Study)~ In this follow—on study, the Clock

Level Simulator  (CLS ) w~ s t rans la ted  to JOVIAL/J 73 and

improvements  were made to decrease execu t ion  t imes and

memory requirements of the simulator. This work was

accomplished us ing the DEC—10 system of the Air  F&roe

H Avionics Lab~ra4er-y~ at Wright—Patterson A FB.

CLS simulates the direct execution of SPLML (Space

H Programming Language Machine Language ) on an SPLM . SPLML is

a h igher order language that was developed €specially for

a v i o n ic app l icat ion~~ during the Phase I study.

-2,CLS was developed as a design tool where the memory

word size , memory address size , etc . are design parameters

which represen t a specific configuration of an SPLM . CLS ,

the re f ore , is a preliminary model for a family of machine s

- (SPLM) with varying capabilities and complexities.

The initialization routine was wr itten as an

interactive program used to enter design p~ra~neters and is

run separately from the rest of the simulator. A dump

routine was developed which parses the ~itnulated memory for

ease of debugging the simulator and application programs.

~~~~~~~~~~ example  progra m execu t ion  is g iven  in de ta il S in

Cha p ter IV , and various other examples ere listed in

ix

— —- •. —
.- 

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



- ~~-~~~-fl - - - . - -~~-,r- - -~~~~~~~~~ — -.- • -- -

T 

- - - - -

~~

--

~~

- - - - —

~

-- -. - -

~

A ppendix D. There are also recommendations -for follow—on

~ U
studies in Chapter VI.

This document was developed to provide a starting

point for fol’ow—on studies , and the examples should be

helpful in understanding CLS. The CLS code can be obtained

in hard copy form or on tape through the AFIT School of

Engineering.
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SIMULATION OF THE DIRECT EXECUTION

OF A HIGH ORDER LANGUAGE

Chapter I

Introduction

1.1 Background

Aerospace software has generally been programmed in

assembly language , and the problems associated with coding ,

maintaining , and transferring programs between machines have

been tremendous. Early in this decade , the Air Force became

interested in •the direct execution concept as a means of

alleviating these problems. Direct execution of a higher

order language means that a higher order language is used as

the internal machine language of the computer.

In . February 1971 , the Air Force commissioned the

System Integration Associates (SIA) to develop a computer

architecture for a class of machine s (Space Programming

Language Machine ) to execute directly the Space Programming

Language (SPL). During this study (Phase I), SIA determined

that SPL was not an appropriate language for direct

execution and developed a new language (Space Programming

Language Machine Language (SPLML)) and a meta—compiler . The

meta—compiler accepts an SPLML syntax as input and outputs a

_ _ __  _ _  _ ______ ________ - - _  . _ _ . _
~~~_-..- .. - _ _ _. — - -—~~—~--
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translator for the language. Thus when the language is

changed , the new syntax is input to the meta—compiler and a

new translator is generated .

Dur ing Phase I, SIA also d eve loped a semant ic

s imulator  as an in i t i a l  attempt to simulate SPLM . This

semantic simul ator was then developed into a clock level

simulator (CLS) in Phase II. SIA envisioned CLS as a

powerful design tool in the design of the Space Programming

Language Machine (SPLM). CLS was thus developed as a

parameterized statistical gathering mechanism which would

provide the hardware engineer the capability of designing

the most appropriate machine for a given application.

1.2 Advantages of SPLM 
-

SPLM has several advantages in aerospace

applications.

1) Compiler is eliminated .
2) Reduces debugging costs .
3) Reduces maintenance costs.

H 4) Reduces main memory .
5) Machine is smaller .
6) Software can be easily transferred

between machines.

The following paragraphs explain these advantages in more

detail.

Due to the direc t execution implementatio~n the

compi ler  is repl aced by a simple preprocessor  (t r a n s l a t o r)

Compilers  have several d i sadvan tages  inc lud ing  the fact  that

they are costly to develop, costly to maintain , and costly

2
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to run . Compiler errors  are often d i f f i c u l t  to pinpoint  and

have a demora l iz ing  e f fec t  on programmers.  These errors

also reduce programmer prod uctivity since the programmer may

not be confident that an error is confined to his program

rather than in the compiler .

SPLM will reduce debugging and maintenance costs of

programs since the programs are written in the language that

the machine executes. The programmer is debugging at the

machine level rather than at a higher level as is the case

with compiler oriented languages. This makes it easier to

follow program execution since memory dumps can be directly

related to the program source code.

The SPLM a r ch i t ec tu re  pr ovides a memory packing

scheme which red uces the main memory and thus make s the

machine smaller . Since the bulk of the weight of the

aerospace computers has been the memory, this memory savings

will reduce the weight and size of aerospace computers.

This could be critical on weight sensitive missions where

the added memory needed for a convent iona l  computer would be

too cumbersome.  The memory packing  scheme uses add i t iona l

logic ha rdware , but present  trend s point  to muc h more

d rama t i c  weight  reduct ions  In logic hardware than in memory.

The sof tware  can be t r ans f e r r ed  between any SPLM

since these mach ines  have the same basic a rch i t ec tu re .  The

a r i t hme t i c  and logical  operators  of the machine  may be

impl emented in ha rdware  or may be t raps  to sof tware

rou t ines .  The pa r t i cu l ar operator Implementa t ion , however ,

3
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af fec t s  only the pr og r am execut ion speed rather  than the

program code.

The Phase I s tudy  prod uced an a rch i tec tur e which

could revo lu t ion ize  the aerospace computer .  The same basic

computer a r ch i t ec tu re  coul d navigate  a miss i le  as well as

H control the env i ronment  of an a i rpl ane.  Since this  approach

provides  for cost e f fec t iveness  of both ha rdware  and

sof tware , this  a rch i t ec tu re  could decrease the cost of

f u t u r e  weapo n systems. So f tware  problems can be found and

el iminated much fas ter ; thus  the r e l i a b i l i t y  and

m a i n t a i n a b i l i t y  of weapo n systems would increase .

-. 1 1.3 SPLM So f tware

FIgure 1 illustrates the software and the

1 
- i n t e rac t ion  between modules  tha t  were developed du r ing  the

Phase I and II s tud ies .

The idea of defer red  b i n d i n g  where b i n d i n g  decisions

would be delayed as long as possible was followed throughout

the development  of the so f tware .  It was de te rmined  that  the

language  would not be bound un t i l  appl ica t ion  prog r ams had

been developed and the ease of prog r amming in SPLML had been

determined . The meta—compiler was thus developed so that

the language  could be changed as the need arose .

The syn tax  is input  to the me ta—compi l e r , and the

meta—compiler generates the parsing routines. The parsing

rout ines and d r iver routines are mer ged toge ther to form the

1;
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t r ans l a to r .  The t rans la tor  accepts an SPLML program and

outputs  a program string which is then input  into the

simul ator.  The program s t r ing  is executed with the

simulato r , and statistics and memory dumps are gathered at

var ious  points of execut ion.

The three main  un i t s  of the sof tware , the meta—

compiler , translator , and the Clock Level Simulator were

coded . in APL since the excel lent  in t e rac t ive  fea tures  of APL

made the in i t i a l  debugging  easier . This sof tware  package is

a powerful  aid in des ign ing  SPLM for a g iven appl ication.

Since the Clock Level Simulato r is paramet r ic  in na tur e , the

designer may test var ious  ha rdware  con f igu ra t ions  with

re la t ive  ease . The preprocessor (t r a n s l a t o r)  pr ovides a

means  of t r ans l a t i ng  typica l  appl ica t ion  programs to be run

on the simulator . This allows the designer  to inves t iga te

in detai l  the ha rdware  r equ i rements , and a min imal  hardware

con f igu ra t i on  for a specific appl ica t ion  can be developed .

5
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Figure 1. SPLM Software
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1.4 Problem Statement

The in i t ia l  e f fo r t  was concentrated on s tudying the

Phase I and Phase II work to become f ami l i a r  wi th  the design

and the direct execution concept . This involved looking

c a r e f u l l y  at the SPLM language  and the simulator to

determine the way the various language constructs were

executed . The SPLM a rch i t ec tu re  was then invest igated to

determine the basic structures of the machine and their

representa t ion  in the s imula tor .

As a result of the initial study, the following

problems of the Phase I and Phase II s tudies were

iden t i f i ed :

1) Simulato r was slow and used large
amounts of memory.

2) Little debugging of the simulator
had been accomplished . -

3) Debugging was difficult.

4 )  S imula tor  contained an
i n i t i a l i z a t i o n  rout ine  that  was d i f f i c u l t to
use .

5) Lack of examples  and inadequate
documen ta t ion .

The fo l lowing pa ragraphs  exp la in  these problems in more

de ta i l .

Dur ing  the Phase II work , SIA found tha t  APL memory

l i m i t a t i o n s  mad e It necessary to de te rmine  which rou t ines

were needed for a specific s imula t ion , before  the s imulato r

could be executed . Large s imula t ions  r e q u i r i ng  many

7
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simul ator rou t ines  could not be run , thus  the s imulator

could not be fully tested . The simulator was also extremely

slow since it took hour s to execute even small SPLML

programs . This also hampered debugging since it took large

amounts of programmer time to test the simulator.

Thus the second problem was that the simulator had

undergone little debugging . In ord er to enable further

debugging , SIA recommended that the APL Clock Level

Simulator be translated into a compiler oriented higher

or der l anguage  to allow large s imulat ions  to be run in a

practical way. This investigation , therefore , encompasse d

translating the simulator into a compiler oriented language

and debugging the simulator routines.

Another major problem with the simulator was that

debugging was extremely difficult. This difficulty not only

resulted from the speed and memory problems mentioned

ear l ie r , but also from a lac k of a memory dum p routine . The

or iginal designers did not feel that a dump routine for the

simulated memory was feasible and discarded the idea. Thus

in order to perform debugging , the designers had to output

the simulated memory and reduc e this data by hand . The lack

of an automated data reduction routine for the simulated

memory made it an extremely difficult and time consuming

task to debug the simulator.

Another problem of the simulator was that the

Initialization routine was difficult to use . There were

many inputs demanded by the routine and these inputs were

8
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sometimes changed without notifying the designer . Thus the

initialization of the s imulato r could be d i f f e r e n t  fr om what

the designer had intended .

The documenta t ion  of the simulato r was inad equate

and there was a lack. of examples to aid in the understanding

the s imulator  rout ines .  Thus a document  was need ed to

incorporate  the exampl es wi th  an exp lana t ion  of the

s imula tor  and the mach ine .

These problems resulted from the fact that the Phase

II work had not been compl eted due to financial problems.

The Phase II work had been abandonned abruptly and the Clock

Level Simulato r (CLS) had been left in a state of disarray.

Thus the result of’ 5 years work needed to be further

developed before it could be used .

1.5 Objective -

The objective of’ this study, therefore , was to

remedy the problem s mentioned in the previous section by

red eveloping CLS into an economical , viable , and practical

design tool.

The approach taken to solve the memory and execution

speed problems was to translate the simulato r into JOVIAL

(J73) since JOVIAL offers many features that were needed to

make the necessary  improvements  on the s imula to r .  The table

structure of JOVIAL was used extensively to increase the

pe r fo rmance  of the s imula tor , and an example  of th i s  table

s t r u c t u r e  is conta ined  Chapter  V 3ection 2.3 .

9
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The approach used to continue the debugging was to

develop SPLML programs that would exercise as many routines

as possible. It was also determined that a dump routine for

the simulated memory should be developed as a debugging aid

to be used in this study and follow—on studies. Since the

simulator is a large program , it was also decided that the

simulator should -be structured so as to avoid unnecessary

recompilations and facilitate debugging .

In order to make the initialization routine easier

to use , it was decided to develop a separate initialization

routine so that the designer could easily enter design

parameters (see Appendix A).

In order to remedy the problem of a lack of

— documentation and examples , it was decided that this

document should include program execution examples (Chapter

IV and Appendix D) and detailed explanations of the hardware

of SPLM and the software of the simulator. Good

documentation of the simulator routines was also needed to

help follow—on studies.

1.6 Report Organization

The chapters that follow have been arranged to give

the reader an overall view of the SPLM language and the SPLM

architecture before the simulator is explained .

Chapter II provides an introduction to the language

and translator. Various language features are di~ -~ussed

10
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along with the role of the syntax and translator in the

direct  execut ion  concept .

In Chapter III , the architecture of SPLM and the

machine operation are explained . The five major structures

are examined in detail with emphasis placed on the memory

packing mechanism .

A simple example SPLML program is presented In

Chapter IV to show the relationship between the language and

the machine. This example also shows the similarity between

the program source code and the machine cod e (program

str ing) and thus illustrates that the direct execution

machine would decrease software development costs.

The Clock Level Simulator (CLS) for SPLM is

described in Chapter V. The simulation of the major

structures of the machine and improvements made to CLS are

explained . This chapter discusses the advantages of using

the simulator and the importance of this design tool to the

hardware engineer .

The final chapter of this report contains the

recommendations and conclusions that developed as a result

of this study. The recommendations point to specific areas

of the language , machine , and simulato r that require further

s tudy .

The appendices contain program examples , a user

manual for the simulator , - departures from the original

study, and a register list . The user manual explains how to

use the s imula to r and the f i les  tha t  are needed . The

11

— ~~~~~~~~~~~~~~~~~~~~~~~~ - -—~~~~~~ -.— -— ;~~~

_ ._

~~~~ 
_ _
~~~~

-_
~ ~~

--_ - -~~~- ---~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



!~ p 

-- - - -  —--

~~~~~

- - - -

~~~~

--

~

---- -

~ 

—---_ —

~~~

examples give a detailed description of program execution

and are helpful in understandin g the language and the

machine .

This report is organized to give any follow—on

studies a starting point for understanding the direct

execution concept . This concept can only fully be

understood by carefully studying the examples presented in

this report and by studying the simulator code. These

examples exercise many simulator routines and thus should

prov ide good insight into the direct execution of SPLML.

- 
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Chapter II

SPLM Language

- 1

11.1 Introduction

The language for the Space Programming Language

Machine has been developed for the programming of on—board

aerospace applications. In order to facilitate the

programming of these applications , several features have

been incorporated into the language (SPLML): specialized

I/O, variable length data items , operations on vectors and

arrays , block structure , procedures , and declaration of

interrupt invoked procedures.

The main goal of the SPLML development has been to

prov ide for the direct execution of the language on SPLM .

Direct execution in terms of the language and the machine

means that all tokens (terminals) of the language except —

p u n c t u a t i o n  correspond to mach ine  i n s t r u c t i o n s .  The actual

machine .~nstructions are called Semantic—Units (S—UNITS) and

are incorporated into the syntax .

In the following sections , an overview of the SPLM

language is presented . The syntax , translator and compactor

are examined , and a simple parse is illustrated .

11.2 Program Structure and Definitions

The form of a program is a follows:

13 

- ~__-l~_ - —~~-—- -~~ -—-------~~~~ —__ -~~~~~~~ —,.-~~~~~~~.



- p - 
~
- --

~~
-
~
-‘---

~~~~-- w—.—----—_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —.——,——-- 

~~mL

PROGRAM
— so ft ex tens ions
DEFAULT n;

declarations
statemen ts

TERM -

The program is delimited by PROGRAM and TERM ,

and since there is no supporting software (such as an

operating system), the program is complete by itself.

DEFAULT separates the soft extensions from the

declarations and statements and defines the default variable

length for variables whose lengths are not declared (n

specifies the number of bits in the variable).

An executable program must hav e PROGRAM ,

DEFA ULT , and TERM ; and any or all three of’ the program

requirements (soft extensions , declarations and statements)

may be omitted .

SPLML has two block structures: procedures and

BEGIN/END blocks. A procedure provides the means of’

associating an identifier with a bod y of statements. The

execution of a procedure identifier , with optional actual

parameters , causes a branch to the procedure. The procedure

statements are then executed , and an exit is made to the

next statement after the procedure call.

A BEGIN/EN D block i s a  section of code delimited

by BEGIN and END and is treated as an entity.

Declarations mad e within a procedure or a BEGIN/END

block are local to that block. 

14 
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— A simpl e SPLML program is given in Figure  2. This

prog r am executes some simple ar i thmet ic  and will be

referenced throughout  th is  report .

PROGRAM
— DEFAULT 4;

TNTEGER A BITS 5;
INTEGER B(2 ,3];
3)A ;
A+U~ B [1 , 2]

TE RM

Figure 2. Simpl e SPLML Program

11.3 Soft Extensions

Soft extensions to the processo r are SPLML

procedures  used by the processor as t raps  for operators

which are not fully implemented in hardware. When an

operator which is not fully implemented in hardware is

encoun tered (e.g. addition between two arrays ), a jump is

mad e to the soft extension and the operator is executed .

Soft extensions are used to save hardware cost at

the expense of execu t ion  t ime.  The h a r d w a r e  c o n f i g u r at i o n

is determined using the Clock Level Simulator as a design

tool , and these conf igu r at ions may v a r y  wide ly  between

15
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different applications. Soft extensions , however , enable

every  SPLM to execute any SPLML pro gram with  only  execut ion

t ime va r i a t ions .

11.4 Declarations

Any variable in an SPLML statement must have a

preceding declaration , and declarations may occur in any

block or body. Declarations create objects with particular

attributes (i.e. type , length , and dimensions ) and associate

an identifier with that object. The identifier denotes the

object complete with all of its declared attributes , and the

object exists throughout the scope of its identifier. The

scope of an identifier is the smallest block (I.e.

proecdural or - BEGIN/END) containing the declaration of

the identifier .

11.4.1 Data Declarations

Data declarations define variables and constants of

-i the following types: constant , boolean , cardinal , in teger ,

and real. The default initial value after declaration is

-zero (false for boolean ), and variables may receive new

values by means of the assignment operator (~~) .  Constant

data can not be assigned new values but are given a value by

the declaration. The four types of data objects (BOOLEAN ,

CARDINAL , INTEGER , REAL ) are listed below along with

their data ranges.

1) BOOLEAN— Variables which can have
two valu’~s, true and false .

16
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2) CARDINAL — Variable length data
objects  which range  in E O , (2” n ) — l ] ,  where n
is the leng th .

3) INTEGER— Variable length signed
integral values in E_ ((2**n)_1),(2**n)_1],
where n is the length .

4) REAL— Data objects of the form
A* (2**b) where A is variable length. A
ranges in E_ ((2**n)_1),(2**n)_1]. b ranges
in t_ ((2**k)_1),(2**k)_1]. k is a design
parameter .

Dimension data is given within brackets following

the data object , and if no dimension information is given ,

then the entire array is implied . For exampl e, if A is an

array then the the statement “A+4~A; ” will add ~ to eac h

element of A.

The length of the data object is given in bits , and

multiple data objects may be declared in a single

declaration. The following statement sets up 3 scalar

variables , each 6 bits long . -

H INTEGE R X ,Y ,Z BITS 6;

11.4.2 Reference Declaration

The reference declaration provides the capability

for declaring an identifier equivalent to a previously

declared data object. In the following statement , A is

referenced to an already existing data object (the first

element of the B array).

REF A TO BtO ,O];

This construct provides the capability to reference

arrays with simpler identifiers. In the statement above ,

17
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the re ference  has the same e f fec t  as the statement

“EQUIVALENCE(A ,B(l ,l))” in FORTRAN.

11.14.3 Control Set Declaration

The control set dec la ra t ion  associates an iden t i f ie r

wi th a list of labels or procedures. This declaration

provides  a means  of selecting control and has the following

basic form :

CONTROL SET CCT(ECC1 ,ECC2,ECC3 );

The SPLML statement “CCT [3];” selects the third data item in

the control set list . If ECC3 is a procedur e, then a

procedure call is executed; if ECC3 is a label , then a jump

to ECC3 is executed . The control set declaration is similar

to the COMPUTED GO TO in FORTRAN.

11.4. 11 Forwar d Procedure Declaration

The forward proced ur e declaration provides a way of

specifying to the translator that an identifier will later

be declared as a proced ure. A forward declaration is

required whenever a procedur e is called before it was

defined such as when two or more procedures call each other .

Example :
FORWARD Q; )

PR OC P BEGIN Q END;
P~ROC Q BEGIN P END;

Procedure P above calls Q before Q has been defined ,

thus “FORWARD Q ; ” is used as an initial identifier for Q.

If the “FORWARD Q;” declaration had not been used , a

translator error would have occured .

18 
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11.14.5 Input/Output

I/O operations are accomplished by allocating

buffers - -hin memory and then referencing the buffers. The

buffers are defined using the INPUT and OUTPUT

declara t ions .

Example :
1) INPUT BOOLEAN A [5 ]  PORT 0;
2) !NPUT CARD I NAL B [2 ]ThITS 6 PORT 1;

PORT specif ies  the physical address of the SPLM port

on the interface , and the port number must be a constant.

The port transfers bit streams (called stream elements) into

or out of the memory buffer associated with the port number.

The buffer size is one stream element and a stream element

may be transferred simultaneously with processor execution.

The type of stream element is restricted to BOOLEAN or

CARDINAL.

In example 1 above , A is the input array and the

length of each element in the array is one bit. A 5 bit

buffer corresponding to port 0 is set aside in memory, and

the input stream element associated with port 0 is 5 bits

long . The number of bits in a stream element is equal to

the total number of bits implied in a data declaration. In

exampl e 1 , the stream element is 5 bits long; and in 2, the

stream element is 12 bits long (2 array elements times 6

b i t s) .

In the following ex ampl e, port 3 is an input  port

and the stream element is 23 bits long. Port 14 is an output

port , and the output stream element is 10 bits long .

19 
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Ex ample:
INPUT BOOLEAN C(23] PORT 3;
~UTPUTThOOLEAN DE1O ] PORT 4;

The statement “C (6:15PDE1:1O);” fills the memory

buffer associated with port 3 with an input stream element

(23 bits long). Bits 6 through 15 of the buffer of’ port 3

fill the buffer of port 4, and the stream element is output

to port 4.

- 

- Whenever an input (output) stream element identifier

is referenced , the whole stream element is read (written).

• In a write operation , any bits in the buffer that have not

been assigned a value are undefined .

11. 11.6 In ter rupt  Declaration

The interrupt declaration provides the capability of

associating an interrupt handler with a particular

interrupt . In the following example , whenever interrupt

line 3 is raised the statements associated with the

interrupt declaration are executed .

Example :
INTERRUPT 3

BEGIN
— 

A+B~C;
END;

I
11.5 Statements

The s tatement  is the basic un i t  of operat ion in

SPLML. The statement may contain a block structure and

procedure ca l l s .  Sta tements  ma y be labeled and must

t e rmina te  wi th  a semicolon .
20
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11.5.1 Conditional Statements

Condi t ional  s ta tements  are of the

“IF..formula..THEN..ELSE..” form where the execution

of one of two a l t e rna t ives  is selected by the result  of the

boolean formul a (result=1 follow THEN branch , result=O

follow ELSE branch).

11.5.2 Unconditional Statement

The unconditional statement prov ides control and

data manipulation capabilities. The GOTO , DO—UNTIL , and

RETURN statements are all examples of unconditional

statements.

11.5.3 Formula

A formula is a computational rule which may contain

any of the following : names , values , monadic operators ,

dyadic operators , and assignment operator. -

Examples:
O~A; (value of A is 0)
ABS (X)~Y; (ABS is a monadic operator)
A+B~C; (+ is a dyadic operator)
A~B; (~ is the assignment operator)

11.6 Syntax

The syntax of a language is a set of rules which

must be followed when constructing valid sentences of the

language. The SPLML syntax can be found in Reference [2] on

pages 2—2— 13 to 2—2—25. The terminals of the language are

surrounded by brackets , and the S—UNITS are surrounded by

21
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t r iangles  ( V and ~ ) .  A dot between two t r i angle  ( v’.~ )

is interpreted to mean that the preceding terminal  is the S—

UNIT .

The fol lowing is the BNF de f in i t i on  of STATEMENT—

LIST:

STATEMENT—LIST
:= (STATEMENT) [SEMICOLON] VCLEAN’UP-ASTATEMENT—LIST

STATEMENT and STATEMENT—LIST are non-terminals; SEMICOLON is

a te rminal  and C L E A N ’U P  is its S—UNIT.

Emit lines (lines in the syntax which begin with

e ) are used to govern the reordering of S—UNITS. These

emit lines will be discussed further in the following

section .

11.7 Translator/Compactor

The translator/compacto r accepts an SPLML program as

input and outputs an encoded Program String . The translator

performs any  necessary reorder ing of the program (e .g .

Reverse Polish Notation for formulas) and checks the program

validity.

As formulas are parsed , emit lines (lines which

begin with ~) are used to generate S—UNITS in Reverse Polish

Notation (RPN). These emit lines are supplemental lines in

the syntax , and each symbol in an emit line is a function

call in the translator.

Figure 3 shows a parse of the statement ftA+B*C~D~

22
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using the emit l ines at po ints 1 , 2 , and 3 to reorder the S—

UNITS.

At point 1 , the emit l ine “ Z 4-.Z 1 , Z” is used to

reorder the name B and the dyad ic  sym bol +. The emit l ine

at 2 reorders the name C and the dyad ic  symbol ‘ . At 3, the

name D and the ass ignment  operator ( -~
) are reordered , and

the RPN parse of A+B*C >D is compl ete .

Figure 3 illustrates the ease of mapping machine

instructions (S—UNITS) to the corresponding terminal in the

program . This direct execution feature make s debugging much

easier .

The translator also eliminates all terminal symbols

that are punctuation and outputs an integer vector with all

L of the S—UNITS represented as a biased integer . For

example , if the S—UNIT declaration CARD—CONST(LEN ,VAL ) were

generated dur ing translation , the integer representation of

the CARD—CONST S—UNIT would be placed in the Program String

followed by its parameters (LEN , the length in bits of the

constant , and VAL , the actual  v a l u e ) .  If the integer

representation of CARD—CONST were 10000024 and VAL:3 (LEN=2

since VAL is 2 bits long), then the following would be the

Program String generated :

10000024
00000002
00000003 -

_ 
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The compactor scans the Pro gram String from the

t ransla tor and encodes the biased integer  vector into

v a r ia b l e  length cod e words. For ex ample , i f  the code word

of the CARD — CONST S—UNIT were 1011 then the s t r ing above

would be compacted into the following string .

1 0 1 1 1 0 1 1
r r

I I I
I I I
I I I
I I I

CARD’CONST 2 3

The code words are determined by gathering

statistics on frequencies of S—UNIT utilization and by using

Huffman encoding techniques on these frequencies. Thus the

output of the Translator/Compactor is an encoded Program

String which is stored in the SPLM memory. When the

simulator is completed , it will also use the encoded Program

String as input instead of the Program String in its present

fo rmat  (see Appendix  A for cu r r en t  format  of’ the Program

S t r i n g) .

11.8 Summary

This chapter has presented an overview of the

language , syntax , and translator. This ove~ view should

provide the necessary bac kground for the following chapters.

More information can be obtained on these topics presented

in this chapter in Reference [2] and Reference [4].
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Chapter III

SPLM Hardware

111.1 Introduction

The SPLM Architecture Study produced an architecture

for a class of machines to execute directly SPLML. The 
-

major structures of the architecture for SPLM are the -

registers , the pushdown , the main memory, the barrel

shifter , and the I/O section. This basic configuration (see

Figure 4) reflects the deferred binding philosophy since -

these s t ruc tures  are the min ima l  ha rdware  needed to provide

the necessary operations of the machine . The appropriate 
-

hardware design for a specific application can be determined -

after examining statistics from the simulator. These

statistics aid in determining the exact register

configuration and any additional hardware that must be added -

to increase the speed of the design . The remainder of this 
-

chapter will describe the machine structures , their -~

fea tures , and the way in which they interact. -

111.2 Registers

Appendix C contains a list of all possible registers -

that might be implemented and explanations of their use . A

desirable subset of this list can be determined by examining

26
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stat is t ics  from the s imula tor  on register  use . These 
-

regis ters  are of v a r y i n g  length and are provided with

increment and decrement capabilities.

There are no res t r ic t ions  on register  t r ans fe r s ,

thus any register may be assigned to any other register.

Assignment of differing length registers is performed with

zero fill or truncation (zero fill if the assigned register

is shorter and truncation if’ it is longer).

111.3 Pushdown

Arithmetic operations are performed exclusively

within the pushdown which consists of the A and B registers

(PDS’A and PDS’B) and a Last In First Out stack. The

arithmetic and logic operations are performed between the A

and B registers , with the stack being used to hold

intermediate results.

There are two basic stack operators , POP and PUSH.

The POP command moves the top word of the stack into the B

register , sets the top of the stack pointer up one word in

the stack , and clears the AF flag indicating the A register

is empty. The PUSH command moves the contents of the B

register onto the stack “pushing ” the other words on the

stack deeper in the stack. Then the contents of the A

regis ter  are placed into the B regis ter , the AF f lag  is

cleared , and the stack pointer is moved down one word .

27 
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- PDS’A 1 -_ _ _ _ _ _ _ _

I PDS’B ALU —

_ _ _ _ _  _ _ _ _ _ _  

—

PUSHDOWN ________________

STACK 
--

- 

MEMORY INFORMATION
_____________  

(MIR)

R 

— P R O G R A M  STRING
MEMORY —DECLARATION STACK

___________  ADDRESS -PROGRAM
I (MAR ) EXECUTION

VAR I ABLE I  STACK
LENGT H 1
REGISTERS]

- 

-, 

L
I _ _ _ _ _

- 

B A R R E L  INPUT
_______________ 

( B I )

INPUT BASE
(BIB) -

INPUT LENGTH BA RREL I BA RREL
( BIL )  -

~~~~~ SHIFTER ( 
~~1 OUTPUT

I I (BO)
OUTPUT BASE 

j(BOB)

Figure 4. Basic Hardware Configuration
p
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The a r i thmet ic  necessary for the statement

“ 3+A~ B[1 , 2] ; ” ( s t a t emen t  from simple program in Figure 2)

is illustrated in Figur e 5. Assume the initial stack

conditions are as given with PDS’A containing a valid entry

(AF=1). In order for the ADD to be accompl ished , the

operands must be pushed onto the stack (steps 2 and 3).

Since the AF flag is set , the PUSH operation transfers the

contents ox ?L-S’A to PDS’B and transfers the contents of

PDS’B to the pushdown . If AF had been clear (irdicating no

valid information in PDS’A), then the PUSH operation would

transfer the contents of the register to PDS’A and set the

AF flag ; PDS’B and the pushdown would not be changed . Step

11 shows that the result of the ADD is left in PDS’B (all

results of arithmetic and logic operations are contained in

PDS’B) and AF is cleared . Steps 5 and 6 illustrate the

operations involved in transferring a valid result from the

pushdown to a register . As a result of the ADD , the AF flag

is cleared ; thus in step 5, the pushdown is popped and AF is

set. In step 6, the contents of PDS’A are transferred to

the appropriate register and AF is cleared . The contents of

this register will then be stored in the B array (B[1 ,2]) in

memory.
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Il 1f1~ REGISTER

_________________  
AF 

_________________  
AF

PDS’A LiO0O000O000OO0O~ ~j  PDS’A liioo ooo oo oooooo ~ Q

PDS ’B Iooooo oo oooooo ood PDS’B h oo oooo ooooo oo oc~
)00000000000000cj 000000000000000

000000000000000
PDS . PDS

1. INITIAL 2. PUSH 3

__________________  __________________  
AF

-
~ PDS ’A looio o ooooooooood D PDS ’A 1ooooooooooooo oo ~~~~

PDS’B ti 100OOO00OO00OO~ PDS ’B Fi i i o ooooooo o oooc 4

!~QOD0O0OOOOOOO 0J 10000000000000
0000000 0000000 O~j 000000000000000

PDS 0000000000000000 PDS 000000000000000

3. PUSH A 4. ADD

111101 REGISTER

_________________  

F I AF
P D S ’A I i i i oo0000000000cl  PDS ’A [i i i o oo ooo oooo o o ~ D
PDS ’B ~1 OO0 0O0000OOO0O ~ PDS ’B IioO0oo0oo0OOOOO~

0000000000 0 00 ~! 0000000000000001
ooo oooooooooooo c~ 000000000000000

PDS . PDS

5. POP 6. PDS ’A REGISTER

Figure 5. Pushdown Addition
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111.11 Main Memory

SPLM has a random access and wo rd addressable memory

with a memory information register (MIR) and a memory

address regis ter  ( M A R ) .  The memor y provides  storage for the

Program String and a workspace du r ing  the execut ion of’ S—

UNITS. The Program String occupies memory starting at word

0, and the workspace immediately follows the Program String .

The workspace is divided into two parts: the

Declaration Stack and the Program Execution Stack. The

Declaration Stack consists of items generated from the

associated global declarations in the program . After the

global declarations have been declared , the END—DECL (end of

declarations) S—UNIT is executed and puts a mark  in memory

separating the Declaration Stack and the Program Execution

Stack. The Program Execution Stack is a temporary work area

where results are generated to be used later during

execution or to be stored in the appropriate sections of the

Declaration Stack. This temporary work area is destroyed

after the execution of every statement thus saving memory by

enabling the next statement to be executed using the same

work area .

Items in the workspace can be divided into six

categories: mark constants , type constants , syll constants ,

paramete r s , va luespaces , and l inks . Mark  cons tan t s , syl l

constants , and type constants are also classifications of

descr ip tor  un i t s  ( D — U N I T S ) .  Op erands in the workspace

consist of descriptors , their parameters , and a valuespace.
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111.11. 1 Mark Constants

Mark constants are used to signal the beginning of

logical groupings of items on the stack. A mark is put on

the stack to indicate the beginning of a new lexic level ,

the beginning of a subscript list , the beginning of a

proced ure , and the beginning of a soft extension. The first

bit of a mark constant is a 1 , and a mark constant follows a

link.

111.4.2 Type Constants

Type constants correspond to the data types of the

SPLM language and are used to specify the type of’ a

declaration and id. When a type declaration is executed , a

type constant is entered into the workspace. Execution of

the declaration “INTEGER A BITS 5;” puts the INTEGER

type constant on the Declaration Stack. The first bit of a

type constant is 0, and type constants follow a link.

This binding of the first bit of mark constants and

type constants facilitates the searching scheme. For

example , when searching for the BEGIN mark constant -

(indicating the beginning of a new lexic level), only the

-
~ first bit after the link need be scanned to determine if the

constant is a mark constant. If the bit is 0, the constant

is a type constant and the search continues at the next

link. If the bit is 1 , then a mark constant has been found ,

and then a comparison is made to see if the constant is the

BEGIN nark constant. This binding saves searching time
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since needless comparisons ( i . e .  comparing a type constant

to see if it is the BEGIN mark cons tan t)  are avoided .

111.4.3 Syll Constants

Syll constants specify various attributes of a

particul ar constant or variable and follow type constants in

the workspace. Each attribute is information used in

processing the constant or variable. For example , in

executing a subscripted variable ’s declaration or id , a step

syll constant is entered in the workspace to signal that

-dimension information follows . Likewise , the length syll

constant indicates that the following information pertains

to the bit length of the variable or constant.

111.4.4 Descriptor Parameters

Descriptor parameters are used to give the specific

information of an attribute and parameters follow syll

constants and mark constants. For exampl e, when a new lexic

level is entered , the BEGIN mark constant is plac ed in the

workspace followe d by two parameters: the contents of the

lex ic level register (LL) and dimension register (DIMREG).

Similarly the LENGTH syll constant is followed by the

contents of the length register (LAMBDA ) and the STEP syll

constant is followed by the contents of DIMREG.

111.4.5 Valuespace

A valuespace is the space in memory allocated for a

v ariable and follows the VALUE syll constant. The number of
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bits allocated for a valuespace is determined by m u l t i p l y i n g

the number of elements in the data item by the total  length

in bits of each e lement .  The var iab le  A in Figure 2 is a

scalar , thus A is allocated 6 bits ( 1 e].ement’total length ,

total length:5 bits long + 1 sign bit). The variable B is

non scalar and is allocated 30 bits (6 e] .ements ’total

length , total length:4 bits long + 1 sign b i t) .

111.4.6 Links

Moving up and down the stack is accomplished using

links which are placed between operands. This gives the

stack the appearance of a linked list where each link points

to the next operand in both directions (up and down the

stack). When the first operand is placed on the stack , a

link is placed before the operand. This link is used to

find the first bit following the operand , the location of

the next link and its associated operand .

For example , during execution of the ID S—UNIT , a

BEGIN mark constant is searched for by moving down the stack

with the links. When the proper BEGIN mark constant has

been found , then these same links are used to move up the

stack until the proper operand has been found. The ID S—

UNIT and the operations with the links will be discussed in

more detail in Chapter IV. 
-
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- 111.4.7 Declaration Ex ampl e

Figur e 6 depicts with mnemonics , the stack as a

result  of the execut ion of the fol lowing declarat ions:

INTEGER A BITS 5;
INTEGER B[2,3];

-~ The memory is depicted in Figur e 6 as a b i t  vector ,

for this  is the way tha t  SPLM views memory .  As shown in

Figure 6, the operand in the workspace consists of

descriptors , their parameters , and a valuespace. The A

operand consists of the INTEGER type constant , LENGTH syll

• constant , length parameter (5), VALUE syl l constant , and a 6

bit valuespace. The B operand follows a link and consists

of an INTEGER type constant , STEP syll constants

(subscripting information), step parameters , VALUE syll

constant , and a 30 bit valuespace. The B operand does not

have a LENGTH syll constant since the bit length of B was

not declared and thus defaults to the default length (i.e. 4

bits long).
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111.5 Barrel Shifter

Because main  memory is only word addressable , a

barre l  shif ter  is used to ext rac t  (known as LOAD ’BARREL ) or

overwrite (known as WRITE’BARREL) a bit string within

memory .  Be fore a LOAD ’BARREL or W R I T E ’B A R R E L  operat ion is

performed , the desired b i t s t r ing  is specified by its bit

address , placed in a regis ter  called MS , and its bit  length ,

plac ed in a regis ter  called MSL. Other registers associated

with the barrel  sh i f te r  are:

1) Barrel  Input  ( B I ) —  used to hold the
b i t s t r i ng  that  is to be shif ted .

2) Barrel Output (BO)— contains field
where -the bitstring is shifted into from BI.

3) Barrel Input Base (BIB) points to
the left hand bit of the bitstring in BI -

that is to be shifted .

4) Barrel Input Length (BIL)— contains
the number  of’ b i t s  to be shif ted .

- 

5) Barrel Output Base (BOB)— points to
the left hand bit of the BO field where the
bitstring will be written into .

Registers BI and BO are both the same length , at

least one memory word larger than all other registers , thus

allowing enough space for the contents of any register to be

load ed and shifted as necessary. An example of a

LOAD’BARREL is given in Figure 7 and is discussed in the

following text:

Initial Conditions:
a) MS points to the
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— f i r s t  ( l e f tmos t)  bit of the
bitstring within memory.

b) MSL con ta ins  the
length of the b i t s t r ing .

1) Fetch the f i r s t  word from memor y and
place it into BI.

— 2) Sh i f t  the f i r s t  bits fr om BI into
BO. -

a) BIB is f i r s t  offse t
to the left most bit of the
bitstring (bit 26).

b) BIL is then set to
the length (3 bits) of the

- bitstring section contained
within the first memory
word.

c) BOB is set to the
left most bit of SO (bit
3 1) .

d) A BA RREL ’SHIFT is
performed . BARREL’SHIFT
shifts BIL bits starting at
BIB from BI into BO starting
at BOB.

3) Fetch the middle word from memory
and place it into SI.

-

~
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MSL

1) MEMORY (3 consecu-
tive words)

IO1234567~123456701234567

MS 1

2) I B’
31 23 15 7 0

BIL

SI

f BIB 1

WI so
i,A
31 28 23 15 7 0
‘p

BOB

4) 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

MEMORY (3 consecu—
tive words )

0123456 7J0 123456 7!0 1234567

~~

‘

23 
1
15 0

Figure  7. An example  of L O A D ’B A R R E L
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BIL

15 0 _I
L_ ,

BIB I

L

BO

BOB

6) MEMORY (3 consecu-
tive words )

012345670123 456 70123 4567’
—_ _ _— — — - .‘  I

- j  I I-j i
_ _ _ _ _ _ _ _ _ _ _ _ _ _

I I SI

31 23 15 7

II I
31 7 23 15 7 0

~ IB

~~~~~~~ I I SO

31 23 20 16 7 0
+BOB

Fig 7. (Con t . )  An example of’ LOAD ’BARREL
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4) Shift the middle word from BI into
BO.

a) BOB is offset to the
beginning of where the
middle word is to be placed

- (bit 28).
b) BIB is set to the

left most bit (bit 31).
c) BIL is set to the

memory word length (8 bits).
d) A BARREL ’ SHIFT is

performed .

5) Fetch the last word out of memory
and place it into BI.

6) Shift the final bits from the last
word from BI into BO.

a) BOB is offset to the
beginning of where the last
bits are to be pl aced (bit
20).

b) BIB is set to the
left most bit (bit 31).

c) BIL is set to the
length of the number of bits
left (CI bits).

- d) A BARREL’SHIFT is
performed .

Before a WRITE ’BARREL can be performed the barrel

shifter must first be preset. Presetting is accomplished by

the function PRESET’BARREL as shown in Figure 8 and

discussed in the following text:

1) Initial Conditions:
a) MS points to the

first bit of the space
within memory where the
bitstring is to be placed .

b) MSL contains the
le’~~th of the bitstring.

2) Fetch the f i r s t  word from memory and
place it into BO.

3) Fetch the last word from memory and
place it into  BI.

- 
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MSL 1 -

-

-

1) MEMORY (3 consecu-
tive words )

I0 1234567 ~~D 1234567 0l234567
I f  I
I M S
I I
$ ‘P

• 2) 

31 23 15 

BO

3) MEMORY (3 consecu-
tive words)

0123456701234567~ 1234567i -— ——
• 

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

BIL

4) 

~~~6 E3ihihi~hihiI~
hhI

~~
IBIB I

~~~~~~~~~~~~~~~~~~i5 1 07 0

BOB

Figure 8. An example of PRESET ’BAR R EL
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4) Shift last word from SI into BO.
a) Firs t  set BIB to the

le f t  most bit  of BI (bit
31).

b ) Set BIL equal  to the
memory word l ength  (8 b i t s) .

c) BOB is offset to the
beginning of where the last
word is to be placed in BO
(bit 15).

d)  Perform a
BARREL ‘SHIFT.

BO now is preset to allow the bitstring to be

H written into it. However , before this can be done , BI is

first loaded with the bitstring. A WRITE ’BARREL can now be

performed as shown in Figure 9 and discussed in the

following text:

1) Shift the contents of BI into BO.
a) To accomplish this ,

BIL is set to MSL (19 bits).
b) BIB is set to the

left most bit (bit 31).
c) BOB is offset to the

the left most bit (bit 29)
where the bitstring is to be
placed in BO.

d) An d a BARREL ’ SHIFT is
performed .

2) Move contents of SO into BI.

3) Write the first word from BO into
mem or y .

4) Shift middle word from BI into BO.
a) BIB is set to the

beginning of the middle word
within BI (bit 23).

b) BOB is set to the
left most bit (bit 31).

c) BIL is set equal to
the memory word length (8
bits).

d) Perform a
BARREL ‘SHIFT.

5) Write the middle word from BO into
memory.
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6) Shif t  last word from BI into BO.
a)  BIB is set to the

beginning of the last word
within BI.

— b) BOB is set to the
left most bit (bit 31).

c) BIL is set equal to
the memor y word length (8
bits).

d )  Perform a
BARREL ‘SHIFT.

7) Write the last word from BO into
memor y.

1414
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BIL

1) I BI

3]. 23 15~ L2 7 0
tf
~IB I
L~ L ...

• _ _ _ _ _ _

29 2 3  15 1 07  0

I f I
BOB I

2) SI

31 23 15 7 0

~~~~~~~~~~~~~~~~~~~~~~~~~~ BO

_______________________ MEMORY (3 consecu-
tive words)

01-2345670123456701234567

Figure  9. An example of W R I T E ’B A R R E L
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BIL

01
BIB

17 ~I 
BO

IBOB
L ~~~~~ v

5)  MEMORY (3 consecu-
M~óc~S&S&

n
J tive words )

012345670123456701234567

6 )  BI

I 
0

I~
BOB

7) ~~~~~~~~~~~~~~~~~~~~~ MEMORY (3 consecu-
~~DOOOOOOOOOIXXXX\N tive words-)
01234567012345670 123456 7

Fig 9. (Cont)  An example of WRITE ’BARREL
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111.6 Input/Output Section

The inpu t /ou tpu t  ( I /O )  section consists of ports

which interface with peripheral devices and I/O variables

associated with memory buffers. In the SPLM language , I/O

t r a n s f e r s  are set up as I/O var iab les  are referenced . Each

I/O va r iab le  has a specif ic  block of memory associated with

it to b u f f e r  data into or out of a par t icul ar port .  Ports

are either input  or output ports and have data  l ines , a

request line , an acknowl edge line , and a forced completion

line associated with them .

There is a data line associated with each bit of the

b u f f e r  in the device , thus the wid th  of the fr ame (number  of

bits in the f rame)  corresponds to the number of bits in the

device b u f f e r . - An I/O opera t ion consis ts  of t r a n s f e r r i n g

frames to/from the memory buffer until the memory buffer is

full/empty (a more detailed explanation of I/O operations is

contained in Chapter II Section 14 . 5 ) .

The request and acknowledge lines are used in the

handshaking between the I/O section of the machine and the

device .  The ser ial  t r a n s f e r  of f rames  is accomplished when

the sender (SPLM I/O section for output and device for

input ) raises the request line notifying the receiver that

data is on the lines. When the data has been accepted , the

receiver raises the acknowledge line , signaling that more

data may be sent.

The forced completion line is used by the sending

47
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dev ice to signal the end of data transfer before the entire

stream element has been input . This line is raised to

prevent the program execution from halting while waiting for

completion of an I/O data transfer. This line is provided

to enable the device to notify the SPLM I/O Section of

abnormal conditions which prevent the device from compl eting

the I/O operation.

External interrupts are processed by interrupt

handlers written as procedures in the SPLML program . When

an interrupt line is raised , the procedure corresponding to

that interrupt is called , and all other interrupts are

masked until an enable operator is executed .

111.7 Summary

This chapter has presented the basic hardware

structures of SPLM . This basic architecture represents a

class of machines from which a special purpose SPLM can be

designed when a specific application is determined . The

next chapter presents the hardware operation of these

structures during execution.
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Chapter IV

The Hardware Operation dur ing  the Execution Phase

Since the key to u n d e r s t a n d i n g  SPLM l ies in grasping

how a program is executed , this chapter is devoted to

explaining the hardware operation during the execution

phase . In order to aid the reader , the execu tion of an

exampl e Program String is followed in detail.

The Program String , listed in Dump 1 , is the

translator output of the example program of Chapter II,

shown in Figure 10.

I

PR OGRAM
— 

DEFAULT 4;TNTEGER A BITS 5;
I N T E G E R  B[2,3];

4 3~A ;A+ LI~BE1 , 2]
TER M

Figure 10. The Simple SPLML Program of Chapter II

149 
-

~ 

_‘l_~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ - - 5-- -  —



~ .5 -
~~~~~~~~~

Dump 1 contains the following columns:

1) The right most colum n gives the
mnemonic description of the Program String
S—UNITS and the decimal value of the Program
String parameters.

2) Left of this column is the binary
representation of the Program String as it
appears in memory (the least significant bit
is on the left).

3) The next column gives the decimal
address of each word in memory.

‘4) And the far  l e f t  colum n gives the
octal bi t  address of the least s i g n i f i c a n t
bit  of each word .

Dump 1. The Bit Represen ta t ion  of the Program
St r ing  

-

00000 0 0011101000000000 PROG
00020 1 1111011000000000 DUM P 2
000140 2 0011011000000000 SET’DEFAULT
00060 3 OOl000000000 f l000  ‘4
00100 ‘4 000100 1000U00000 N E W ’ I N T E G E R
00120 5 O l000f l000000000  C A R D ’ C O N S T
001Lt0 6 1100000000000000 3
00160 7 101 0000000000000 5
00200 8 1111011000000000  D U M P  3
00220 9 0010011000000000 D Y N A ’ L E N
00240 10 0001 001000000000 N E W ’ I N T E G E R
00260 11 1111011000000000  DU MP 14
00300 12 0100011000000000 CARD’CONST
00320 13 01 00000000000000 2
00340 14 0100000000000000 2
00360 15 1111011000000000  DUM P 5
00~400 16 0000100000000000 DYNA ’DIM
00420 17 1 1 1 1 0 1 1 0 00000000 DUM P - 6
001440 18 0100011000000000 CARD’CONST
00460 19 0100000000000000 2 - 

-

00500 20 1100000000000000 3
00520 21 0000100000000000 D Y N A ’ D I M
00540 22 1111011000000000 DUMP 7
00560 23 0110100000000000 END’DECL
00600 24 1111011000000000  DUMP 8
00620 25 0100 011000000000 CA R D ’ C O N S T
00614 0 26 0100000000000000 2
00660 27 1100000000000000 3
00700 28 11 f lO11000000000  DUMP 9
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00720 29 1110011000000000 ID
007140 30 0000000000000000 0
00760 31 0000000000000000 0
01000 32 11110110000000 00 DU MP 10
01020 33 0111101000000000 ASSIGN
01040 314 1111011000000000 D U MP 11
010 60 35 0110000000000000 CLEAN’UP
01100 36 1111011000000000 D UMP 12
01120 37 11100110000000 00 ID
011 140 38 0000000000000000 0
011 60 39 000000000000000 0 0
01200 40 0100011000000000 CARD ’ CONS T
01220 4 1 1100000000000000 3
012140 42 0010000000000000 L4
01260 43 1111011000000000 DUMP 13
01 300 44 0000011000000000 S’’ADD
01 320 45 1111011000000000 DUMP 114
01340 4 6 0110101000000000 START ’LIST
01 360 47 0 100011000000000 CA RD ’C ONST
01400 148 1000000000000000 1
01420 ‘49 1000000000000000 1
01 14 14 0 50 1011101000 000000 CANONICAL
014 60 51 0100011000000000 CARD ’CONST
01 500 52 0100000000000000 2
01 520 53 0100000000000000 2
01 540 514 1110101000000000 SUBSC R I P T ’MODF
01 560 55 1111011000000000 DUM P 15
01 600 56 1110011000000000 I D
01 620 57 0000000000000000 0
01 640 58 1000000000000000 1
01 66 0 59 1111011000000000 DUMP 16
01 700 60 0111101000000000 ASSIGN
01 720 61 1111011000000000 DUM P 17
01 740 62 0001101000000000 TERMINATE

One of the S—UNITS , DUM P , g ives  an expanded snapshot

of the workspace after the execution of any S—UNIT without

effecting the contents of the workspace. Since the

workspace  is in packed form , DUM P p rov ides  a r eadab le  memory

map for fo l lowing  the execut ion  of the Prog r am S t r i n g .  A

sample memory dump is shown- in Dump 2 after the

execu t ion  of PROG , always the first S—UNIT in the Program

String .

51

— -- — — 
- - 

S —- --



- —- -V— - -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Viewing the figure from right to left , the fields

are:

1) The mnemonic label of each item
(e.g. link , the mark constant BEGIN , or the
parameter Displ acement).

2) The expanded binary representation
of the workspace (each item is seperated by
a horizontal lines).

3) The decimal word address.

14) The least significant bit address of
each individual item .

Dump 2. The Declara t ion Stack as it appears after
PROG

01760 63 00000000000000 link
01776 63 00 link

6’4 111111111000
020114 64 0000 link

65 0000000000
02032 65 10000 B EGIN ( m a r k  cons t an t)
02037 65 0 Lexic Level (parameter)

66 000
02043 66 000000 Displ ac ement ( p a r a m e t e r )

IV . 1  The Example  Execution

The previous chapter described the individual parts

of the hardware in detail whereas this chapter is geared

toward g iv ing  the reader  an ove rv i ew  of the ha rdware

opera t ion  d u r i n g  the execu t ion  phase . The rest o-f th is

chapter is devoted to viewing the execution of the example

program line by line.
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IV.1 .1 PROGRAM

PROGRAM is t rans la ted  d i rec t ly  into the PROG S—UNIT

whose dump has already been shown in Dump 2. PROG ’s

function is to mark the Declaration Stack with the mark

constant BEGIN and the two parameters of BEGIN , Lex ic Leve l

and Displ acement. The fact that Lexic Level and

Displ acement are both equal to zero , uniquely identifies

this as the beginning of the Declaration Stack.

Links on the Declaration Stack prov ide a means of

searching the stack either forwards (known as a stepping up)

or backwards (known as a stepping down). The three links of

Dump 2 are the starting point for building the link

s t ruc tu re  and are i n i t i a l l y  equal to zero . Link one remains

zero and only i ts address is used in step ups and step

downs .  The value assigned to the second l i n k  is the

exclusive—or of the bit address of the first link and the

bit address of the third link (1760 ~ 2014 = 37714,

remember the least significant bit is on the left). Link

three remains equal to a zero until later when a fourth link

is placed on the stack at which time it is assigned the

exclusive—or of the second and fourth links ’ bit addresses.

A STEP’UP is performed by the exclusive—or of a link

bit address (e.g. 1760, the bit address of link one) and the

value of the next link up (e.g. 377)4, the value of link

two), resulting in the address of the second link up (e.g.

20114, the bit address of link three). Likewise , STEP’DOWN

exclusive—ors the link bit address (e.g. 20114, the bit
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address of link three) and the value of the next link down

(e.g. 37714, the value of link two) to get the address of the

second link down (e.g. 1760, the address  of l ink  o n e) .

IV.1.2 DEFAULT ~4;

DEFAULT 1$; translates directly into SET’DEFAULT and

a Program String parameter with the value of 4. The only

function of SET’DEFAULT is to input  the d e f a u l t  bit length

from the Program String and pl ace it into a register called

DEFAULT . The d e f a u l t  va lue  is used whenever a declaration

is referenced and the declaration does not contain a bit

length specification .

IV. 1.3 INTEGER A BITS 5;

Since this  is a dec la ra t ion  requiring storage , a

valuespace is allocated . However , before this can by done ,

prel iminary information is placed on the Declaration Stack

to describe the a t t r i b u t e s  of the va luespace .  In this case ,

the attributes are the type integer and the bit length 5.

The type attribute results from executing NEW’INTEGER and

appears on the stack as the type constant INTEGER. The bit

l eng th  attribute results from two S—UNITS , CARD’CONST and

DYNA’LEN.

Whenever a cardinal constant is encountered in the

prog r am ( e . g .  the cons tan t  5 specifies the bit length of

the in t ege r  A ) ,  the CA RD ’C ON ST S—UNIT is generated . Dur ing

the execut ion  of th is  S—UNIT , the a t t r i b u t e s  of the ca rd ina l

cons tan t  are pl ac ed on the s tack .  In the exampl e , the

- 
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I

a t t r ibutes  are the type cons tan t  CARDINAL , the bit  length

equal to 3 (i.e. this is the number of bits required by the

b i n a r y  representa t ion  of the bit length parameter 5), the

syll  constant  CONSTANT , and f i n a l l y  the address point ing to

the bi t  length parameter  5.

Dump 3. Dec la ra t ion  Stack as it appears after the
CARD ’ C O NS T 5

01760 63 00000000000000 link
01776 63 00 ITh k

64 111111111000
020114 6’4 1110 li n k

65 1011111000
02032 65 10000 BEGIN (m a r k  cons tan t)
02037 65 0 Lex ic  Level (pa r ame te r )

66 000
02014 3 66 000000 Displac ement (p a r a m e t e r )
020 51 66 1110110 l ink

67 0000000
02067 67 0010 INTEGER ( type cons t an t)
020 73 67 00000 l i nk

- - 
68 000000000

02111 68 0100 C A R D I N A L  (t y p e  cons t an t)  —02115 68 001 LEN ( s y l l  cons t an t)  H
6 9 0  - H

02121 69 1100000 Bit  Length  (p a r a m e t e r )
02130 69 0110 CONSTANT ( s y l l  cons t an t)
0213 14 69 1110 ADDR ( s y l l  cons t an t)
02140 70 00001110000000 Address  (p a r a m e t e r )

As seen in the Dump 3, the bit address po inting to

the value 5 is 160 (octal) and is written into the CARDINAL

declaration—operand at bit location 21 140 (octal). (Note:

‘Operand ’ is used to refer to any area in the workspace

between two consecutive links - and begins wi th  a type

constant. A declaration—operand is an operand within the

Declaration Stack and , likewi se, a statement—operand is an

operand within the Program Execution Stack).
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The workspace present ly  con ta ins  two dec la ra t ion —

operands , INTEGER at bit location 2067 and CARDINAL at bit

location 2111 , each of which describe only a part of the

declaration INTEGER A BITS 5 ; .  However , the desired

resul t  is to have each declarat ion .-operand descr ibe all of

the a t t r ibu tes  of one dec l a r a t i on .  This  is the func t ion  of

the DYN A S—UNITS such as DYNA’LEN , the next S—UNIT in the - 
-

Program Str ing . DYNA’LEN uses the address in the CARDINAL

d e c l a r a t i o n — o p e r a n d  to fe tch  the bi t  length  of A from the

c a r d i n a l  cons tan t  dec l a r a t i on—operand . Next  DYNA ’LEN

deletes the last link and the cardinal constant declaration— -

operand and adds the bit, length attribute (i.e. LEN and the

bit length parameter of 5) onto the INTEGER declaration—

operand (refer to Dump ‘4, bits 2073 — 2105 octal).

The reaso n for creating the CARDINAL operand and not

writing the LEN and bit length parameter directly is that

the creation of the bit length attribute is sometimes more

compl icated than it was in th is  case . The syn tax  of SPLM

allows the bit  l eng th  of a dec l a ra t ion  to be speci f ied  by a

f o r m u l a , for  example  INTEGER A BITS B+5 ; (no t e :  the

v a r i a b l e  B would have to already have been declared for this

declaration to be legal). The formula B+5 is eva lua ted

f i r s t , c rea t ing  a dec l a r a t i on -ope rand  at the end of the

s tack .  DYNA—LEN nex t  scans 
- 

t h i s  d e c l a r a t i o n — o p e r a n d

d e t e r m i n i n g  the b i t  l eng th , deletes  the d e c l a r a t i o n — o p e r a n d ,

and adds the b i t  l eng th  a t t r i b u t e  (LEN and the paramete’r bi t

length) to the INTEGER d e c l a r a t i o n — o p e r a n d .
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The allocation of the valuespace is next but

actually does not take place until during the execution of

the next S—UNIT as shown in Dump 14. (Note that the

next S—UNIT is NEW’INTEGER which is the reason for type

constant INTEGER at the end of Declaration Stack). The

valuespace is marked with the syll constant VALUE and is

allocated six bits , f i ve  for the va lue  and one for the sign

bit (left most bit).

Dump 24 • Declaration Stack as it Appears after
NEW ’ INTEGER

01760 63 00000000000000 li n k
01776 63 00 link

64 111111111000
0201-4 614 1110 li n k

65 1011111000
02032  65 - 10000 BEGIN (mark constant) 

—

02037 65 0 Lexic  Level (p a r a m e t e r )
66 000

02043 66 000000 Disp lacement  (p a r a m e t e r )
02051 66 0011101 li n k

67 0000000 ____________________________________
02067 67 0010 INTEGER ~type cons tan t)
02073 67 0010 LEN (syl l c o n s t a n t)
02077 67 1 Bit Length (parameter)

68 010000
02106 68 1010 VALUE ( sy l l  cons tan t)
02112 68 000000 Valuespace
02120 69 01100000011011 l i nk
02136 69 00 INTEGER ( t y p e  cons t an t)

70 10 _____________________________________

I V . 1 . -4 INTEGER B(2,31;
Since the in teger  B is nonsca la r , d imens ions  are

used to describe the size of the array. Each dimension

translates into the Program String as a CARD’CONST and
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DYNA’DIM pair which when executed , places a step onto the

Descriptor Stack. CARD’CONST sets up a CARDINAL

declaration—operand as seen in Dump 5 which is used by

DYNA’DIM to create the first step marked by the syl].

constant STEP as viewed in Dump 6.

Dump 5. Declaration Stack Showing the CARD’CONST 3
before DYNA’DIM

01760 63 00000000000000 l i n k
01776 63 00 link

64 1111111 11 000
0201 4 6)4 1110 l ink

65 1011111000
02032 65 10000 BEGIN (mark constant)
02037 65 0 Lexic Level (parameter)

66 000
02043 66 000000 Displacement (parameter)
02051 66 0011101 link -

67 0000000
02067 67 0010 INTEGER (t ype  cons tan t)
02073 67 0010 LEN (syll constant)
02077 67 1 Bit  Length  (p a r a m e t e r )

68 010000
02106 68 1010 VALUE ( syl l  cons t an t)
02112 68 000000 Valuespace
02120 69 11010010000000 l i n k  -

02136 69 00 INTEGER (t y p e  cons t an t)
70 10

02142 70 00111000000000 l ink  —

02160 71 0100 CARDINAL (type  cons t an t)
021614 71 0010 LEN (syll constant)
02170 7~1 0100000 Bit Len gth  (p a r a m e t e r )
02177 71 0 CONSTANT ( s yl l  cons t an t)

72 110
02203 72 1110 ADDR ( syl l  cons tan t)
02207 72 000001110 Address  ( p a r a m e t e r )

73 00000
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Dump 6. Declaration Stack Showing the Plac ement of
i the First Step

- 

01760 63 00000000000000 link
- 01776 63 00 link

614 111111111000
020114 61) 1110 link

65 1011111000
02032 65 10000 BEGIN (mark constant)

- 02037 65 0 Lexic Level (parameter)
- 66 000

-~ 020143 66 000000 Disp lacement  (p a r a m e t e r )
020 51 66 0011101 l i nk

-~ 67 0000000
02067 67 0010 INTEGER ( t y p e  cons t an t)

- 02073 67 0010 L E N  ( s yl l  c o n s t a n t)
02077 67 1 B i t  Length  (p a r a m e t e r )

68 010000
02106 68 1010 VALUE ( s y l l  cons tan t)  —

02112 68 000000 Value space
02120 69 11010010000000 link
02136 69 00 INTEGER (type  cons t an t)

70 10-
~ 02142 70 1100 STEP (syl i c o n s t a n t)  -

-~ 
021 14 6 70 010000 Mu l t i p l ier (p a r a m e t e r )

The f i r s t  step is a lways  equal  to the f i r s t

dimens ion  whi le  each success ive  step is the product  of the

last step and the present  d imens ion .  Therefore  in this

example , the f i r s t  step is 2 and the nex t  step is 2 x 3 or 6

as shown in Dump 7.
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Dum p 7. Declaration Stack Showing the Placement of
Steps

01760 63 00000000000000 link
01776 63 00 link

624 111111111000
02011) 61) 1110 link

65 1011 111000
02032 65 10000 BEGIN (mark constant)
02037 65 0 Lexic Level (parameter)

66 000
020143 66 000000 Displacement (parameter)
020 51 66 0011101  link -

67 0000000
02067 67 00 10 INTEGER ( t y p e  constant)  -

02073 67 0010 LEN ( s y l l  cons t an t)
02077 67 1 Bi t  Length (p a r a m e t e r )

68 010000
02106 68 1010 VALUE ( s y l l  cons t an t)
02112 68 000000 Valuespace
02120 69 10100010000000 l i n k
02136 69 00 I N T E G E R  (type constant)

70 10
02142 70 1100 STEP (syll constant)
021 14 6 70 010000 M u l t i p l i e r  (p a r a m e t e r )
021524 70 1100 STEP ( sy l l  c o n s t a n t)
02160 71 011000 M u l t i p l i e r  (p a r a m e t e r )

The bit length of B is not specified and therefore

is the default length. Consequently, whenever this

dec l a r a t i on  is la ter  referenced , the default bit length will

be used .

Again  the a l loca t ion  of the valuespace does not take

place un t i l  d u r i n g  the execu t ion  of the nex t  S—UNIT which  in

th i s  case is E N D ’D E C L .  The va luespace  is marked by the syll

cons tan t  VALUE and al located 30 bi ts  of s torage ( s ix  four

b i t  integers plus one sign bit each) as shown in Dump

8. Af te r  the valuespace , END ’DECL marks  the end of
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the dec la ra t ion  stack and the beg inn ing  of the Program

Execut ion  Stack with  the mark  constant  MARK.

a Dump 8. Declaration Stack as it Appears after
END ‘DECL

01760 63 00000000000000 link
01776 63 00 link

614 111111111000
0201 14 6)4 1110 l ink

65 1011111000
02032 65 10000 BEGIN (m a r k  cons tant)
02037 65 0 Lexic  Level (parameter)

66 000
020113 66 000000 Displacement (parameter)
02051 66 0011101 link

67 0000000
02067 67 0010 INTEGER ( t y p e  cons t an t)
02073 67 0010 LEN ( s y l l  cons tan t)
02077 67 1 Bi t  Length  (p a r a m e t e r )

68 010000
02106 68 1010 VALUE ( s y l l  cons tan t)
02112 68 000000 Va lue space
02120 69 10001101000000 li n k
02136 69 00 INTEGER (t ype  cons t an t)

70 10
021242 7~ 1100 

- 
STEP ( sy l l  cons t an t)

0214 6 70 010000 ~1ultiplier (parameter)
02154 70 1100 STEP ( s y l l  cons tan t)
02160 71 011000 M u l t i p l i er (p a r a m e t e r )
02166 71 1010 VALUE ( s y l l  cons t an t)
02172 71 000000 Valuespace

72 0000000000000000
73 00000000

02230 73 0 1000000 link
74 000000

0221)6 74 11000 MARK (mark constant)

IV. 1.5 3~A; -

END’DECL also indicates the program contains no more

global declarations and the program statement list has

begun . In this example , 3~A ; is the first statement and
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appears in the Program String as a CARD ’CONST and an ID
1 ~~

- ---

followed by an ASSIGN . Execut ing  the S—UNIT CARD’CONST

resul ts  in a s imilar  cardinal  cons tant  operand as was seen

before in Dump 3 and Dump 5. The Pro gram Execut ion Stack

now contains the CARDINAL constant statement—operand having

a bi t  length  of 2 and an address point ing to the value  of 3
(i.e. the bit address 660 octal ) as shown in Dump 9.

ID is a reference  to a specifi c declarat ion : in

particular , the integer declaration A. The purpose of ID is

to set up a second statement—operand containing an address

of integer A’ s valuespace. To accomplish this task , ID -

first steps down starting at the last links ’ bit address

2253 (refer to Dump 9) until a BEGIN D—UNIT is found

at bit address 2032 octal . The stepping down process is

shown as follows (in octal):

2253 link address (Check for BEGIN at  address 2271)
~ 0373 value of link at address 2230
2120 link address

2230 link address (Check for BEGIN at address 22146)

~ 0261 value of link at address 2120
2051 link address

2120 link address (Check for BEGIN at address 2136)
~ 0134 value of link at address 2051
= 20114 link address

2051 link address (Check for BEGIN at address 2067)

~ 3727 value of link at address 20111
= 1776 link address 

-

201-LI link address (BEGIN found at address 2032)
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Dump 9. Declaration Stack as it Appears after

- 

CARD’CONST of 3

01760 63 00000000000000 link
01776 63 OUlink

64 11 1111111000
020 1L $ 61) 1110 link

65 1011111000
02032 65 10000 BEGIN (mark constant)
02037 65 0 Lexic Level (parameter)

66 000
02043 66 000000 Displ acement (parameter)
02051 66 0011101 link

67 0000000
-; 02067 67 0010 INTEGER (type constant)

02073 67 0010 LEN (syll constant)
02077 67 1 Bit Length (parameter)

68 010000 -

02106 68 1010 VALUE (sy l l cons tan t)
02112 68 000000 Valuespace
02120 69 10001101000000 li n k
02136 69 00 INTEGER (type constant)

70 10 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

021-4 2 70 1-100 STEP (syl ]. cons tan t)
021-146 70 010000 Multiplier (p~rameter)02154 70 1100 STEP ~syll constant)02160 7 011000 Multiplier (p a r a m e t e r )  -

02166 71 1010 VALUE (syll constant)
02172 71 000000 Valuespace

72 0000000000000000
73 00000000

02230 73 11011111 link
7 000000

02246 714 11000 MARK (m a r k  c o n s t a n t)
02253 7)4 00000 link

75 000000000
02271 75 0100 CARDINAL (type constant)
02275 75 OOFLEN (syll constant)

7 6 0
02 301 76 0100000 Bit L e n g t h  (p a r a m e t e r )
023 10 76 0110 CONSTANT ( s y l l  cons t an t)
023 1-4 76 1110 ADDR ( s y l l  cons t an t)  

—
02320 77 00001101100000 Address  (p a r a m e t e r )

V
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ID nex t checks to see if the Lexic Levels are the

same , and since they are , steps up the num ber of

declarations—operands equal to the displacement parameter of

ID plus one. Since the displacement parameter is equal to

zero , one step up is mad e leaving the link pointer at 2051

octal (i.e. 1776 ~ 3727 : 2051 ). The integer A’ s

declaration—operand is then found at the link pointer plus

the link size (i.e. equal to 1 .11 decimal in this example) or

bit address 2067. ID next scan s this declaration—operand

for information from which it builds the second statement—

operand as shown in Dump 10.

The Program Execution Stack now contains two

statement—operands , which is necessary before the next 5—

UNIT (ASSIGN) can be executed . ASSIGN scans the two

statement—operand s and obtains the address of the value in

the Cardinal Constant 3 dec l a r a t i on—operand  and the address

of the A ’ s valuespace in the integer statement—operand .

ASS IGN then retrieves the cardinal constant 3 and writes it

into the A’ s valuespace. After writing the value into the

proper valuespace , ASSIGN deletes the two statement—operands

and creates a new statement—operand containing the same

value as what was assigned (refer to Dump 11).
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Dump 10. Declaration Stack as it Appears a f ter  ID

01760 63 00000000000000 link
01776 63 00 link

61) 111111111000
0201L) 614 1110 link

65 1011111000
02032 65 10000 BEGIN ( m a r k  cons tan t)
02037 65 - 0 Lexic Level (parameter)

66 000
020143 66 000000 Displ acement (parameter)
02051 66 0011101 link

67 0000000
02067 67 0010 INTEGER (type const~~€3
02073 67 - 0010 LEN (syll constant)
02077 67 1 Bit Length (parameter)

68_ 010000
02106 68 — 

1010 VALUE (.syll constant)
02112 68 000000 Valuespace  -

02120 69 10001101000000 l i nk
02136 69 00 INTEGER (type constant)

70 10 -

02142 70 1100 STEP (syll constant)
021-46 70 010000 Multiplier ( p -arameter )  

—

02151) 70 1100 STEP (syll c o n s t a n t)
02160 71 011000 - Multiplier (p a r a m e t e r )
02166 71 1010 VALUE ( sy l l cons t an t)
02172 71 000000 Valuespace

72 0000000000000000
73 00000000

O2230~ - 73 11011111 link
74 000000

022 14 6 714 - 11000 MARK (mark constant)
02253 744 01100 l i n k

75 010000000
02271 75 0100 CARDINAL (t y p e  c o n s t a n t)
02275 75 001 LEN (syll constant)

76 0 
______________

02 301 76 0100000 Bit  Leng th  (~ar a m e t e r )  —

023 10 76 0110 CONSTANT ( s y l l  c o n s t a n t)
02311) 7V 1110 ADD R ( syl l  c o n s t a n t)
02320 77 00001101100000 A d d r e s s  (p a r a m e t e r )  

—

02336 77 00 link
78_ 000000000000 

______ ______________

023514 78 0010 INTEGER (type constant)
02360 79 0010 LEN (syl l~~onstant)__023614 79 1010000 Bit Length U j a r a m e t e r )
02373 79 1110 ADDR (syll c o n s t a n t)
02377 7~

, 0 Address (~arameter)80 1010010001000

65
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Dump 11. Declaration Stack as it Appear s after
- ASS IGN

01 76 0 63 00000000000000 li n k
01776 63 00 link

64 111111111000 
—

0201-4 614 1110 link
65 1011111000

02032 65 10000 BEGIN (m a r k  constant)
02037 65 0 Lexic Level (parameter)

66 000
02043 66 000000 Displac ement (parameter)
02051 66 0011101 link

67 0000000
02067 67 0010 INTEGER (type cons t an t)
02073 67 0010 LEN ( s y l l  cons t an t)
02077 67 1 Bit Length (p a r a m e t e r )

68 010000
02106 68 1010 VALUE (syll cons tan t)
02112 68 011000 Valuespace
02120 69 10001101000000 link
02136 69 00 INTEGER (type constant)

70 10
021-4 2 70 1100 STEP (syll constant)
021 -4 6 70 010000 M u l t i p l i e r  (p a r a m e t e r )
02151) 70 1100 STEP ( s yl l  cons t an t)
02160 71 011000 Multiplier (pa ra m eter )
02166 71 1010 VALUE ( sy l l  cons t an t)
02172 71 000000 Valuespace

72 0000000000000000
73 00000000

02230 73 11011111 link
711 000000

0221)6 714 11000 MARK (m a r k  cons t an t)
02253 714 01100 l ink

75 010000000
022 7 1 75 0010 INTEGER (type constant)
02275 75 001 LEN (syl l cons t an t)

760 -

02301 76 1010000 Bit Length (parameter )
02310 76 T~1 O VALUE (syll  cons tan t )
02314 76 0110 Valuespace

77 00
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If instead of the statement  3~ A ; ,  the statement

3~ A~ B ( 1 , 1]; existed , this  new s ta tement—operand would be

used to assign A to B(1 ,1]. However since the statement

3~ A;  is terminated  by a semicolon (appea r ing  in the

Program String as a CLEAN’UP S—UNIT), the new statement—

operand is deleted during the execution of CLEAN ’UP as seen

is Dump 12. In general , the function of CLEAN’UP is to

delete everything on the Program Execution Stack back to the

first MARK encountered . In this particular case there Is

only one MARK D—UNIT in the workspace and therefore only the

new statement—operand was deleted . However , multiple MARK’ s

are possible (suc h as when procedures exist) where MARK ’s

are used to seperate operands having different lexic

levels).

I V . 1 . 6 A+ 11*B( 1,2] 
-

The first operation occurring in this statement is

the summing of A and 4. This appears within the Program

String as:

ID
0
0

CARD ’ CONST
3
4

S’ ‘ADD

The ID and the CARD’CONST create two statement—

operands as shown in Dump 13. S’’ADD scans these two

statement—operand s’ attributes to acquire the value of A and

the value of the cardinal constant 14, then pushes the two

- 
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values onto the pushdown stack. These values are then added

and the sum is used to create a resultant statement—operand .

Dump 12. The C L E A N ’U P  operat ion of the Declarat ion
St ack

01760 63 00000000000000 link
01776 63 00 link

64 111111111000
0201-4 64 1110 link

65 1011111000
02032 65 10000 BEGIN (mark constant)
02037 ‘ 65 0 Lexic  Level (p a r a m e t e r )

- 66 000
0201)3 66 000000 

- 
Displacement (parameter)

020 51 66 0011101 li n k
67 0000000

02067 67 0010 INTEGE R (t ype  cons tan t)
02073 67 0010 LEN ( sy l l cons t an t)
02077 67 1 Bit Length (pa rame te r )

68 010000
02106 68 1010 VA LUE ( s y l l  constant)
02112 68 011000 Va luespace
02120 69 10001101000000 l i nk
02136 69 00 INTEGER (-type constant)

70 10
021 142 70 1100 ST E P (syll constant)
021 )4 6 70 010000 Multip lier (parameter)
021 514 70 1100 STEP ( sy l l cons t an t)
02160 71 011000 M u l t i p l i e r  (p a r a m e t e r )
021 66 71 1010 VALUE _( sy il  cons tan t)
021 72 71 000000 Valuespace

72 0000000000000000
73 00000000

02230 73 11011111 link
744 000000

022146 714 11000 MARK (mark constant)

The resultant statement—operand is then written on the

Program Execution Stack as soon as the two statement—

operands of ID and CA RD ’ CONST are deleted . The result of

the add i t i on  is shown In Dump 14 .
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Dum p 13. The Declaration Stack as it appears prior
-to S’’ADD

01760 63 00000000000000 link
01776 63 00 link

6)4 111111111000
020114 614 1110 link —

65 1011111000
02032 65 10000 BEGIN ( mark  constant)
02037 65 0 Lexic Level (parameter)

66 000
0201)3 66 000000 Disp lacemen t  (pa r ame te r )
02051 66 001 1101 li n k

67 0000000
02067 67 0010 INTEGER (t ype  c o n s t a n t)
02073 67 0010 LEN ( s yl l  cons tan t)
02077 67 1 Bit  Length  (p a r a m e t e r )

68 010000
02106 68 1010 VALUE ( sy l l  cons tan t)
02112 68 011000 Valuespace
02120 69 10001101000000 link
02136 69 00 INTEGER (type constant)

70 10
02142 70 1100 STEP ( sy l l  cons t an t)
02 1-4 6 70 010000 M u l t i p l i e r  (p a r a m e t e r )
0215 14 70 1100 STE P ( syl l cons t an t)
021 60 71 011000 M u l t i p l i e r  (p a r a m e t e r ).5 02166 7. 1010 VALUE ( s yl l  cons t an t)
02172 71 000000 Valuespace

72 0000000000000000 -

73 00000000
02230 73 11011111 link

74 000000
022 J4 6 7’4 11000 MARK (m a r k  c o n s t a n t)
02253 71) 01000 link

75 010000000
0227 1 75 - 0010 INTEGER (t y p e  cons t an t)
02275 75 001 LEN ( s y l l  cons t an t)

76 0 
___________________

02301 76 1010000 Bit  L e n g t h  t p a r a m e t e r )
02310 76 1110 ADDR ( sy4J cons t an t)
02311! 76 0101 Address (p a r a m e t e r )

77 0010001000 
_____________ _________________

02332 77 000000 link 
-

78 00000000 __________________
02350 7B 0100 C A R D I N A L  ~J~ pe c on s t a n t )
02351) 78 0010 LEN  (syll constant) 

—

02360 79 1100000 Bit Length (p~ r ame ter)
02367 79 0110 CONSTANT _ (syl l  c o n s t a n t )
02373 79 11 1 0 ADDR (syll c o n s t a n t )  

—

02377 79 0 Address (p a r a m e t e r )
80 0000101010000
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Dump 14. The Declaration Stack as it appears after
S’ ‘ADD

01760 63 00000000000000 link
01776 63 00 link

6~4 1 11111111000
020111 6’) 1110 link

65 1 0 1 1 1 1 1 0 0 0
020 32 65 10000 BEGIN (m a r k  cons t an t)
02037 65 0 Lexic Level (parameter)

66 000
020 113 66 000000 Displac ement (p a r a m e t e r )
02051 66 0011101 link

67 0000000
02067 67 0010 INTEGER (t y p e  c o n s t a n t)  

—
02073 67 0010 LEN (syl l  cons t an t)
02077 67 1 Bit Length (p a r a m e t e r )

68 010000
02106 68 1010 VALUE ( s y l l  cons tan t)
02112 68 011000 Value space
02120 69 10001101000000 link
02136 69 00 INTEGER (type constant)

70 1 0
021 142 7~ 11 00 - STEP (syll c o n s t a n t)  

—

021~46 70 010000 Multiplier (parameter)
02154 70 1100 STEP (syll cons tan t)
02160 71 011000 Multiplier (p a r a m e t e r )
021 66 7 1 1010 

— 
VALUE (syll  cons t an t)

02172 71 000000 Valuespace
72 0000000000000000
73 00000000

022 30 73 11011111  l i n k
71) 000000

02246 714 11000 MARK (mark constant)
02253 74 01000 link

75 010000000
02271 75 0010 INTEGER (t y p e  cons t an t)
02275 75 001 LEN (syll constant)

7 6 0  -

02301 7~ 1010000 Bi t Leng th  (p a r a m e t e r )
02310 76 1010 VALUE (syll c o n s t a n t)
023 1-4 76 0111  Va luespace  - 

-

77 00

70
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When an addi t ion  is perfo rmed wi th  a value larger

than what can fit in the pushdown register , the procedure is

slightly more involved than in this simpl e example. In this

case , S’’ADD works with chunks the size of the pushdown

taking the least significant bits of the values first.

Corresponding chunks from each value are plac ed in the

pushdown , a carry is retained to propagate through to the

next successive chunk , and the intermediate results are

stored at the end of the workspace. If one value is longer

than the other , the other value is zero filled during the

r e m a i n i n g  add i t i ons .  The intermediate results are placed in -

the workspace so that the final answer has consecutive bits

starting from the least significant to the most significant.

The answer , however , is in two ’s complement form (since the

pushdown stack works in two ’s complement arithmetic) and Is

converted to sign magnitude form . Since there is no more

use for the two statement—operards that t~emain on the

Program Execution Stack , they are deleted and S’’ADD creates

the resultant statement—operand in their pl ace.

Back to the original s ta tement  A+ 14~B [1 ,2], the 5—

UNITS tha t  are associated wi th the subscr ip t  [1 , 2] ar e:

STA RT ’ LI ST
CARD ’C ONST

CANONICAL 
-

CARD ’ C ONST
2
2

S U B S C R I P T ’M O D E

71 
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The func t ion  of these S—UNITS is to specify which

element wi th in  integer B ’ s valuespace is to be used . As

seen in Dump 15 , the START’LIST S—UNIT places the mark

constant  LIST on the Declaration Stack indicating the start

of the subscript [1 ,23’s attribute list . As shown in Dump

1 5 the CA RD ’ CO NST , -CARDINAL pair provide the first

CANONICAL statement—operand with a param€ter called

Canonical Value having the value of one (corresponding to

the first subscript). Similarily, the CARD’CONST ,

SUB SCRIPT ’MODE pair  provide  the second CANONICAL statement—

operand corresponding to the second subscript . CANONICAL

and SUBSCRIPT ’MODE are basically identical except

SUBSCRIPT’MODE is used to terminate the subscript list and

has the additional function of placing SPLM into the

subscript mode.

72
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Dump 15. The Creat ion of the Subscript List for
Bt 1 , 2]

01760 63 00000000000000 link
01776 63 00 link

64 lh lllllll000
02014 61) 1110 link

65 1011111000
02032 65 10000 BEGIN (mark constant)
02037 65 0 Lexic Level (parameter)

- 66 000
0201)3 66 000000 Displ acement (parameter)
02051 66 0011101 link

67 0000000
02067 67 0010 INTEGER (t y p e  cons tan t)
02073 67 0010 LEN (syll constant)
02077 67 1 Bit Length (parameter)
- 68 0 10000
02106 68 1010 VALUE (syll constant)
021 12 68 011000 Valuespace
02120 69 10001101000000 link
02136 69 00 INTEGER (type constant)

70 10
021-42 70 11 0 0 STEP - (syll constant)
021446 70 0 10000 Multiplier (parameter)

.5 02154 70 1100 STEP (syll constant)
02160 71 011000 Multiplier (parameter)
02166 71 1010 VALUE (syll constant)
02172 71 000000 Valuespace

72 0000000000000000
73 00000000

02230 73 11011111 link
71) 000000

02246 7)4 11000 MARK (mark constant)
02253 74 01010 link

75 010000000
02271 75 0010 INTEGER (type constant) 

—

02275 75 001 LEN (syll constant)
760 -

~~~~~~~~~

02301 76 1010000 Bit Length (parameter)
02310 76 1010 VALUE (syll cons t an t)
02314 76 0111 V~luespace

77 00
02322 77 OlllOOl0000 000 ljnk
023440 75 10100 LIST (mark  constant)
02345 78 00101011100 link

79 000
02363 79 11011 CANONICAL 

- 
(m a r k  c o n s t a n t)

02370 79 10000000 Canonical Value (parameter)
80 000000 

_________

73 
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t 02406 80 0100001110 link
81 0000

021)2 1) 81 11011 CANONI CAL (mark  cons tant)
02431 81 0100000 Canonical Value (parameter)

82 0000 000
02 1) 1)7 82 111000001 l ink

83 01011
02465 83 11100 END (mark constant)

Subscript  mode indicates to ID tha t  a subscript

attribute list exists. In subscript mod e, ID proceed s to

step down the Program Execution Stack until it finds a mark

constant LIST, scans the subscript attributes , and

determines the address of the particular element within the

valuespace (in this case B (1 ,2]) that is being referenced .

The subscript attribute list is then deleted and a

statement—operand pointing to the valuespace is then created

as shown in - Dump 16. In this  p a r t i c u l a r  case , the

address  is pointing to the last element of B (i.e. B(1 ,2])

at bit 2223 octal in memory.

All that remains to be executed is a simple

assignment of the valuespace of the first statement—operand

to the va luespace  of the second s t a t emen t—operand . Dump

17 shows the workspace after the assign. Note that a

C L E A N ’U P  S—U NIT is not needed here because it is the end of

the program . TERMINATE is simply used to terminate the

execution phase , thus ending the example.
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Dump 16. The Creat ion  of the Statement—Operand for
B(1 ,2]

01760 63 00000000000000 link
01776 63 00 link

6~4 111111111000
0201 -4 61) 1110 li nk

65 1011111000
02032 65 10000 BEGIN (mark  constant)
02037 65 0 Lexic Level (parameter)

66 000
020143 66 000000 Displacement (parameter)
02051 66 0011101 link

67 0000000
02067 67 0010 INTEGER (type constant)
02073 67 0010 LEN (syll constant)
02077 67 1 Bit Length (parameter)

68 010000
02106 68 1010 VALUE ( s y l l  constant)
02112 68 011000 Valuespace
02120 69 10001101000000 link
02136 69 00 INTEGER (type constant)

70 10
02142 70 1-100 STEP (syll constant)
02146 70 010000 Multiplier (parameter)
021514 70 1100 STEP (syll constant)
02160 71 011000 Multiplier (parameterl
02166 71 1010 VALUE (syll constant)
02172 71 000000 Valuespace

72 0000000000000000
73 00000000

02230 73 11011111 link
74 000000

022146 714 11000 MARK _~~~ ark constant)
02253 74 01010 link

75 010000000
02271 75 0010 INTEGER (t y p e  c o n s t a n t)  

—

02275 75 001 LEN ( s y l l  cons tan t)
760

02301 76 1010000 Bit Length  (p a r a m e t e r )
02310 76 1010 VALUE ( sy l l  cons t an t)
023 1-1! 76 O l l fV a l u e s p a c e

77 00
02322 77 01110010000000 link
02340 75 0010 INTEGER (type constant ) —

02344 78 1110 ADDR (syll constant)
02350 78 11001001 Address  (p a r a m e t e r )

79 001000

- 

75 
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Dump 17. The Workspace as it appears at the end of
the Execut ion  Phase

01760 63 00000000000000 link
01776 63 00 link

64 111111111000
020114 614 1110 link

65 1011111000
02032 65 10000 BEGIN (mark constant)
02037 65 0 Lexic Level (parameter)

66 000
0201)3 66 000000 Displacement (parameter)
02051 66 0011101 link

67 0000000
02067 67 0010 INTEGER (type constant)
02073 67 0010 LEN ( s y l l  cons t an t)
02077 67 1 Bit Length (parameter)

68 010000
02106 68 1010 VALUE (syil constant)
02112 68 011000 Valuesp~ce02120 6~ 10001101000000 l i n k  

_ _ _ _ _ _ _ _ _ _ _ _ _ _

02136 69 00 INTEGER (t~pe constant)70 10 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

021-42 70 1100 STEP (s y il constant)
021146 70 010000 Multiplier (parameter)
021 54 70 1100 STEP ( s y~ l cons t an t)
02160 71 011000 )iultiplier (parameter)
02166 71 1010 VALUE (syll constant)
02172 71 000000 Valuespace

72 0000000000000000
73 00001110

02230 73 01011111 link
74 000000

02246 714 11000 MARK (mark constant)
02253 74 01010 link

75 0 10000000
02271 75 0010 INTEGER (type constant)
02275 75 101 VALUE (syll constant)

760
02301 76 01110 Valuespace
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Chapter V

Clock Level Simulator

V. 1 Introduction

The Clock Level Simulator (CLS ) is a software tool

used in des ign ing  SPLM for  a p a r t i c u l a r  app l ica t ion .  The

designer enters design parameters (e.g. memory size , memory

word length , arithmetic register length) during the

initialization of CLS. These parameters are used to

simulate a specific configuration of SPLM . Statistics are

then gathered on register use and execution times , and the

opt imal  des ign can be de te rmined  by compar ing  these

statistics for various sets of design parameters.

The register use statistics provide the designer

with the necessary info rmation to determine the best

register configuration. The most frequently used registers

should be implemented with fast hardware registers , but

little used registers can be located in memory or eliminated

a l toge the r .

The timing statistics from CLS provide information

on the execution speed of a design , and may point to a need

for additional hardware to increase the speed of a design.

For exampl e, it may be necessary to add a barrel shifter

dedicated to I/O for applications with heavy I/O

requirements. It may also be necessary to implement

77
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ar i thmet ic  operators between a r r ays  in hardware  for

applicat ions with a large number of a r r ay  man ipu la t ions .
In order to obta in  per t inen t  s tat ist ics, however ,

benchmark programs to be run on CLS should be ca re fu l ly

developed . These programs should conta in  typical

instruntion mixes for a given application and must exercise

all of the intended mach ine  func t ions  to insure  that  the

design meets the requi rements  of a g iven  applicat ion . Any

ommission in the benchmark  programs will diminish the

benefits of using the simulator and could cause design

errors .

One of the benefits of using CLS is that hardware is

designed from so f twa re .  The des igner  can use the benchmark

programs  to ana lyze  the f u n c t i o n s  tha t  must  be accomplished

and the s t a t i s t i c s  to de te rmine  the m i n i m a l  hardware

c o n f i g u r a t i o n  that  wi l l  accompl ish  these f u n c t i o n s .  Thus

CLS provides for cost effective designs since hardware is

added only  when needed to increase  pe r fo rmance .

During construction and Implementation of the

design , the s i m u l a t o r  con t i nue s as an i m p o r t a n t  tool .

During construction of the machine , the s imu la tor can be an

aid since the simulator routines can be easily converted

into microcode. During impl ementation , the simulator can

also be used to debug application programs. Workspace dumps

should be ex t remely  h e l p f u l  in locat ing program errors , and

these dumps should decrease debugging time.

Since the simulator can be used during the design ,
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construct ion , and impl ementat ion of a machine , CLS is a

versa t i le  and va luable  tool . For a specific appl ication ,

this versatility should lower the life—cycle costs of both

the hardware  and so f tware  of SPLM .

The remainder  of this chapter  describes the major

sof tware  rout ines  of CLS wi th  emphasis  on the simul ator

rou t ines , and the way in which the ha rdware  s t ruc tures  are

simulated .

V . 2  So f tware  Structur e of the Simul ator

The s imula tor  so f tware  is composed of three basic

un i t s : the I n i t i a l i z a t i o n  r o u t i n e , the simul ator rou t ines ,

— 
and the dump routine. These three unit .s combine to make the

s imula to r  an - impor tan t  design tool for SPLM . Figure 11

• shows the main  u n i t s  of CLS , and the following sections

describe these basic units of the simulator.

DESIGN .4uJ I N I T I A L I Z A T I O N  DUM P
ARA M ETER I ROUTINE ROUTINE

/REGISTER7 
~~ 

SIMULATOR1

/ FILES ] I
ROUTINES

F f DUMPS7
Figure 11 . Software Structur e of CLS
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V . 2 . 1  In i t ia l iza t ion Routine - -

— The i n i t i a l i z a t i o n  rout ine  is used to set up

register and memory configurations from design parameters.

This program allows the designer to interactively enter

design parameters and change one or all of the design

parameters from a previous run . The initial ization routine

also provides the option of checking the parameter file at

any point during the initialization run . This eliminates

the need for the designer  to remember the parameters  he has

alread y entered .

The basic function of the initialization routine is

to output a register file using the design parameters. This

register file contains the simulated registers and their bit

lengths as determined by the design parameters. For

exam pl e , if the design parameter “Memory Word Length” were
- .5 

entered in as 16 , then the simulated registers MAR and MIR

would be 4 bits long and 16 bIts long respectively.

Appendix  A e x p l a i n s  the i n i t i a l i z a t i o n  rou t ine  in

more detail and contains instructions on entering design

paramete r s .

V.2.2 Simulator

The simulator provides for interpretive execution at

the register level of program s written in SPLML. The

simulator uses the register file generated by the

initialization routine and the program string to perform the

simulation of the pr ogram .
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The simulator is a h ie ra rch ica l  s t ructure  with
‘ a’

control in the higher level rout ines  and the actual

processing in the lower levels.  Every S— UNIT correspond s to

a routine in the simulator , and these S—UNIT routines are

called by a main processing routine (P’SCAN’LOOP).

P’SCAN’LOOP is the program scan loop where S—UNITS

are fetched from the program string and executed . This loop

continues the fetch and execute of S—UNITS until a stop is

encountered . The stop condition occurs upon execution of

the TERMINATE S—UNIT or as a result of an error  condit ion

(e.g. array subscript out of range).

A functional flowchart of P’SCAN’LOOP is provided in

Figure 12, and the following paragraphs explain these

functions in more detail.

After the stop condition has been tested ,

P’SCAN’LOOP processes any interrupts that have occured

during the execution of the previous S—UNIT . An interrupt is

processed by calling the appropriate interrupt proced ure as

declared in the program (see Chapter II Section 4.6).

The next routine in P’SCAN’LOOP to be executed is 
—

the TEST’TRAP routine which checks the FAULT register for an

occurance of a soft extension trap. If the FAULT register

is set , then the previous operator (“faulty operator”) is

not fully implemented in hardware ; and a trap to the

appropriate routine in the soft extension code is then

executed (these routinss are listed in Reference [2], pages

2_ 14_ 14 5 to 2 — 4 — 4 9 ) .
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:0

y CALL
INTERRUPTS. INTERRUPT

HANDL ER

N

TRAP T O
FAULTY y SOFT _ -OPERATOR? EXTENSION

N

DECOD ER :
M ETAFLAG :1 FAULTY

OPERATOR

:0

DECODER :
NEXT S—UNIT
FROM PROGRAM
STRING

_ _

DECODE
DECODE R

F igure  12. F lowchar t  of P ’ SCAN ’L O OP
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The trap is basically a procedure call , but this

fact is hidden from the programmer by use of the soft

ex tens ion .  For exampl e, if A , B, and C are a r rays  and a r ray

addition is .not impl emented in hardware then the statement

“A+B~C; ” will force a trap to a soft extension. This soft

extension will perfo rm the addition of the A and B arrays

and store the result in the C array.

The dyadic soft extension listed below is a

generalized soft extension which performs all operations

between entire arrays .

OP (Y ,X) “DYADIC PATTERN”
~EG IN
— 

DECL R(X MIX Y,
DIM (IF ~AN K X > R A NK Y TH EN X ELSE Y)— — (t EN Y MAX LEN X ) T;  —

REF A TO RAVEL X; —

REF 3 TO RAVEL Y;
~EF C TO ~AVE L R;
REF J TO NENT X;

• CARDINAL I BIT S I NDEX;
IF — (X CORMENSURATE Y) THEN ERROR ELSE
DO A[I] ? B[I]~ C(I) UNTIt 1+~ I:J; 

—

END

The “?“ is the operator  parameter ; and d u r i n g

translation , “?“  generates  the FAULT—OP S—UNIT.  The

operator parameter (?) eliminates the need for specific

operators to be included in the soft extension and decreases

the number of soft extensions required to extend all

opera tors  to a r rays .

The next step in P’SCAN’LOOP is the loading of the

DECODER register . This register contains the next S—UNIT to

be executed and is load ed in one of the following two ways:
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1) If METAFL A G is set (t h i s  f lag  is set du r ing

execut ion  of FAULT—OP ) , a soft ext ens ion  is being executed

and DECODE R is loaded with the S—UNIT for the “faulty -

operator”.

2) If METAFLAG is c lear , the next S—UNIT is fetched

from the program string and loaded into DECODER.

A sequence of IF statements is then executed in

P ’SCAN ’LOOP to de te rmine  the S—UNIT in the DECODER register .

Once the S—UNIT has  been decod ed , the rou t i ne  that  handles

the S—UNIT is executed and control  r e tu rn s  to the be g inn ing

of P ’ S C A N ’L O O P .  This loop is cont inued  un t i l  a stop

condi t ion  is encountered  which  t e rmina te s  the s imu la t ion .

In the nex t  1) sect ions , the s imula t ion  of the

ha rdware  s t ruc tu res  of the mach ine  wi l l  be discussed .

V .2 . 3  Regis ters  and Memor y

Regis te r s  and memory are s imula ted  us ing  the JOVIAL

table  s t r u c t u r e , and the i r  exact  f ea tu re s  are set up d u r i n g

the i n i t i a l i z a t i o n  run . Register transfers are simulated

us ing  the equal sign ( :) , thus  the JOVIAL s ta tement

“ LAMBDA :ALPHA; ” s imula te s  the register transfer between

LAMBDA and ALPHA.  The packed table  s t r u c t u r e  of JOVIAL is

used to take  a d v a n t a g e  of the JOVIAL f e a t u r e s  of zero f i l l

and truncation of variables of differing lengths.

Figure 13 shows an example of a table containing

simulated registers of varying lengths . The variable to

simulate the MIR register has been declared to occupy bits 0
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through 15 of word 0 of the table. An assignment .of MIR to

OP1 will result in a truncation of the most significant bits

of MIR. Only bits 2 through 16 will be assigned to OP1.

Assignment of OP1 to MIR will result in a zero fill of bits

O and 1 of MIR. Register to register transfer is simulated

in this manner taking advantage of a JOVIAL feature which is

faster than using the bit function to accomplish the

transfer.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MAR 

~ DEC— 10

Figur e 13. Register Packed Table Structure
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The memory is also simul ated using a table similar

to the one in Figure 13 with the exception that all entries

are of the same length. The number of entries in the memory

table and the length of each entry are determined by the

number of word s and the length of a word in the memory to be

simulated . These are design parameters specified by the

user during system initialization .

V.2.1~ Barrel Shi fter

The operation of the simulated barrel shifter is

basically the same as is discussed in the hardware section.

LOAD ’ BA RREL , PRESET’ BARREL , BARREL’SHIFT , and WRITE ’ BARREL

are simulato r routines and are extensively called by other

CLS routines.

V .2.5 I/O Section

The I/O section is simulated using two arrays :

STREAM’ARRAY and STREAM’TIMES. STREAM’TIMES is a one

dimensional array, and each element corresponds to a port’s

frame transfer time . STREAM ’ARRAY is a two dimensional

array with each row corresponding to a port and each element

of a row is a simulated frame.

The I/O section is checked whenever LOPLD’BARREL is

executed . If there is I/O pending , the barrel shifter

registers are saved and the barrel shifter is dedicated to

the I/O operation . Figure 14 shows a functional flow chart

of the simulated I/O operation.

The I/O operation is simulated by first determining
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the elapsed simulated time (ET) of the last I/O scan

( L A S T ’ I O ’ S C A N ’T I M E ) .  The I/O ports are then scanned , and

the number of “frames” to be transferred Is determined for

each active port. This number is obtained by dividing the

elapsed simulated time by the time it takes to transfer a

frame for that port (frame transfer time is contained in

STREAM’TIMES). These “frames” are transferred to or from

the STREAM’ARRAY depending upo n the type of port (output or

Input). As these “frames” are transferred , the row -:
corresponding to that  port is rotated so that  eac h row H
element may be used several t imes d u r i n g  a s imula t ion .  Upon

complet ion of the I/ O opera t ion , the barre l  sh i f t e r  is

restored , and control  r e t u r n s  to L O A D ’B A R R E L .

Example:

If the s imulated elapsed t ime since last  I/O scan

were .06 and the first element (PORT 0) of the STREAK’TIMES

array were .02, then 3 frames (.06+.02) would be transferred

to the first row (PORT 0) of STREAM’ARRAY. In this example ,

.02 is the time of frame transfer for PORT 0 and PORT 0 is

an output port.
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• SAVE
BARREL
SHIFT

REGISTER S

ELA PSED TIME (ET)
:TOTAL TIME
—L AS T ’ I O ’ S C A N ’T I M E

“p

DETERMINE
ACTIVE
PORTS

CALUCULATE NO. OF FRAMES TO
TRANSFER FOR EACH PORT

( NO.  OF FRAMES ~ ET + FRAME TRANSFER TIME )
I

I

____________

TRANSFER
FRAMES

FOR E ACH
PORT

R ESTOR E
B A R R E L

SH IF T ER
R E GISTERS

(Th ET U RN TO ‘\
~~ P A D ’ B A R R ~JJ

Figure 1~I. Flowchart of I/O Operation
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V.2.6 Pushdown
‘

~ 

The pushdown is simulated using the variables PDS’A

and PDS’B to represent the A and B registers and a JOVIAL

packed ta ble (PDS ) to simulate the pushdown stack.

The POP and PUSH pushdown operations are simulated

using the POP and PUSH routines of the simulator. Registers

are pushed on the stack with the V’PUSH routine and are

popped off the stack into a register with the V’POP routine.

The VT pointer is used to point to the top of the pushdown

stack. The VT pointer is incremented for a PUSH operation

and decremented for a POP operation.

Since all a r i t hme t i c  and logic operations are

performed on the pushdown , the JOVIAL arithmetic and logic

operators are mostly used between PDS’A and PDS’B with the

result stored in PDS’B.

V . 3  Dump Rout ine

In the original study, the designers had to dump

me m ory  and go through by hand d i v i d i n g  the memory in the

proper D—UNITS and valuespaces. This proved to be a

cumbersome task for large simulations where the number of D—

UNITS in memory was high. The designers pointed to this

difficulty as a problem that would make the simulato r a

• 
difficult and time consuming tool to use .

The dum p routine provides a solution to this problem

by parsing memory and thus eliminating the most time
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consuming and ted ious aspect of using the simulator. The

method used in parsing memory incorporates a link list.

(Note : In the following discussion the link list is referred

to as a matc h list to avoid confusion with the links that

exist within the CLS memory). Figure 15 shows the matc h

list containing the following columns from left to right:

a) L in e num ber — Lines are num bered
starting with one and incremented by one .
The first line is the starting point in the
matc h list . 

-

b) Instruction — This column has an
integer value from 1 to 6 each of which
provides different ‘commands ’ to the dum p
routine. Each of these instructions is
discussed later in this section.

c) Value — The pa r s ing  of the
workspace involves reading a value from the
workspace and comparing it to the number in
the value column. If the two values
compare , there is a ‘match’ ; if they don ’t
compare there is a ‘no match’ .

di No Match — If a no matc h was
determined from the value comparison , this
number is used as the next line number of
the match list to be ‘executed ’.

- e) Matc h — If a match was determined
from the value comparison , this number is
used as the next line number of the matc h
list to be ‘executed ’.

f) Size — This column specifies the
size (in number of’ bits) of the comparison
value read from the workspace. This is the
only  column in the match  l is t  r e q u i r i n g
change  should the SPLM des ign  paramete rs  be
changed .

g) Name — The name column holds the
mnemonic  descr ip t ion  of the  type  of item
(i.e. D —UNIT  or pa rame te r )  tha t  is currently

• be ing checked . - -
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1 1 2 14 link
2 1 3 14 l ink
3 1 14 14 link
14 2 1 6 5 1 *check for mark or type constants
5 3 10 5 *force match to a mark constants
6 3 50 14 *force match to a type constant’
7
8 ** mark constants **9

10 24 1 13 11 BEGIN (mark constant)
11 5 12 4 Lex ic  Level (p a r a m e t e r )
12 5 3 6 Disp lacement  (p a r a m e t e r )
13 4 3 iL l 3 MARK (m a r k  cons tan t)
iL l 21 5 15 3 LIST ( m a r k  cons t an t)
15 21 7 16 3 END ( m a r k  cons t an t)
16 2$ 9 17 3 NULL (m a r k  cons t an t)
17 24 11 18 3 COLON ( m a r k  cons tan t)
18 14 13 23 19 STATE (mark cons tan t)
19 5 20 4 Lexic  Level ( pa r ame te r )
20 5 21 114 P rogram Po in t e r  (pa r ame te r )
21 5 22 6 Dimens ion  (p a r a m e t e r )
22 5 3 3 Mode (p a r a m e t e r )
23 14 15 29 24 STATEOP (mark  cons t an t)
24 5 25 14 Lexic  Level (p a r a m e t e r )
25 5 26 i L l  Program Po in te r  (p a r a m e t e r )
26 5 27 6 Dimens ion  ( p a r a m e t e r )
27 5 28 3 Mode (pa r ame te r )
28 5 3 7 Decoder ( p a r a m e t e r )
29 14 17 32 30 SET (m a r k  c o n s t an t )
30 5 31 14 Bound (p a r a m e t e r )
31 5 3 iL l S tack Pointer  (p a r a m e t e r )
32 2$ 1 9 35 33 PRO C (m a r k  cons t an t)
33 5 314 4 C u r r e n t  Lexic  L e v e l (p a r a m e t e r )
34 5 3 14 Program Po in te r  (p a r a m e t e r )
35 4 21 38 36 OPERATOR (m a r k  c o n s t a n t)
36 5 37 14 C u r r e n t  Lexic  Level (p a r a m e t e r )
37 5 3 14 Program Po in te r  (p a r a m e t e r )
38 24 23 112 39 I N T E R R U P T  ( m a r k  cons tan t)
39 5 110 14 Lexic  Level (p a r a m e t e r )
40 5 111 14 P rogram Po in t e r  (p a r a m e t e r )
4 1 5 3 14 I n t e r r u p t  Number  (p a r a m e t e r )
142 14 25 41$ ~43 LABEL ( m a r k  cons t an t)
43 5 3 14 Program Po in t e r  (pa r ame te r )
414 14 27 3 45 CANONI CAL (m a r k  cons t an t)
45 5 3 114 Canon ica l  Va lue  (p a r a m e t e r )
146

F igure  15. The ‘M a t c h ’  (L i n k )  List
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‘47
218 ** type constants ~~
119
50 14 0 51 60 BOOLEAN (type  cons tan t)
51 11 2 52 60 CARDINAL (t ype  cons tant)
52 24 2$ 53 60 INTEGER (type  constant)
53 14 6 51$ 60 REA L (type  cons tan t)
521 ~1 8 3 3 NULL (type constant)
55
56
57 ** syll constant **
58
59
60 3 61 14 ‘force match to a syll  constants
61 ~4 1 62 64 INPUT ( syll  constant)
62 1$ 2 63 621 OUTPUT (syl l cons tan t)
63 1$ 8 66 611 PORT ( sy l l  cons tan t)
64 5 65 2 Port  Number  (p a r a m e t e r )
65 3 66 4 ‘force match  to a syll  constants
66 11 9 68 67 STEPBOUND ( sy l l  cons tan t)  

- 

-

67 5 69 6 Bound (p a r a m e t e r )
68 1$ 3 70 69 STEP ( s y l l  cons tan t)
69 5 65 6 M u l t i p l i e r  ( pa ramete r )
70 14 14 73 71 LEN ( sy l l  cons tan t)
71 5 72 7 Bit  Length  (parameter)
72 3 73 14 ‘force matc h to a syll  constants
73 4 5 75 721 VALUE ( syl l cons tan t)
74 6 • 3 Valuespace
75 14 6 77 76 CONSTANT ( sy l l  cons tan t)

• 76 3 77 ‘4 ‘force matc h to a syll constant’
77 14 7 80 78 ADDR (sy l l  cons t an t)
78 5 3 iLl Address (parameter)
79
80 1$ 10 3 81 PATCH (syll constant)
81 5 82 6 O f f s e t  (p a r a m e t e r )
82 5 83 6 Bound 1 (p a r a m e t e r )
83 3 84 4 ‘force match  to a syl l  constant’
81$ 14 11 87 85 SEGSPACE ( syl l cons t an t)
85 5 86 6 Phys i ca l  M u l t i p l i e r  (p a r a m e t e r )
86 5 83 6 Logical  M u l t i p l i e r  (p a r a m e t e r )
87 1$ 1$ 89 88 LEN ( s y l l  cons tan t)
88 5 90 7 Bi t  Len gth  ( p a r a m e t e r )
89 14 6 91 90 CONSTANT ( sy l l  cons t an t)
90 3 91 14 ‘force match  to a syl l  constant’
91 14 12 3 92 SADDR ( s y l l  cons t an t)
92 5 93 14 Stack Po in t e r  (p a r a m e t e r )
93 5 3 1-14 Bound 2 ( p a r a m e t e r )

Fig 15. (Cont.) The ‘Match’ (Link) List
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The dump routine parses the workspace according to

the instructions within the match list. Each of these

instructions are discussed and listed below.

a) Instruction 1 is used exclusively for writing

workspace links to the dump file. Whenever this instruction

occurs , a value comparison is not made and a match is

assumed to occur , known as fo rc ing  the ma tch .  The number of

bits written to the dum p file is equal to the size as

specified in the size column. For example , the first line

in the match list has the instruction 1 indicating a link of

bitsize ill (the number in the size column) is to be written

to the dump file. This line is the starting point of the

match list and therefore the first 11$ bits of the workspace

are the first bits written to the dump file. The next line

in the match list is determined by the matc h column which in

this case is 2. Thus the next line to be executed is line

2. Line 2 also contains an instruction 1; therefore another

link is written to the dump file and a match is forced to

line 3.

Another aspect of instruction 1 is that the bit - -

addresses of the last two links are saved to be used

whenever an instruction 6 is encountered .

b) Instruction 2 makes a comparison between the

value in the match list and the value at the current

location in memory. If there is a match , the next

instruction to be executed is on the line specified by the

93
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match column . If there is no match , the next instruction is

on the line specified by the no match column . The size of

the value within the workspace is given by the number in the

size column.

Instruction 2 is used to check for a specific value

and branch to the appropriate line in the matc h list.

Instruction 2 is found in only one line of the match column

of Figure 15 (line 14) and is used to determine whether the

next item after a link is a mark constant or a type

constant. If the item is a mark constant , the next bit

after the link will be a one whereas if it is a type

constant , the next bit will be a zero . A matc h in line ~4

specifies line 5 to be executed next and a no matc h

specifies line 6 to be executed next.

• c) The purpose of instruction 3 is to read a value

from memory to be used with the next instruction (always an

instruction ‘I). The size of the value is specified in the

size column. An example of an instruction 3 is in line

number 5. In order to reach line number 5, the previous

instruction , in line number 1$ , determined that the next item

in the workspace is a mark constant. Since a mark constant

is five bits long, the size column in line 5 contains a five

and five bits are read from the valuespace and saved for the

next instruction. Instruction 3 always forces a match , thus

the next line number executed is line number 10.

d) Instruction 14 compares the value obtained in the

94
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previous instruction (always an instruction 3) with the

value in the value column. If a match exists , t he num ber of

bits equal to the size in the, previous match list line is

written to the dum p file. The matc h column is used to

determine the next match list line executed . For ex ample ,

if line number 10 is executed next , the value saved from the

previous instruction (i.e. line number 5) is compared with

one , the value in the value coiumn . If a matc h is found ,

the value and the mnemonic description in the name column

(i.e. BEGIN (mark constant)) is written to the dump file and

line number ii is executed next. If a no match is found ,

nothing is written to the dump file and line number 13 is

executed next.

e) Instruction 5s are used in the match list to

• dump the parameters of D—UNITS. If a D—UNIT has a parameter

list , the number of parameters and their pattern remain the

same and only  the v a l u e s  of the paramete rs  may change .

There fore  the locat ion of’ a parameter  w i th in  the workspace

is a lways  p r ed i c t ab l e  mak ing  it possible to force a ma tch .

Thus instruction 5 writes the portion of the workspace equal

to the size in the size column to the dump file along with

the mnemonic description of the parameter .

An example of this is in line number 11 which was

branched to after a BEGIN mark constant has been found.

Since the parameter Lexic Level is always the first

parameter in BEGIN’s parameter list , a match is forced , the
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four bit (i.e. the size of the Lexic Level parameter ) value

is written to the dump file , and a branch is made to line

number 12.

f)  I n s t r u c t i o n  6 uses the last two l i nk  po in te rs ,

saved p rev ious ly  by e x e c u t i n g  i n s t ruc t ion  is , in order to

skip ahead to the next link. The next link is found by the

exclusive—or of the first link’ s address and the last link’ s

value , the same method used in the SPLM to step up one link.

H This instruction is used only once in the matc h list (i.e.

line 71!) to write a valuespace to the dum p file. The area

in memory that is written to the dump file is from the

present location in the workspace to the beginning of the

next link.

V .1! Current State

The s imu la to r  r o u t i n e s  have  been t r ans l a t ed  to

JOVIAL and extensive debugging has been accomplished . Most

of the lower level r o u t i n e s  have  been t h o r o u g h l y  tested ,

espec ia l ly  the bar re l  sh i f t e r  and m e m o r y  r e f e r e n c i n g

r o u t i n e s .  A p p r o x i m a t e l y  o n e — h a l f  of the S-UNITS have  been

exerc i sed  and most of these have  been d e c l a r a t i o n  and basic

a r i t h m e t i c  S—UNITS.

H The cod e for the initialization , dum p an d sim u l a t o r

routines is on file at the AFIT School of Engineering. The

simulator routines contain comments as to their intended

function and the amount of debugging accomplished . The
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instructions for using CLS are in the user manual in

Appe nd ix A , and Chapter VI contains specific recommendations

for further work on the simulator.

V.5 Summary

The 3 major  units of CLS are the initilization

rou t ine , s imula to r  rout ines , and dump rou t ine .  The

i n i t i a l i z a t i o n  rou t ine  is used to enter design parameters

which are then used to set up a register  f i l e .  The

s imula tor  rou t ines  use the regis ter  fi l e  to simulate a

specific SPLM and the dump routine is used to parse the

simulated memory. These routines combine to make CLS a

powerfu l  des ign tool .

L 
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Chapter VI

Problems , Results , Recommendations , and Conclusions

-

The objective of this study was to solve several

problems found of the original study. To accomplish this

several changes and improvements were made to the original

design , coding , and documentation. The following sections

discuss the various problems found in the original study and

encountered during this study, summarize the results in

overcoming these problems , and make recommendations for

follow—on stud ies.

V I . 1  Problems

The two major  problem s encoun tered in the or ig inal

• CLS were the workspace size limitations of APL which

required  that  on ly  sections of the s imulato r could be

executed at one time and the large amount of time it took to

execute the simulator. Both of these problem s were mainly

due to the fact that each bit of a register or memory was

simulated by a complete APL word and register transfers were

accomplished using a bit function where bits of the register

were transferred one at a time. Since each bit of a

s imula ted  register or memory word was represented by a wo rd

of APL memory ,  an a r i t hme t i c  or logic opera t ion  f i r s t

requ i red  the col lec t ion  of these bi ts  into a vec to r .  Once

th i s  had been accomplished , the opera t ion could be executed .
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• As a result the simul ator of the original study required

• much memory and took a long time td1 execute as reflected in

• the following quotes from the original work:

“Th e memory l i m i t a t i o n s  of APL make
it impossible  to integrate more than 10
percent of the complete system .
Exercising anything more than a few S—
units becomes rapidly impr actical
(Ref [4]: 59).”

“An experiment requiring -a few
declaration and some arithmetic S—units
can require several hours of terminal
time (Ref [11): 56).”

“Most experiments have involved
execution of half dozen S—units. The
largest  sequence has been in the
v i c i n i t y  of 50 S — u n i t s  (more than  two
days  of t e rmina l  connection
(Ref  [11] : 59).”

• Another  problem was tha t  the o r ig ina l  s imulato r was

not fully debugged . This was largely due to the abrupt

termination of the original study as a result of financial

difficulties. Another contributing factor to the debugging

not being completed was the choice of APL. During the

initial development of the Clock Level Simul ator (CLS), APL

was an excellent choice due to its high interactiveness and

its large amount of arithmetic functions. However , the

simulator grew enormously in size and only parts of the

s imula tor  could be run at a t ime because of the APL

workspace size limitation and the unreasonable amount of

time it took to execute even a moderately compl ex simulation

program . 
-
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In this study it was especially hard to begin
•—.~ _

debugging because only a listing of the APL simulation

program existed making it impossible to run examples that

would have helped comprehend the workings of the simulator.

This problem was compounded by the fact that the listing of’

the simulator program was incomplete (i.e. routines were

called by other routines but did not have a listing) and the

fact that debugging was done in a different language (i.e.

JOVIAL). The task of debugging was also difficult due to

the fact the documentation was difficult to understand and

very little discussion was directed toward the Clock Level

Simulator.

Another problem resulted from the fact that the APL

version of the translator was not in a usable form for this

study. The program string had to be developed by hand , and

this proved to be a difficult task for all but the most

trivial programs.

The simulator was also difficult to debug simply

because the design of a direct execution machine is not a

simple task. Since the original design was not formally

documented , understanding of the design had to come from the

partially debugged and incomplete APL listing. An example

of one of the complexities in the CLS design can be seen by

the way i n f o r m a t i o n  was stored in memory. The information

• in memory is tightly packed and the ability to distinguish

the bits within one item from the bits within another is

necessary to test results. This was done in the original
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work by dumping the simulator memory in a column of’ memor y

word s and manually drawing lines between each seperate item

within thf memory. This was - tedious , time consum ing wor k

and slowed the debugging process considerably.

Some major hindrances occur~d while debugging dur ing

this study that were due to the JOVIAL/J73 compiler

characteristics. The JOVIAL/J73 compiler used in this

effort allows a maximum of 256 subroutines in a program , but

the APL version of CLS has approximately ‘400 subroutines.

Thus , 150 subroutines were eliminated by replacing the

subroutine calls with the subroutine code. It should be

noted however that a majority of the 150 subroutines were

only called once and therefore did not require duplicate

copies of the subroutine code to exist .

In the APL version of CLS, the subroutines are

• listed in alphabetical order . In JOVIAL , however , ‘ a

s u b r o u t i n e  must be declared before it can be called ; thus

the subrou t ines  had to be reordered before the simulator

would compile wi thou t  e r rors .

Several bugs in the JOVIAL compiler were also found

during compilation of the simulator. Most of these errors

were confined to the TRACE directive which is a debugging

aid included in the JOVIAL system used for this study.
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VI 2 Results

The problems of memor y size and workspace

• limitations have been overcome with the JOVIAL simulato r

where an execution of the simulator requires about ~10K 36

bit word s of memory. In the current JOVIAL version , each

bit of a register • or of memory is simulated by a bit in a

JOVIAL word as opposed to the ARL version which used one

word to simulate each bit within a register or within

memory. This memory savings results from the use of the
‘JOVIAL packed table structure to simulate registers and

memory. The use of the JOVIAL packed table for registers

and memory allows for register transfers and arithmetic

functions wi thout using a bit function. 
- 

Arithmetic and

logic operations are accomplished immediately on the

simulated registers without having to first form a vector.

Register transfers are accomplished with truncation and zero

f i l l  au toma t i ca l ly  handled .

The simulator is also muc h faster due to the use of

the JOVIAL packed table and the fact that JOVIAL is a

compiled language rather than an interpretive language like

APL. As a result of this study the execution speed has been

greatly increased using the present simulator. For example ,

the reference program example in Appendix D Section 1 took

approximately 110 seconds connect time (33 seconds CPU time)

to execute its 81 S—UNITS as opposed to 2 days connect time

to execute 50 S—UNITS in the APL version (Ref [‘4]: 59).
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After the simulator had been translated into JOVIAL ,

this study continued the debugging and improvements were

made (e.g. readability of’ the program source code and

improvements in algorithms). The debugging was not

completed due to the time constraints as well as the lack of’

the SPLM translator. However , complete debugging was not an

objective of’ this study since it was realized from the

beginning review of this study that this could not be

accomplished in the time alloted . Enough debugging was made

to allow follow—on studies to understand the workings of the

simulator through executing existing programs (i.e. as found

in Chapter IV and Appendix D) which was the intent of this

study.

Improvements have been made in the design whenever

feasible . The most important improvement has been the

development of the memory dump routine that parses the

simulated memory and outputs the information in readable

form . This dump routine has eliminated the tedious and time

consuming task of parsing the memory by hand . The dump

routine should prove to be an invaluable tool for future

studies of’ CLS. The dump will not only aid in the debugging

that still must be done on the simulator routines , but it

should also prove to be very helpfu l in debugging benchmark

programs. After hardware has been developed , the dump

• routine can be used to debug application programs as they

are run on the simulator. Thus , CLS can continue to be used

after the hardware design has been finalized. (Refer to
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Chapter V Section 3 for a complete description of’ the dump • 
-

routine).

The initialization , routine of the Clock Level

Simulator was improved and provides for easy insertion and

change of’ design parameters. The current version of’ the

initialization routine is an interactive program used to

enter design parameters. These parameters are used by the

routine to create a register file which reflects a specific

SPLM hardware configuration. In order to run the

initialization routine the hardware designer needs to know

little of the internal workings of the simulator.

The original study contained very few examples of

the hardware execution of SPLML programs , all of which were

hard to comprehend. Chapter IV is a detailed , straight

forward explanation of an example SPLML program . Admittedly

• it does take time to follow the example in Chapter IV step

by step but it does give the serious reader an excellent

understanding of the SPLM hardware operation. Four other

example programs are includ ed in Appendix D in order aid to

any follow—on studies of the simulator.

A motivating concern throughout this study was to

produce a tool which required as - few compilations as

possible. This concern has been met by separating the

initialization routine , the simulator routines , and the dump

• routine. Thus changes made to one of these units do not

necessarily require a corresponding recompilation in the

other two units. Another feature which saves compilation is
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that the Program String is read in from a file and stored in

memory during execution of the simulator. This allows the

Program String to be changed without recompiling the

simulator routines .

VI.3 Recommendations

During this study, various needs for further work

became apparent; and the following paragraphs summarize

these needs. The order in which these recommendations

appear is the order in which these follow—on studies should

be attempted .

• VI.3.1 Further Debugging

As a result of this study, CLS was translated into

JOVIAL and various improvements were made. The simulato r

routines , however , were not completely debugged ; and this

debugging must be accomplished in order to make CLS a useful

tool. Thus the first follow—on study should finish

debugging the simulator.

The areas that need further testing are the soft

extensions including the trapping mechanism , the more

complicated dyadic S’UNITS (e.g. multiply and divide) , and

the Huffman routines needed to execute an encoded Program

String . The translator will be needed in this study to

enable the development of the wide range of SPLML programs

that are required to fully test the simulator. As a result

of this need , the meta— compiler of the original study

105

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - —-.
~~~- —- - - - -‘~~ - —— -~------ --~ - - —--~------—-- -—-- ~~~~~ 4



—V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(Phase I) is currently being modified to output a JOVIAL

translator under another stud y effort.

Improvements should also be considered in this

follow—on study; especially in the pushdown stack and the

basic register configuration. In the example programs that

were run in this study, the pushdown stack never needed to

be more than two deep. Thus the pushdown stack should be

thoroughly studied , and the possibility of restructuring the

pushdown stack should be considered .

Anothe r possible improvement that should be

investigated is the elimination of the general purpose

registers. These registers are the Greek letter registers

(e.g. ALPHA , LAMBDA , etc.), and each may contain info rmation

ranging from an address to a flag . As these registers are

used , it is often very difficult to determine the type of

info rmation they contain. Thus it should be determined

whether other existing registers can be used in their plac e

or if additional special purpose registers should be added .

Another recommended improvement is to incorporate

the MATCH (link) list into the initialization routine.

Since the SIZE column of the MATCH (link) list varies as the

design parameters are changed , the ‘MATCH list should be

changed as the design parameters are changed . Thus the

MATCH list should be generated at the same time the ITEM and

DEFINE files are generated (i.e. by the initialization

routine as explained in Chapter V). This improvement should

be attempted only after a wide variety of programs have been
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run on the simul ator to ensure that the MATCH list parses
• -

the simulated memory correctly.

VI.3.2 I/O Improvements

The I/O and interrupt structure of the simulator

should be redesigned to enable the designer to interrupt the

program execution interactively. An interactive terminal

should also be used as an I/O port so the designer may send

or receive data. In addition to redesigning the I/O , it

will also be necessary to determine a timing mechanism which

simulates program execution time. This timing mechanism

should be implemented to allow for accurate approximations

of execution times i-n order to provide the designer with

information on the speed of the design. This data can be

used to determine whether additional hardware might be

need ed to increase performance.

VI.3.3 Statistics

In order for CLS to be used as a design tool , a

means of gathering statistics on register use must be

implemented . These statistics will be helpful in

determining the register configuration for a specific

application. CLS must be carefully studied to determine the

optimal placement of the statistical gathering mechanisms.

These mechanisms should be placed to retrieve useful

i n f o r m a t i o n  w i t h o u t  c l u t t e r i n g  the simulator code.
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VI .3 . -11 Language Improvemen ts and SPLML Manual

The SPLM language should be examined in a detailed

study for • areas where improvements can be made. These areas

might be determined by recoding various avionic programs in

SPLML. As a possible means of increasing program

readability and thus lowering maintenance cost , data typing

and other Pascal (i.e. a higher order computer language)

oriented features could be incorporated into the language.

This study should also concentrate on producing a

detailed programming manual for SPLML. This manual should

includ e comments on the direct execution concept , the

syntax , an explanation of the language constructs , and

detailed examples. The programming manual will be a

necessity in developing benchmark programs for the hardware

design.

V I .3 . 5 ~I srdwa r e  Design

Af te r  the p r e v i o u s l y  men t ioned  s tudies  have  been

accomplished , a h a r d w a r e  design should be attempted .

The first step should be the determination of a

workable subset of SPLML and which S—UNITS are generated by

this subset. This subset should be broad enough to be

representative of the language but not so broad that it will

complicate and delay the design phase . This simple design

effort should give the designer experience in using CLS and

also test the feasibility of designing SPLM hardware from

software.
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In the next phase of the design , the scope of’ the

design should be broadened to the desired application.

Benchmark programs can then be developed and run on the

simulator , and the final design can be developed using the

statistics.

VI . -4 Conclusions

Since this was a follow—on study, the previous study

was carefully reviewed , anticipated problems were

determined , and an objective was reached . The objective was

to develop an economic , v i ab le , and p rac t i ca l  tool and to

solve the following problems:

1) Simulator was slow and used large
amounts  of m e m o r y .

2)- Little debugging of the simulator
h ad beer accomplished .

3) Debugging was d i f f i c u l t .
2 4 )  S imu la to r  conta ined  an

i n i t i a l i z a t i o n  r o u t i n e  tha t  was d i f f i c u l t  to
use .

5) Lack of examples and inadequate
d o c u m e n t a t i o n .

As a r e su l t  of th is  s t u d y ,  the two m a j o r  problems

encoun te red  in the o r i g ina l  stud y ( i . e .  the la rge  memory

r equ i remen t  and the la rge  amoun t of- execu t ion  t ime )  were

solved . Both execu t ion  t ime and memor y  r e q u i r e m e n t s  were

g r e a t l y  decreased , l a rge ly  due to the deve lo pment  of bet ter

methods in register and memory transfers , operations and

storage simulations. The simulator was translated into

JOVIAL and debugged to the point that follow—on studies can

execute a variety of examples and gain insight into the
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workings of the simulator. Further debugging will be easier

and faster because of the following factors:

1) Large  sampl e SPLML pro gr am s can be
run on the simulator without the problem s of’
excessive time and memory requirements
experienced in the original study.

2) The initialization routine of the
simul ator has been reworked increasing the
ease of use without sacrificing the
philosophy of parameterized design.

3) The difficulty in reading the
tightly packed information within the
simulator memory has been overcome by
p a r s i n g  the in fo rmat ion  before  it is dumped .
This  wi l l  decrease  c o n s i d e r a b l y  debugg in g
time since the memory does not have to be
parsed by hand .

Finally the much needed overall explanation of the

SPLM design effort has been accomplished due to the result

of this thesis.

Thus CLS is now the economical , viable and practical

design tool set out to be developed both in the original

study and in this study. Though further debugging will be

necessary, it will not be as difficult and time

consuming .
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Appendix A

User Manual

A. i Introduction

This manual explains the steps to follow in running

the routines of CLS and gives examples of files that are

used. This manual should be carefully studied to insure

proper execution of these routines.

A . 2  
- Initialization Routine

The initialization routine is an interactive program

used to enter -design parameters. These parameters are used

by the routine to create a register file which reflects a

specific hardware configuration.

There are nine design parameters that are used in

creating the register file , and these parameters are listed

below.

W ORD ADDRESS SI ZE ( W A S ) —  Nu mber  of’
- bi t s  needed to address  the b i t s  of a memory

— word (i.e. number of bits of a memory
w o r d = 2 ” W A S ) .

MEMORY ADDR ESS SIZE ( M A S ) —  Number
of bits needed to address all of the words
of memory  ( i . e .  number  of wo rd s of
memory :2 *’MAS ) .

EXPONENT SIZE (EXS)— Number of
bits in the exponent of real numbers.

MANTISSA SIZE (MNT)— Maximum number
of bits in a mantissa of a real number .
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This parameter is used in determining the
size of regis ters  t h a t  hold the number of’
bits in the mantissa for arithmetic
operations.

LEXIC LEVEL SIZE (LLS)— Maximum
num ber of nested BEGIN/END blocks .

D ISPLACEMEN T (DSP)— Maximum number
of dec la ra t ions  in a lexic level.

STEP SIZE ( STP )— Maximum number of
elements  in an array.

NUMBER OF INTERRUPTS ( I N T ) —  Number
of simulated interrupt lines.

NUMBER OF PORTS (PRT)— Number of
simulated I/O ports.

The flowchart in Figure 16 shows the various

functions of the initialization routine , and these functions

are described in more detail in the following paragraphs .

Then initialization routine begins by requesting a

register file (“INPUT FILE NAME— ”). After the file name has

been given , the first record of this file is read to

determine if the file already exists. If it is an existing

file , one of the following occurs:

1) If the file is a register file from a previous

run , then the design parameters do not have to be set to 0.

2) If the file is not a register file , then the

me ssa ge “FILE ALRE ADY EXISTS! DO YOU WISH TO OVERWRITE?” is

generated . If the answer to this question is no , then the

routine will ask for another file name. This file checking

is done so that the designer does not inadvertently

overwrite a file.

If the file does not exist or the designer wishes to
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overwrite an existing file , then the register file is as

follows.

- WORD ADDRESS SIZE = 0
MEMORY ADDRESS SIZE 0
EXPONENT SIZE = 0
MANTISSA SIZE 0
LEXIC LEVEL SIZE 0
DISPLACEMENT SIZE = 0
STEP SIZE = 0
NUMBER OF INTERRUPTS 0
NUMBER OF PORTS = 0

The initializaticn routine then prints the message

“TYPE HLP FOR HELP” . “HLP” is a command which generates the

following :

LPR LIST PARAMETERS
REG = COMPUTE REGISTER SIZES ACCORDING TO THE NE W PARAM ETERS
LRG LIST REGISTERS AND CORRESPONDING SIZES
LST LIST BOTH PARA M ETERS AND REG ISTE RS
END END I N I T I A L I Z E  ROU TI N E
HLP HELP ( P R I N T  T HIS TEXT )

The commands printed in the HELP file are explained

in more detail below.

LPR— This command prints the current parameter file

and eliminates the need for the designer to remember the

parameters already entered .

REG— This command creates a register file that

contains all of the simulated registers and their sizes as

determined by the parameter list.

H 
• 
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“FILE FOR
INPUT”

EXISTS?

“ REGISTER N
FILE?

N

— 
N OVERWRI TE “TYPE HLP

FOR HELP ”

J

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

N

~

— PRINT
“?“

ES IGN y PROCESS
P ARAMETE R ~’ ~1 DES IGN

I PARAM E TE R
N 

_ _ _

COMMAND? ‘I PROCESS
COMMAND

N I
~~1 

I
PRINT I -

“ ILLEGAL CO M MAND ~j
I

Figure 16. Initialization Routine
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LRG— This command lists the register list that was

created by “REG ” command . This command enables the designer

to scan the register file to determine whether the register

configuration generated is the one he wanted .

LST— ...ame command as “ LRG ” except tha t  the design

parameters are listed with the registers.

END— After design parameters have been entered and

the register file created , this command is entered to end

the initialization routine.

Afte r  the HELP f i l e  has been listed , the

i n i t i a l i z a t i o n  rou t i ne  genera tes  a “?“ . The des igner  may

then respond by e n t e r i n g  ei ther a command ( e . g .  LST , LPR ,

e t c .)  or a des ign  parameter  ( e . g .  WAS , MAS , e t c .) .  A design

parameter  may be entered in one of the fo l lowing  two ways .

1) En te r  the name of the parameter  ( e . g .  WAS , MAS ) ,

and when the i n i t i a l i z a t i o n  rou t i ne  responds with the

parameter and a “?“ ; enter the number . The following is an

example of this process in which STEP SIZE is set to 200.

? ———— From initialization routine
STP — — — — F r o m  des igner

STEP SIZE ? — — — — F r o m  i n i t i a l i z a t i o n  r o u t i n e
200 — — — — F r o m  des igner

2) Enter  the name of the par ameter  wi th  the number

( e .g  “ WAS 4 ” ) .

F igure  17 and F i g u r e  18 show the “PROCESS DESIGN

P A R A M E T E R ”  and “ PROCESS COMMAND ” f u n c t i o n s  in more d e t a i l .
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ACCEPT
DESIGN
PARA ME TER

NUMBER
W ITH 

- N
PARA M E TER?

Y

PRINT
PARAMETER
AND “?“

ACCEPT
N UMB E R

WRITE
PARAMETER
AND NUMB ER
TO FILE

F igure  17. PRO CESS DESIGN PARAMETER
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a rAC CEPT ( RETURN
COMMAND __________

LIST
COMMAN Y EGISTER Y PA RAMETERS
=LST? ALID? AND REGISTERS

N N

LIST
“R EGISTERS NOT VALID ” PARAMETERS

:HLP? L IST COMMANDS

N

Y -

= LPR? LIST PARAM ETERS

N
A

Figure 18. PROCESS COMMAND
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WID TH MESSAG E ]

~~~Acc EPT~~ 
~~~~~~~~ TH N

I GENERA TE
~ j R E G I S TER FILE

:END? REGISTERS N 
PRIN T MESSAGE :

ALID? “ E N T E R  R EG
THEN END ”

Y

G E N E R A TE
R E A T ITEM AND

TEM FILE’ DEFINE STOP
F ILES

N

Fig 18. (Cont.) PROCESS COMMAND
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When all of’ the design parameters have been entered
“ F

the command “REG” is given to create the register file. If

there are any design parameters less than or equal to 0,

then the message “ONLY POSITIVE NONZERO PARAMETERS ARE VALID

FOR COMPUTING REGISTERS” will be printed . The invalid

parameter will also be given with the offending value. - -

After the parameters have been checked , the minimum

width of’ the arithmetic unit is computed using the design

parameters. This width is computed using the following

JOVIAL procedure .

PROC S E T ’U P ’A R I T H ’WIDTH ;
BEGIN “SET UP ARITHME TIC WIDTH OF PUSHDO WN STACK”
ITEM ONE U = 1 ;
WORD ‘S I Z E = S H I F T ( ON E , WO R D ‘ADDR ‘S I Z E ) ;

“ W O R D ’  SIZE:2* * WORD ‘ADDR ‘SIZE”
M E M O R Y ’ S I Z E = S H I F T ( O N E , M E M O R Y ’A D D R ’ S I Z E ) ;

“ MEMORY ~SI ZE = 2**MEMORY ‘AD DR ‘SIZE”
ARITH ’WIDTH=WORD ’ADDR’SIZE+MEMORY’ADDR’SIZE;
IF ARITH ’WIDTH<MANTISSA’SIZE;

ARITH ’WIDTFI=MANTISSA’SIZE; -

IF AR ITH ’WIDTH<LEXIC ’LEVEL’SIZE;
ARITH ’ WIDTH=LEXIC ‘LEVEL ‘SIZE;

IF A RITH ’WIDTH<D ISPLA CEM ENT ’SIZE;
ARITH ’ WIDTH=DISPLACEMENT’SIZE ;

IF A R I T H ’ W I D T H < E X P O N E N T ’ S I Z E + l ;
AR I TH ’W I D T H = E X P O N E N T ’ S I Z E + l ;

IF AR ITH ’ W I D T H < S T E P ’ S I Z E ;
ARITH ’ W I D T H = S T E P ’ S I Z E ;

IF A R ITH ’ WI D T H < W O R D ’ S I Z E ;
A R I T H ’ WI DT H :W O R D ’ S I Z E ;

IF AR I TH ’ WI D T H < D E C O D E R ’ S I Z E ;
AR I TH ’ WI DTH = DECOD E R ’ S I Z E ;
“DECOD E R ’ S I Z E  IS THE SIZE OF THE DECODER REGISTER ”

AR I TH ’W ID TH :AR I T H ’ WI D T H + l ;
END

This a r i t hme t i c  wid th  ( A R I T H ’WI DTH ) is then p r in t ed  along

w i t h  the message “DO YOU WANT TO INCREASE THE A R I T H M E T I C

W IDTH? ” . For example , if the m i n i m u m  a r i t h m e t i c  wid th  is 17

then the fo l lowing  message would be printed .
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~~~~~~ ARITHMETIC WIDTH = 17
DO YOU WANT TO INCREASE THE ARITHMETIC WIDTH?

If the designer  enters  “ yes ” to the question , then

the message “ ENTER NEW AR ITHMETIC WIDTH— ” is pr inted . The

designer may then enter the new w i d t h .  The new wid th  must

be greater than or equal to the m i n i m u m  a r i thmet ic  wid th , or

the original arithmetic width message will be printed again .

This process allows the designer to specify an

arithmetic width which is larger than the minimum width as

computed from the design parameters. This enables the

designer to specify a larger arithmetic width to increase

the speed of the arithmetic operations of an SPLM .

When the arithmetic width is determined from the

above process , then the size of the pushdown stack registers

(PDS’A and PDS’B) are set to the arithmetic width . An

example register list is given below with the parameters

used to generate the register lengths.

WORD ADDRESS SIZE = ‘4
MEM OR Y ADDRESS SIZE = 10
EXPONENT SIZE 5
MANTISSA SIZ E 7
LEX IC LEVEL SIZE = 4
DISPLAC EM E NT SIZ E - 5
STEP SIZE 6
N U M B E R  OF’ I N T E R R U P TS 6
NUMBER OF PORTS = 4 - 

-

R EGISTER LIST—
BI = 32
BO 32
BOl 32
BIB = 5
BIL = 5
BOB = 5
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DSCAN = 14
DSCAN 1 = 1-11
ALPH A = 1~4
DEFAULT 1~4
DSTOP 1-4
BETA = iLl
BETAPRIME = 1-4
IOTA iLl
IOTAPRI ME = 1-4
P1 iLl

PIPRIME 114
BOS 14
TOS = 111
OP 1 = 114
0P2 = 1-11
LK 1 = 114
LK2 = 1-4
CFG 1
C FG2 = 1
CVRG 14
CVRG2 11$

IOTRG = 3
IOTRG2 = 3
LRG 7
LRG2 = 7
MP T R 1i4

— .- MPTR2 = 1-4
SFG 1
SFG2 = 1
SRG ‘4
SRG2 = ‘4
TRG = ‘4
TRG2 4
ERG 5
ERG2 = 5
PNRG 3
PNRG2 = 3
C U R R E N T ’ L L  = ‘4
LL = 4
DISPLACEM E NT 5
D IMREG 6
D I MREG 1 6
LAMBDA - 7
D ’D FCODE R 5
MODE 3
FAULT 8
LENFLAG = 1
METAFLAG = 1
PATCHGENFLAG = 1
SCA LARFLA G 1
CF = 1
OVF = 1
ASF 5
AL = 5
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BL = 5
CL 5
EA = 5
EB = 5 -:
EC = 5
ER : 5
El = 5
E2 = 5
LA = 7
LB = 7
LC = 7
LD = 7
LR = 7
Li = 7
L2 = 7
L3 = 7
L1$ = 7
L5 = 7
L6 = 7
SA = 1
SB 1
SC = 1
SR = 1
Si = 1
S2 = 1
SEA 1
SEB = 1
SEC 1
SER = 1
SE 1 = 1
SE2 = 1
VA = 114
VB 1~4 ’
VC = 14
VD = 1’4
VR = 1-4
V i  14
V2 114
V 3 = 1-4
V 14 = 14
V 5 = 1-4
V6 = 1-4
I N T ’N O ’ R E G  = 4
IN T 1 ’N O ’R E G  ‘4
I N H I B IT F LAG 1 t i
I N T E R R U P T REG = 1
MAS K - = 6
I O ’ H E L D ’ B A R R E L ’F F  = 1
I O ’ S E L E C T ’R E G I S T E R  = 2
MAR = 10
NOW D 10
NOWD 1 10
MIR 16
LOC ’ = 14
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MD 14
MDL = 1-4

- • MS = 14
MS1 = 1-4
MSL = 14
MSL 1 14
PSCAN = 14
PSTOP = 1
PDS’A = 17
PDS’B = 17
PDS’A’F ULL = 1
PDS’CARRY = 1
VT 3
COND 1
COP YVALUEFLAG 1
TIME = 36
LAS T ’I O ’ S C A N ’ T I M E  = 36
P ’S IZE = 14

It should be noted that  whenever  a des ign parameter

is changed , the r eg i s t e r  f i l e  becomes i nva l i d . If the “LS T”

command is given wi th  an i n v a l i d  regis ter  f i l e , only  the

des ign  paramete rs  wi l l  be l isted , and the message “ REG ISTERS

NOT VAL ID ” wi l l  be genera ted .

If a n “L RG ” command is g iven  and the reg i s te r s  are

not va l id , the message “REGIST ERS ARE NOT VALID ” will be

genera ted .

In order to validate the register file , the “REG”

command should be g iven . This  command creates  a new

register file using the current design parameters.

An “ END ”  command g iven  wi th  an i n v a l i d  reg i s te r  f i l e

will cause the following message to be printed :

REGISTERS ARE NOT VALID ; ENTER “REG ” , THEN “END”

This message is used to insure that the register

file is valid before the initialization routine terminates.
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If the “ END ” command is g i v e n  wi th  a va l id  register

fil e , then  the message “CREATE ITEM AND DEFINE FILES?” is

printed . The reply “Y” will cause the initialization

routine to generate these files. The ITEM and DEFINE files

are  used by the s imula to r  and should be genera ted  if the

des igner  is sa t i s f ied  wi th  the register file.

In g e n e r a t i n g  the ITEM f i l e , the i n i t i a l i z a t i o n

r o u t i n e  conver ts  the register file into the JOVIAL packed

table structure. This ITEM file is used by the s imula tor  as

the declarations for the variables (simulated registers).

The variables are declared with ITEM declarations , and these

ITEMs are nested in packed tables to automatically

accomplish zero fill and truncation (see Chapter V Section

2.3).

Each s imula ted  reg is te r  is represen ted  by an ITEM in

the packed t ab le .  In the ITEM f i l e  below , the f i r s t  14 ITEMs

of the packed tab le  “ R E G I S T E R S l ”  a r e BI , BO , BO1 , a nd BIB.

BI occupies  the f i r s t  32 bi ts  of the f i r s t  wo rd (word 0) of

“REGISTERS ” . The f o u r t h  ITEM of the packed table  is BIB ,

and it occupies  the f i r s t  5 b i t s  of the f o u r t h  word (word 3)

of REGISTERS1.  In the d e c l a r a t i o n  “ ITEM REG$BO U 32 [0 ,

1] ; ” , the  number  32 represents the -bit length of REG$BO

( s imu la t ed  reg is te r  B O ) .  The i n f o r m a t i o n  i n s i d e  the

bracke ts  g ives  the s t a r t i n g  bi t  (b i t  0) of the p a r t i c u l a r

word of the table ( 1  means  second word s ince 0 index). An

exampl e packed table  is g iven  in F igu re  13. For more

i n f o r m a t i o n  on the JOVIAL packed table  - s t r u c t ur e  see

Refe rence  [72.
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• - The follwowing ITEM f i l e  was generated from the
4p

previous register file.

- TABLE MEM [ 0 :  1023) 1 U 16 [20 , 0] ;
TAB LE P D S ( O : 7 ]  1 U 17 [0 , 0] ;
TABLE REG ISTERS1 [0] 50; BEGIN

ITEM REG$B I U 32 [0 , 0] ;
ITEM REG$ B C U 32 (0 , 1) ;
ITEM REG$B 0 1 U 32 (0 , 2] ;
ITEM REG$B IB 4) 5 [0 , 3];
ITEM REG$BIL  U 5 [0 , 4] ;
ITEM R EG$BOB U 5 (0 , 5] ;
ITEM REG$DSCAN U 1-4 (0 , 6] ;
ITEM REG$DSCAN 1 U 1-4 (0 , 7] ;
ITEM ~E C ’A L P H A  U 14 [0 , 8];
ITEM .~~DEFAULT Ii 1-4 (0 , 9) ;
ITEM REG$USTOP U 1-4 [0 , 10] ;
ITEM REG$BETA U 1-4 [0 , ii];
ITEM REG $BETAPRIME U 114 [0, 12];
ITEM REG $IOTA U 1-4 [0 , 13] ;
ITEM REG $IOTAPRIM E U 111 (0 , i L l ] ;
ITEM REG $PI U 14 [0 , 15];
ITEM REG $ P I P R I M E  U 1-4 [0 , 16] ;
ITEM REG$BOS U 1-4 [0 , 17] ;
ITEM REG$ TOS U 114 [0 , 18];
ITEM - REG$OP 1 U 114 (0 , 19] ;
ITEM REG$0P2 U 114 [0 , 20) ;
ITEM REG$LK1 U 114 [0 , 21] ;
ITEM REG$LK2 U 114 [0 , 22] ;
ITEM REG$CFG U 1 [0 , 23] ;
ITEM REG$CFG2 U 1 [0 , 2 14] ;
ITEM REG$CVRG U 114 [0 , 25];
ITEM REG $CVRG2 U 11i [0 , 26];
ITEM REG$IOTRG U 3 [0, 27);
ITEM REG$IOTRG2 U 3 [0, 28];
ITEM REG$LRG U 7 (0, 29];
ITEM REG $LRG2 U 7 [0, 30];
ITEM REG$MPT R U 114 [0, 31] ;
ITEM REG$M PTR2 U 1-4 (0, 32] ;
ITEM REG $SFG U 1 [0 , 33) ;
ITEM REG$SFG2 U 1 [0 , 34];
ITEM REG$SRG U 14 [0 , 35];
ITEM REG $SRG2 U ‘4 [0, 36];
ITEM REG $TRG U ‘4 [0, 37];
ITEM REG $TRG2 U 14 (0 , 38];
ITEM REG$ERG Ii 5 (0, 39] ;
ITEM REG $ERG2 U 5 (0 , 140];
ITEM REG$PNRG U 3 [0 , 41 ] ;
ITEM REG $PNRG2 U 3 [0 , 42 ] ;

( ITEM REG$CURRENT’LL 14 14 [0, 43);
ITEM REG$LL U ‘4 (0, 144];
ITEM REG $DISPLACEMENT U 5 [0 , 45];

- 
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ITEM REG$DIMREG U 6 [0 , 146] ;
ITEM REG$DIMREG 1 U 6 (0, 147];
ITEM REG$LAMBDA U 7 (0 , 148];
ITEM REG$D ’DECODE R U 5 (0 , 149];

END
• TABLE REG I STERS2 [0] 50; BEGIN
ITEM REG$MODE U 3 [0 , 0] ;
ITEM REG$FAULT U 8 (0 , 1];
ITEM REG$LENFLAG U 1 [0, 2];
ITEM REG$METAFLAG U 1 [0, 3];
ITEM REG $PATCHGENFLAG U 1 [0, 14];
ITEM REG$SCALARFLAG U 1 [0, 5];
ITEM REG$CF U 1 (0, 6];
ITEM REG$OVF U 1 [0, 7];
ITEM REG$ASF U 5 [0, 8];
ITEM REG$AL U 5 [0, 9];
ITEM REG$BL U 5 [0, 10];
ITEM REG$CL U 5 [0 , 11);
ITEM REG$EA U 5 [0, 12];
ITEM REG$EB U 5 [0 , 13];
ITEM REG$EC U 5 [0 , iL l];
ITEM REG$ER U 5 [0, 15];
ITEM REG$Ei U 5 [0, 16];
ITEM REG$E2 U 5 [0, 17];
ITEM REG$LA U 7 [0, 18];
ITEM REG$LB U 7 [0, 19];
ITEM REG$LC U 7 [0, 20];
ITEM - REG$LD U 7 [0, 21);
ITEM REG$LR U 7 [0, 22];
ITEM REG$L 1 U 7 tO , 23];
ITEM REG$L2 U 7 tO , 214);
ITEM REG$L3 U 7 [0, 25];
ITEM REG$L14 U 7 [0, 26];
ITEM REG$L5 U 7 [0, 27] ;
ITEM REG $L6 U 7 [0 , 28];
ITEM REG$SA U 1 [0 , 29];
ITEM REG$SB U 1 [0, 30];
ITEM REG $SC U 1 [0, 31] ;
ITEM REG$SR U 1 [0, 32] ;
ITEM REG$S1 U 1 [0, 33];
ITEM REG $S2 U 1 [0 , 314];
ITEM REG$SEA U 1 [0 , 35];
ITEM REG$SEB U 1 [0, 36];
ITEM REG$SEC U 1 [0, 37];
ITEM REG$SER U 1 [0 , 38];
ITEM REG $SE1 U 1 [0, 39];
ITE~-1 REG$SE2 U 1 [0, 140];
ITEM REG$VA U iLl [0 , 141];
ITEM REG$VB U 114 [0 , 142);
ITEM REG$VC U 1-4 0, 143);
ITEM REG$VD U 1-4 tO , 1414];
ITEM REG$VR U iLl [0 , 145];
ITEM REG$V 1 U 114 [0 , 146];
ITEM REG$V2 U 114 [0, 147] ;  
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ITEM REG$V 3 U 14 [0, 148];
ITEM REG $V 14 U 114 [0 , 149] ;

END
TABLE REG I STERS 3 [0] 50; BEGIN

ITEM REG$V 5 U 14 (0, 0];
ITEM REG$V6 U 1-4 (0, 1];
ITEM REG$INT’NO’REG U 14 [0, 2];
ITEM REG$INT1’NO’REG U 14 (0, 3];
ITEM REG$INHIBITFLAG U 1 [0, It];
ITEM REG$INTERRUPTREG U 1 [0, 5];
ITEM REG$MASK U 6 (0, 6);
ITEM REG$IO’HELD’BARREL’FF U 1 [0, 7];
ITEM REG$IO’SELECT’REGISTER U 2 [0, 8);
ITEM REG$MAR U 10 [0, 9];
ITEM REG$NOWD U 10 (0, 10];
ITEM REG $NOWD1 U 10 [0, ii];
ITEM REG$MIR U 16 [0, 12];
ITEM REG$LOC ’ U 1’4 [0 , 13];
ITEM REG $MD U 1-4 [0, 14];
ITEM REG$MDL U 1’4 [0 , 15];
ITEM REG $MS U 1-4 (0, 16] ;
ITEM REG$MS1 U 1-4 [0, 17];
ITEM REG$MSL U 114 [0, 18];
ITEM REG $MSL1 U 1-14 [0, 19];
ITEM REG $PSCAN U 14 (0, 20];
ITEM REG$PSTOP U 1 [0, 21];
ITEM REG$PDS’A U 17 [0, 22] ;
ITEM - REG$PDS’B U 17 [0, 23);
ITEM REG $PDS’A’FULL U 1 tO , 214];

• ITEM REG $PDS’CARRY U 1 [0, 25];
ITEM REG$VT U 3 tO , 26] ;
ITEM REG$COND U 1 [0 , 27];
ITEM REG $COPYVALUEFLAG U 1 [0, 28];
ITEM REG $TIM E U 36 [0, 29] ;
ITEM REG $LAST’IO’SCAN’TIME U 36 [0, 30];
ITEM REG$P’SIZE U 1-4 (0, 31];

END
ITEM WORD’ADDRESS’SIZE U 14;

ITEM MEMORY’SIZE U 1023;
ITEM CANON’SIZE 14 = 111 ;
ITEM LK’SIZE U = 14 ;
ITEM EXP’SIZE U = 6;
ITEM NO’OF’PORTS U = 4;
ITEM COPYVALUECODE U = 0;

ITEM FRAMES U;
TABLE IO$PORT$REGISTERS (1: ‘4]; BEGIN

ITEM IN’OUT’FLAG U;
ITEM PORT’WIDT H U;
ITEM BUFFER’BASE U;
ITEM B U F F E R ’L E N  U;
ITEM FRAME ’CNT U;
ITEM FRAME’BUFFER Ii;
ITEM ACTIVE’FF U;
ITEM REQUEST’FF U;

- 
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ITEM ACK’FF U;
ITEM FORCED’FF U;
ITEM ENABLE’FF U;
ITEM F R A M E ’P T R  U;
ITEM NO ’FRAMES U;

• END
TABLE STREAM ’ARRAY [ 4,L4] U;
TABLE STREAM’TIMES [ 14) U;

U

The DEFINE file is used to increase the readability

of the s imula tor  code. Since all of the s imulated registers

• are table items , the statement “LAMBDA=ALPHA ;” would

genera te  two compiler  w a r n i n g  messages ( i . e .  table  items not

s u b s c r i p t e d) .  The w a r n i n g  messages are eliminated by the

fo l lowing  DEFINE s ta tements :

DEFINE LAMBDA “REG$LAMBDA [O]” ;
DEFINE ALPHA “REG$ALPHA[O]” ;

These - DEFINE statements will change the statement

“LAMBDA :ALPHA ;” to “REG $LAMBDA [O]=REG$ALPHA [O); ” during

compi la t ion .  Thus the DEFINE f i l e  is used to change all of

the s imula ted  reg i s te r s  to subscr ip ted  i tems and al lows the

cod e to maintain readability without excessive compiler

messages.  The fo l lowing  is the DEFINE file that is

generated using the previous register file.

D EFINE BI “REG$ B I  [0 ]” ;
DEFINE BO “REG$BO [0]” ;
DEFINE BOl “REG$B0i [0]” ;
DEFINE BIB “}.~.G$B IB [0 ]” ;
DEFINE BIL “ REG$B I L  0]” ;
DEFINE BOB “REG$BOB [0 ]” ;
DEFINE DSCAN “REG$DSCAN 0]” ;
DEFINE DSCAN1 “REG $DSCAN l [0]” ;
DEFINE ALPHA “REG$ALPHA (0 ]” ;
DEFINE DEFAULT “REG $DEFAULT [0]”;
DEFINE DSTOP “REG $DSTOP [0)” ;
DEFINE BETA “RE G$BETA [0]” ;
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DEFINE BETAPRIME “REG $BETAPRIME (0]” ;
DEFINE IOTA “REG$IOTA [0]” ;
DEFINE IOTAPRIME “REG$IOTAPRIME [0]” ;
DEFINE P1 “REG$PI  [0]” ;
DEFINE PIPRIME “REG$PIPR IME (0]” ;
DEFINE BOS “REG$BOS (0]” ;
DEFINE TOS “REG$TOS (0 ]” ;
DEFINE OP 1 “REG$OPl [0)” ;
DEFINE 0P2 - “REG$ 0P 2 (0 ]” ;
DEFINE LK 1 “REG$LKl [0]” ;
DEFINE LK2 “REG$LK2 [0]”;
DEFINE CFG “REG$CFG [0]” ;
DEFINE CFG2 “REG$CFG2 (0]” ;
DEFINE CVRG “ R E G $ C V R G  (0 ]” ;
DEFINE CVRG2 “REG$CVRG2 (0]” ;
DEFINE IOTRG “ REG$IOTRG [0]” ;
DEFINE IOTRG2 “REG$IOTRG2 [0]” ;
DEFINE LRG 

- 
“ R E G $ L R G  (0 ]” ;

DEFINE LRG2 “REG$LRG2 [0]” ;
DEFINE MPTR “REG $MPTR [0)” ;
DEFINE MPTR2 “REG$MPTR2 [0]” ;
DEFINE SFG “REG $SFG [0]”;
DEFINE SFG2 “REG$SFG2 [0]” ;
DEFINE SRG “REG$SRG (0 ]” ;
DEFINE SRG2 “REG$SRG2 (0]” ;
DEFINE TRG “REG$TRG [0]” ;
DEFINE TRG2 “REG$TRG2 [0]” ;
DEFINE ERG “REG$ERG [0]” ;
DEFINE ERG2 “REG $ERG2 [0]” ;

• - DEFINE PNRG “REG$PNRG to ) ” ;
DEFINE PNRG2 “ R E G $ P N R G 2  [0 ]” ;
DEFINE CURRENT’LL “REG$CURRENT’LL [0]” ;
DEFINE LL “REG $LL [0]” ;
DEFINE DISPLACEMENT “REG $DISPLACEMENT (0]” ;
DEFINE DIMREG “REG $DIMREG [0)” ;
DEFINE DIMREG1 “REG $DIMREG l (0]” ;
DEFINE LAMBDA “REG $LAMBDA tO)” ;
DEFINE D’DECODE R “REG $D’DECODE R [0]” ;
DEFINE MODE “REG $MODE [0]” ;
DEFINE FAULT “REG$FAULT [0]” ;
DEFINE LENFLAG “REG$LENFLAG [0)” ;
DEFINE METAFLAG “REG $METAFLAG (0]” ;
DEFINE PATCHGENFLAG “REG $PATCHGENFLAG [0]” ;
DEFINE SCALARFLAG “REG $SCALARFLAG [0]” ;
DEFINE CF “REG$CF ( 0 ) ” ;
DEFINE OVF “REG$OVF [0]” ;
DEFINE ASF “REG$ASF (0]” ;
DEFINE AL “ R E G $ A L  [0]” ;
DEFINE BL “REG$BL (0 ] ” ;
DEFINE CL “REG $CL (03” ;
DEFINE EA “REG$EA [0]” ;
DEFINE EB “REG $EB (0]” ;
DEFINE EC “REG$EC (0]” ;
DEFINE ER “REG $ER (0)” ;
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DEFINE El “REG$E l (0]” ;
DEFINE E2 “REG$E2 [0]” ;
DEFINE LA “REG $LA [0)” ;
DEFINE LB “REG$LB [0]” ;
DEFINE LC “REG$LC (0 ]” ;
DEFINE LD “REG$LD [0)” ;
DEFINE LR “REG $LR [0]” ;
DEFINE Li “REG$L1 [0]” ;
DEFINE L2 “REG$L2 [0]” ;
DEFINE L3 “REG $L3 [0)” ;
DEFINE L14 “REG$L [0]” ;
DEFINE L5 “REG$L5 [0]” ;
DEFINE L6 “REG$L6 [0]” ;
DEFINE SA “REG$SA [0]” ;
DEFINE SB “REG$SB (0]” ;
DEFINE SC “REG$SC [0]” ;
DEFINE SR “REG$SR [0]” ;
DEFINE Si “REG$S l [0]” ;
DEFINE S2 “REG$S2 [0)” ;
DEFINE SEA “REG$SEA [0]” ;
DEFINE SEB “REG$SEB [0]” ;
DEFINE SEC “REG$SEC [0]” ;

H DEFINE SER “REG$SER [0]” ;
DEFINE SE 1 “R E G $ S E l  [0]” ;
DEFINE SE2 “REG$SE2 [0]” ;
DEFINE VA “RE G$VA [0]” ;
DEFINE VB “REG$VB [0]” ;
DEFINE VC - “REG$VC [0]” ;
DEFINE VD “REG$VD [0)” ;

H DEFINE VR “ RE G $VR [0 ]” ;
• DEFINE Vi “REG$V l [0]” :

DEFINE V2 “REG$V2 [0]” ;
DEFINE V3 “REG $V3 [0]” ;
DEFINE V4 “REG$V14 [0]” ;
DEFINE V5 “REG$V 5 0]” ;
DEFINE V6 “ R E G $ V 6  [0 ]” ;
DEFINE INT’NO’REG “REG $INT’NO ’REG [0]” ;

H DEFINE INT1’NO’REG “REG$INT i’NO’REG [0]” ;
H DEFINE INHIBITFLAG “REG$INHIBITFLAG [0)” ;

DEFINE INTERRUPTREG “REG $INTERRUPTREG [0]”;
H DEFINE MASK “REG$ M ASK [0 ]” ;

DEFINE IO’HELD’BARREL’FF “REG $IO’HELD’BARREL’FF [0]”;
DEFINE IO’SELECT’REGISTER “REG $IO’SELECT’REGISTER [0]” ;
DEFINE MAR “REG $MAR [0]” ;
DEFINE NO W D “ R E G $ N O W D  [0 ]” ;
DEFINE NOWD 1 “REG$NOWD l [0)” ;
D E F I N E  M I R  “ R E G $ M I R  [0 )” ;
DEFINE LOC ’ “REG$LOC ’ [0]” ;
DEFINE MD “ R E G $ M D  [0]” ;
DEFINE MDL “REG $MDL [0]” ;
DEFINE MS “REG$MS (0]” ;
DEFINE MS1 “REG$MSl tO]” ;
DEFINE MSL “REG$MSL [0) ” ;
DEFINE MSL 1 “REG$MSL l (0]” ;
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DEFINE PSCAN “R E G $ P S C A N  (0 ]” ;
DEFINE PSTOP “REG $PSTOP [0]” ;
DEFINE PDS ’A “REG$PDS’A (0]” ;
DEFINE PDS’B “REG $PDS’B [0]” ;
DEFINE PDS’A’FULL “REG$PDS’A’FULL (0]” ;
DEFINE PDS’CARRY “REG$PDS’CARRY (0]” ; H
DEFINE VT “REG$VT (0 ]” ;
DEFINE COND “REG$COND (0]”;
DEFINE COPYVALUEFLAG “REG$COPYVALUEFLAG (0]” ;
DEFINE TIME “REG $TIME (0]” ;
DEFINE L A S T ’I O ’ S C A N ’ T I M E  “ R E G $ L A S T ’ I O ’ S C A N ’T I M E  [0]” ;
DEFINE P’SIZE “REG$P’SIZE [0]” ;

A.3 Simulator

The simulator uses two files that are generated from

the initialization routine ( ITEM and DEFINE files). These

files are copied into the simulator code during compilation ,

thus the simulator mus t  be recompiled if any changes are

m a d e  to these files.

The Program String to be executed is read from the

file “PR OGRM.J73” . The S—UNITS are left justified in the

file , and the constants are right justified with column 25.

The Program String is read into the simulated memory using

the FORTRAN “READER” sub routine , and this subroutine can be

modified if the Program String format need s to be changed .

The example Program String shown below was generated by

translating the simple example program in Figure 2.

PROG
SET’DEFAULT

14
- : NEW’ INTEGER -

C A R D ’ C O N S T
3
5

DYNA’LEN
DUMP
NEW’INTEGER

- 
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CARD’CONST
2
2

DYNA ‘DIM
C A RD ‘ C ONST

• 2
3

DYNA ‘DIM
END’DECL
DUMP
CARD ‘CONST

2
3

ID
0
0

DUMP
A SSIGN
CLEAN ‘UP
ID

0
0

CA RD ‘CONST
3
I t

S’’ADD
-‘ START ’LIST

CARD’CONST -

1
1

C A N O N I C A L
CARD’CONST

2
2

SUBSCRIPT ‘MODE
DUM P
ID -

0
1

ASSIGN
T E R M I N A T E

A directory of S—UN TS is contained in the “DIR.J73”

file , and this file is used by the FORTRAN “READER ”

subroutine when checking the Program String file for valid

S—UNITS. The directory file contains an entry for each 5—

UNIT and each entry is left justified . The following is the

direc tory file of S—UNITS.
- 
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S’’ABS
ACTIVE
S’’AND
APPLY’SIJBS
AR RAY ‘ C ONST
CLEAN’UP
COMMENSURATE
S’’CONC
S ’ ’C R O S S ’ P R O D U C T
S ’ ’D E C O D E

— S’’DECREMENT
DIMENSION
5’ ‘DIVIDE
D O ’U N T I L
DYADIC ‘EXIT
DYNA ‘DIM
DYNA’TYPE
ELSE’
ENABLE’ALL
ENABLE ‘FORMULA
5’ ‘ ENCODE
END’DECL
END’REF
ENTER ‘SCOPE
S’’EQUAL
S ’ ’ E R R O R
S ’ ’ E X C H A N G E
EXIT ’
FALSE

• FAULT’OP
FORMAL’ID
GIVEN’UNTIL
S’’GREATER
S’ ‘GREATER ‘EQ
S’’ INCREMENT
S’ ‘ I N N E R ’ P R O D
S’ ‘LESS
S’ ‘LESS’EQUAL
S ’ ’ M A G N I T U D E
S’’MAX
S’’MIN
S’’MODULO
S ’ ’M U L T I P L Y
S ’ ’N E G A T E
S’’NOT
5’ ‘N O T ’E Q U A L
S’ ‘OR
5’ ‘ROUND
S’ ‘R’ADD
5’ ‘R’AND
5’ ‘R’MAX
5’ ‘R’MIN
S’ ‘R’MULT
5’ ‘R’NOT

133

- 5---~-- ---—---- ---- ~~~~~~~~~~~~~~~~~~~~~~~~~ -------~~~~~~-- _______ ____ — - ------•--- ----•-—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _J1



- 
_____

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

~~
-“  S’’R’OR

S’’SHIFT
S’’TRANSPOSE
5’ ‘ TRUNCATE
S’’TYPE
INHIBIT’ALL
I N H I B I T ’F O R M U L A
INTEGER ’CONST
LEA yE ‘SCOPE
LENGTH
MIX ‘TYPE
MONADIC ‘EXIT
NEGATE
NENT
NEW’ BOOLEANI
NEW’ COLON
N E W ’  INTEGER
NEW’ INTERRUPT
N E W ’L A B E L
NEW ’NULL
NEW’OPERATOR
N E W ’ P R O C
N E W ’R E A L
NEW’SET
0 UT PUT ‘ PORT
RANK
RAVE L
REAL’CONST

• SKIP’ARRAY
SKIP’CONST
START’LIST
SUBSCRIPT ‘MODE
TERMINATE
THEN’
TRUE
WHOOPS -

PR OG
CANONICAL
ASSIGN
COPY ‘VALUE
S’ ‘ADD
ALLOCATE
CARD ‘CONST
DUPLICATE ‘TOP
DYNA ‘LEN
END ‘ A R R A Y  ‘CONST
FRAME ‘COUNT
ID
INDEX
INIT ‘PORT
INPUT ‘PORT
S’’POWER
SET ‘DEFAULT
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S’ ‘ SUBTRACT
WAIT
DUM P

The simulato r also reads two other files :

“FRMTM.J73” and “FRAMES.J73” . The elements of the

q “FRMTM.J73” file are read into the STREAM’TIMES array, and

the elements of the “FRAMES.J7 3” file are read into

STREAM’ARRAY. If there are n simulated ports , then the

“FRMTM.J73” file should have n elements , and the

“F R A M E S . J 7 3 ”  f i l e  should  have  n *( c o lu m n  d imens ion  of’

STREAM’ARRAY) elements. For exampl e, if there are 5

simulated ports and STREAM’ARRAY is a 5x10 array, then

“FRMTM .J73” should have 5 el ements  and “F R A M E S .J 7 3 ”  should

have 50 e lements . Each e lement  of the “ F R M T M . J 7 3 ”  f i l e

should be a positive integer , and the elements of the

“FRAMES.J73” file can be any integer . Thus these files are

used to set up the I/O arrays and are read before the

simulato r begins executing the Program String .

W h i l e  r u n n i n g  the s imu la to r , any  dumps  t h a t  are

gene ra t ed  are w r i t t e n  to the f i l e  “ M E M . J 7 3 ” . The dump

routine creates these dumps by parsing the simulated memory

using a link list . The link list is contained on the

“ M A T C H . J 7 3 ”  f i l e , and th e “ GETLIST ” F O R T R A N  s u b r o u t i n e  is

used to read th i s  f i l e .  These dumps  are p o w e r f u l  debugg ing

a ids , and the dum p f o r m a t  is shown in the examples in

Appendix D.

As shown in the example Prog ram String above , the

- 
- 
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• 
- DUM P S—UNIT is inserted into the Program String after any

H other S—UNIT. Execution of the DUMP S — U N I T  parses the

simul ated memory, and during this parse the “parsed” memory

is w r i t t e n  to the “MEMsJ73” file. The Program String is

also written during execution of the first dump.

Be fore  r u n n i n g  the s imu la to r , the s imula to r  rou t ines

must be compiled and loaded with the relocatable files of

the dump and FORTRAN r o u t i n e s  (these  FORTRAN r o u t i n e s  are

used in file manipulations ). When the executable cod e is

obtained , the simulator can be run if the necessary files

have been created . Figure 19 shows the interaction of the

simulato r with the necessary files , and Figure 20 summarizes

the steps in r u n n i n g  the s i m u l a t o r .

- 
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PROGRM
DEFINE ITEM (PROGRAM

S T R I N G )

FRAMES
( I / O )

SIMULATOR
ROUTINES MEM

( D U M PS )

FRMTM
(I / O)

DUMP FORTRAN
ROUTINE ROUTINES H

MATCH DIR
(LINK (S’UNIT

LIST ) D I R E C T O R Y

Figure 19. S i m u l a t o r  and F i les

- 
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RUN
INITIALIZATION

ROUTINE

COMPILE SIMULATOR
DUM P ROUTINE AND
FORTRAN ROUTINES

LOAD SIMULATOR
DUMP AND FORTRAN

ROUTINES TOGETHER

SET UP PROGRAM
STRING AND
I/O FILES

R U N
[ CLS

F i g u r e  20. Steps in R u n n i n g  the S imula to r
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-- A. -4 Runn ing the Simulator on the DEC— 10
‘p

In order  to run  the s imula to r , the s imu la to r  must  be

H 
- 

compiled and loaded with the DUM P and FORTRAN routines.

Compilation of the simulator is accomplished with

the fo l lowing  commands.

R SYS:J73
CLS , TTY : =CLS . J 7 3 / N O S / N O P / N O I / I N D

“CLS.J73” is the file that the simulator is on and

the  i n f o r m a t i o n  f o l l o w i n g  the “I” are switches (see

R e f e r e n c e  (7 ]  A p p e n d i x  C ) .  The “TTY ” in the command string

causes the compiler messages to be sent to the terminal.

The file “CLS.REL” contains the relocatable code generated

by the  c o m p i l a t i o n .

Since the  DUMP r o u t i n e  is also a JOVIAL routine s

then the following commands are g i v e n  to ob t a in  the DUMP

relocatable code (DUMP.REL).

R SYS:J73
DUMP ,TTY~ :DUMP.J73/NOB/NOP/NOI/IND

In o rder  to ob t a in  the  r e loca t ab l e  code for the

FORTRAN routines (READ.REL ), the following commands must be

given.

R FORTRA
READ ,TTY: =READ.J73

A f t e r  these r e l o c a t a b l e  f i l e s  have  been ob ta ined ,

then the following commands are given.

- 
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LOA D CLS,DUMP ,READ ,SYS:JLIB/LIBRARY
SAV

The executable code will then be on the file

“CLS.EXE” . The following command is then given to run the

simulator.

RUN CLS
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Appendix B

t Dev iations Fr om Or iginal St udy

B. 1 In t roduct ion

The following paragraphs will describe various

aspects of the simul ator that were changed in this study.

These changes were mad e to improve the performance of the

simul ator.

B.2  Regis ters  and Main Memory

The r eg i s t e r s  and m a i n  memory  were  s imula ted  us ing

the table structur e of JOVIAL (see Chapter V Section 2.3).

As is shown in Figure 13, the most  s i g n i f i c a n t  b i t  of the

simulated register and the DEC— 10 memory word correspond .

In the o r i g i n a l  s t u d y ,  each b i t  of a register and

memory  word was  s imula ted  in APL u s ing  a compl ete memory

word . In this study each register and memory word is

simulated using a word of DEC— 10 memory and thus the memory

H requirements of the simulator have been reduced . However , a

disadvantage is that the maximum register size and the

m a x i m u m  memory  word s ize of the  s i m u l a t o r  are  now res t r ic ted

to the word length of the host machine (e.g. 36 bits for

D E C — 1 0 ) .  Thus the register/memory word simulation scheme

will have to be changed if a register/memory word size must

be greater than the word length of the host machine.
- 
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In the original study, the APL opera tors were used
‘ f t

to simul ate the low level machine operations. Since each

bit of a register was simul ated by an entire APL word , the

bits of the simulated registers had to be transformed into a

vector before an operation could be performed .

As a result of this study, however , the JOVIAL

opera to r s  s i m u l a t e  the low level  m a c h i n e  ope ra t ions , and

these operators are used between words of memory. This

saves execution time due to the fact that the simulated

r eg i s t e r s  do not have  to be collected into a vector  before

an operation is performed . This eliminates the need for the

bit manipulations used in the original study. For exam ple,

a simulated register transfer is accomplished by the JOVIAL

assignment operator (=) between elements of packed tables

(see  Chapter  V Section 2 . 3 ) .

B .3  Barrel Sh i fter

The original study used bit zero to point to the

least significant bit of the barrel shifter registers.

Since the JOVIAL (J73) table specification uses bit zero as

the most significant bit , changes have been mad e to the

following routines:

BARREL ’SHIFT
CLEAR’BARREL
LOAD’BARREL

LOAD’BARREL ’LOOP
PRESET’BARREL

W R I T E ’ B A R R E L
WR ITE ’ BARREL ’ LOOP

- 
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f ~~~
- These changes , however do not make the barrel shi fter

I ‘P
routines system dependent (e.g. DEC— 10) since the table

structure used is a JOVIAL specification.

Two of these routines , LOAD’BARREL and WRITE ’BARREL

have been further changed due to unnecessary steps found in

their algorithms. Step 6 and 7 of both algorithms in

Figure 5 (LOAD’BARREL ) and Figure 6 (WRITE’BARREL ) of

Referencet’4] have been eliminated . Figur e 7 and Figure 9

of Chapter III gives a detailed look at the present

algorithms used .
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H Appendix C

Register Descriptions

Pushdown Stack Registers (refer to Chapter III Section 3)

PDS’A Input register to the pushdown stack
through a V’PUSH operation and output
register to the pushdown stack
through a V’POP operation.

PDS’B Used in conjunction with PDS’A during
arithmetic operations.

PDS FIFO pushdown stack.

PDS’A’FULL Flag indicating PDS’A full if equal
H to 1 or empty if equal to 0.

PDS’CARRY 1 bit register holding carry from
arithmetic operations.

VT - Po in t e r  to first element in pushdown
stack.

OVF Overflow flag for stack addition.

COND Flag checked during logical
operations.

Main Memory Registers

MAR Memory address register — word
address used in accessing memory.

MIR Memory information register — word
sized register holding data read from
or written to memory.

MS Used to hold a bit address of memory.

MS1 MS backup during I/O operations.

MSL Used to hold size of bit field to be
moved to or from memory.

MSL 1 MSL backup during I/O operations.
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MD Used to hold a bit address of memory.
‘P

MDL Used to hold size of bit field to be
moved to or from memory.

LOC’- Used to hold a bit address of memory.

CF Flag indicating when a compl ement
operation on a main memory operand
rem a ins  to be performed .

ASF Holds shift amount during floating—
point mantissa add.

Program String Registers

DECODER Holds current S—UNIT being fetched or
executed within the Program String .

PSCAN Holds bit address of S—UNIT being
fetched or executed within the
Program String .

P’SIZE Holds the number of bits to be taken
from the Program String starting at

- the address in PSCAN .

PSTOP Flag indicating program termination
(normal or error).

Workspace Registers

BOS “Bottom of Stack” holds the address
of first bit in workspace after
Program String .

TOS “Top of Stack” holds the address of
the first bit of the last link in the
workspace.

OP1 “Operand 1” holds address of first
bit of last link in the workspace.

0P2 “Operand 2” holds address of first
bit of second to last link in the
workspace.

LK1 and LK2 Hold addresses of first bits of’ two
consecutive links. Used to move up
and down workspace.
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De sc riptor Parameter Registers

j  
DEFAULT Holds program default bit length.

CURRENT’LL Holds the current lexic level of the
S—UNIT presently being fetched or
executed .

LL Holds lexic level being searched for
or desired (e.g. ID operations).

DISPLACEMENT Holds displacement being searched for
or desired (e.g. ID operations).

DIMREG/DIMREG 1 Dimension registers holding the
c u m u l a t i v e  produc t of subscr ip t s
which when multi plied by LAMBDA equal
the number of bits to be allocated
for a valuespace.

CVRG/CVRG2 Hold canonical value of a subscript .

PORT’NUMBER Holds current port number during I/O
operations.

I-

* - 

Var iable Attribute Registers

- 

- 

AL Holds  number of bits remaining in the
current chunk of the “A” operand .

BL Ho les  n u m b e r  of b i t s  r e m a i n i n g  in the
current chunk of the “B” operand .

CL Holds number of bits remaining in the
current chunk of the “C” operand .

EA Holds exponent of “A” operand .

ES Holds exponent of’ “B” operand .

EC Holds exponent of “C” operand .

ER Holds exponent of “Result” operand .

El Scratch exponent register.

E2 Scratch exponent register .

LA Holds the total length of operand “A”
(including all chunks).
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LB Holds the total length of operand “B”
‘- ‘ (including all chunks).

LC Holds the total length of operand “C”
(including all chunks).

LD Holds the total length of operand “D”
(including all chunks).

LR Holds the total length of operand
“Result” (including all chunks).

Li Scratch exponent register.

L2 Scratch exponent register.

L3 Scratch exponent register .

LIt Scratch exponent register.

L5 Scratch exponent register.

L6 Scratch exponent register.

SA Holds sign of “A” stack operand .

* 
SB Holds sign of “B” stack operand .

SC Holds sign of “C” stack operand .

• SR Holds sign of “Result” stack operand .

Si Scratch sign register .

S2 Scratch sign register.

SEA Holds sign of exponent of “A” stack
operand.

SEB Holds sign of exponent of “B” stack
operand .

SEC Holds sign of expon~ent of “C” stack
operand .

SER Holds sign of exponent of “Result”
stack operand .

SE1 Scratch exponent sign register .

SE2 Scratch exponent sign register .

VA Pointer to “A” operand valuespace.
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VB Po in ter to “B” operand valuespace.

VC Po inter to “C” operand valuespace.

VD Po in ter to “D” operand valuespace.

VR Pointer to “Result” operand
valuespace.

Vi Scratc h valuespace pointer .

V2 Scratch valuespace pointer.

V3 Scratch valuespace pointer.

VIL Scratch valuespace pointer.

V5 Scratch valuespace pointer.

V6 Scratch valuespace pointer.

Registers Holding Attributes of an Operand Descriptor

CFG/CFG2 Flag indicating constant encountered
d u r i n g  a de sc r ip to r  scan of a

- variable.

LRG/LRG2 Holds length value from descriptor
operand of a variable.

MPTR/MPTR2 Holds mantissa from descriptor
operand  of a v a r i a b l e .

SFG/SFG2 Holds sign from descriptor operand of
- a variable.

SRG/SRG2 Holds syllables from descriptor
operand of a variable.

ERG/ERG2 Holds exponent from descriptor
operand of a variable.

TRG/TRG2 Holds type of the variable from
• descriptor operand of a variable.

IOTRG/IOTRG2 Holds I/O type (i.e. input or output)
fror~ descriptor operand of a
variable .

PNRG/PNRG2 Holds I/O port number from descriptor
operand of a variable.
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Barrel Shifter Registers (see Chapter III Section 5)

BI Barre l Input — In put regis ter  which
holds source bit field to be shifted
into BO.

BO Barrel Output — Output register which
holds destination field of bit field
to be shifted from BI.

- - 

BOl Backup for BO during I/O operations.

BIL Barrel Input Length — Holds size of
bit field to be shifted .

BOB Holds starting bit of bit field in BC
to be shifted .

BIB Holds starting bit of bit field in BI
to be shifted .

Descriptor Scanning Registers
(see Referencet2) pages 5—2—17 to 5—2—19)

DSCAN/DSCAN1 Address registers used in descriptor
scanning.

DSTOP Stops descriptor scan when set to 1.

D’DECODE R Same as DECODER but used in
d e s c r i p t o r  sc a n n i n g .

MODE Holds the mode in which the
descri ptor is scanned .

LENFLAG Used to signal that the elements of a —

raveled array are of the default
length.

PATCHENFLAG Used in raveling a referenced
varia ble so that a simpler addressing
scheme is used if the referenced
array is contiguous.

SCALARFLAG Inhibits the generation of dimension
D—UNITS for a scalar.

ALPHA Holds addresses.

BETA/BETAPRIME Boundcheck registers for subscript
values.

149 

- ~_ _ •- _..•_S_~ _ •__ - -5-- ~~~~~——-----~~~~~~ --5-~----~
• ——~~-— —--—- -- - - -- -—--‘••---— - - - — —~-5-•- -- - - - —



-
~~~~ ~

---
~~~

•
~~ 

-----
~~ 

—-----
~~~ --  ~~~~~~~~~~~~

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

-
~~~~~

-- 
~~

— -
~~~~~~

-
~~~~~~ 

-

IOTA/IOTAPRIME Holds subscript canonical values.

PI/PIPRIME Holds intermediate products of the
subscripts and their multipliers.

LAMBDA Holds bit length of elements of
arrays.

I/O and Interrupt Registers

INT’NO ’REG Holds number of interrupt to be
processed .

INT’NO’REG l Backu p for INT’NO’REG .

INHIBITFLAG Inhi bits all interrupts until an
ENABLE S—UNIT is executed .

MASK Boolean vector which has a bit for
every port and when a bit is set the
correspondi~ g port is masked .

IO’HELD’BARREL’FF When this flag is clear the I/O
section is scanned before a
LOAD’BARREL operation .

IO’SELECT’REGISTER Holds the number of’ the port
during an I/O operation .

• TIME Holds execution time.

LAST’IO’SCAN’TIM E Holds the time that the I/O
sec t ion  was last  scanned .

COPYVALUEFLAG Fla g use d in over la pp ing I/O
operations with processing.

Refer to Reference(4] pp. 3i—34 for Following I/O Registers

IN ‘OUT ‘FLAG

PORT ‘WIDTH

BUFFER ’BASE

BUFFE R ‘LEN

FRAME ‘ C NT

FRAME ‘BUFFER

150

~~~ - ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ — -~~~~ - -- -~~~~~~~~~~ —~~~--- - -- -- - -~~~~~~~—--~~~~~~ - - - -



5--- ~~~~~~~-—-•— --- 5-~~~~~~~~~~~ 
— - ----5—--—— --5-  _

_5_ 5- - -~~~~~~ - —5—— --— - —~~~~~~~~~~~~~~
5_ -- - -----

~~~~~~ -- -w

• A CTIVE’FF
•~~~0’

REQUEST’FF

ACK’FF

FOR CED ‘FF

ENABLE’FF

Soft Ex tens ion Registers

FAULT Holds the S—UNIT of the “Faulty
Operator ” during a soft extension.

METAFLAG Flag used to inhibit the fetching of
a new S—UNIT and is set during
execution of the FAULT—OP S—UNIT.
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Appendix D

Examp le Exe cut ions

D.4 Introduction

The following exan~ples illustrate program execution

on the simul ator. These examples exercise many S—UNITS and

should be studied carefully in the initial phase of a

follow—on study.

The first example is basically the exampl e prog ram

in Volume 1 of the Phase I stud y (see Reference (2]

Appendix F). The second exampl e shows the execution of a

function (i.e. a procedure which returns a value ), the third

exam ple contains a procedure wi th parameters , and the fou r th

exampl e execution deals with a monadic soft extension. -

D.5  Reference  Exam pl e

PROGRAM
DEFA ULT 32;
TNTEGER A [3,-14 ,5] BITS 14;
REF B TO A [,2:3,];
~EF C TO B[2];REF D TO C [1 ,2:4];
REF RA TO RAVEL A ;
~EF RB TO RAVEL B;
REF SV TO ~B[2:3);REF X T~ SV [1];T1 SV[~ ]—2o~xTE RM

- 
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Dump 1. The Program String

00000 0 0011101000000000 PROG
00020 1 0011011000000000 SET’DEFAULT
000140 2 0000010000000000 32

Comment— The following section correspond s to

INTEGER A[3,4,5] BITS 4;

000’60 3 0001001000000000 NEW ’INTEGER
00100 14 0100011000000000 CARD’CONST
00120 5 0100000000000000 2
001140 6 1100000000000000 3
00160 7 0000100000000000 DYNA’DIM
00200 8 0100011000000000 CARD’CONST
00220 9 1100000000000000 3
002140 10 0010000000000000 14
00260 11 0000100000000000 DYNA’DIM
00300 12 0100011000000000 CARD’CONST
00320 13 0010000000000000 ii
003140 114 1010000000000000 5
00360 15 0000100000000000 DYNA’DIM
001400 16 0100011000000000 CARD’CONST
001420 17 1100000000000000 3
OO 14~4O 18 001-0000000000000 14
001460 19 0010011000000000 DYNA’LEN
00500 20 1000011000000000 ALLOCATE
00520 21 1 1 1 1 011000000000 DUM P 2

Comment— The following section corresponds to

REF B TO A [,2:3,];

005’40 22 0110101000000000 START’LIST
00560 23 1101001000000000 NEW’NULL
00600 214 1011101000000000 CANONICAL
00620 25 1 110001000000000 NEW’COLON
006140 26 0100011000000000 CARD’CONST
00660 27 0100000000000000 2
00700 28 0100000000000000 2
00720 29 1011101000000000 CANONICAL
007140 30 0100011000000000 CARD’CONST
00760 31 0100000000000000 2
01000 32 1100000000000000 3
01020 33 1011101000000000 CANONICAL
010140 314 1101001000000000 NEW’NUI.L
01060 35 1110101000000000 SUBSCRIPT’MODE
01100 36 1111011000000000 DUM P 3
01120 37 1110011000000000 ID
O 11~40 38 0000000000000000 0
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01 160 39 0000000000000000 0
01200 40 1000011000000000 ALLOCATE
01220 141 1111011000000000 DUM P 4

Comment— The following section correspond s to

REF C TO B[2);

012140 142 0110101000000000 START’LIST
01260 43 0100011000000000 CARD’CONST
01300 1414 0100000000000000 2
01320 145 O1O0000000000000 2
013140 146 1110101000000000 SUBSCRIPT’MODE
01360 47 1110011000000000 ID
0 1 1400 148 000000000 0000000 0
011420 149 1000000000000000 1
014140 50 1000011000000000 ALLOCATE

Comment— The following section corresponds to

REF D TO CE1 ,2:-ZI];

011460 51 0110101000000000 START’LIST
01500 52 0100011000000000 CARD’CONST
01520 53 1000000000000000 1
015140 54 1000000000000000 1

H 01560 55 1011101000000000 CANONICAL
01600 56 1110001000000000 NEW ’COLON
01620 57 0100011000000000 CARD’CONST
016140 58 0100000000000000 2
01660 59 0100000000000000 2
01700 60 1011101000000000 CANONICAL
01720 61 0100011000000000 CARD’CONST
017140 62 1100000000000000 3
01760 63 0010000000000000 14
0200 0 6~4 1110101000000000 SUBSCRIPT’MODE
02020 65 1110011000000000 ID
020140 66 0000000000000000 0
02060 67 0100000000000000 2
02100 68 1000011000000000 ALLOCATE

Comment— The following section corresponds to

H REF RA TO RAVEL A;

02120 69 1110011000000000 ID
02114 0 70 0000000000000000 0
02160 71 0000000000000000 0
02200 72 1111011000000000 DUM P 5
02220 73 0100101000000000 RAVEL
022140 74 1000011000000000 ALLOCATE

1514
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02260 75 1111011000000000 DUMP 6

Comment— The following section correspond s to

• REF RB TO RAVEL B;

02300 76 1110011000000000 ID
02320 77 0000000000000000 0
023140 78 1000000000000000 1
02360 79 1111011000000000 DUMP 7
021400 50 0100101000000000 RAVEL
021420 81 1111011000000000 DUM P 8
0214 14 0 82 1000011000000000 ALLOCATE

Comment— The following section corresponds to

REF SV TO RB [2:3];

021460 83 0110101000000000 START’LIST
02500 814 1110001000000000 NEW’COLON
02520 85 0100011000000000 CARD’CONST
O25’40 86 0100000000000000 2
02560 87 1100000000000000 3

H 02600 88 1011101000000000 CANONICAL
02620 89 0100011000000000 CARD’CONST
026140 90 1100000000000000 3
02660 91 1110000000000000 7
02700 92 1110101000000000 SUI3SCRIPT’MODE
02720 93 1110011000000000 ID
027140 914 0000000000000000 0
02760 95 1010000000000000 5
03000 96 1000011000000000 ALLOCATE

H Comment— The following section corresponds to

H REF X 10 SV (1];

03020 97 0110101000000000 START’LIST
030~40 98 0100011000000000 CARD’CONST
03060 99 1000000000000000 1
03100 100 1000000000000000 1
03120 101 1110101000000000 SUBSCRIPT’MODE
031140 102 1110011000000000 ID
03160 103 0000000000000000 0
03200 1014 0110000000000000 6
03220 105 0110100000000000 END’DECL

- 
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Comment— The following section corresponds to

R~SV [3]—2O~X

032140 106 1111011000000000 DUMP 9
03260 107 0100011000000000 CARD’CONST
03300 108 0010000000000000 14
03320 109 1101000000000000 11
033140 110 0110101000000000 START’LIST

H 03360 111 O100011000000000 CARD’CONST
031400 112 0100000000000000 2
031420 113 1100000000000000 3
0314140 11 14 1110101000000000 SUBSCRIPT’MODE
03460 115 1110011000000000 ID
03500 116 0000000000000000 0
03520 117 0110000000000000 6
035140 118 1111011000000000 DUMP 10
03560 119 0111101000000000 ASSIGN
03600 120 0100011000000000 CARD’CONST
03620 121 1010000000000000 5
036140 122 0010100000000000 20
03660 123 1111011000000000 DUM P 11
03700 1214 1011011000000000 S’’SUBTRACT
03720 125 1110011000000000 ID
037140 126 0000000000000000 0
03760 127 1110000000000000 7
014000 128 1111011000000000 DUM P 12
014020 129 0111101000000000 ASSIGN
0140140 130 1111011000000000 DUM P 13
014060 131 0001101000000000 TERMINATE

Dum p 2. INTEGERE3, 4,5] BITS ~4;

014100 132 00000000000000 link
04116 132 00 link

133 111000000000
0141314 133 1110 link

1314 1100000000
014152 13 14 1 0000 B E G I N  ( m a r k  c o n s t a n t )
014157 1314 0 Lexic Level (parameter)

H 135 000
04163 135 OOO0O_Q~~~~ Dis p l a c e m e n t  (p a r a m e t e r )  -

04171 135 10 1 0111 link
136 1000000

04207 136 0010 INTEGER (type constant)
04213 136 1100 STEP (sy l l  cons t an t )
04217 136 1 Multiplier (parameter)

137 1 0000 
-014225 137 1100 STEP ~s~~~I_ c o n s t a n t)
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04231 137 001100 Multiplier (parameter)
014237 137 1 STEP (syl l constant)

138 100
04243 138 001111 Multiplier (parameter)
04251 138 0010 LEN (syll constant)
04255 138 001 Bit Length (parameter)

139 0000
0426 14 139 1010 VALUE (syll constant)
04270 139 00000000 Valuespace

1-140 0000000000000000
141 0000000000000000
1-4 2 0000000000000000 I

1- ~43 0000000000000000
1-144 0000000000000000
1-4 5 0000000000000000
1-146 0000000000000000
114 7 0000000000000000
1148 0000000000000000
114 9 0000000000000000
150 0000 000000000000
151 0000000000000000
152 0000000000000000
153 0000000000000000
1514 0000000000000000
155 0000000000000000
156 000000 0000000000
157 0000000000000000
158 0000 

—

Dump 3. Dump of 1, 2:3,] in REF B 10 A (,2:3 , ];

04100 132 00000000000000 link
04116 132 00 link -

133 111000000000
041314 133 1110 link

134 1100000000
04152 1314 10000 BEGIN (mark constant)
04157 134 0 Lexic Level (parameter)

135 000
04163 135 000000 Displacement (parameter)
04171 135 0001110 link

136 1100000
014207 136 0010 INTEGER (type constant)
014213 136 1100 STEP (syll constant)
04217 136 1 Multiplier (parameter)

137 10000 
______________

014225 137 1100 STEP (syl] .  cons tan t)
04231 137 001100 Multiplier (p a r a m e t e r )  

_ _ _ _ _ _ _

04237 137 1 STEP (syll constant)
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138 100
04243 13~ 001111 Multipl ier (parameter)
014251 138 0010 LEN (syll constant)
014255 138 001 Bit Length (parameter)

139 0000
0142614 139 1010 VALUE (syll constant)
014270 139 00000000 Valuespace

1~40 0000000000000000
114 1 0000000000000000
1 42 0000000000000000
1-143 0000000000000000
- 144 0000000000000000
145 0000000000000000
1 46 0000000000000000
114 7 000 0000000000000
148 0000000000000000
114 9 0000000000000000
150 0000000000000000
15 1 0000000000000000
152 0000000000000000
153 0000000000000000
154 0000000000000000
1 55 000000 0000000000
156 0000000000000000
157 0000000000000000
158 0000

047414 158 011100011000 link
159 00

014762 159 10100 LIST (mark constant)
04767 159 1 01101111 link

160 10000
05005 160 0001 NULL (type constant)
05011 160 1101011 link

161 11 1 0000
05027 161 11010 COLON (mark constant)
05034 161 0010 link

162 1100000000 
-

05052 162 11011 CANONICAL (mark constant)
05057 162 0 Canonical V3lue (parameter)

163 1000000000000 
_______________

05075 163 010 link
161$ 00010000000

05113 164 11011 CANONICAL - ( m a r k  c o n s t a n t)
05120 165 11000000000000 Canonical Value (parameter)
05136 16~ 10 l i nk

166 110010000000
05154 16~ 0001 NULL (type constant)
05160 167 00000000000000 link
05176 167 11 END (mark constant)

168 100

158

—
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Dump 1$. REF 8 
~0 A [,2:3,];

014100 132 00000000000000 link
04116 132 00 link

133 111000000000
04134 133 1110 link

134 1100000000
04152 1314 10000 BEGIN (mark constant)
014157 1 314 0 Lexic Level (parameter)

135 000
04163 135 000000 Displacement (parameter)
04171 135 0001110 link

136 1100000
04207 136 0010 INTEGER (type constant)
014213 136 1100 STEP (syll constant)
014217 136 1 M u l t i pl ier (paramete r )

137 10000 -

04225 137 1100 STEP (syll constant)
H 04231 137 00 110 0 M u l t i pl ier (para m eter~

04237 137 1 STEP (syll constant)
138 100

042143 138 001111 Multiplier (parameter)
014251 138 0010 LEN (syll constant) 

—

04255 138 001 Bit Length (parameter)
139 0000 

-

014264 139 - 1010 VALUE (syll constant)
014270 139 00000000 Valuespace

1140 0000000000000000
1~4 1 0000000000000000
114 2 0000000000000000
1-143 0000000000000000
114 4 0000000000000000
114 5 0000000000000000
146 0000000000000000
1147 0000000000000000
1148 0000000000000000
114 9 0000000000000000
150 0000000000000000
151 0000000000000000
152 0000000000000000
153 0000000000000000
1 514 00000000 00000000
155 0000000000000000
156 0000000000000000
157 0000000000000000
158 0000 _______________________________

014744 15B 01110OO11OU ~~ljnk
159 00

04762 15~ 0010 INTEGER (type constant)
04766 159 1001 STEPBOUND (syll constant)
04772 159 110000 Bound (parameter )
05000 160 100000 ~~~Mult iplier (parameter)

- 
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05006 160 1001 STEPBOUND (~ yjl constant)05012 160 010000 Bound (parameter)
05020 16 1 110000 Multiplier (parameter)
05026 161 1001 STEPBOUND (syll constant)
05032 161 101000 Bound (parameter)
050140 162 001100 Multiplier (parameter)
050146 162 0010 LEN (syll constant)
05052 162 001000 Bit Length (parameter)

163 0 —_____________________________
05061 163 1110 ADDR (syll constant)
05065 163 O11O1O fl000 Address (parameter)

164 100

Dump 5. REF RA TO RAVEL A ; (before RAVEL)

014100 132 00000000000000 link
014116 132 00 link

133 111000000000
04134 133 1110 link

134 1100000000
04152 1314 10000 BEGIN (mark constant)
014157 1 314 0 Lexic Level (parameter)

135 000.
04163 135 000000 Displacement (parameter)
04171 135 0001110 link

— 136 1100000
04207 136 0010 INTEGER (type constant)
04213 136 1100 STEP (syll constant)
014217 136 1 Multiplier (parameter)

137 10000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

04225 137 1100 STEP (syll constant)
04231 137 001100 Multiplier (parameter)
04237 137 1 STEP (syll constant)

138 100 
_________________

04243 138 001111 Multiplier (parameter)
04251 138 0010 LEN (sy l l  cons tan t )
04255 138 001 Bit Length (parameter)

139 0000
04264 139 1010 VALUE (syll constant)
04270 139 00000000 Valuespace

1140 0000000000000000
1 .14 1 0000000000000000
114 2 0000000000000000
143 0000000000000000
114 14 0000000000000000
1145 0000000000000000
1146 0000000000000000
147 0000000000000000
1’48 0000000000000000

- 
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• 149 0000000000000000
150 0000000000000000
15 1 0000000000000000
152 0000000000000000
153 0000000000000000
1514 0000000000000000
155 0000000000000000
156 0000000000000000
157 0000000000000000
158 0000

04744 158 010111000100 link
159 00

04762 159 0010 INTEGER (type constant)
04766 159 1001 STEPBOUND (syll constant)
04772 159 1 10000 Bound (parameter)
05000 160 100000 Multiplier (parameter)
05006 160 1001 STEPBOUND (syll constant)
05012 160 010000 Bound (parameterY
05020 161 110000 Multiplier (parameter)
05026 161 1001 STEPBOUND (syll constant)
05032 161 101000 Bound (parameter)
05040 162 001100 Multiplier (parameter)
05046 162 0010 LEN (syll constant)
05052 162 001000 Bit Length (parameter)

163 0 
_____________

05061 163 1110 ADDR (s~flT cons tan t)
05065 163 01101011000 Address (parameter)

1 614 100
05103 164 0110111011000 link

1 6 5 0
05121 165 0010 INTEGER (type constant) 

—

05125 165 1001 STEPBOUND (syll constant)
05131 165 010000 Bound (parameter)
05137 165 1 Multiplier (parameter)

1 66 10000 
_________________

05145 166 1001 STEPBOUND (syll constant)
05151 166 101000 Bound ~p~ r a met e r~
05157 166 0 Multiplier (parameter)

167 01100
05165 167 0010 LEN (~~y ll  cons tan t )
05171 167 0010000 Bit Length (parameter)
05200 16B 1 110 ADDR (syll constant)
052014 168 000001110001 Address (parameter)

169 00
05222 169 01001001000000 link 

_________________

05240 170 0010 
—~~~~~~~~~ INTEGER ( t y pe cons t an t )

052414 170 1001 STEPBOUND (syll constant)
05250 170 110000 Bound (parameter)
05256 170 00 Multiplier (parameter)

171 1100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

052614 17T 0010 LEN 
____ 

(i~Tl constant )
05270 171 0010000 Bit Length (parameter)
05277 171 1 ADDR (syll constant)

172 1 10 — _________________________________

161
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05303 172 1110011010010 Address (parameter)
~1 173 0

05321 173 00011010001111 link
05337 173 0 INTEGER (type constant)

1714 010
053143 174 1100 STEP (syll constant)
053~47 1714 110000 Multiplier (parameter)
05355 1714 110 STEP (syll constant)

175 0
05361 175 001100 M u l t i p l i e r  ( parameter )
05367 175 1100 STEP (syll constant)
05373 175 001 11 Multiplier (parameter)

176 1
051401 176 0010 LEN (syll constant)
05~4O5 176 0010000 Bit Length (parameter)
0514114 176 1 110 ADDR (syll constant)
05420 177 00011101000100 Address (parameter)

Dump 6. REF RA TO RAVEL A ;

04100 132 00000000000000 link 
________

04116 132 00 link
133 111000000000 -

041314 133 1110 link
1314 1100000000

04152 134 100 00 BEGIN (mark  c o n s t a n t)
04157 134 0 Lexic Level (parameter)

135 000
04163 135 000000 Disp lacement  (p a r a m e t e r )  —

014171 135 0001110 link
136 1100000

04207 136 0010 INTEGER (type constant)
04213 136 1 100 STEP (syll constant)
014217 136 1 Multiplier (parameter)

137 10000 _________________

04225 137 1100 STEP (syll constant)
014231 137 001100 tLlultiplier (parameter)
04237 137 1 STEP - (syll constant)

138 100 __________________
042143 138 001111 Multiplier (parameter)
04251 138 0010 LEN (syll constant)
014255 138 001 Bit Length (parameter)

139 0000
0142614 139 1010 VALUE (syll constant)
04270 139 00000000 Valuespace

114 0 0000000000000000
141 OO00000000000000
1.142 0000000000000000
1143 0000000000000000

162
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• 1-44 0000000000000000
• 1-14 5 0000000000000000

1 .14 6 0000000000000000
1-47 0000000000000000
148 0000000000000000
149 0000000000000000
150 0000000000000000
15 1 0000000000000000
152 0000000000000000
153 0000000000000000
154 0000000000000000
155 0000000000000000
156 0000 000000000000
157 0000000000000000
158 0000

047414 158 010111000100 link
159 00 

_________________

04762 159 0010 INTEGER (type constant)
04766 159 1001 STEPBOUND (syll constant)
04772 159 110000 Bound (parameter)
05000 160 100000 Multiplier parameter)
05006 160 1001 STEPBOUND syll constant)
05012 160 010000 Bound (parameter)
05020 161 110000 Multiplier ~parameter)
05026 161 1001 STEPBOUND syll constant)
05032 161 101000 Bound parameter)
050140 162 001100 M~Itiplier (parameter)
05046 1 62 0010 LEN (syll c o n s t a n t )
05052 162 001000 Bit Length (parameter)

163 0
05061 163 1110 ADDR (syll constant)
05065 163 01101011000 Address (parameter)

1614 100
05103 164 0110111011000 link

165 0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05121 165 0010 INTEGER (type constant)
05125 165 1001 STEPBOUND (syll constant)
05131 165 010000 Bound (parameter)
05137 16~ 1 Multiplier tparameter)

- 166 1 0000 —______________________
05145 166 1001 STEPBOUND (syll constant)
05151 166 101000 Bound (parametei~T
05157 166 0 Multiplier (parameter)

167 01100 
_________  _ _ _ _ _ _ _ _ _ _ _ _ _ _

05165 167 0010 LEN ti~ ll cons t an t )
05171 167 0010000 Bit Length (p~ ram ete r )
05200 168 1110 ADDR (syll constant)
052014 168 000001110001 Address (parametii~T169 00 __________________________
05222 169 01001001000000 link 

_________________

05240 170 0010 
- 

INTEGER (ty pe constant)
05244 170 1001 STEPBOUND (syll constant)
05250 170 110000 Bound (p a r a m e t e r )
05256 17~~~ 00 Multiplier (parameter )
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171 1100
-~~~ 05264 171 0010 LEN (sy ll  c o n s t a n t)

05270 17f 0010000 Bit Length (parameter)
05277 171 1 ADDR (syll constant)

172 110 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05303 172 1 110011010010 Address 
- - 

(parameter)
173 0

05321 173 00110001100000 link
05337 1 73 ~~ INTEGER (type constant)

17U 010 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

053143 1714 1100 STEP (flil constant)
05347 1714 001111 Multiplier (parameter)
05355 1714 001 LEN (syll constant)

175 0 
_________________

05361 175 0010000 Bit Length (parameter)
05370 175 1110 ADDR (syll constant)
05374 175 0001 Address (parameter)

176 1101000100

Dump 7. REF RB 10 RAVEL B; (before RAVEL )

04100 132 00000000000000 link -
0 14116 132 - 00 l i n k

133 111000000000 
-04134 133 1110 link

134 1100000000
04152 134 10000 BEGIN (mark constant)
04157 1314 - 0 Lexic Level (parameter)

135 000
04163 135 000000 Displac ement (parameter)
04171 135 0001110 link

136 1100000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

04207 136 0010 INTEGER _(ty pe c o n s t a n t )
04213 136 1100 STEP (syll constant)
04217 136 1 Multiplier (parameter)

137 10000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

04225 137 1100 STEP (syll constant)
04231 137 001100 Multiplier (parameter)
014237 137 1 STEP (syll constant)

138 100 
_________________

014243 138 001111 Multiplier C~a ram et e r )
04251 138 0010 LEN (syll constant)
04255 * 138 001 Bit Length (parameter)

139 0000 ___________—___________________
042614 139 1010 VALUE (s~~ l cons tan t )
04270 139 00000000 Valuespace

1140 0000000000000000
14 1 0000000000000000
1-142 0000000000000000

1614
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1-143 0000000000000000
144 0000000000000000
1~45 0000000000000000
1 46 0000000000000000
147 0000000000000000
148 0000000000000000
1-49 0000000000000000
150 0000000000000000
15 1 0000000000000000
152 0000000000000000
153 0000000000000000
1 54 0000000000000000
155 0000000000000000
156 0000000000000000
157 0000000000000000
158 0000

04744 158 010111000100 link
1 59 00 

_________________

04762 159 0010 INTEGER ( t y p e  constant)
014766 159 1001 STEPBOUND (syll constant)
04772 159 110000 Bound (parameter)
05000 1 60 100000 M u l t ip l i e r  (paramete r )
05006 160 1001 STEPBOUND (syU constant)
05012 160 010000 Bound (parameter)
05020 1 6 1 110 000 Mul t ip l ier ( pa ramete r )
05026 161 1001 STEPBOUND (syll constant)
05032 16f 101000 Bound (parameter)
05014 0 162 001 1 00 Mul t ip l ier (pa r a m e t e r )
050146 162 0010 LEN (syll constant)
05052 162 001000 Bit Length (parameter)

163 0
05061 163 1110 ADDR (syll constant)
05065 163 01101011000 Address (parameter)

1 64 100
05103 1614 0110111011000 link

165 0 
_________________

05121 165 0010 INTEGER (type constant)
05125 165 1001 STEPBOUND (syll constant)

H 05131 165 0 10000 Bound _ ( pa r a me t er )
05137 165 1 Multi plier (parameter)

166 10000 
_________________

05114 5 166 1001 STEPBOUND (syll constant) 
—

05151 166 101000 Bound - (parameter)
05157 166 0 Multiplier (parameter)

167 01100 
______  _______

05165 167 0010 LEN (syll constant)
05171 167 0010000 Bit Length (parameter) 

____

05200 168 1110 ADDR (syll const~nt)_05204 168 000001110001 Kddress (parameter)
169 00 

____________________

05222 16~~ 0, 100100 10000 00 l i n k  — 

- _ _____________

05240 170 0010 INTEGER (t y p e  c o n s t a n t )
05244 170 1001 S TE P BOU ND _ ( sy l l  cons tant)
05250 170 110000 Bound~~~ _ Jparameter~

165
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05256 170 00 Multi plier (parameter)
T 171 1100

05264 171 0010 LEN (syll constant)
05270 171 0010000 Bit Length (parameter)
05277 171 1 ADDR (syl l  cons tan t)

172 110
05303 172 1 110011010010 Address (parameter)

173 0
05321 173 00011001100000 link
05337 173 0 INTEGER (type constant)

1 714 010 
___________________

053143 174 1100 STEP (syll constant)
05347 174 00111 1  Multiplier (parameter)
05355 174 001 LEN (syll constant)

175 0 
_________________

05361 175 0010000 Bit Length (parameter)
05370 175 1110 ADDR (syll constant)
05374 175 0001 A ddress (parameter)

176 1101000100
05412 176 001110 link

177 0001110 1 
— _________________

05430 177 0010 INTEGER ( t y p e  constant)
054314 177 1001 STEPI3OUND (syll constant)
0514 14 0 178 110000 Bound (parameter)
05 1446 178 100000 Multiplier (parameter)
051454 178 1001 STEPBOUND (syll constant) 

—

05460 179 010000 Bound (parameter)
05~466 179 - 110000 Multiplier (parameter) 

—

0514714 179 100 1 ST EP B O UND ( s y ll  constant .)
05500 180 101000 Bound (parameter)
05506 180 001100 Multiplier (parameter) -

055114 180 0010 LEN (syll constant)
05520 181 OO OUOD Bit Length (parameter)
05527 181 11 10 AD DR (syll constant)
05533 181 01101 Address (parameter)

182 011000100

Dum p 8. REF RB TO RAVEL B;

04100 132 00000000000000 link
04116 132 00 link

133 111000000000 
—

041314 133 1110 link
1314 11 00000000 _____________________________

04152 1314 10000 BEGIN (mark constant)
014157 1314 1~T~xic Level (parameter)

135 000
04163 135 000000 Displ acement (parameter)
04171 135 0001110 link

- 
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136 1100000
04207 136 0010 INTEGER (type constant)
014213 136 1100 STEP (syll constant)
04217 136 1 Multi plier (parameter)

137 10000
04225 137 1100 STEP (syll constant)
04231 137 001100 Multiplier (parameter)
014237 137 1 STEP (syll constant)

138 100 
—

042143 138 00111 1  Multiplier (parameter)
04251 138 0010 LEN (syll constant)
04255 138 001 Bit Length (parameter)

139 0000
042614 139 1010 VALUE (syll constant)
04270 139 00000000 Valuespace

1 140 0000000000000000
1 4 1 0000000000000000
1 42 0000000000000000
1-4 3 0000000000000000
14 14 0000 000000000000
1-4 5 0000000000000000
1146 0000 000 000000000
114 7 0000000000000000
1 148 00000000000000 00
149 0000000000000000
1 50 000 0000000000000
151 0000000000000000
152 000-0000000000000

~53 00000000000000001514 0000000000000000
1 55 0000000000000000
156 0000000 000000000
157 0000000000000000
158 0000

04744 158 010111000100 link
159 00

014762 159 0010 INTEGER ( t ~ p~ co n s t an t )
0 14766 159 1001 STEPBOUND (svll constant)
014772 159 110000 Bound (parameter)
05000 160 100000 Multiplier (p~~ am eter )
05006 160 1001 STEPBOUND (syll constant)
05012 160 010000 Bound (parameter)
05020 161 110000 Multiplier (parameter)
rD5 026 161 1001 STEPBOUND (syll constant)
Y)32 161 101000 Bound ?~p~ r am e te r )

d50~.0 162 001100 Multiplier (parameter)
05-)-~ - 162 0010 LEN (syll  co n s t a n t )
~~J52 1 6~ 001000 Bit Length (parameter)

163 0 -
- ‘ i- ’ 1~ 3 

- 

1110 ADDR (syll c o n s t a n t )
- .

~~~~~~~ ~T1010110O0 Address (parameteF)
•~~4 100 ____________________________________

~~fiOI 1011000 link 
-

167 

-_ .- — — - - -~~
5 • 5

~~~~
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‘1 05121 165 0010 INTEGER (type constant)
05125 165 1001 STEPBOUND (syll constant)
05131 165 010000 Bound (parameter)
05137 165 1 Multiplier (parameter)

166 10000 
_________________

05145 166 1001 STEPBOUN D (syll constant)
0515 1 166 101000 Bound (parameter)
05157 166 0 Multiplier (parameter)

167 01100 
_________________

05165 167 0010 LEN (syll constant)
05171 167 0010000 Bit Length (parameter)
05200 168 1110 ADDR (syll constant)
052014 16~ 000001110001 Address (parameter)

169 00
05222 169 01001001000000 link 

______________

052140 170 0010 INTEGER (T~~e constant)
052414 170 1001 STEPBOUND (syll constant)
05250 170 1 10000 Bound (parameter) 

—

-i 05256 170 00 Multiplier (parameter)
171 1100 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05264 171 0010 LEN (syll constant) 
—

05270 171 0010000 Bit Length (parameter)
05277 171 1 ADDR (syll constant)

172 110
05303 172 1110011010010 Address (parameter)

173 0
05321 173 00011001100000 link
05337 173 0 INTEGER (type constant)

174 010
05343 174 1100 STEP (syll constant)
053147 1714 001111 Multiplier (parameter)
05355 174 001 LEN (syll constant)

175 0 
_______

05361 175 0010000 Bit Length (parameter) 
_______

05370 175 1110 ADDR (syll constant) 
—

05374 175 0001 Address (parameter)
176 1101000100

05412 17~ 000111 link
177 01100000 _______ _________________

051430 177 0010 INTEGER (type constant)
051434 177 0101 PATCH (syll constant)
0514140 17~ 000000 Offset (parameter) 

_______

05 1446 178 1 1 1 1 1 1  Bound 1 - (p ~ r a m e t e r )  
_______

051451$ 178 1101 SEGSPACE (~ y~ l constant ) 
—054 60 1 79 1 10 0 0 0  

— 
Physical Mult iplier (parameter

05’466 179 100000 Logical Multi plier (parameter)
05~474 179 1101 SEGSPACE (syll constant)
05500 180 011000 Physical Mult~ plier (parameter
05506 18’~ 110000 Lo~ 1cal Multiplier C~a ram ete r )
055114 180 1101 S E G S P A C E  ~~~~~ c o n s t a n t )
05520 181 011110 Physical M u l t i p l i e r  (parameter
05526 181 001100 Logical Multiplier (parameter)
05534 181 0010 LEN (syll constant)
055140 182 0010000 Bit Length (p ~~~am e t er )

168
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05547 182 0011 SADDR (syll constant)
‘1 05553 182 01101 Stack Pointer (parameter)

183 011000100
05571 183 0111100 Bound 2 (parameter)

1814 0000000

Dump 9. The workspace after END’DECL

0 14 100 132 00000000000000 link
04116 132 00 link

133 111000000000
04134 133 1110 link

1314 1100000000
014152 13~ 10000 BEGIN (mark constant)
04157 134 0 Lexic Level (parameter)

135 000
014163 135 000000 Displacement (parameter)

Comment— The following section correspond s to

INTEGER A[3,14 ,5] BITS ~4;

04171 135 0001110 link
• 136 1100000 _________________

014207 136 0010 INTEGER ctype constant)
014213 136 1100 STEP (syll c o n s t a n t)  

—

04217 136 1 Multiplier (parameter)
137 10000 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

014225 137 1100 STEP ~~~~(sy il constant)
04231 137 001100 Multiplier (parameter)
04237 137 1 STEP (syli constant)

138 100
014 2 14 3 138 001111 Multiplier (parameter)
0 14251 138 0010 LEN (iyll constant)
014255 138 001 Bit Length (parameter)

139 0000
042614 139 1010 VALUE - (sy ll constari~T
014270 139 00000000 Valuespace

114 0 0000000000000000
114 1 0000000000000000
1142 0000000000000000
1143 000 0000000000000
114 4 0000000000000000
114 5 0000000000000000
146 0000000000000000
114 7 00000000000 00000
148 0000000000000000
1149 0000000000000000

1 69 



rw  -

— 150 0000000000000000
151 0000000000000000
152 0000000000000000
153 0000000000000000
1514 0000000000000000
155 0000000000000000
156 0000000000000000
157 0000000000000000
158 0000

Comment— The followi ng section corresponds to

REF B TO A [,2:3,];

014744 158 010111000100 link
159 00

04762 159 0010 INTEGER (type constant)
04766 159 1001 STEPBOUND Tsyll cons tan t)
014772 159 110000 Bound (parameter)
05000 160 1 000 00 M u l t i pl ier  (p arameter )
05006 160 1001 STEPBOUND (syll constant)
050 1 2 1 60 01 0000 Boun d (pa r a m e t e r )
05020 161 110000 M u l t ip l ier (pa rame te r )
05026 161 1001 STEPBOUND (syll cons tan t)
05032 161 101000 Bound —__(parameter)
05040 162 001100 Multiplier (parameter)
05046 162 - 0010 LEN (syll constant)
05052 162 001000 Bit Length (parameter)

• 163 0
05061 163 1110 ADDR (syll c o n s t a n t ) -

05065 163 01101011000 Address (parameter)
164 100

Comment— The following section correspond s to

REF C TO 8t2);

05103 1614 0110111011000 link
165 0

0512 1 165 0010 INTEGER (type constant)
05125 165 1001 ST E PB O U N D ( s y l l  cons t an t)
05131 165 010000 Bound kparameter )
05137 165 

— 
1 Multi plier T~arameter)166 10000

05145 166 1001 STEPBOUND (syll cons tan t)
05151 166 101000 Bound (parameter)
05157 166 0 Multiplier (parameter)

167 01 100
05165 167 0010 LEN (syll constant)
05171 167 0010000 Bit Length (parameter)
05200 168 1110 AD DR (syll constant)
05204 168 000001110001 Address (parameti~T

- 
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169 00

Comment— The following section correspond s to

REF D TO C [1 ,2:14];

05222 169 01001001000000 link 
__________________

05240 170 0010 INTEGER (type constant)
052144 170 1001 STEPBOUND (syll constant)

— 05250 170 110000 Bound (parameter)
05256 170 00 Multiplier (parameter)

171 1100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0526)4 171 0010 LEN (iyll constant)
05270 171 0010000 Bit Length (parameter)
05277 17 1 1 ADDR (syll constant)

172 1 10
05303 172 1110011010010 Address (parameter)

173 0

Comment— The following section correspond s to

REF RA TO RAVEL A;

05321 173 00011001100000 link 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05337 173 0 INTEGER ‘ Ttype constant)
174 010

05343 174 1100 STEP (syll constant)
053117 174 001111 Multiplier (parameter)
05355 174 001 LEN (syll constant)

175 0
05361 175 0010000 Bit Length (parameter)
05370 175 1110 ADDR (syll constant) 

—

05374 175 0001 Address (parameter)
176 1101000100

Comment— The following section corresponds to

REF RB TO RAVEL B;

051412 176 011010 link -

177 10100000
H 051430 177 0010 INTEGER (type constant)

0543 14 177 0101 PATC H (syll constant)
054140 178 000000 Offset (parameter)
054 146 178 1 1 1 1 1 1  Bound 1 c2ar ameter~ —- ;  05454 178 1101 SEGSPACE (syll_ constant )
05 1460 179 110000 

— 
Physical Multipl ier (parameter

05466 1 79 
- 

1 00000 Log4~ al Multf~lier (parameter )
054714 179 

— 
1101 SEGSPACE (syll constant)

05500 180 011000 P h y s i c a l  Multiplier (parameter
05506 180 110000 Logical Multiplier (parameter)

171

a
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~~~~~~~

_
~~~~~~~~~~~

5
~~~ s _ .  - -— -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~_ 

~~~~~~~~~~~~~~~~~~~~ -. -- A



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

-
~ ----55-— 5—- —-,-- —5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5•’-__
~~~~-

-—-——, 1—~ - -_ ~~- ..- , -- -•-~-,55-_—_ - - -

: 
4, 05514 180 1101 SEGSPACE (syli constant)

05520 181 011110 P~ y~ ical Multiplier (parameter
05526 181 001100 Logical Multiplier (parameter)
05534 181 0010 LEN (syll constant)
05540 182 0010000 Bit Length (parameter)
055147 182 0011 SADDR (syll constant)
05553 182 01101 Stack Pointer (parameter)

183 011000100
05571 183 01111 00 Bound 2 (parameter)

184 0000000

Comment— The following section correspond s to J
REF SV TO RB [2:3];

05607 1814 011100001 link
185 11000

05625 185 0010 INTEGER (type constant)
05631 185 0101 PATCH (syll constant)
05635 185 110 Offset (parameter)

186 000
05643 186 101000 Bound 1 (parameter)
05651 186 1101 SEGSPACE (syll constant)
05655 186 110 Physical Multiplier (parameter

187 000
05663 187 100000 Logical Mult iplier (parameter)
05671 187 - 1101 SEGSPACE (syll constant)
05675 187 01 1 Physical Multiplier (parameter

188 000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

05703 188 110000 Logical MultT~Tier (parameter)-
05711 188 1101 SEGSPACE (syll constant)
05715 188 011 Physical Multiplier (parameter

189 110
05723 189 001100 Logical Multiplier (parameter)
05731 189 0010 LEN (syll constant)
05735 189 001 Bit Length (parameter)

190 0000
05714 14 190 0011 SADDR (syll constant)
05750 190 01101011 Stack Pointer (parameter)

191 000100
05766 191 0111100000 Bound 2 (parameter)

— 192 0000

Comment— The followin g section corresponds to

REF X 10 SV[1];

0600 14 192 001011011110 link
193 00

06022 193 0010 INTEGER (tjrpe constant)
06026 193 0010 _LEN (sill constant)
06032 193 001000 Bit Length (parameter)

- 

172 
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1914 0
06041 194 1110 ADDR (syll constant)
060145 1914 01010111000 Address  (p a r a m e t e r )

195 100
06063 195 0000000111010 link

196 0
06101 196 11000 MARK (mark constant)

Dump 10. 11~SV[3].... (before ASSIGN)

014100 132 00000000000000 link
041 16 132 00 link

133 111000000000
041314 133 1110 link

134 1100000000
014152 134 10000 BEGIN ( m a r k  c o n s t a n t)
04157 1314 0 Lexic Level (parameter)

135 000
04163 135 000000 Displac ement (parameter)
04171 135 0001110 link

136 1100000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

04207 136 0010 INTEGER (type constant)
04213 136 1100 STEP (syll constant)
04217 136 1 Multi plier (parameter)

137 1 0000 _________________

04225 137 1100 STEP (syll constant)
04231 137 001100 Multiplier (parameter)
04237 137 1 STEP (syll constant)

138 100
0142143 138 - 

0011 11 Multiplier (parameter)
04251 138 0010 LEN (syll constant)
011255 138 001 Bit Length (parameter)

139 0000
042614 139 1010 VALUE (syll constant)
04270 139 00000000 Valuespace

140 0000000000000000
1 4 1 000 0000000000000
1- ~I2 0000 000000000000 -

143 0000000000000000
144 0000000000000000
145 0000000000000000
114 6 00 00000000000000
147 0000000000000000
114 8 0000000000000000
114 9 0000000000000000
150 0000000000000000
15 1 0000000000000000
152 0000000000000000
153 0000000000000000

173
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• 154 0000000000000000
155 0000000000000000
156 0000000000000000
157 0000000000000000
158 0000

014744 158 010 111000100 link
159 00 

_________________

04762 159 0010 INTEGER (type constant)
04766 159 1001 STEPBOUND (syll constant)
04772 159 110000 Bound - (parame ter)
05000 160 100000 Multiplier (parameter)
05006 160 1001 STEPBOUND (syll constant)
05012 160 010000 Bound (parameter)
05020 161 110000 Multiplier (parameter)
05026 161 1001 STEPBOUND (syll constant)
05032 16 1 101000 Bound (parameter)
05040 162 001100 Multipl ier (p!rameter)
05046 162 0010 LEN (~~ Il constant)05052 162 00 1 000 Bit Length (parameter )

163 0
05061 163 1 110 ADDR (syll constant)
05065 163 0110 1011000 Address (parameter)

164 100
05103 1614 0110111011000 link

165 0
05121 165 0010 INTEGER (type constant) 

—

05125 165 1001 STEPBOUND (syll constant) 
-

05131 165 010000 Bound (parameter)
05137 165 1 Multiplier (parameter)

1 66 10000 
_________________

05145 166 1001 STEPBOUND (syll constant)
05151 166 101000 Bound (parameter)
05157 166 0 Multiplier (parameter)

167 01100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05165 167 0010 LEN _(syll constant)
05171 167 0010000 Bit LerAgth (parameter)
05200 168 1110 ADDR (syll constant)
05204 168 000001110001 Address (parameter)

169 00
05222 169 01001001000000 link 

_________________

05240 170 0010 INTEGER (~~~~e constant )
05244 170 1001 STEPBOUND (syll constant)
05250 170 110000 Bound (parameter)
05256 170 00 Multiplier (parameter)

171 1100
05264 171 001 0 LEN (syll constant)
05270 171 0010000 Bit Length (parameter)
05277 171 1 ADDR 

- (syl l constant)
172 110

05303 172 1110011010010 Address (parameter)
173 0

05321 173 00011001100000 link 
—

05337 1 73-- 0 INTEGER (type constant)
174 010

1714
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~ 053143 17’4 1100 STEP (syll constant)
05347 174 001111 Multiplier (parameter)
05355 1714 001 LEN (syll constant)

175 0
05361 175 0010000 Bit Length (parameter)
05370 175 1110 ADDR (syll constant)
05374 175 0001 Address (parameter)

176 1101000100
05412 176 011010 link

177 10100000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05430 177 0010 INTEGER (type constant)
05434 177 0101 PATCH (syll constant)
0514140 178 000000 Offset (parameter)
05446 178 1 1 1 1 1 1  Bound 1 (parameter)
051454 178 1 101 SEGSPACE (syll constant)
05460 179 110000 Physical Multiplier (parameter
05466 179 100000 Logical Multiplier (parameter)
0547 14 179 1101 SEGSPACE ( s yl l  constant)
05500 180 011000 Physical Mult iplier (parameter
05506 180 110000 Logical Multiplier (parameter)
05514 180 1101 SE GSPA CE (syll constant)
05520 181 011 110 Physical Multiplier (parameter
05526 181 001100 Log ical Multiplier (parameter)

H 05534 181 0010 LEN (syll constant)
05514 0 182 0010000  Bi t Leng th ( parameter )
05547 182 0011 SADDR (syll constant)
05553 182 01101 Stack Pointer (parameter)

183 011000100
H 05571 183 01111 00 Bound 2 (parameter)

184 0000000
05607 184 011100001 link

185 11000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05625 185 0010 INTEGER Ctype  constant)
0563 1 185 0101 PATCH (syll constant)
05635 185 1 10 Offset (parameter)

186 000 
_________  _________________

05643 186 101000 Bound 1 (parameter)
05651 186 1 101 SEGSPACE (syll constant)
05655 186 110 Physical Multiplier (parameter

187 000
05663 187 100000 Logical Multiplier (parameter)
05671 187 1101 S~~ SPACE (syll constant )
05675 187 011 Physical Multiplier (parameter

188 000 
________  

_________________________________
05703 188 ff0000 

- L o g i c a l  M u l t i p l i e r  (parameter )
05711 18& 1101 SEGSPACE (syll constant)
05715 188 011 Physical Multiplier (parameter

189 110 ____________________

05723 189 001100 Logical ilultiplier (parameter)
05731 189 0010 LEN (syll constant)
05735 189 001 Bit Length (parameter)

190 0000
057414 190 0011 SADDR (syll constant)
05750 190 01101011 Stac k Pointer (parameter)

175
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191 000100
05766 191 0111100000 Bound 2 (parameter)

192 0000
06004 192 001011011110 link

193 00
06022 193 0010 INTEGER (type constant) 

—

06026 193 0010 LEN (syll constant)
06032 193 001000 Bit Length (parameter)

1914 0
060141 194 1110 ADDR (syll constant)
06045 194 01010111000 Address (parameter)

195 100
06063 195 0100001000000 link

196 0
06101 196 11000 MARK (mark constant)
06106 196 0101001000 link

197 0000
06124 197 0100 CARDINAL (ty pe constant )
06130 197 0010 LEN (syll constant)
06134 197 0010 Bit Length (parameter)

198 000
06143 19~ 011 0 CONSTANT (syll constant)
06147 198 1110 ADDR (syll constant)
06153 198 00001 Address (parameter)

199 011011000
06171 199 0101001 link

200 1000000
06207 200 0010 INTEGER (type constant)
06213 200 0010 LEN (syll constant)
06217 200 0 Bit Length (parameter)

• 201 010000 -

06226 201 1110 ADDR (syll constant)
06232 201 010010 Address (parameter)

202 00100100 
—

Dump 11 . ....SV[3]—20. ... (before S’’SUBTRACT)

04100 132 00000000000000 link
04116 132 00 link

133 1 11000000000
• 014131$ 133 1110 link

1314 1100000000 _________________________
04152 134 10000 ~~~J~ N (mark constant )
04157 134 0 Lexic Level (parameter)

135 000 __________________________
014163 135 000000 ~DLsplac ement (parameter)
014171 135 0001110 link

136 1100000
04207 136 0010 JNTEGER (type constant)

• 176 
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014213 136 1100 STEP (syll constant)
04217 136 1 Multiplier (parameter)

137 10000
011225 137 1100 STEP (syll constant)
04231 137 001100 Multiplier (parameter)
04237 137 1 STEP ~~~(syll constant)

138 100 
_________________

014243 138 001111 Multiplier (parameter)
014251 138 0010 LEN (syll constant)
04255 138 001 Bit Length (parameter)

139 0000
04264 139 1010 VALUE (syll constant)
04270 139 00000000 Valuespace

1-’40 0000000000000000
114 1 0000000 000000000
1142 0000000000000000
1143 0000000000000000
1 44 0000000000000000
114 5 0001101000000000 (Value of SVC3))
146 0000000000000000
1~47 0000000000000000
1 48 0000000000000000
149 0000000000000000
150 0000000000000000
15 1 0000000000000000
1 52 0000000000000000
153 0000000000000000
15~4 0000000000000000
155 0000000000000000
156 0000000000000000 -

157 0000000000000000
158 0000

04744 158 010111000100 link
159 00

04762 159 0010 INTEGER (type constant)
04766 159 1001 STEPBOUND (syll constant)
04772 159 110000 Bound (p a r a m e t e r )  

_______

05000 160 100000 Multiplier (parameter) 
_______

05006 160 1001 TEP~~~U II D (syll cons tant)
05012 160 010000 Bound (parameter)
05020 161 110000 Multiplier (parameter)
05026 161 1001 STEPBOUND (syll constant)
05032 161 101000 Bound - (parameter ~
050140 162 001100 Multiplier (parameter)
05046 162 0010 LE?T (syll constant)
05052 162 001000 Bit Length (parameter)

163 0 4

05061 163 1110 - ADDR (syll constant)
05065 163 O 11O1OH000 Address (parameter)

1614 100
05103 161T 011 0111011000 link

165 0 __________________

05121 165 0010 
— - 

I N T E G E R  (type constant)
05125 165 1001 S T E P E O U N D  (syll constant)

177
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4 05131 165 010000 Bound (parameter) 
—~~~~~~~~~~

05137 165 1 Multiplier (parameter)
166 10000 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05145 166 1001 
— 

STEPBOUND (syll constant)
05151 166 1010~~ _ Bound (parameter )
05157 166 0 Multiplier (parameter)

167 01100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05165 167 0010 LEN (syll constant)
05171 167 0010000 Bit Length ?~parameter )
05200 168 1110 ADDR (syll constant)
052014 168 000001110001 Address (parameter)

169 00
05222 169 01001001000000 link 

__________________

052110 170 0010 INTEGER (type constant)
05244 170 1001 STEPBOUND ~~ syll constant)
05250 170 110000 Bound (parameter)
05256 170 00 Multiplier (parameter)

171 1100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05264 1 7:1 0010 LEN (syll constant)
05270 171 0010000 Bit Length (parameter)
05277 171 1 ADDR (syll constant )

172 110
05303 172 1110011010010 Address (parameter)

173 0
05321 173 00011001100000 link 

-

05337 173 0 INTEGER (type constant)
174 010

05314 3 174 -1100 STEP (syll constant)
05347 174 001 111 Multiplier (parameter)
05355 1714 OO1 LEN (syTl constant)

175 0
05361 175 0010000 Bit Length (parameter)
05370 175 1110 ADDR (syll constant)
05374 175 0001 Address (parameter)

176 1101000100
05)412 17~ 011010 link

177 10100000 
_____________  _________________

05430 177 0010 INTEGER (type constant)
05434 177 0101 PATCH (syli constant)
054 14 0 178 000000 Offset  (parameter )

— 05446 178 1 1 1 1 1 1  Bound 1 (parameter) 
—

051454 178 1101 SEGSPACE _ (syll constanET
05460 179 110000 ~~hysical Mul tiplier (parameter
05~466 179 100000 Logical Multiplier (parameter)
05474 17~ 1 101~~~~C~ PACE (~~yl 1 constant )
05500 180 011000 Physical Multi~~~ier (parameter
05506 180 110000 Logical Multiplier (parameter)
05514 180 1101 SEGSPACE ( sy l i  constant)
05520 181 011110 P h y s i c al  M u l t i p l i e r  (parameter
05526 181 001100 Logical Multiplier (parameter)
05534 18 1 0010 LEN ( s y l l  constant)
05540 182 0010000 

—~~~~ Bit Length (aarameter)
05547 182 0011 SADDR (syll constant)
05553 182 O110f~~€ick Pointer (parameter)

178
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183 011000100
05571 183 0111100 Bound 2 (parameter)

184 0000000
05607 184 0111 00001 link

185 11000
05625 185 0010 INTEGER (type constant)
05631 185 0101 PATCH (syll constant)
05635 185 110 Offset (parameter)

186 000 
_________________

056143 186 101000 Bound 1 (parameter)
05651 186 1101 SEGSPACE (syll constant)
05655 186 110 Phys ical Multiplier (parameter

187 000
05663 187 100000 Logical Multiplier (parameter)
05671 187 1101 ~~~~~~~~~ (syll constant )
05675 187 011 Physical Multiplier (parameter

188 000
05703 188 110000 Logica l  Multiplier (parameter)
05711 188 1101 _SEGSPACE (syl l  constant )
05715 188 011 Physical Multiplier (parameter

189 110
05723 189 001 100 Logical Multiplier (parameter)
05731 189 0010 LEN (syll constant)
05735 189 001 Bit Length (parameter)

190 0000
05744 190 0011 SADDR (syll constant)
05750 190 01101011 Stack Pointer (parameter)

191 000100 
____________

05766 191 0111100000 Bound 2 (parameter)
192 0000

06004 192 001011011110 link
193 00

06022 193 0010 INTEGER (type constant)
06026 193 0010 LEN (syll constant)
06032 193 001000 Bit Length (parameter)

194 0
-~ 06041 19~4 1110 AD DR (syll constant )

06045 1914 01010111000 Address (parameter)
195 100

06063 195 0100001000000 link
196 0 —

06101 196 11000 MARK (mark constant)
06106 196 1111101000 link -

197 0000
06124 197 0010 I N T E G E R  (type constant)

1 06130 197 0010 LEN (
~i11 constant )

061311 197 0010 Bit Length (parameter)-
198 000 _______________________________

06114 3 198 1010 VALUE (syll constant)
061 14 7 198 01101 Valuespace
06154 198 0001 link

199 0110110000 
__________

06172 199 0100 CARDINAL (ty~~~~~ nstant )
06176 199 00 LEN (syll constant)

179
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t 200 10
06202 200 1010000 Bit Length (parameter)
06211 200 0110 CONST KN T (syl l constant )
06215 200 1 1 1 ADDR (syll constant)

201 0
06221 201 00000101111000 Address (parameter)

Dump 12. . .. .SV[3]—2O ~ X (before ASSIGN )

014100 132 00000000000000 link
04116 132 00 link

133 111000000000
04134 133 1110 link

134 1100000000
04152 134 10000 BEGIN (mark constant)
011157 1311 0 Lexic Level (parameter)

135 000
04163 135 000000 Displacement (parameter)
04171 135 0001110 link

136 1 100000
04207 136 0010 INTEGER (type constant)
014213 136 1100 STEP (syll constant)
04217 136 1 Multiplier (parameter)

- 137 10000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

04225 137 1100 STEP ~yll constant)
0 1423 1 137 001100 Multiplier (parameter) ——
04237 137 1 STEP (syl l constant)

138 100 _______________

042 14 3 138 001111 Multiplier (parameter) 
—

014251 138 0010 LEN ( sy l l  constant)
014255 138 001 Bit Length (parameter)

139 0000
01426 14 139 1010 VALUE (syll constant)
04270 139 00000000 Values pace

1 40 00000000 00000000
114 1 0000000 000000000 -

1142 0000000000000000 -

143 0000000000000000 -

1144 000 0000000 000000
114 5 0001101000000000 (Value of SV[3])
146 0000000 000000000
147 0000000000000000
148 0000000000000000
1 49 000 0000000000000
1 50 0000000000000000
151 0000000000000000
152 0000000000000000
153 0000000000000000
154 0000000000000000

180 
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155 0000000000000000
156 0000000000000000
157 0000000000000000
158 0000

011744 158 010111000100 link
159 00 

_ _ _ _ _ _ _ _ _ _ _ _ _

011762 159 0010 INTEGER (type constant)
04766 159 1001 STEPBOUND (syl l constant)
011772 159 110000 Bound tparameter)
05000 160 100000 Multi plier (parameter)
05006 160 1001 STEPBOUND (syll constant)
05012 160 010000 Bound ?, parameter)
05020 161 110000 Multiplier (parameter)
05026 161 1001 STEPBOW4D (syll constant)
05032 161 101000 Bound ?~parameter ) -

05040 162 001100 Multiplier (parameter)
050116 162 0010 LEN (syll constant)
05052 162 001000 Bit Length (parameter)

163 0
05061 163 1110 ADDR (syll constant)
05065 163 01.101 011000 Address (parameter)

1 64 100
05103 164 0110111011000 link

165 0
05121 165 0010 INTEGER (type constant)
05125 165 1001 STEPBOIJND (syll constant)
05131 165 010000 Bound 

— 
(parameter )

05137 165 1 Multiplier (parameter)
166 10000 

_________________

05145 166 1001 STEPBOUND (syll constant)
05151 166 101000 Bound (parameter)
05157 166 0 Multiplier (parameter)

167 01100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05165 167 0010 LEN (syl l .  constant)
05171 167 0010000 Bit Length (parameter)
05200 16~ 1 1 10 ADDR (syll constant)
05204 168 000001110001 Address (parameter)

169 00 ________________________
05222 169 01001001000000 link — 

-—

05240 170 0010 INTEGER (type constant)
05244 170 1001 STEPBOUND (syll constant)
05250 170 110000 Bound ~parameter )
05256 170 00 Multiplier (parameter )

171 1100 
_________________

05264 17 1 0010 LEN ?~syll constari€)
05270 171 0010000 Bit Length (parameter)
05277 171 1 ADDR (syll constant)

172 110
05303 172 111001 1010010 Address (parameter)

173 0
05321 173 00011001100000 link 

_____  _________

05337 173 0 INTEGER (type constant)
174 010  

__________________

053143 17~~~~~jj~~~~~ STEP lsyll constant)
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053117 1714 001111 Multiplier (parameter)
05355 1711 001 LEN (syll constant)

175 0
05361 175 0010000 Bit Length (parameter)
05370 175 1110 ADDR (syll constant)
053711 175 0001 Address (parameter)

176 1101000100
05’412 176 011010 link

177 10100000
051130 177 0010 INTEGER (type constant)
054314 177 0101 PATC H ( s y ll  c o n s t a n t)
054’I O 17~~~000000 O f f s e t  (p a r a m e t e r )
054116 178 11 1 1 1 1  Bound 1 (parameter)
0514 511 178 1101 SEGSPACE ( sy l l  c o n s t a n t)
051460 179 1 10000 Physical Multiplier (parameter
05466 179 100000 Logical Multiplier (parameter)
051471! 179 1101 SEGSPACE (syll constant)
05500 180 011000 P h y s i c a l  M u l t i p l i e r  (p a r a m e t e r
05506 180 110000 Logical Multiplier (parameter)
05514 180 1101 SEGSPACE ( s y ll  c o n s t a n t )
05520 181 011110 Physical Multiplier (parameter
05526 181 001100 Logical Multiplier (parameter)
0553!! 181 0010 LEN (syll constant)
055140 182 0010000 Bit Length (parameter)
05547 182 0011 SADDR (syll constant)
05553 182 01101 Stack Pointer (parameter)

183 011000100
05571 183 0111100 Bound 2 (parameter)

18’4 0000000
05607 184 011100001 link 

—

185 11000 
______

05625 185 0010 INTEGER (t y p e  con~i~ n t )
056 3 1  185 0101 PATCH (syll constant)
05635 185 1 10 Offset (parameter)

186 000
05643 186 1 01000 Bound 1 (parameter)
05651 186 1101 SEGSPACE (syll constant)
05655 186 1 10 Physical Multiplier (parameter

187 000
05663 187 100000 Log ica l  M u l t i p l i e r  (p a r a m e t e r )
05671 187 1101 SEGSPACE (syll constant)
05675 187 011 Physical Multiplier (parameter

188 000
05703 188 110000 Logical Multiplier (parameter)
0571 1 188 1101 SEGSPACE (syll constant)
05715 188 011 Physical Multiplier (parameter

189 110
05723 189 001 100 _Logical M u l t i p l i e r  (parameter)
05731 189 0010 LEN (syll constant)_
05735 189 001 Bit Length (parameter)

190 0000
0571414 190 0011 SADDR (syll constant)
05750 190 0110101 1 Stack Pointer (parameter)

191 000100

182
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* 
05766 191 0111100000 Bound 2 (parameter)

192 0000
0600!! 192 OO TO1T O 11 1 1O link

193 00
06022 193 0010 INTEGER (type constant)
06026 193 0010 LEN (syll constant)
06032 193 001000 Bit Length (parameter)

194 0
060141 1911 1110 ADDR (syll constant)
060145 194 01010 111000 Address (parameter)

195 100
06063 195 0100001000000 link

196 0
06101 196 11000 MARK (mark constant)
06106 196 0111101000 link

197 0000
061214 197 0010 INTEGER (type constant)
06130 197 0010 LEN (syll constant)
06131! 197 1010 Bit Length (parameter)

198 000
06143 198 1010 VALUE (syll constant) 

-

06147 198 110010 Valuespace
06155 198 001 link

199 01101100000
06173 199 0010 INTEGE R (type constant) 

—

06177 199 0 LEN (syll constant)
200 010

06203 200 0010000 Bit Length (parameter)
06212 200 1 110 ADDR (syll constant)
06216 200 01 Address (parameter)

201 010111000100

Dump 13. 11~ SV[3]—20~X

04100 132 00000000000000 link
04116 132 00 link

133 111000000000
04134 133 1110 link

134 1100000000
014152 13 14 ‘10000 BEGIN (mark constant )
04157 134 0 Lexic Level (parameter)

135 000 
______  _________________

014163 132_ 000000 Dt~placem~~TE (parameter) 
—

011171 135 0001110 link
136 1100000 _________________________

014207 13’6 0010 f~T E G E R  (type constant )
04213 13~ _ 11 00 STEP (syll constant )
014217 136 1 ~1ultiplie r (parameter)

137 10000 _ ____________

183
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04225 137 1100 STEP (syll constant)
04231 137 001100 Multiplier (parameter)
014237 137 1 STEP (syll constant)

138 100
0142113 138 001111 Multiplier (parameter)
014251 138 0010 LEN (syll constant)
04255 138 001 Bit Length (parameter)

139 0000
04264 139 101 0 VALUE (syll constant)
011270 139 00000000 Valuespace

1’40 0000000000000000
1 141 0000000000000000
142 0000000000110010 (Value of X)
143 0000000000000000
1414 0000000000000000
145 0001101000000000 (Value of SV(3])
1’16 0000000000000000
114 7 0000000000000000
1 .14 8 0000000000000000
1149 0000000000000000
150 0000000000000000
15 1 0000000000000000
152 0000000000000000
153 0000000000000000
15~4 0000000000000000
155 0000000000000000
156 0000000000000000
157 0000000000000000
158 0000

047144 158 010111000100 link
159 00 —____________

014762 159 0010 INTEGER (type constant)
014766 159 1001 STEP~~3’UND (syli constant )
011772 159 110000 Bound (p a r a m e t e r )
05000 160 100000 Mult ip lier (parameter )
05006 16~ 1001 STEPBOUND ?.syll constantl
05012 169 010000 Bound ~p~~ ameter )_______
05020 161 110000 Multiplier (parameter) 

_ _ _ _ _ _ _

05026 16i 10 01 STEPBOUND (syll constant)
05032 161 101000 Bound (parameter)
050110 162 001100 Multiplier (parameter)
05046 162 0010 LEN (syll constant)
05052 162 001000 Bit Length (parameter )

163 0
05061 163 1110 ADDR (syll constant)
05065 163 01101011000 Address (parameter)

1614 100
05103 161! 0110111011000 link

1 65 0
05~ 21 165 0010 INTEGER (type constant)
05125 165 100 1 ~~~EPBOUND Csyll constant)
05131 165 01 0000 Bound (parameter ~~_
05137 165 1 Multiplier (parameter)

166 10000

18’!
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~ 05145 166 1001 STEPBOUND (syll constant)
05151 166 101000 Bound (parameter)
05157 166 0 Multiplier (parameter)

167 01100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05165 167 0010 LEN (syll constant)
05171 167 0010000 Bit Length (parameter)
05200 168 1110 ADDR ~syll constant)
052011 168 000001110001 Address (parameter)

169 00 
_ _ _ _ _ _ _ _ _ _ _ _ _

05222 169 01001001000000 link 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

052110 170 0010 INTEGER _(type constant)
05244 170 1001 STEPBOUND (syll constant)
05250 170 110000 Bound (parameter)
05256 170 00 Multiplier ~ parameter)

171 1100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05264 171 0010 
— 

LEN (syll constant)
05270 171 0010000 Bit Length (parameter)
05277 171 1 ADDR (syll constant)

172 110
05303 172 11 10011010010 Address (parameter)

173 0
05321 173 0001 1001100000 link
05337 173 0 INTEGER (type constant)

1714 010
053143 1714 1100 STEP (syll constant)
053117 1711 001111 Multiplier (parameter)
05355 1711 001 LEN (syl l constantT

175 0 V

05361 175 0010000 Bit Length (parameter)
05370 175 1110 ADDR (syll constant)

V 
05374 175 0001 Address (parameter)

176 1101000100
051412 176 011010 link

177 10100000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05430 177 0010 I N T E G E R  (type constant)
05434 177 0101 PATCH (syll constant)
054140 178 000000 Offset (.p~rameter)05446 178 1 1 1 1 1 1  Bound 1 (parameter)
054514 178 11 01 SEGSPACE (syll constant)
05460 179 110000 Physical Mult iplier (parameter
051466 179 100000 Logical Multiplier (parameter)
0514714 179 1101 SEGSPACE (syll constant)
05500 180 011000 Physical Multiplier (parameter
05506 180 110000 Logical Multiplier (parameter)
05514 18~ 110 1 SEGSPACE TsyU constant)
05520 181 011110 Physical Multiplier (parameter
05526 18 1 001100 Logical_ Multi plier (parameter)
05531! 181 001’O LEN (sylT constant)
055110 182 0010000 Bit Length (parameter)
05547 182 0011 SADDE (syll constant)
05553 182 01101 Stack Pointer (parameter)

183 01 1000100 
_ _ _ _ _ _ _ _ _ _

05571 183 0111100 Bound 2 (paranTeter)
181! 0000000 

V________________________________
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1 ~~~
. 05607 18!! 011100001 link

185 11000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05625 185 0010 INTEGER ttype constant)
05631 185 0101 PATCH (syll constant)
05635 185 110 Offset (parameter)

186 000
056143 186 101000 Bound 1 (parameter)
05651 186 1101 SEGSPACE (syll constant)
05655 186 110 Physical Multiplier (parameter

187 000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

05663 187 100000 Logical Multip~4er (parameter)
05671 187 1101 SEGSPACE (~3~Il constant)
05675 187 011 Physical Multiplier (parameter

188 000
05703 188 11 0000 Logical Multiplier (parameter)
05711 188 1101 SEGSPACE (syll constant)_
05715 188 011 Physical Multiplier (parameter

189 110
05723 189 001100 Logical Mult iplier (parameter)
05731 189 0010 LEN (syll constant)
05735 189 001 Bit Length (parameter)

190 0000
057141! 190 001 1 SADDR (syll constant)
05750 190 011 01011 Stack Pointer (parameter)

191 000100
05766 191 0111100000 Bound 2 (parameter)

192 0000
06004 192 001011011110 link

193 00
06022 193 0010 INTEGER (type constant)

V 06026 193 COb LEN (syll constant) V

06032 193 001000 Bit Length (parameter)
19
~
4 0

06041 194 1110 ADDR (syll constant)
06045 194 010 10111000 Address (parameter)

195 100
06063 195 0100001000000 link

19 6 0
06101 196 11000 MARK (mark constant)~~~
06106 19~ 0111101000 link

197 0000
061214 197 0010 INTEGER (type constant)
06130 197 0010 LEN (syll constant)
061311 197 0010 Bit Length (parameter)

198 000
061113 198 1010 VALUE (syll constant)
061147 198 11001 Valuespace

V 

186
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D.6 Procedure Exampl e with a Returned Value (i.e.
‘

similar to a Function in FORTRAN)

PROGRAM
DEFA ULT 11;
INTEGER A ;
CONSTANT B 11;
FROC C
— BEGIN

B~A ;
V RETURN A+9;

END
C~ATERM

Dump 114 . The Prog ram String

00000 0 00 11 101000000000 PROG
00020 1 001 1011000000000 SET’DEFAULT
000 140 2 0010000000000000 14

Comment— The following section corresponds to

INTEGER A;

00060 3 0001001000000000 NEW’INTEGER
00100 4 1000011000000000 ALLOCATE

Comment— The followin g section correspond s to

CONSTANT B 1!;

00120 5 0100011000000000 CARD’CONST
001 110 6 1100000000000000 3
00160 7 0010000000000000 4

Comment— The following section corresponds to

PROC C

00200 8 10 11001000000000 NEW’PROC
00220 9 0000001010000000 320
002140 10 0001100000000000 ENTER’SCOPE
00260 11 0110100000000000 END’DECL

187
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Comment— The following section correspond s to

B~A;

00300 12 1110011000000000 ID
00320 13 0000000000000000 0
00340 11! 1000000000000000 1
00360 15 1110011000000000 ID
00400 16 0000000000000000 0
001120 17 0000000000000000 0
001440 18 0111101000000000 ASSIGN V

00460 19 0110000000000000 CLEAN’UP

Comment— The following section correspond s to

RETURN A+9;

00500 20 ‘1110011000000000 ID
00520 21 0000000000000000 0
005140 22 0000000000000000 0
00560 23 0100011000000000 CARD’CONST
00600 2L$ 0010000000000000
00620 25 1001000000000000 9
006110 26 0000011000000000 S’’ADD
00660 27 11 11011000000000 DUM P 15
00700 28 0011100000000000 EXIT’
00720 29 0110100000000000 END’DECL
00740 30 1111011000000000 DUMP 16

Comment— The following section corresponds to

C~A

00760 31 0110101000000000 START’LIST
01000 32 1110011000000000 ID
0 1 020 33 0000000000000000 0
01040 34 0100000000000000 2
01060 35 1111011000000000 DUM P 17
01 100 36 1110011000000000 ID
01 1 20 37 0000000000000000 0
011~40 38 0000000000000000 0
01160 39 0111101000000000 ASSIGN
01200 40 1111011000000000 DUMP 18
01220 141 0001101000000000 TERMINATE

188 
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Dump 15. The Workspace as it appears before the
Procedural Call in Statement C~A ;

01240 42 00000000000000 link
01256 42 00 link

143 1 1 1000000000
01274 143 1110 link

44 11 10000000
01312 411 10000 BEGIN (mark constant)
01317 414 0 Lexic Level (parameter)

45 000
01323 45 000000 Displ acement (parameter)
0133 1 145 0001001 link

‘16 0000000
01347 46 0010 INTEGER (type constant)
01353 ‘46 1010 VALUE (syll constant)
01357 146 0 Valuespace

47 0000
01364 117 O l l l l l l l l 0 0 0 link

48 00
01402 48 0100 CARDINAL (type constant)
011106 48 0010 LEN (syll constant)
011412 48 110000 Bit Length (parameter )

49 0 
_ _ _ _ _ _ _ _ _ _ _ _ _

01421 ‘49 0110 CONSTANT (sy]Tconstant)
01425 49 1 11 0 ADDR (syl l  cons tan t )
011131 49 0000111 Address (parameter)

50 0000000
014147 50 000111011 link

51 00000
012465 51 11001 PROC (mark constant)
01472 51 0000 Current Lexic Level (parameter)
01 .1476 51 00 Prog ram Pointer (parameter)

52 001001000000
015 14 52 0000 link

53 0000000000
01532 53 11000 M A R K  (mark  cons t an t)

Dump 16. The Workspace as it appears after the
Procedure has been Executed but before a Return has been

mad e

012110 112 00000000000000 link
01256 ~42 00 link

113 111000000000
012711 4T 1110 link

14 24 1110000000

189
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01312 1114 10000 BEGIN (mark constant)
01317 1414 0 Lexic Level (parameter)

45 000
01323 45 000000 Displac ement (parameter)
01331 ~45 0001001 link

LI5 0000000
013147 ‘16 0010 INTEGER (type constant)
01353 ‘lb 1010 VALUE (syll constant)
01357 46 0 Valuespace

47 0010 ‘•

013611 117 011111111000 link
48 00

011402 148 0100 CARDINAL (type constant)
011406 248 0010 LEN (syll constant)
011412 118 110000 Bit Length (parameter)

490
01L121 149 0110 CONSTANT (syll constant)
01425 L19 1110 ADDR (syll constant)
01431 249 0000111 Address (parameter)

50 0000000
014117 50 000111011 link

51 00000
01465 51 11001 PROC (mark constant)
011172 - 51 0000 Current Lexic Level (parameter)
01476 51 00 Program Pointer (parameter)

52 001001000000
015114 52 0001 link

53 1110000000
01532 53 11000 MARK (mark constant)
01537 53 0 link

511 1111100000000
01555 511 101 LIST (mark constant)

55 00
01562 55 11111111000000 link
01500 56 101 10 STATE (mark  cons t an t )
01505 56 1000 Lexic Level (parameter)
01611 5 0000110 Program Pointer (parameter)

57 0010000
01527 57 O0~ O00 Dimens ion  (pa~~~ieter )
01635 57 100 Mode (parameter)
01640 58 11110011000000 link
01656 58 10~~~ GIN (mark constant)

59 000
01663 59 1000 Lexic Level (parameter)
01667 59 000000 Di~ p~ aceme n t  (p a r a m e t e r ) 

—

01675 59 000 link
60 01110000000 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01713 60 11000 MARK 
— 

(m a r k  c o n s t a n t )
01720 61 b 0O 1O~ 100O0O00 link
01736 61 00 INTEGER (type constant) 

—

62 10
017~42 62 1010 VALUE (syll constant)
01746 62 01011 Valuespace

190
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Dump 17. The Workspace as it appears after the
Proced ure has been Executed and after the Return has been

made

01240 142 00000000000000 link
01256 42 00 link

113 111000000000
0127!! 113 1110 link

411 1110000000
01312 44 10000 BEGIN (mark constant)
01317 ‘114 0 Lexic Level (parameter)

‘45 000
01323 ‘15 000000 Displacement (parameter)
01331 45 0001001 link

‘lb 0000000
0134 7 ‘46 0010 I N T E G E R  (t ype cons t an t )
0 13 3 ‘$6 1010 VALUE (syll constant)
01357 ‘lb 0 Va luespace

~47 0010
01364 47 0 1 1 1 1 1 1 1 1 0 0 0  l i n k

148 00 
_ _ _ _ _ _ _ _ _

01402 ‘48 0100 CARDINAL ( t y ~~~ c o n s t a n t )
0 1’406 ‘48 0010 LEN (sy l l  eo n s t a n t )
012412 48 110000 Bit Length (parameter)

490 
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

01421 ‘49 0110 CONSTANT (syll  cons tan t )
01425 ‘49 1110  ADDR ( sy li .  c o n s t a n t )

V 011131 49 0000111 Address (parameter)
50 0000000

014 14 7 50 000111011  l ink
51 00000

O1~465 51 11001 
— 

PROC (m a r k  c o n s t a n t)
01 1172 51 0000 C u r r e n t  L e x i c  L e v e l (p a r a m e t e r )
01476 51 00 Program Pointer (parameter)

52 001001000000
01514 52 0001 link

53 1110000000
01532 53 11000 MARK (mark constant)
01537 53 1 link

511 0010010000000
01555 5!! 001 INTEGER - ( type  c o n s t a n t)

5 5 0
0155 1 55 1010 VALUE ( s y l l  c o n s t a n t)  —

01565 55 01011 V a l u e s p a c e

191



- . - - - _V_~~~ ~~~~~ ~~~~~~~ V~v_._7VV’,~V_ ’,~ - 
VV ~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V~ - ~‘~‘ - —~~----rn, ~~~~~~~~~~~~~~~~~~

Dump 18. The Workspace as it appears after the
Sta tement  C~A; has been Executed

012~40 142 00000000000000 l.~nk
01256 42 00 link

‘43 fl1000000000
01274 ‘43 1110 link

44 1110000000
01312 ‘44 10000 BEGIN (mark constant)
013 17 44 0 Lexic Level (parameter)

145 000
01323 ‘45 000000 D i s p l a c e m e n t  (p a r a m e t e r )
01331 45 0001001 link

‘46 0000000
013 ’4 7 46 0010 I N T E G E R  ( t y p e  c o n s t a n t )
01353 146 1010 VALUE (syll constant)
01357 46 0 Valuespace

‘47 1011
01364 ‘47 011111111000 link

‘48 00
0 1 402 148 01 00 C A R D I N A L  (t yp e cons t an t ) -

01406 ‘48 0010 LEN (syll constant)
0 1 4 1 2 148 110000 Bit  Len gt h (pa ramete r )

49 0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01~42 1 ‘49 0110 CONSTANT (syli constant)
01425 49 11 1 0 ADDR (syll constant)
01431 149 0000111 Address (parameter)

50 0000000
014~47 50 0 0 0 1 1 10 1 1  l i n k

51 00000 ______________________________
01465 51’ 1100 PR 0 C ( m a r k  c o n s t a n t)
01472 51 0000 Current Lexic Level (parameter)
01476 51 00 Program Pointer (parameter)

52 001001000000
01514 52 0001 link

53 1110000000 ____________

01532 53 11000 MARK (ma~~ co n s t a n t ) 
—

01537 53 0 link
54 1101100000000

01555 514 001 I N T E G E R  (t y p e  c o n s t a n t)
5 5 0  V

01561 55 1010 VALUE ( s y l l  c o n s t a n t)
01565 55 010 11 Valuespace
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D.7 Procedure Exampl e with Parameters

PROGRAM
‘
~EFAULT 

14;
INTEGER A ;‘
~
‘0NSTANT B 4;
PROC C(P1)
— BEGIN

9+B~P1;
2+P 1~ A;

END
INT ’

~GER D;
C(D)
TERM

Dump 19. The Program String

00000 0 00 1 1 1 010000000 00 PROG
00020 1 0011011000000000 SET’DEFAULT
00040 2 0010000000000000 14

Comment— The following section correspond s to
V 

INTEGER A;

00060 3 0001001000000000 N E W ’ I N T E G E R
00100 14 1000011000000000 ALLOCATE

Comment— The following section correspond s to V

CONSTANT B ~4 ;

00120 5 0100011000000000 CARD’CONST
001 ’40 6 1100000000000000 3
00160 7 0010000000000000 4

Comment— The following section corresponds to

PROC C(P1 )

00200 8 1011001000000000 NEW ’PROC
00220 9 0000001110000000 4148
002110 10 0001100000000000 ENTER’SCOPE
00260 11 0110100000000000 END’DECL
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Comment— The following section correspond s to

9+B~ P1;

00300 12 0100011000000000 CARD’CONST
00320 13 0010000000000000 14
00340 14 1001000000000000 9
00360 15 1 110011000000000 ID
00400 16 0000000000000000 0
001420 17 1000000000000000 1
00440 18 0000011000000000 S’’ADD
00460 19 1111100000000000 FORMAL ’ID
00500 20 1000000000000000 1
00520 21 0000000000000000 0
005’40 22 0111101000000000 ASSIGN
00560 23 0110 000000000000 CLEAN ’UP

Comment— The following section correspond s to

2+P1>A ;

00600 24 0100011000000000 CARD’CONST
00620 25 0100000000000000 2
00640 26 0100000000000000 2
00660 27 11 11 100000000000 FORMAL’ID
00700 28 1000000000000000 1
00720 29 0000000000000000 0
007~40 30 0000011000000000 S’’ADD
00760 31 1110011000000000 ID

V 01000 32 0000000000000000 0
01020 33 0000000000000000 0
0 10~4 O 314 0111101000000000 ASSIGN
O~ 0’5 0 35 1111011000000000 DUM P 20
01100 36 0011100000000000 EXIT’

Comment— The followi ng section corresponds to

INT E GER D;

01120 37 0001001000000000 NEW ’INTEGER
01 1-4 0 38 0110100000000000 END’DECL -

01 160 39 1111011000000000 DUM P 21

Comment— The following section corresponds to

C ( D )

01200 - 40 0110101000000000 START’LIST
0 1 220 ~4 1 111 001 1 000000000 ID
01240 42 0000000000000000 0
01260 43 1100000000000000 3

1911
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01300 144 1101001000000000 NEW ’NULL
01320 45 11 11011000000000 DUMP 22
01340 46 11 10011000000000 ID
01360 47 0000000000000000 0
011400 48 0100000000000000 2
011120 149 1111011000000000 DUMP 23
01440 50 0001 101000000000 TERMINATE

Dump 20. The Workspace as it appears before the
Procedural Call C(D)

01460 51 00000000000000 link
01476 51 00 link

52 11 1 1 10000000
01514 52 1110 link

53 1010000000
01532 53 10000 BEGIN (mark constant)
01537 53 0 Lexic Level (parameter)

54 000
015143 54 000000 Displacement (parameter)
01551 514 0001001 link

55 1 000000

Comment— The following section corresponds to

INTEGER A;

01567 55 0010 INTEGE R (type constant)
01573 55 1010 VALUE (syll constant)
01577 55 0~Va lue s pace

56 0000
01604 56 0 11 110 11 0000 l i n k

57 00

Comment— The following section corresponds to

CONSTANT B 14;

01622 57 0100 CARDINAL (type constant) 
—

01626 57 0010 LEN (syll constant) 
—

01632 57 110000 Bit Length (parameter)
580 

_ _ _ _ _ _ _ _ _ _

0164 1 58 0110 CONSTANT (~~~il constant )01645 58 1110 
— 

ADDR tsyll constant)
01651 58 0000111 Address (parameter)

‘ - 59 0000000 
_____ 

___________________________________
01667 59 000110100 link
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t 60 00000

Comment— The following section correspond s to

PROC C(P1)

01705 60 11001 PROC (mark constant) —

01712 60 0000 Current Lexic Level (parameter)
01716 60 00 Program Pointer (parameter)

6 1 001001000000
017314 61 0000 link

62 0010000000

Comment— The following section corresponds to

INTEGER D;

01752 62 0010 INTEGER (type constant)
01756 62 10 VALUE (syll constant)

63 10
01762 63 00000 Values pace
01767 63 000000GUO link

5!! 00000
02005 b’l 11000 MARK (mark constant)

Dump 21. The Workspace with the Parameter D of the
Procedural Call C(D) in the Program Execution Stack

01460 51 00000000000000 link
011176 51 00 link

52 111110000000 
______  V

0151!! 52 1110 link
53 1010000000 

________________

01532 53 10000 BEGIN (mark constant)
01537 53 0 Lexic Level (parameter)

514 000
01543 54 000000  Displacement (parameter)
01551 514 ‘U001001 TThk —

55 1000000
01567 55 0010 INTEGER (type constant)
01573 55 1010 VALUE (syll constant)
01577 55 0 Valuespace

56 0000
01604 56 011110110000 link

57 00 -

01622 57 0100 CARDINAL (type constant)
01626 57 0010 LEN (syll constant) 

—
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01532 57 110000 Bit Length i.parameter)
58 0

01641 58 0110 CONSTANT (syll constant)
01645 58 1110 ADDR (syll constant)
01651 58 0000111 Address (parameter)

59 0000000
01667 59 000110100 link

60 00000
01705 60 11001 PROC (mark constant)
01712 60 0000 Current Lexic Level(parameter)
01716 60 00 Prog ram Pointer (parameter)

61 001001000000
017314 61 0000 link

62 0010000000
01752 b2 0010 INTEGE R (type constant)
01756 62 10 VALUE (syll constant)

53 10
01762 63 00000 Valuespace 

—

01767 53 011010111 1i,k
64 1 1 000

02005 64 11000 MARK (mark constant)
02012 64 010101 link

65 11 11 1000 
_____________________  _____

02030 65 10100 
— LIST (mark co”iThtifft)

02035 65 110 link
66 10010000000

02053 66 0010 INTEGER (ty~~~ constant) —

02057 66 1 ADDR (syll constant)
67 110 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

02063 67 0100111111000 Address 
— 

(pa ramete r )
6 8 0V 

02101 68 00000000000000 link
02117 68 0 NULL (type constant)

59 001

Dump 22. The Workspace as it appears after the
Procedure has been Executed but before a Return is mad e

01 1460 5 1 0000 00000 00000 l i n k
01476 51 00 link

52 111110000000
01514 52 1110 link

53 1010000000
01532 53 

-— 
10000 BEGIN 

- 
(m a r k  cons t an t )

01537 53 0 Lexic Level (parameter)
511 000

015’43 514 000000 Displacement (parameter)
01551 54 0001001 link

55 1000000
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01567 55 0010 INTEGER (type constant)
01573 55 1010 VALUE (syll constant)
01577 55 0 Valuespace

56 1111
01604 56 011110110000 link

57 00 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01622 57 0100 CARDINAL (type constant)
01626 57 0010 LEN _(syll constant)
01632 57 110000 Bit Length (parameter)

580 
_ _ _ _ _ _ _ _ _ _ _ _

01641 58 0110 CONSTANT (syll constant)
01645 58 1110 ADDR (syll constant) - -

01651 58 0000111 Address (parameter)
59 0000000

01667 59 000110100 link
60 00000 

V

01705 50 11001 PROC (mark constant)
01712 60 0000 Current Lexic Level(parameter)
01716 60 00 Program Pointer (parameter)

61 00 1 001000000
017311 61 0000 link

62 0010000000
01752 62 

— 

0010 INTEGER (type constant)
01756 62 10 VALUE (syll constant)

53 10
01762 63 01011 Value~pace
01767 63 011 010111 link 

—_____________________

64 11000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

02005 614 11000 MARK ( m a r k  constant)
02012 64 010101 link

55 11111000 V

02030 65 10100 LIST (mark constant)
02035 65 110 link

65 10010000000
02053 66 0010 INTEGER (type constant)
02057 66 1 ADDR (syll constant)

67 110
02063 67 0100111111000 Address (parameter)

68 0
02101 68 01 1100 10000000 l i n k
02117 68 0 NULL (type constant)

69 001
02123 69 0000001100000 link

70 0 ___________________________
02141 70 10110 STA T! (mark constant)
02146 70 1000 L ex i c  Level (parameter)
02152 70 000010 Program Pointer (parameter)

71 00110000
02170 71 000000 Dimension (parameter)
02176 71 10 Mode (parameter)

72 0
02201 72 10110011000000 l i n k
02217 72 1 BEGIN (mark constant)

73 0000 ______________________________

- 
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022214 73 1000 Lexic Level (parameter)
02230 73 000000 Displacement (parameter)
02236 73 00 link

74 001100000000
V 02254 714 1100 MARK (mark constant)

750
02261 75 01001010000000 link -

02277 75 0 INTEGER (type constant)
76 010

02303 76 1010 VALUE (syll constant)
02307 76 01111 Values pace

Dump 23. The Workspace as it appears after the
Procedure has been Executed and after the Return has been

made

01460 51 00000000000000 link
01476 51 00 link

52 111110000000
01514 52 1110 link

53 1010000000 ________________________
01532 53 10000 BEGI?U (mark constant)
01537 53 0 Lexic Level (parameter)

54 000
01543 514 000000 Displac ernent (parameter)
01551 54 0001001 link

55 1 000000
01567 55 0010 INTEGE R (type constant)
01573 55 1010 VALUE (syll constant)
01577 55 0 Valuespace

56 111 1
01504 56 011110110000 link

57 00 
___________________

01622 57 0 100 C A R D I N A L  ctype constant)
01626 57 0010 LEN (syll constant)
01632 57 110000 Bit Length (parameter)

58 0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01641 58 0110 CONSTANT - (~~~ll  cons tan t )
01645 58 1110 ADDR (syll constant)
0165 1 58 0000111 Address (parameter)

59 0000000
01667 59 000110100 link -

60 00000
V 01705 60 1 TOO1 PROC (mark constant)

01712 60 0000 Current Lexic Level (parameter )
01716 60 00 Program~F~Inter (parameter )

61 001001000000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

017311 61 
— 

0000 l i n k
62 0010000000 __________________________
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e 01752 62 0010 INTEGE R (type constant)
01756 62 10 VALUE (syll constant)

63 10
01762 63 01011 Valuespace
01767 63 011010111 link

614 11000
02005 6’l 11000 MARK (mark constant)
02012 614 010010 link

65 10000000
02030 65 0010 INTEGER (type constant)
02034 65 1010 VALUE (syll constant)
02040 66Th1111 Valuespace

V D.8 Example of the Monadic Soft Extension

This example shows the monadic soft extension as far

as it has been debugged . The monadic soft extension is

V 
- trapped to whenever a monadic function is used on a

nonscalar .

PROGRAM PROCESSOR REF INDEX TO 10;
tW (X) WMONADIC PkTTERN” 

—

BEGIN
— DECL R (TYPE X , DIM X , LEN X);

~EF A TO RAVE L XI  

—

REF B TO RAVE L R;
REF J TO NENT X;
~ARDINAL T BITS INDEX;- 50 ?A[I]~ BTI] UNTIL 1+~I:J ;
R

END;
DEFAULT LI;
INTEGER A [3,-4];
ABS(A)
TERM

4 — -

200

______VVVV ~~~~~~~~~~~~~~~ - j t V t .~~~~ ~~~~~~~~~~~~~~ — ~~~~~~~~~~~ -- - - - S. I ~~~~~~~~~~~ - — - S_I



-- -V .,- - - ____
~
_•_

~~-___-_ ,_-S__ —~~ -—“—--- . —
- — - - -

Dump 24. The Program String

Comment— The following section correspond s to

PROGRAM PROCESSOR REF INDEX TO 10;

00000 0 001 1101000000000 PROG
f 00020 1 0100011000000000 CARD’CONST

00040 2 00 1 0000000000000 4
00060 3 0 1 01000 000000000 - 10

The S—UNITS in words ~4 to 81 correspond to the
Monadic Soft Extension

Comment— The following section corresponds to

OP (X) “MONADIC PATTERN”

00100 4 0011001000000000 NEW ’OPERATOR - -ii
00120 5 0000001100100000 1216

Comment— The following section corresponds to

DECL R (TYPE X , DIM X , LEN X);

001~40 6 100001 1000000000 ALLOCATE
00160 7 1111100000000000 FORMAL’ID
00200 8 1000000000000000 1
00220 9 0000000000000000 0
002110 10 1111011000000000 DUMP 28
00260 11 1101110000000000 S’’TYPE
00300 12 1111011000000000 DUMP 29
00320 13 1000100000000000 DYNA’TYPE
003140 14 1111011000000000 DUMP 30
00360 15 1111100000000000 FORMAL’ID V

00400 16 10000000000 00000 1 f
00 1420 17 0000000000000000 0
004140 18 0011000000000000 DIMENSION
00460 19 0000100000000000 DYNA ’DIM
00500 20 1111100000000000 FORMAL’ID
00520 21 1000000000000000 1

V 00540 22 0000000000000000 0
00560 23 0000001000000000 LENGT H
00600 24 0010011000000000 DYNA’LEN

. - 
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Comm ent— The following section corresponds to

REF A TO RAVE L X;

00620 25 1000011000000000 ALLOCATE
006’IO 26 1111100000000000 FORMAL’ID
00660 27 1000000000000000 1
00700 28 0000000000000000 0
00720 29 0100101000000000 RAVE L

Comment— The following section correspond s to

REF B TO RAVE L R;

00740 30 1000011000000000 ALLOCATE
00760 31 1110011000000000 ID
01 000 32 1000000000000000 1
01020 33 0000000000000000 0 V

01040 314 0100101000000000 RAVEL

Comment— The following section corresponds to

REF J TO NENT X; -~ 

-

01060 35 1000011000000000 ALLOCATE
01100 36 1111100000000000 FORMAL’ID
01 120 37 1000000000000000 1
01 140 38 0000000000000000 0

• 01160 39 0010001000000000 NENT

Comment- The following section corresponds to

CARDINAL I BITS INDEX;

01200 40 0110001000000000 NEW’CA RDINAL
01220 ‘4 1 1110011000000000 ID
01240 ‘12 0000000000000000 0
01260 43 0000000000000000 0
01300 44 0010011000000000 DYNA’LEN
01320 45 0110100000000000 END’DECL .

Comment— The following section correspond s to

DO ?AEI]~ B [I] UNTIL 1+~ I:J;

013140 ‘46 0110101000000000 START’LIST
01360 147 11100 11000000000 ID
01’iOO 48 1000000000000000 1
01420 49 0010000000000000 4
011140 50 1110101000000000 SUBSCRIPT’MODE
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t 01460 51 1110011000000000 ID
01500 52 1000000000000000 1
01520 53 1000000000000000 1
015’40 54 0111100000000000 FAULT’OP
01560 55 0110 101000000000 START’LIST
01600 56 11100 11000000000 ID
01620 57 1000000000000000 1
01640 58 0010000000000000 4
01660 59 1 110101000000000 SUBSCRIPT ’MODE
01700 60 11 10011000000000 ID
01720 61 0100000000000000 2
01740 62 0111101000000000 ASSIGN
01760 63 0100011000000000 CARD’CONST
02000 611 1000000000000000 1
02020 65 1000000000000000 1
02040 66 1 1 1 0011 000000000 ID
02060 67 1000000000000000 1
02100 68 0010000000000000 4
02120 69 1 100010000000000 S’’INCREMENT
02140 70 1110011000000000 ID
02160 71 1000000000000000 1
02200 72 1100000000000000 3
02220 73 1001100000000000 S’’EQUAL
02240 74 0111000000000000 DO’UNTIL
02260 75 1111100000000000 31

V 
02300 76 0110000000000000 CLEAN’UP

Comment— The following section corresponds to

R

02320 77 1110011000000000 ID
023~40 78 1000000000000000 1
02360 79 0000000000000000 0
O2~40O 80 1111101000000000 COPY’VALUE
02420 81 0100001000000000 M O N A D I C  ‘EXIT
02440 82 1111011000000000 DUMP 25

Comment— The following section corresponds to =
DEFAULT 4;

02460 83 0011011000000000 S E T ’D E F A U L T
02500 8’4 0010000000000000 4
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t Comment— The following section correspond s to

INTEGER A [3,4];

02520 85 0001001000000000 NEW ’INTEGER
02540 86 010001 1000000000 CARD’CONST
02560 87 0100000000000000 2
02600 88 1100000000000000 3
02620 89 0000100000000000 DYNA ’DIM
02640 90 0100011000000000 C A R D ’ C O N S T
02660 91 110 0000000000000 3
02700 92 0010000000000000 4
02720 93 0000100000000000 DYNA ’DIM
027110 94 0110100000000000 END’DECL
02760 95 1 111011000000000 DUM P 26

The following S—UNIT (i.e. START’LIST) is added to
get the soft extension to work but is only a temporary fix.

03000 96 0110101000000000 START’LIST

Comment— The following section corresponds to

ABS (A )

03020 97 111.0011000000000 ID
030~40 98 0000000000000000 0
03060 99 0100000000000000 2
03 100 100 1101001000000000 N E W ’ N U L L
03120 101 1000000000000000 S’’ABS
03140 102 1111011000000000 DUMP 31
03160 103 0001101000000000 TERM INATE

Dum p 25. Dump showing the Monadic Soft Extension
Declaration

03200 104 00000000000000 link
03216 104 00 link

105 111000000000
032311 105 1110 link

106 1 1 00000000 
________________________

03252 106 10000 BEGfl~ (m a r k  cons tan t)
03257 106 0 Lexic Level (parameter)

107 000 -

03263 107 000000 Displacement (parameter)
03271 107 00001 11 link 

V

108 0000000
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03307 108 0100 CARDINAL (type constant)
03313 108 0010 LEN (syll constant)
03317 105 0 Bit Length (parameter)

109 010000
03326 109 0110 CONSTANT (syll constant)
03332 109 1110 ADDR (syll constant)
0 3336 109 00 Address (parameter)

1 1 0 001100000000
033514 110 0000 link

11 1 0000000000
03372 11 1 10101 OPERATOR (mark constant)

V 

03377 1- I l 0 Current Lexic Level (parameter
112 000

03403 1 12 0000011000000 Program Pointer (parameter)
113 0

Dump 26. Dum p showing the Declarations on the
Declarations Stack after the END ’DECL at word 94 was reached

03200 1011 00000000000000 link
03216 104 00 link 

—

105 111000000000 
_ _ _ _ _

03234 105 . 1 14 1 0  lInk 
—_____

1 06 1100 000000 
_ _ _ _ _ _ _ _ _ _ _ _

• 03252 106 10000 BEGIN Tmark constant~J
03257 106 0 Lexic Level (parameter)

107 000 
_ _ _ _ _ _ _ _

03263 107 000000 D i sp l ac em e n t  (pa ra rñ ~~t er)  —-

03271 107 0000111 link
108 0000000

03307 108 0100 C A R D I N A L  (t y p e  cons tan t )
03313 108 0010 LEN (syll constant)
03317 108 0 Bi t  L e n g t h  (p a r a m e t e r )

1 09 010000
03326 109 0110 C~5T1STANT (syll constant)
03332 109 1110 ADDR (syll constant)
03336 109 00 Address (parameter)

11- ) 001100000000
03354 1 10 0001 link

1 11 0101 1 00000
03372 1 11 10101 OPERATOR (mark c o n s t a n t)
03377 111 0 Current Lexic Level (parameter

112 000
03403 112 0000011000000 Program Pointer (parameter)

113 0 _______________________ __________ ___________

03421 l lTfllO l lOOllOO.0 00 link — -__________

031437 113 0 INTEGER (type constant)
1 1 4  010 

_ _ _ _  _ _ _ _ _ _ _ _ _

031143 114 1100 STEP i~~~~yfl ~~n s t a n t J
- 
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031447 114 110000 Multiplier (parameter)
03455 1114 110 STEP (syll constant)

115 0
031461 115 001100 Multiplier (parameter)
03467 115 1010 VALUE (syll constant)
03473 115 00000 Valuespace

11 6 0000000000000000
1 17 0000000000000000
1 18 0000000000000000
119 0000000

03567 119 000000000 link
120 00000 4

03605 120 11000 M A R K  (mark  cons tan t )

Dump 27. The workspace as it appears after a trap
is made to the Soft Extension . The trap occur s while
executing ABS (A) because this is a reference to a

nonscalar . The last part of the dump shows the result of
executing the FORMAL’ID at word 7

03200 1014 00000000000000 l i n k
03216 10~4 00 l i nk

105 111000000000
03234 105 1110 link 

—

106 1100000000
03252 106 10000 BEGIN (m a r k  c o n s t an t )
03257 106 0 Lex ic Level (paramete r )

107 000 -____________

03263 107 000000 Displ acement  ( paramete r )
03271 107 0000111 link

108 0000000
03307 108 0100 C A R D I N A L  ( t y p e  c o n s t a n t)  —

033 13 108 0010 LEN (syll co n s t a n t )
033 17 108 0 Bi t  L e n g t h  (p a r a m e t e r )

109 010000
03326 109 0110  CONSTANT ( s y l l  c o n s t a n t)
03332 109 i i T ~ ADDR ( sy l l  c o n s t a n t)  

—

03336 109 00 A d d r e s s  - (p a r a m e t e r )
110 001100000000

03354 110 0001 l i n k
111 0101100000

03372 111 10101 OPERATOR ( m a r k  c o n s t a n t)
03377 111 0 Current Lexic Level (parameter

112 000 
_ _ _  _ _ _ _ _ _ _ _ _

03403 112 0000011000000 P r o g r a m  P o i n t e r  (p a r a m e t e r )
1 1 3 0  ____________________________

03 1421 113 1 10 1 10 ~TT0O000 l i n k
031437 113 0 I N T E G E R  ( t y p e  c o n s t a n t)

11 .~_V 0 10 
—— ——_________
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034 14 3 11 14 1100 STEP (syll constant)
0314 117 114 110000 M u l t i p l i e r  (p a r a m e t e r )
03 1455 1114 110 STEP ( s yll  c o n s t a n t)

115 0
03 1461 115 001100 Multiplier (parameter)
03 1167 115 1010 VALUE (syll constant)
031473 115 00000 Valuespace

1 16 0000000000000000
117 0000000000000000
118 0000000000000000
119 0000 000

03567 11 9 110110010 link
120 00000

03605 120 11000 MARK (mark constant)
03612 120 010101 link

121 11000000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

The following LIST is necessary but was placed on
the stack by the START’LIST at word 96. This is a temporary

fix until the routine that is suppose to put LIST on the
stack is determined and fixed .

03630 121 10100 LIST (mark constant)

The following section is the result of executing the
ID (word 9.7) corresponding to the variable A in the

statement ABS(A).

03635 121 111 link
122 11 0 1 0000000

1~ 
03653 122 0O10 INTEGER (type constant)
03657 122 1 STEP (syll constant)

123 100
03663 123 110000 Multiplier (parameter)
03671 123 1100 STEP (syll constant)

H 0- ~- 5  123 001 Multiplier (parameter)
1214 100

03703 124 1110 
- 

ADDR (syll constant)
H 03707 124 110111001 Address (parameter)

125 1 1000
03725 125 01 011110000 link

126 000
03743 12t 0001 NULL (type constant)
03747 126 lOOlOOllfi in k

The following was the result of trapping to the
monadic  sof t  e x t e n s i o n .

127 11100 
_ _ _ _ _ _ _

03765 127 11110 STATEOP 
- 

( m a r k  constanTY
03772 127 1000 Lexic Level (parameter)

- 
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4 03776 127 00 Program Pointer  ( parameter )
128 00011001 1000

0401 14 128 0000 Dimension (pa ramete r )
129 00

04022 129 100 Mode (pa rame te r )
04025 129 1000000 Decoder (parameter)
014034 129 0000 link

130 0000000000

The fo l lowing  is the resul t  of execu t ing  the
F O R M A L ’I D  at word 7 after trapping to the soft extension.

011052 130 0010 INTEGER (type constant)
04056 130 11 STEP (syll constant)

131 00
04062 131 110000 Multiplier (parameter)
04070 13 1 1100 STEP (syll constant _
04074 131 0011 Multiplier (parameter)

132 00
011102 132 1110 ADDR (syll constant)
014106 132 110 1110011 Address (parameter)

133 1000

Dump 28. The workspace a f te r  execu t ing  S ’ ’T Y P E  at
word 11. S’’TYPE determines the type of the last  s ta tement
operand (i.e. located at bit address 4072 octal in Dump 28)

03200 104 00000000000000 link
03216 104 00 link

105 111000000000
032314 105 1110 link 

—

106 1100 000000
03252 106 10000 BEGIN (mark constant)
03257 105 0 Lexic Level (parameter)

107 000
03263 107 000000 Displacement (parameter)
03271 107 0000111 link

108 0000000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

03307 108 01 00 CARDINAL (~~~pe cons tan t)
03313 108 0010 LEN tsyi l constant)
03317 105 0 Bit Length (parameter)

109 010000 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

03326 109 0110 CONSTANT ~syll constant)03332 109 1110 AThDR ~syll constant)03336 109 00 Address  (p a r a m e t e r )
110 OO1 1 0000000 C

03354 110 0001 link - -

111 0 1 011 00000
03372 111 10101 OPrRAT0~~~ _ Cmark constant )
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03377 111 0 C u r r e n t  Lexic  Level ( parameter  S

112 000
03403 112 0000011000000 P rog ram Po in te r  ( pa ramete r)

113 0
03421 113 11011001100000 link
031437 113 0 INTEGER (type constant)

114 010
03414 3 114 1100 STEP ( s y l l  c o n s t a n t)
03447 1111 110000 M u l t i p l i e r  (p a r a m e t e r )
031455 11’4 110 STEP ( sy l l  cons tan t)

115 0
03461 115 00 1100 Multiplier (parameter)
03467 115 1010 VALUE ( s y l l  c o n s t a n t)
03473 115 00000 Va luespace

116 0000000000000000
117 0000000000000000
118 0000000000000000
119 0000000

03567 119 110110010 l i nk
120 00000

03605 12~~ 11000 M A R K  ( m a r k  c o n s t a n t)
03612 120 010101 l i nk

121 11000000
03630 121 10100 LIST ( m a r k  c o n s t a n t)
03635 121 111 l i nk

122 11010000000
03G 3 122 0010 INTEGER (type constant)
03657 122 1 STEP ( sy l l  c o n s t a n t)

123 100
03663 123 1 10000 M u l t i p l i e r  (p a r a m e t e r )
03671 123 1100 STEP (syll c o n s t a n t)
03675 123 001 M u l t i p l i e r  (p a r a m e t e r )

124 100
03703 1214 110 A DDR ( s y l l  c o n s t a n t)
03707 1214 110111001 Address  (p a r a m e t e r )

125 11000
03725 125 01011110000 l i n k

126 000
03714 3 12b 000 1 N U L L  (t y p e  c o n s t a n t)
03747 126 100100111 l i n k  —

127 11100
03765 12~ 11110 STATEOP ( m a r k  c o n s t a n t)  —

03772 127 1000 Lexic  Level ( p a r a m e t e r)
-j 03776 127 00 P r o g r a m  P o i n t e r  (p a r a m e t e r )

125 000110011000
0 1401 11 125 0000 Dimension (parameter)

129 00
0 14022 12r ~~~1G0 Mode (parameter)
0 14025 129 1000000 Decoder (p a r a m e t e r )
0403 14 129 0000 l in k  

—

— 130 0000000000
4.-
4..
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Comment — The fo l lowing  sect ion cor responds  to

the C A R D I N A L  s t a t emen t  operand created by S ’ ’TYPE

014052 130 0100 C A R D I N A L  ( t y p e  cons t an t)
04056 130 00 LEN ( s y l l  cons t an t)

131 10
04062 131 0111000 Bit Length (parameter )
011071 13 1 1010 VALUE (syll constant)
011075 131 110 Valuespace

132 00000000000

I
Dump 29. The Workspace as It appears after

E x e c u t i n g  the S—UNIT  D Y N A ’D I M  at word 13

03200 1011 00000000000000 l i n k
03216 104 00 l i n k

105 111000000000
032311 105 1110 l i nk

106 1100000000
03252 106 10000 BEGIN 

— 
(m a r k  c o n s t a n t)

03257 106 0 Lex ic  Level (p a r a m e t e r )
107 000.

03263 107 000000 D i s p l a c e m e n t  ( p a r a m e t e r )
03271 107 0000111 l i n k

108 0000000 _____________________________-
03307 108 0100 C A R D I N A L  ( t y p e  c o n s t a n t)
033 13 108 0010 LEN ( s y l l  c o n s t a n t)
033 17 108 0 Bit  Leng th  ( p a r a m e t e r)

109 010000
03326 109 0110 CONSTANT ( s yl l  c o n s t a n t)
03332 109 1110 ADD R (syll constantY
03336 109 00 Address (parameter)

110 001100000000
03354 110 0001 l i n k

11 1 0101100000
03372 111 10101 OPERATOR (m a r k  c o n s t a n t)
03377 111 0 Current Lexic Level (parameter

112 000
03403 112 O0 O 0 0 110O O 0O 0~ Vr ogram P o i n t e r  (p a r a m e t e r)

113 0
031421 113 11011001100000 link
03437 113 0 INTEGER (type constant)

11 .~!__010
0344 3 114 1100 STEP (s~ il c o n s t a n t)
03447 114 110000 M u l t i p l i e r  (p a r am e t e rT
03455 1111 110 STEP ( s y l l  c o n s t a n t )

115 0
031161 115 001100 Multiplier (parameter)

V 
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031167 115 1010 VALUE (syll constant)
03 1473 115 00000 Va luespace

116 0000000000000000
117 0000000000000000

~ 8 0000000000000000
~ 

0000000
03567 119 110110010 l i n k

120 00000
03605 120 11000 M A R K  (m a r k  c o n s t a n t)
03612 120 010101 l ink

121 11000000
03630 12 1 10100 LIST (mark  cons tan t)
03635 121 111 l i n k

122 11010000000
03653 122 0010 INTEGER (type constant) 

-

03657 122 1 STEP (sy l l  c o n s t a n t)
123 100

03663 123 110000 M u l t ip l i er  (p a r a m e t e r )
03671 123 1100 STEP (syll constant)
03675 123 001 Multiplier (parameter)

1214 100
03703 124 1110 ADDR (syll constant) —

03707 124 110111001 Address (parameter)
125 11000

03725 125 010 11110000 link
126 000

• 03743 12b 0001 NULL (type constant)
03747 126 - 100100111 l ink

— 127 11100
03765 127 11110 STATEOP ( m a r k  cons t an t)
03772 127 1000 Lexic Level (parameter) V

03776 127 00 Program Pointer (parameter)
128 000110011000

04014 128 0000 Dimension (parameter)
129 00

04022 129 100 Mode (parameter)
04025 129 1000000 Decoder (parameter)
04034 129 0000 link

130 0000000000

The following INTEGER results from executing
DYNA’DIM wh ich uses the CARDINAL operand bit address 4052

octal in the previous dump to determine the typeconstant to
put on the stack.

014052 130 0010 INTEGER (type constantL _
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