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ABSTRACT

A compiler for a subset of the Automated Data Processing

Equipment Selection Office (ADP!SO) KYPO—CO3OL has been

imp lemented on a microc omputer . The implementation provide s

nucleus level constructs and file options from the ANS I

COBOL package along with the PERPORM tJNTIL construct from a

higher level to give increased structural control. The

language was imp lemented through a comp iler and run—time

package ex~cuttng under the CP/M operating system of an 8080

microcomputer—based system. Both the compiler and

interpreter can be executed in 201 bytes of main memory . A

program consisting of 8.51 bytes of in te rm ediate code can be

supported on this size machine. Modification of the compiler

and interpreter programs can be accomplished to taLe

advan tage of larger machines. The programs that make up the

compiler and interpreter package require 501 bytes of disk

storage.

4

— 
4~p’



F — —---~~~~~~~-~~~~~~~

TABLE 0! CONTENTS

I. INTRODUCTION  .. .. . 8

A.  BAC IG ROU ND • e e * • • s~~~~e s s s • • s • • . s • s s • • ~~~~, • • • e • . e • •. .  8

0. OP ER A TIN G E NV I RON M ENT  10

C. GOALS AND OB.TECTIVES  10

D • PROBLEM DETINITION .•  • I . •..•..•I•...S.•• 11

It. NPS MICRO—COBOL COMPILER  13

A.. GEN!R~ L DESCRIPTION   13

B. SYMBOL TaBLE . . . . . . . . • . .  13

1. Numeric ?alue~ .   . . . . . .  17

2. Numeric Edit  17

3. Alpha ’rilphanum eric 20

4. Alpha Edit • 20

H 5. Tables . . .•   22

6. Labels  •~~~~. 22

7. Tiles • * I ~~~~• . • • • •* e •• * . • . . .. • . . .  2~
8. R~corsis   • . . . . .  25

C. COMPILER MODUL E PART ONS ............... 27
1. Purpose .... .... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2?

2. Con t rol Ac tions • • • •. . • . • . •S . . ø .• ~~~~.......... 27

3. Symbol Table En t r i e s  ..... ........... 31

4. Intermediate Code Generatton ............... 32

5. Parser Ac tions • . .. .. . .  • . •  • . .  .. . • . . . . . .. . ..  . 33

D. INTERP.~C! ACTIO NS  • S . • . ~~~~• .. .. .S . .. •  42

B. COMPILER MODULE ?ART TwO ” 
• . . . .. . . . . . . .. . . . . . . .  43

1. Purpose .. .. . • . . S .. . .. . .. .  • • .  •~~~~. • * . . . . .. .. . .  43

5

$ - I —-

~~~

-- - - - -— — - — -  

~~~1LI_______
— :~~~~~ , —‘-•~~~~~~~~~~~~~~~~~~~~~~ , ,.—_w • ..



r — — —--- — — ——

2. C o n t r o l  Ac t ions  . • . . .. . . . . .. . . S. . . .  44

3. Symbo l Table Ent r i e s  ..... 44

4. Intermediate Code Generation . .• •. . . . .. .. . . .  44

5. Parser Actions . • .~~ • • . •  .• .  . . ... . . .  4?

III. NPS MICRO—COBOL INTERPRET ER ............ ........... 57

A. GEN!qAL DESCRIPTION ..... 57

B. M!MORT ORG .ANIZATION ........................... 58

C. I NT!RPR ET!R IN TE R ? AC E  . 61

D. PSEUDO—MACHINE INSTRUCTIONS ..... 66

1. Format ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 66

ri 2. A rttbmetic Operations  . . . .. . .  66

3. Branching ••*..~~~~~~~~~~~~~~~~~ • • .. • . ~~~~s .~~~~• e  67

4. Move s • . • . • . . .  . . . . . . .. . . . .  71

5. Input—Ou tpu t . . .  . . . . • . . • . . •  74

7. Special Instructions . . .•  . .. . • . .•  77

-
‘ IV. SYSTEM DEBUGGING METHODS AND TOOLS  80

A. DEBUGGING METHODOLOGY  81

B. INTERACTIVE TOOLS   82

C. CROSS RF!!PENCE LISTINGS   83

D. VALIDA TI ON TESTS  • 83

CONCL U S I CNS AND REC OMM E NDATIO NS . . . . . . .. . . .. . . . . .. .  85

APPENDIX A •..• . •.. 87

APPE NDIX B . . .  . . . . . . . . . . . . . . . • . . . . . . . . . . . • . 136

APP E NDIX C . . . . . . . . 13?

APPENDIX D . . .  • .. . . . . . .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 142

APPENDIX E  . . . • . . • . . .. .  ... . .  151

APP ENDIX P . . . . .  • • .. . .. . • . S• • •. • . . • •s • •. . . .~~~~. S • . .  153

6

U.

_ _ _ _  

—

- -



-~~~~~ - - — ----.- --- -~~~ 

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

-

APPENDIX C. • . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 155

CO MPUTER LISTI NGS • •  • . . . .. .. . . . .. . . . . . .. . . . . . . .. . .  157
LIST OF REFERENCES . . . . . . 272

I N I T I A L  DISTR I BUTION . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . • . 274

f

I

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~



I .  INTROD UCTION

A. BACKGROUND

The NPS MICRO—COBOt Compiler/Interpreter was initially

(1976) developed to demonstrate that it was feasible to

implement a COBOL compiler on a m icro—computer . I t  was known

that the COBOL language used would have to be a subset of

ANSI COBOL because of the restriction imposed by the size of

a micro—computer memo ry . A subset of ANSI COBOL ,

specifically ADPSO KYPO—COBOL , was selected as the basis for

the implementation [31 . Additional motivation was provided

by the DOD re qui reme nt tha t all com put ers use d in a

non— tactical environmen t be capable of executing COBOL.

The prev ious work was direc ted towar1 five major areas :

1.) selecting a suitable COBOL subset to operate on , 2.)

develop the associated grammar for the language , 3.)

determine wha t type of compiler to design , 4.) design and

code the compiler , and 5.) design and code the interpreter.

The interpreter perfo rm s the functions of a classical

linking loader , resolv ing forward address references and

establishing the ru’t time intermediate code environment, as
well as , executing the intermedite code.

The establishment of a suitable language was easily
- - determined since HYPO—COBOL was a Department of the Navy

S approved subset of COBOL , designed to place minimal

requiremen ts on a system for compiler support . Where

8
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poss ible , short constructs were used in the place of longer

ones. Where more than one reserved word served the same

function in COBOL the shortest form was used . There is no

optional verbage in the language , and no duplicate

construc ts perform the same function. Limits were placed on

all statements that had a variable input forma t so that all

statements had. a fixed maximum length. Where possible, such
cons tructs were removed, completely from the language. In

addition , user defined identifier names were limited to

twelve characters to reduce symbol table storage

reøuirements.

Rather than include the standa rd levels of

implementation for all of the modules , constructs were

included only as required . In addition to low level

cons tructs, the PERFORM UNTIL construct was included to

allow better program structure. Further justification for

the manner of subsetting and a highly detailed description

of each element of the language is contained in the

HYPO—COBOL language specifications reference 3. For a

- 

- comparison of KIPO—COBOL constructs that are not supported

by MICRO—CCBOL see appendix C..

The grammar for the MICRO—COBOL language was defined as

L A L R ( 1) .  The compiler design was based on a tab le—driven

parser for the LALR(1) grammar. The algorithm used. to

develo pe the parse tables for the compiler was developed by

V. Lalonge (171.

The basic design and, coding of the compiler and.

9
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i n t e rp re t e r  was comp leted prior to the current thesis work

by Scott Allan Craig (21 . Mod~~ication to the original

thesis work was conducted by Phil Mylet (151 .

B. OPERATING ENVIRON MENT

The NPS MICRO—C OBOL compiler and interpreter are

designed to run under the CP/M operating system on an 8080

or Z90 based microcomputer with at leas t 20K bytes of main

memor y. The compiler programs are designed to use no more

:1 than 12K bytes of main memory, while the interpreter program

uses approximately BK bytes. The compiler and interpreter

require 50! bytes of di sk storage for the program s that make

up the compiler/interpreter package. For information on

crea ting MICRO—COBOL source programs and CP/M see references

4 and 5.

C. GOALS AND OBJECTIVES

The prima ry goal of this thesis project was to complete

the imp lem en ta t i on  of an 8080 microcomputer based

compiler/interpreter , whi ch could com pi le and. execute a

subset of the ANS I Standard HYPO—COBOL language

specification. To achieve this goal both the compiler and

interpre ter would requi re testing , debugging , modification

an d implementation (extension ) of any necessary additional

S 
language constructs. It was also decided tha t while testing

and debugging, the documentation of the compiler ’s and

10
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interpreter ’s internal structures , memo ry or gani za ti on ,

i n t e r faces  and module f u n c t i o n s  would be accomplished .

Since the amoun t of testing and debugging effort could

no t be accurately determined , severa l subgoals were

established which would be undertaken if adequate time was

available. These time dependent goals included the

validation of the compiler and interpreter and the inclusion

of additional language constructs not previously

implemen ted..

In addition to the above goals , it was considered

beneficial to update and. incorporate all previous thesis

locumentation into the presen t NPS MICRO—C OBOL compiler and

interpreter documentation. This documentation is appended to

this thesis.

D. PROBLEM DEFINITION

For software perfo rmance assessment , a series of simple

- 
, COBOL source program s and the Navy Automated Data Processing

Equ ipment Selection Office HYPO—COBOL validation test

programs (RCCVS ) were compiled and execution was attempted..

An evaluation of the test results indicated that the

com pi ler and interpre ter could only com pi le and execu te ver y

simple test programs . In particular , the compiler was unable

to compile past the file section of the first validation

program .

A review of the compiler and interpreter documentation

led to several a d d i t i o n a l  c o n c l u s i o n s .  The compiler  and

1.1
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i n t e r p r e t e r  were d i f f i cul t to unders tand , and pro gram lozic

flow was hard to follow , because: 1.) modular functions were

no t explained well , 2.) documentation on the module

interfacing was inadequate , 3.) complete specifications

describing the internal structures and memory organization

did not exist , and- 4.) few comments were included within the

source code listings .

12 
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I I .  NPS MICRO— COB OL CO MP IL !~R

A. GENERAL DESCRIPTION

The MICRO—COBOL compiler is a one pass compiler that

scans and parses MICRO—COBOL source programs , and genera tes

intermediate code (pseudo—Instructions) for the interpreter

(pseudo—machine). The scanner design is similar to most

other scanner implementation s. The parser is an LALR (1)

table—driven design , implemented in the PLM8O programming

language (81 . The parse tables , as sta ted before , were

generated using an algorithm developed at the University of

Toron to (171

The compi ler rea ds th e sourc e program from a di sk f ile ,

e~ tracts the needed information for the symbol table and

writes the pseudo—Instruct ions to an intermediate code file.

To accomplish this function , the compiler consists of three

- 
•~ modules: PART CNE . IREA DER , and PART TWO .

B. SYMBOL TABLE

The symbol table is the key data structure in the
S 

comp iler. Information concerning Identifiers , files, and

records specified in the DATA DIVISION of the MICRO—C OBOL

source program is stored in the symbol table , along with

labels specified in the PROCEDURE DIVISION .

The symbol table structure consists of: 1.) a sixty—four

5
.-
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add ress hash tab le , 2.) a fixed length field of thirteen

bytes for each symbol table entry, and 3.) a variable length

field to hold the name of each identifier . Since each

identifier name is limited to twelve ASCI I cha racters the

symbol table entry for identifiers can vary in length froñi .

thirteen to twenty—five bytes . The bytes of each symbol

table entry are grouped into various fields of either one or

two bytes depending on the storage requirements. The

thirteen bytes of the fixed length field entry are numbered

from zero to twelve and. the variable length field begins

with byte thirteen . In referencing a specific field a byte

index with a value from zero to thirteen is utilized .

The symbol table entry for a single identifier could

contain up to nine different attributes of that Identifier ,

although not all identifi ers required the full range of

attributes. The various fields in the symbol table contained

different information depend ing on whe ther , for example , an

identifier was a numeric or alphanumeric type. Four of the

fields containe d the same information for all identifiers .

These fields were: 1.) field zero (bytes zero and one

contained the collision link , 2.) field one (byte two)

contained the type of the identifier , 3.) field two (byte

three ) contained the length of the identifier name , and 4 . )

field thirteen (byte thirteen ) was the beginning of the

ASCI I character representation . It should be noted ~.hat an

identifier of type FILLER would not have a name associated

with it , so field two would contain a zero and field

• 
14
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thirteen would not exist.

E n t r y  i n t o  the symbol t ab le  is accompl i shed by using a

HAS H f u n c t i o n  on the ASC II cha racter representation of the

identifier name. This function generates an even number

between zero and. 126. The number is used as an index into

the hash table by specifying an offset from the base of the

hash table . The hash table can hold sixty—four uniquely

determined address references to identifiers . The ha sh table

entry associated with each index reference heads a linked

list of identifiers with the same HASH function value . The

linked list structure provides for additional identifier

storage and therefore the number of uniaue identifiers is

not limited by the sixty—four index values generated by the

HASH function. A zero entry in the hash table ind icates tha t

there is no identifier with that HASH function value . In

tracing through the linked list of identifiers the most

recently declared variabl e appears at the end of the list.

See figure (II—1~ for an example of the computation of a

hash value. See figure (11—21 for and example of the hash

table indextnt and linking of hash values.

S 
- - -
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RASH VALUE COMPUTATION

HASH Function value: sum of identifier ASCII characters

loE ically and w i th  37K then s h i f t e d  le f t  ( SHL ) one b i t .

HA SRBAS E = 2000!

— !.F.(A8) = HASHBAS E + SHL(((41H + 42!) AND 37E),1) = 2006!

H.T.(BA) = HASHBASE + SHL(((42H + 41!) AND 37K),1) = 2006!

FIGURE lI—I.

HASH TABL E, SYMBOL TABLE LINKHG -

H HASH SYMBOL
TABLE TABLE—————— 2128K

coll iston~ ——H 2126K link for <—H
a ‘ “BA ” I

~~~~~~~~~~ 2124K ——__—— 2200E

I —————— —H 2008K
1 2170! ))————————————————— ) I coll ision I
~

—— — — — — —— — —
~ 2006! link for >>——

~ “A “

— H 2170!
— — — — —— — — — —  2000!

— 

FIGURE 11—2
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1. Numer ic Value~

The s ymbol tab le en try for numer ic values can

con tain up to seven attributes of the variable. These

attributes are : 1.) identIfier type , 2.) length of variable

name 3.) beginning address of variable storage , 4.) numer ic

count (number of storage locations required by the

identifier), 5.) level number , 6.) number of digits to the

right of the decimal point , and 7.) the variable name .

Figures (11—3 ] and [11—4] illustrate , respectively , the

following two COBOL declarations:

01 NUM PlC 9(9).

01. PlUM PlC 9(6).999 OCCURS 12 TIMES .

2. Numeric Edit

The numeric edit symbol table entry expands on the

numeric symbol entry and utilizes bytes eight and nine to

hold the beEinning addres s, in the constants area , of the

edit field mask. This mask allowed for the insertion of the

following characters into and output display of a numeric

num ber: fixed and, floating dollar signs , credit(CR) and

iehtt (DB ) signs , asterisk fill, 2 character fill , and. plus

( + ‘
) and minus (

“ — “
) signs. It should be noted that an

identifier with a numeric edit field value can not be used

in an arithmetic statement.

• 1,7
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NUMERIC SYMBOL TABLE ENTRY .

BYTE SYMBOL TABLE VALU E

0—1 1 collision link 
S

(00 00)

2 type i d e n t i f i e r
(10) 

——
- 3 length of identifier
- 1 name (03 )

beginninR address
4—5 1 of identifier

-~~ 
____  

1 storage (04 25)
-

~~ 6—7 length of identifier
- i storage (09 00)

8—9 not used

11. decima l count (00)

12 occurances (00)

1.3—15 identifier name
-. 1 (4E 55 4D)

01 MUM PlC 9(9).

FIGUR E 11—3
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NUMERIC SYMBOL TABLE ENTRY WITH DECIMAL
AND OCCURS CLAUS E

BYTE SYMBOL TABLE VALUE

0—1. 1 collision link

—— 
(09 2!)

2 type identifier
51 (10)

3 length of identifier
name (03)

beginning address
4—5 of identifier stor—

age (0D 25)

6—? 1 length of identifier
I storage (09 00)

8—9 1 not used

10 1 level entry (01)

11 decimal count (03)

12 occnran ces ( 0 C )

13—15 identifier name
S ~~~~~~~~~ ~~~~~~~~~~~~~~~_

01 PlUM PlC 9(6).999 OCCURS 12 TIMES.

FIGURE 11— 4
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3. Alpha or Alp hanumer ic

The alpha and alphanumeric symbol table entries

appear similarly in the symbol table except for their type

fields. Six entries appear in the symbol table for these

identifiers: 1.) identifier type , 2.) length of identifier

name , 3.) beginning address of storage , 4.) number of

storage locations required by identifier , 5.) level entry,

and 6.) tdenttfer name. Figure (lI—Si illustrates an alpha

symbol table entry for the following identifier declaration :

01 ALPEA PlC •~(a).

4. Alpha Edit

The alpha edi t symbol table entry expands on the

alpha and alphanumeric edit types and. utilizes bytes eight

and nine to hold the beginning addres s of the edit field

mask. These mask fields , which are stored in the constants

area of the pseudo—machine, contain the characters necessary

to edit an output so tha t , for example , slas hes or b lan ks

can be interspersed in the display output.

• 20
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ALPHA SYMB OL TABLE ENTRY

BYTE SYMBOL TABLE VALUE

0—1 collision link
(00 00)

2 : type identifier
(08)

3 length of identifi er
i (05)

1 beginninz address
4—5 1 of identifier

storage (16 25)

6—? ‘ length of identifier
1 storage (08 00)

8—9 not used

10 1 level entry (01)

11 1 not used

H 12 not used

13—1? identifier name
(4 1. 4C 50 48 41)

01 ALPHA P lC A ( 8 ) .

FIGUR E Il—S
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5. 1~ables

NPS MICRO—COBOL was designed to support singly

indexed tables. These tables are established by using an

OCCURS clause with the PICTURE clause of an identifier. If

an Identifier is specified as a table the number of

occurances of the table are placed in byte twelve of the

symbol table entry for that identifier. The table identifier

in COBOL is similar to the subscripted variable in other

programming languages. For example , the statement , “01 MUM

:1 PlC 9(9) OCCU R S 12 TIMES ” , generates the symbol table entry

illus trated in figure [11—4] .

- 

- 6. Labels

Labels generate the simplest of all symbol table

en tries , only four or five attributes are associated with

the label. The variability depends on whether the label is

declared in the source program before or after the label is

referenced by a GO or PERFORM statement. In the event a

label is specified before a GO or PERFORM statement

references it, the symbol table would contain the following

1.) the type associated with label, 2.) the length of the

I d en ti f ier name , 3.) the address of the first intermediate

code instruction following the appearance of the label in

the source program (bytes four and. five), 4.) the last

executable instruction associated with the label (bytes

eiRht and nine ) This woul d be either the last executable

instruction encountered before another label or the end of

- 
22
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the program., and, 5.) the label name.

In the event a label is referenced by a GO or

PERFORM sta teme~it before the label actually appears in the

code, the symbol table entry performs a different function

than just indicating the beginning and ending of the

paragraph associated with the label. The same symbol table

fields are used , however their meanings are different. The

type is set to the unresolved label type of (OFFH). The

label remains unresolved until the beginning and the ending

addresses of the associated parazraph are determined .

If a label is referenced for the first time by a ~C

statement the symbol table is initialized with the

following: 1.) unresolved label type (0FF!), 2.) the address

of the GO statement (the intermediate code would be BRM 00

00 where the zeros indicate where the address of the label

is to be backstuffed,). See section III—D for specific

explanation of pseudo—machine instructions., 3.) the

rema inde r of the label entries would be the same except no

S entry is made for the last executable instruction associated

with the label. If an additional reference is made to the

label by a subsequent GC statement the following action

would occur: 1.) the current address (bytes four and five)

would be placed in the branch address of the GO statement ,

2.) the address of this branch statement would be placed in

- 

- 
- 

bytes four and five of the symbol table entry . This

procedure facilitates linking together all unresolved

references to labels so tha t when the label are resolved the

- 

23
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correct branch address could be placed into the intermediate

code.

Encoun ter ing a PERFOR M sta tement before a la bel is

declared causes the following actions: 1.)bytes four and

five contain the address of the next byte of intermediate

code follow ing the PER intermediate code instruction , 2.)and

bytes eight and nine contain the address of the third byte

following the PER instruction. If a subsequent PERFCRM

statement is encoun ted before the label is resolved the two

address fields in the symbol table would be copied to tue

associated bytes following the most current PERFCRM

statement and the address of the first and third bytes

following the PER Instruction would be copied Into the

-J symbol table. It should be pointed out tha t any number of

PEP P OR M an d GO s ta temen ts can be spec ~fied before a labe l is

resolved.

7. FI les

The sy~nbol table entries for files are the most

difficul t to understand . The complexity of the entries IS

due to the wa y fi les an d recor d s are declare d in a

MICRO—COBOL program. The symbol table entry for a file

consists of the followi ng : 1.) byte two contains the type ,

2.) byte three contains the length of the file name , 3.)

bytes four and, five contain the address in the symbol table

of the first 01. level record associated with the file , 4.)

bytes eight and nine contain the beginning address of the

• 24
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file control block and input/output buffer for the file ,

(this would be the actual address in the data section of the

pseudo—machine for the beginning of the 165 bytes associated

wi th the file ’, 5.) if the file has a key entry associated

with it (acces- - v ia RANDOM or R.ANDOM RELATIVE ) bytes ten and.

eleven contain the symbol table address of the access key

var ia ble , and 6.) the rest of the entry contains the file

name. Figure [11—6] illustrates a file entry in the symbol

table.

8. Records

-
I

- This entry contains seven attribu tes of a record .

Three are the same as all  other en tr ies type , name , and,

lengt h of name . While the other four are : 1.) bytes four and

five contain the initial storage address for the record , 2.)

bytes six and seven contain the number of bytes of storage

for the record , 3.) bytes eight and nine contain the symbol

table address of the file associated with the record (this

facilita tes referencing the file when the record is

S I written), and 4.) byte ten contains the level entry for the

record.

H:-
25
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FILE SYMBOL TABLE ENTRY

SA MPLE SOURCE PROGRAM FILE DECLARATION

INPUT—OUTPUT SECTION .
FILE—CONTR OL.

SELECT POSTER—FIL
ORGANIZATION RELATI VE
ACCES S R ANDOM RELATIVE MUM
ASSIG N CS81—PIL.

BYTE SY MBOL TABLE VALUE

0—1 collison link

2 type file
1 (03)

3 length of file
name (05)

symbol table
45 address of first

01 level record
(09 2E)

6—7 not used

8—9 1 first address of
FCB & bu ffer

- 
- I (eE 26)

10—11 sym b~,l table
address of key
(33 27)

— 12 : not used
13—17 1 file name

1 (52 4F 53 54 45 32
H 

1 SF 46 49 4C)

FIGURE 11—6

5 ,

26

_ _ _ _  

_ _ _ _  

S 
____ 

—— 
_

.~~~~~~~~~

_

•‘

_

.
‘5~~~~i~~~~~ _ S 

• j



C. COMPILER MCDULE ‘PART oNE ”

1. Purpose

This first module of the compiler performs several

functions. First , it establishes the interface between the

compiler and,: 1.) the input source file (of type CBL ’), 2.)

the output intermediate code file (of typ e “CIN ”), and 3.)

the IR IADER mo dule whi ch read s and passes con t rol t o PA RT
TWO of the compiler. Second , it scans and parses the source

program sta tements up to the PROCEDURE DIVISION . Third , it

generates output consisting of the symbol table entries

(saved in memory) and data initializatio n intermediate code .

2. Control Actions

By execu ting the command COBOL <source pr~gram), the

object cod e for PART ONE of the comp i ler is loaded into

memory starting at 100R (if necessary this can be modified

for different machines) by the CP/M o~erating system.

Execution of PART ONE loads the program name associated with

the source program into the Inpu t file control block located

at SC!. This allows the source program name to be saved

un til actual source program compilation begins.

Nex t , the control program , IREADER , is moved to high

memor y just below the BDOS (see reference 4 for an

explana tion of BDOS and other CP/M associated names). Pot

~~ainple , using an INTEL Corporation 62! MDS microcomputer

system with the CP/M operating system , the t READER rou ti ne

27 

- - ~~ ~~~~ 
:-
~~~.

~

——- -=~~~~~~- ~~~~~~~~~~~ — - - ,

S ~~~ - - ‘~~ T .  —r -—— r- -



is n oved to high memory starting at OD000H and continuing

through ODØFFR . This is done for two reasons: 1.) It allows

the symbol table of the source program to begin at the next

address following the object code for PART ONE , and 2.)

places tREADER high enough in memory so that it is not

destroyed by creation of the symbol table. See figure s

(II—?] and (11—81 for illustrations of the PART ONE memory

or~an izatton before and after the tREADER routine Is moved .

The purpose of the tREADER routine will be explained in the

nex t section.

28 

_ _ _ _ _ _ _5-



MEMORY OR GA N IZATIO N BEFORE IRE A DE R ROUT I MF MOVED

~—— —— — — — — —— ——— ———— 1 P000!
I Top of Memory

I I

I BDOS
1 — 1 D100R
I I

Free Area

treader Routine
Be fore Move

I I
1 1
I Part 1 of Compiler 1
I ————— ———— 1 100!

000!

FIGURE II—?
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MEMORY CR~ANIZATION AFTER IFLEA EE ROUTINE MC~ ED

I I Top of Memory
I I

BDOS
— ——— — —— ——~~~~~~ — — —  D100H

t reader Rou tine
1 A f t e r  Move

D0~ ZR

I Free Ar ea( .M em or y ) I

1 Part 1 of Compiler
t ————————-————————— 100!

——— 000!

?I’URE tI—B

r
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N ext , the I n t e r f a c e  between the compi le r  and the

input file <source program) and the output file

<intermediate code file) is established . The input file

control block associated with the source tUe is tnit ia ized

and the inpu t file is opened . The inpu t file name is copied

to the output file cont~’ol block (FCB ) and if there is an

intermediate code file already residing on the disk-, it is

erased. The output PCB is initialized and a tile directory

entry established for the new copy of the intermediate code

file.

Prior to beginn ing the scanning and parsing actions ,

L the firs t 128 byte record of the input tile is read. into the

input buffer , located at 80! (default I/C buffer tot CP/M).

The scanner is primed with the first character of the tnpu~

program , and scanning and parsing actions continue from this

point in PART CM! until the ?BOCEDUR! DIVISION of the source

- 

- 
program is encountered ; at this time compilation is

suspended.

3. Symbol Table En tries

Entries made in the symbol table by PAPT ONE will

consist of all identifiers declared in the DATA DIVISION of

the source pr otram . By refering to the Symbol Table Section

- 
above , an explanation nay be obtained rega rding the vario~is

types of symbol table en t r i e s .

3]. 
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4. Lntermed,iate Cod,e Generation

Pseudo—instructions are written to the intermediate

cod e f ile for severa l di fferen t reasons whi le PART ONE i s

scann ing and parsing the source program . The first

intermediate code generated occurs when the INPUT—OUTPUT

SECTIO N of a source program is nonempt y. Within the PILE

CONTROL PARAG RA PH of thi s sec ti on , instructions are

generated to initialize the FCB for the file name associated

- :  w i th the SELECT statement. The name associated with the

ASSIGN statement is placed in the FCB and is used in

referencing the file on the disk .

Two other instances of intermediate code generation

- 

- occur in the W OR !I NG STORA GE SECTIO N of a source ~rogram.

Anytime a record or elementary identifier entry has an

edited PICTURE CLAUS!. code to initialize the storage

beginning at the address specified in the formatted mask

attribute of the symbol table ent ry will be written to the

intermediate code file. When a record or elementar y

identifier entry has an associated numeric or nonnumeric

VALU E CLAUS! , code to initialize the storage beginning at

the address specified in the value location attribute of the

symbol table entry will be written to the intermediate code

file.

The final pseudo—instructio n written to the

intermediate code file is the SCD instruct ion. This occurs
- 

-~ when the parser parses the word PROCEDURE in the source

program ; control is then passed to PART TWO and compilation

32
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con tinues.

5. Parser Ac tions

The actions corresponding to each parse step are

explained below. In each case , the grammar rule that is

being applied is given , and an explanation of what program

actions take place for tha t step has been included . In

describing the actions ta~cen for each parse step there has

been no a t t e m p t  to descr ibe  how the symbol  table  is

cons t ruc ted , what pse udo—instruction s are generated or how

the values are preserved on the stack . The intent of this

section is to describe what info rmation need s to be retained

and at what point in the parse it can be ~etermtned . Where

no action is required for a given statement , or where the

only action is to save the contents of the top of the stack ,

no explanation is given. Questions regarding the actua l

manipulation of information should be resolved by consulting

the programs.

1 <program) ::= <id—d,iv) <e—div> <d—div> ?!CCEDURE

Reading the word PROCEDURE terminates the first

par t of the compiler.

2 <id—d,iv> : := IDENTIFICATION D I V I S I O N . P P O GP , A M— I D.

<comment) . <auth) <date> <sec)

3 <auth> : :—  AUTHOR . <comment>

• 
- 

4 1 <empty>

5 <date) : := DATE—WRITTEN . <comment>

6 1 <empty)

33
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7 <sec) ::= SECURITY . <comment>

e I <empty>

9 <comment> ::= <input)

10 1 <comm ent) <input>

1]. <e—div> : := ENVIRONMENT DIVISION . CONFIGURATION

SECTION.

<scr—obj> <t—o>

12 <src—obj) : := SOURCE—COMPUTER . <comment> <debug>

OBJECT—COMPUTER . <comment>

13 <d~ bug> : := DEBUGGING MODE

Set a scanner toggle so that debut lines will be

read..

14 1 <empty>

15 <i—ø> : := INPUT—OUTPUT SECTION . PILE—CONTROL

<file—control—list> <Ic)

16 1 <empty )

17 (file—control—list ) ::= <file—control—entry>

1 <file—control—list>

<file—control—entry >

19 <file—control—entry ) ::= SELECT <Id) <attribute—list ).

At this point all of the information about the file

has been collected and the type of th~ file can be

determined . File attributes are checked for

compatabi lity and entered in the symbol table.

20 <attribute—list > ::= <one attrtb)

21 1 <attribute—list> <one attrib >

22 <one—attrib ) ::~ ORGA NIZATION <org—type>

• 34
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23 1 ACCESS <acc—type> <relative s

24 1 ASSIGN <input>

A tile control block is built for the file using the

IN? opera tor.

25 <ore—type > ::= SEQUENTIAL

No information need s to be stored since the default

file organization is sequential.

26 1 RELATIVE

The relative attribute is saved for production 19.

27 <acc—type) ::= SEQUENTIAL

This is the default.

28 1 RANDOM

The random access mode is saved for production 19.

29 <relative ) ::= RELATIVE <id> -

The pointer to the identifier will be retained by

the current symbol pointer , so this production only

saves a flag on the value stack indicating t h a t  the

production did. occur.

30 1 <empty )

31 <ic> ::~ 1— 0—CONTROL . <same—list>

32 <empty)

33 <same—list ) ::~ <same—elemen t’~’

34 <same—l ist> <same—element >

35 <same—element> :: SAME <Id—string ’>

36 <id—string) ::~ <id>

37 <id—string> <id)

- 
- 38 <d—div) : :z  DATA DIVISION . <file—section> <work)

~~~~~~~~~

. 
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<link>

39 <file—section> ::~ PILE SECTION . <file—list>

A flag needs to be set to indicate completion of

the f ile sec tion, so that the appropriate routine

will be called when parsing level entries in the

WORKI NG STORAGE SECTION .

40 1 <empty>

The flag, indicated in production 39, is set.

41 <file—list ) ::= <file—element>

42 1 <file—list) <file—elem ent>

43 <files> :: PD <Id . > <file—control>

<recor d—description>

This statement indi cates the end of a record

description , if there was an implied redefinition

of the record., then the level stack (ID$STAC!)

must be reduced . The length  of the f i r s t  record.

description and its address can now be loaded

into the symbol table for the file name .

44 <file—control ) ::~ <file—list)

• I The address of the symbol table entry for the

record describing the file name is entere -t into an

attribute of the file name symbol table entry,

while the address of the file names symbol table

entry is entered into an attribute of the same

record .

45 1 <empty>

Same as 44 above .

36
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46 <file—lIst> ::= <file—element>

47 1 <fIle—list> <file—e lement>

48 <file—element) ::= BLOCK (integer> RECORDS

49 1 RECORD <rec—count>

The record length is saved for comparison with

the calculated length from the picture clauses.

50 1 LABEL RECORDS STA ND ARD

51 1 LABEL RECORDS OM ITTED
52 1 VALUE OP <id—string>

53 <rec—count) ::= <integer>

54 1 <integer> TO <integer)

The TO option is the only indication that the file

will be variable length . The maximum length mus t be

saved.

55 <work> : :=  WORKING—STORAGE SECTION . <record—description )

If the level stack (ID$STACK) contains a record.

identifier with a level number greater than one ,

then the stack’ must be reduced . The reduction

depends on whethe r the identifier on the top of

the stack is a redefinitio n of the item beneath

it or not. The primary action is to assign the

pro per amoun t of s torage to the las t rec ord in

the WORKING STORAGE SECTION.

56 1 <empty>

5? (link) ::* LINKAGE SECTION . <record—description)

58 1 <empty>

59 <record-description ) ::~ <level—entry>

37
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60 1 <record.—description)<level—entry,

61 <level—entry> ::= <integer> <data—id> <redefines>

<data—type >

The symbol table address for the level entry

identifier is loaded into the level stack

(ID$STACK ). The level stack keeps track of the

nesting of field definitions (elementary Items )

in a record in the FILE and WORKING STORAGE

SECTIONS . At this point there may be no Irfor—

matton about the length of the item being defined

.1 and its attributes may depend entirely upon its

constituen t fields. Within the FILE SECTION ,

multiple record descriptions for a file are

assumed to be redefinitions of the first record

description. In the WORKING STORAGE S~CTIO~4 , if

there is a VALUE CLAUSE , the stack level to which

it applies is saved in PENDI~IIG~ LITER AL, the level

entry number is saved in VALUZ$LEV E and a flu,

VALU!$FLAG , is set.

62 <data—Id.) ::= <id>

63 1 FILLER

An entry is built in the symbol table to record

information about this record field. It cannot be

used explicitly in a proer am because it has no name ,

but its attributes will need. to be stored as part of

the total record .

64 <rede f ines)  ::~ REDEFINES < Id >

I ’ 38
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The redefines option gives new attributes to a

previously defined record area. The symbol table

pointer to the area being redefined is saved in an

attribute of the redefining identifier ’s symbol table

entry , so that information can be transferred to the

area by either identifier. In addition to the Inform-

ation saved relative to the redefinition, it is nec-

essary to check to see if the current identifier ’s

level number i s less than or equal t o th e level number

of the identifier currently on the top of the level

stack. If this is true , then all information f~ r the
item on top of the stack has been saved and tte stack

can be reduced . If the current identifier is a redef—

inltion of anothe r identifier , the stack entry for the

record being redefined is not removed until the first

non—redefinition of a curren t identifter at the same

level.

65 1 <empty)

As in production 64, the stack (ID~STAC!) is checked

to determine if the curren t level number indicates a

reduction of the level stack is necessary . Zn add-

ition , special action need s to be taken if the new

level is 01. If an 01 level is encountered at this

pr oduction prior to production 39 or 40 (the end of

the file area), it is an implied redefinition of the

previous 01 level record. In the WORKING STORAGE

• SECTION , it indicates the start of a new record .

~~~~ 
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66 <data—type) ::= (prop—list>

67 1 <empty )

68 <prop—list ) : := <data—element>

69 1 <prop—list > <data—element>

70 < da ta—elemen t >  ::~ PlC < inpu t>

The <input> at this point is the character string

that defines record field . It is analyzed arid the

necessary extracted information is stored in the

symbol table.

71 1 USAGE CON?

The field is defined to a binary field ; however ,

COMP has not been imp lemented , therefore , if

th ere is an assoc ia ted V ALUE CLAUSE , the valLi e is

entered into the associated identifier ’s value

storage location in display format.

72 1 USAGE DISPLAY

The DISPLA Y forma t is the default , and thus no

special action occurs.

73 1 SIGN LEADING <sepa rate)

This production indicates the presence of a sign in

a numeric field. The sign will be In a leading

position. It the <sepa rate> indicator is true ,

then the length will be one longer than the PICTUR E

CLAUSE , and the type will be changed to signed

• - - numeric leading and separate.

•
~ 74 1 SIGN TRAILING <separate>

The same informati on required by production 73 must

40
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be recorded , but in this case the sign is trailing

rather than leading .

75 1 OCCURS <integer)

The type must be set to indicate multiple

occurren ces and the number  of occurrences saved

for comDuttng the space defined by this field.

76 1 SYNC <direction>

Syncroniza tion with a natural boundary is not

required by this machine.

7? 1 VALUE <literal>

The field. being defined will be assigned an initial

value determined by the value of the literal throuzh

the use of an INT operator. This is only valid in

the WORKING—STORAGE SECTION. ‘dote tha t numeric and

signed numer ic PICTURE CLAUSES will have a nume ric

— no quotes delimiting — VALUE CLAUS!, while
alphanumeric and alpha types will have a nonnurn eric

— literal delimi ted with quotes — VALUE CLAUSE.

78 <direction ) : := LEFT

RIG!T

I <empty>

81 <separate> ::a SEPARATE

The sepa rate sign indicator is set.

82 1 <empty>

- 

- 

83 <literal> ::* <Input>

The inpu t string is checked to see if it Is a valid

numer ic literal , and if val id , it is stored to be

H 
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us ed in a va lue  a s s ignmen t .

84 1 <lit>

This l i t e ra l  is a quoted s t r i n g .

85
’ 

1 ZERO

As the case of all l i t e ra l s , the fac t  tha t there

is a pending l i tera l needs to be saved . In t h i s

case and the three following cases, an indicator

of which literal constant Is being saved is

all that  is requi red. The l i t e ra l  value  can be

recons tructed later.

-j 96 1 SPACE
‘1 

~~~ I QUOTE
88 <in teger )  ::= <input)

The input string is converted to an integer value

for later internal use.

99 <id) ::= <input )

The inpu t string is the name of an identif ier and.

is checked aginst the symbol table. If it is in the

symbol table , then a pointer to the entry is saved .

If it Is not in the symbol table , then it is

entered and the address of the entry is saved .

D. INTERFACE ACTIONS

• When compilation is suspended in PART ONE of the

com piler certain key variables are saved for use in PART

TWO. These variables are declared sequentially in PART ON!

and are therefore located in contiguous memory in the
• i~’• 

-

:
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var iable area of PAR’! ONE. These variables consist of

debugging toggles set when invoking the compiler , i .e.

sequence or token numbers , a pointer to the next available

address in the symbol table , a pointer to the next character

in the inpu t source file, the outpu t file control block , the

next  add ress in  the in te rmedia te  code area , the next  address

in the constants area , and the base address of the symbol

table.  These key var iab les , c o n s i s t i n g  of 48 bytes , are

copied to the 48 bytes immediately below the tREADER routine

to insure they are not destroyed when PART TWO of the

compiler Is brought into memory. Since the memory area

required for  PART ONE is larger tha n that required by PART

TWO the symbol table does not need to be relocated.. Since

the symbol table is not altered when PART TWO of the

comp iler is brought into memory only the base address of the

symbol table  and the last address of the  symb ol t ab l e  need

be saved to  insu re  tha t access 
•
to the symbol  t ab le  can be

continued in P~RT TWO. See Figure [11—91 for an ill~istration

of the memory organization when control is transfered from

PART ONE to IR!AD!R. The I!EAD!R rountine causes PART TWO of

tne compiler to be brought into memory starting at 1O0R and

then transfers control to PART TWO of the Compiler .

!. C OMPILER MCDULE “PART TWO ”

1. Purpose

• The second part of the compiler scans and. parses the

• 
-
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MICRO—COBOL source statements starting with the PROCEDURE

DIVISION and generates the necessary intermediate code.

2. Con trol Actions

The first action after control is transfered. to PART

TWO from the tREADER routine is to copy the 48 bytes of the

in formation saved from PART ONE into associated variables in

PART TWO. After these variables are initialized all

references to files , symbol table entries , etc. can be mad e

in PART TWO and compilation can continue . See Figure [11—101

for an illustration of the memory organization at the time

PART TWO begins compilation.

3. Symbol Table Entries

Entries made in the synibol table by PART TWO will be

those for paragraph labels encountered with in the PROCEDURE

DIVISION of the source program .

4. Intermediate Code Generation

For an explanation of the pseud o—instr uctions that

are generated by PART TWO refer to the compiler prograr’

listings and the parser actions below. Also, for general

information on pseudo—instructions refer to section III—D.
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MEMORY ORGA N IZATI ON WHEN CONTROL IS TRANS FERED TO tREADER

———————— ———— ~ To p of Memory
I 1

BDOS
— —— —— — —- -— — — — — —  0D10OK

1 IRKA DER Rou ti ne 1——————— ———— ——— OD000H
1 PART ONE

1 —— ) 1 Saved Var iab les  I
1—— ———— OCF D!H

I I $
I I I
I I I
I I

I I I

Free
I I Memo ry— — ——— — —— —— I Top of

I Symbol Table

- I  I I I I

I Symbol
- 

• I I Ta b le
- 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~PART ONE
:-<<

I I
I I
I I

I I
I I
I I

PAR T ON E ————— 100R 

—I 000H

7IG UR E 11—9

-- ‘I’

A~~~

—- 

s- 
~~~~~~~~~~~~~~~~~ 

‘i•~~~~~~ 
-5-- -— —b - - - -

[ - I i~:i~~~~~~~~~~~~
- 

~~~~~~~~~~~ 
• • ,

~~~~~~~~~~~~~~~
,

T • 
— 

~~~~~~~~~~~~~
-
• --- - 5 - 5 -~••~— —5- -’-- - —5- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - U- ———- - — -~



ME M ORY O R G A N I Z A T I O N  AFTER PART TWO IS COPIED INTO MEMORY
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FIGURE 11— 10
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5. Parser Ac tions

The actions corresponding to each parse step in PART

TWO are explained below. In each case , the grammar ac tion
that is being applied is given , and an explanation of what

program actions take place for that step has been included..

In describing the actions taken for each parse step there

has been no attempt to describe how the symbol table entries

are made, wha t pseudo instructions are generated or how the

values are preserved on the stack. The intent of this

section is to describe what information needs to be retained

H and at what point in the parse it can be determined . Where

no action is reautred for a given statement , or where the
- 

I 
only action is to save the contents of the top of the stack ,

no explanation Is given .

1. <p—div > : := PROCEDURE DIVISION <using>

<proc—body> EOF

This production Indicates termination of the

compilation . If the program has sections , then

it will be necessary to terminate the last section

w i t h  a RET 0 instruction . The code will be ended.

by the output of a T~R operation.

2 <using> ::= USING <id-~string>

Not implemented .

- 

- 3 1 <empty >

4 <id—string > :: <id>

The id entifier stack is cleared and the symbol

table address of the identifier is loaded into

I -
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the firs t stack location.

5 1 <id—string> <id>

The identifier stack is incremented and. the symbol

table pointer  stacked .

6 <proc—body ) ::= <paragraph>

7 1 <pro c—body > <paragraph >

8 <paragraph> ::= <id> . < sen t ence—l i s t >

The starting and ending address of the paragraph

are entered into the symbol table. A return is

emitted as the las t instruction In the paragraph

(RET 0). When the label Is resolved , it may be

necessary to produce a BST operation to resolve

prev ious references to the label.

9 1 <id > SECTION

The starting address for the section is saved . If

it is not the first , then the previous

section end ing add ress is loaded and a return

(RET 0) is output . As in production e, a BST may

be produced .

10 <sentence—list) ::= <sentence).

11. 1 <sen tence—list> <sentence>

12 <sentence) ::= <imperative>

13 I <conditional >

14 1 ENTER <id.> <opt—id )

This construct is not implemented .. An E~4T!R allows

statements from another language to inserted in the
— 

source code.

kr. 48
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15 <imperative> ::~ ACCEPT <subid.>

A CC <address> < leng th>

16 1 <arithmetic )

1? 1 CALL <lit> <using)

This is not implemented .

18 1 CLOSE <id>

CLS <file control block address>

19 1 <file—act>

20 1 DISPLAY <lit/Id> <opt—lit/U>

The display operator is pr oduced for the first

literal or identifier (DIS <address> <length> <flag>).

If the second value exists , the same code is also

produced for it. The only difference in the two

display outputs is the flag Is set to zero on the

first display to surpress the carriage return and

line feed .

21 1 EXIT <program—id >

RET Ø

22 1 G 0 <id>

BRN <address)

23 1 GO <id—s tring> DEPENDING <id>

GD? Is output , followed by a number of parameters :

<the number of entries in the identifier stack>

<the length of the depending identifier > <the

address of the depending identifier > <the address

of each identifier in the stack).

49

- 

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

- --- -5 

- - -: 
- 

~~~~

--5--



-- - 5 - --- -- -5 —-5- 
- -5- -

24 1 MOVE <lit/id> TO <subid)

The types of the two fields determine the move that

is generated.. Nuneric moves go through register two

using a load and a s tore . N on—numer i c  moves depend

upon the result field and may be ei ther  MOV , MED or
tINE. Since all of these instruct ions have long

parameter lists , they have not been listed in

de ta i l .

25 OPEN <type—action > <Id>

This produces either OPN , OP1 , or O?2 depending

upon the <type—action ). Each of these is followed

by file control block address.

26 1 PERFORM <Id> <thru> <fin1sh~-

- The PER operation is generated followed by the

<branch address> <the address of the return

statement to be set> and <the next instruction

address> .

27 1 <read—id.>

28 1 STOP <terminate>

If there i s a termina te messa ge , then STD is

produced followed by <message address) <message

length> . Otherwise STP is emitted .

29 <conditional > ::= <arIthmetic> <size—error> <im~era ttve>

A BST operator is output to complete the branch around

the imperative from prod uction 65.

30 1 <fi le—act> <invalid .) <imperative >

A BST operator is output to complete the branch from

H 50
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production 64.

31 <if—nonterminal> <condition> <action>

ELSE <imperative )

NEG will be emmitted unless <condition> is a

‘NOT <cond—type)’, in which case the two negatives

w ill cancel each other. Two ~ST operators are required .

The first fills in the branch to the ELSE action. The

second completes the branch around the <imperative>

which follows ELSE.

32 1 <read—id> <special) <imperative>

A BST is produced. to comple te  the  b r anc h  a round .  the

<imperative >.

33 <A r i t h m e t i c >  ::= ADD <1/id> <opt— h id> TO <subid>

<round)

The existence of multiple load and. store instructions

ma1ce it difficult to indicate exactly wha t code will

be generated for any of the arithmetic instruction s .

• The type of load, and store will depend orthe nature

• of the number involved , and. in each case the standard

pa rameters will be produced. This parse step will in-

volve the following actions: first , a load will be em-

itted for the first number into regster zero. If

there is a second. number , then a load into register

one will be produced for it, followed by an ADD and a

STI. Next a load into register one will be generated

for the result number. Then an ADD inst ruction will

be emitted . Finally, if the round indicator is set , a

51
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F.ND operator will be produced prior to the store.

• 34 1 DIVIDE <1/id) INTO <subid> <round)

The first number is loaded into register zero. The

second, operand is loaded into register one. A DIV

operator is generated , followed by a RND operator prior

to the store , if required .

35 1 MULT I PLY < 1/id> BY <subid.> <round>

The multiply is the same as the divide except that a

-I MIlL operator is generated..

36 1 SUBTRACT <1/id.> <opt—h/U> FROM
- 

- 

<subid .> <round>

Subtaction generates the same code as the ADD except

that a SUB is produced in place of the last ADD .

37 <tile—act) ::= DELETE Kid.>

Either a TLS or a DLR will be produc ed along with the

required parameters .

38 REWR ITE <id>

Either a F’IS or a RWR is emitted , f~ l1owed by parame—

ters.

39 ! WRITE <id> <special—act >

There are four possible write instruction s: ITT, lvi ,

WRS , and WRR .

40 <condition > ::~ <lit) <not) <cond—type )

I 
- One of the compare instructions is pr,duced . rhey’ are

CAL , C!IS, CNU, RGT , RLT , REQ , SGT, SLT , an d. SEQ.

Two load instructions and a SU~ will also be generated

-~~~ if one of the register com~arisons Is reautred..
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41 <cond—type ) ::= NUM ERIC

42 1 ALPHABETIC

43 1 <compare> <lit/id .>

44 <n o t >  : := NOT

MEG is emitted unless the NOT is part of an IF

statement in which case the NEG in the IF

statement is cancelled..

45 1 <empty>

46 < com pare) ::= ~-REATER

47 
- 1 LESS -

48 1 E QU AL

49 <ROUND) ::= ROUNDED

50 1 <empty>

51 <terminate ” ::= <literal >

52 RUN

53 <special) ::= <invalU>

54 : END

An ERO operator :s emitted followed. by a zero. The

zero acts as a filler in the code and. will be bac~c—

stuffed with a branch ad~iress. In this production

and several of the followin g, there is a forward

branch on a false condition past an imperativ e action.

For an exam pl e of th e resolu ti on , examine production 32.

55 <opt— id.> : := <subid>

56 1 <empty>

57 <act ion) : := <imperative)

H BRN Ø
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58 1 NEXT SENTENCE

BRN O

59 <thru> ::= THRU <Id.>

6~ I <empty>

- - 61 <finish> ::= <1/id) TIMES

LDI <address> <length) DEC ~
62 1 UNTIL <condition >

63 1 <empty>

64 <invalid> ::= INVALID

INV 0

65 <size—error ’~ :: SIZE !?RO~
SER O

66 <special—act> ::= <when > ~DVAN C IN~ <how—many .’

67 <emDty>

68 <when ) : :=  BE !c-R!

69 AFTER

7~ <how—r’any>::= <int~ger>

71 1
74 1—0

75 <subtd ’ : : =  <su bscr1pt ’
~

76 <H>

77 <integer> ::= <input>

The value of the input string is saved as an intern al

nu mber.

78 < I d )  : := <in~ut>

The identifier is chec~ced aginst the symbol table , if

it is not present , It is entered as an unresolve d

54
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label.

79 <1/id) ::= <input>

The inpu t value may be a numeric literal. If so , it

is placed in the constant area with an INT operand..

If it Is not a numeric literal, then it must be an

identifier , and it is located in the symbol table.

80 1 <subscript )

81. 1 ZERO

82 <subsc ript ’~ : : =  Kid.> ( <input )

- If the identifier was defined with a USING option ,

then the input string is checked to see if it is a

number or an identif ier. If it is an identifier ,

t~’en an SC~ operator is prod i~ce4.

83 < op t — l / t d)  : := <1/id>

84 1

ES <nn—l it> ::= <lit>

The litera l string is placed into the const ant area

usi ng an tNT operator.

96 S?ACE

~~~~~ I QUOTE

98 < l i t e r a l >  : := <nn— h it>

89 1 <input>

The input value mus t be a numeric litera l to be valid

and is loaded into the constant area using an tNT.

I ZERO

91 • hit ,’i~) ::= <1/id>

92 1 <nfl—lit )

:55
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93 <opt—l it/id> <lit/id>

94 1 <empt y>

95 <program—Id ) ::= <id>

96 - 1 <empty )

9? <read—id.) ::~ READ <id>

There are four read ope rations: RDF , RVL , RRS , and

RH?.

98 <if—nonterminal>::= tF

56
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III. NPS MI CRO—COBOL INTERPRET~R

A. G ENE R AL D E S C R I P T I O N

The following sections describe the NPS MICRO—COBOL

pseudo—machine in terms of the Irrplementation, memor y

or~anizatto n , interface actions and interpreter

instructions. The pseud o—machine , which is constructed in

the transient program area of CP/M , is th e  target machine

for the complier and is im~ lerented through a programmed

interpreter. The Interpreter decodes each operat lor and

eithe r calls subroutine s to perform the required actions or

• acts dir’ctly on the run time environment to control the

actionS of the interpreter. All commun ications between

instr uctions is done through common areas in the program

where in form ation can be stored for later use. See figure

Cu t—i l for an illustration of the pseudo—machine

or~aniz ation .

The machine contains a program counter an~ multiple

parameter operations whtch conta in all the inform ation

required to perform one complete action requited by’ the

language . Three ei,ehteen d1g~ t registers are used for

arit hmetic ope rations , a1on~ with a subscript stac~c used t o

cor pute sub script locations , and a set of flags are used to

pass branct~.ing information from one instr u ction to another.

Addresse s in the pseudo—machine are represented by 16

b I t  values. ~r .y memory address greater than 2~ hextdecimal

5?
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is vali4~. Addresses less than 2-~ hexidecima l will be

interpreted as having special signIficance. For example

addresses one through eIght are reserved for subscript stack

references. All other addresses in the machine are absolute

addresses.

The register s allow manipulation of sign ed numbers up to

eighteen digits in length. Included. In their representation

is a sign i n d i c a t o r  and the position of the assumed decimal

point for the currently loaded. number. Numbers are

re oresented In standard COBOL Thtsplay” format. These

numbers  may have  sep ara te  s igns  i n d i c a t e d .  by “
I-

’ and “
—
“ or

may have a ~zo ne ’ indicator , denoting a negative sign , in

the most significa nt byte of a number s storage location.

Before operations occur on any number , it is converted to a

paciced doctmal format and entered Into one of the

pseudo—machine registers.

• B. MEMORY OP!AN IZA T ICN

The memory of the pseudo—machine is divided into three

- 
~

- 

r~~jor a reas :  1.) the data area is established by the D~.TA

D I V I S I O N  s t a t e m e n t s  of the sourc e program , 2.) t he  constants

area whi ch is es tab l i shed  by b o t h  the DATA and PROCEDURE

DIVISICNS of the source program , and 3.) the code area which

is established by the PROCEDURE DI’!ISION .

The data area t~ the lowest area in the pseudo—machi ne.

This area contains the storage for identifiers declared in

the TAT A D I V I S I O N .  A d d i t i o n a l l y ,  the data  area c o n t a i n s  the
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File Control Block (FC3) and the buffer space (128 bytes )

for all files declared in the source program .

Immediately following the data area is the code area .

This contiguous area of storage contains all executable code

generated . The constants area is located in high memory of

the pseudo—machine. This area contains all edit field masks

as well  as a l l  numeric  and non— numer i c  l i t e r a l s .  Figure

rUt—i] Ilustrates the memory organization of the

pseudo—machine .
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PSEUDO— MACHINE ORcANI ZATION

1 ————— ——— —— ØF8ZØH Ton of Memory
1 1
I I

1 1
I I

1 Base of BDOS 
1 ØD1ØØH

1 1
I I

‘ Cons tants Area
I I
I II I

-• I II I I

I Poss ib le Free
-
• Memory

I I

llntermedi ate
1 Co de A rea

• ——— —— — — ————— — ——— — — SCD
I I

I I
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I  —————— 1 2~ øøH
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C. INTERPRETER INTERFACE

The i n t e r p r e t e r  cons i s t s  of two i n t e r f a c e  rou t ines  and

the main interpreter program. To execute the interpreter tne

comma nd EXEC <filename.fi1ety~pe> , (where file type is CIM ),

is typed at the terminal . This action causes the two

interface routines , BUILD and. INTRDR , to be brought into

memory. See figure [111—2] which illustrates the memory

organization immediately after BUILD and INTRDR have been

copied into memory. The BUILD routine reads in the

intermediate code , inItial izes all memory locations

requi ring initalization , and resolves all unresolved. address

references . The INTRDR routine reads the inter .~re ter pro gram

into memory and transf~ rs concro l to the interpreter

program.

The intermediate code Instruction s fall into two

categories: 1.) instructions used by BUILD to establish the

run time environment and., 2.) Instructions to be executed by

the interpreter. The following four instructions are

generated in the compiler for use by the BUILD routine; SCD ,

TNT , ES? , and TER.

The SCD (start code ) Instructio n is the last instruction

generated by PART ONE and, ind icates where the first

executable Instruction for the intermediate code Is to be

loaded.. This correspo nd s to the addrest immediately

following the data area in the pseudo—machine. See Figure

(Ill—i] which illustrates the relative location of the

address  that is associated with the SCD instruction.
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MEMORY ORGANIZATION AFTER BUILD AND INTRDR

HA VE BE E N LOADED I N TO MEMO RY 

————— —— 1 OP800H
I To p of Memor y

I I

1 1
I I
I I

I Base of EDOS I
1  ———-- OD100H
I I

I I
I I
I I

Free Memor y I

I I N TRD R ROUTI NE

I — — — — — — — —  ———— I

1 BUILD ROUTI NE
I I 

———i 1003

0803

I — ——— 1 0003

FIGURE 11 1—2
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The TNT (initialize) instruction causes the BUILD

routine to initialize the data area with the values

associated. with those identifiers in ‘the DAT& DIVISION of

the source program that had VALUE CLAUSES . In addition , the

tNT instruction causes the BUILD routine to initialize the

constants area with all the edit masks for those identifiers

of the numeric and. alphanumeri c edit type , an d al l l iterals

encoun ted in the PROCEDUR E DIVISION of the source program.

The BST (backstuff ) instruction resolves all unreso lved

references , i.e. branches to labels defined after the

respective ?EWP’ORM or GO statement was encountered. in the

source program .

The TER (terminate) instruction is the last Instructio n

generated by PAR T TWO of the compiler and indicates the end

of the intermediate code file. Upon encountering a TER

instruction in the intermediate code the BUILD routine

Inser ts a ST? instruction in its place. The STP instruction

wI l l  cause the i n t e r p r e t e r  to t e r m i n a t e  I n t e r p r e t a t i o n  of

the program when encountered .

A ll o ther co~ie generated by the compiler is copied into

the code area of the pseudo—machine by the BUILD routine .

See Figure  [111—3 1 f o r  an i l l u s t r a t i o n  of the  memory

orzanization at this point in the initialization routine .

The fina l action taken by the BUILD routine is to move the

INT?DR routine into the input buffer at 803 and transfer

con trol to IMTRDR . This frees the area from 100! to the base

of the d a t a  area fo r  the  i n t e r p r e t e r .
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The IN T R DR r o u t i n e  reads the i n t e r p r e te r  program i n t o

memory starting at 1003 and transfers contol to it. From

this point on the interpreter program executes the

intermediate code that was loaded into the pseudo—mach ine .

H
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I 
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D. PSEUDO—MACHI NE INSTRUCTIONS

This section briefly covers the pseudo—machine

instructions used in the interpreter , their format , and. the

actions which they accomplish.

1. Format

All of the interpreter instructions consist of an

instruction number followed by a list of parameters. The

following sections describe the InstructIons , list the re-

quired parameters , and describe the actions taken by the

— machine in executing each instruction . In ea ch case , parame—

ters are denoted informally by the parameter name enclosed

in brackets. The BRN branching instruction , for exam ple ,

uses the single parameter <branch address ’> which is the tar—

get of the unco nditional branch.

As eac:r~ instruction numbe r is fetched from memory ,

I the prozram counter Is incremented by one. The program
- 

-~ counter Is then either incremented to the next instruction
- 

-
~ num ber , or a branch is taken.

The three eighteen digit registers which are used by

the instructions covered in the following sections are re—
I ferred. to as registers zero , one , and two.

2. Ari t h m e t i c  O p e r a t i o n s

-
‘ 

- 

There are five arithmetic instructions which act

I upon the three registers . In all cases , the result  is

placed in register two . Operations are allowed to destroy
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the  input  va lues  -during the proce ss of c r ea t i ng  a resul t ,

there fore , a number loaded into a register is not available

for a subsequent operation.

ADD : (additIon). Sum the contents of reeister zero

and. register one.

Paramete r s :  no parameters  are required.

SUB: (subtract). Subtract register zero from register

one.

Parame ters: no paramet ers are required .

MilL: (multiply) . Mult iply register zero by register

one.

Parameters: no paramet ers are required .

DIV: (divide). Divide register one by the value in

regis ter  zero .  The remainder is not retained .

Parame ters: no parameters are recuired

RP4D:(round,). Round register two to the last signifi-

cant decima l place .

Pa rame ters: nc parameters are required .

3. Branching

The machine contains the following flags which are

used by the conditional instructions in this section.

BRANCH flag — indi cates if a branch is to be taken;

END OF RECORD flag — In d Ica tes th a t an en d o f

input condition has been reached when an attempt was made

to read. input

OVERFLCW flag —— indicates the loss of information

6?
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from a register due to a number exceeding the available

s ize;

INVALID flag —— indicates an invalid action in

wr iting to a direct access storage device.

~ll of the branc h ins t ruc ti ons are execu ted by

changIng the value of the program counter. Some are uncon-

ditional branches and some test for condition flags which

-
~ are set by other instructions. A conditiona l branch is exe—

cuted by testing the branch flag which is initialized to

false . A true value causes a branch by changing the pro-

gram coun te r  t o  the value of the branch address. The branch

flag is then reset to false. A false value causes the pro-

gram counter to be incremented. to the next sequential in-

struction.

(branch to an address). Load. the program

counter with the <branch address>.

Parame ters: <branch address>

The next three instructions share a common format.

The memory field addressed. by the <memory address)  is

checked for the <address length>, and if all the characters

match the test condition , the branch flag is complemented.

P a r a m e t e r s :  <memory  address> <address  l eng th>  <branch  ad-

dress)

CAL: (conpare alphabetic). Compare a memory field

for alphabetic characters.

CNS : (compare numeric signed). Compare a field for

numer ic  cha rac te r s  a l l owing  f o r  a sign cha racter.
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CNU: (compare numeric unsigned). Compare a field for

nur,’ertc characters only.

DEC : (decrement  a counter and branch if zero).

decremen t the value of the <address counter> by one; if the

resu l t  is zero  be fore  or a f t e r  the  dec remen t , the program

coun ter Is set to the <branch address>. If the result is

not  zero , the program counter is incremented by four.

Parame ters : <address counter> <branch address)

EOR : (branch on end of records flag). If the end—

H of—records flag is true , it is set t o  f a l s e  and the  program

coun ter is set to the <branch address>. If false , the pro—

gram counter is incremented by two .

Parame ters : (branch address>

~DP: (go to — depending on). The memory location ad—

dressed by the  <number  addres s >  is read f o r  the  number  of

byt es  i nd i c a t e d  by the < memory  l en g t h) .  This number  indi-

cates which of the <branch addresses> is to be used. The

first parameter is a bound on the number of branch ad—

dresses. If the numbe r is within the ranze , the program

counter is set to the indicated address. An cut—of—bounds

value  causes the pro gram c o u n t e r  to be advanced  to  the nex t

sequential instruction.

Parame ters : <bound number — byte> <memory length> <memory

address) <branch addr—1) <branch addr—2> ... <branch ad.dr—n>

INV: (branch if invalid—file—action flag true). If

the invalid—file—action flag is t r u e , then it is set to

fa lse , and the pr ogram counter is set to the branch ad—

• 69
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dress .  If it  is f a l se ,  the program c o u n t e r  Is inc remented

by two.

Paramete r s : <b r a n c h  address>

PER : (perform). The code address addressed by the

<change add ress> is loaded with the value of the <return ad-

dress>. The program counter Is then set to the <branch ad—

dr ess> .

Parame ters: <branch address> <change address> <return ad—

dress)

RET : ( r e t u r n ) .  If the value  of the <branch  address>

is no t  zero , then the program c o u n t e r  is set t o  i t s  va lue ,

and the <branch address) is set to zero. If the <branch ad-

dress) is zero , the program counter is incremented by two.

P a r a m e t e r s :  <b ranch  address>

REO: (register equal). This instruction checks for a

zero value in register two . If it is zero , the branch flag

is complemented. A conditional branch is taken.

• Param eters: <branch address>

PGT : (register greater than). Pegister two Is

chec~ed for a negative sign. If present , the branch flag is
- 

- 
complemented . A conditional branch is taken .

Parame te r s :  <b r a n c h  address>

BLT : (register less than). Register two is checked

for a positive sign , and if present , the branch flag is corn—

- - plernented . A conditional branch is taken.

Parameters: <branch address)

SER: (branch on size error). If the overflow flag is

T 
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true , then the ~rogram counter is set to the branch address ,

and the overflow flag is set to false. If It is false, then

the program counter is incremented by two.

Parame ters: <branch address>

The nex t  three i n s t r u c t i o n s  are  of s imi l a r  form in

tha t they compare two strings and set the branch flag if

the condition is true.

Parameters: <string add.r—l> <string ad.dr—2> <length — ad—

dress> <branch address>

SEQ : (strings equal). The condition is true if the

strings are equal.

SGT: (string 2reater than). The co ”tition is true if

string one is greater than string two.

SLT : (string less than). The condition is t rue If

string one is less than string two.

4. Moves

-

• 
The machine supports a variety of move operations

for vario us formats and types of data . It does not suoport

direct moves of numeric data from one memory field to anoth-

er I n s tead , all of t h e  n u m e r i c  m oves go throu gh the re g i s—

ters.

The n e x t  seven i n s t r u c t i o n s  al l  pe r fo rm the same

func tion. They load a register with a numeric value and

differ only in the type of number that they expect to see in

memory  at  the <number  address) .  Al l  seven i n s t r u c t i o n s

cause the pro gr am coun te r  to  be inc remented ,  by five. Their
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common forma t is given below.

Parameters: <number address) <byte length) <byte decima l

coun t >  <by te  re2ister to load>

LOD: (load literal). Register two is loaded with a

cons t an t  va lue .  The decimal  p o i n t  i n d i c a t o r  is not  set in

this instruction . The literal will have an actual decima l

point In the string if required..

LD1: (load numeric). Load a numeric field.

LD2: (load postfix numeric). Load a rumeric field.

with an internal trailing sign .

LD3: (load prefix numeric). Load a numeric field

with an internal leading sign .

LD4: (load separated postfix numer ’-’ ~~.I a numer-

ic field with a separate leading sign .

LD5: (load sepa rated prefix numeric). Load a numer i c

f ie ld  w i t h  a separa te  t r a i l i n g  s ign .

LD6: (load packed numeric). Load. a packed numeric

field.

MED : (move into alphanumeric edited field). The

edit ~‘ask is loaded into the <to address> to set up the

move , and then the <from address> information is loaded . The

program counter is incremented by ten .

Parame ters: <to address> <from address> <length of move>

<edit mask address> <edit mask length>

MN E : (move  i n t o  a n umeric edited field). First the

edit mask is loaded i n t o  the r ece iv ing  f i e ld . , and then the

information is loaded. Any decimal point alignment required
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will be performed . If truncation of significant digits is a

side e f f ec t , the ove r f low f l ag  is no t  set .  The program

coun ter is inc remented by twelve .

Parameters : <to  address> < f r o m  address>  <address length of

move> <edit ma sk address) <address mask length> <byte  to de-

cimal count> <byte from decimal count)

MOV : (move  i n t o  an a l p h a n u m e r i c  f i e l d) .  The memory

field given by the <to address> is filled. by~ the from field

f o r  the <move length> and then filled. wIth blaz~ks In the

following positions for the <fill count>.

Parame ters: <to address> <from address> <address move

length> (address fill count>

STI: (store immediate register two). The contents of

register two are stored into register zero and. the decima l

count and. sign indicators are set.

Parame ters : none.

The store instructions are grouped in the same o rde r

as the load instructions. Register two is stored into

r - memory at the indicated location . Alignment is performed.

and any truncation of leading digits causes the overflow

flag to be set. All five of the store instructions cause
- - the program counter to be incremented. by four. The forma t

f or  these  in s t r u c t i o n s  is as f o l l o w s .

Parameters: <addres s to store into> <byte length> <byte de—

ciri al coun t)

STO : ~store numeric). Store into a numeric field.

STi: (store postftx numeric). Store into a numeric

73
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f ie ld  w i t h  an i n t e rna l  t r a i l i ng  sign.

ST2 : ( s to re  p re f ix  numeric ). Store into a numeric

with an internal leading sign .

5T3: (store separated postfix numeric). Store into a

numeric field with a se~ara te t r a i l i n g  sign .

ST4: ( s t o r e  separated p re f ix  n u m e r i c ) .  S to re  i n t o  a

numeric field with a separate leading sign .

ST5 : ( s t o r e  ?aCked n u m e r i c ) .  S to re  i n t o  a packed

numeric field .

5. Inpu t—Output

The following instructions perform Inpu t and. ou tput

operations. Tiles are defined as having the following

characteristics: they are either sequential or random

and. , in general , files created in one mode are not required

to be readable in the other mode . Standard files consist

of fixed length records, and variable length files need not

be readable  in a rando m mode .  Fur t her ,  there m u s t  be

some c h a r a c t e r  or charac ter  s t r i ng  th at  d e l im i t s  a v a r i a b l e

leng th record .

&CC: (accept). Read from the system input device

memory at the location given by the <memory address>. The

program counter is Incremented by three.

Par ameters: <memory address> <byte length of read>

CLS : ( c l o s e) .  Close  the  f i l e  whose f i l e  c on t r o l

block Is addressed by the <fcb address>. The program counter

is incremented by two.
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Param eters: <fcb address>

DIS: (display). Print the contents of the data field

pointed, to by <memory add ress> on the system output device

for the Indicated length and advance the line outpu t if

<flag) is set. The program counter is incremented. by four.

Parame ters : <memory address> <byte length> <flag>

There are three open instructions with the same for-

mat. In each case , the file defined by the file control

block referenced will be opened for the mode indicated . The

program counter is incremented by two .

Parame ters: <fcb address>

OPM: ( open a file for input).

OPI: (open a file for output) .

0P2 : ( op en  a f i l e  f o r  bo th  inpu t  and o u t p u t ) .  This

is only valid for files on a random access device .

The f o l l o w i n g  f i l e  a c t i o n s  al l  share  the same for-

mat. Each perform s a file action on the file referenced. by

• the file control block . The record to be acted upon is

given by the <record address> . The program counter is in—

creme n ted by six.

Parameters : < ?C B  address) <record address’ <recor d length —

address).

tLS : (delete a record from a sequential file). Re-

move the record. tha t was just read from the file. The file

5- - is required to be open in the input—outpu t mode.

RDY : ( read a s equ e n t i a l  f i l e) .  Read the n e x t  record

into the memory area.
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WTF: (write a record to a seauential file). Append. a

new record to the file.

RVL: (read a variable length record).

WVL : (write a variable length record).

RWS : (rewrite sequential). The rewrite operation

writes a record from memory- to the file , overlaying the last

record that was read from the device. The file must be ope n

in the input—output mode.

The following file actions require random files

rather than sequential files. They make use of a random file

pointer which consists of a <relative address> and. a <re—
— 

lative length> . The memory field holds the number to be

used in disk operations or contains the relative record.

num ber of the last disk action. The relative record. number

Is an index into the file which addresses the record being

accessed.. After the file action , the pro gram coun ter

is incremented by nine.

Parame ters: <ICB address) <record address) <record length —

address> <relative address> <relative length — byte>.

DLR : (delete a random record). Delete the record ad-

dressed by the relative record number .

RRP.: (read random relative). Read a rardom record

rela tive to the record number.

RRS : (read random sequential). Read the next sequen-

tial record from a random file. The relative record number

of the r’~cord read is loaded into the memory reference.

RWR: (rewrite a random record).
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WRR : (write random relative). Write a record into

the area indicated by the memory reference .

WR S : (write random seq uential). Write the next

sequen tial record to a random file. The relative record

number is returned .

6. SpecIal Instructions

The remaining instructions perform special functions

required by the machine that do not relate to any of the

prev ious  groups .

~
E
~
: (negate). Complement the value of the branch

flag.

Parame ters: No pa rame ters are reouired .

LDI: (load a code addres s direct). Load the code

address located five bytes after the LDI Instruction with

— the contents of <memory address~ after it has been converted

to hexidecimal.

Parame ters: <memory address> <length — byte)

SCR : (calculate a subscript). Load. the subscript

stack with the value indicated from memory. The address

loaded into -the stack is the <initial address> plus an

offset. Multiplying the <field. length> by the number in the

<m emory reference) gives the offset value.

Parame ters: <initial address) <field length> <memory refer—

ence) <memory length) <stack level)

STD: (stop display). Display the indicated informa—
- 

- - ttoa and then terminate the actions of the machine.
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Parame ters: <memory address) <length — byte>

STP: (stop). Terminate the actions of the machine .

Parameters: no parameters are required . The following in-

structions are used in setting up the machine environment

and cannot be used in the norma l execution of the machine .

BST: (backstuff). Resolve a reference to a label.

Labels may be referenced prior to their definition , requir—

tnt a chain of resolution addresses to be maintained in the

code . The latest location to be resolved is maintained in

the symbol table and a pointer at that location indicates

the next previous location to be resolved. A zero pointer

indicates no prior occurrences of the label. The code ad-

dress referenced by <change address> is examined and if

It con ta ins zero , it is loaded. with the <new address>. If

it is not zero , then the contents are saved , and the

process i~ repeated with the saved. value as the change ad-

dress after loading the <new address> .

Parame ters: <change address> <new address)

IqT : (initialize memory). Load. memory with the <in-

put string> for the given length at the <memo ry address>.

Parame ters : <memory address> <address length> <inpu t

string)

SCD : (start code). Set the initial value of the pro-

gram counter.

Parame ters : <start add ress)

- - TER : (terminate). Terminate the initialization pro—

cess and start executing code.
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Parame ters : no pa rameters are required .
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IV. SYSTEM DEBUGGING METHODS A~D TOOLS

Initially it appeared tha t the debugging of the compiler

and interpreter would be straight forward. However , it

became apparent that a systematic approach would have to be

adopted in order to mee t the objectives. As previously

stated , the first step was to determine the degree to which

the compiler had been developed . After accomplishtng this

task , the next step was to identify the means by which

errors could be located and the meth ods by which solutions

could be implemented and tested .

The method used to identify errors within the compiler

consi sted of the following : 1.) compiling test program s and

denoting any compilation errors and 2.) examination of t~ e

symbol- table construction and intermediate code instructions

generated. by compiling through the DATA DIVISION of a source

program .

A minimum of forty—five minutes was required to

recompile either module —_ PART ONE or PART TWO —— of the

compiler after making changes , because the object code

produced by the compiler had to be linked and loaded . This

indicated a need to find and use an alternative approach for

testint proposed changes. The approach used , was to test

compiler and interpreter modifications by using interactive

d.ebugginR tools before changing the compiler ’s sour ce co de

and recompiling. This reduced the amount of time that would
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otherwise have been required by reducing the total number of

recocnpilat ions .

A . DE!UGGING METHODOLOGY

The debugging methodology utilized , consisted. of steps

sim ilar to those suggested by ?olya ’s problem—solvin g

technique [161 . Eirst , upon encounter ing an occurrence of an

error , the approach was to understand why the err-or

occurred . This included determining what the compiler or

interpr eter had done right in its comp ila tion or execution

of a source program , followed by an analysis of what the

compiler or interpreter had done incorrectly. Second., a

theory was devise d to explain the nature of the error(s),

a long  with a devised. method , such as a paper and. pencil walk

through using different variables or combinations of

variables , to confirm the theory. Mex t , the plan c~~ cern 1ng

the error was implemented , usually this was accomplished by

a paper and pencil code walk through followed by

recom~ej latIon and reexecution of th~ program. Finally, a

solution was determined , reviewed , and imulemented .

It was observed , as in other program debugging efforts ,

that a few errors gave m ost of the difficulties encountered

when debugging . Upon several occasions, it was though t that

the origin and all side ef~’ec t s o f an error had been

discovered ; later however , a-~ter having ma rie a substantial

coding change , it was realized tha t there was either another

boundary condition , circum stance or combinatorial prob lem
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gi7ing rise to the error. The result was that of having to

restudy and refix the error , which required additional time

and effort.

To facilitate the testing and. debugging of the compiler

and interpreter several different software tools were

utilized . It is difficult to say which was the most

beneficial however , when they were used together the task

of testing and debugging was significantly enhanced .

3. I NTE9.ACT ITE ICOLS

Becaus e the MICRO_C OBOL compiler and interpreter were

implemented under the CP/M operating system , two CP/M

ãebuggtng facilities were used . First , the Dynamic Debugging

Tool [71 , DDT , is a dyn amic interactive program which allows

testin g and debugging of programs In the CP/M operation

syste~r environment. The second was the Symbolic Instruction

Debugger [6J , SIB , which expand s upon the features of DrT .

S~ ecific-ally , SID includes real—time breakpo i’ts , fully

m o n~.tore-i execution , symbolic disassembly, assembly, and

~ I 
memory display ari d fill functions. Both debuggers were

- - designed. to operate in an interactive mo de and each had.

several features and facilities in common which enhanced the

debugging effort . One feature which allowed the setting of

~.ea,rpo tn t s at actual memory locations corresponding to a

7r~t’a~~
’s source line s and. symbolic names was used quite

•‘~ .‘-sti~~y. Another useful facility was the ability to

ant ~.ter the programs symbolic values, which

e2

~ 
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enabled the substitution of values to check a proposed

solution to an error.

C. CROSS REFERENCE LISTI NG S

Another useful facility which eased the debugging effort

was the cross reference listings produced by the PLM8O

compiler used. to compile the MICRO—COBOL compiler and

interpreter. There we re three differe nt listings produced.

after each com~ilatton : 1.) a line numbered source listing,

2.) a symbol address table , which included the name and

actual memory address assigned for all symbols declared , and

3.) a line add ress table which cross referenced every line

in the source listing with the 9060 code generated by the

PLM6O compiler for tha t parttcu lar l~ne. These listings were

• almost indispensabl e wi th regard to testing and debugging ,

and their contribution canflo t be overemphas ized .

D. VA L IDA T IO ’~ T!’STS

At the onset of this thesis project it was very

diff icult to decide how to test v~ r1ous constructs and

features of the MICRO—COBOL compiler and interpreter and

there were questions regarding test case design . During

earl ier work [151 , the HYPO—CO3O L Comp iler ?alidat ion System

~. HCCVS) Ta pe (from the Automated Data Processing Equipmen t

Selection Office (~ DP!SO)) was acquired 
— to be used in

validating the MICRO—COBOL compiler. However , the HCCV S was

83
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never used and the tape had not been transferred t’ the

a p p r o p r i a t e  m e d i a .  This  t r a n s f e r  was a c c o m p l i s h e d  l a t e r

[12] . By u s ing  the  HCCVS as the e v a l u a t i o n  package , the

auestions regarding test case construction and design were

resol ved and. testing proceeded . The HCCVS was used. primarily

as a test bed for PART ONE of’ the compiler , having as an

objective the goal of ensuring the proper construction of

the symbol table and. data initialization. Because some of

the FYPC—COBOL constructs were not implemented in the

MICF .O—COBOL compiler (see Appendix E), the compilation of

any HCCVS program past the PRCCEDURE DI’IISION statement was

r.ot successful.

84
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V. CONCLUSIONS AND RECOMMENDATIO NS

A significant portion of the MICRO—COBO L

C o m p i l e r / I n t e r p r e t e r  has been tes ted , debugged and

documen ted . The following specific language features and,

facilities previously not implemented , or implemented

incorrectly, have been successfully implemented., tested and

debugged during this project: 1.) the compiler ’s ability to

handle any sequence of MICRO—COBOL language constructs

( P I C T U R E  CLAUSE , VALUE CLAUSE , OCCURS C LA US E , and JSA G E CO MP

CLAUSE ) in the declaration of an identifier , 2.) record

identifi er d.eclaratiors with up to ten levels of elementary

field. item s, 3.) record and elementary field identifier

redefinitions , 4.) nested redefinitions , and 5.) error
- - message generation for duplicate identifier declarations

within the DA TA DIVISIO N .

Tes t ing  and debugg ing has been accompl i shed  for  a l l

• presently implemented MIC~O—COBCL language constructs

occurr ing in the DATA DIVISION of a source program.

Specifically, testing was performed by compiling through the

DATA DIVISION of the first ten HCCVS test programs.

In addition , the MICRO—COBOL compiler has been

completely doctmented.. This documentation includes the

followini ~: 1.) module o rganIzation , 2.) mod ule interfaces ,

3.) memory or~ inizatior. of the Interpreter, 4.) construction

and data initia lization of the symbol table , and 5.) key

85
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interna l data structures.

Several areas remain which could be improved , developed

and implemented , to enhance the MICRO—COBOL

Com piler/Interpreter system , these include : 1..) correction

of the numerical algorithms in the interpreter to allow for

signed—f ractiona l arithmetic, 2.) implementation of numeric

editing capabilities , 3.) implementation of a printer

con trol feature and. interface , and 4.) testing and debugging

of the compiler ’s ability to compile the PROCEDURE DIVISION

of the RCCVS test programs.

86
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APPENDIX A

NPS MICRO—COBOL USEP ’S MANU’L
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I. ORGANIZ ATION

The compiler is designed to run on an 8080 system in an

interactive mode through the use of a teletype or console.

It requires at least 24! of main memory and a mass storage

device for reading and writing . The compiler is composed of

two parts , each of which reads a portion of the Input file.

Part One reads the input program to the end of the Data

Division and builds the symbol table. At the end of’ the Data

Division , Par t Cne is overlayed. by Part Two which uses the

symbol table to ~roduce the code. The output code is written

as it is produced to minimize the use of internal storage.

The BUILD Program builds the core i”age for the

intermediate code and perform s such functions as

backstuffing addresses . BUILD then loads the INTERPRETER

addresses. BUILD then transfers control to the INTRDR

rou tine. The INTRDR routine copies the interpreter into

memory and transfers control to the Interpreter. The

interpreter is controlled by a large case statement that

decodes the instructions and performs the required actions.

As a tool for debuggi ng the compiler the DECODE Program

was created; it reads the intermediate code file and

translates the instructions into mnemonics fnllowed by

parame ters.

$ 
- 89
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II. MICRO—COBOL ELEMENTS

• This section contains a description of each element in

the language and shows simple examples of their use. The

following conventions are used, in explaining the formats:

Elements enclosed in broken braces < > are themselves

complete entities and are described elsewhere in the manual.

Elemen ts enclosed in braces ~ 
} are cho ices , one of the

elemen ts which is to be used . Elements enclosed in  brackets

1 1 are optional. All elements in capital letters are

reserved words and must be spelled. exactly.

User names are indi cated in lower case. These names have

been restricted to 12 characters in length. There is only

• - one res tric ti on on user names , the first character mus t be

an alpha character. The remainder of the user name can have

any combination of representable character in it.

The input to the compiler does not need to conform to

standard COBOL format. Free form input will be accepted as

the default condition . If desired , se quence num bers can be

entered, in the first six positions of each line. However , a

toggle needs to be set to cause the ccmpiler to ignore the

sequence numbers .

_ __ _ _ _ _  
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IDENTIFICATION DIVISION

ELEMENT:

ID E NTIFICATION D I V I S I O N  Forma t

FORMAT:

IDENTIFICATI ON DIVISION .

PROGRAM— ID. <comment ’ .

[AUTHOR . <commen t>.]

[DATE—WRITTEN. <comment> .l

[SECURITY. <commen t>.]

DESC R IPTIO N :

This division provides information for program iden-

tification for the reader. The order of the lines is

fixed .

EX AM PLES :

IDENTIF ICATION DIVISION.

PROGRAM—ID . SAMPLE.

AUTHOR. MICHAEL—L —R ICE.

91
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ENVIRONMENT DIVISION

ELEMENT:

ENVIRON MENT DIVISIO N Forma t

FORMAT:

ENVIRON MENT DIVISION.

CONFIGURATION SECTION.

SOURCE—COMPUTER . <comment > [DEBUGGING MODE] .

OBJECT—COMPUTER. <comment >.

[INPUT—OUTPUT SECTION .

FILE—CONTROL .

<file—control—entry > .

[I—O—CO PITROL.

SAM ! file—name—i file—name—2 [file—name—3 ]

Iftle—narne—41 [file—name—SI . J I

DESCRIPTION :

This division determines the external nature of a

file. In the case of CP/M all of the files used can

be accessed eithe r seouentially or randomly except for

v a r i a b l e  length f i l e s  which  a re  sequen t i a l  o n l y .  The

debugging mode is also set by this s e c t i o n .

- 
. 92
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<file—control—entry >

ELEMENT:

<file—control—entry >

FORMAT:

1.

SELECT file—name

• ASSIG N implementor—name

[OR GANIZATION SE QUENTIAL]

[ACCESS SEQUENTI AL] .

2.

SELECT file—name

ASSIG N implementor—name

ORGA N IZ ATIO N R!LATIV!

[ACCESS fSEQ.U!NTIAL [3EL~TIVE data—name) H

{RA NDOM RELATIVE data—nam e }

DESC RIPTIO N:

The file—control—entry defines the type of file that

• the program expects to see . There is no difference on

the diskette , but the type of reads ari d, writes tha t

are performed will differ. For CP/M the implementor

93
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name needs to confo rm to the normal specifications .

EXAMPLES :

SELECT C ARDS

ASSIGN CARD.FIL.

SSL!CT RANDOM— PILE

AS SIGN A .RAN

ORG A NIZATIO N REL ATI V E

ACCESS RANDOM~ RELATIVE RAND— FLAG .

I ~~~~~~~~~~~~ - 
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DATA D I V I S I O N

ELEMENT:

DATA DI V ISIO N Forma t

FOR MAT:

DAT A DI~’ISION .

[PILE S E C T I O N .

[PD file—name

[BLOCK i n t e g e r—i  RE CO R ~ S1

[RECORD [integer—2 TO) integer—31

[LABEL R E CORDS {S T A N D A R D } ]

{OM !TT ED }

[VALUE OF im p l e m en t o r — n ame—1 l i t e r a l — i

- ‘ 
- 

I [ i m p l e m e n t o r — n a m e — 2  l i t e r a l— 2 ]  ... 1

[< r e c o r d — d e s c r i p t i o n — e n t r y > ]  ...]

[WORKING—STORAGE SECTION.

[<record—description—entry >) . . )

[LI NKAGE SECTION.

[<record—description—en t ry>) ... I

~~~~~~~ H _ _ _  _ _  

I, 

-—- - —

~ 

— 

~L.. ~~~~~~~ ~~~~~~~~~~~ 
-
.~~~~~~~ 

-
~~~~~

- 

~~~~~~ —



- 
AD A072 681 NAVAL POSTGRADUATE SCHOOL MONTEREY CA F/S 9/2

NPS MICRO C000L, AN IMPLEMENTATION O~ NAVY STANDARD HYPO—COACI. —ETC(U)
JUN 79 J FARLEE, M L RICE

UNCLASSIFIED NI.

2
~ flI a

I I I

_  _ _  _  

M i

I U.
p -z



V -~
11111 1.0 

‘~L if:;
11111 1.1 

~~~ l~18
* hip25 

~~~~~



I— —

~~

DESCRIPTIO N :

This is the section that describes how the data is

structured . There are no major differences from stan—

da rd COBOL except for the following: 1. Label

records make no sense on the diskette so no entry is

required . 2. The VALUE OF clause likewise has no

meaning for CP/M. 3. The linkage section has not been

implemented .

If a record is given two lengths as in RECORD 12 ro
128, the file is taken to be variable length and can

onl y be accessed in the sequential mode. See the sec-

tion on files for more information.

96
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<commen t>
‘~~~.1

ELEMENT:

<commen t>

FOR l~AT :

any string of characters

D E SCRIPTIO N :

A commen t is a string of characters. It may includ e

anything other than a period followed by a blank or a

reserved word , either of which terminate the string.

Commen ts may be empty if desired , but the terminator

is still required by the program.

EX AM PLES :

this is a comment

ano theronea l irun together

8080b 16~

h ~~~
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<data—description—entry>

ELEMENT:

<da ta—description—entry > Format

FORMAT :

level—num ber {data—narne }

(FILLER }

[P.ED!PINES data—namel

EPIC character—string]

[USAGE {COM P }1

{DI sPLAY }

( SI GN {LEADI’4G } [SEPA RATE1 ]

{TRA I LI NG }

(OCCURS integer]

(SYNC (LEFT )]

CR IGET]

(VALUE literal].

DESCRIPTION:

This statement describes the specific attribut es of

the data. Since the 8ø8~ is a byte machine, there was

98
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no r~ean ing to the SY N C clause , and thus it has not

been implemented .

EXAMPLES :

01 CARD—RECORD .

02 PART PlC X(5).

02 NEXT—P ART PlC 99V99 USAGE COMP .

02 FILLER .

03 NUMB PlC S9(3)V9 SIGN LEADING SEPARATE.

03 LONG—NUMB 9(15).

03 STRING REDEFINES LONG—NUMB ?IC X(15).

02 AR R AY P lC 99 OCCURS 100.

99
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PROCEDURE D I V I S I C ~

ELEMENT:

PROCEDUR E t I V I SI ON  Format

FORMAT:

1.

PROCEDURE DI VISION [USING namel [name2l ... [name5fl .
section—name SECTION .

(para graph—name. <sentence > (<sentence> .. .  1 ... ]

2.

PROCEDURE DIVISION [USING namel fname2J . . .  [nameS)].

paragraph—name . <sentence) [<sentence> ...1

D~SCP.IPTION:

As is indicated , if the program is to contain sec-

tions, then the first paragraph must be in a section.

The USING option is part of the interpro gram commur. I-

cation module and has not been implemented .

.4

_ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~
_ _ _ _ _ _ _ _



< s e n t e n c e >

ELEME N T:

<sen tence>

FOR MAT:

<imperativ e—statement>

< c o n d i t i o n a l — s t a t e m en t >

ENTER verb

D E SCRIPTIO N :

All sentences other than ENTER fall in one of the two

ma in catigories . ENTER i~ part of the interprogram

commun ication module.

I ~~~~
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<imperati ve— statement>

ELEMENT:

<imperative— statement>

FOR MAT:

The f o l l o w i ng ver bs are al ways impera ti ves:

ACCEPT

CALL

•
1 CLOSE

DISPLAY

EXIT

GO

MOV E

• 
OPEN

PE RFORM

STOP

The following may be Imperatives:

arithmetic verbs without the SIZE ERP~CR s ta temen t

and D!L!T!, WRITE , and R E WRITE w i t h o u t  t~ e I N V A L I D  opt ~.o n .

~

122
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<conditional—state ments>

ELEME NT:

<conditional—s tatements>

FOR MAT:

IF

FE AD

• a r i t h m e t i c  verbs  w i t h  the SIZE ERROR statement

and DELETE , WRITE , and REWRITE with the INVALID option.

• 123



ACCEPT

L
ELEMENT:

ACCEPT

FOR MAT:

ACCEPT <identifier)

D E SCRIPTIO N :

This statement reads up to 255 characters from the

console. The usage of the item nust be DISPLM .

EXA MPLES :

ACCEPT I MMA GE

ACCEPT NUM ( )

104
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ADD

ELEMENT:

ADD

FOR MAT:

ADD ~identIfier } ({identifier—1}1 TO Hentifier—2

flitera]. } {litera l }

[ROU NDED) [SIZE EFRO R <imperative—stateme nt>)

DESCRIPTION:

This instruction adds either one or two numbers to a

third with the result being placel in the last loca-

tion.

EXA MPLES:

ADD 10 TC ~4U M B1

ADD X Y TO Z ROUNDED.

ADD 100 TO NUMBER SIZE ERROR GO ERROR—LOC

• 105
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CAL L

ELEMENT:

CALL

FORMAT :

I CALL l i t e r a l  [U S I N G  name l {name2 ) . . .  [name5l ]

I D E S C R I P T I O N :

CALL is not implemented .

M~.
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CLOSE

ELEMENT:

CLOSE

FORMAT:

CLOS E f i l e—name

D~ SCRIPTIO N :

• Files must be closed if they have  been w r i t t e n .  How-

ever , the normal requirement to close an Input file

.1 ’ prior to the end of ;rocessing does not exist.

EX AM PLES :
I CLOSE F ILE 1

CLOS E R A N D E I L E

• 

• 

• 

• 107
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DELETE

ELEMENT:

DELETE

FOR MAT :

DELETE file—name [INVALID <imperative—statement >)

DESCRIPTIO N :

This s t a t em en t  r e qu i re s  the f i l e — n a m e  of th e  i t e m

to be de le ted . The record. is log ica l ly  removed by

filling it with a high value character , whi ch is not

displa yable to the console or line printer. The log—

ical  rec3r~i space can be used aga in  by w r i t i n g  a

va lt~ record in its place.

DELETE FILE— NAM E

~i 1
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DISPLAY

I ELEMENT:

DISPLAY

FOR M AT :

DISPLAY fidentlfier} [Udentifier—lil

{literal } { lit e r al  }

D E S C R I P T I O N :

This displays the contents of an identifier or

displays a litera l on the console. Usage must be

DISPLAY . The maximum length of the display is 80 char—

• acters for literal values and 255 characters for

I~ en tifIers . Only two id.entifiers/literals are

a l lowed  ~or each D I S P L A Y  c ommand .

EXA M? LES

D I S P L A Y  ~~SS~ G E—l

D I S P L A Y  “ !SSAG!—3 10

• 2 I SPLA ! T E I S MUST RE TH E zir ’

[ 
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D I V I D E

ELEMENT:

DIVIDE

FOR MAT:

DIVIDE {identifie r~ INTO identifier—i. [ROUNDED]

{litera l }

[SIZE FR? CR <irnoerative—state ment)]

DESCRIPTIO N :

The result of the division is stored in i~ en t i f i e r — 1 ;

any remainder is lost.

ZXAMPL E S :

DIVIDE NUMB INTO STORE

DI~1IDE 25 INTO RE SUL T

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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E N T E R

ELEMENT:

ENTER

FORMAT:

ENTER language—name [ r o u t i n e — n a m e )

DESC RIPTIO N :

This construct i5 not implim ented .

j

2.11
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EXIT

ELEMENT:

EXIT

FOR MAT:

EXIT (PROGRA M)

DESCRIPTIO N :

The EXIT comman d causes no acti on by the in terpre ter

but allows for an empty paragraph for the construction

of a common re turn point . The optional PROGRAM state—

ment is not implemented. a~ it Is part of the interpro—

• gram commun i cation module.

EXA MPLES :

RE TUR N .

E X I T .

12.2
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ELEMENT:

GO

FORMAT :

U 1.

GO ?roc ed ur e— name

2.

GO pr ocedure—i [p roce dure—2 ) ... procedure—2 0
D E P E N D I N G  i d e n t i f i e r

D E S C R I P T I CN :

The GO comman d causes an u n c o n d i t i o n a l  b r a n c h  to the

r o u t i n e  spec i f i ed .  The second f o r ~i causes a f o r w a r d

• b ranch depen d ing  on the va lue  of the c o n t e n t s  of th e

i d e n t i f i e r .  The i d e nt i f i e r  must be a numer ic  in te te r

va lue .  There can be no more  than  2~ p ro cedure  names .

EXAMPL E S :

-
~~ GO ?EAD —C .~?D .

• 
~ 

GO READ 1 R!AD2 READ3 DEPENDP~G READ—INDEX.

• 113
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IF

ELEMENT:

IF

FORMAT:

IF <condition> ~imperative } ELSE imperative—2

~NEX T S E MT EN CE}

DESCRIPT ION:

This is the standard COBOL IF statement. Note that

there is no nesting of IT statements allowed since the

IT statement is a conditional.

EXA MPLES :

IT A GREATER B ADD A TO C ELSE GO ERFOR—ONE .

IF A NOT NUMERIC NEXT SENTENCE ELSE MOVE ZERO TO A.

2.14
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MOV E

ELE M ENT:

MOVE

FORMAT :

MOVE fidentifier—1} TO identifier—2

{ l itera l }

DESC RIPTIO N :

The standard list of allowable moves applies to this

action. As a spa ce saving feature of this imp lementa—

tion , al l numeric moves go through the accumulators .

This  makes  numer ic  moves s lower than a lpha—numer i c

moves , and where  p o s s i b l e  they  should  be avoi ded . Any

move t h a t  In v o l v e s p i c t ur e  c lauses  t h a t  are exac t ly

the same ca~ be accompl i shed  as an a lp h a — n u m e r i c  move

if the e lements  are redefined as alpha—numeric; also

al l  g r o u p  moves a re  a lp h a — n u m e r i c .

EXA M PLES :

MCVE SPACE TO PRINT—LINE.

MOVE A(12) TO B(PTR).

• 
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MULTIPLY

ELEMENT:

MULTI PLY

FORMAT :

MULTIPLY {identtfier} BY identifier—2 [ROUNDED1

{literal }

[SIZE ~RRCR <imperative—st atement>~
r

D E S C R I P T I O N :

The m u l t i p l y  r o u t i n e  r equ i r e s  enougn space to calcu-

l a t e  the  r e su l t  w i t h  the f u l l  number  of dec ima l d ig i t s

prior to mov ing the result into identifier—2 . This

means that a number with S places after the decimal

multiplied , by a number with 6 places after the decimal

will generate a number with 11 decimal places which

would overflow if there were rore than 7 d i g i t s  b e f o r e

the decirral place.

EXA MPLES :

MUL TIPLY X PT T .

M UL T IPLY ~ BY R (7) SIZE ERROR GO OVERFLOW .

_ _
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OP E N

ELEMENT:

OPEN

FOR MAT:

OPEN {INPUT file—name }

fOUTPUT ftle—name}

~~—O f i l e—na m e  }

D E S C R I P r I O M :

The three types of OPENS have exactly the same effect

on the diskette. However , they do a1.ow for internal

checking of the other file actions. For example , a
-

- 

- 
write to a file set open as input wi .l cause a fatal

error.

EXA MPLES :

OPEN INPUT CARDS .

OPEN OUTPUT RE PORT—FI LE.

~~~~ 
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PERF OhM

ELEMENT:

PERFORM

FOR MA T:

2..

PERFORM procedure—name (THRU p rocedur e—n am e—2 1

2.

PERFORM procedure—name (TERU proced ure—r.ame—2)

{Identifler } TIMES

{lnteger  J.

3.

PERFORM procedure—nam e [THRU procedure—name—21

UNTIL <condition >

DESCRIPTIO N :

All three options are supported . Branching may be ei-

ther forward or backward , and the ~roce4ures called

may have perform statements in them as long as the end

po ints do not coincide or overlap.
• EXAMPLES :

PERFORM C P E N — R C U T I M E .

2.18
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PERFORM TOTALS THR U END—REPORT.

PERFORM SUM 10 TIMES .

PERFORM SKIP—LINE UNTIL PG—C NT GREATER 60.

11~
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READ

ELEMENT:

RE AD

FORMAT:

1.

READ file—narr e INVALID <impera tive—statement >

2.

READ file—name END <‘imperative—statement)

D E S C R I P T I O N :

The inva l id .  c o n d i t i o n  is only  ap p l i c a b l e  to f i l e s  i n  a

random mode.  Al l  s equ e n t i a l  f i l e s  m u s t  h a v e  an END

s t a t e m e n t .

EXAMPLES :

RF~ D CARDS END GO E N D — O F — F I L E .

READ R A N D O M — P I L E  I N V A L I D  MOVE SPACES TO P !C— 1 .

120

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



- -~~~---- •- - ~~--- ~~~- - ~~~~ -~~~~ - --- •- ---
--~~~~~-- -

~~~--~~~~

~EWR IT !

ELEMENT:

REW RITE

FOR MA T:

...~WBITE record—name [INVALID <imperative >)

DESCRIPT ION :

REWRITE is only valid for files that are open in the

1— 0 mode . The INVALID clause is only valid for random

files. This statement results in the current record

being written back into the place that it was just

rea d f rom , the last executed read .

H ZXA MPLES :

REWRITE CARDS .

R!W:~IT! P* MD—1 INVALID PER FORM !RRCR—CEEC~ .

• 
I

121

1~ ~
-
~~~~~~~~~~~~

- 
-: -

-

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

-
. I

• •-- 
•1 
~~~~~~~~~ -~-

~ r’~~~ - ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ • 
- 

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



— -• —---- - -  --• ••-•- - -- ---- ---•- • - --•-- — - •-—,•-—----

STOP

ELEMENT:

STOP

FORMAT:

STOP IRUM }

{l i t e ra l }

DESCRIPTIO N :

This statement ends the running of the interpreter.

If a literal is specified , then the litera l is

• displaye d on the console prior to termir atton of the

pr ogram.

EXAMPLES :

STOP RUN .

STOP 1.

STOP ‘INIALID PINISH .

2.22
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SUBTR ACT

ELEMENT:

SUBTRACT

FORMAT:

SUBTRACT {identifier—1} [identifier—2] FROM identifier—3

{literal—1 } [litera l—2 3r
[ROUNDED 1 [SIZE ERROR <imperative—statement>)

DESCR IPTIO N :

Identtfier—3 is decremented by the value of

Identifier/litera l one , and , if specified ,

identifier/l iteral two . The results are stored back

in ldentifter—3 . Rounding and size error options are

available If desired,.

EXA MPLES :

SUBTRACT 2.2 PROM SU3(12).

SUBTRACT A B PROM C ROUNDED.

123
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WRITE

ELEM ENT:

W R I T E

FOR MAT:

1.

WRIT! record—name [(B!!ORE} ADV~ MC ING (INTEGER}1

(AFT ER } {?AG! }

2.

WRITE record—name INVALI D <imperative—statement>

DESCRIPTIO N:

The r e cord  spec i f i ed  is w r i t t e n  to  the f i l e

specified in the file section of the source

pr ogram . The i N V A L I D  o p t i o n  on ly  app l i e s  to

random f i l e s .

!XATMPL!S :

W R I T E  OUT—FILE .

WRITF FAN D—YtLE INVALID PERFORM ERROR—RECOY.

124
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<con dItion>

ELEMENT:

<condition )

FORMAT:

RELATIONAL CO NDITION :

{Identifier—1} [NOI~ (GR!AT !R} {tdentlfier—2}

(llteral—1} (LESS } (literal—2 }

(EQUAL }

CLASS CO N ~~I T t O N :

i d e n t i f i e r  [NOT) ( N U M E R I C  } -‘

~ALPEA 3ETIC}

DESCRIPTIO N:

It is not valid to compare two literal s . The class

condition NUMERIC will ai.low for a sign if the ~den—

tifier is signed numeric.

EXA MPLES :

A NCT LESS 10.

L I M E  ~R EAT!R C ’ .

NUMP1 NO? NUMERIC

- 12~
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Subscripting

ELEMENT:

Subscripting

FORMAT:

data—name (subscript)

DESCRIPTIO N:

Any I tem defined with an OCCURS may be referenced by

a s u b scr i p t .  The subsc r ip t  may be a l i t e r a l  in teger ,

or it may be a data item that has been specIfied as an

integer. If the subscript is signed , the sign must be

positive at the time of its use .

EXAMPLES :

A (10)

IT!M(SUB )

- 
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I I I .  CO M PILER TOGGLES

There are four compiler toggles which are controlled by

an entry following the compiler activation command , COBOL

<filename). The format of the entry consists of following

<filename> by one space and then entering a “
$

“ fol lowe d.

imm edia te ly  by the desired tog~ 1es. There must  be only one

space after <filename> and no spaces bt~tween the “
$

“ and the

to2gles. The following Is an example of a typica l entry:

COBOL EX A IPLE $ST

Th i s  e n t ry  would caus e the compi le r  to  ignore the  sequence

num bers en tere d a t  the beginning of each i n p u t  f i l e  l ine and

print the token numbers to the output device . In each case

the toggle reverses the default value .

— l i s t  the inpu t code on the  screen as the program

is compiled . Default is on. Error messages will be difficult

to understand if this toggl e is turned off, but if the

-

• I n t e r f a c e  dev ice  is a t e le typ e , i t  may be desired in certain

situations.

—— se quence num bers are In the fi rs t s ix pos iti ons of

each record. Default is off.

—— l i s t  p r o d u c t i o n s  as they occur .  Defaul t  is off .

$T — —  list tokens from the scanner . Default is off.

- • Y~• -
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IV. RUN T1ME CONVENTIONS

This section explains how to run the compiler on the

curren t system . The compiler expects to see a file with a

type of CBL as the input file. In general , the inpu t is free

form . If the input includes sequence numbers then the

compiler must be notified by setting the appropriate toggle.

The compiler Is started by typing COBOL <fIle—name>. Where

the file name is the system name of the input file. There is

no I n t e r a c t i o n  requ i red  to s t a r t  the second.  par t  of the

com~iler . The output file will have the same <file—name> as

- • the input file, anti will be given a file type of CIN. Any

previou s  cop ies  of the f i l e  w i l l  be erased. .

The Interpreter is started by typing EXEC <filename>.

The f i r s t  pr ogram is a loade r , and it w I l l  d i sp l ay  ‘ LOAD

F I N I S H E D  to in d i c a t e  succes s fu l  c o m p l e t i o n . The run—time

package will be brough t in by the IMTRDR r o u t i n e , ant i

execution should continue without interuption.

• 128
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V. PILE I N T E R A C T I O N S  W I T E  CP/M

The file structure that is expected by the program

imposes some restrictions on the system . References 4 and 5

contain detailed information on the facilities of CP/M , and

• should be consulted for details. The information that has

been included in this section is intended to explain where

l i m i t a t i o n s  ex is t  anti how the program i n t e r a c t s  w i t h  the

System.

A ll files in CP/M are on a random access device , and

there is no way for the system to distinguish sequential

files from files created In a random mode. This means tha t

the various types of reads and writes are all valid to any

file that has fixed length records. The restrictions of the

ASSIGN statement do prevent a file from being open for both

random an d seq uential actions during one program .

Each logical record is terminated by a carriage return

ant i  a line feed.. In the case of variable length records,

this is the only end mark that exists. This convention was

adopted to allow the various programs which are Lsed in CP/M

to work with the files. Piles created by the editor, for

example, will generally be variable length files. This

convention does remove the capability of reading variable

lenzth flies in a random mode.

All of the physica l records are 128 bytes in length , and
• 

- the program supplies buffer space for these records In

addition to the logical records. Logical records may be of

129
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any desi red length.
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VI. ERROR MESSAGES

A. COMPILER FATAL MESSAGES

BR Ba d re ad —— di sk error , no correc tive action can be

taken in the program.

CL Close error — unable to close the output file.

MA Make error —— could not create the output file.

MO Memor y ov e r f l o w  —— the code and . c o n s t a n t s  generated

will not fit in the alloted memory space.

OP Open error — can n o t  o~ en the i npu t  f i l e , or no such

file present.

SO Stack overflow — the LALR(1) parsing stack has exceeded

its maximum allowable size .

ST Symbol table overflow —— symbol table is too large for

the allocated space .

WB Write error — disk error , could not write a code

record to the disk.

B. COMPILER WARNINGS

CI Close error —— attempted. to close a non—existing file .

DC Decimal coun t error —— decimal significance is treater

than 18 digits.

DI Duplicate identifier — the identifier name has been

~~~~~~~~~~ 
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previously declared in the WORKING STORAGE area of the

program.

Excess files —— the number of files declared in the

source program exceed s 24.

EL Extra levels —— only 10 levels are allowed .

FT File type —— the data element used in a read or write

statement is not a file name.

IA Inval id access — the specified. opti ons are not an

allowa ble combination.

ID Identifier stack overflow — more than 20 items in a

GO TO —— DEPENDING statement.

IS Invalid subscript —— an item was subscripted but it

was not defined by an OCCURS.

IT Invalid type —— the field types do not match for this

statement.

L~ Literal error — a literal value was assigned to an

item that is part of a group item previously assigned

a value .

LV Literal value error —— the PICTURE clause field type

does not match the VALUE clause literal type .

MD Multiple decimals —— a numeric literal in a VALUE

clause contains more than one decima l point .

• MS Multiple signs — a signed numeric literal in a VALUE

clause contains more than one sign.

NI Mo file assigned — there was no SELECT clause for

this file.

~~~~~~~~~
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MI Not implemented —— a production was used that is not

implemen ted .

NM Non—numer ic — an invalid character was found in a

numeric string .

NP No production —— no production exists for the cuurrent

parser conf iguration; error recovery will automatically

occur.

NV Numer ic value — a numer ic v a lue was ass igned to a
n o n — n u m e r i c  i t em .

l 

02 Open error —— attempt to open a file tha t was not tie—

clared. or attempted to open a file for 1—0 t h a t  was

no t a RELATIVE file.

PC Picture cl ause — an inval id charac ter or se t o f
• characters exists in the picture clause.

PT Paragraph firs t —— a section header was produced after
a paragraph header , which is not in a section.

I Ri Redefine nesting —— a r e d e f i n i t i o n  was made f o r  an

I Item which is part of a redefined item .

- 

• R2 Redefine length —— the length of the redefinition item

was greater than the item that it redefined.. This error

message may be printed out one identifier past the

redefining identifi er record in which it occurred..

R3 Redefines misplaced — a redefines was attemoted . in the

FILE S~CTION of the source program .

SE Scanne r error — the scanner was unable to read an
•

•• identifier due to an invalid character.

SG Sign error — eithe r a sign was expected. and. not

• 133
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found , or a sian was present  when no t  va l id .

SL Significance loss —— the number assign ed as a value is

larger than the field defined .

TE Type error — the type of a subscript index is not

integer numeric.

UI Undeclare d. I d e n t i f i e r  —— the identifier was not

declared in WORKING STORAGE area of the source program.

Value error —— a value s ta temen t was ass igned to an
i t em in the file section.

WL Wrong level error —— program attempted to write a

• record other  than an 01 level record to an ou tpu t

file.

C. IN T E RPR E T E R FATAL ERRORS

.11 CL Close e r ro r  — the  sy s tem was unab le  to  c lose  an output

file.

- 

• 

ME Make error —— the system was unable to make an input

• file on the disk.

MI No file — an input file could not be opened .

Wi W r i t e  non—sequen t i a l  — at tempte d .  to  W RITE to a f i l e

opened. for INPUT or a file opened. for 1—0 when ACCESS

was SEQUENTIAL .

W2 Wrong key —— a t t e m p t e d  to change the key value to a

lower value than the number of the last record writ-

ten.

134



W3 W r i t e  i npu t  — a t t emp t e d  to  WRITE to  a f 1le  opened

f o r  INPUT.

W4 Write non—empty —— a t t empted  to  WRITE to  a non—empty

record..

W5 Read outpu t — a t t e m p t e d  to READ a f i l e  opened for

OUTPUT .

W6 R ewr i te  e r ror  — a t tempted  to R E W R I T E  to a f i l e

no t  opened fo 1—0 .

W7 R e w r i t e  e r ror  — attempted to REWRITE a record.  before

reading the file; or mult iple R E W R I T E  a t t e m p t s  with-

out  do in g  a READ between each.

D. INTERPRET E R W A R N I N G  MESSAGES

EM End ma rk —— a record tha t was read did not have a

carr iage re turn or a l ine feed In the  exp ected l o c a t i o n .

GD Go to depending —— the va lue  of the depe n ding  i n d i c a t o r

was g r ea t e r  than the  number  of ava i l abl e  branch

addresses.

• IC Inva l id  character  —— an invalid. character was loaded

i n t o  an ou tpu t  f i e ld  during an edi ted  move . For example ,

a numer i c  cha rac t e r  i n t o  an a lp h a b e t i c — o n l y

f i eld. .

SI Sign In v a l i d  —— the sign is not a or a

WE W r i t e  E r r o r  —— attempted to write to an outpu t file.
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APPENDIX B

LIST OF MI CRO—COBOL RESERVED WORDS

The following is a list of reserved words for

M IC R O— COBOL. The reserved. word s are the same as those

specified for the HYPO—COBOL language , except where noted

with an asterisk (*). -

ACC E PT ENVIRO N M E NT MULTIPLY RUN
ACCES S 20! * NEXT SA ME
ADD ECUA L NOT SECTION
A D V A N C I N G  ERROR NUMERIC SECURITY
AFTER EXIT OBJECT—COMPUTER SELECT
ALPHABETIC ID OCCUR S SENTEN CE
ASSIGN PILE OF SEPARATE
AUTHOR PILE—CO NTROL OMITTED SEQUENTI AL
BEFORE FILLER OPEN SIGN
BLOC K FRO M ORGANIZATI ON SIZE
BY GO OUTPUT SOURCE—COMPUTER
CA LL GREATER PAGE SPACE
CLOSE 1—0 PE R FORM STANDARD
COB OL 1—0—CONTROL P l C STOP
COMP I D E N T I F I C A T I O N  PROCEDUR E SUBTRACT
C O N F I G U R A T I O N  11 PROGRAM SYNC
DATA IN PUT P R0G RA M — I ~ T HRU
DAT!—~RITTEN INPUT—OUT PUT QUOT E TIM E S
DE B UGGI NG I N V A L I D  R ANDOM TO
DELETE INTO READ T R A I L I N G
DEPENDING LABEL RECORD U N T I L• DISPLAY LEADI NG RECORDS USAGE
DI V IDE LEFT RE DEFINES U S I N G
DIVISIO N LESS RELATIVE VALUE
ELSE LIN K AGE REWRITE WCR KI NG—STORA E
END MODE RIGHT WR IT !
ENTER M OVE ROUNDED ZER O

- - 
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APPE NDIX C

The MICRO—COBOL compiler and interpreter source files

currently exist in the high level language PLM8O anti are
edited and, compiled under the ISIS operating system on a

INTEL Corporation MDS system . This is a description of the

procedures reouired to compile and e s t a b l is h  the programs to

com pile and interp?e t a MICRO—COBOL program. The MICRO—COBOL

comp i l e r  and, i n t e r p r e t e r  run on any 808~ or 1—80 based

m i c r o c o m p u t e r  t h a t  operates  under  CP/M. The execution of the

f o l l o w i n g  fou r  f i l e s  w i l l  cause a MIC R O—CC B OL program to  be

com piled and executed.:

1. COBOL.COM

2. PA ?T2 .COM

3. !XEC.COM

4. C INTE R? .CO M

These four files are created from the following six

PLM8O source programs.

2.. PART 1.PLM

• 
2. PART2.PLM

3. BUILD .PLM

4. IREAD!R.PLM

5. IMTRDR.PL M

6. I N T ER P . PL 14

The proce dures used to  c rea te  the four  ob jec t  f i l es  ( COM

files ) Involve compiling , linking , and. locating each of the
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six source  f i l e s  under  I S I S .  The SID program is then used

under  C?/M t o  cons t ruc t  the executable  files. Each of the

following steps describe the action(s) to be taken and ,

where appropriate, the command string to be entered. into the

com puter .

1. An ISIS system disk containing the PLMBO compiler is

placed into drive A and. a non—system disk containing the

source programs is placed into drive B. It should be noted

that drive A and B are the CP/ M r e fe rence  names fo r  the

d r iv e s  whi le  Fl and P2 are the I SI S re ference  name s used. fo r

the assocIated d i sk  dr i v e s .

2. Compi l e  the PLM source pr ogram un der  I SIS using the

the foll (,wicg conman~ :

PLM8 ~~~ :Pl:<fllename>.PLM DEBU G XREF

DEP UG saves the symbol  t ab le  and. line files for later

use during debugging sessions. XREF causes a cross—reference

l i s t i ng, of a l l  I d e n t i f i e r s  In  the source  program , to  be

created . The cross— reference  listing includes each

i d e n t i f i e r  and the a s soc ia t ed  l ine  number  where the

identifer was declared and the line number of each occurence

of the i d e n t i f i e r  in the source  program (9] .

3. L i n k  the  PLM8Ø objec t f i l e .

LI NK :F1:<filename> .OBJ , TRIMT .OBJ , PLM8Ø .LIB, TO

:F1:(filename’.MQD

See re fe rence  10 fo r  an e xp l a n a t i o n  of P L M E O . L I B .  The
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TRINT.OBJ prcgram interfaces the MONt and MON2 functions of

CP/M to the source program , allowing for the use of absolute

addresses In referencing these functions.

4. Locate the objec t file.

LOCATE :71 :1(ftlename>.MOD CODE (org address)

The “org address ’ is the address where the program will

begin to be loaded into memory. The following are “org

add resse s ’ for the associated pro~ ran :

PARTI.MO D 100K

PART2.MOD 100K

INTERP.MOD 100ff

INTRDR.MCD 80K

BUILD.MOD 100ff

IREADER .MOD D000H

The “or g add resses ” above represent the ones used with a 62!

byte CP/M system . The only address that would need to be

• changed if’ a d ifferent size system was used would be the one

for IP!AD!?.~OD. See appendix 2 for specifics on the address

to use for IREADER .

4a, The two files INTRDR and IREflER just created by the

LCCAT! comman d must be converted to “ H EX FILZS . By usin~
the ISIS command OBJEEX <filename > the file will be

converted to the “ H E X file” <fllename>.RSX .

5. Replace the ISIS system disk in drive A with a CP/M

system d isk and reboot the system.
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6. Transfer the located ISIS file from the ISIS disk on

drive B to the CP/M disk on drive A.

FRO MI SI S  < f i l ename >

6a. When t r a n s f er in g  the “ HEX f i l e s ” to the CP/M disk

use the following :

FROMISIS <filename>.ESX

7. Convert the I S I S  file to a C?/M executable form .

OPJCPtI <filename>

7a. The “HEX f iles ” are no t coverted to a CP/M format ,

but are left in the HEX format.

At this point the object file is in machine readable

form and will run under CP/M when called. properly. PART2.COM

and CINTERP.COM are called by PARTI.COM (COBOL.COM ) and

EX!C.COM, respectively and need no further work. PART1.COM

and EXEC.COM need. to be constructed from the remaining four

f i l es.

PA RT1 . C OM  is created by entering the following commands:

1. SID P AR T 1. C CM

2. IR!ADER.R!X

3. R6200

4. A2A9A

5. JPIP 0D0~ Q’

6. Control—C

7. Save 52 COBOLICOM

H-



See reference 6 for an explanation of the ‘I , 
‘
H
’
, and

“ A ’ commands used above and ref 4 for an explanation of the

‘SAVE ’ command. Steps four and five above are used to patch

the JUMP to IREADER referred to in the PART1.PLM program

into the PART1 .COM program.

!XEC.COM us created by entering the following commands:

1. SID BUILD.COM

2. IMTRDR.EZX

3. R1COO

4. A 1CB~
5. JMP 5

6. A1C C1

7. JMP 5

8. CONTROL—C

9. SAVE 31 !XEC.COM

Statements 4, 5, 6, and 7 above are used to patch the

JUMP to BDOS referred to in the INTRDR.PLM program into the

INTRDR.HEX program .

NPS MICRO—COBOL programs may now be executed in the

follow ing manner. The source program is named ,

<filename>.CBL . The command “COBOL (filename> ’, causes the

~tICR0—COBOL source program to be read into memory and

comp iled.. During the compilation , the Intermediate code

f i le , <filename>.CIM , is written out to the disk as the code

Is generated . The commend ‘EI!C <filename> ’, causes the
f i le , <filenam.).CIN , to be executed .
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APPENDI X D

PAR T ONE AND PART TWO INTERNAL DATA STRUCTURES

AND SIG N IFICANT VARIABLES

W ithin PART ONE and PART TWO , many significant data

structures are used. by the procedures which constitute the

scanner and parser . Descriptions are given below for those

structures regarded as important and necessary for future

compi le r  d e v e l o o m e n t .

1. I n t e r f a c i ng  S t ruc tures

ADD~END —— thi s variable is used to hold the end. of

file filler for the end of the source program .

BU PPE R ( 11)  —— byt e array used to hold the filename

and filetype if declared , of an inpu t or output file In the

SELECT CL PUS E of the FILE SECTION of a M I CRO—CO B OL source

pro gr am .

BUF7!R~END —— address variable which marks the last

• byte of the complier inpu t buffer which Is a 128 byte buffer

used f o r  reading the source  p rogram.

I PI $AD DR —— address variable , default file contro l

block used. initially to hold the <filename .CBL) of the

source program to be compiled .
- - 

IN $ BU F F  —— literal value , marks the first byte of

the com~ller input buffer.

INPUT~PCP —— byte value , based at INSADDR(33), the

base add ress of the default file control block of the source
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program .

OUTPUT$PUPF(128) — byte array, used as a 128 byte

ou tpu t buffer for loading the genera ted outpu t (pseudo

Instructions) when writing to the intermediate code file.

OUTPUT$CRAR — byte value, based at the OUTPUT$PTR

used to identify the particular byte of the output buffer

(OUTPUT$BUPP ) to whi ch the nex t intermediate code

i n s t r u c t i o n  is to be w r i t t e n .

OUTPUT~~EMD —— add ress var iab le , pointer to the end
-

• of the output buffer (OUTPUT$BUFF).

OU TP UT$F CB (33 ) —— byte array, the PCB for the

i n t e r m e d i a t e  code file <filename .CIN> established In PART

ONE of the  comp i ler  and pasted to PART TWO of the compi le r
- 

-

~ by IREADER module.

0UTPU T~~ PTR —— address value , used as an index into

the output buffer (OUTPUT$PUPF).

POINTE R —— address value , the address of the byte

holding the next input character of the source program.

2. Debugg ing S t ruc tures

DEBUGGING —— logical byte value , toggle used in

ccnjunctto y, with “ : “ in a MICRO—COBOL source program text;

allows for the compilat ion or non—compilation of the

deugglng statements following the “
:
“
.

• L IST SINPUT —— logical byte value , toggle used to

display or not displ ay a source program to the CRT during

comp ilation.
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PARMLIST(9) —— byte array used to hold. the toggles

set by the compiler developer or user upon execution of the

command : COBOL <filename .CBL) $TOGGLES .

PRINT$PROD —— logical byte value , toggle used to

print , in chronological order , at the CRT the production

num bers of the compile r gramma r rules used. during a

com pilation of the source program .

S!Q$NUM — logical byte value , toggle used to

indicate the presence of sequence numbers in the first six

positions of each line of a source program being compiled.

3. Memory Structures

EOTPILL!R —— litera l value , used to test for the

occurrence of an end of file character (“tAR ” in CP/M), when
reading the source program .

FR!E$STORAGS —— first free address following PART

ON! of the compiler; utilized as the base of the symbol

table. This is the same value as HASH$TAB$ADDR in PART TWO

o p the c ompiler.

IMITIAUPCS — address value , the initial location

of the IREADER module before it is copied to high memory at

loca tion MAX$MEMORT.

MA X$ M!MORT — address  va lue ,  the loca t ion  in h igh

memory where the tREADER module is to be moved .

NEXT$AVAI LABLE — address value , the pseudo machine

memor y address for the next machine instruction.

PAET1$L!N —— the number of bytes of info rmation
~,r ~

•4•A -
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saved. In high memory after execution of PART ONE and used to

initialize PART TWO module variables of the compiler.

PASS1$TOP — this address is used in conjunction

with PASS1$LSN for locating the fourty—eight bytes of

informa ti on sa ved In PART ONE for use in PART TWO of the
com piler.

?DE$LENGTH — literal value representing the 255

bytes of the tREADER module to be moved. from IMITIAL$POS to

MAX SM EMO H!

4. Scanner Structu res:

ACCUM (51 ) —— an array of 51 bytes; the first byte

con tains a coun t o f the t o tal num ber o f charac ters curren t ly

in the  a c c u m u l a t o r .  Thi s struc ture holds t okens as they are

scanned , and. will ho ld either a reserved word , a user
defined identifier, or a literal.

COLLISIO N —— address varible , contained in first two

bytes of an identifier ’s symbol table entry and indicates

whether there is another identifier which hashes to the same

hash table address. This address points to tha t identifier ’s

address in the symbol table.

DISPLA’T(74) — an array of 74 bytes; the first byte

contains a count of the total number of characters (1—73)

c’irren tly in the display buffer. Every line within a source

• nrogram is loaded into this - structure for subsequent

printin g to the CET terminal during compilation.

EDIT$TLAG —— logical flag which denotes the fact
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tbat a ‘$ ‘ symbol has been loaded into the DISPLAY array

during compilation. When set the characters within DISPLAY

will be printed one at a time , until the entire line is

printed..

HASR$TABLE$ADDR —— the base of the sym bol table

generated in PART ONE , used as the base of the hashtable .

HASR$TAB~ ADDR —— this was the address of the bottom

of the symbol table generated in PART ONE of the compiler ,

and saved for Part two.

INPU T $S TR — literal value (32), returned to the

LALR (1) parser anytime the token contained in the ACCUM is

no t a reserved word or literal.

LITER AL —— literal value (15), returned to the

LALR (1) parser anytime the first character encountered by

the scanner is a quote ( ‘ ) ,  prior to loading the ACCUM.

MAX$LEN — length of the longest reserved word

allowed by M I CRO — COBOL .

5. Parser Structures :

BUFflR(3 1) — byte array used to store edited

PICTURE CLAUSE characters for subseauent intermediated code

generation.

COMPILING —— logical byte value which indicates tha t

comp iling is taking place or not in PART ONE or PART TWO

set to FALSE whenever the statestack of th e LALR (1) parser

is reduc ed to a recognizable finished state.

CUR~SYM — address variable tha t holds the address

146

I



of the current symbol being accessed in the symbol table.

DUP~IDEN$ARRAY (24) —— address array that holds the

symbol address for all files declared in the INPUT—OUTPUT

SECTION of a source program . When the FILE SECTION entry for

the file is encountered the arra y is searched to determine

if the file was declared and to insure that a FILE SECTION

entry had not been previously made.

PIL!$DESC$PLAG —— logi cal byte value ; indicates

whether the compiler is compiling the FILE DESCRIPTION

SECTIO N of a source program or not.

PILE$S!C$END — logical byte value set whenever the

parser has parsed passed the FILE SECTIO N of a source

program .

EOLD~ t I T(5 1 ) — byte array , first byte contains a

coun t of the total num ber of characters currently stored in

the EOLDLIT buffer which is used to hold characters for a

VALUE CLAUSE.

ID$STAC !(10) —— address array which functions as a

• stack and is used to hold the addresses of identifiers at

both the record and elementary levels. Whenever a record

• identifier has nested elementary field identifiers it is

saved on the ID~STAC !. Also , anytime a record identifier has

succeeding record identifiers redefining it , it is saved on

the ID$STACX . In the case of multiple record. descriptions in

a file description of the PILE SECTICN , the record

descr iptions following the first record are assumed

red efinitions.

147

I 

- - ___________—— 

-

L: ~~~~~~~~~~~~~~~~~~~ - 7~~~~~••  • -- -—



ID~ STAC !$P TR —— a byte index variable into the

ID~ STACK array.

MAX$ID~LEN —— a numeric value (12), maximum length

of any user defined identifier.

MP — byte index variable into the VALUE array .

MPPI —— byte index variable Into the VALUE array,

one byte above MP index .

‘IEXT$SYM —— this address indicates the next

ava ilable free space for a symbol table entry.

P!NDING$LITERAL —— byte value (0,1,2,3,4,5),

indicates the category of the ta rget input to a VALUE

CLAUS!.

PENDING~LIT$ID — byte value (0,1,2,3,4,5), which is

saved to indicate the category of the most recently

encoun tered target inpu t to a VALUE CLAUSE.

PRODUCTION —— byte value , determined by the parser

and indicates the next semantic action to be taken by the

compi le r .

HErE? — logica l by te value which allows th e  t e s t i ng

of an identifier ’s storage val~ie size against the storage

value size of a second identifier tha t redefines the first.

Set to TRUE when there are mult iple record descriptions

within a PD BLOC! in the FILE SECTION , or when a record or

elementary Identifier declaration in the W O R?I NG STO R f tGE

- - 
I 

SECTION con tains a REDEFINES CLAUSE.

RED!!$?LAG —— logical byte va lue , used to denote the

scann ing and parsing of the F ILE SECTION of a source
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~r ogram , helps in i d e n t i f y i n g  dup li ca t e  i d e n t i f i e r s  w i t h i n

this section.

REDEP$ON E —— address variable that holds the symbol

table address of the i d e n t if ie r  being redefined by another

identifier.

HEDEP~TWC — an address variable that contains the

symbol table address of an identifier which redefines

• another identifier.

SP —— a byt e index for the STATESTA CK arra y an d the

VALU E array points to the top of the STAT !STACK array.

STATE —— a byte value numeric quantIty that

i n d i c a t e s  the curren t parser  s t a t e .

STAT!STAC!(30) — a byte  ar ray -  whi ch  s t acks  the

states (production sequences) the parser passes through

while compiling a source program .

T~UNC$PLAG —— logica l byte value that indicates

numer i c  t r u n c a t i o n  of an identifier ’s V~~LU! CLAUSE inpu t

hasn ’t occurred, becaus e the identi fier ’s associated PICTUPE

CLAUSE has not been scanned and parsed .

v~L uE ( 3e ) — an address array that holds addresses

of identifiers , specific attributes of these i d e n t i f i e r s  and

attributes of the current source program statemen t or

sen tence being parsed.

VARC(51) —— a byte array , the first byte holds the

count of the total number of characters within it , used to

hold. all the ASCII characters of tokens scanned within the

source program , excluding reserved words; for subsequent

• 149

_ _ _  _ _  - 
T •~-:T~ T

__________ 
-.-~~~. ~~~~~

— - • ..~~~~.::



analysis and processing .

VALUE$PLAG —— a logical byte that is set anytime an

identifier has an associated VALUE CLAUSE; used primarily to

recognize the occurrence of a PICTURE CLAUSE before the

VALUE CLAUS! or when a record. entry has a VALUE CLAUS!, but

no associated PICTURE CLAUSE except for those in its

elementary field identifiers.

VALUE SLEVEL —— a byte value which saves the level

number of a record identifier which doesn ’t h&ve an

associated PICTURE CLAUS!.
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APPENDIX !

The NPS MICRO—COBOL compiler/interpreter is designed to

operate on any 8080 or 280 based microcomputer operating

under CP/M with at least 22K bytes of memory. The PLM8O

source files have been written in such a way, that certain

variables must be altered in the source code to take

advantage of the machine tha t the programs are going to be

operating on. This appe ndix covers those programs and the

variables tha t must be altered .

:1 1.

This program has two variables that are iiemory size

dependent , MAXft~’!MORY and M~X$ I NT~MEMCRY . The variable

MAX~MEMORY is set to 100H bytes below the base of the BrOS

and is used for the beRtnning address of the IREADER

routine. The variable MAX$ INTft4EMORY IS set to the base

address of the !DOS and is t~sed as the upper l im i t for the

intermediate code file.

2. PPRT2.PLM

This program also has two variables that are ‘iemory size

depen d en t , MAX~M!MORY and P A SS 1~ TOP . In  t h i s  program

MAX$MEMORY is set to the base address of the BDOS while

PASS1$TO P is set to 102R bytes below the base of the BDOS.

3. IREAD!R .PLM

Although , this program does not have any memory size

dependen t variables the program must be modified to execute

properly. When using the LOCATE command,, un der ISIS , this

rnutine must be located 100H bytes below the BtCS of the
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system. This address would correspond to the value s of

MAX$MEMORY in PART2.PLM and MAX$ INT~MEMORT in PART1.PLM .

4. INTERP .PLM , TN T R DR . P LM , arid B U I LD .PL M

These three program s have no variables tha t need to be

altered.

5. GENERAL INFOR MATION

The current version of the NPS MICRO—COBOL

compiler/interpreter is des igned for continued development

and cer tain variables are not set to make optimal use of

• memory. The variable NEXT$AVAI LABLE , in PA~ T1.PLM , is set to

3002E and COD!SSTART , in INTERP.PLM , is set to 3000H.

Normall y, CODE~START would be set to the address immedIa tely

following the last address In CI NTERP.COM and N ?XT SAVA ILABLE

would be set two bytes above that a~Idress . These address are

currently set approximately 950H bytes above where they

should be located , to allow for testing and expansion of the

interpreter. As soon as implementation is completed these

two addresses can be reset to appropriate valies.
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MICRO—CO B OL Parse Table  Ge n e r a t i o n

The parse tables for NPS Micro—Cobol were generated on

the IBM 360 using the LALR(1) parse table generater

described in reference 1?. There are basically two steps

involved in generating the tables. First , a deck of cards

containin g the gramma r is entered Into the computer using

the following JCL:

//GO EXEC PGMz LPLP.,R!GIOM=220K

//ST!PLIB DD DSN=F0963.LALR ,UNIT=2314,
- - 

- 

VO L=SE~ = L I N r A , t I SP = SR ~
//SYSPRINT DD S!SOUT=A ,DCB= (RECFM=F!,

- LRECL=133 ,BLKSIZE=3325),

//SPAC!~ (CTL,(1 ,1))

//NONT!RM DD SPAC!= (CYL ,(1,1)~~,UN tT~STSDA

//?SMDATA DD SPAC != (CYL ,(1,1)),UM IT~S!SDA

//PTABLES DD STSOUT=B ,

- 

- 
DCB~~~(?ECFM=FB ,LRECL= 80 ,BL ~~S I Z E ~~~~Q~~~)

//STSIN DD *
The oupu t from this run is a listing an d a card deck

containing the tables in XPL com patable format. This deck is

then translated into PLM compatible f~rr’iat using the

following JCL and an XPL orogram which is available in the

card deck library in the Computer Science Department at the

Naval Postgraduate School .

//!XSC
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//COMP.SYSIN DD *

//GO.SYSPUNCR DD SYSOUT*B ,

DCB *( RE C p M = FB ,LREC L = 8O ,BL~ S IZE= 800 )

//Go.5TSIN DD *

The tables are then transferred to a diskette and. edited

into the PLP!80 source program using the ISIS COPY and EDIT

features on the INTEL MDS System .
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~~~~NDIX G

LIST OF INOPERATIVE CONSTRUCTS

The follo wing is a list of MICRO—COBOL elements tha t

either have not been implemented or have been implemented

incorrectly.

LIN[AGE SPCTION

USA GE COMP

{LEADING }
SIGN SEPAR .ATE

{TRAILING }

{LEFT }
SY NC

~RIGHT}
• ADD

D I l l  DR

DELETE

EXIT

M OV E

MULTIPLY

SUB TRA CT

The following RYPO—COBOL element s are part of

MICRO—CCBCL only- to the extent that they are defined in the

~rarrmar. No code has been written to support them .

USING

CALL

!~4TZR
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{BE!ORE } ~IN -r ~cER }
WRITE record—name A DVAN C ING

{AFTER }. {PA ~~ }

.
1 156

-— 

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



-_______

COMPUTER LISTI NGS

PART1 :
DO;
/* NORMALLY ORG ’ED AT 100K *1

/* COBOL COMPILER — PART 1 */

1* GLOBAL DECLARATIONS AND LITERALS */

D~iCLARE LIT LITERALLY 
‘LITERALLY ’;

DEC LA PS
PARMS LIT ‘6DR ’,
PAR MLIST (9) BYTE INITIAL(’
SOFFILLER LIT ‘lAR ’,

1* END OF RECORD FILLER */
MAX SMEMOR Y LIT ‘OD OOO H ’,

/* TOP 0? USEAB LE MEMORY *1
I M I T I A L $ P O S LIT ‘3200K ’

,

H RDR$LENGTH LIT ‘255’,
PASS 1$LEN LIT ‘48’,
CR LIT ‘13’,
LF LIT ‘10’
QUOT E LIT ‘27K 3 ,
POUND LIT ‘23K ’,
TRUE LIT ‘1’,
FAL SE LIT ‘0’,
FILE$DESC$!LAG BYTE INITIAL (ILLSE),
RED!F$FLAG BYTE INITIAL (YALSE,
DUP~~I D ! M $A R R A Y ( 2 4 )  ADDRESS

INITIAL (0 ,0,0,0,0,ø,0,0,0,ø,0,0,ø,0,0,0,0,0,0,0,0,ø,0,0),
FOREVER LIT ‘W H ILE TRUE ’;

DECLARE MAXR N O LIT ‘
lØ4

’,/* M A X  R EA D  COUNT */

MAXLNO LIT ‘129 ’,/* MA X LOOK COUN T */
MAXPP4O LIT ‘145’,/* MAX PUS H COUNT *1
MAXS NO LIT ‘234’,/* MAX STATE COUNT */
STARTS LIT ‘l ’;/* START STATE *1

DECLARE READ 1 (*) 3TTE
DA TA (0,5?,48,56,32,8,25 ,59,2,16,17,22,29,53,58,j1,32,32,39
,38,34,44,9,19,32,37,6,33,3,14,15,18,20,32,28,49,32,1,42
,38 ,36 ,43, 1, 1,1,1 ,1,1,1,1 ,1, 10,1,39 ,1,1,1, 38 ,40 ,49, 38 ,39 ,1
,1,38 ,23 ,24,55 ,52 ,41 ,35, 46 ,1,7,50 ,1,32 ,1,32,32 ,45
,1,32,1,32,l ,32 ,47 ,37,4,26 ,32 ,54,40 ,1 ,1
,32 .5 , 12 , 13 P21,22 ,2? ,t, 60 ,1. ,23 .24, 55, 30
DECLARE LOO K1 ( *)  BYTE
D A T A ( 0 ,8,0 ,25 ,0 ,9,19 ,0,42 ,0,42 ,0,1 ,0,52 ,0,41,0,35,0,1,0 ,47
,0 ,4 ,Q’ ,54 ,0 ,40 ,0 ,35 ,46 ,60 ,2 ,1, 0,32 ,0,i ,0,1,0,t1 ,0,60 ,0,7,0
32 ,0,32 ,0,32 ,0);
DECLARE APPLT 1 (*) BYTE
DATA (0 ,0,0,0,0,0,9,10,12,14,19,g ,0,0,0,0,0,t0t,0,O,100,0
,0, 0,0,O ,O , 9 7 , 0,27 ,0,0,0,69,0 ,91,92 ,0 ,0,91,92 ,0,0,0,0,13
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,17,0,102 ,103,104,0,0,0,0,0,95,0,0,54,0,0,23,30,38,39,0
.21,40 , 52 , 56, 87, 93 , 94 ,0
DECLARE READ 2(*) BYTE
DATA (0,65,57,64,154,26,3?,6?,21,30,31,33,39,61,66,27,234
,215,51,45,108,109,223 ,224,233,43,216,21?,22,230,229,232
,231,228,173 ,172,169,9,226,4?,196,195,?,8,11,13,15,2,3,1O5
,14,158,4,50,20,12 ,18 ,48,1?1,170,44,49,19,10,46,35,36
.63,60,53,42,146,16,25,58,106,155 .148,155 ,155,55,150,155
,152,155 ,157,155,56,193,23 208,234,62,52,206
,180,234,24,28,10?,32,34,38,i?,69,164,35,36,63,40,5g);
DECLARE LOOK2(*) BYTE
DATA(0 ,5,130,6,131,29,29,132,41,133,54,134,135,69,?1,136
,72,13’?,?3,138,139,80,84,140,86,198,88,141,89,142184,184
.184,91,189 .92,93,197,21.1,95,143,96,97,176,99,144,145,101

‘ ,102,200,103,202,104,188);
D!~CLARE APPLY2(*) BYTEDATA(0 ,0,77,111,112,147,79,114,81,82,83,79,76,11?,75,156
,126,163,162,100,166,165,167,1.18,168,160,124,1?9,178,94
,121,?4,125 ,120,119,187,187,1e6 ,98,192,192,1g1,194,113
,183, 128,129,127,205,205 ,205,204,115,123,90,122,214,213,221
,219,218,222 ,199,85,220,116,87 ,110 ,7-~,174,209,207,182
.182,181);
DECLARE INDEX1(~~) BYTEDAT~ (0 ,1,2,3,4,5,6,?,8,4,4,24,4,24,4,13,1.4,24,109,4,15,16
,16,24,17,18,19,16,20,22,24,25,26,28,29,34,36,37,24,24,16
.38,39,40 ,42,43,44,45,46 ,47,48,49,16,50,38,51,16,52,53,54
,55,56,57,58,60,61 ,62,63,64,8,65,68,69,?0,?1,?2,73,74,75,77

• ,79,81,83,85,87,ee ,e9,90,92 ,93,94,8,8,16,95,97,97,15,103
.104, 105,109,24,24,24,1,3,5,8,10,12,14 .16,18,20,22,24,26,28
,30,34,36,38,40,42,44,46,48,50,52,185,149,225
227 , 22? , 190,151
,153,203,159,21.2,161,175,212,201,177,1,2,3,3,4,4,5.5 ,6,6,12
,13,14,14,15,15,16,16,1?,19,19,20,20,20,22,22,23,23,24,24,25
,25,26,25,2?,29,29,31,32,32,33,33,35,38,38,33,33,39,39,39
,39,39,42 .42,43,43,44,44,45,45,48,52,52,53,53.54,54,55,55

- - .56,56 56,56,56,56 ,56,56,~8,58,58,59,59,61,61,61.,61,61,62,67S;
DECLARE IN~EX2 (*’~ BYTE
DATA (0 ,t,i,1,1 ,1,1,1,5,1,1.1,1,1,1,1,1,1,1 ,1,1,1,1,1,1 ,1
,1,1,2,2,i,1,2,1,5,2,1,1,1,1,1,1,1 ,2,1,1 ,1,1,1,1,1,1,1,1,1
,1,1,1,1,1 ,1,1,1,2,1,1,1,1,1,5,3,1,1,1,1,1,1,1-2,2,2,2,2,2
,1.,1,1,2,t,1,1,5,5,1 ,2,6,6,1,1,1,4,2,1,1,1 ,2,2,3,2,2,2,2

• ,2,2,2,2,2,2,2,4,2,2,2,2,2,2,2,2 ,2,2,5,6,29,41,54,69,71,72
,?3,80,84,88,89,96,99,101,3,9,3,0,3,0,3,0 ,0,1,7,8,1,0,6,0
,0,1,3,0,1,1,2,1,0,0,0,O,1,0,2,0,3,1,2,0,1,5,3,O,G ,1 .4,0,0,
,0,1,2,1,2 ,2,2 ,0,2,3,0,3,0,O,1,4,0,0,1,0,O ,O ,O ,1,1,1,1,2,2,I.
,1,t,0,0,0,0,0,0,~~,0,0,0,0,0); /* END OF TABLES */DECLARE

/* JOINT DECLARATIONS
- 

- THESE ITEMS ARE DECLARED TOGETHER IN THIS SECTION
IN ORDER TO FACILITAT E THEIR BEING SAVED FOR

• 
- 

THE S1~COND PA RT OF THE COMPILER . */

OUTPUT$?CB (33) BYTE
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INITIAL (0,’
DEBUGGING BYTE INITIAL (FALSE),
PRINT$PROD BYTE INITIAL(FALSE),
PRINT$TOIEN BYTE INITIAL(I’ALSS),
LIST$INPUT BYTE INITIA L (TRUE),
SEQ$NUM BYTE INITIAL (FALSE),
NEXT$SYM ADDR ESS,
POINTER ADDR ESS INITIAL (100K),
NEXT$A’TAILABLE ADDRESS INITIAL (3002K),
MAX$INT$MEM ADDR ESS INITIAL (OD100!),
FREE $STORAGE ADDRES S,
FIL!$S!C$END BYTE INITIAL (FALSE),

1* I 0 BUFFERS AND GLOBALS *1
IN$ADDR ADDR ESS INITIAL (5CR),
INPUT$FCB BASED INADDR (33) BYTE ,
OUTPUT$PTR ADDRESS ,
OUTPUT~BUF? (128) BYTE ,OUTPUT$END ADDRESS ,
OUTPUT$CHAR BASED OUTPUT$PTR BYTE ;

MON1 : PROCEDURE (?,A) EXTERNAL;

DECLARE A ADDRESS , F BYTE;
END MONt.;

- 
- MON2: PROCEDURE (7,A )  BYT E EXTERNAL;

DECLARE F BYTE , A ADDRESS;
END MON2 ;

BOOT: PROCEDUR E EXTERNAL;
DECLARE A ADDRESS ;
END BOOT;

PRINTCKAR: PROCEDURE (CHAR );
- 

. DECLARE CHAR BYTE;
CALL MONt (2,CHAR);

END ?RINTC!AR;

CRLF: PROCEDURE;
CALL PP.INTCHAR (cR);
CALL PR INTCRAR (LF);

END CRLF ;

PRINT: PROCEDURE (A);
DECLARE A ADDRESS ;
CALL MON1 (9,A);

END PRINT;

PRINT$ERROR : PROCEDURE (CODE);
/* THIS PROCEDURE IS USED TO PRINT COMPILER ERRORS TO

CONSOL *1
DECLARE CODS ADDRESS ,

I BYTE ,

-

~~~~~ •
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COD!1(6) ADDRESS;
IF CODE ~ FALSE THENDO;

DO I = 0 TO 5;
CODE1(I)

END;

END;
ELSE
IF CODE = TRUE THEN
DO;

I 0;
DO WHILE((I <) 6) AND ( cOD!1.(I) <) 0));

CALL CRLF;
CALL PRINTCPAR (HIGH (CODE1(I)));
CALL PRINTCHAR (LOw (CODE1(I)));
CODE1(I) = 0;
I I +

END;
I 0;

END;
ELSE
IF (CODE = ‘NP’) OR (CODE = ‘SL ’) OR (CODE = ‘NV ’) THEN
DO;

CALL C RLfl
CALL PRI NTC!AR(HIGH (CoDE));
CALL PRINTCRAR ( LOW ( CODE));

END ;
ELSE
DO;

IF I <) 6 THEN
DO;

CODE1 (I) = CODE;
I = I + i;

END;
• END;

END PRINflERROR;

7&TAL~ERROR: PROCEDURE(RE&SON);DECLARE REASON ADDR ESS;
CALL PRINT$ERROR (REASON);
CALL PRINT~ERROR (TRUE ;
CALL TIME (10);
CALL BOOT;

END FATAL$ERR0R;

OPEN: PROCEDURE;
IF MON2 (15,IN$ADDR )=255 TEEN CALL FATAL~ERROR (’OP

’);
END OPEN S

MORE$IMPUT : PROCEDUR E BYTE;

1* READS THE INPUT FILE A ND RETURNS TRUE I? A RECORD
WAS READ. FALSE IMPLIES END OF FILE *1

DECLARE DCNT BYTE;
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IF (DCNT:= MONZ (20,.INPU’r$PCB)))l
THEN CALL PATAL$ !RROR (’BR ’);

RETURN NOT (DCNT);
END MORE$INPUT ;

MAKE: PROCEDURE;
1* DELETES ANY EXISTING COPY OF THE OUTPUT FILE

AND CREATES A NEW COPY*/
CALL MONt. ( 19, .OUTPUT$FCB);
I! MON2(22, .OUTPUT$FCB)=255 THEN CALL FATAL$ERRQR (’MA ’);

END MAKE ;

WRITE$OUTPUT: PROCEDURE;
1* WRITES OUT A BUFFER *1
CALL MON1 (26,.OUTPUT$BU PF); 1* SET DMA *1
IF MON2 (21,-OUTPUT$!CB )<>0 THEN CALL FATAL$ERROR(’WR ’);
CALL MON1(26,80R); 1* RES ET DMA *1

END IR IT !$OUTPU T

MOVE : PROCEDURE (SOURCE, DESTINATION , COUNT);
1* MOVES FOR THE NUMB ER OF BYTES SPECIFIED BY COUNT *1
DECLARE (SCUR CE,DESTINATION ) ADDRESS ,
(S~BYT! BASED SOURCE, D$BYTE BASED DESTINATION , COUNT )

BYTE ;
DO WHILE (COUNT:=COUIIIT — 1) <> 255

D$BYT!=S $ BYTE;
SOURCE=SOURC ! +1
DESTINATION DESTINATION + i;

END;
END MOVE ;

FILL: PROCEDURE (ADDR,CHAR ,C0UNT);
1* MOVES CBAR INTO ADDR FOR COUNT BYTES *1
DECLARE ADDR ADDRESS,
(CRA R ,COUMT ,EEST BA SED ADDR) BYTE ;

• DO WHILE (COUN T:=COUNT —1)<>255 ;
- - DEST=CHAR ;

AD DR ADDR + i;
END;

END FILL ;

1* * * * * * SCANNER LITS * * * * */
DECLARE

LITERAL LIT ‘15’,
INPUT$STR LIT ‘32 ’,
PERIOD LIT ‘1’,
INVALID LIT

/* * * * * SCANNER TABLES * * * *DECLARE TO KEN$TABLE (*) BYTE DATA
- r 1* CONT A INS THE TOKEN NUMBER ONE LESS THAN THE

FIRST RESERVED WORD FOR SACK LENGTH OF WORD *1
(0,0,1,4,5,15,22,32,38,44,47,49,51,55,56,5?),
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TABLE (*) BYTE DATA(’FD’,’OF’,’TO ’,’PIC’,’COMP’,’DATA’,’FILE’
• ‘LEFT ’, ‘MODE ‘ , ‘SA ME’, ‘SIG N ’, ‘SYNC ’, ‘ZER O’ , ‘BLOCK ‘ , ‘LABEL ’
‘QUOT!’,’PIGET ’, ‘SPACE ’, ‘USAGE ’, VA LU !’, ‘ACCESS ’, ‘ASSIGN ’
,‘AUT HOR ’, ‘FILL ER ’,’OCCUR S’,’RA NDOM ’,’RECORD ’,’SELECT’
,‘DISPL A Y ’,’LEADI NG’,’LINKAGE ’,’OM ITTSD ’,’RECORDS ’
,‘SECTION ’, ‘DI V ISION ‘,‘RELATI yE’, ‘SECUR ITY ’, ‘SEPARATE ’
,‘ST A NDARD ’, ‘TRAILING ’, ‘DEBUGGING’,’PROCEDUR E’,’RZDEFINES ’
,‘PROGRA M—ID’,’S!QUENTI AL ’, ‘ENVIRO NMENT’,’I—O—CONTROL ’
,‘DATE—WRITTEN ’, ‘PILE—CONTROL ’, ‘INPUT—OUTPUT ’, ‘ORG ANIZATION ’
,‘CONPIGURATION ’, ‘IDENTIFICATION ’, ‘OBJECT—COMPUTER ’
‘SOURCE—C OMPUTER ‘,‘WORKING—STOR AGE’),

OFFSET (16) ADDRESS
1* NUMBER OF BYTES TO INDEX INTO TEE TABLE

FOR EACH LEN GTH *1
INITIAL (0,0,0,6,9,45,80,128,170,218,245,265,

287,335,348,362),

W OR D~~COU NT (~~ ) BYTE DAT A
1* NUMBER OF WORDS OP EACH SIZE */
(0 ,0,3,1 ,9,7,8,6,6,3,2,2,4,1 ,1 ,3) ,

MA I$LE N LIT ‘16’,
ADD$END(*) BYTE DATA (‘PROCEDUR E ‘ ) ,
LOOKED BYTE INITIAL (0),
HOLD BYTE ,
BUPPER$END ADDRESS INITI AL (100K),
NEXT BASED POI NTER BYTE ,
INBUI’P LIT ‘80K’,
CHAR BYTE ,
ACCUM$LENG LIT ‘50’,
~CCU M~LEN $P~1 LIT ‘51’,
1* = TO ACCUM~LENG PLUS 1 *1
ACCUM (ACCUM$LSN$P$1) BYTE ,
DISPLAY (74) BYTE INITIAL (0),
TOKE N BYTE , /~R!TURNED FROM SCANNER */
ED ITSP LA G BYTE I N I T I A L ( F A L S ! ) ;

/* * * * * PROCEDURES USED BY THE SC ANN ER * * *
NEXT$C HA R : PROCEDURE BY TE

IF LOOKED THEN
DO;

LOOKED=FALSE;
RETUR N (CHAR:=HOLD);

END ;
IF (POINT!R:=POINTER + 1) )= BUT!!R$END TEEN
DO ;

IF NOT MORE $INPUT THEN
DO ;

BUFFER $ EN D= . EMORY ;
POINTER= .ADD$END;

END ;
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ELSE ?OINTER=INBUFF;
END ;
IF N EXT = EOFPI LLZR TEEN
DO;

BUPFER $EN D = .P1!MORY ;
POINTER = .ADD$END;

END;
RETURN (CHAR:=NEXT )

END N EXT$CEAR ;

GET$CEAR : PROCEDURE;
1* THIS PROCEDURE IS CALLED WHEN A NEW CHAR IS
NEEDED WITHOUT THE DIRECT RETURN OF THE CHARACTER*/
C H AR =N EXT~ CHAR ;END GET$CHAR;

D I SPLAY $LI M E : PROCEDURE ;
• DECLARE I BYTE;

IF NOT LI ST~ I NPUT THEN RETURN ;
IF NOT EDIT$ PLAG THEN

DO;
DIS P LA Y (D I SPLA Y (0) + 1) = ‘ $ ‘ ;
CALL PRINT (.DISPLAY (1));
END;

ELSE DO I = 1 TO D I SP LAY (0);
CALL P R INTC E AR (D ISPLAY (I ));

END ;
DISPLAY(Q’) = 0;
ED IT $F LA G = F A L S E ;

END DISPLAY$LINE;

LOAD~DISPLAY: PROCEDUREIF  D ISPLAY(0) < 72 TEEN
DISPLAY (DISPLAY (0):=DISPLAY (0) + 1) = CHAR

I! CHAR = ‘$ ‘  THEN EDI T$PLA G = TRUE;

CALL GET$CHAR;
END LOAD$DISPL &Y ;

PUT : PROCEDURE ;
IF ACCUM (0) < ACCUM$L ENG TEEN
ACCUM(ACCUM (0):=ACCUM(0)+1)=CHAR
CALL L0AD$DIsPLAY;

END PUT ;

EAT$L INE : PROCEDURE ;
DO WHILE CHAR<>CR;

CALL LO A D~D I SPLA Y ;
END;

E ND E A T $ L I N E ;

GET$NO$BLANI : PROCEDURE ;
DE CLARE ( N , I )  BYTE ;
DO FOREVER ;

- 
- IF CHAR = ‘ ‘ TH EN CALL LOAD $D I SPLAY ;
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ELSE
I! CHAP •=CR THEN
DO;

CALL DISPLA Y~LIN!;CALL PRINT$ERROR (TRUE);
IF SEQ$NUM THEN N=8~ ELSE N=2;DO I = 1 TO N

CALL LOA D$DI S PLAY ;
• END;

IF CHAR = ‘
~~~~~
‘ THEN CALL EAT$LINE;

H ELSE
IF CHAR = ‘: ‘ TEEN

H DO ;
17 NOT DEBUGGING THEN CALL !AT ~ L I N E ;

- - 
ELSE CALL LOAD$ DI SP L AY;

• - END;
END;
ELSE
RETURN;

END; 1* END OF DO FOREVER */
END GE T$ N O$PLA NK ;

SPACE: PROCEDURE BYTE;
I

- RETUR N ( c F A R = ’ ‘) OR (CHAR=CR);
END SPACE ;

DELI M ITER: PROC EDURE BY TE ;
1* CHECKS FOR A PER IOD FOLLO WED BY A SPAC E OP. CR*/
IF CHAR 0 ‘

.
‘ THEN RETUR N FA LSE ;

HO LD =N EXT ~C EAR
LOOKED=TRu!;
IF SPAC E THEN
DC ;

CHAR =

RETUR N TRUE ;
END ;
C EAR = ’.’;
R ETURN PALS !;

• END DELIMITER;

END$OF$TOKEN : PROCEDURE BYTE;

RETURN SPACE OR DELIMITER ;
END ~ND~oP$ToK EN;

GET$LIT!RAL: PROCEDURE BYTE;
CALL LOA D~DISPLAY;DO FO R’~V ER

I! CEAR= QUOTE THEN
DO;

CALL LOAD~DISPLAY ;
RETURN LITERAL;

END;
CALL PUT

END;
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END GET$LITERAL;

LOOK $IjP: PROCEDURE BYTE;
DECLARE POINT ADDRESS ,
HERE BASED POINT (1) BYTE,
I BYTE ;

MATCH: PROCEDURE BYTE ;
DECL ARE J BYTE ;
DO J=1 TO ACCU M(0);

II KER!(J — 1) 0 ACCUM(J) THEN RETURN FALSE;
END;
RETURN TRUE ;

END MATCH;

POINT=OFI’SET(ACCUM (O))+ .TABLE;
DO 1=1 TO WORDSCOUNT (ACCUM (0));

• IF MATCH THEN RETURN i;
• POINT POINT + ACCUM (0);

END;

RETURN FALSE;
END LOOK~UP;

• RESERVED $WORD : PROCEDUR E BYTE;
1* RETURNS THE TOKEN NUMBER OF A RESER VED WORD IF THE
CONTENTS OF TEE ACCUF’ULftTOR IS A RESERVED WORD , OTHERWISE
RETUR NS Z ERO *1

‘ DECLARE VALUE BYTE;
DECLARE NUM B  BYTE;

¶ IF ACCUM (0) ) MAX$LEN TEEN RETUR N 0~IF (MUMB :=TO !EN$TABLE (ACCUM(0)))=0 THEN RETURN 0;
IF (VALU!:=LOOI$UP)=0 THEN RETURN 0~RETUR N (NUMB + V A L U E ) ;

END R!SEPiED$WC~~~;

- 

I 

GET~TOKEN: PROCEDURE BYTE ;ACCUM(0)=0;
CALL CET$NO~BLANr ;
IT CKAR zQUOTE THEN RETURN G!TflITSRAL;
IF DELI M ITER TEEN
DO;

CALL PUTS
RETUR N PERIOD;

END;
DO FOREVER ;

CALL PUT;
IF END~O!$TOKEM THEN RETURN IMPUT$STR ;END; 1* OF DO F OREVER */

END Grr$TOKEN;

SCANNER : PROCEDURE
DECL ARE CHECK BYTE;
DO FOREVER ;

IP(TOKEN:=GET$TQK!N ) INPUT~ STR TEEN
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IF (CHECK :=RESERVED ~WORD ) <> 0 THEN TOXEN=CEECK;IF TOKEN <) 0 THEN RETURN;
CALL PRINT$SRROR (‘SE ’);
DO WHILE NOT END$OF$TOKEN ;

C.’LL GET$CKAR;
END;

END ;
END SCANNER ;

PRINT$ACCUM : PROCEDURE;
A CCUM (ACCUP’(O)+l )=‘$‘;
CALL PRINT ( .ACcUPI (1));

END PRINT$ACCU M;

PRINT$NUMBSR: PROCEDUR!(NUMB);
DECL A RE (N UMB ,I,CNT,!) BYTE , J(*) BYTE DA ’TA(lOe ,le);
DO 1=0 TO 1;

CNTZO ;
DO WHILE NUMB > (K:aJ (I))

NUMBZNUMB —

CNT=CNT + 1;
END;
CALL PRINTCRAR (’O ’ +

• END;
CALL PP.INTCEAR (’e’ + N U M B ) ;

END PRINT $NUMBER ;

IMIT$SCAMN!R : PROCEDURE ;
1* INIT IALIZE FOR INPUT — OUTPUT OPERATIONS
DECLARE CON$CBL (*) BYTE DATA (‘CBL’),

I BYT E ,
TESTFL&G BYTE;

C A L L  M O V E ( P A RM S , .PLRMLIST,8);
I? PAR MLIST (0) a ‘$ ‘  THEN
DO;
I a
DC WHILE (TESTPLAG :=PARMLIST (I:aI+1)) 0 ‘

• IF TESTYL AG ‘L ’ THE M L IST~ INPUTaNOT LIST$IMPUT ;
I! TEST! LAG a ‘S ’ TEEN SEQSNUM— NOT SEOSMUM;
IF T!STFLAG ‘P’ THEN PRINT$?ROD a NOT PRINTSPROD;
I? T!ST FL A G — ‘V THE N PRI NT$T OKE N = NOT PPINT$TOKEN ;

END ;
END;
CALL MOVE (.CON~ CBL , IN$ADDR + 9, 3);
CALL FILL (INSADDR + 12,0,5);
CALL OPEN;
CALL MOU( INA DDR ,.OUTPUT$PCB,9);
OUTPUT$FCB (32) a

• • OUTPUT$!ND (OUTPUT~PTR:= .CU?PUT~BUPP — 1) + 128;
• CALL MAKE;

• CALL GET$CRAR I~ PRI ME TEE SCA NNER ~/• IF SEQ$NUM THEN
D0 1 1TO 6

CALL L0AD$DISPLAT;
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END;
IF CHAR a ‘*‘ TEEN CALL !AT$LI NE;
CALL GET~NO$BLANK;CALL PR INT~ERROR(FALS E); /* INITIALIZES ERROR

MSG OUTPUT */
END INIT$SCANNER;

1* * * * END OF SCANNER PROCEDURES * * * *1

/* * * * * SYMBOL TABLE DECLARATIONS * * * *1
DEC LA RE
CUR $SYM ADDRES S, / SYMBOL BEING ACC!SSED*/
SYMBOL BASED CUR$SYM 1) BYTE ,
SYMBOL$ADDR BASED CUR$SYM (1) ADDRESS,
NEXT $SY M $ENTRY BASED NEXT $SY M ADDRESS ,
HAS E$PTR ADDR ESS,
SAVE$ ADD R A DDRES S ,
DISPLACE MENT LIT ‘13’,
HAS H $M A S K LIT ‘37K ’,

:~~ S~ TYPE LIT ‘2’,
OCCURS LIT ‘12’,
AD DR2 LIT ‘4’,
P$L!NGTH LIT ‘3’,
S~LENGTH LIT ‘3’,
LEVEL LIT ‘10 ’,
DECI MA L LIT ‘11’,
LOC ATION LIT ‘2’,
REL$ ID LIT
STA RT~NAP!! LIT ‘12’, /*1 LESS*/
MAX$ ID$LEN LIT

1* * * * * TYPE LITZR A L S * * * * * * * * /

• DECLARE
SEQUENTI AL LIT ‘1’,
SEQ$RELATIVS LIT ‘2’,
RANDO M LIT ‘3’,
VA RIA BLE $L ENG LIT ‘4’,
GROUP LIT ‘6’,
COMP LIT ‘21’;

1* * * * SYMBOL TABLE ROUTINES * * *
IN IT~SYMBOL: PROcEDURE;/* INITIALIZE HASH TABLE AND FIRST COLLISION FIELD *1

FREE$STORAG! = .MEPIORY;
• CALL PILL ~FRE!~STOaAG!,o,13o);

M EXT SS Y M~ENTRYa0;
END INIT$SYMBOL;

1T$P~LENGTE: PROCEDURE 3YT!;
RETURN SYMBOL (P$LENGTE);

-: 16?
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END GET$P$LENGTH;

SET$ADDRESS : PRCCEDURE (ADDR )
DECLARE ADDR ADDRESS;

SYMBOL$ADDR(LOCATION )=ADDR;
END SET$ADDRESS;

GET$ADDRESS: PROCEDURE ADDRESS;
RETURN SYMBOL$ADDR (LOCATION);

END G!T~ADDRESS

GET$TYPE: PROCEDURE BYTE;
RETURN STMBOL (S$TYPE);

END GET$TYPE;

SET~TYPE: PROC!DURE(TYPE);DECLAR E TYPE BYTE;
SYMBOL(S$TY?E)=TYPE ;

. 1  END SET$TYPE;

OR$TYPE: PROCEDURE (TYPE);
DECLARE TYPE BYTE;
SYMBOL(S$TYPE)=TYPE OR GET$TYPE;

END OR $TYP !;

GET~LEVSL: PROCEDURE BYT!
RETURN SYMBOL(L!VEL);

END GET$ LEVEL ;

SET$L!VEL : PROCEDURE (LYL);
DECLARE LVL BYTE;
SYMPOL ( LET!L)=LVL;

END S!T~LsVEL;

GET$DECIMAL: PROCEDURE BYTE;
- 

_ RET URN S T M B O L ( D ! C I M A L ) ;
END GE T$DEC IM AL ;

SZT$DECIMAL : PROCEDURE (DEC);
DECLARE DEC BYTE;
SYMBOL(DECIMAL)=D!C

END SET$DECIMAL;

SET$S$LENGTE: PROCEDUR! (EOW$LONG);
DECLARE HOW$LONG AD DRESS;
SYMBOL$ADDB (S~LENGTH) = HOW$LONG;END SET$S$LENGTH;

GET$S$LENGTH : PROCEDURE ADDRESS;
RETUR N SY M!OL~ADDR (S$L!NGTH);END GET $S$L ENGT 3 ;

S!T$ADDR2: PROCEDURE (ADDR);
DECLARE ADDR ADDRESS;
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SYMBOL$ADDR(ADDR2 )=ADDR ;
END SET$ ADD R2;

G!T~ADDR2: PROCEDURE ADDRESS;RETURN SYMBOL $ADDR( ADDR2);
END GET$ADDR2;

SET$OCCURS: PRCCEDURE(OCCUR);
DECL ARE OCCUR BYTE;
SYMBOL( OCCURS )=OCCUR

END SET$ OCCURS ;

~ET~OCCURS: PROCEDURE BYTE;RETURN SY MBCL (OCCU RS )
END G!T$OCCURS;

SET$IO$ADDRS : PROCEDURE ;
SYMBOL$ADDR(LOCATION) N EXT$SYM;
SAVESADDR = CUR$SYM

II END SET$IO$ ADDRS ;
• /* * * * PARSER DECLARATIONS * * *

- 
- DECLARE

INT LIT ‘63’, /* CODE FOR INITIALIZE */
SCD LIT ‘66’, /* CODE FOR SET CODE START */
PSTAC KS IZ E LIT ‘30’, /* SIZE OF PARS! STACKS*/
STATESTACK (PSTAC!SIzE) BYTE, /* SAVED STATES */
VALUE (PSTACKSIZ!) ADDRESS , /* TEMP VALUES *1
VARC (51) BYTE, /*TEMP CHAR STOR!*/
ID$STACK (10) ADDRES S INITIAL (0),
ID$STACK$PTR BY?! INITIAL(0),
HOLD$L IT (ACCU I~~LEN$P$1 ) BYTE,
H OL D $SY M ADDRES S ,
P!NDING$LIT!RAL BYTE INITIAL (PALSE),
P !ND IMG$LIT$ID ADDRES S ,
RED!! BYTE INITIAL (FALSE),
REDEP$ONE ADDRES S,
R!D!FSTW O ADDRES S ,
TEMP$HOLD ADDRES S ,
T!MP$TW O ADDR ES S ,
COMPILING BYTE INIT IA L (TRUE ),
SP BYTE INITIAL (255),

MP BYTE ,
MPP1 BYTE ,
NOLOOK BYTE INITIAL (TRUE),
(I ,J,I) BYTE, /*INDICIES FOR THE PARSER*/
STAT! BYTE INITIAL ’STARTS),
VALUE ~PLAG BYTE INITIAL (FALSI),
VALU !$LEVEL BY?! INITIAL (0),
TRUNC$PLAG BYTE INITIAL(TRU!);

/* * * * PARSER ROUTINES * * * *
BYPE$OUT: PROC!DURE(ON!$BYTE);
1* THIS PROCEDURE WRITES ONE BYTE OP OUTPUT ONTO TEE DISK
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I? REQUIRED THE OUTPUT BUTTER IS DUMPED TO THE DISK */
DECLARE ON!~BYTE BYTE ;IF (OUTPUT$PTR:aOUTPUT$PTR + 1)> OUTPUT$END THEN
DO;

CALL WRI’rE$ou’rPuT;
OUTPUT$PTRa .OUTPUT$BUPF ;

END;
OUTPUT$CEAR=ONE$BYTE;

END BTTE3OUT ;

STRING$OUT : PROCEDURE (ADDR ,COUNT);
DECLARE (ADDR,I,COUNT ) ADDRESS , (CHAR BASED ADDR) BYTE;
DO 1=1 TO COUNT;

CALL BYTE$OUT( CHAR);
ADDR=ADDR+1;

END;
END STR I NG~OUT

ADDR$OUT : PROCEDU RE (AD DR );
DECLARE ADDR ADDRESS ;
CALL BYTESOUT1LO W (ADDR));
CALL BYT !~OUT (HIGH( ADD R));

END A DDR $OUT ;

!ILL$ST R ING: PROCED URE(COUNT ,CHAR );
DECLARE (I,COUNT) ADDRESS, CHAR BYTE;
DO 1= 1 TO COUNT;

CALL BYT!~OUT (CRAR );
END ;

END PILL$STRING;

START$IMITIALIZ!: PROCEDURE (ADDR ,cNT);
DECLARE (A DDR ,CNT) ADDRESS ;
CALL B’!T!OUT (INT);
CALL ADDR~ouT (ADDR);CALL ADDP$ou’r(cNT);

END STARTSI NITIALIZE;
— 

3UILD$STMBOL : PROCEDURE (LEN);
DECL A RE LE N BYTE , TEMP ADDRESS;
TE11P=N!XT$SYM;
I! (N!XT~SYM := .SYMBOL (LEN :=LEM+DISPLACEM!MT))
) MAX$MEMORY THEN CALL PATAL$!RR0R(’ST ’);

CALL FILL (TEMP ,o ,L!N);
END BUILD$SYMBcL ;

DUP$L D! N~TEST: PROCEDURE;
DECLARE I BYTE;

~~;
RED!F~FLAG THEN

RED!T$TLAG * FALSE;
RETURN;

END;

1’?O 
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ELSE
IF FILE$DES C$FLAG THEN
DO;

PILE$DESC$!LAG = FALsE;
‘= 0;
DO WHILE DUP~IDFN$ARRAY(I) 0 0;IF DUP~ IDEN~ A RRAY (I) = CUR $SYM TEEN

DO ;
CALL PRINT$!RROR (’DI ’);
RETURN ;

END;
I = I + i;
IF I ) 23 THEN
DO;

CALL PRIMT~~!RROR(
’EF’);

RETUR N;
END;

END;
DUP~ID!N$ARRAY( I ) = CURSYM;
RETURN ;

END;
ELSE

CALL PRINT $ERROR (’DI’);
END DUP~ID!N$TEST;

MATCH: PROCEDU RE ADDRES S
1* CHECKS AN IDENTI PIER TO SEE I! IT IS IN THE SYMBOL
TABLE. IF IT IS PRESENT , CUR~SYM IS SET FOR ACCESS.
OTHER W ISE ~A NEW ENTRY IS MADE AND TEE PRINT HAM!
IS ENTERED . ALL NAME S AR E TRUNCATED TO MAX~ ID~LEN*/DECLARE POI NT ADDRESS ,

COLLISIO N BASED POINT A DDRESS ,
• (HOLD,I) BYTE;

IF ~IARC(0)>MAX~ ID~LEN• TEEN 7 f t P . C ( ø )  =
1* TRUNCATE IF REQUIRED ~/HCLD =

DO 1= 1 TO VAP.C(0); /* CALCULATE RASH CODE */
• HOLDaHOLD + VARC (I);

END;
POIMT—FR!E~STO RA~! + SHL ( (HOLD A N D EAS H~MA S E ) , 1)
DO F OREVER ;

IF COLLISIOM=0 TEEN
DO;

IF FIL!$DESC$!LAG THEN
DO ;

FILE$DESC~PLAG FALSE;
CALL P R I N T $ E R R O R ( ’ UI ’ ) ;

EN D ;
ELSE
IF RED!F$ FLAG TEEN
DO;

R!DEP$!LAG = FALSE;
CALL PRINT$ERROR ( ‘UI ’);
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END;
CUR$SY M ,COLLIS ION=NEXT$SYM ;
CALL BUILD$SYMBOL(VARC(0));
1* LOAD PRINT NAME *1
SYMBOL(P$LENGTH)=vARC(0);
DO I = 1 TO VARC(0);

SYMBOL(START~MA ME + I)=VARC(I);
END;
RETURN CUR$SYM;

END;
ELSE
DO;

CUR$SYM=COLLIS ION;
IF (HOLD:=GET$P$LENGTH)=VARC (O) THEN
DO;

1=1;
DO WHILE SYMBOL(STARftNAME + I ) =  V A R C ( I ) ;
17 (I:=I+1 ))HOLD THEN
DO;

CALL DUP$IDEN$TEST;
RETURN (CUR$SYM :=COLLI5ION );

END ;
END;

END ;
-
• 

END;
POINT=COLLISIO N;

END;
END MATCH;

ALLOCATE : PROCEDU R!(BYTES$R!Q ) ADDRESS;
1* THIS ROUTINE CONTROLS THE ALLOCATION OF SPACE
IN THE M!MCRY OF THE INTERPRETER. •1

DECLARE (HOLD,BYT!S$REQ ) ADDRESS;
EOLD=NEXT$ AVA ILABLE;
IF (M!XT$AVAILABLE :=NEXT$AVAILABLE + BYT! S$RE Q )

>MAX$INT~MEM
THEN CALL FATA L$ !RROR(’MO ’);

RETUR N HOLD;
END ALLOCATE ;

DIGIT:  PROCEDURE ( C H A R )  BYTE ;
DECLARE CHAR BYTE;
RETUR N (CHAR <a ‘9’) AND (CHAR >— ‘0’);

END DIGIT;
• 

S!T$REDEF: PROC!DURE (OLD,NEW );

DECLARE (OLD ,NEW ) ADDRESS;
RED!P$ONEaOLD;
R!DEF~TW O N EW

END SE T$ RED EP ;

£!T$CUR~SYM : PROCEDURE ;
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CUR~SYM=ID~STACK (ID$STAC !~PTR );
END SET$CUR$SYM;

STACI$L!VEL: PROCEDURE BYTE;
CALL sE’r$CUF$sYM;
RETURN GET$LEV!L

END S’rAcx$LEVEL;

LOAD$LEV !L: PROCEDURE;
DECLARE HOLD ADDRESS ;

LOAD$REDEP$ADDR: PROCEDURE;
CUR$S TM=RED!P$oN!;
HOLD—G !T

~ 
ADDRESS ;

END

IF ID$ST A C K (0) 0 0 THEN
H DO;

IF VALU!(SP—2 )=0 THEN
DO;

CALL SET$CUR $SYM;
ROLD=G ZT$S$LENGTK + GET$LDDRESS;

-
, END;

ELSE D0
IF TILE$SEC$END THEN

DO;
I! ID$STACK (ID$STACK $PTR ) <> REDEF$O NE
TEEN

DO;
CALL P R I N T ~ E R R O R ( ’ R1 ’) ;
REDET$ONE=ID$STACI ( ID$STACK$PTR);
END;

END;
CALL LOLD$RED!P$ADDR;
END;

IF (ID$STACK$PTR : !D$STACI$PTR+1)>9 TEEM
L DO;

CALL P R I N T $ !R R O R ( ’ EL ’);
H ID$STACK $PTR=9;

END;
END;
ELSE HOLDaNEXT$A~AILABL !;ID$STACK ( ID$SrACK$PTR)=VALU! (MPP1);
CALL SET$CUR$SYM;
I? (GE?~LEV!L a 1) AND (NOT FIL!$SEC$EMD ) THEN

CALL S!?$ADDR2(SAVE$ADDR);
CALL SET$ADDRESS (HO LD);

END LOAD$L EVIE L ;

REDEP$OR~VALUE: PROCEDURE;• DECLARE HOLD ADDRESS ,
(D!C,K,J ,SIGN ,CRAR ) BYTE;

IF RED!? THEN
DO;

• 1 -
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IF REDEP$TWO—CUR$SYM TEEN
DO ;
HO LD=GET $ S$L EN C TE
CUR $SYM=REDEP$OME;
IF HOLD > GET$S$L ENGTR TEEN
DO;
CALL PRI N T$ ER ROR (  ‘R2 ’);
HOLD=G!T$S $LENGTH;
CUR$SYMzREDEF$TWO;
CALL SET$S$L!NGTK(E0LD);
E ND;

END ;
END ;

ELSE IF PENDING$LITBRAL=0 THEN RETURN;
IF (PENDING$LIT$ID<>I D$S?ACK$PTR) OR VALUE$TLAG
TEEN RETUR N;
IF PENDING$LITERAL <> 0 TEEN
CALL START$INITIALIZE (G!T$ADDR!SS,HOLD:=GET$S$LENG?H);

• IF PSNDING$LIT!RAL>2 THEN
Do;
IF P E ND I NG ~ LITER LL 3 THEN CEAR ’O ’
ELSE IF P EN D IN G $L I T ER AL =4 TEEN CHAR = ’ ‘ ;
ELSE IF P!NDING$LIT!RAL = 5 TEEN CHAR = QUOTE;
CALL PILL$STRING (EOLD ,CHAR);
END;

ELSE IF PENDING$LITER&L = 2 TEEN
DO;
IF HOLD <= HOLD$LIT(0) THEN

CALL STRING$OUT(.HOLD~LIT(1),EOLD);ELSE DO;
CALL STRI NG$OUT( .HOLD$LIT(1) ,HOLD$LIT(O));
CALL FILL$STRIMG (HOLD — HOLD$LIT (0),’ ‘);
END ;

END;
ELSE IT P!ND I N G $LITERA L = 1 TEEM

S DO ;
1* TEE NUMBER EANDELER *1
D E CLARE (D!C ,M I NUS $SI G N ,I,J,LIT$DEC ,N $L E NGTE ,

NU M $B E! ’OR E , NUM$APTEB, TYPE) BYTE,
- 

I 
ZONE LIT ‘10K ’;

IF((TYPE:aGE?$TYPE)<16) OR (TYPE>21) THEN
CALL PRINT$ERROR (’NV ’);

LEN GTE—GET $S $L EM GTE

MINUS$SIGN*PAL$B;
IF HOLD$LI’r(l) a ‘—

‘ THEN
Do;

MINUS$SIGN=TBU!;
- -

- 
- END;

ELSE IT HOLD$LIT (1) a ‘+ ‘ THEN J= 1;
~~- ELSE :—ø ;

• - LIT$D!C=0;

- • 
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DO 1=1 TO HOLD$LIT (0);
IF H O L D $ L I T ( I ) = ’.’ TEEN L I T$DEC =I ;

END ;
IT EOLD$LIT(0) <> ~ THEN

DC;
IF LIT$D!C=0 TEEN

DO;
NUM$BETOR!aHOLD$LIT(0)—J;
NUM$AFT!R=0;
END;

ELSE D0
NUM$BE!ORE=LIT$D!C —i—i ;
NUM$APT!RaHOLD$LIT (0) — LIT$D!C;
END;

END;
ELSE I? EOLD$L IT (0) = 0 THEN

DO;
NUM$BEPOR! =

• NUM$ AFTER = 0;
LIT$D!C = 0;
END;

IT (I:=N$LENGTH — D!C)<NUM$B!TOR! TEEN
CALL PRINT$ERROR(’SL ’);

IF I>MU M$BEPOR ! THEN
DO ;
IaI—NU M$BEFORE;
IF MINUS$SIC N THEN

DO;
1=1—1;
CALL BYTE$OUT(’O’ + ZONE);
END;

CALL YILL$STRING(I , ‘0’);
END;

ELSE IT MINUS$SIGN TEEM KOL D~ LI T(J+1 )
=HOLD$LIT(J+1)+ZONE;

• CALL STRING~OUT(.HoLD$LIT (1)+J ,NUM$BE7ORs);
I? NUP’~A!T!R > DEC THEN MUM~AFTER = DEC;
CALL STRIMG$OUT (.HOLD$LIT (1) + LIT~DEC , NUM$AP’fER);
IF (I:=DEC — NUM$AFT!R )<>0 TEEN

CALL PILL$STRING (I ,’O’);
END;

I? NOT VAL UE~FLAG THE N PENDING$LIT!RALa0;
— END REDE! $OR$V A LU! ;

REDUCE$STACE: PROCEDURE ;
DECLARE HO LD$L EMGT H ADDRESS;
CALL SE’MCUR$SYM;
CALL R!D!!$OR~YA LU E ;
H OLD $LENGTR = GE T$S$L ENGT H ;

-~ 

• 
IF GET$TYPE > 128 THEN
Do;

KOLD~LEMGTH=HOLD$LsNGTK * GET $O CCURS ;
END;
ID$STACK$PTRaID$SThCK$PTR — 1;
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CALL S!T$CUR$SYM;
CALL SET$S$LEMGTH (GET$S~LsNGTH + HOLD$LENGTH);
CALL s!’r$TYPE~GRoUP);END REDUCE$STACK ;

END$OT$RECORD : PROCEDURE;
DO WHILE ID$STACK$PTR 0 0;

CALL SET$CUR$SYM ;
CALL REDEF$OR~VA LUE;
ID$STACI( ID$STACX$PTR)=e;
ID$STAC KiPTR—ID$STACK$PTR — 1;

END;
CALL SET$CUR$SYM;
CALL RED!P$OR$VALU !;
ID$STACK (0 )=0;
TEMP~EOLD=ALLOCATE( TEM P$TWO:=G ET$S$LEMGTR )END END $OP$RECORD;

CONVERT$ INTEGER: PROCEDURE;
DECLARE INTEGER ADDRESS;
INT!GER=0 ;
D 0 I = 1 T C VARc (0);

IF NOT DIGIT(VARC(I)) THEN CALL PRINr$ERR0R (’NN ’);
1* ERROR RECOVERY FOR AN ‘0’ WHICH SHOULD

HAVE BEEN A ZERC—— ’O’ *1
IF (V A RC (I) = ‘0’) THEN VARC(I) = ‘0’;
INTEGER=SHL (INTEG ER ,3)+SEL (INTEGER ,1)+ (VARC(I )—‘O ’);

END;
VALUE (SP)=INTEGER;

END CONT ERT$INT!GER;

OR~VALU! : PROC!DUR!(PTR ,AT TR IB )
- - DECL ARE PTF BYTE , ATTBIB ADDRESS;

VALUE (PTR)=V ALUE(PTR) OR ATTRIB;
-

S END OR$VALUE;

BUILD$PCB: PROCEDURE;
DECLARE TEMP ADDRESS;
DECLARE BU TFE R (11 )  BYTE , (CHAR , I, J ) BYTE;
CALL TILL(.BUTP!R,’ ‘,il);

DO WHILE (J < 11) AND (1< VARC(0));
IF (CHAR :VARC(I:=I+1))= ’.’ THEN J=8
ELSE D0

BUF!!R(J)zC EAR;
JaJ+1 ;

END;
END;
CALL SET$ADDR2(T!MP :=ALLOCATE ( 165));

• CALL START$I NITIALI ZE(TEMP,37);
CALL BYTE$CUT (0);
CALL STRING$OUT(.BU?PER ,11);

~-
- - 

- CALL ?ILL$S?RING(25 ,o);
CALL OR$VALUE (SP—t ,1);
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END BUILD$PCB;

SET$SIGN : PROCEDURE( NUMB);
DECLARE NUMB BYTE;
IF GET~TYP!=17 THEM CALL SET$TYPE (VALUE (SP) + NUMB);
ELSE CALL PRINT~!RROR(

’SG ’);
IT VALU E(SP)<>0 THEN CALL S!T$S$L!NGTH(GET$S$LENG?R + 1);
END sET$sIGN;

NUM$TRUNC: PROCEDURE ;
DECLARE I BYTE ,

J BYTE ,
TRUNC$?YP E BYTE ,
TRUNC$Z ERO BYTE ,
SIGN$FLA G BYT E ,
DEC$PLAG BYTE;

TRUNC$ZERO = TRUE;
‘ I S IGN ~ TLAG = FALSE;

DEC$PLAG = FALSE;
HOLD$LIT(0) = 0;

IF ((TRUNC$TYPE:=G!T$TYPE)=16) OR (Tr NC$TYPE=1?) OR
(TRUNr$TYP! = 21) THEN

DO WHILE J <= VARc(e);
IF (V ARC (J ) 0 ‘+‘)  AND (VARC(J) 0 ‘ ‘ )  TEEN
DO;
IT (VARC(J )= ’O ’) AND TRUM C~ Z ERO TEEM j=j;
ELSE IF ((VARC (J) >= ‘0’) AND (VAPC(J)

<=‘9’)) OR
(YARC(J) = ‘

. ‘)  THE M
DO;

- I! D!C~FLAG AN D (V ARC (J ) = ‘
.
‘

) THEN
CALL PRINT$ERROR (’MD ’);

ELSE D0
- 

- 
EO LD$LIT(HO LD$LIT(0):=EOLD$LIT(0)+1)

=VAR c(J);
I! VARC (J) <> ‘0’ TEE M TRUNC$ZERO FALSE;
IF VAR C(J) = ‘

.
‘ THEN DEC$FLAc = TR UE;

1 = 1 + 1 ;
END;

END;
ELSE IF ((VARC(J) < ‘0’) OR (VARC (J) ) ‘9’)) AND

(VAPc(J) <> ‘
. ‘) THEN CALL PRI NT~ERROR (’NM ’);END;

ELSE IF SIGN $FLAG THEN CALL PRINT~ERROR
(’MS ’)

ELSE IF (V A B C( J) = ‘+ ‘) OR (V~RC (J) = 
‘— ‘

) THEM
DO;
IF TRUNC$TYPE = 16 THEN CALL PRINT$ERROR (’SG ’);

- I ELSE D0
KOLD$LIT(EOLD$LIT (0):aH OLD$LIT(0)+1)=VA .RC(J);
SIG N$FLAG — TRUE;

= I +

17?
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END;
END;

= J + i;
END;/* DO WHILE LOOP */
HOLD $L IT( 0)
IF ((ROLD$LIT(O) = 1) AND ((HOLD$LIT(1) = ‘+ ‘) OR

-j (HOLD $L IT( 1) = ‘— ‘ ) ) )  OR ( H O L D $ L I T ( 0 )  = ‘0’) THEN
DO;
HOL D$L IT (0) a
HOLD$L IT( 1) =
END ;

END NUM~TRUNC ;

PIC~AN AL IZER: PROC EDURE;
DECLARE 1* WORK AREAS AND VARIABLES */

-• FLAG BYTE ,
• FIRS T BYTE ,

COU NT ADDR ES S ,
BUFFER (31) BYT E ,
S AVE BYTE ,
REPITITIO N S ADDR ESS ,
J ADDRESS ,
DEC~COUNT BYTE ,
CHAR BYTE,
I BIT!,
TEMP ADDRESS ,
TYPE BYTE ,
DECSFLA G BITE ,
I BYTE ,

/* * * MASKS * * */
ALPH A LIT ‘1’,

— A$SD IT LIT ‘2’,
A$N LIT ‘4’,
EDIT LIT ‘8’,
MUM LIT ‘16’,

- • NUM$EDIT LIT ‘32’,
DEC LIT ‘64’,
SIG N LIT ‘128’,

NUM~MAS ! LIT 10101111B ’,
NUM$ED$ MASI LIT ‘lOOOOleIB ’,
S$NU M$ MASK LIT ‘OOlOllllB ’,
AL PH A $MA SX LIT ‘ltlllltOB ’,

LIT ‘LlIIIIOOB ’,
A$N~MAS K LIT ‘1110101.03’,
A$N~ E~MAS! LIT ‘lllOOOOOB ’,

/* TYPES */
‘4ETYPE LIT ‘80’,
NTY P! LIT ‘16’,
S NTYP E LIT ‘17’,
*?YPE LIT ‘8’,
AE’?YPE LIT ‘72’,
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A NTY PE LIT ‘9’,
A N!?!?! LIT ‘73’;

INC~ COUNT: PP.OCEDURE (SWITCE);DECLA RE SWITC H B Y T E ;
FLAG=TLAG OR SWITCE;
IF (COU NT:=COUNT + 1) < 31 THEN BU !YER (COUNr)
= CH A R;

!MD INc~ COUNT;

CHECK: PROCEDURE (MASK) BYTE;
1* THIS ROUTI N E CHECK S A MASK AGI N ST THE
FLAG BYTE A ND RETURNS TRUE ID THE FLAG
HAD MO BITS IN CO MMON W I T H  THE MA SK *1
DECLARE MASK BYTE;
RETURN NOT ( (FLAG AND MASK) 0 ~);END CHECK;

PIC~ ALLOC A T!: PROCEDURE (AMT) ADDRESS ;
DECLARE AM? ADDRESS;

- : IF (MAX ~ INT~MEM :=MAX $IMT~MEM — AM ?)
< NEXT$AV AI LA BLE
THEM CALL FAT A L~ E R ROR ( ‘ Mo ’) ;

RETURN MAX~ INTft1EM ;
E ND P I C $ ALLO C AT E ;

/* PROCEDURE EXECUTION STARTS HER E *1
CUB~SYM = HOLD$SYM;
IF (GET$LEV !L = VALUE$LEVEL ) THEN VA L~J!$FLAG = FAL SE;
DEC~PLAG = PA LS!;
C O U N T , F L A G  ,DEC$COUN T=e;
/* CHECK FOR EXCESSIVE LENGTH *1
IF VARC (0) > 30 THEN
DO;

CALL PR INT$ERROR (’PC ’);
RETUR N ;

END;
1* SET FLAG BITS AND COUNT LENGTH */
1 = 1;
DO WHILE I<=VARC (0);

IF (C!AR:aVARC (I))= ’A ’ THEN CALL INC$COUNT (ILPHA);
ELSE IT CHAR = ‘B’ THEN CALL INC$CCUNT (A~!DIT);ELSE IT CHAR a ’9’ THEN CALL INC$COUNT (NUM);
ELSE IF CHAR = ‘X ’ TEEN CALL IMC$COUNT (A $N );
ELSE IF (CHAR= ’S ’) AND (COUNT=0 ) THEN

FLAG=PLAG OR SIGN;
ELSE IF (CHAR = ‘7 ’) AN D (DEC$COUNT=0 ) THEN

DO;
D!C$COUNT = COUNT;

• DEC$FLAG = -TRUE;
END;

ELSE IT(CHLR ’/’) OR (CHAP ’O ’) THEN
CALL INc$CouNT~ (EDIT);
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ELS E IF
(CHAR= ’Z’) OR (CRAP— ’,’) OR (~~HAR a

’
~~
’) OR

(CHAR= ’+’) OR (CHAR= ’— ’) OR (CHAR= ’~ ’) THEMCALL INC$COUNT ( NUM$EDIT);
ELSE IF ( C KA R= ’. ’) AND (DEC$COUNT=0 ) THEN

DO;
CALL INC~COUNT (NUM~EDIT );D!C$COUNT=COuNT ;
DEC$FLA G = TRUE;
END;

ELSE IF ((CHAR= ’C’) AND (VARC(I+1 )a ’R ’)) OR
((CHAR= ’D’) AND (VARC(I+1)= ’B’)) THEN
DO;
CALL INC$COUNT (NUM $!DIT);
CEAR=VAR C ( I :=I+1 )
CALL INC$COUNT (MUM$EDIT);
END;

• ELSE IF (CHAR= ’(’) AND (COUNTOO ) THEN
DO;
SAVE=VARC (I—1 );
REPITITIOMS=g;
DO WHIL!(CEAR :=VARC (I :=I+j))<> ’)’;

REPI TI?ION S=SHL (REPITITIONS,3) +

SHL(REPITITICMS ,1) + (CHAR — ‘e ’)
END;
C H AR =SA VE
DO J=1 TO REPITITION S—1 ;

CALL IMC$COU NT(0);
END;
END;

ELSE D0
CALL PRINT$ERROR ( ‘PC ’);
RETURN;
END;

1=1+1 ;
-

• 

END; /* END OF DO ~EILE 1<: VARC *11* AT THIS POINT TEE TYPE CAN BE DETERMINED */
IF NOT CHECK (MTJM$EDIT) TEEN

DO;
IF CH!CX (NUM~!Dft1ASI) THEM TYPE=’Il !TYPE;

END;
ELSE IF CHECX (PIUM$MASK) THEN TYP!=NTYP!;
ELSE IF CH!CK (SNUM$M&SK) TEEM TYPEaSMTYP!;
ELSE IT CEECK (ALPRA$MASK ) THEM TYPE ATYPE ;
ELSE IF C!ECK (A$SSMASK) THEN TYPE a A!?!?!;
ELSE IF CEECK (A$N$MASK ) TEEN ?YPE—ANTYPE;
ELSE I? C3!CK (A$N~ E$MAS1c ) T~ EM TTP!—ANZTYPE;
IF TYPE— 0 TEEM CALL PRIMT$ERRCR( ’PC ’);
ELSE DO

IF (G !T~TYPEZ128) THEN CALL SET$TYP!(12~+TY?E);ELSE CALL S!T~T!P!(TYPE);CALL SET~SL ENGTH (CO UN T + GET$S$LEMGTR );
I? (TYPE AND 64) 0 0 THEN

Do ;
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CALL S!T$ADDR2(TEMP:=PIC$ALLOCATE(COUNT))
CALL START$INITIALIZ!(T!MP,COUNT);
CALL STRI NG$OUT (.BUFPER + 1 ,COUMT);
END;

IF (DEC$COUNT 0 0) OR DEC$FLAG THEN
DO;
IT (COUNT — DEC$COUNT ) > 18 THEM

CALL PRINT$ERROR VDC’);
CALL S!T$D!C IMAL (COUNT — DEC$COUNT);
END;

END;
IF ( NOT T RU NC$FL AG ) AND ((TYPE = 16) OR (TYPE 17)) THEN
DO;
DO K = 0 TO ROLD$LIT (0);

‘JARC (K ) = HOLD~LIT(K);END ;
CALL NUM$TRUNC;
T RLTM C$ F L A G = TRUE
END ;

END P I C $ A M A L I Z E R ;

SET$FILE~ATTRIB: PROCEDURE;DECLARE TEMP ADDRESS , TYPE BYTE ;
IF CuR$S!MCVALUE (MPP1) TEEN
DO;

T!MP=CUP~ SYM;

• CUR$SYM=VALU !( MPP1);
ST MBOL$ADD R (REL$ lr )=T EMP;

END;
IF NOT (TEMP:=VALU!(SP_1)) THEM CALL P?IN?$ERROR ~

‘M!’);
ELSE D0

IF T!MP=1 THEN TYP!=S !CUENTIAL;
ELSE IF TEMPa1S TEEN TTPE=RANDOM;

4 ELSE IF (TEMP=5) CR (T!MP=13 ) TEE N
TYPE = SEQ$R!LATIVE;

ELSE D0
CALL PRINT~ ERROR (’IA ’);

TYPEs1;
END;
END;

CALL SET~T!P!(TYPE ;
END S!T$FILE$ATTRIB;

LOAD$LITERAL: PROC!DURE (LIT~ON!)— 

DECLARE I BYTE,
LIT$ONE BYTE ,
LIT$TYPE BYTE;

- - - L IT~TY PE a GET~TIPE ;
IF LITSTYP! <) 0 THEN VALUESTLAG = FALSE ;
ELSE D0

V A LUE$FL A G = TRUE;
VALUE$L!VEL a G!T$LEV!L;
END;
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IF PENDING$LITERAL <> 0 TEEN CALL P R I N T ~ ERR OR ( ‘ LE ’) ;
ELSE IF (LIT$O NE = 0) OR (L IT$TYPE = 0) THE N

DO;
DO I = 0 TO VARc(0);

ROLD$LIT (I) = VARC (Z);
END;
IF (LIT$ONE = 1) AND (LIT$TYPE = 0) TEEN

TRUNC$FLAG FALSE;
END;

ELSE IF (LIT$O NE = 1) A ND ((LIT$ TYP E = 16) OR
(LIT$TYPE = 1?) OP (LIT$T!PE = 21)) THEN

CALL NUM$TRUNC;
ELSE IF (LIT$ONE = 1) AND ((LIT$TYPE <> 16) OR

(LIT$TYPE <> 17) OP. (LiT$PYPF <> 21)) AND
(LIT$TYPE <> 0) THEN

Do;
CALL PRIMT$!RROR (’LV ’);
DO I 0 TO VARc(ø);

HOLD$LI’F (I) = VARC(t);
• END;

P E N DI N G $LIT !RA L = 2
END;

END LOAD~LITERAL ;

REDEYSTEST: PROCEDURE;
DECL ARE SA V!~REDEP Br?!,

SA VZ$R!DEF$OM! ADDRESS ,
-• SAVESRED !F$TwO ADDRESS ;

SA V E$R!DEF$OM! =
SAV E$RED!! ~TWO = REDEF~TwO;
RED EF$ONE = CUR~ SY M ;
CALL S!T$CU RSSY~ ;P.ED ’ET $TWO = CUR~ SYM ;SAVE S REDEF = REDEF ;
RED!! = TRUE;
CALL RED!F$OR~V!LU!;IDSSTACK (ID $STACI$PTR ) = 0;
I D S STAC K ~ ?TR = IDSSTACKS?TR —

R !DET$O M E = SAVE ~REDEF$ON E;
RED!F$TWO = SAV E $ R E D E F $TWO ;
RED!! = SAV!$REDEF ;

END REDET$T!ST;

CRECK$LVL$PILES: PROCEDURE; -

DEC LARE NEW~LEV!L 3YTS;
HO LD~S TM , C 1JP.$S TM—V AL UF (  r’i P— i )
CALL SET$L!VEL(N !W$LEV !L:=VALU! (1P—2)’;
IF M! W$L E V E L = 1 THE N

DO;
4 IF ID$STACE(0) <> 0 TEEN

DO;
DO WHILE S?ACX$LEVZL > i;

CALL REDUCE$STACK ;
E ND;
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DO WHILE ID~STAC K~PTR 0 0;CALL SET$CUR~STM ;CALL REDEF$OR $ VALUE ;
ID$STACK (ID$STACKSPTR ) = 0;
ID$ST A C!$PTR = ID$ST A C K $PTR —

END;
CUR $SYM = HOLD$STh;
CALL S!T$RED EF (ID~STACK (0),VAL tJE (MP—1));VALU! (MP) = 1;/* SET RED EFINE FLAG *1

END;
END;

ELSE DO WHILE STACK~LEVE L )= NEW$LEV !L ;
CALL RZDUC !$STAC I ;

END;
END CHEC!SLVLSFIL!S;

CH!C!SLVL$WORK : PROCEDURE;
DECL A RE NEW $LEV EL BYTE ,

SAV!SSYM~LV L BYTE ,
STAC I$RKD U CED BYTE ,
SAV!~ R~ED!P BYTE ,

H SAVESSY M ADDRESS;

S!T~VAL ~J!$CLAUSE: PROCEDURE;SAV!~RED!! = REDEY
RED!? = FALSE;
CALL SET~cUR$STM;CALL REDET$ORSVALUE;
RED !? = sAVESREDEP ;
CUR S SY M = !CLD$SYM ;

END SETS7ALUE~ CLAUSE;

TRUNC $FL AG = TR UE ;
STACISREDUCED = FALSE;
HOLDSSYM ,CURSS YPI=VALUE ( MP—1);

• CALL SET$LEV !L’N!W$L!VEL:=VALUE (MP—2));
I! MEWSL !VEL = 1 THEN
DO;
DO WHILE STACK $LEVEL > I AND ID$STACK (ID~ST~CI$PT~. ) oo;
SAV!SSYM ,CUR$S!M=ID$STA CE(ID$STACK$PTR — 1.);
SAVESSYMSLVL = G!T$L!VEL;
I? SAVE$STMSLVL = STACK$LEV !L THEN
DO;
CUR $ST M = SAV !$STP’;
CALL RED!!$TEST;
EN D
ELSE IF STACISLETEL > 1 THEN
DO;
CALL REDUCE$STACK;
I? VALUESPLAG *ND (VALUE ~LEV!L = STAC ISLEVEL ) TEEMDO;
VAL tIE$?LAG = FALSE;
CALL sET$VALuE~cuus!;
END;
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END;
EMD;/* DO WHILE LOOP *1
IF STACISLEVEL = 1 AND ID$STACK$PTR 0 0 THEN
DO;
CUR $SYM = ID$STACK (ID$STACI$PTR — 1);
CALL R!DEF$TEST;
END;
IF VALUE (MP) = 0 AND ID$STACK (ID$STACK$PTR ) <) 0 THEN
DO;
CALL END$OF$RECORD ;
RED!? = FALsE;
END;
IF (VALU!(MP) = 1) AND (ID$STACK (ID$STACK$PTR ) = R EDE F$OM E )
THEN CALL SETSIIALIJESCLAUS!;

CURSSYM = HOLD$SYM;
END;
ELSE IF ST&C K $L EV EL )= NEW$L EV !L THEN
DO;
IF (STACK$LEV !L = N!W$LEV!L) AND (VALUE (MP) = 1) A N D
(IDSSTACI (ID$STACK$PTR ) = REDE!$ONE) THEN
CALL S!T$VALUESCLAUSE;

DO WHILE NOT STACK$REDUCED;
SAV! $SYM , CU R $ S Y M = I D $ S T A C K ( I D $ S T A C K $ P T R — 1) ;

SAVE $SYMSL7L — G!T$LEVEL;
IT SAVE$SY M$LVL = S?ACK$LEV!L THEN
Do ;
CUR $SYM a SAVE$SYr4;
CALL RED!T$TZST;
END;
ELSE IT (S?AC K~LEV!L >= NE1$LEVE L ) AN D
(VLLUE(MP ) = 0) TEEN
DC;
DO WHILE STACX$L !VEL >= N!i$LEVEL;

S CALL R!DUC!$STACK;
IF VALUESPLA G A N D  (VALUE ~LEVEL=STA CKSLEVEL)

AND (VALUE $LEVEL = N !WSLEVEL) THEN
DO;
VA LUE~FLAG FALSE;
CALL SETSVALU!SCLAUSE;
END;
END;/* DO WHILE LOOP */
STACI$REDUCED TRUE;
END;

ELSE IF (STACISLEVEL )a N !W$LEVEL) AND
(VAL U! (M P) = 1.) THEN

DO;
DO W HILE STAC I~LEV!L ) M!W$LEV !LCALL REDUCE~ST’CK ;

IF VALUE $PLAG AND (VALUE$LEVEL a STACKSLEVEL)
THEN D0

VALUESFLAG a FALSE ;
CALL Srr$VALUE$C LAUSE;
END ;

END;/* DO WHILE LOOP */
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STACX$REDUCED = TRUE;
END;

END;/* DO WHILE LOOP */
END;
CUR$SYM = HOLD$sYM ;
END CEEC!$LVLS WORK;

CODE$GEN : PROCEDURE (PRODUCTION);
DECLARE PRODUCTION BYTE ,

LIT$TYPE BYTE;
IF PRINT $PROD THEN
DO;

CALL CPLT;
• C ALL PRI NTCHAR (POUND );

CALL PRI NT$NUMBER (PRCDUCTION );
END;

DO CASE PRODUCTION;

1* P R O D  U C ? I O N S * /

/* CASE 0 NOT USED

/* 1 <PROGRAM> ::= <ID—DIV ) < !—DIV> <D—DIV> PROCEDURE *1
DO;
COMPILINGaFALS !;
DISPLAY(DISPLAY(0)+1)= ‘$ ‘ ;
CALL PRIMT (.DIsPLAT(1));
END;

1* 2 <ID—DIV ) ::= IDENTIFICATION DIVISION . PROGRAM—I D • */

1* 2 <COMMENT> <AUTH> <DATE> <SEC> *1
1* NO ACTIO N REQUIRED *1

/* 3 <AUTE> ::= AUTHOR . <COMMENT> .
; 1* NO ACTION REQUIRED */
1* 4 \I <EMPTY) *1
; 1* MO ACT ICM REQUIRED */
/* 5 <DATE> ::= DATE—WRITTEN . <COMMENT> .

-‘ - ; 1* NO ACTION REQUIRED */
1* 6 \t <EMPTY)

1* NO ACTION REQUIRED */
/* 7 <SEC) ::= SECURITY . <COMMENT> . *1
; 1* NO ACTION REQUIRE D */

1* 8 \! <EMPTY>
1* NO ACTION REQUIRED */

1* 9 <COMMENT) ::= <INPUT)
; 1* NO ACTION REQUIRED */
/*10 \! <COMMENT) <INPUT)
; 1* NO ACTION REQUIRED */

/*11. <E—DIV) ::= ENVIRONMENT DIVISION C O N F I G U R A T I O N  *1
/~1i SECTION . <SRC—OBJ~ <I—0) *1
; 1* NO ACTION REQUIRED */
/*12 <SRC—OBJ) ::= SOURCE—COMPUT ER <COMMENT> (DEBUG> .~~/
/*12 OBJECT—COMPUTER . <COMMENT> . *1
; /~ NO ACTION REQUIRED */
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/*j3 <DEBUG> ::= DEBUGGING MOPE *1
DEBUGGING—TRUE; 1* SETS A SCANNER TOGGLE ~1/*14 \! <EMPTY> *1
; /~ NO ACTION REQUIRED *1
/*15 (1— 0> ::= INPUT—OUTPUT SECTION . FILE—CONTROL . *1
/*j5 <FILE—CONTROL—LIST> <IC> *1
; /~ NO ACTIO N REQUIRED */
/*16 \! <EMPTY)
; /* NO ACTIO N REQUIRED */
/*17 <FILE— CONTROL—LIST) ::= <PILE—CONTROL—ENTRY> *1
; /~ NO ACTION REQUIRED */
/*18 \! < F ILE—CONTROL—LIST ) */
/*18 <FILE—CONTROL—ENTRY ) *1
; 1* NO ACTION REQUIRED */
/~19 <FI LE—CONTROL—ENTRY ) ::= SELECT <ID>

<ATTRIBUTE—LIST) .
CALL S!T$TILE$ATTRIB;
/*20 <ATTRI BUTE—LIST) :: < ON !— A TTR IB )
; 1* ~o ACTION REQUIRED */

• /*21 \! <ATTRIBUTE—LIST> <ONE—ATTRIB> *1
VALUE(MP)=VALUE (SP) OR VALUE (MP);
/*22 <ONS—ATTR IB> ::= ORGANIZATIO N <ORG—TYPE) *1
VALUE (MP)=VALU!(SP);
/*23 \t ACCESS <ACC—TYP!> <RELATIVE) */
VALUE (MP)=VALUE (MPP1) OR VALUES?);
/*24 \! ASSIGN <INPUT>

CALL BU I LD ST CB ;
/*25 < ORG—TYPE > ::= SE~ U EMTI A L *1
; /~ NO ACTION REQUIRED — DEFA ULT *1
/*26 \! RELATIVE

CALL O R S V & L U E ( S P , 4 ) ;
/*2? <ACC—TTP!> :: SEQUENTIAL
; /* NO ACTION REQUIRED — DEFAULT */
/*28 \! RANDOM

CALL 0 R S V A L U E ( S P , 2 ) ;
/*29 <RELATIVE ) ::= REL ATIVE <ID) *1CALL OR $VALU E (MP,8);
/*3Ø \t <EMPTY>
; 1* NO ACTION REQUIRED — DEFAULT *1
/*31. <IC> ::= 1—0—CONTROL . <SAME—LIST)
;
/*32 \I <EMPTY)

/*33 <SAME—LIST> ::= (SAME—ELEMENT) */

/*34 \t <SAME—LIST) <SAME—EL EMENT) */

/*35 <SAME—ELEMENT) :: SAME <ID—STRING> *1
S

/*36 < I D — S T R I N G )  ::= <ID)
-4 

• 
-

/*37 \f <ID—STR ING) <ID> */
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/*38 <D—DIV) : : DATA DIVISION <FILE—SECTION> <WORK> *1
/*38 <LINE) *1

1* NO ACTION REQUIRED */
/*39 <FILE—SECTION> ::= FILE SECTION . <FILE—LIST> *1

FIL E$SEC $END = TRUE ;
/*4Ø \! <EMPTY>
TI LE$SE C$!ND=’rRuE ;
/*41. <FILE—LIST) ::= <FILES) *1
; 1* NO ACTION REQUIRED */
/*42 \! <FILE—LIST> <TILES)
; 1* NO ACTION REQUIRED *1
/*43 <PILES> ::= FD <ID) <FILE—CONTROL> .
/*43 <RECORD—DESCRIPTION>

DO;
r i  DO WHILE STACE$LEVEL > t;

CALL RZDUC E $ST AC K ;
H END;

CALL EMD$CF$ RECCRD ;
RznEp=FALs!;

- 
- END;

/*44 <PILE—CONTROL )  ::= < FILE—LIST >
CALL SET~IOS ADDRS;/*45 \1 <EMPTY)
CALL SETSIO$ADDRS ;

/*46 <P ILE—LIST )  ::= <FILE—ELEMENT)
- - I ; 1* NO ACTION REQUIRED */

/*47 \I (FILE—LIST> <FILE—ELEMENT)
; 1* NO ACTION REQUIRED */

/*48 <FILE —ELE M ENT ) : := BLOCK <I M TE GE B ) RECORDS *1
; /* NO ACTION REQUIRED — PILES NEVER BLOCKED *1
/*49 \! RECORD <EEC—COUNT>

C A LL SET$SL ENGTH (VALU E (SP ));
/*5Ø \I LABEL RECORDS STANDARD */
; /* NO ACTION REQUIRED */
/*51 \! LABEL RECORDS OMITTED ~/

- - ; 1* NO ACTION REQUIRED ~//*52 \! VALUE OF <ID—STRING> ~11* NO ACTION REQUIRED */
/*53 <EEC—COUNT) ::= <INTEG ER> *1

/* NO ACTION REQUIRED — VALU!(SP) CORRECT *1
/*54 \? <INTEGER) TO <INTEGER> *1
DO;
VALUE(MP)=VALUE (SP); 1* VARIABLE LENGTH *1
CALL SET $TYP E (4); 1* SET TO VARIABLE *1
END;
/*55 <WORK) ::= W O R K I N G — S T O R A G E  SECTION .
/*55 <RECORD—DESCRIPTION ) *1
DC;

— DO WHILE STACKSL!VEL > 1.;
-: CUR$SYM = IDSSTACIC (ID$STACKSPTR — 1);

S IF GET$LEVEL a STACK8LEV!L THEN
CALL RZDE?$TEST;

ELSE IT STACK $LEVEL > 1 THEN
CALL REDUCE$STACE;
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END;
~~;

sTACK$LEVEL = 1 AND ID$STACK$PTR <) 0 THEN

CUR$SYM = IDSSTACK (ID$STACE$PTR — 1);
IT RED!? THEN CALL REDEF$TEST
END;
CALL END$O!$R!CORD ;

END;
1*56 \! <EMPTY)
; 1* NO ACTION REQUIRED */
/*57 <LINK> ::— LINKAGE SECTION . < RECORD—DESCRIPTION > */
CALL PRINT$ERROR (’NI ’); 1* INTER PROG COMM */• 
/*58 \t <EMPTY>
; 1* NO ACTION REQUIRED *1
/*59 <RECORD—D ESCRIPTION> ::= <LEV EL—ENTRY)
; 1* NC ACTICM REQUIRED */
/*60 \! <RECORD—DESCRIPTION> *1
/*6e <LEVEL—ENTRY>
; 1* NO ACTION R!Q~J IRED ~//*61 <LEVEL—ENTRY) :: <INTEGER> <DATA— ID> <REDEFINES) */
/*61 <DATA—TYPE )
DO;

CALL L0AD$L!v EL;
IF (PENDING$LITERAL <) 0) AND (NOT VALUE$!LAG ) THEN
PENDING$LLT$ID = I D$S T Ac K $PTR;

END;
1*62 <DA TA—ID> ::= <ID>
; 1* MO ACTION REQUIRED */
/*63 \! FILLER

DO;
CUR$S TM , VALUE (SP)=N ExT$STM ;
CALL B U I L D S S T h B O L ( 0 ) ;

END ;
/*64 <REDEFINES> ::= REDEFINES <It> *1
DO;

CALL SET $R!DEF(VAL U! (SP),VALUE (S?—2));
VALUE (MP)=1 ; /* SET REDEFINE FLAG ON *1
IF NOT PILE3S!C~ EMD THEMCALL PRINT $ERROR (’R3’);
CALL CHECESLVLSWORK ;

END;
/*65 \! <EMPTY)
DO;
IF NOT FILE$S!CS !MD THEN

CALL CH!C!~ LVL~FILES;
ELSE CALL CHE CK $L V L$ W OR I ;
END; -

/*66 <DATA—TYPE) ::= <PROP—LIST>
; 1* NO ACTION REQUIRED */
/*67 \! <EMPTY>
; 1* NO ACTION REQUIRED */

/*68 <PROP—LIST) ::— <DATA—ELEMENT) */
; ,~* NO ACTION REQUIRED */
/*59 \P <PROP—LIST> <DATA—EL EMENT> */
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; 1~ NO ACTION REQUIRED 4/
/470 <DATA—ELEM !NT> ::= PlC <INPUT> 4/
CALL PICSANAL IZ!R;
/~71 \I USAGE COt4P */
CALL S!TSTYPE(COMP);
/*72 \t USAGE DISPLAY 4/
; /~ NC ACTIO N REQUIRED — DEFAULT 4/
/473 \! SIGN LEADING <SEPARATE> 4/
CALL sE’r$SIGN(17);
/474 \! SIGN TRAILING <SEPARATE > 4/
CALL ssT$sIGN (18);
/475 \! OCCURS <INTEGER) 4/
DO;

CALL OR$TYPE ( 128);
CALL SET$OCCURS (VAL UE( SP ));

END;
\! SYNC <DIRECTION> 4/

1* NO ACTION REQUIRED — BYTE MA CHI NE *1
/477 \? VALUE <L ITERAL> 4/

• DO;
IF NOT FIL E $SEC SE ND THEN
DC;
CALL PRINT$ERROR VVE’);
PENDING$LITER A L=0;

END;
END;
/~78 <DIRECTION> ::= LEFT 4/
; /~ MO ACTIO N REQUIRED 4/
/479 \! RIGHT 4/

/4 NO ACTION REQUIRED 4/
/~8O \! <EMPTY> 4/
; /4 NO ACTION REQUIRED 4/
/~81 <SEPARATE> ::= SEPARATE 4/
VALUE (SP)=2 ;
/*82 \l <EMPTY> 4/
; /* NO ACTION REQUIRED 4/

1*83 <LITERAL) ::= <INPUT) 4/
DO;

- I IF ((LIT$TYPE:=GETSTTPE) <) 16) A N D
(LIT$TYPE <) 17) AND (LIT$?YPE <> 21) THEM
DO;
CALL PRINTSERROR (’NV ’);
CALL LOAD$LITERAL(0 );
P E N D I N G $ L I T E P . A L  = 2;
END;

ELSE DO
CALL L O A D $ L I T E P A L ( 1 ) ;
P!NDING$LIT!RAL 1;
END;

END;
/~84 \t <LIT)
DO;

CALL LOAD$LIT !RAL (0);
PENDING$LITER AL 2;
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END;
/~85 \? ZERC 4/
P!NDING$LITEPAL=3;
/~86 \! SPACE 4/

PENDI NG~LIT!RAL=4;/~8? \! QUOTE 4/
P!NDING$LITERAL—5;
/~8$ <INTEGER) ::= <INPUT> 4/
CALL CO NVERT$ INTEGER;
/*89 <ID> ::= <INPUT) 4/
VALUE (SP)=MATCH; /4 STORE SYMBOL TABLE POINTERS 4/

END; /4 END OF CASE STATEMENT 4/
END CODE$G!N;

GETI N1: PRO CEDURE SYT !
RETURN INDZX1 (STATE ;
END GETINL;

G!TIN2: PROCEDURE BYTE;
RETURN IND!X2(STATE);
END G!TIM2;

INCSP: PROCEDURE ;
sP=sP +

IF SP >= PSTACKSIZE THEN CALL FATAL$ERROR (’SO ’)
VALUE (SP)=0 /4 CLEAR VALUE STACK 4/
END INCSP;

DUP~ IDEN~!LAG : PROCEDURE
IF TOKEN = 02 THEN PI LE$D E SC $F LA G = TRUE ;
IF TOKE N = 47 THEN REDE F~PLAG = TRU E;

END DuP~ IDEN$FLAG ;

LOOKAHEAD: PROCEDURE;
IF NOLOOK THEN
DO;

CALL SCAN NER;
CALL DUP$IDEN$PLAG;
NO LOOK 7 ALS
IT PRINT$TOEEN THEN
no;
CALL CRL!
CALL PRINT$NUMBER(TOKEN);
CALL PRINTSCEAR (’ ‘);
CALL PR INT$ACCUM ;

END;
END;

END LoOK’H!AD;

NO$CONPLTCT: PROCEDURE (CSTATE) BYTE;
DECLARE (CSTAI!,t ,J,E) BYTE;
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J=INDEX 1( CSTATE);
K=J + INDEX2 (CSTATE ) — 1;
DO I=J TO K;

IF READ 1(I)=TO!EN TEEN RETURN TRUE ;
END;

RETURN FALSE;
END NO$CO NFLICT;

RECOVER: PROCEDURE BYTE;
DECLARE (TSP , RSTATE ) BYTE ;
DO FOREVER;
TSP=SP;
DO WHILE TSP <> 255;
IF NO$CONFLICT(RSPATE :=STATESTACE (TSP)) THEN
Do; /4 STATE WILL READ TOKEN *1
IF SPo TS? THEN 5? = TSP —

• RETURN RSTATE;
END;
TSP = TSP —

END;
CALL SCAN NER; /4 TRY ANOT H ER TOKEN 4/

END;
END RECOVER ;

END$PASS: PROCEDURE;
/4 THIS PROCEDU R E STORES TEE I N F O R M A T I O N  R E QU IRED BY
PAPT2 IN L O CATIONS ABOVE THE SYMBOL TABLE. THE FOLLOWING

— INFORMATION IS STORED :
OUTPUT FILE CONTROL BLOC!
COMPILE? TOGGLES
INPUT BUFFER POINTER

THE OUTPUT BUFFER IS ALS O FILLED SO THE CURRENT RECORD.
IS WRITTE N 4/

CALL BYTE$OUT (SCD);
CALL A DDR~OUT (N EX T $A~AILABLE);DO WHILE OUTPUT~ PTR<>.OUTPuT$Bupy ;

L CALL BYTE$OUT(ØTPH);
EN D;

CALL MOVE ( .OUTPUftFCB,MAX~MEMOFT—PAS51 $LEN ,PASS1$LSN );
L: GO TO L; /4 PATCH TO ‘ JMP 3100H 4/

END eNn~PASs;

/4 * * * * PROGRAM EXECUTION STARTS HE?! * * *1
CALL MOV !(INITIAL$POS ,M AX~ M !MORY,RDR$LENGTR);
CALL INIT~SCANM !R;
CALL INIT$SYMBOL;

/4 * * * * * * PARSER * * * * * 4/

DC WHILE COMPILING;
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IF STATS <= MAXRNO THEN 1* READ STATE *1
DO;

CALL INCSP
STLTESTACK (sP) = STATE; /* SAVE CURRENT STATE *1
CALL LOCIAREAD;
Z GETIN1;
J I + GETIN2 — 1;
DO 1=1 TO .T~IF READ1 (I) TOISM THEN
DO;
1* COPY TEE ACCUMULATOR I! IT IS AN INPUT
STRING. IF IT IS A RESERVED WORD IT DOES
NOT NEED TO BE COPIED. */
IF (TOKEN=INPUT$STR ) OR (TO~!N=LITERAL) THENDO !=ø TO AccuM (e);

VARC( !)=ACCUM(K);
END;

STA TE=READ2(I);
NO L OOK=TR U S
I

END;
ELSE
IF I=J THEN
Do;
CALL PRINT$ERROR (’NP ’);
CALL PRINT(.(’ ERROR SEA R $ ) )
CALL PRI NT$~CCUM;I? (STATE:=R!COVER)=ø THEN COMPILING=FALSE;

END;
!ND;

END; 1* END OP READ STATE */
ELSE
I! STATE)MAXPNO THEN /* APPLY PRCDUCTIO’~ STATE */DO;
MP=SP — GETIN2;
t’!PP1=p~P + i;
CALL CODE$GEN(STATE — 

~AXPNO);SP=Mp ;
I GETIN1
J STAT!STACK (SP);
DO WHIL E (~~:=APPLY 1(I)) 0 0 A N D  J0I~1=1 + ]

~;END;
IF (K:=APPLY2(I ))=0 TEEN CO~!PILING=FALS!STATE=K;

END;
ELSE
IF STATE<— MAXLNO THEN /*LOO!AHS&D STATE*/
DO;
1 G!TIN1

CALL LOOK&HUD;
DO WHILE (K:=LOOK 1(I))<>0 AND TOKEN 0!;
1—1+1;

END;
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STATEzLOOK2( I);
END;
ELSE
DO; / PUSH STATES*/

CALL INCSP;
STAT! STACK ( sp )=GST
STATEZGETIN 1;

END;
END; /~ OP VEIL! COMPILING ~/
CALL END $PAss;
END;
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PAR T2 : 1* MODULE NAME *1
DO;

/* COBOL COMPILER — PAR T 2 */

1* 100K = MODULE LOAD POI’~’T *1
1* GLOBAL DECLARATIO NS AND LITERALS *1

DECLARE LIT LITERALLY ‘LITERALLY ’; DECLARE
PASS1~LEN LIT ‘48

’,
MAX$MEMORY LIT ‘ODlOOH’,
PASS1$TOP LIT ‘ODØOOH ’,
CR LIT ‘13’,
LI’ LIT ‘10’,
QUOTE LIT ‘27K’,
POUND LIT ‘23K’,

L I TRUE LIT ‘1’sPALS! LIT ‘0 ,
FOREVER LIT ‘WHILE TRUE ’,
ALPHA $LIT$FLAG BYTE INITIAL(FALS fl,
IF$FLAG BYTE INITIAL (FALSE); DECLARE MAX RNO LITERALLY

‘82’,/* MAX READ COUNT */
MAILNO LITERALLY ‘jØ5’,/* MAX LOOK COUNT */
MAXPNO LITERALLY ‘120’,/* MAX PUSH CCUNT ~/
MAXS NO LITERALLY ‘218’,/* MAX STkT E COUNT */
STARTS LITERALLY ‘t ’;/* STAR T STATE *1

DECLARE REA D1(*) BYTE
DATA(0 ,63,5,6,9,14,16,2~ ,22,24,26,31,32,41,42,44,45 .49,53

,54 ,5e ,60 , 4a ,28,48 ,29, 28, 29 ,36,37 ,48, 59,11 ,35, 46
,34,13,28,29,36,37 ,48,3,1,40,23,48,57,1,56,2,30,43,27,1g
.33,50,52,64,18,4,38,28,39,48 .61,55,1,15 ,7,12,10,51,5,9
,14,16,20,22 ,24,26,31,41,42,44,45,49,53,54
,58,60,51,7,17 ,1,1
,5,9,14,16,20,21,22,24,26,31,41,42,44,45,49,53,54
• ~4 , 58 .60 , 46 , 62 .8 , tB , 25 .0 ,0)
!CLA~S LCOK 1(*) BYTET~(2 ,48,0,42,ø,2,ø,40,0,1,15,e,4~ ,2,30,43,o,2,2,2?,e,7

.49,0); ,O , 25 ,~~,8 ,48‘FCLAR! A??LY1 (*) BYTE
DATA (0,0,22,0,e,0,0,77,e,0,g1 ,0,11 ,66,68,74,79,0,0,3,31,0
,3,91,ø,25,0,0,0,0,57,58,59,g ,g ,0,O ,O ,O ,O,69,O ,O,Ø ,O ,O,g
,5,7,8,13,14 ,44,0,~~,2,5,6,7,8,12,13 ,14,18,21.23,24,26,2?,2e,29,33,3’,40,44,75,76 ,77 ,8O~,0,9,3O ,37,38,t9,52,54,0,5,7,B,13,14,2P,44,0,52,0,20,ø ,0,15, ,32,53,65,ø ,Q’,0,3,

DECLARE READ 2(~~) BYTEDATA (0 ,41,6,218,9,10.83,15,17,1e,20,23,24,27,29,29,30,32
,33,34,37 ,38,.31,2~ 1,B5,~ 4 , 2~’1,205, 207 ,206 ,85 , 178,194 192
.193,185 ,1?2,210,205,20?,206,239,202,1.29,26,191
,197,86,3,35,4,1q9,189,21 .16? ,168,166,161,162,14,5
,181,201,25.85,39,1.69,2,11,7,164,1?4,184,6,9,10 .83
15 , 17,18 ,20 ,23, 27,28 ,29,30,32,33 ,34,37 ,38 .164,8, 13,130
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,131,6,9,10 ,83,15,16,17,1~3,20,23,27,28,29,30
.32 ,33 .34,37 .38, 19,8,40 , 121,198, 19, 0, 0)

• DECLARE L00K2(*) BYTE
DATA (0,12 ,106,22,107,198,199,36,108,142,142,124,44,109,45
,45,110,46,196,47,111,112,49,113,52,114,114,54,56,115,5?
,116,58 ,11?,59,118,119,119,63,64,120,14? 6?,69,139,75
122 ,78 , 136 , 128, 128 ,81)

DECLARE A??tY2(*) BYTE
DATA (0,0,13?,60,76,103,7?,1.2?,126,105,73,?2,151,150,152
,t7?,149,132,133,104,104,t36,102,102,139,182,74,160,48
,65,155,153 ,156,154, 148,68,134,61,94,146,66,173
,?9,159,55,186,B0,96,144,97,98 ,95,1?5,135,190,42,90
,8’7,90,90,215,90,90,217,179,138,88,124,89,90 ,15?,91
,158, 143,9QJ ,125,125,42,145,43,92,52!,51,93,203,203,53,211
,195,195,195,195,t95,195,195,2~0,?1,70,208,212,171,62,99,213,163,1~0 .140,141,101,101 ,147,82);DECLA RE PIDEX1(*) BYTE
DATA (0 ,1,115,2,22 ,115,115,115,115 ,23,25,73,11.5,115,115,
,26,31 ,32,115 ,35,36,115 ,44,115,115,26,115,115,115,115
,23,42,26, 115 ,115,43,44,23,23,45,115,4?
,48,50,115,51,50,53,54,23,59,60,23,61,62,65, ,66,66,66
,66,67,68,69,26,70,26,?3,71,73,91,92,93,94,95,96,115,1.15,117
,119,73,115,2,26,1,3,5,7,9,12,14,17,19,21,23,25,29,30,32
,34,36,39, ,41,43,45,4?,49,216 123,123,176

• ,187,leO ,204,204,183,1?0,170,170,170 ,214,165,1,2
,2,4,4,6,6,?,?,9,9,10,10,10,12,12,12,12,12,12,12,12,12,12,
,12,12,12,12,18,1e,18,19,1;,19,19,19,22,22,22,25,2’?,27,2?
,29,29,29,29 ,29,30,30,34 34,35,35,36,36,37,37,38
.38,39,39,39,40,42,43,43,44,44 ,45,45,46,46,46,4?
,47,54,55 ,80,80,eø ,88,96,96,98,98,98,100,100,100
101 , 101 , 106 , 106 , 107 ,107 , 108, 111) ;

D~CL A RE I,~1DEX2 (*) BYTE
ID?.TA (0,1,1 ,20,1,1 ,1,1,1,2,1,18,1,1 ,1,5,1,3,1,1,6,1,1,1 ,
,5,1,1,1 ,1,2,1,5,t ,1 ,1,1,2,2,2,1,1,2,1,1,2,1,t ,5,2,1,1,2
,1,3, ,1,1,1 ,1,1,1,1,1,5,1,5,18,2,18,1,1,1,t,1,19
,1,2,2,1,tE ,1,20,5,2,2,2,2,3,2, ,3,2,2,2,2,3,2
,2,2,2,3,2,2,2,2,2,3,12 ,22,36,44,45,4?,49,52,54,56,5’?,
,58,59,63,64,5,1,0,0,1,0,1,2,2,1,2,Q ,0,2,1,0,2,t ,0,2,1,1
,3,3,2,3,0,1, ,2,2,4,2,5,4,4,5,1,1,2,2,0
,0,1,0,Q’,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,1,1

,0,0,0,0,0,0 .1,0);

/~ !ND OF TABLES ~/• ~!CLARE/* JOINT DECLARATIONS */
1* TEE FOLLOWING ITEMS ARE DECLARED TOGETHER IN THIS
GEOUP IN ORDER TO PACIL IT&T E TK!IR BEING PASSED FROM

• THE FIRST PART OF THE COMPILER .
*1
OUTPUT~FCB (33) BYTE,
DEBUGGING BYTE ,
PRINT$PROD BYTE,
PRINT~TOKEN BYTE,
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L I S T$ I MPUT BYTE ,
SE Q$NU M BYTE ,
N!XT$SY M ADDRESS ,
POINTER ADDRESS , 1* POINTS TO THE NEXT BYTE

TO BE RE A D *1
NEXT$AVA ILAB LE ADDRES S ,
MAX$INT$MEM ADDRESS,
HA SH $ TA B~ADDR ADDRESS , 1* ADDRESS OP THE BOTTOM OF

THE TABLES FROM PART1 *1

1* I 0 BUFFE RS AND GLOBALS ~/
IN~ ADDR ADDRESS INITIAL (5CH),INPUTFCB BASED INADDR (33) BYTE ,
OUTPUT$BUFF (128) BYTE,
OUTPUT$?TR ADDRESS,
OUTPUTSEND ADDRESS ,
OUTPUT$CHAR BASED OUTPUT$PTR BYTE;

/* MESSAGES FOR OUTPUT */

CU RE
E RR OR$ NE AR$$ (

~~
) BYTE DATA ( ‘  ERROR N EAR $‘),

END $ OF~PA RT$2(*) BYTE DATA ( ‘  END CI’ COMPILATION $ ‘
~~

1* GLOBAL COUNTERS */
DECLARE

CTR BY?!,
A~CTR ADDRESS ,
BASE ADDRESS ,
3$B YTE BASED BAS E BYTE ,
B$ADDP. BASED BASE ADDREss;

MONt : PROCEDURE (F,A) EXTERNAL;
D E CLAR E F BYTE , A ADDRESS;

END M o N t ;

MON2: PROCEDUR E (F,&) BYTE EXTERNAL;
DE CLA R E F BYTE , A ADDRESS;

END M0N2;

BOOT: PROCEDUR E EXTERNAL;
END BcCT;

PRINTCE AR: PROCEDURE (cHAR);
DECLAR E CHAR BYTE;
CALL MONt (2 ,C K A R ) ;

• END PRIMICKAR ;

CRLF: PROC!DURE
CALL P R I N T C H A R ( C R ) ;

• CALL PRI NTCE,.R(LP);
END CRL F ;

PRINT : PROCEDURE (A);

• .
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• DECLAR E A ADDRESS;
CALL MONt (9,A);

END PRINT;

P R I N T~ERROR : PROCEDURE (CODE);1* THIS PROCIDURE IS USED TO PRINT COMPILER ERRORS TO
THE CONSOL *1

DECLARE COD! ADDRESS ,
I BYTE ,
CODE1(6) ADDRESS;

I F  C ODE = FALS E THEN
DO;

DO I 0 TO 5
CODE1(I) = 0;

E ND ;
I = 0;

E ND ;
ELS E
I F  CODE = TRUE THEN
DO;
‘= 0 ;
DO WHILE ((I06) AND (CODE1(I) 0 0));

CALL CRLF ~
• CALL PRI NTC!AR(KIGH (CODE1(I)));

• CALL PRINTCRAP . (LOW (CODE1 (I)));
CODE1 (I) = 0;

• 1 = 1 + 1 ;
END ;
I = ~~;END ;

ELSE
I F  (COD! = ‘NP ’) CR (CODE = ‘MV ’) OR ( C O D E  = ‘SL ’) THEN

• DO;
CALL C R l F ;

• CALL PRINTCHAR (HIGE(CODE));
-

• CALL PRINTCH~R( LOW (CODE));• END;
ELS E
Do;

I? I <> 6 TEEN
Do;
COD!1(I) CODE;
I = 1 + 1 ;

END ;
END;

E ND P R I N T ~!RROR;

• FATAL$ERROR : PROCEDUR !(REASON)
DECLA R E ~EAS ON ADDREss;

• CALL PRINT$ERROR (REASOM);
CALL PRIMT$!RROR (TRU!);
CALL TIM!(10);
CALL BOOT ;

END F A TA L~ERROR;
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CLOSE : PROCEDURE;
IF MON2 (16,.OUTPUT$FCB)=255 THEN CALL FATAL$ERROR (’CL ’);

END CLOSE;

MORE$INPUT: PROCEDURE BYTE;
1* READS THE INPUT FILE AND RETURNS TRUE IF A RECORD

WAS READ . FALSE IMPLIES END OP PILE */
DECLARE DCNT BYTE;
IF (DCNT:=MON2 (20,.INPUT~FCB))>t THEMCALL PAT AL~ERROR ( 

‘BR ’);
RETUR N N O T ( D C N T )

END IIORE$TNPOT;

WRITE$OUTPUT: PROCEDURE (LOCATION);
1* WRITES OUT A 128 BYT! BUFFER PROM LCCATION*/
DECLARE LOCATION ADDRESS ;
CALL MON 1 (2 6,LOCATION ); 1* SET DMA */
IF MON2(21,.CUTPUT$FCB )<>0 TEEN CALL !ATAL~ERROR(’WR ’);
CALL M0N1 (26,eoH); /*RES!T DMA *1

END WRITE$OtITPUT;

MOVE:  ?ROC E D URE (SOURC E , DESTINATIO N , COUNT);
/* MOVES POP THE NUMBER CI’ BYTES SPECIFIED BY COUNT *1
DECL AR E (SOURC!,D E S T I N A T I O N) ADDRESS ,

• (S$BYT! BASED SOURCE , D~BYT! BASED DESTINATION , COUNT)
BYTE;

• DO WHI LE (COU NT :=CCUNT — 1) <> 255;
D$BYI’E=S$ BYTE;
SOUR C!=SOURCE +i

• DESTINATION = D~’STIMATION + 1;
END;

END MOVE ;

PILL: PROCEDURE (ADDR,CKAR ,COUNT);
/* MOVES CHAR INTO ADDR PCR COUNT BYTES *1
D E CL A RE A DD R A DDR E SS ,
(CHAR ,cou NT ,D!s’r BASED ADDR ) BYTE;
DO WHILE (CCUNT:=COUMT —1)<>255;

DEST=CBAR;
ADDR=ADDR

END;
END PILL ;

1* * * * * * S C A N N E R L I T S * * * * */
DECLARE

• LITERA L LIT ‘29’,
• INPUT$STR LIT ‘48’,

PERIOD LIT ‘1’,
PPARIN LIT ‘3’,

- • LPARIN LIT ‘2’,
• I N V A L I D  LIT
• •• 1* ~ * * SCPNNER TABL ES * * * *

• j~
•
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DECLARE TO!EN$TABL ! (*) BYTE DATA
1* C O N T A I N S  TE E TOKEN NUMBER ONE LESS THAN THE FIRST
RESERVED WORD FOR EACH LENGTH OF WORD ~/
(0,0,3,7,13,29,41,48,56,60,63).

TABLE (*) BYTE DATA (’BY ’,’GO’,’IF’,’TO’,’EOP’,’ADD ,’E ND ’
, NOT ‘ , ‘RUN ’, ‘CALL ’, ‘ELSE ’ , ‘EXIT’, ‘PROM ’, ‘INTO ’

,‘LE SS ’,’M OVE ’ ,‘N EX T ’,’OPE M ’,’PAC E ’,’REA D ’,’S I Z E ’,’STOP ’
,‘THR U’,’ZF RO ’ ,‘AP TE R ’P ’CLOS E ’,’E N T E R ’,’E Q UAL ’,’!RROR ’
,‘I N P U T ’,’~ UO TE ’,’SP A CE ’ ,‘TIMES ’,’U N T I L ’,’U S I N G ’,’WR I TE ’
,‘ACC E PT ’, BE!O R P ’,’DEL !T E ’ ,‘DI V ID E ’,’OUTPUT ’,’D I S P L A Y ’
,‘GRE ATER ’ ,‘I N V A L I D ’,’NUM!RIC ,’PERFORM ’,’RE WR I TE ’
,‘RO U ND E D ’,’S E C T I O N ’ ,‘D I V I S I O N ’,’MULTIPLY ’,’SENTENC!’
• ‘SUBTRA CT’, ‘ADVANCING ’, ‘DEPENDING ’, ‘PROCEDURE ’
,‘A L P H A B E TI C ’),

OFFS ET (11) A DD R ESS I N I T I A L
/* NUMBER OF BYTES TO INDEX INTO THE TABLE FOR

• SACK LENGTH *1
(0,0,0,8,26,96,146,176,232,264,291),

WORD$COUNT (*) BYTE DATA
/* NUMBER OF WORDS OF EACH SIZE */
(0,0,4,6,15,12,5,8,4,3,1),

• M AX$ID~L!N LIT ‘12’,
MAX $L!N LIT ‘10’,
ADD$END (*) BYTE DATA VEOF ‘),
LOOKED B YTE I N I T I AL (0),
HOLD BYTE ,

• EOI’!’ILLEP LIT ‘tAR ’,• BUFFERSEND ADDRESS INITIAL (100H),
NEXT BASED POINTER BYTE,
INBUPI’ LIT ‘80K’,

• CHAR BYTE INITIAL (’ ‘ ) ,
ACCUM (82) BYTE ,
DISPLAY (82) BYTE INITIAL (0),
TO EN BYTE; /*RSTURNED FROM SCANNER */

1* PROCEDURES USED BY THE SCANNER */

NEXT$CEAR: PROCEDUR E BYTE;
IF LOOKED THEN
DO ;

LOOKED=FALSE;
• RETURN (CEAR:=ECLD );

END;
I! (POINT!R :=POINT!R + 1) >= EUPP!R$!ND THEN
DO;

• 
- 

IF NOT MORE$IMPUT THEM
DO;
3UF!SR ~EMD= .MEMORY ;
POINTER= .ADD$!ND;

E N D ;
ELSE POINTER—INBUFF;
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END;
IF NEXT a EOIFILLER THE N
DO;

B I J P F E R $ E N D  =
I P O I N T E R  = .ADD$END;

END;
RETURN (CHAR:=NEXT )

END NEXT$CHAR;

GE T~ CHAR : PROCEDURE;/* THIS PROCEDURE IS CALLED WHEN A NEW CHAR IS NEEDED
• WITHOUT THE DIRECT RETUR N OP THE CHABACTER*/

CHARzNIIXT$CNAR ;
END GET$CHAR;

DISPLAY$LINE: PROCEDURE;
IF NOT LIST$INPUT THEM RETURN;
D I S P L A Y (D I S P L A Y~0) + 1) = ‘$ ‘;

• C ALL PRINT( .DISPLAY(1));
DISPLAY (0)=0 ;

END DISPLAY$LIME;

LO A D $ D I S P L A Y:  P ROC E DURE
IF DISPLAY (0)<80 THEN

DIS?LA Y (DISPLAY (0):=DISPLAY (0)+1)=CHAR
C A LL G ET~ CEAR ;

E ND LOAD~DISPLAY ;

PUT: PROCEDURE ;
I! ACCUM (0) ( 80 THEN
ACCUM(ACCUM(0) :=ACCUM(0)+1)=CHAR
CALL LOAD$DISPLAY ;

END PUT;

• EAT $LIN!: PROCEDURE;
DO IHILE CHAR<>CR;

CALL LOAD$DISPLAY;
- ‘END;
• END EAT$LINE;

GET$NO~BLANK : PROCEDURE ;
- I DECLARE ( N ,I) BYTE;

DO FOREVER;
• IF CHAR = ‘ ‘ TEEN CALL L0AD$DIsPLAT;

ELS E
• IF CHARaCH THEM

DO ;
CALL DISPLAYSLIN !
CALL PaINT~ERaOR (TRu!);I F  SE O~~:U M TRRN Na 8; ELSE N=2;

• I 
DO I = 1 TO N;

CALL LcAD~DISPLAY ;END;
~~~

• I F  CHAR = ‘* ‘ THEN CALL !AT$LINE;

- • f

- 

- 
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END ;
ELS E
I !  CHAR = ‘: ‘ THEN
DO;

IF NCT DEBUGGING THEN CALL EAT$LIN!;
ELSE
CALL LOAD$DISPLAY;

END;
ELS E
RETURN;

END; 1* END CF DO FOREVER */
END CET~NO~BLA NK;

S P A C E :  PROCEDURE BYTE;
- 

RETU RN (CHAR= ’ ‘ ) OR (CHAR=CR);
END SPACE;

LEPT$PARIN : PROCEDURE BYTE;
RETUR N CHAR =

END LEPT$PARIN;

RIGET$PARIN: PROCEDUR E BYTE;
RETURN CHAR = ‘)‘ ;

END RI GH T~PARtN ;

DELIMITER: PROCEDURE BYTE ;
1* CHECKS FOR A PERIOD FOLLOWED BY A SPACE OR CR*/

• IT CHA R <> .
‘ TEEN RETUR N FALSE;

HOLD=N EIT$CHAR ;I L00KED=TRuE ;
- I F  S P A C E  THE N

Do;
CHAR =
RETUR N TRUE;

E ND;  -

• cEAa= ’.’;
RETURN FALSE;

I END DELIMITER ;

!ND$OP$TOK!N: PROCEDURE BYTE;
RETURN SPACE OR DELIMITER OR LEFT$PARIM OR RIGKT$PARIN;

END END$OF$TOUN ;

GET$LITERAL : PROCEDURE 3YT!
• CALL LOAD$DISPLAY ;

• DO FOREVER ;
• IF CHAR = QUOTE THEN

DO;
• 

~
• . •

-
• CALL LOAD$DISPLAY ;

• RETURN LITERAL;
• END;

CALL PUTi END;
END GZT$LITERAL;
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LOOK$UP: PROCEDURE BYTE;

DECLARE POI NT ADDRESS ,
I HERE BASED POINT (1) BYTE, I BYTE ;

MATCH: PROCEDURE BYTE;
DECLARE J BYTE;
DO J a t TO ACCUM (0);

IT H!RE(J — 1) <> AC CUM(J) THEN RETURN FALSE;
END ;
RETUR N TRUE ;

END MATCH ;

POINT=OPFSET(ACCUM (0) )+ .TABLE ;
DO 1=1 TO WOR,D~COUNT(ACCUM(0));IF MATCH THEN R!TUPN I;

POINT = POINT ~ ACCUM (0);
END;
RETURN FALSE;

END LOOK$UP ;

RSSERVED $WORD : PROCEDUR E BYT!
1 /* RETURNS TEE TOKEN NUMB ER OP A RESERVED WORD IF THE

CONTENTS OF TEE ACCUMULATOR IS A RESERVED WORD ,
- • 

• OTHER W I S E  RETUR NS ZER O *1
• 

- 
DECL ftRE VALUE BYTE;

- : DECLARE NUMB BYTE;
I F  ACCU tI( 0) <= MAX~LSN THEN
DO;

IF (NUMB :=TO!!N$TABLE (LCCUM (d)))<)0 TEEN
DO;

II’ (VALU!: L00K$UP) <> 0 THEM
MUMB=NUMB + VALUE;

ELSE NuMB=o ;
END ;

• END;
ELSE NU~1B=O~RETUR N NUMB;

END RESERVEDSWORD;

GETSTOXEN: PROCEDURE BYTE

CALL GET~NO$BL&NK;IF CFAR=QUOTE TEEN RETURN GET$LITERAL;
I F  D E L I M I T E R  TEE N
DO;

CALL PUT;
RETURN PERIOD;

- 
~~• END;

~

‘ 

~ I?  LE P T$PA RI N THEN
DO;

CALL PUT ;
RETURN LPARI N;

-
• ~~~~ 

- END;
C.
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IF RI G HT$P AR I N THE N
DO ;

CALL PUT;
• RETURN RPAPIN;

END;
DO FOREV ER;• CALL pui;

I F  E ND$ OP~TO!!N TEEN RETURN INPUT$STR;
END; /~ OF DO FOREVER *1

EN D GET~ TOKE N ;
1* E N D  OF S C A N N E R  ROUTINES *1
1* SCAN NER EXEC *1

SCA NN ER: P R OCED U i~!;IF (TOKEN:=GET$TOKEN ) = INPUT$STR THEN
IF (CTR:=RESERVED$WOW ) <> 0 THEM ToxEN=cTR;

E ND S C A NN ER;
• PRINT$ACCUM: PROCEDURE;

AccuM ( AcCUM (0 ) +] )= ‘$
C ALL PRINT (.ACCUM (1));

END PRINT$ACCU M;
PRINT$NtJMBER: PROCEDUR!(NUMB);

D ECLARE (N UMB ,I,CNT ,I ) B Y T E , J (~~) BYTE DATA (100 ,10);
DO 1=0 TO 1~• CNT=0;

DO WHILE NUMB > (K :=i (I));
NUMB=NUMB — K ;
CMT=CNT + i;

END;
CALL PRINTCEAR (’O ’ +

END;
CALL PRIMTCHAR (’O’ + NUMB);

END PRINT$MUMBER ;
/* * * * E ND OF SCA NN ER PRO CED URES * * *

• /* * * * * SYMBOL TABLE DECLARA~’ION S * * *• DECLARE
• CUR$STM ADDRESS , /*SY M3OL BEING A.~C!SSED*/SYMBOL BASED CUR$SYM (1) BYTE ,

SYMBOL$ADDR BASED CUR$SYM (1) ADDRESS,
NEXT$SYM$ENTRY BASED MEXT$SYM ADDRESS ,
H A S H ~MAS K LIT ‘3FH’,
S~ TYP E LIT  ‘2’,• D I S P L A CE M E NT L I T  ‘13’,
OCCURS LIT  ‘12’,
P$LE NGT! LIT ‘3’,
FLD$L!NGTH LIT ‘3’,
LEVEL LIT ‘10 ’,
DECIMAL LII ‘11’,
R E L $ I D  L I T

• • LOCATION LIT ‘2
• START$NAME LIT ‘12 ’, /*j LESS*/

F CB $ADD R LIT ‘4 ’,
1* * * * *  **STMBOL TTPE LIT!RALS * * *• UNRESOLVED LIT ‘255’,

LABEL$TTPE LIT ‘32’,
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MULT$OCCURS LIT ‘128’,
GROUP LIT ‘6’,
NON$NUM!RIC$LIT LIT “7’,
ALPHA LIT  ‘8’,
ALP H& $NU M LIT ‘9’,
LIT $SPAC E LIT ‘10’,
LIT$QUOTE LIT ‘11’,
LIT$ZERO LIT ‘12’,
NUMERIC$LITERAL LIT ‘15’,
~U ME R I C  LIT ‘16’,
COMP L I T  ‘21’,
A$ED L I T  ‘72’,
A$N~ ED LI I  ‘73’,
N UM $ ED LIT  ‘80’;

/* * * * SYMBOL TABLE ROUTINES * * *SET$ADDR ESS : PROCEDURE ( ADDR );
DECLARE ADDR ADDRESS;

STMBOL$ADDR(LOCATION )=ADDR;
END ssT$ADDREss;

• GIT$ADDAtESS: PROCEDURE ADDRESS;
RETURN SYMBOL$ADDR(LOCAT ION);

END GET$ADDRESS;
GET$FCB~ADDR: PROCEDURE ADDRESS;
RETURN SYMBOL$ADDR (PCB$ADDR);

END GET$PCB$ADDR ;
GST$TTPE : PROCEDURE BYTE;
RETURN STMBOL(S~TYPE);END GET $TYP E ;

SET ~TYPE: PROCEDUR!(TTPE);DECLAR E TYPE BYTE;
sTMBCL ( S $1! RE )

END si’r$TTPE;
GE’T$LENGTH: PROCEDURE ADDRESS;

RETURN STMBOL$ADDR (PLD$LEMGTE);
END GET$L!NGTR;
G!T~LEVEL : PROCEDURE BYTE;• RETURN STMBOL(LEVEL);
END CET$LEV !L;
GET$DECIMAL: PROCEDURE BYTE;

RETURN SYMBOL (D!C IMAL);
END GET$DEcIMAL;
GET$P$LENGTH: PROCEDURE BYT!
RETUR N S~M5OL(P$LENGTE);END GET$P$LENGTH;
BUILD$STMBOL : PROCEDURE (L!N);

DECLAR E LEN BYTE , TEMP ADDRESS ;
I EM N HT$S TM
IF (NEXT$SYM := .SYMBOL(LEN :aLEN + DISPLACEMENT))

> M AX$M EMORY TEE N CALL 7ATAL~ERROR (’S T ’);
• CAL L PILL (TEP,P ,0,LEN);

END BUILD$SYrIBOL;
• • AND$OrJI$OCCURS : PROCEDURE (TYPE$IM) BYTE;

DECLARE TYPE$IN BYTE;• RETUR N TYPE$IN AND 127;
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END AND$OUT$OcCURS ;
/* * * * PARSE ? D E C L A R A T I O N S  * * *

DECLARE
PSTACKSIZE LIT ‘30’, 1* SIZE OP PARSE STACKS*/
VALUE ( P S T A C K S I Z E )  ADD RESS , 1* TEMP VALUES */
STAT E STACK (PST A C K S I Z E ) BYTE , 1* SAVED STATES *1
VALU E 2 (PSTAC K S I Z E )  ADDRESS , /~~ VALUE2 STACK */
VARC (100) BYTE , /*TEMP CHAR STORE*/
ID$STAC K (20 ) ADDRESS,
I D$PT R BYTE ,
MAX$BYTE BAS ED MAX$INT$MEM BYTE ,
SUB$IND BYTE INITIAL (0),
CO ND$TT PE BYTE ,
HO LD~S!C lION A D D R E S S ,• HOLD $ S ZC~ ADDR ADDRESS ,
SECTION$FLAG BYTE INITIAL (0),
L~.ADDR ADDRESS ,

• DISPLAY$PLAG BYTE INITIAL (FALSE),
L~LZNGTH ADDRESS ,
L$TYPE BYTE ,
L$DEC BYTE ,
COM$LENGTE BYTE ,

• COMPILING BYTE IMITI AL(T?UE),
5? BYTE INITIAL (255),
~iP BYT E ,
MPP 1 BYTE ,

• NOLOOK BYTE INITIAL(FALSE ),
( I , J , K )  BYTE , / * IN D I C I E S  FOR THE PARS ER */
STATE BYTE INITIAL (STARTS),

/* * * * * * * * CODE LITERALS * * * * * * * * *1* TEE CODE LITERALS AR ! BROKEN INTO GROUPS DEPENDING
• ON THE TOTAL LENGTH OF CODE PRODUCED FOR TEAT ACTION *1

1* LENGTH ON! *1
ADD LII ‘1’, /* ADD RE G IST E R 1 TO REGISTER 0 *1
SUB L I T  ‘2’, ,* SUBTR ACT REGISTER 1 FROM REGISTER 0 */
MUL LIT ‘3’, /* MULTIPLY REGISTER 0 BY REGISTER 1 *1
DIV LIT ‘4’, /* DIV IDE REGISTER 0 BY REGISTER 1

(NO REMAINDER) *1• MEG LII ‘5’, /* NOT OPERATOR *1
SD? DIr ‘6’, /* STOP PROGRAM ~/STI  L I I  ‘7’, /~ STORE REGISTER 2 INTO REGISTER 0 *1

/* LENGTH TWO *1
RMD LI I  ‘8’, /* ROUND CONTENTS OF REGISTER 2 */

• 1* LENGTH THRE E *1
RET LII ‘9’, /* RETURN */
CLS L I T  ‘10’, /~ CLOSE */
S E R  L I I  ‘11’, ,* BRANCH ON SIZE ERROR *1
BRP I LIT 12’, 1* BRANCH */

• OPN L I I ’ ‘13’, /* OPEN A PILE FOR INPUT */
OPt LIT ‘14’, /* OPEN A FILE FOR OUTPUT */
OP2 LIT ‘15’, /~ OPEN A PILE FOR BOTH INPUT AND OUTPUT */
Rd LIT ‘16’, /* REGISTER GREATER THA N */

4 RLT LII ‘17’, /* REGISTER LESS THAN *1
RE Q L I T  ‘18’, /* REGIST ER EQUAL */
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INV LIT ‘19’, /*BRANCH IF INVALID—FILE—ACTIO N FLAG TRU!*/
EOR LIT  ‘20’, /* BRA NCH ON END—OF—RECORDS FLA G ~/

1* LENGTH POUR *1
ACC L I T  ‘21’, /* ACCEPT *1
S TD LIT . ‘22 ’, 1* STOP WITH DISPLAY */
LDI LIT ‘23’, /* LOAD A CODE ADDRESS DIRECT */

1* LENG TH FIVE *1
D I S  L I T  ‘24’, 1* DIS PLAY /
DE C LIT ‘25’, /* DECREMENT COUNT AND BRANCH IF ZERO */
STO LIT ‘26’, /* STORE NUMERIC */
511 LIT ‘27’, /* STOk E SIGNED NUMERIC LEADIN G *1
S12 LIT ‘28’, ,* STORE SIGNED NUMERIC TRAI LING *1
ST 3 LIT ‘29’, /* STORE SEPARATE SIGN LEADING ~/• ST4 LIT ‘30 ’, /~ STORE SEPARATE SIGN TRAILING *1
S15 LII’ ‘31 ’, /* STORE A PACKED NUMERIC FIELD *1• 1* LE NGTH S I X  ~‘/LOD L I T  ‘32’, /* LOAD NUMERIC LITERAL ~/
LD 1 L I T  ‘33’, /* LOAD NUMERIC *1
LD2 L I T  ‘34’, /* LOAD SIGN ED NUMERIC LEADING *1
LD3 L I T  ‘35’, /~ LOAD SIG NED NUMERIC TRAILING *1
LD4 L I T  ‘36’, /* LOAD SEPARATE SIGN LEADING ~/
LD5 LIT  ‘37’, /* LOA D SEPARATE SIGN T R A I L I N G  *1
LD6 L I T  ‘38’, / * LOAD A P A C K E D  NU ME R I C  F I E L D  *1

1* LENGT H SEVEN *1
PER L I T  ‘39 ’, 1* PERFOR M *1
GNU L I T  ‘40’, /~ COMPAR E NUMERIC UNSIGNED ~/C N S L I T  ‘41’, /* COMPARE NUMERIC SIGNED */
CAL LIT ‘42’, 1* COMPARE ALPHABETIC */
BWS L I T  ‘43’, ,* REWRITE SEQUENTIAL */
DLS LIT  ‘44’, ,* DELETE SE Q UE N T I A L  *1
RD ! L I T  ‘45’, /* READ A SEQUENTIAL PILE ~/
WTP LIT  ‘46’, 1* WR IT! A RECORD TO A SEQUENTIAL FILE *1
R V L L I T  ‘47’, /* READ A VAR IABLE LENGTH PILE *1
WYL LIT ‘48’, /* WRITE A VARIABLE LENGTH RECORD *1

1* LENGTH M I NE *1
SC E L I I  ‘49’, ,* CALCULATE A S U B S C R I P T  *1
Sd? L I T  ‘50’, /* STRING GREATER TEAM */
SD? L I I  ‘51’, 1* STRING LESS THA N *1
,!Q LIT ‘52’, /* STRING EQUAL */
MOY LIT ‘53’, /~ MOVE ~/1* LENGTH TEN */
RRS LIT ‘54’, 1* READ RELATIVE SEQUENTIAL */
WRS L I T  ‘55’, /* WRITE RELATIVE SEQUENTIAL ~1
RRR LI I  ‘56’, 1* READ RELATIVE RANDOM */
WRR L I T  ‘57’, /* WRITE RELATIVE RANDOM *1
RWR LII’ ‘58’, 1* R E W R I T E  R E L A T I V E  *1
DLR L I T  ‘59’, /* DELETE RELATIVE *1

/* LENGTH ELEVEN *1
• MED L I I  ‘60’, /*MOVE INTO AN ALPHANUMERIC EDITED FIELD*/

MN ! LIT ‘61’, /* P40VE INTO A NUMERIC EDITED FIELD *1
1* V A R I A B L E  LE NGTH *1

• GDP L I T  ‘62’, /* GO TO — DEPENDING ON *1¼: 1* BUILD DIRECTING ONLY *1
IN’I’ LIT ‘63’, /* INITIALIZE MEMORY *1
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BST L I T  ‘64’, /* BACK STUFF */
TER L I T  ‘65’, /* TERMINATE BUILD *1
SOD LIT ‘66’; /* START CODE *1
/* * * * PARSER ROUTI NES * * * *DIGIT: PROCEDURE (CHAR ) BYTE;
DECLARE CHAR B Y T E;

• RETURN (CRAR<= ’9’) AND (CHAR>= ’o’);
END DIGIT;
LETTER : PROCEDUR E (CHAR ) BYTE;

DECLARE CHAR BYTE;
RETURN (CEAR =’A ’) AND (CHAR =’Z’) ;

END LETTER;
INVALID$TYPE : PROCEDURE ;

CA LL PEINT~ERROR ( 
‘IT ’);

END INVALID$TYPE;
BYTE$OUT : PROCEDUR!(ON!$BYT!);

DECLAR E ON!$ B YTE BYTE ;
IF ( OUTPUT$P T R :=OU TPUT$P TR + 1) ) OUTPUT$END TEEN
DO;

CALL WRIT!$OUTPUT( .OUTPUT~B UP!)
OUTPUT$PTR= .OUTPUI$BUPP;

END;
OUTPUT ~CRAR=O P4E~BTTE;

END BYTE$OUT;
• 

• 

ADDR$OUT: PROCEDURE (ADDR);
DECLARE ADDR ADDRESS ;

• CALL BYT!$OUT (LOW (ADDR));
CALL BTT!SOUT (HIGH (ADDR));

END AD DR~OUT;
INC$COUNT: PROCEDURE (CNT)

DECLARE C MT !YT!;
rF(NEXT~AVAtLPBLE : N !XT$AVA ILABLE + CNT )

)MAX$IMTftIEM TEEN CALL FATAL$ !RROR (’ MO ’ ) ;
END INc$couMT ;

• ONE$ADDR$OPP : PROCEDURE(COD !,AD D R )
DECLAR E CODE B Y T E , ADDR A D D R E S S ;
CALL B Y T E~oUT (CoDE);CALL ADDP$OUT (ADDR )
CALL IMC$COUNT (3);

END oNE$ADD a~opp ;MoT$rr’lpLrr”ENTED: PROCEDURE;
CALL PRINT$ERROR (‘NI ’);

END MOT$IMPLIM!NT!D• MATCH : PROCEDURE ADDRESS ;
1* CHECKS AN IDENTIFI ER TO SEE IF I T  I S  IN THE SYMBOL

• TABLE. IF IT IS PRESENT , CUR$STM IS SET FOR ACCESS ,
O’~REBWtSE THE POINTERS ARE SET FOR E N TR T */• DECLARE POINT ADDRESS , COLLISION BASED POINT ADDRESS ,

-
• (E OLD ,I) BYTE ;

IF VAR C (0)>MAX$ID$LEN TEEN V*Rc (0)=MAX~ID$L!N;HOLDXe ;
DO 1=1 TO VARC (o);

HOLD—KOLD+VARC ( I);
END;

• 
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POINT=HASH$TAB~ ADDR + SHL ((HOLD AND HASH$MASK),1);
DO FOREVER ;

IF COLLISION= 0 THEN
DO;

CURSSYM ,c0LLIsION=NEx ’r$syM ;
CALL B UI L D ~SYMBOL (VARC(0));SYMPOL(P$LENGTE)=VARC (O)
DO 1=1 TO VARC(0);

SYMBOL(START$ NAME+I )=vAac( I);
END;
CALL SET~TTp!(uNREsoLvED); 1* UNRESOLVED LABEL */
RETURN CUR~SYM;E ND ;

ELS S
DO ;

CUR$SYM=COLLI S ION;
IF (HCLD:=GET~P$LENGTH )=VARC (0) THENDO ;

1=1;
DO WHILE SYMBOL(START~N~&M! + I)= VA RC( I );
I! (I:=I+1)>HOLD THEN RETURN (CUR~ SY M : C C L L I S I O N )
END;

END;
END;

• PCINT=COLLISION;
• • END;
-

• END MATCH;
SE T$VAL UE : P R O C E D U R ! ( N U M B ) ;

DECLARE NUMB ADDRESS;
V ALU! (MP)=NuMB;

END SET$VALUE;
SET$VALU !2: P R C C E D U R E ( A D D R ) ;

DECLARE ADDR ADDRESS;
VALUE2 (Mfl=ADDR ;

END SETflALUE2;
SUB $CNT: PROCEDURE BYTE ;

IF (SUB$IND:=SUB$IND + 1))8 THEN
SU B~ IND=1 ;

• RETURN SuB$IWD ;
END SUB$CNT ;
CODESBYTE: PROCEDURE (cOD!);

DECLARE CODE BYTE;
CALL E Y T E $ O U T ( C O D E ) ;

• CALL INC$COUNT (t);
END COD!$BYIE;
CODE$ADDRESS: PROCEDURE (CODE);

• DECLARE CODE ADDRESS;
CALL ADDR~OuT (cODE);

- • 
• • •  • CALL I N C $ C O U N T ( 2 ) ;• ; END CODE~ADDR!SS;INPUT$NUMERIC: PROCEDURE BYTE ;

DO C?R=1 TO VARC( 0);
IF NOT DIGIT (VARC (CTR)) TEEN RETURN FALSE;

END;
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RETURN TRUE;
END INPUT$NUMERIC;
CO NV ERT~INTEGER: PROCEDURE ADDRESS ;A CTR=0 ;

• DO CTRz1 TO VAR C(0);
I? NOT DIGIT(VARC (CTR)) THEN CALL PRINT$ERROR (’NN ’);• A$ CT P = SH L (AC TR ,3 ) + SH L ( A C T R ,1) + VARC ( CTR ) — ‘0’;

I END;
RETURN AC?R;

END CONV!PT$INTEG!B;
• BACESTUEP: PROCEDURE (ADD1 ,ADD2);

DECLAR E (ADD1 ADD2) ADDRESS;
CALL BTTE~OUT~BST);CALL ADDR$OUT(ADD1);
CALL ADDR ~ O U T ( A D D 2 ) ;

END BAC!$STUTF;
UNRESOLV ED$BR A NCE : PROCEDURE;

C ALL SET~VA LU!(NEXT$A VA ILABL E + 1)
CALL oN!~ADDE$oP?(BRN ,e);
CALL sET$VALUE2 (NEXT$AVA ILABLE );

• END UNRESOLVED$BRANCH;
BACK$COND: PRocEDURE;

CALL BA.CXSTUPF (VALUE(SP—1 ), NEXT $AVA ILA BLE );
END BACX~COND;- S !T$B RAN CH : PROCEDURE ;

CALL SET$V ALU !(N!XT$AVAILABLE);
CALL CODE$ADDRESS (0);

END SET~BRANCH ;KE!P$ VALUES : PROCEDURE ;
CALL s!T$VALUg (VALuE(Sp));
CALL SET~VALU !2 (VALUE2(SP));END K!EP$VALUES;

~ET$R?C$ADDR !SS: PROC !DURE (RECORD~ ADDR ) ADDRE SS
DECLARE (RECORDSADDR , EOLD $ADDR ) ADDRESS ;
C TiE $ ST M=R ECO RD$ A DDR
HOLD~ADDR=GET~ AD DR!SS
CUR$SY M=d!T$FcB$ADDR;

• I RETURN HOLD$A DDR ;
END GET~RECSADDRESS;GET$REC$LE N : PROCEDUR!(RECORD~A DDR ) ADDRESS ;

DECLAR E (RECCRD SADDR , HOLD$LENGTH) ADDRESS ;
• CU a $S TM = REC OR D ~ ADDR ;

• HOLD$LENGTEaGET~L!NGTH
• CUR$SYMzGET$FCB$ADDR

RETUR N H0LD$LEMG-DE;
END GET~aEC~L!N;STD$ATTRIBUTES : PROC!DURE (TYPE)

DECLARE TYPE BYTE;
• CALL conE$ADDRE Ss (G !T$lcB$ADDR ) ;

CALL CODZ $ADDRESS (GET$REC$ADDR !SS (~~!TS ADDRE SS));
- CALL COrE$ADDaz SS (GE T~ R!c~ L !M(GET~ AD rRsS S) );
• I! TTP !—0 THEN RETURN ;

• ~ :- CUR$SY M~SYMBOL$ADDR
(REL$ID);

• CALL CODE$ADDRESS (GET$ADDRESS);
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CALL CODE$BTTE (GET$LENGTR);
END ST D~ATTRIBUTES;W RI T E $A $RE CO RD : PRO CEDU RE ;

IF GEftLEVEL<>1 THEN CALL PRINT$EBROR (’W L’);
ELS E D0

C UR$ SYM~GET$ FCB$ADD a;IF (CTP:~GET$TY PE)~ 1 THENDO;
CALL coD! $BYTS(wTp);
CALL STD$ ATT R IBUT!S (0 ) ;

END;
ELSE IF CTR =2 THEN
DO ;

CALL CODE$B T TE ( VRS) ;
CALL STD$ATTRIBUTES (1);

END ;
ELSE IF CTRa3 TEEN
DO;

• CALL coDE$BYTE(wRa);
CALL STD$ATTR IBUT!S(1);

• END ;
ELSE I! CTR~4 THENDo;

CALL CoDs~BYTs(WYL);CALL STD~ATTRIBUTES(0);• END;
ELSE CALL FRI MT$SRROR (’PT ’);

END;
END WRITE$A$RECORD;
RZ A D SA~ FILE : PROCEDURE ;

IF (CT R:~GET~TYPE=1 THENDO;
• CALL CcDE$BYTE(RDP);

CALL STD~ATTRIBUT!S(0);END ;
ELSE I F  CTR~2 TEEN

• DO;
CALL CODE$B TT! (R R S) ;
CALL STD~ATTR IBUT!S(1);

END;
ELSE II CTR— 3 THEN
Do;

CALL coDE$BYT!(RRR);
• CALL STD$LTTRIBUT!S(1);

END;
ELSE I? CTR~4 TEEN
~~U” ,

• CALL cODE$BT T!(RVL);
CALL STD$ATTRIBUTES(0);

END ;
ELS E C ALL PRINT$ERROR (’PT ’);

END READ~ A~FILE;
• • ARITHMETIC$TTP!: PROCEDURE BYTE;

II ((L$TTP!:*AND~OUT$OCCURS (L$TTP!))>~NUMERIC $LITERAL)
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AND (L~TYP!<”COMP) THEN RETURN L$TYPE — NUMEBIC$LITERAL
CALL INVALID$TYPE;
RETURN 0;

END ARITHMETIc$TypE;
DEL!T!$A~PILE: PROCEDURE;IF (CTR :~GET$TYPE~3 THEN
DO;

CALL CODE$BYTE (DLR);
CALL STD~ATTRIBUTES (1);END;

ELSE IF CTR~2 THEN
Do;

CALL cODE$ByT!(DLs);
• CALL STD$ATTRIBUTES(0);

END ;
ELSE C ALL PPINT~!RROR(’IT ’);

END DZLETE$ASFILE;
REWRIT!$A$RECORD : PROCEDURE ;

IF GET~ L !VEL<> 1 THEN CALL P R I N T $ E R R O R ( ’ W L ’) ;
ELSE D0

CUR$STM=dET~PCB$ADDR;IF (CTR:=G!T~TY?E)=3 TEENDO;
CALL coDE~BTTE (RWR);CALL STD$ATTRIBUTES (t);

END;
ELS! I? CTR=2 THEN

• DO;
CALL CODE$BTT! ( R W S ) ;
CALL STD~ATTRIBUTES (e);END;

• ELSE CALL P R I N I $ S R R O R ( ’I T ’ ) ;
• END;

END PEW RIT E~A$RECORD ;ATTRIBUTES : PROCEDURE;
CALL CODE$ADDR!SS (L$ADDR);
CALL CODE$By’rE(L$L!NGTE ;
CALL CODE~BYT! (L$DEC );

~ND ATTRIBUTES ;LOAD$L$ID: PROC!DIJR!(S$PTR);
DECLAR E S$PTR BYTE;
IF ((A$CTR := VALUE (S$PTR)) (z NON$MUMERIC$LIT) OR

(ACIR NUMERIC$LITERAL) TEEN
Do;

L$ADDR~VALU!2(S”rR);L~L ENd TE~CON $ LE NaTE;
L$TTPEaL~CTR ;
RETURN ;

•~ END;
I? A$CTR(~LIT$ZERO TEEN

• L$TTPE ,L$ADDR—A$CTR;
• L$LENGTH—1 ;

• •; RETUR N;
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EN D
CUR$STM~VALU!(S$PTR);LSTYPE—GET$ TYPE;
L$LENGTH=GET~LENGTH;L~D!CsGE?~DECIMAL;
IF (L$ADDR :~VALUE2(S$?TR ))=0 TH EN L$ADDR~GET$ADDRESS;END L0AD$L$ID;

LOAD$REG : PROC!DURE (REG$NO ,PTR)
DECLARE (R!G$NO,PTR) BYTE;
CALL L0AD$L$ID(PTa);
CALL CODE$BYTE(LOD+ARITHMETIC$TTPE);
CALL ATTR IBUTES;
CALL COD!~BTT!(REG$NO);END LOAD~REG ;STORE$R!G: PROCEDURE(PTR); -4
DECLARE PTR BYTE;
CALL L0AD$L$ID(PTR);
CALL CODE$BYTE(STO + ARITHMETICSTYPE —1 );
CALL ATTRIBUTES ;

END STORE~?EG;
STO RE$CONSTA NT: PROCEDURE ADDRESS ;

IP (MAX$IMT$MEM :=MAX$IMT~MEM 
— VARC(0))<NEXT$AVAILABLE• THEN CALL FATAL$ERROR (’MO ’);

CALL BYTE~OUT (INT);• CALL A DDR$ouT (MAx$INT$Mgrl);
CALL ADDR$OUT(CON$LENGTH:=VARC(0));

• DO CTR = 1 IC CON$LEN GTH;
CALL BTTE$OUT (VARc(cTR));

END;
RETURN MAX$INT$MEM ;

END STOR!$CONSTANT;
MUMEBIC$LIT: PROCEDURE BYTE;

• • DECLAR E CHAR BYTE;
DO CTR=1 TO VARc(0);

IF NOT( DIGIT (CHAR:=VARC (CTR))
• OR (CHAR ’— ’) OR (CHAR ’+’)

OR (CHA~=’.’)) THEN RETURN FALSE;END;
RETURN TRUE;

END NuMERIc~LI T ;
ALPHA$LIT: PROCEDURE BYTE ;

• DO CTRz1 TO VARC(0);
I? N O T ( L B T T E R ( V A R C ( C T R ) ) )  THEN RETURN FALSE ;

E ND ;
R ETURN TRUE ;

END ALPHA$LIT;
ROUND$STORE: PROCEDURE;
I! VALU E(SP)00 TEEN
DO;

- • 

I CALL CODE~BTT!(RMD );CALL CODE$BTT!(L$DEC);
END;
CALL STORE~REG (SP—t);

END ROUND$STORE;
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ADD$SUB: PROCEDURE (INDEX );
DECLARE INDEX BYTE;

CALL LOAD$REG(0,MPP1);
IF VALUE (SP—3)<>0 THEN
DO;

CALL L0AD$REa (1,sp—3);
CALL CODE$BYT!(ADD);
CALL CODE$BYTE(STI);

END;
CALL LOAD~REG (1,SP—1 );CALL CODE $BYT E (AD D + INDEX);
CALL ROUND$STOR!;

END ADD~SUB;
MULT$DIV: PROC EDURE( INDEX);

DECLARE INDEX BYTE;
CALL LOAD$REG (0,MPP1);
CALL LoAD~a!G(1,sP—1);
CALL CODE$BYT!(MUL + INDEX);
CALL ROUND$STORE;

END MULT$DIV;
CUECK$SUBSCRIPT: PROCEDURE;

C UR SY M=V A LU ! ( MP )
IF GET$TTPE<MULT$OCCURS TEEN
DO;

CALL PRINT $ERROP (’IS ’);
RETURN;

END;
IF INPUT$NUM !RIC TEEN
DO;

CALL SET$VALUE2 (GET$ADDRESS ~ (GST~L!NGTH *CONVZRT$INTEG ER));
RETURN;

END;
CUR $ S Y M=MATCH

• TI ((cla:=GET$TYP!)(NUPIERIc) OR (CTR)COMP) TEEN
• CALL PRINT$EPROR (’TE’);

• CALL ONE$ADDR$OPP (SCR,G!T$ADDR ESS);
CALL COflE $ BYTS (SUB~CNT);CALL CO DE$BY T!(GET~LENGTR);

• CALL SET$VALUE2(SUB$IND);
END CHECK$SUBSCRIPT;
LOAD$LAB!L: PROCEDURE;

C UR S ST M= V A LU! ( MP ) ;
IF (A~CTR:—G !T$ADDRESS)<>0 TEENCALL BACK$STUF?(A$ CTR,VALUE2 (MP));
CALL S!T$ADDRESS (VALU!2(MP));
CALL SETSTY?E(LABEL$TYPE ;
IT (.ç5CTR:zGET$FCB~ADDR)<>0 THEN

• C ALL BACE$STU1’T (A$CTR ,NEX T~AVA ILABLE );SYP!BOL~ADDR ( PCB~ADDR )aNEXT$AVA ILABL!;
CALL ONE$ADDR$opP (RET ,o);

END LOAD $LABEL;
LOAD$SEC $LABEL : PROCEDURE ;

A$c’rR~ yALu !(pip);
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CALL SEI~vALuE (HOLD$SEcTION);EOLD$S EcTION=&$CTR ;
A$CTR=VALUE2 (MP);
CALL SET$VALUE2 (HOLD$SEC$ADDR) ;
!OLD$S EC~ AD DR = A$CT R ;
CALL LOAD$LABEL;

END LOAD$SKC$L ABEL;
LABEL$ADDR$OFFSET: PROCEDURE (ADDR, HOLD , OFFSET ) ADDRESS;

DECLARE ADDR ADDRESS;
DECLARE (HOLD, OFFSET, CIR) BYTE;
CURS SYM=ADDR ;
IF(CTR :=GET$TYPE )=LABELSTYPE THEN
DO;

IF HOLD THEN RETURN GET$ADDRESS;
RETURN GET$FCB$ADDR;

END;
IF CTROUNRESOLVED THEN CALL INVAL!D$IYP!;
IF HOLD THEN
DO;

A. SC TR =GET S ADD RESS
CALL. SET$ADDRESS (NEXT8AVA ILABLE + OFFSET);
RETURN A$CTR ;

• END;
A~CTR=GET~FCB$ADDR ;SYPIBOL~ A DDR(PCB~ADDR )=N EXT$AVA ILABLE + OFFSET;
RETURN A$CTR ;

END LABEL$ADDR$C !FS!T;
LABEL $ADDR : PROCEDURE (ADDR , HOLD) ADDRESS;

DECLAR E ADDR A DDRESS,
HOLD BYTE;

RETURN LAB!LSADDR$OFPSET (ADDR , HOLD, 1);
END LABEL$ADDR ;

• CODE$FOR $DISPLAT: PROCEDURE (PCI NT);
DECLARE POINT BYTE;
CALL LOAD $LSID (POINT);
CALL CN!~ADD R$OPP ( DIS ,L$ADDR );
CALL CODESBYTE(L$LENGTH);
IF DISPLAY $PLAG THEN CALL CODE$B!TE (1);
ELSE CALL CODESBY’~E( d )~DIsPLAT$!LAG=?ALs!;

EN D CODE$FOR~DISPLAT ;ASAN$TYPS: PROCEDURE BYTE;
RETUR N (L~TTPE=ALPHA ) OR (L$TTPE=ALPEA$NUM);

END A$AN$TTP!;
NOTSINTEGER : PROCEDURE BYTE;

RETURN L$D!C00
END NOTSINTEGER ;
MUMERIC$TYP!: PROCEDURE BYTE;

- • RETURN (L~TYP!~~NUMERIC $LIT!RAL) AND (L$TTP!<=coMP);END NUMERIC$TYPE ;
GEN$COMPARE : PROCEDURE;

• 

DECLAR E (H$TYPE ,HSDEC ) BYTE ,
• • 

(H$ADDR ,H$LE NGTH) ADDRESS ;
CALL LCAD~L$ID (MP);
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L$TYPE=AND$OUTSOCCURS (L$TYPE);
IF COND$TYPE=3 THEN /* COMPARE FOP NUMERIC */
DO;

• IF A~AN$TTPE OR (L$TTPE>COMP) TEEN CALL INVALID$TTPE;CALL SET$VALU !2 (NEXT$AVAILABLZ);
IF L$TTPE=NUMERIC THEN CALL CODE$BYTE (CNU);
ELSE CALL CODE$BTTE(CNS);
CALL COD!$ADDRESS (L$ADDR);
CALL CODE SADDR E SS ( L$L E NGT H );
CALL SET $BRA N CH ;

END;
ELSE IF COND$TTPE=4 THEN
DO;

II MUM!BIC$TTP! THEM CILL IMVALID$TTP!;
CALL 5ET$VA LUE2(NEXT$AVA ILABL E );
CALL coD!$3rr!(c&L);
CALL CODE$ADDRESS ( L$ADDR);

• CALL COD!SADDRESS (L$LENGTE);
CALL SET$BRAMC3;

END ;
ELSE D0

IT NUMERTC$TTP! TEEN CTR=1;
ELSE CTR=e
H$TYP!=L$ TYPE;
E$DEC=L$DEC ;

• H$ADDR=L$ADDR ;
• H$LENGTH=L$LENGTH ;

CALL LOAD$L$ID(SP);
IF NUP1ERIC~TYPE TEEN CTP.=CTR+1;
IF CTR 2 THEN 1* NUMERIC COMPARE *1
DO;

C ALL L0AD$REc (o ,MP);
CALL SET$VALU!2(N!XT$AVAILABLE—6);
CALL L0AD$asa (1,sP);
C ALL coDE$Br’rE(suB);

• C ALL CODESBTTE(RGT + COND$TYPE);
• CALL SET$BRANCH;

END;
ELS E D0

1* ALPHA NUMERIC COMPAR E */
• IF (E$D!C<>0 ) OR (H~TYPSzCOMP)

OR (L$D!C<>0) OR ‘L$TYPE~COMP)OR (H$LENGTH<>L$LENGTH ) TEEN CALL INVALID$?YPE
C ALL SET$VALU !2(NEXT$AVAILA’L!);
CALL CODE$BYT! (SGT+COND$TYPE ;
CALL C0DE$ADDR!SS (E$ADDR);
C ALL COD!$ADDRESS (L$ADDR),

• CALL CODE~ADDR !SS(H$LENGTH);• 
•
~~~~~ - CALL SET$BRA NCE;

END;
• END;

END GEN~COMPARE ;MOVE$TTPE: PROCEDURE BYT!
-• DECLAR E
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HOLD $TYP E BYTE ,
• ALPHA$NUM~MOVE LIT ‘0’,

I A$N$ED$ MOVE LIT ‘1’,
NUMERICSMOVE LIT ‘2’,

• N$ED$MOVS LIT ‘3’
L$TYPE=A ND$OUT$OCCURS (L$TYPE);

• IF((HOLD$TTP!:=AND$OUT$OCCURS (GET$TYPE )=GROUP) OR
(L$TYPE=GR CUP)
THEN RETUR N ALPHA$NUM$MOVE ;

IF KOLD$TYP!=ALPHA THEN
IF A$AN$TTPE OR (L$TTP!=A$ED) OR (L$TY?E=A$N$ED )

OR ( (ALPH A~LIT$PLAG) AND (L$TYP! = NONSNUMERIC~LIT))
THEN R ETURN ALPHA$NUMSMOV !;

I! HOLD$TYP !=ALPHASNUM THEN
Do;

IT NOT$INT!G!R THEN CALL INV&LI~ $ TYPE ;
RETURN ALPHA$ NUM$I1OVE;

• END;
I! (HO LD$IYP!)=NUMERIC) AND (HOLDSTYPE<=COMP) THEN
DO;

IF (L~TYP!~ALPH&) OR (L$TYDE’>COMP ) THENCALL INVALIDSTYPE;
RETURN NUMERIc$M0TE;

END;
IF H OLD$TYP !aA $N SZD THE N

• DO;
IF NOT$IpIT!GER THEN CALL INVAL ID~TTPE ;
RETURN A $N$EDSNOVE;

• END;
IT HOLD$TYPE=A$ED THE N

• IF A$AN~TTPE OR (L$TYPE)COMP ) OR (L$TYPE
MON$NUMER IC$LIT )

THEN RETURN ASN~ED$MOvE;
• IF HOLD$TYPEzNUM$ED TEEN

IT NUM!RICSTYPE OR (L$TYP• =ALPHA~NUM ) THEN
• RETURN N~ED~MOV E

CALL INV ALIDSTT?!;
R ETURN 0;

END MOv!~TTP!;GEM $ MO VS : PR OC EDURE ;
DECLARE
LENGTH ADDRESS,
ADDR1 ADDRESS ,
EXTRA ADDRESS;
ADD $ADDSLEN : PROCEDURE;

CALL COD!$ADDRESS(ADDR1);
• CALL CODE$ADDRESS (L$ADDR);

CALL CODE$ADDRESS (L$LENGTH);
• • END ADD$ADD~LEN ;

• CODE$FOR$EDI?: PROCEDURE;
CALL ADD$ADD~LE N ;
CALL CODE $ADDRESS(GET$FCB$ADDR);

• 
- •

~~~~~ 
CALL CCDE$ADDRESS (LEMGTE1);

END CODE~POR$EDIT;
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CALL LOAD$L$ID (MPP1);
C UR $ ST M=VA LU E ( SR ) ;
IF (ADDR1:=VALCJ!2(SP))=0 THEN ADDR1=G!T$ADDRESS
LENGTR1=GET$ LENGTH;
DO CASE MOVE$TYPE;

1* ALPHA NUMERIC MOVE *1

DO;
IF LENGTH1)L$LENGTH THEN EXTRA=LENGTH1—L$LENGTH ;
ELSE D0

EXTRA=0;
L$LENGTH=LENGTH1;

~~ i

~ ~L coDE$BTTE (MoV);L.~LL ADD$ADD~LSN;CALL CO DF~ADDRESS(EXTRA);• END;
1* ALPHA NUMERIC EDITED */

• 
• DO;

CA LL COD E$BTTE (MED);
C A L L  CODE $TORS!DIT ;

~MD,
1* NUMERIC MOVE *1
DO;

H CALL LOAD$REG (2,MPPL);
CALL STORE$REG (SP);

END;
1* NUMERIC EDITED MOVE */

Do;
CALL CO DZSBT? E( MN E);
CALL cCDE$!OR$EDIT;
C ALL COtE~BTT!(L~D!C);CALL CODZSBYTE (GET$DECIMAL );

• END;
END;

END GEN$MOVE;
CODE$GEN : PROCEDURE ( PRODUCTION);

DECLARE PRODUCTION BYTE;
I! PRINT$PROD THEN
DO;

CALL CRLF~CALL PRINTCHAR (POUND);
CALL PRI NT$NUMBER (PRODUCTION);

END;
DO CASE PRODUCTION ;

/* P R 0 D U C I I 0 N S */
/* CASE 0 NOT USED *1

/* 1 <P—DIV) ::= PROCEDURE DIVISION <USING>
• (PROC—BODY> */

• DO;
COMPILING FALS!
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I !  SECTION$PLAC THEN ~ALL LOAD$SEC$LABEL;END;
1* 2 <USING> ::= USING <ID—STRING>
C~ILL NOT$IMPLIM!NTED 1* INTER PROG COMM *1

1* 3 \! (EMPTY> *1
; 1* NO ACTION REQUIRED *1

1* 4 <ID—STRING) : :=  <ID> *1
IDSSTACK (ID$PTR:=0)~ VALU!(sP);1~ 5 \I <ID—STRING> <ID)
DO;

IP(ID$PTR :=IDPTR+1)=20 THEN
DO;

CALL PRINTSERROR( ‘ID’);
ID ~ PTR=1 9;

END;
ID$STACI(ID$PTR)=VALUE (SP)

END;
1* 6 <PROC—BODY) ::= <PARAGRAPH ) *1

1* NO ACTION REQUIRED *1
1~ 7 \I <PROC—BODY> <PARAGRAPH> *1
; 1* MC ACTICN REQUIRED *1

1* 8 <PARAGRAPH> ::=  <ID> . <SENTENCE—LIST>
DO;

IF SECTIO N$TLAG=0 THEN SECTION$FLAG=2 ;
CALL LO AD$L ABSL ;

• END;
1* 9 \! <ID> SECTION . *1
DO;

• IT SECTION$FLAG<)1. THEN
• DO;

• I? SECTIC N$FLAG=2 THEN CALL PRINT$SRROR (’PF’);
SECTIO N$TLAG=1 ;
ROLD~SEC?ION=VALU! ( Mn;HOLDSSEC~ ADDR~7ALU!2( PIP);END;

ELSE C~’LL LoADSs!c$L&BEL;END ;
1* 10 <SENTENCE—LIST ) ::= <SENTENCE) . ~1
; 1* NC ACTICM REQUIRED *1
/* 11 \~ <SENTENCE—LIST ) <SENTENCE>; / ~ NO ACTICN REQUIRED *1
1* 12 <SENTENCE) ::~ <IMPERATIVE>
; /~ NO ACTIO N REQUIRED *1

1* 13 \! <CONDITIONAL > •1
; 1* NO ACTION REQUIRED */

1* 14 \ !  ENTER <ID> <OPT—ID> *1
CALL NOT$IMPLIMENTED ; 1* LANGUAGE CHANGE *1

1* 15 <IMPERATIVE) : :=  ACCEPT <SUBID) *1
DO;

CALL LOAD$L$ID (SP);
• • • CALL ON!$ADDR~OPP (Acc ,LS&DDR );

CALL CODE~BYT!(L~L!NCTK );END;
• I~ 16 \! <ARITHMETIC) *1
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; 1* NO ACTION REQUIRED *1
1* 17 \! CALL <LIT> <USING)
CALL NOT$IMPLIPI!NTED; 1* INTER PROG COMM ~/1* 18 \I CLOSE <ID>
DO;

• DECLARE TYPE BYTE;
TYPEaGET$TYPZ;
IT (TYP!>Ø) AND (TYPE<5) THEN

CALL 0NZ$ ADDR$OPP(CLS,GET$FCB$ADDR);
ELSE CALL PRIMT$!RROR (’CE’);

END;
• 1* 19 \l <FILE—ACT) •1

; 1* NO ACTION REQUIRED *1
/* 20 \! DISPLAY <LIT/ID> <OPT—LIT/ID) ~1

DO;
CALL C ODE~!oR$DISPLAT (MPP1);IT V ALUE(SP)<>0 TEEM

• DO;
• DISPLAT$TLAG=TRUE ;

• CALL CODE$FORSDISPLAT (SP);
END;

• END;
/* 21 \! EXIT <PROGRAM—ID> ‘V
; 1* NO ACTION REQUIRED *1

1* 22 \f ao <ID>
• CALL ON!~AD DR$OPP (BRN ,LABEL$ ADD~ (VALU!(SP),1));

• /* 23 \I GO <ID—STRING> DEPENDING <ID) *1
Do;
CALL coDs$ByTE(GDP);

• CALL CODE$BTTE (ID$PTP);
CUR$SY M~VALUE (SP);CALL CODESBYTE (~ FT~L!NGTH);CALL CODZ$ADDRESS (GET$ADDRESS);
DO CTR=ø TO ID$PTR;
CALL• CoDE$ADDRESS (LABEL$ADDR$OFF5ET (ID~STA C!(IDSPTR),1,0));END;
END;
/* 24 \! MOTE <LIT/ID> TO <ST3BID’~ ~1
CALL GEM$MOVE ;
/* 25 \! OPEN <TYPE—ACTION> (ID) ~1

H DO;
DECLARE TYPE BYTE;

TTPE~GETS TYPE;IF (TYPE=1 OR TYP!=4) AND (VALU !(MPPI)02)
THEN CALL ONE$ADDR$OPP(OPN+VALUE (MPP1),aET$FCB$ADDR );

ELSE
IF (T TP !=2 OR TTP!=3) TEEN• CALL ONE~ADDR$OPP (OPN+VALUS(MPP1),GET~PcB$ADDR );-

• ELSE CALL PRINT$ERPOR (’OE’);
END;

1* 26 \? PERFORM <ID) <THRU) <FINISH> *1
DO

~~~~~~
- - DECLAR E ( AD DR 2 , AD DR3 ) ADDRESS ;
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IF VALUE (SP— 1)aO
THEN ADDR2~LABEL$ADDR~OFFSZT(VA LU! (M PP1),o,3);
ELSE ADDR2—LABEL$ADDR$OFFSET (7ALUE (SP—1 ),0,3);
IF (ADDR3:=VALUE2(SP))=0 THEN ADDR3xNEXT$AVAILABLE

+ 7;
ELSE CALL BACKSTUPT (VALUE (SP),NEXT$AVAILABLE + 7);
CALL ONE$ADDR$OPP (PER ,LABEL$ ADDR (V ALUE(MPP1),1));
CALL CODE$ADDRESS (ADDR2 );
CALL CODE$ADDRESS(ADDR3);

END;
/* 27 \? <REA D—ID> *1
CALL NOT~IMPLIM!NTED ; /~ GR A MMAR ERRCR *1

1* 28 \t STOP <TERMINATE)
DO;

IF VALUt (SP)~0 THEN CALL CODE$BYTE (STP);ELSE D0
• CALLO N !SADDR$OPP(STD,VALUE2(SP));

CALLCODE$BrTE(CO N$LENGTE);
END;

END;
/* 29 <CONDITIONAL> ::= (ARITHMETIC ) <SIZE—ERROR> ~1
1* 29 <IMPERATI7E> *1
CALL BACK$COND;

1* 30 \ !  <FILE—ACT> <INVALID ) <IMPERATIVE> ‘V

CALL BAC~ $COND;/* 31 \! <IF—NONTERMIMAL> <CONDITION >
• <ACTION> ELSE *1

/* 31 <IMPERAT IVE>
DO;

CALL BACISTUPT (VALUE(MPP1),VALUE2(SP—2));
CALL BACKSTUPF (VALUE(SP—2 ), NSXT $ A VA ILA~LE);

E ND;
1* 32 \! <READ—ID> <SPECIAL ) (IMP ERATIVE) ~1CALL BACISCOND;
/* 33 <ARITHMETIC> ::= ADD <L/tD) <OPT—L/ID ) TO

• <SUBID> *1• /* 33 <ROUND>
CALL ADD$SUB(0);

1~ 34 \ ! DIVI DE <L/ID> INTO <SUBID> <ROUND> ‘V
CALL MULT$DIV (1);

1* 35 \t MULTIPLY <L/ID) BY <SUBID) <ROUND> *1
CALL MULT$DIT(0);

I ’ 36 \! SUBTRACT <L/ID> <OPT—L/ID> PROP! *1
1* 36 <SUBID) <ROUND) *1
CALL ADD$SUB(1);

• /* 3? <FILE—ACT) : := DELETE <ID> *1
CALL DELET!$A$FILE;• 1* 38 \! REWRITE <ID> ~1• CALL REWRIT!$ASRECORD;

• 1* 39 \! WRITE <ID> (SPECIAL—ACT> *1
• -

• 
CALL WRIT!$A$R!CORD;

* 1* 40 <CONDITION) ::= <LIT/ID) <NOT) <COND—TYPE> *1
DO;
IF !1’$PLAG THEN
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DO;
IF$PLAG= NOT IF$TLAG ; 1* RESET IF$FLA~ *1
CALL CorE$BnE(NEG);

END;
CALL GEN$COMPARE ;
END;
/* 41 <COND—TYPE> : :=  NUMERIC
COND$TTPE=3;
/* 42 \! ALPHABETIC
coND$TTPE=4;

/* 43 \ f  <COMPARE) <LIT/ID)
CALL XEEPSVALUES;

1* 44 <NOT) : : =  NOT *1
IF NOT IP$FLAG THEN
CALL coD!$BYT! (NEa);
ELSE IF$PLAG=MO T IP~TLAG; 1* ~ES!T IPSTLAG ‘V/* 45 \ !  <EMPTY )

• ; 1* NO ACTI CN REQUIRED */
1* 46 (COMPARE) : :=  GREATEi~ ~1

• COND $TYPE=0;
• 1* 47 \! LESS

coND$rrPE= 1;
1* 48 \! EQUAL *1

H COND$TTPE=2;
1* 49 <ROUND> : :  ROUN DED

• CALL SETSVALUE (1);
/~ 50 \! <EMPTY) ‘V
; /* N O  ACTION RE QUIRED */

/* 51 <TERMINATE ) : : =  <LITERAL)
; 1* NO ACTION REQUIRED */
1* 52 \! RUN
; /* NO ACTION REQUIRED — VALUR (SP) ALREADY ZERO *1
/* 53 <SPEC IAL) : :z  <INVALID ) *1
; I~ NO ACTIO N REQUIRED */

• /* 54 \I END *1
DO;

CALL S!TSTALUS(2);
CALL CODE $BTTE (EOR );
CALL SET$BRAMCH;

END;
/* 55 <OPT—ID) ::= <SUBID) *1
; 1* VALUE AND TALUE2 ALREADY SET *1
/* 56 *1

/* VALUE ALREADY ZERO */
• 1* 57 <ACTICN) ::= <IMPERATIVE> ~1CALL uNRzSoLv!D ~ 3 RAN CH ;

1* 58 \! NEXT SENTENCE *1
CALL UNREs0LV ED$BRANcS;

1* 59 <THRU) ::z THRU (ID>
CALL !EEP$VALUES ;
/* 60 *1
; 1* NO ACTION REQUIRED */
/* 61 <FINISH) : : —  <L/ID) TIMES
DO;
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CALL L O A D $ L $ I D ( M P ) ;
CALL ONESADDR$OPP(LDI ,L$ADDP);
CALL CODE$BYTE(L$LENGTE);
CALL SET$VA LUE2( NEXT$AVA ILA BLE )
CALL ONE$ADDR$OPP(D!C ,0);
CALL SET$VALUE (NEXT$AVAILABLS);

CALLCODE$ADDRESS(ø); END;
1* 52 \! UNTIL <CONDITION> *1
CALL K!!P$VALU!S ;

/* 63 *1
; /~~~ NO ACTIO N REQUIRED *1

1* 64 <INVALID> ::* INVALID
DO;

CALL s!T$VALUE(1);
CALL CODE$BTTE ( INV);
CALL SETSBRA NCH;

END;
/* 65 <SIZE—ERROR> : :=  SIZE ERROR
DO;

CALL CODE$BTTS(SER);
CALL UNR!SOLVED$BRA NCH;

!ND
1* 66 <SPECIAL—ACT ) ::= <WHEN) ADVANCI NG <HOW—MANY ) */
CALL NOT$IMPLIP!!NTSD; /* CARPAG E CONT?OL *1

1* 67 ~1; 1* MO ACTION REQUIRED */
/* 68 <WHEN> : :=  BEFORE
CALL NOTS IMPLIMENTED; /* CARRA GE CONTROL ~/1* 69 \! AFT!?. *1
CALL NOT$IMPLIMEMTED; 1* CARRA cE CONTROL *1

• 1* 70 <HOW—MA NY> : := <INTEGER>
CALL NOT$IMPLIP’!NTED; 1* CAR RA’ E CONTROL *1

1* 71 \l PAGE
CALL NOT$IMPLIM !NTED; /~~~ CA RRAGE CON TROL ~I
1* 72 <TYPE—ACTION> : :  INPUT ~1; 1* NO ACTICN REQUIRED — VALUE(SP) ALREPDT ZERO *1
1* 73 \! OUTPUT ‘VCALL SET $VAL UE (1);
1* 74 \! 1-0
CALL SET$VALU E(2)

1* 75 <SUB ID> : :  <SUBSCRIPT) *1
; /* VALU E AND VALU !2 ALREADY SET */
1* 76 \! <ID> */
; /* NO ACTION REQUIRED ‘V

1* 7? <INTEGER) : : =  <INPUT)
CALL SET$VALUE (CONVERT$INTEGER);
/* 78 <ID> : : =  <INPUT> *1

DO;
CALL SETSV ALU!(MATCH);
IF QET$TTPE=UNPESOL IED THEN

CALL SET$VALUE2 (N !XT$AVAILABLE );
• END;

1* 79 <L/ID) ::= <INPUT)
DO ;
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IF NUM!RIC$LIT T~ ZN
DO;

CALL SET$VALUE (NUMERIC ~ LITERAL) ;
CALL SET$VALUE2 (STORE$C0NSTANT);

END;
ELSE CALL S!T$VALUE (MATCH);

END;
/~~ 80 \~~ <SUBSCR IPT>
; /~ NO ACTION REQUIRED ~~ /1* 81 \ I  ZERO *1
CALL SET~YALUE (LIT$Z!RO);1* 82 <SUBSCRIPT) : :=  <ID> ( <INPUT) ) ~1CALL CHEC!$SUBSCRIPT;
/~ 83 <OPT—L/ID) ::= <L/ID) ‘V• ; ,‘~ NO ACTION REQUIRED */
7* 84 \ ?  <EMPTY) ~1
; 1* VALUE A LREADY SET */

1* 85 <MN—LIT> : :=  <LIT)
DO;

ALPHASLIT$PLAG = ALPEA~LIT;CALL SET~V ALU !(NON$NUMERIC$LIT);
CALL SET$VALUE2(STORE$CONSTANT );

END;
/* 86 \! SPACE
CALL SET$VALtJ! (LIT~SPA CE);

7* 8? \~ QUOTE ‘V• CALL S!T$VALUE (LIT$OUO TE)
1* 88 <LITERAL ) : : =  <NM—LIT > *1

1* NO ACTICN REQUIRED */
/* 89 \! <INPUT)

• • DO;
IF NOT MUMERIC$LIT THEN CALL INVALID$TYPE;
CALL S!T~ V ALUE (MUMERICSLITERAL) ;

• C A LL S!T$V A LUE2(STO RE~CoNSTANT);END;
-

• /* 90 \ ! ZER O
CALL SET$VLLUVLIT$ZERO);
/~ 91 <LIT/ID) ::z <L/ID) *7
; /~~ N O ACTION REQUIRED */

1* 92 \t ~NN—LIT> *1
; /* NO ACTION REQUIRED *7

1* 93 <OPT—LIT/ID> : :z <LIT/ID) ‘V
; /* NO ACTION REQUIRED */
/~ 94 \l <EMPTY)

/* NO ACTI ON REQUIRED */
/* 95 <PROGRAM—ID> : := <l D)  ‘V
CALL NCTSIMPLIMEMTED; /~~ INT E R PR OG CO MM *1

/* 96 */
/* NO ACTION REQUIRED *7

1* 97 <READ—ID ) : : =  READ <ID> *1
• CALL R!AD~A~7IL!;1* ;e <IF MONT!RMINAL) : :z  IF

IF $FLA G TRUE; 7* SET IFSFLAG *7
END; 1* END OF CAS E STITEMENT *7
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EMDc0DE$G!w;
GETIN1 :PROCEDUR! BYTE;
RETURN INDEx1 (STATE);
EMDGETIN1;
G!TIN2:PROCEDURE BYTE;
RETURN INDEX2(STATE);

ENDGETIN2;
INCSP :PROCEDUR!
VALUE (SP:=SP + i)=o ; / ~ CLEAR THE STACK WHILE

I~4C~!MENTING ~1
VALUE2( SP)—0;
IF SP )= PSIACKSIZE THEN CALL FATAL$ERROR (’SO ’);

EMDINCSP;
LO OK AREA D : PROC EDUR E
IF MOLOOK THEM
DO;

CALL SC ANNER ;
NOLOOI=FALSE;
IF PRINT~TOKEN THEN
DO;

CALL CRLF;
CALL PRI NT~NUMBER (TOKEN);CALL PR INT$CHAR(’ ‘);
CALL PRI NT$ACCUM;

END ;
END;

ENDLOOKAHEAD;
NO~CONFLICT:PROCEDUR! (CSTATE ) BYTE;DECLARE (CS TAT E ,I,J ,K) BYTE;

• J=IND!X 1(CSTATE);
!=J + INDEX2 (CSTAT !) —

DO I=J TO
IF R !ADI (I)=TOKEN THEN RETUR N TRUE ;

END;
H ET UR N PA LS!
ENDNO~ COMFLICT;
R !COVER :PROC E D T J RE BYTE
DECLARE TSP BYTE. RSTATE BYTE;
DO FOREVER;

TSP=SP;
DO WHILE TSP 0 255;

IT NO$CONFLICT(R STA TE := STA T!STACK (TSP)) THEM

• DO; /* STATE WILL READ TOKEN *1
I! SPOTSP THEN S? = T S P  — 1;
RETUR N RSTATE;

EN D~TSP TSP — 1;
END;
CALL SCA NNER /* TRY ANOTHER TOKEN */

- • .  • END;
• -: - ENDRECOV ER;

• /* * * * * PROG~ &M EXECUTIO N STARTS HER! * * *1
/* INITIALIZATION *1

• ~~~~~~~~ To[EM—63; 1* PRIME THE SCANNER WITH —PROCEDURE— *1
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CALLMC V! ( PASS 1$TOP—?ASS 1$ LEN OUTPUT$ FCB ,P A SS 1$ L E N )
1* THIS SETS

OUTPUT FILE CONTROL BLCCK
TOGGLES
READ POINTER
NEXT SYMBOL TABLE POINTER

*1
OUTPUT$END= (OUIPUT$PTR:z.OUTPUT$BCTF— 1)+129;
CALLPRINT$ERROR (PALS!); 1* INITIALIZE ERROR MSG OUTPUT *71* * * * * * * PARSER * * * * * */
DO WHILE COMPILING;
IF STAT E <= MAIR NO THEN 7* READ STATE ‘VDO;

CALL INCSP;
STAT!STAC!(SP) = STATE; /* SAVE CURRENT STATE ~/CALL LOOKAH!AD;
IzGZTIN 1;
J = I + GETI M2 —

DO I=I TO J;
• IF READ 1 (I) = TOKEN THEM

DO;
• 1* COPY THE ACCUMULATOR IF IT IS AN INPUT
• STRING . IF IT IS A RESERVED WORD IT DOES

NOT NEED TO BE COPIED~ *1
IT (TOKEN=INPUT$STR ) OP (TO!EM=LITERAL) THEM
DO K=0 TO ACCUM (~~);VARC (K)=ACCUM (K);
END ;

STATE=READ 2(I);
NoLcox=TRus;
I=J;

END ;
ELSE
IF I=J T~!EN

-
~~~~ DO ;
H CALL P~ IMT~ERRORVNP );

CALL PRI NT( .SRROR$NEAR$$);
• CALL PRINT$ACCU M;

• IT (STAT! :=RECOVEP)=0 THEN COMPILING=FALSE;
• END;

I END ;
END; /* END OF READ STATE */

- ELSE
IF STATE)MAXPMO TEEN /* APPLY PRODUCTION STAT! */
DO;

• P!P=SP — GETIN2;
MPP1=MP + 1~
CALL CODE$G!N (STAT! — MAX PMO );

• • - SP=MP;
• IaGETIN1;

J=STAT!S?ACK (SP);
DO WHILE (K:—APPLY1 (I)) <> 0 AND J<)K

• 1=1 +
• END;

• 
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IT (K:=APPLY2 (I))=0 THEN COMPILING=FALS !;
STAT !=K;

EN D
ELSE
IT STATE <=MAXL NO THEN /*LOOKAHEAD STATE*/
DO;
1—GETIN1;

CALL LOOKAHEAD;
DO WHILE (K :=LOOK1 (I))<>0 AND TOKEN <)1

1=1+1;
END;

STATE=LOOK2 (I)
END;
ELSE
DO; /*pus~ STATE S*/

CALL IMCSP;
STATESTACK (SP)=GETIN2 ;

STAT!=GETI Ml;
END;
END;/* OF WHILE COMPILI NG */
CALLBYTE S0UT (TER);
DOWEILE OUTPUT $PTR<) .OUTPUT$BU!!;
CALL BYTE$OUT (T!R);

EN D~CALLCLOSE;
CALLCRLP ;
CALLPRINT ( .END$OT$PART$2);
C AL LB OOT
E N D ;

• 3

226

h •~~‘

_ _ _ _ _ _  
• • • • I _ _ _  k• - 

•• 

~~~~~~~~~~~ ~~
•

i — ~~~~~~~~



INTE RP :  7* P!CDULE ‘ I N T Z H P ‘ *1
DO;

7* COBOL INTERPRETER *7
1* NCRMALLY ORG ’ED TO X ’lOø’ *1

1* GLOBAL DECLARATIONS AND LITERA LS *1
DECLARE

LIT LITERALLY ‘LITERALLY ’,
BDOS LIT ‘SE ’, /* ENTRY TO OPERATING

STSTE M *1
BOOT LIT ‘0’,
CR LIT ‘13’,
LP LIT ‘10 ’,
TRUE LIT ‘1’,
FALSE LIT ‘0’,
FOREV ER LIT ‘WHILE TR TJ E ’;

1* UTILITY VARIABLES *1
- • DECLARE

BOOT!R ADDRESS INITIAL (00003),
INDEX BYTE , -

• A$CTP. ADDRESS ,
CTR BYTE ,
CTR1 BYTE ,

• BASE ADDRESS ,
B~BYT! BASED BASE (1) BYTE,

• B$ADDR BASED BAS E (1) ADDRESS ,
HOLD ADDRESS ,
H$B YT E BASED HOLD (1) BYTE ,
H$ADDR BASED HOLD (1) ADDRESS ,

1* CODE POI N TE R S *7
• COD!$ST A~T LIT ‘3200H ’,

PROGRAM$CCUNTER ADDRESS,
C~BYTE BASED PROGRA M $COUN TER ( 1) BYTE ,
C$ADDR BASED PROGRAM$COUNTER (1) ADDR ESS;

7* * * * * GLOBAL INPUT AND OUTPUT ROUT INES * * * *
• 

- 

DECLARE
CURRENT$FCB ADDRESS ,
START$OPPS ET LIT

MON1: PROCEDUR E (F ,a)  EXTER NA L;

• 22?
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DECLARE F BYTE , A ADDRESS;
END MONt;

MON2: PROCEDURE (T ,A ) BYTE EI TERN AL ;
DECLARE F BYTE , A ADDRESS;

END MON2;

PRINT $CHAR : PROCEDURE (CHAR);
DECLARE CHAR BYTE;
CALL MON1 (2,CHAR);

END PRINT$CRAR ;

CRLF: PROCEDURE;
CALL PRI NT~CBAP (CR );
CALL PRIN T$CHAR (LF);

END CRLF ;

PRINT: PROC EDURE (A);
DECLARE A ADDRESS;
CALL CRLF ;

• - CALL M0N1 (9,A);
END PRINT; -

READ: PROC!DURE(A)
DECLARE A ADDREsS;
CALL MON 1 (10 ,A);

END READ ;

PR INT$ERROR : PROCEDURE (CODE)
DECLARE CODE ADDRESS;
CALL CRLF ;

• 
CALL PRIN T$CRAP. (HIGH (CODE ));• CALL PR INT$C H AR ( L O W ( C O D E ) ) ;

END PRINT$ERROR;

PAT AL$ERROR : PP.OCEDURE (CODE)
DECLAR E CODE ADDRESS;
CALL PRINT$ERROR (CODU ;
CALL BOOTER;

END PATAL$ERROR;

SET$DMA : PROCEDURE;
CALL MON1 (26, CURR ENT$FCB + START$0FJ’SET);

END SET$DMA;

OPEN: PROCEDURE (ADDR ) BYTE;
F ~~~~

, • DECL ARE ADD?. ADDRESS;
CALL SET$D MA; 1* INSUR E DIRECTORY READ WON ’T

CLOBBER CORE *1
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RETURN MON2 (15 ,ADDR);
END OPEN;

CLOSE: PROCEDURE (ADDR);
DECLARE ADDR ADDRESS;
IF MON2(16,ADDB)=255 THEN CALL FATAL$ !?ROR (’CL ’);

END CLOSE;

DELETE: PROCEDURE;
CALL MON1( 19,CURRENT$FCB);

END DELETE;

MAX!: PROCEDURE (ADDR);
DECL ARE ADD? ADDRESS ;
IF MON2(22,ADDR )=255 THEN CALL FATAL $ERPOR (’ME’);

END MAKE ;

DISK$READ: PROCEDURE BYTE;
RETURN MON2 (20,CURR S~1T$?CB);

END DISK$READ

• DISK$WRITE : PROCEDURE BYTE;
RETURN MON2 (21,CURR!NT$FCB);

END DISK$WRITE ;

/* ****UTILITY PROCEDURES * * * *

DECLARE
SUBSCRIPT (8) ADDRESS ;

RES: PROCEDURE (ADDR ) ADDRESS;
1* THIS PRCCEDUR ! RES OLVES THE ADDRESS OF A
SUBSCRIPTED IDENTIFIER OR A LITERAL CONSTANT */

DECLARE ADDR ADDRESS;
IT ADDR > 32 THEN RETURN ADDR;
I! ADD?. < 9 THEM RETUR N SUBScRIPT (ADDR);
DO CASE AD DR — 9;

• RETURN .(‘0’)~RETURN .(‘ ‘);
RETUR N . ( ‘  ‘);

END;
RETURN e;

• END US~
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MOVE: PRCCEDUR!(FROM ,DESTI NATIO N ,COUNT)
DECLARE (PROM ,DESTI NAT ION ,COUNT) ADDRESS ,

(F BASED FROM , D BASED DESTINATIO N) BYTE ;
DO WHILE (COUNT:=COU NT — 1) 0 OFFFFH ;

D=P;
FROM=FROM +
D!STINATIOM=DESTIMAT ION + i

END;
END MOVE ;

FILL: PROCEDURE (D!STINATION ,COUNT ,CHAR );
DECL ARE (DESTINATION ,COU NT ) ADDRESS ,

(CHAR ,D BASED DESTI N ATION ) BYTE ;
DO WHILE (COUNT:=COUNT — 1)<> OFFYTH;

D=CHAR ;
DESTINATION=DESTINATION + 1;

E ND;
END TILL ;

CON V ERT$TO~EEX : PPOCEDUPE(POI N TER ,COU NT ) ADDRESS ;
DECLAR E POINTER ADDRESS , COUNT BYTE;
A$CTR=0;
BAS E=POINTER;
DO CTR = 0 TO COUNT—i ;
A $CTR=SHL(A$CTR ,3) + SHL - A$CTR ,1) + B~EYTE CTR ) —

END;
RETURN A$CTR ;

END CONVERT$TO~HEX;

1~ * * * * COD! CONTROL PROCEDURES * * * * *7
DECLARE

BR ANCH$FLAG BYTE INITIAL (FALSE);

IMC~PTR : PROCEDURE (COUNT);DECLARE COUNT BYTE;
PROGRA M~COUNTER=PROGRA M$COUNTEp COUNT;

END INC$PTR ;

ET~OP~CODE: PROCEDURE BYTE ;CTR= C~BYTE (0);CALL INC $PTR (1);
RETURN CTR

END GEftOP$COD!;

COMD$BRANCH : ‘ROCSDUR!(COUMT);
/* THIS PRCCEDURE CONTROLS BRANCHING INSTRU CTIONS */
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DECLARE COUNT BYTE;
IF BRANCH $FLAG THEN
DC;

B? AN C H$PL AG=TALS E
PROGRA M$COUNTER=C$ADDR ( COUNT);

END;
ELSE CALL INC$PTR(SHL (COUNT ,1)+2)

END COND $BRANCH ;

IMCR$CR~BRA NCH: PROCEDURE (MA RX )
DECLARE MARK BYTE;
IF MARK THEN CALL INC$PTR (2);
ELSE PROGR AM~COUNTER=C$ADDR ( 0);END INCR$OR$BRANC !;

/ * * * * * * C O M PA R I S O N S * * * * * * * * /

CEAR $COMPAPE: PROCEDURE 3YT!;
BAS!=C~ADDR(0);
HOLD-~C~ ADD P ( l)
DO A SCTR=0 TO C$ADDR (2) — 1;

I? B$BYTE (ASCTR) ) H$BYT!(A$CTR ) THEM RETURN i;
IF B $BTTE(A$CTR) < H$?Y’rE(A$cTR ) THEN RETURN 0~END;

• RETUR N 2
• END C!AR~COMPAR!;

STRING$COMPARE : PROCEDURE (PIVCT);
DECLAR E PIVOT BYTE;
IF CEA R~COMPAP!=P IVOT THEN BPANCH$ !LA~=NOT BRANCH$FLAG ;
CALL COND$BRANC R (3);

END STRI NG$CO MPARE ;

NUMERIC: PROCEDURE(CHAR ) BYTE;
DECLARE CHAR BYTE ;
RETURN (CHAR )=‘O’) AND (CHAP (=‘9’)

END NUMERIC;

LETTER : PROCEDURE (CH~R) BYTE;
• DECLARE CHAR BYTE ;• RETUR N (CHAR )=‘A ’) AN D (CHA R <= ‘Z’)

END LETTER;

SIGN: PROCEDURE (CHAR ) BYTE;
DECLARE CHAR B Y TE;  

-

• ~~
-
. RETURN (CHAR— ’+’) OR (CRAR= ’— ’);
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END SIGN;

COMP$ NUM~UNSIGNED : PROCEDURE;BASE=C$ADDR (0);
DO A~CTR=0 TO C$ADDR(2)—1 ;IF NOT NUMERIC(B$BYTE (A~CTR)) THENDO;

BPANCH$FLAG= NOT BRANCH$FLAC- ;
RETURN;

END;
END;
CALL COND~BRANCH (2);END COMP$NUM$UNSIGNED;

COMP$NUM
~
SIGN: PROCEDURE;

BASE=C$ADDR (0);
DO A$CTR=0 TO C$ADDR (2)—l ;

IF NOT (NUMERIC(CTR :=B$BYTE(A$CTR))
OR SIGN (CTR)) THEN

DO;
BRA NCH$PL AG=NOT BRANCH$FLAG ;
RETURN;

END;
• END;
• CALL COND~BRANCE (2); -

END COMP~NUM$SIGN;

COMP~ALPHA: PROCEDURE;BASE=C$ ADDR (0);
DO A~CTR=0 TO C$ADD R(2)—1;IF NOT LETTER(B$BYTE (A ~CTR )) THEM

• DO;
BFA NCH$FLAG=NOT BRAN CH$FLAG ;
RETURN;

END;
END;
CALL COND$BRANCE (2);

END CCMP$ALPHA ;

/* * * * * *NUM !RIC OPERATIONS * * * * * */

DECLARE
• (R0 ,R1 ,R2) (10) BYTE , 1* REG ISTERS *7

• • SIGNO (3) BYTE,
(D!C$PTO DEC$PT1 ,DEC~PT2) BYTE,
DEC$PTA ~3) BYTE AT (.DEC$PT~ ),OVERFLOW BYTE ,
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R$PTR BYTE ,
SWITCH BYTE ,
SIGNIP$NO BYTE ,
ZO NE LIT ‘lOH ’,
POSITIVE LIT ‘1’,
NEGITIVE LIT

CHECI$FOR$SIGN: PROCEDLTRE (CEAR ) BYTE;
DECLARE CHAR BYTE;
IT NUMERIC (CHAR ) THEN RETURN POSITIVE;
IF NUMERIC(CHAR — ZONE) THEM RETURN MEGITIVE;
CALL PRINT$ER ROR (’SI ’);
RETURN POSITIVE;

END cHECI$poR$sIGN;

STORE~IMMEDIATE : PROCEDURE;DO CTR=0 TO 9~R0(CTR)=R2(CTR);
END;
DEC$PT0=DEC$PT2;
SIGNO (0)=S IGMØ(2);

END STO R!~IMMEDIATE;

ONE$LEFT : PROCEDURE;
DECLARE (CTR , FLAG ) BYTE;
IF ((FLAG:=SBP(B$BYTE (0),4))=0 ) OR (TLA =9) THEN

• DO;
DO CTR O TO e;
B$BYTE(CTR)=SHL (9$BYTE (CTR),4) OR
SHR (B$BYTE (CTR+1),4);

END;• BSBYT!(9)=SHL(B$BYT!(9),4) OR FLAG;
END;
ELSE CVERFLCW=TRUE;

END ONE~L!TT;

• ONE$RIGHT: PROCEDURE;
DECLARE CTR BYTE ;

• CTR— 10;
DO INDEX=l TO 9;

CTR=CTR— l;
B$BTTE(CTR)ZSER (B$BTTE(CTR),4) OR
SHL (B$BYTE (CTR—1) ,4);

END;• B$BYTE (0)ZSHR (B$BYT!(e),4);
I? B$BYT!(0) = 09H THEN

B$BYTE~0) 9GB;
END ONE~RIGHT ;
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SHIPT$RIGHT: PROCEDURE(COUNT);
DECLARE COUNT BYTE;
DO CTR 1 TO COUNT;

CALL ONE$RIGHT ;
END;

END SEIFT$RIGRT;

SHIPT$LEFT: PROCEDUR E (COUNT);
DECLARE COUNT BYTE;
OVER PLOW=T ALSE;
DO CTR—1 TO COUNT;

CALL ONE$LEFT;
IF OVERFLOW THEN RETURN;

END;
• END SHIFP$LETT;

ALLIGN: PROCEDURE
BASE= .Rø;
IF DEC~PT0 > D!C$PT1 THEMCALL SHIPTSRIGET (DEC$PTe—DEC$PT1);
ELSE CALL SHIPT$LEPT(DEC$PT1—DEC$PTO);

3 END ALLIGN;

• ADD$R0: PROCEDURE (SECOND , DES?);
DECLARE (SECOND , DES? ) ADDRESS , (CY ,A ,P ,I ,J) BY?!;
ROLD= SECO ND;
BASE = DES?;
cr=e ;
CTR=9;
DO Jal TO 10

A=Ro (cTa);
• BzH$BTTE (C’TR );

I=D!C (A+CY);
CY=CARRY ;

• 1 DEC (I + 8);
CY= (CY OR CARRY) AND 1
B$BYT!(CTR)=I;
CTRzCTR—t ;

• END;
IF CT TEEM
Do;

CTR=9;
• 

• D O J z 1 T O 1O,
I=B$BYTE(CTR);
IsD!C (I+CY);

• CY=CARRY AND 1~• I B$BYTE(CTR)=I;
CTR=C?R—t ;

END;
END;

END ADDSRO;
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COMPLIMENT: PROCEDURE (NUMB)
DECLARE NUMB BYTE;

SIGNO(NUMB ) = SIGNO (NUP’!B) XOR i; 1* COMPLIMEN T
SIGN *1

DO CASE NUMB ;
H0LD= .Be;
EOLD= .R1;
HOLD= .R2;

END;

DO CTR=0 TO 9;
H$BTTE(CTR)=99H — H$BYTE (CTR);

END;

END COMPLIMENT;

R2$ZERO: PROCEDURE BTT!
DECLARE I BYTE;
IF (SHL (R2(~0),4)<)0) OR (SHR (R2(9),4)<>0)THEM RETURN FALSE;
ELSE DO 1= 1 TO s;

• IF R2(I)<>0 THEN RETUR N FALSE;
END;

RETUR N TRUE ;• END R2$zzRo;

CEEC!~RESULT: PROCEDUREIF SHR (R2(0),4)=9 THEN CALL COMPLIMENT (2);
IT SRR (R2(~~),4)<>ø THEM OVERFLCW=TRtJE ;

END cH!cE$REsuLT;

CHECK $SIGPI: PROCEDURE;
IT SIGNO (0) AND SI~ N0(1) THENDO;

SIGNO (2)=POSITIVE;
RETURN;

END;
sIGNe (2)=P1EGITITE;
I? NOT SIGNO (0) AND NOT SIGNO (1) THEN RETURN;
I? SIGNO (0) THEN CALL COMPLIMENT (1);
ELSE CALL COMPLIMENT (ø);

END CH!CK~SIGM ;

LEADING$Z !ROES : PROCEDURE (ADD?.) BYTE;
DECLARE COUNT BYTE, ADD?. ADDRESS;
COUNT=0;
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B A SE =ADDR
DO CTR=0 TO 9;

IT (B~BYTE(cTR ) AND 070K) <> 0 THEN RETURN COUNT;COUNT=COUNT + j ;
I! (B$BYT!(CTR ) AND 0TH) <) 0 THEN RETURN COUNT ;
COUNT=COUNT + i;

END;
RETURN COUNT ;

END LEAD I NG$ZERCES ;

CHEC!$DECItIAL : PROCEDURE;
IF DEC$PT2<)(CTR:=C$BYTE (3)) THEN
Do;

IF DEC$PT2 > CT?. THEN CALL SHIFT$RIGET (DEC$PT2—CTR);
ELSE CALL SHIFT$LEPT(CTR—D!C$PT2);

END;
I? LEAD ING$Z!?OES(.R2) < 19 — C$BYTE(2) THEN OVERFLOW

= TRUE;
END CH!CX$DECIMAL;

ADD: PROCEDURE;
OY ER PLO W =7 ALSE
CALL ALLIG N;
CALL CHECK $SIGN;
CALL ADDRO (.R1,.R2);

• CALL cEscI$R!suL’r;
END ADD;

ADD$SERIES : PRCCEDURE (COUNT);
DECLARE (I ,00UMT) BYTE;
DO 1=1 TO COUNT;

CALL ADDSRO (.R2 ,.R2);
END;

• END ADD$SERIES

S!T~MUL?~DIV: PROCEDURE;
OV !RPLOW=FALSE;
SIGNO (2) (NO? (SIGNOU3 ) KOR SIGNO (1))) AND OiK~CALL YILL(.R2 ,10,0);

END S!T~MULT$DIV;

R1~GR EAT!R: PROCEDURE BYTE;DECLARE I ~YT!;DO C?R 0 TO 9~• IF Rt (CTR)> (I:z993—R0(CTR)) THEN RETURN TRUE ;
IF R1 (CTR)<I THEN RETUR N FALSE;

END;
RETURN TRUE;
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END R1SGREATER ;

MULTIPLY : PROCEDURE ( VALUE);
DECLARE VALUE BYTE;
IF VALUE<>ø THEN CALL ADD$SER IES(VALUE );
BASE= SRO ;
CALL 0NE$LEP’r;

END MULTIPLY;

DIVIDE : PROCEDURE;
DECLARE (I, J, K , LZO , LZ1, U BYTE;
CALL SET$MTJLT$ DIV ;
IF (LZO:=LEADI NG$Z!RCES( .R0))<>

( X  := (LZ1 : = LEADIMG$ZEPO!S(.R1))) THEN
DO;

I! LZO>LZ1 THEM
DO;

BASE = .R0;
CALL SHIFT$LEFT (I := LZO—LZ1);
DEC$PTO=D!C$PTO + I;
x = tzi;

END;
ELSE D0

BASE = .ai;
CALL SHIFT$L!PT (I:=LZ1—LZO )
D!C$PT1=D!CPT1 + r;
X = LZO;

• END;
END;
DECPT2= 18 — X + DECPT1 — D!CPTO;
CALL CCMPLIMENT (0);
DO I = X T O  19;

-
• J=0;

DO WHILE R1~~GREAT!R ;
• CALL ADD$R0(.R1,.R1);

IF RiCO ) = 993 THEN
CALL COMPLI MENT (1)

J=J + i;
END;
K=SHR (I .1);
IT I TEEN R2(!)=R2(I) OR J;
ELSE R2(I)=R2(K) OR SHL (J,4);

CALL oM!$RIGK’r;
END;

- • 
END DIVIDE ;

LOAD$A$C !AR : PROCED~RE (CK’R )DECLAR E CHAR BYTE ;

$ 
• 
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IT (SWITCH:=NOT SWITCH) THEM
B$BTT E(R~PTR)=B$BYTE(R~PTR) OR SEL (CHAR — 30H,4);

ELSE B$BYTE(R$PTR:=R$PTR—i)=CHAR — 30H;
END LOAD$A$CHAR;

LOAD$NUMBERS: PROCEDURE(ADDP ,CNT)
DECLAR E ADDR ADDRES S, (I,CNT)BYTE ;
HOLD—RES (ADDR);
CTR—CNT;
DO INDEX = 1 TO CNT ;

CTR=CTR— 1;
CALL LOAD$A$C HAR (H~3TTE(C?R));END;

CALL IMcSPTR (5);
END LOID$NuMBEPS;

SET$LOAD : PROCEDURE (SIGN$IN);
DECLARE SIGN$IM BYTE;

DO CASE (CTR :aC$BT?! (4));
BAS!a .R0;
BAS !=.R1;
BASE= .R2;

END;
DEC$PTA(CTR)aC$BYT! (3);
SIGNO (C?R)=SIGN$IN;

H CALL TILL (BAS!,t0,0);
R~PTRa9
SWITCB TALSE

END S!T$LOAD;

LOAD$NUM!?IC: PROCEDURE ;
CALL S!TSLOAD(1);
CALL LOAD $MUMB!RS (C$ADDR(0 ) ,c$BTTE (2) I;

END LOAD~~NUME R IC;

LOAD$NUM
~
LI?: PROCEDURE;

D!CLARE(LIT$SIZE ,IL&G ) BYTE;

CRAR $SIGN : PROCEDURE;
LIT$SIZE=LIT$SIZE — 1;
HOLD HOLD + 1;

END CKAR $SIGN;

LIT$SIZ!aC$BYT!(2)• EOLD—C~ADDB (e);I? HSBTT! (~~)= ’— ’ TH EN
DO;

• • CALL CHAP.$SIGN ;
CALL SET$LOAD(NEGITIVE ) ;

• 

- 

•~ END;
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ELSE DC~IF H$BYTE (0)a’+’ THEN CALL CHAR$SIG N
CALL SET$LOAD(POS IT IV E);

END;
FLAG=0;
CTR=LIT$SI zz;
DO IMDEX=1 TO LIT$SIZE;

CTR=C TR—1;
IF H$BYTE (CTR)= ’.’ THEN TLAG=LIT$SIZE — (CTR+1);
ELSE CALL LOAD$A$C HAR (H$BTTE(CTR));

END;
DEC$P’fA (C$BYTE (4))= FLAG;
CALL INC$PTR (5);

END LOA D~NUM$LIT

• STORE$ONE : PROCEDURE;
IP(SWITCH:=NOT S.ITCH) THEN

B$BYT!(0)SHR(H$BTTE(0),4) OR ‘s’;
ELSE DO;

H HOLD=BCLD—1 ;
B$BTT E(O) (R$BYT E (0) AN D 0?!) OR ‘0’;

END;
BAS!=BAS!—i;

END SToR!~oMZ;

ST ORE SAS~ CHAR : PROCEDUR!( COUNT);
DECLARE CCUNT BYTE;
SWITCHaPALS F;

• HOLD= .R2 + 9;
• DO CTR=1 TO COUNT;

CALL STORE$ONE;
END;

END sToREsAs$cBAR;

SET$ZON!: PROCEDURE (ADD?.);
DECLARE A D R  ADDRESS;
IF NO? SIG MO (2) THEN
DO;

BASE=ADDR ;
B~BYTE(0)sB$BTTE(0) OR ZONE;END;

CALL INC~PTR(4);END SETSZONZ;

SET$SIGN$SEP: PROCEDURE (ADDR);
DECLARE ADD ?. ADDRESS;
BA5EZADDR;
IF SIG NO (2) THEN B$BYTE(ø)= +’;

• ELSE B$BTTE(0)= ’— ’;

• CALL INC$PTR (4);

239

I 
_ _  

~~__:~
E-

~



• • ~~~~~~~~~~~~~~~~~~ • .•

END SET$SIGM$SEP;

STCRE~NUM!RIC: PROCEDURE;CALL cHEc!~DEctMAL ;BASE=C$ADDR (0) + C$BYT!(2) —t;
CALL sToRE~As$CKAR (C$By TE(2));END STO RE~NUMERIC;

/* * * * * INPUT—OUTPUT ACTIONS * * * * *
DECL ARE

EOF$YLAG$OFTS!T LIT ‘36’,
3 FLAG$OPFSET LIT ‘33’,

EXTENT$O !TSET LIT ‘12’,
• REC$NO LIT ‘32 ’,

PTR$OFPS!T LIT ‘1?’,
BUTT$L!MGTH LIT ‘128’,
VAR $!ND — - LIT ‘CR ’,
TERMINAT OR LIT
RIGE$VALUE LIT
INVALID BYTE ,
REWRITE$FLAG BYTE INITIAL (0K ),
RANDO M$IILE BYTE ,
CURR !NT $FLAG BYTE ,
FC3~BTT! BASED CURREMT$TCB BYTE ,

• PC3$ADDR BASED CU?R !MT $FCB ADDRES S ,
PCB$!TT!SA BASED CURR!NTS?CB (1) BYTE ,

• FCB$LDDR~ A BASED CURi ~EMT $FC9 (1) ADD~ !SS ,
BUPF$PTR ADDRES S,
BUFP$END ADDR ES S,

• BUTISTART ADDR ESS,
BUFP$BYTE BASED BU!1$P?R BYTE ,
CON$BUPT ADDR ESS INITIAL (80H),
CON~BYTE BASED CON$BUTI BYTE ,
CON$INPUT ADDRES S INITIAL (82H)

ACCEPT: PROCEDURE;
CALL CRLF;
CALL PRIN’r$CHAR( 3FH);

1* CALL CRLF ; ~1
• CALL FILL(CO N~ IMPUT ,(CON$BYTE:aC~3YTE (2)),’ ~~CALL R!AD (CON$BUFF);

CALL MOVS (CCM$INPUT ,RES (C$ADDR (0)),CON$BYTE )
• CALL INC$PTR(3);

• END ACCEPT ;
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DISPLAY : PROCEDURE;
DECLARE B$CNT BYTE ;
BASE=C$ADDR ( 0);
IF NOT C$BYTE(3) THEN CALL CRLF ;
B$CNT = c$B’ITE(2);
DO C T R = O T O B$CNT — 1;

CALL PRINT$CHAR(B~ BTTS (CTR));EN D
CALL INC $PTR(4);

END DISPLAY ;

G!T$FILE~TYPE: PROCEDURE BYTE;
BASE=CSADDR (0);
RETURN B$BYTE (FLAG$CFFSET);

END GET~TIL!$TYPE;

SET$FILE$TYPE: PROCEDURE (TYPE);
DECLARE TYPE BYTE;
BASE=C$ADDR (0);
IF GET$FIL!$TTPE<)O THEN CALL FATAL~ERROR (’OE ’);

• BsByT!(TLAG80FFsET)=TrpE;
END SET$FILE$TTPE;

SET$I$O : PROCEDURE;
IMVALIDzFALSE;
IT C$ADDR (0)=CURREN T$FCB THEN RETURN;

• /* STORE CURRE NT PCIMTE~S A ND SET INT ER NAL
WRITE MARK *1

BASESCURRENT$PCB;
• FCB$ADDR ~ A -PTR$OF7SET )=BUFF~ ?TR ;

FCB~BYTE$A ( FLAG$OFFSET )aCURRENT~FLAG ;
1* LOAD NEW VALUES *1
BUPF$END= (BUFF~START:= (CURR!NT$FCB:=C$ADDR ~0))

+ START$OF?SET ) + BUFP$LEMGTH;
• CURRENT$PLAG=FCBSBYTE~A (FLA~$OF?S ET );

BUFF~PTR=PCB~ADDR$A (PTRsOFTS ET);
END SET$I$O;

OP!1$FIL!: PROCEDURE (TTPE H
DECLARE TYPE BYTE ;

• CALL SET$FILE$TYPE(TYPE);
C?RaOP!N(CURRENT~7CB:=C$ADDR (0))
DO CASE TYPE—i;

• - /* INPUT ~/
• Do;

IT CTR 255 TEEN CALL FATA L$ERROR( ’N? ’);
END;
/* OUTPUT */
DO;
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CALL DELETE ;
CALL MAKE (C$ADDR (0));

END;
; 1* CASE 2 NOT USED */
/* I—C *1
DO;

I! CTR=255 THEN CALL FATA L $ERROR (’NF’);
END;

END;
TCB~BYTE$A(!XTEMT$OTTSET)=g; /* SET THE EXTENT FIELD

IN FCP *1
FCB$ BYTE$A(REC$NO)=0; /~ SET THE RECORD NUMBER

IN FCB *1
YCB$BYT!$A (E0F$FLAG$OTFSET)=FALsE;

1* SET THE EO7 INDICAT O R CFF ~/
BUFF~END= (3U!T$START:=(CURF•!NT~TCB + STAR T$O!PSET ))
+ BUFF~LENGTE;CURR ENT~FLAG=FCB $ BY TES A ( FLAG$O P ? S !T) ;
BUPF~PTR,FCB $ADDP$A (PTP.$OFFSFT)=BUFF$START—1;CALL INCSPTR (2);

END OPEN$FILE ;

IRITE$MARK : PROCEDURE BYTE;
RETURN ROL (CURREN~~FLAG ,1);END WRIT!~MARK ;

SET $W PIT E$MAR I : PROCEDURE ;
CURRF.NTSFLAG=CURREN T~!LAG OR 20H~END SET WR1TE$PAR!;

~WRITE~RECORD : PROCEDURE;
CALL SET$DMA ;
CURREMT$FLAG=CUR?EN T~FL AG ~ND 0!!;IF (CTR :=DISK~sRITE ) =0 THEN RETURN;CALL PRI NT$zRRca (’13’);
IMVALID=TP.U!;

END WRITE$RECORD ;

REA D~P.ECORD: PROCEDURE;CALL SET$DMA ;
• I? àRITE~MARK THEN CALL WRIT!~RECOR D;

I? (CTR:=DISK~READ )=0 THEN RET’JRNIF CTR=1 THEN FCB$BTT!~A (EcF$FLA~$oFFSET )=TRus;INVALID=rRUE ;
EN D READ~REcoRD;

r READ~BTT!: PROCEDURE BYTE;IT ‘BUTY$PTB:=BUTF$PTR + 1) >= BUFI’END THEN
DO; 
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C ALL E!~D$RECO RD ;
IF ?CB$PTT!SA (!OF$PLAG$OFFSET ) THEN

RETURN TERMINATOR;
BUTP$PTR=BU!P$STA?T;

END;
RETUR N 3UP1$BYTE;

END READ~BYT!;

~RITE$BYTZ: PROCEDUR E (CHAR);DECLA~! CHAR BYTE;
I! (PUFF$?TR:=?UTT$PTR+1) >= BUFF$EMD THEN
DO;

CALL IRIT!~RsCORr;BUFFS PTR= 9UFT$ START;
IF RE~RIT!$FLA~ THEN

DC;
C.ALL RSAJ$R!’CORD
FCP~BYTE $A (REC$NO )=FCBSBYTEsA(REC$NO)—i ;

END;
END;

• CALL SET$WRIT!$MARK ;
BUFF $BTTE=CKA R;

END wpITE~BYT!;

IRITE$END$MA?.K: PROCEDURE ;
C A LL ~RtT E~PTT!(CR);CALL ~RITESBYTE(LF );

END ~atT !SENM~Aa~ ;

FEAD$ E ND~MARK : PROCEDURE;IF REA D~BYTE<)CR THEN CALL PRIMT$!RPCR (’EM ’);
IF RFAD$3YTE<>LF THEN CALL ?RINT~ERRO~~ ’E~ ’);

~ND R E A D $ ! N D ~ M a P K ;

R!AD~VA R I AB LE : PRCCEDURE
CALL SET~ I~CEASE=C~ADDR (1);
DC A$C TR= 0 TO C~PDDR( 2)—1;IF (CTR := (B ~B!T!(A$CTP):=READ$BTTE)) = VA R~!ND THEN

DO;
CT?. !AD~BYTE;RETUR N;

IF C TR=T!RMINATCR TH E N
Do;

TCBSBYT!$A (EOFtFLAG~OFYSET)=TIiU!;
RETURN;

END;
END;
CALL READ $EMDSMARK ;

_________ _ _ _ _ _ _  - 
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END RSAD$VARIABLE ;

WRI T E~Vft~ IABLE : PROCEDURE ;
DECLARE COU NT ADDRESS;
CALL s!T$Isc;
BAS!=C~ ADD~.( 1);C0UNT=C$ADDR (2);
DO ~HILE (B$BYTE (COUNT:=COUMT—1)<> ’ ‘)AND (C0uNT<>0);
E ND;
DC A~CTR=ø TO COUNT;CALL ~RIT !$BYT E (3~BYTE (A$CTR));END;
CALL WRIT E$!ND~MARK ;

?ND WRt TE~VA RIA 9LZ;

~EA J$TO~~EMORY : PROCEDURE ;EASE=C $ADDR (i);
DC A$CT!=0 TO c$ADDR (2)—i ;

I? (B$~Y (A$CTR) :=RE ~D~BYTE) TERMINA TOa THEN
DO;

?CB~BYTE$A ( EC?SFLAG~oFFsET )=TRu!;
HE TURN

END;
- - END ;

CALL READ$ IND~MARK ;
~N D READ $TO~M !MORY;

• iRITE~FROM~MEMCRY : PROCEDURE;• BASE=C$ADDP (i);
DO A$ CTR=0 DC c$ADDR(2)—l ;

CALL ~RITE$B!TE(B$BYT !(A$CTR));END;
• CALL ~RIT E~!ND~MARK ;

END W PITE~FaO M$~EMoRY;

/* * * ~ * RANDOM 1—0 PROCEDURES * * * *1

SET~RA NDOM~POINT!R : PROCEDU~IE1*
• • THIS PROCEDURE READS THE RANDOM KEY AND COMPUTES

WHICH R!CO~D NEEDS TC BE AVAILABLE IN THE BUFFER
THAT RECORD IS MADE AVAILABLE AND THE POINTERS
SET FOR I NPUT OR OUTPUT
*1
DECLARE (BYTF$COUNT ,REC ORD ) ADDRESS ,

• EXTE N T BYTE;
IF WRITE$MARK THEN CALL wRZTE~R!coRD ;BYTE$COUNT= (C$ADDR (2)+2)*(CCNVERT~TO$!EX (C$ADDR(3)

• ,CSBTT!(e))—1);
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RE CORD=SER ~PYT!$COUNT ,7);
EXTENT=SEP (RECORD ,?);
I? EXT!NT<>FCB$BTTE$A (EXTENT$OFFSET ) THEM
DO;

CALL CLOSE (C$ADDR (0));
PC 3$ B YT!$A ( EXT EN? $0 FT S ET ) = EX TENT
IF OPEN(C$ADDR(0))<>ø THEN
DO;
I? SHR (CURREN T$PLAG ,1) THEN CALL MLKE (C$ADDR (O));
ELSE IMVALIE=TRuE;

END;
END;
BUFP$PTR= (PTTS$COUNT AND 71’!) + BUFF~START —i;FCB$B1TE~A (32)=LOW (RECCP.D) AND 7TH;C ALL READ $REC ORD;

END sET$RANDoM~pcrNTER ;

ET$REC$MU~BE7 : PROCEDURE ADDRESS;• DECL ARE (RECORD, LOGICALSREC~NUM ,BYTS$COUNT) ADDRESS;R!CORD=S !L (?CB$BYTE$A(EXTEMT$OFPSET ) ,7)
+ FCB$ BYTE~A (REC$NO );
IF NOT SER (CURRENT$PLAG ,1) TEEN RECORD=~ ECORD— 1;RYTESCCUNT=SHL(RECORD ,7) + ((BUFP~PTR+1 )—B U WF~START);
LOGICAL~REC$ NUM= (BYTE$COuNT/(C$ADDP•(2)~ 2))+1;

• RETURN LOGICAL $REC$Ni~~;
• 

• END GET$REC$MtJr’!BER ;

SET $REL A TIVE$~!Y: PROCEDURE;
DECLARE (R !C$NUM , K) ADDRESS ,

~I ,CNT) BYTE ,J (4) ~DDF.ESS DATA (10000 ,10øø ,1ø0 ,10),
BUFF(S) BYTE;

• REcs MUM=GET~ REc$ NuMBER ;DO I=0 T0 3;
CNT= 0;

• DC IHIL! REC~NUM> (I:=J(t));
REC~NUMzR !CSNtJM — K ;
CNT=CNT 1;

END;
3UPF(I)=CNT +

END;
BuTF~4)=REC$NuM+

’0’;
IF (I: C$~ YT!(9))< 5 THEN
CALL MOVE( .BU?F+5—I ,C$ADDR(3) ,I);
ELSE D0
C ALL FILL (C~ ADDR (ø),I—5 ,’ ‘);

CALL MOV!( .BUFF,C~ADDR (3)+I—6, 5);
• END;

END SE?$:~!LATIVE$K!Y;

WRITES EMPTY$RECORD: PROCEDURE;
DO A$CTR=l TO C$ADDR(2);

CALL WRITE$BYTE (HIGHSVALUE);
END;
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CALL WRITE$E ND~MARK ;
EN D W RIT ESE MPTT~RECoRD;

WRITE$DUI~MY$RECORD5 : PROCEDURE (DIPFERENCE);DECLARE DIFFERENCE ADDRES S , CO UNT BYTE ;
DO COUNT=1 TO DIFFERENCE;

CALL WRITE~EMPTY$RECORD ;END;
END ~RITE$DUMMYSRECORDS ;

BA CK$ONE~EXTENT: PROCEDURE;
CALL CLOS!(C$LDDR(0));
IF FCB$BYTE$A (EXTENT$OFFSET) :=
FCB~BYTE$A (EXTENT$OPFSET)—1=255 THEN

CALL FAT AL$ERROR (’W7’);
IF CPEN (C~ ADDR (0))<>0 THEN

• DO;
CALL PRINT$’ERRO?(’OP’);
INVALID=TRUE;
RETU RN ;

END;
PC B~BYTE$A ( REC$ MO )= 127

END R AC K~ONE~ EXTENT ;

BACK~ONE~REC ORD: PROCEDURE;
• IF (BUFF$PTR:=BUPF$PTR— (C$ADDR (2)+2))>=BUFF$START—1 THEN

DO;
FCB~~YTE~A (REC$NO)=FCB$BYTE~A (RECSNO)—i ;
RETUR N ;

• END;
BUFFSPTR=BU !P$END— (BUYT$ START—BUF~~PTR );
IF ?C B$ BYT!~A (REC$MC )=e THEN

• Do;
CA LL BA CK~ONE~EXTE NT;
IF INVALID THEN RETURN ;
CALL READ~RECORD;CALL B&CKSON!$EXTENT;

END;
ELSE

DO;
FCB~3YTE$A (REc~ N0)=?C3$BYTE$A (RZc$NO )—2;
CALL aEAD~RZ CO RD ;

• PCP$PYT!$A (aEC$NO)=FCB~BYTE~A (REc$MO )—1;
END;

END B A CK~ON!~P!CORD ;

• REWRIT!SSEQ: PROCEDUR! (FLAG);
P~CLA RE FLAG BYTE;
CALL 3AC !$ON!~RECO RD;
REWRI ‘rESFLAG&rauE;
IT FLA G TB!N CALL aRITE$PRCM~MEMOR !;/* THIS IS A ?EWRITE */
ELSE CALL WRIT!$EMPTY$RECORD; 1* THIS IS

A DELETE *1
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CALL WRITE$?.ECORD
FCB$BYTE$ A (REC$NO )zFCB$BYT!$A(REC$NO )—1 ;
REWRITE$FLAG=FALSE;
CALL R!AD$RECORD;

END REWRITE$SEQ;

CHECK$DIFFERENCE : PROCEDURE ;
DECLARE (DITFEPENCE ,NEXT$ RECOR D ,NEXT$KEY ) ADDRESS;

N EX T~R EC OR D =G ST $R EC $ NUMB ER
NEXftK!Y~ CO MVERT$ T O$ HEX (C$A DD R (3),c$ByTE (e));
IT NEXT$RECORD > NEXT$KEY THEM CALL FATAL$ !RROR (’w2’);
DI FFE~ENCE=N!XT$K !Y—NEXT$REcORD ;IF DIFFERE NCE ) 0 THEN
CALL WRITE~DUMMY$REC ORDS(DIFFERENCfl;END CEECK$DIFFERENCE;

/* * * * * * * MOVES * * * * * * */

-~~~ IMC~HOLD : PRCC EDURE;
HOLD=HOLD +

• CTR=CTP + 1
END INC~HOLD ;

LOAD~ INC: PROCEDURE;
• H~BTTE (0)=3$BTTE (0);BASE=BAS !+1;

• CTR 1=CTR1 + i;
CALL INCSHOLD

END LOAD SINC;

CH!CK$EDIT: PROCEDURE(CHAR);
• DECLARE CHAR BYTE;

IF (CHAR= ’O’) OR (CHAR :’!’) THEN CALL INC5HOLD;
ELSE IF CHAR= ’B’ THEN
Do;

H$BYT E(0)= ’ ‘ ;
CALL INC$HOLD ;

END;
ELSE IF CKAR= ’A ’ THEN

• DO;
IT NOT L!TTEP(B~BTT!(0)) TEEM CALL PRINT~ERRCR(’IC ’);CALL LOA D$INC;

END;
• ELSE IF CH~~ = ’9 ’ THEM

DO;
IT NOT NUMERIC (3$ BYTE~0)) THEN

• • • CALL PRI NTS!PROR (’IC ’);
• CALL LOAD $INC;

• END;
ELSE CALL LoAD~IMc;END CREC !$EDIT;
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1* * * * * * M ACHI NE ACTIONS * * * * * *1

STOP: PRCCEDURE;
CALL PRI MT(. (’!ND OF JOB $‘));
CALL BOOTER;

END STOP

1* * * * * * * * * * * * * * * * *
THE PROCEDUR E BELOW CONTROLS THE EXECUTION OF THE CODE.
IT DECODES EACH OP—CODE A ND PERFORMS THE ACTIONS

* * * * * * * * * * * * * * * * *1

• EXECUTE : PROCEDURE;
• DO FOREVER ;

DO CASE ~!T$OP~CODE ;

; 1* CASE ZERO NOT USED *1

1* Cl: ADD *1

• CALL ADD;

1* 02: SUB ~/

Do;
CALL COMPLI MENT (0);
IF SIGNO(0) THEN SIGNO (0)=NEGITIVE;
ELSE SI GNO (0)=POsITIIE;
CALL ADD;

END;

1* 03: MUL */

no;
DECLARE I BYTE;
CALL SET$MULT$DIv;
D!CPT1,DECPT2:DECPT1. + DECPT Ø
CALL ALLIGN ;
CALL MULTIPLY(SHLR1 (I:z9),4));
DO INDEX= 1 TO ~;CALL MULTI PLY (R1(I:~ I—i ) AND 07!);

• • CALL MULTI?LY (SHR (R1(I),4));
END ;

H END

1* 04: DIV *1

CALL DIVID E
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1* 05: NEG *1
- BRANCH$FLAG=NOT BRANCESTLAG;

/* 06: STP *1
CALL STOP;

1* 07: STI *1

CALL sT0RE$IMII!DIATE;

• 1* 08: RND *1
Do;

CALL STORESIMIIEDIAT!;
CALL FILL (.R2,l0,0);

CALL ADD;
END;

1* 09: RET *1
• DO ;

IF C~ADDR (0)<)0 THEN
DO;

3 A $ c T R = C $ A D D R ( g ) ;
Cs ADDR (0 ) =0

• pR0GRAM$C0UNTER=A$cTR ;
END ,
ELSE CALL I M C $PTR 2)

END ;

1* 10: CLS *1
DC;

CALL srr$ r $o;
IT WRITE$MARK THEN

DO;
IF NOT SHR (CURRE NT$PLAG,2) THEN

CALL WRITE$BYTE(TERMINATOR);
• CALL WRITE$R!CORD

END ;
ELSE

CALL sET$DMA ;
CALL cLoS!(c$ADDR (e));

• • • PCB$BTT ESA ( FLAGS OFFSET ):g;
— CALL INcsPTR(2);

END;

• 1* 11: SER *1

Do;
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IF OVERFLOW THEN ?ROGRAM~ COUN T!R
a c$ADDR (0);

ELSE CALL INC $P?R(2);
END;

/* 12: BEN *1

PROG R A M$COU N ?ZR~”C$ADDR (0);

/* 13: OPN *1
IX);

CALL OP!N$TILE(1);
CALL a!AD$Rscoar;

END;

/* 14: OPi *1
CALL OPE,dFILS(2);

-• 

1* 15~ 0P2 *1

• Do;
1* 4 IS USED SO EACH TYPE SETS ONLY

ON! BIT I N  CU~R!NT$FLAG *1• CALL OPEN$TIL!(4);
CALL READ ~R E C ORD

END ;

• 1* 16: RGT *1
DC;

I! NO? SIGNO (2) THIN
BRA NCE$FLAGzNOT BRANCHSTLAG ;

CALL COND$3RAMcH (0);
• END;

/* 17: RLT *1
DO;

IT S I O N 0 ( 2 )  TEEM
BR AN CH $FLAG~NOT BRA N CR $?LAG ;

CALL coMD$BRANcR (o);
END;

/* 18: REQ *1
DC ;

IT R2$ZERO THEN
BRA NCH$7LAG =NOT 3RANCESFLA~ ;CALL CoND~BRA NcH (o);END;

/* 19: INY *1
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CALL INCR$OR$BRANcH (INVAL ID);

1* 20: EOR *1

CALL INCR~OR$BRANCH(FCB$BYTE$A(EOF$PLAG$OFFSST));

1* 21: ACC *1
CALL ACCEPT;

1* 22: STD *1
DO;

• C$BYTE (3)=0;
CALL DISPLAY;

• CALL STOP
EN n;

/* 23: LDI *1
Do;

C~ADDR( 2) =CONVE?T$TOSHEX(C$ADDR (0),C$BYTE(2))+1 ;
CALL INC$?TR (3);

END;

/* 24: DIS *1
C ALL DISPLAY ;

1* 25: DEC */

DO ;
IF C~ADDR (0)<>0 THEN C$ADDR (0)

= C$ADDR (0)—1 ;
IF C$ADDR (ø)=0 TEEN

PROGRA M$COU NTER = C $ A D D R ( 1 ) ;
ELS E CALL INC $PTR (4);

END;

/* 26: STO */

DO;
CALL STORESMUFIERIC;
CALL INC$PTR (4);

END ;

/* 27 : ST1 */

DO;
CALL ST OR E $NU M E P IC;
CALL SE?$ZCNE(C$ADDR(e));

END;
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1* 28: 5T2 *1

DO;
CALL STORE$NUMERIC;
CALL SET$ZOME (C$ADDR (0)+C$BYTE (2)—1);

END;

/* 29: ST3 */

DO;
CALL CE!CK$DECIMAL;
BASE=C$ADDR (0) + c$BYT!(2);
CALL S T O R E $ A S $ C H A R ( C $ B Y T E ( 2 )  — 1);
CALL SET$SIGN $S!P(C$ADDR(O));

END;

1* 30: ST4 *1
DO;

CALL CHECX $DECIMAL;
BASE=C$ADDR (0) + C$BYTE(2J —i ;
CALL STORE$•AS$CHAR(C$BYTE(2)—1);

CLLLS !T$SIGNSSEP(C$ADDR(0)+c$BYTE (2)—1);
END;

/* 31: ST5 *1
DO;

CALL CEECK$DECIMAL ;
• R0 (9)=R2(9) OR SIGNe(2);

CALL MOVE (.R2 + 9 — C$BYTE(2),C$ADDR (0)
• ,c$BYTE (2));

CALL INCSPTR (&);
END;

/* 32: LOD *1

CALL LO AD~NUM~LIT;

/* 33: LD1 *1 
-
‘

CALL LOAD$NUMERIC;

/* 34: LD2 */

U” ,

HOLDzC$ADDR (e);
• I! CHECKSYOR $SIGN (H$BYTE(0)) THEN

Do;
CALL SET$LOAD (POSITIVE);
CALL LOAD$ NUMB !RS (C~ ADDR (0),C~BYTE (2));END;

ELSE DO~
CALL SET$LOAD (NEGITIVE);
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CALL LOAD$NUMBERS(C$ADDR(0)~ 1,C$BYT!(2)—1);
CALL LOAD~ A~CHAR (li$BYTE(0)—ZONE)END;

/* 35: LD3 *1

DO;
DECLARE I BYTE;
HOLD—C$ADDR(0);
11’ CHECE$FOR$SIGN (CTR:=R$BYTE (I:=

c$BYTE (2)—1)) TEEN
DO;

CALL SET$LOAD (POSITIVE );
1=1+ 1;

END;
ELSE Do;

CALL SET$LOAD(NEGITIVE);
CALL LOAD$A $CHAR (CTR—ZONE);

END;
CALL LoAD$NuMBERs (cSADDR ~e),I);END;

1* 36: LD4 *1
Do;

HOLD=C$ADDR (0);
IP(KSBYTE (0)= +’) THEN CALL SST$LOAD(l);
ELSE CALL SET~LoAD (0);• CALL LOAD $NUMBERS (C$ADDR (0),C$BYTE (2) —1);

p END;

/* 37: LD5~~/

DO;
HOLD:c$ADDR (o);
IF HSBYTE (CSBYTE (2) — 1) = ‘+ ‘ THEN

CALL SET$LOAD (1);
ELSE CALL SET$L0AD (o);
CALL LOAD$ NU~BERS (C$ADDR (0),C~BYTE (2)—1);

END;

/* 33: LD6 *1
DO;

DECLARE I BYTE;
• !OLD=C$ ADDR (ø);

CALL SET~LOAD (H$BYT! (I:mC$BYTE (2)—1 ))BAS! BAS! + 9 —

DO CTR = 0 TO I
• ~,• - - - - - B$BYT E (CTR )~ H$BYTE (CTR );

~~~~~~ • - ( END;
B$BYT!(CTR) BS3TTE(CT’R ) AND OFOE
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CALL INC$PTR( 5);
END;

/* 39: PER *1

DO;
BASE=C$ADDR(1)+l ;
BSADDR (0)aC$&DDR(2);
PROGRAM~COUNTERaC~ADDR (e);END;

1* 40: CNU */
CALL CCMP$NUM$UNSIGNED;

/* 41: CNS *1

CALL COMP$NUMSSIGN;

1* 42: CAL ~/

CALL COMPSALPHA;

1* 43: RWS *1
DC;

CALL SET$I~ O;IF NOT SHR (CURRENT $FLAG ,2) THEN
• CALL FAT AL$EIROR (’W6 ’);

17 NOT PCB$BYTE $A (EOF$FLAG$OFFSET) THEN
CAL L R!WRITE$SEQ(1);

CALL INC$PTR (6);
END;

/* 44: DLS *1
DO;

C ALL srr$I$o;
IF NOT SHR (CURRENTSFLAG~2) THENCALL FA TAL~ERROR (’W6 );IF NOT FCB$BYTE$A(EOT$TLAG$OFPS ET ) THEN

CALL REWRITE$SEQ(0);
CALL INC$PTR (6);

END ;

/~ 4S: RD! *1
• DC;

• CALL SET$I5o;
• • IF NOT CURRSNT$PLAG THEN

‘h
-

. CALL IArAL$ERROR (’ws’);
IF NOT TCB$BYTE$A(EOF$TLAG$OPFSET ) THEN

CALL R EAD$TO$MEMORY
-
. 

CALL INC$PTR (6);
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END;

1* 46: WTT */

DO;
CALL sET$I$o;
IF NOT SHR(CURRENT~TLAG ,1) THEN

CALL FATAL$ERROR ( ‘W3’);
CALL wRrrE$FaoM$MgMoRy;
CALL INc$PTR (6);

END;

/* 4?: RVL *1
CALL READ$VARI ABLE ;

1* 48: WVL *1
CALL WRIT !$VARIABLE ;

/* 49: SCR */

DO;
- • SUBSCRIPT~C$BYT!(2))CON VER T$TO~HEX (C $ADDR (0) ,C $BYTE (3))CALL INC$PTR (4);

H END;

1* 50: SGT *1
CALL STR ING$COMPARE (1);

1* 51: SLT *1
• CALL sTRINGSc0MPARE (0);

/* 52: SEQ *1
CALL STRI NG$COM?ARE (2);

/* 53: MOV */

DO;
CALL MOV !(RSS (C$ADDR (1)),RZS (C~ ADDR (0)),C$ADDR(2) );
IF C$ADDR (3)<>0 TEEN CALL

FILL (RES (CSADDR (0)) + C$ADDa (2)
,C$A DDR (3 ),’ ‘);

CALL IMC$P?R(9);
• END;

/* 54: RP •S */
• 4~p~

• DO;
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CALL SET$I$O;
I! SHR(CURRENT$FLAG ,1) THEN

CALL FATAL$ERROR ( ‘15’);
I! NOT TCB$BYTE$A(EOF$FLAG$OF1’S!T) TEEN

DO;
CALL SET$RELAT IvE$XEY ;
CALL READ $TO$M!MORY;

END;
CALL INc$PTR(g );

END;

/* 55: IRS *1
DO;
CALL SET$I$o ;
I? NOT SHR (CURR !NT$PLAG,1) TEEN
CALL FATAL$ERROR (’W l ’);

• CALL CBECK$DIPFERENCE;
CALL SET$RELATIVE$K!Y ;

• CALL WRIT!$FR0M*IEMORT;
CALL INC$PTR(9);
END;

/* 56: RRR *1

DC;
* CALL S!T$I$O;

IF SER(CURRENr$FLAG ,l) THEN
• CALL FA TAL$ERROR (’W5 ’);

CALL S!T$RANDOM$POINTER ;
IF MO? INVALID TEEN CALL READ$TO$MEMORY;
IF VALID TEEN
FCB$BYTE$A ( EO7$FLAG$OFTSET )=!ALSE;
CALL INC$PTR(9);

END;
/* 5?: WRR *1

DO;
DECLARE DIFFER ENCE ADDRESS ;
CALL SE?$I$O;
IF SHR ( CURRENT$FLAG ,1) THEN

• Do;
CALL CHECK$DIIFERENCE;
CALL SET$RELATIVB$UY ;
C ALL WRIT!$PROM$P’ErIORY ;

END ;
ELS E
DO;

IT SHR (CURRENT$TLAG ,2) TEEN
Do;

CALL ssT~RANDoM$PoI NTER;IF NOT INVALID TEEN
DO;

ri (.BUTP$PTE+1)zHIGR$VALIJ! THEN
DO;
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REWRITE$FLAG=?RuE;
CALL WRIT !$FROM$MEMORY ;
REWRITE$FLAG=PALSE;

END;
ELSE

CALL PRINT$ERROR ( ‘14 ’);
END;

* ELSE
CALL F&?AL$ERROR ( ‘13’);

END;
END;

CALL INC$PTR(9);
END;

/* 58: RWR *1
DO;

CALL SET$I$O;
I! NOT SHR(CURRENT$FLAG ,2) THE N

CALL FATAL$ERROR( ’16’);
REWRIT!$PLLG=TRUE ;
CALL BACX$ON E~RECORD ;- • IF NOT INVALI D THEN CALL WRITE$FROP’$MEMORY

• RZWRITE$!LAG=FALSE;
• CALL INcspTR (g);

END;

/* 59: DLR *1
DO;

CALL SET~I$o;17 NOT SHR(CU RRENT$FLA~ ,2) THENCALL FATAL$ErtacR (’w6’);
CALL S!T$RANDOM~POI MTER ;REWRITE5FLAG=TRUE;
IF NOT I N V A L I D  THEN

CALL WRITE$EP!PTY$RECORD ;
• REWRITE$FLAG=FALS!;

CALL INC$PTR(9);
END;

/* 60: MED *1
DO;

CALL MOVE (C$ADDR (3),RFS (C$ A DDR (g))

• BAS E=RES(C$ADDR (1));
EOLD~RES(C$ADDR ( 0));CTR O

• cTR1=ø ;
DO WHILE (CTR<C$ADDR (2))AND(CTR

< C$ADDR~4));CA LL CREcK$EDIT(R$BY?!(o));• k.~- END;

257

- 

~~~~~~~ 
• 

•

• ~~~~~~~~~~~~~~~~~~~~ • -__~~~ .~~ I_ 
- 

•—••———~~~~- - —--•--——-— -~~~~~~~ • • - • • -~- • - - • • ---• - - . - - - • ••



I! CTR < C$ADDR (4) THEM
CALL !ILL (HOLD ,C$ADDR (4)—CTR ,’ ‘)

CALL INc$PTR (l0);
END;

1* 61.: MN! *1
; 1* NULL CASE *1

1* 62: GDP *1

DO;
DECLARE OFFSET BYTE;
OFPSET CONV !ItT$TO$HEX (C$ADDR (1),C$BYT!(1)—t)
IF  OFFSET > C$BYT! (0) + 1 THEN
DO;

• CALL PRINT$ERR OR (’GD’);
CALL INC$PTR (SEL (C$BYTE (0),1) + 5);

END;
• ELSE PROGR AM$COUNTER=C$ADDR (O!FSET + 2);

END;

• END; /* END OF CASE STATEMENT */
END; /* END CT DO FOREVER */
END EXECUTE ;

/* * * * * PROGRA M EXECUTION STARTS HERS * * * ~1
BAS E=CODE$S TART;
PROGRAM$COUNTER=B$ ADDR ( 0);
CALL EXECUTE;
END;

$ 
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READER :
DO;

/* COBOL COMPILER — PART 2 READER *1
1* THIS PROGRAM IS LOADED IN WITH THE PART 1 PROGRAM
AND IS CALLED WREN PART 1. IS FINISHED. THIS PROGRAM
OPEN S THE PART2SCOM PILE TEAT CONTAINS THE CODE FOR
PART 2 07 TEE COMPI LER , A ND REA DS IT INTO CORE. AT
THE END OF THE READ OPERATION , CONTROL IS PASSED TO
THE SECOND PART PROGRAM. *1

1* 3100R: LOAD POINT *1

DECLARE

START LITERALLY ‘lOOB ’,
1* STARTI NG LOCATIO N FOR PART2 *1

ADR ADDRESS INIT IAL (START ) ,
FC3 (33) BYTE

• INITIAL(0,’PAPT 2 COM’,0,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,0,0),
IN ITIAL( 0,’PART2 COM ’,O,C,O,ø,O ,ø,C,O,O,O,ø,O ,C

,0,0,0,0,0,0,0,0),
I ADDRE SS;

- • MON1: PROCEDURE (F ,A ) EXTERNAL ;
DECLARE P BYTE , A ADDRESS;

END MONt;

MOM2: PROCEDUREP,A)BYTE EXTERNAL;
• DECLARE F BYTE , A ADDRESS;

END MON2 ;

BOOT: PROCEDUR E EXTERNAL;
• 

—I I~~~~ •

OPEN: PROCEDURE (PCB ) BYTE;
DECLARE FCB ADDRESS;
RETURN MON2 (15, FCB );
END;

READ: PROCEDURE (ADDR ) BYTE;
DECLARE ADDR ADDRESS;
CALL MON1 (26, ADDP) ; 1* SET DMA ADDRESS *1
RETURN MON2 (20, .YCB ); /* READ , A ND RETURN

ERROR COD E ~/
END;

• ERROR : PROCZDURE (CODE);
DECLARE COD! ADDRESS;
CALL MON1 (2,(HIGH(CODE)));
CALL MON1 (2 ,(LOW(CODE)));

• CALL TIME (10);
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CALL E00T
END ERROR;

CALL MON1 (26, ob oE);

1* OPEN PASS2.COM */
IF OPEN (.TCB)=255 THEN CALL ERR0R (’O2 ’);

1* READ IN FILE */

I a Ø~ØØ~~ /* INITIAL ADDRESS *1
DO WHILE READ(I) a 1* READ 1 SECTOR *1

I = I + eO8eH ; 1* BUMP DMA ADDRESS */
END;

CALL MON 1 (26 , eo8ea); /* RE SET DMA ADDRESS *1
CALL ADE ;

END;
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BUILD:
DO;
1* NORMALLY ORG ’ED AT 100H *1

1* THIS PROGRAM TAKES THE CODE OUTPUT FROM THE COBOL
COMPILER AND BUILDS THE !N’IIRONMENT FOR THE COBOL
INTERPRETER *1

DE C LA RE

LIT LITERALLY ‘LITERALLY ’,
BOOT LIT ‘0’,
BDOS LIT ‘5’,
TRUE LIT ‘1’,
FALSE LIT ‘0’,
FOREVER LIT ‘WHILE TRUE’,
FCB ADDRES S INITIAL (5CR ),
TCB$BYTE BASED FCB BYTE,
FCB$BYTE$A BASED FCB (33) BYTE ,
I BYTE ,
ADDR ADDRESS INITIAL (100ff),
CHAR BASED ADDR BYTE ,
BUPT~END LIT ‘100K’,

• INTERP$TCB (33) BYTE
INITIAL (0, ‘CI NTER P COM ’,e,O ,O ,O),

CODE$NOT $SET BYTE INITIAL (TRUE),
READ!R$LOCATION LIT ‘lCSOK ’,
INTERP$ADDRESS ADDRESS INITIAL (2000H),
INT !RP$CO NTENT B ASED IMTE RP$ADD RESS A DDRESS ,
ISBYTE BASED INTERP$ADDR !SS (2) BYTE,
CODE~CTR ADDR ESS ,
C~BYTE BA SED COD E$ CTR BYTE ,
BASE ADDR ES S ,
B$ADDR BASED BASS ADDRE SS ,
B$BYT E BASED BASE (4) BYTE;

MON t : PROCEDURE (F,A ) EXTERNAL;
• 

• DECLARE F BYTE , A ADDRESS;
END MON1

• MON2: PROCEDURE ( F , A )  BYTE EXTERNAL;
DECLARE F BYTE , A ADDRESS;

END MON2;

PRI NT~CHAR : PR OC !DURE (CHAR);DECLARE CHAR BYTE;
CALL M0N1 (2,cEAR);

• END PRINT$CHAR;

CRLF: PROCEDURE;

261

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ •



• IT - •
~~~~ - — -----~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____________________

CALL PRIMT$c!AR(13);
• CALL PRINT$CEAR (b0);

END CRLF ;

PRINT: PROCEDUR! (A);
DECLARE A ADDRESS;
CALL CRLF;
CALL M0N1(9,A );

END PRINT;

OPEN: PROCEDURE (A) !YTE
DECL ARE A A DDRESS ;
RETURN MON2 (15,&);

END OPSN

REBOOT : PROCEDUPE
:

1 ADDR = BOOT; CALL ADDR;
END REBOOT ;

MOVE : PROC!DURE(FROM , DES ?, COUNT );
DECLA RE (FRO M , DES?, CCUNT) ADDRESS ,

(P BASED FROM , D BASED DES?) BYTE;
DO WHILE (COUNT:=COUNT—1 ) < ) 0 F FF T~(;

FRO M=FR OM +1 ;
DEST=DEST+t ;

END;
END MOVE ;

GET~CHAR : PROC!DTJR! BY?!;
• iF (ADDR:aADDR 1)>XBU?PSEND THEN

DO;
IT MON2 (20,FCB )<)0 TEEN

• CALL PRINT (.VEND OF INPUT Yj);
CALL R EBOOT ;

I I  END;
ADDR QOH;

END;
• RETURN CHAR ;

END GET$CHAR ;

MEXTSCHAR : PROCEDURE;
CR AR G E?$C BAR

END NEXTSCEAR ;

STORE : PR 0cSDURE (cCUNT);
DECLARE COU NT BYTE;
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IF CODE~ MOT$SET THEM
DO;

CALL PRINT (.(’CODE ERRORs’));
CALL N!XT~CHAR ;
RETURN;

END;
DO 1 1  TO COUNT;

CS BY? E~C EAR ;
CALL NEXT$CRAR;
CODE$ CTRaCODE$ CT R~1~END;

END STORE;

BACK$STUPF: PROCEDURE;
DECLARE (ECLD ,STUPF ) ADDRESS;
BASEa .HOLD ;
DO 1=0 TO 3~B~BYT!(I)=GET$CHAR;
END;
DO FOREVER ;

• 

• BASEaHOLD;
• HOLD=B$ADDR;

B$ADDR=STUFF;• IF HOLD=0 THEN
Do;

CALL N EXT$CHAR;
RETURN ;

END;
END;

END BACK$STUIF;

• 

•

- STA RT~CODE : PROCEDURE;CODE $NOT~S!T=TALSE;
ISBYT!(0)=GET$CEAR;
I3BYTE (b)aGET~CHAR ;
COD!$CTR=I NTERP$ CONTENT;
CALL MEXTS .~RARPEND START$COD !;

GO$DEPENDING: PROCEDURE;
CALL STORE (1);
CALL STOR!(SRL(C!AR ,1) • 4) :

END GO~D!P!NDIMG ;

• ‘ - -  INITIALIZE: PP.OCEDURZ;
DECLAR E (COUNT,W!!RE,ROW$MANT ) ADDRESS;
BASEa.’i!!RE;
DO I—0 T0 3;

B$BYT!(I)aG!T$CHAR ;
• END;

2
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BA S~’=W!ER! —

DO COUNT 1 TO HOW$MANY;
B$BYTE ( COUNT)z GETS CHAR ;

END;
CALL NEXT $CEAR ;

END INITIALIZE;

BUILD: PROCEDURE;
DECLAR E
72 LIT ‘8’,
13 LIT ‘9’,
74 LIT ‘21 ’,
75 LIT ‘24’,
76 LIT ‘32’,
77 LIT ‘39’,
79 LiT ‘49’,
710 LIT ‘54’,
711 LIT ‘60’,
71.3 LIT ‘61’,
GD? LIT ‘62’,
IN? LIT ‘63’,
BST LIT ‘64’,
TSR LIT ‘65’,
STP LIT ‘06’,
SCD LIT ‘66’;

DO FOREVER ;
17 CHAR < 72 T H E N  CALL STORE (1);
ELSE IF CHAR < F3 THEN CALL STCRS (2);
ELSE IT CHAR < 74 THEM CALL STOFE~3);ELSE IF CHAR < 15 THEN CALL STORE (4);
ELSE IF CHAR ( 76 THEN CALL STOR! (5);

• ELSE IF CHAR < F? THEN CALL STOR!(6);
— ELSE IF CHAR ( 19 THEN CALL STORE (7);

ELSE I? CHAR < 710 THEN CALL S?CRE9);
ELSE IF CHAR c Pit THEN CELL STO~ E(b0);ELSE I! CHAR < 713 TEEN CALL STORE~L1)ELSE If CHAR ( ~D? TEEM CALL STORE (13);
FLS~ IT C HAP = ~DP THEN CA LL GO$DEPEMDIN~ ;
ELSE IF CHAR = ES? THEN CALL BAC:CSSTUFF;

• ELSE II CHAR a IN? TEEN CALL INIrIALIZE ;
ELSE IF CHAP = TSR THIN
DO;

C~3Y?E = 5??;

CALL ~~IMT(.(’LOAD FINISHEDY));
RETURN ;

END;
ELSE IF CHAR = SCD TEE N CALL START$COD!;
ELSE DO~IF CHAR <> 0173 THEN

CALL PRI NT (.(’LO AD ERRORS’));
• CALL M EXT$CHAR;

END;

26~4

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

— —•- ______  
•~•~



- —

END;
END BUILD;

1* PROGRAM EXECUTION STARTS HERE *1
FCBSBYTE$A (32) ,FCB$BYTE=0;
CALL MCVE (.(’CIN ’,O ,O ,O ,O),PCB + 9 ,1);
IF OPEN(FCB)—255 THEN
DO;

CALL PRINT (.VTILE NOT POUND $‘))
CALL REBOOT;

EN D~CALL NEXT$CHAR ;
CALL BUILD;
CALL MOVE (.INT !RP~PCB ,FCB ,33);
!CB$BYTE~A (32) = 0;
IF OPEN(PCB)a255 TEEN
DO;

CALL PRINT (.(’INTERPRETER NOT FOUND s’));
CALL REBOOT;

END;
CALL MCVS (READER~LOCATION , HOE , 80H ;
ADDR 80E CALL ADDR; 1* B~ANCH TO ~c
END;

I
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INTRDR : 1* NAME OF MODULE *1
DO;

1* COBOL COMPILER — IMT!RP READER *1
1* THIS PROGRAM IS CALLED BY THE BUILD PROGRAM AFTER
CZ NTERP .COM HAS BEEN OPENED , AND READS THE CODE INTO
MEMO RY *1

1* 80K — LOAD POINT *1
DECLARE

START LITER ALLY ‘100K ’, /* STARTING LOCATION FOR
PART2 *1

INTER? ADDRESS INITI’L (START),
I ADDR ESS INITIAL (0080K);

MONA: PROCEDUR !(F,A)
DECLA RE F BYTE , A ADDRESS;

L:~ O TO L; 1* PATCH TO —) JMP BDOS *1
END MONA ;

MO NE: PPOCEDURE(P,A )BYT E
DECLAR E F BYT E , A ADDRESS;

L:~ C TO L; /~ PAT CH TO —) ‘ JMP BDOS *1• RETURN 0~ 1* ZAP —> “NO—OP” ~/END F4ONB ;

DO ‘HILE i;
CALL MON ’ (26, (I:=I+eeseR)) /* SET DMA ADDRESS */

• IF ~0NB (20, 5CR) 0 0 THEN CALL INTER?;
END;

END;

‘
F
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!‘ECODE: DO;

/* THIS PROGRA M TAKES THE CODE OUTPUT PROM THE COBOL
COMPILER AND CONVERTS IT INTO A READABLE OUTPUT TO
FACILITATE DEBUGGING *1
1* * * 100H: LOAD POINT *1
DE C LA RE

LIT LITERALLY ‘LITERALLY ’,
BOOT LIT ‘0’,
BDOS LIT ‘5’,
FC~ ADDRESS INITIAL (5CH),
FCB$BYT! BA SED FCB (1) BYTE ,
I BYTE,
ADDR ADDRESS INITIAL (100H),
BTTE~COUMT L~DDRES S INITIAL (0) ,

— 

- BYTE$LOW BYTE,
BYTE $HI BYT E ,
CHAR B A SED ADDR BYTE ,
C$ADDR BASED ADOR ADDRESS ,
BUPP$END LIT ‘OFFE’,
!ILE~TYPE (*) BYTE DATA (‘C ’,’I ’,’N ’);

MO N t:  PROCEDUR E (F,A);
• DECLAt~E F BYTE , A ADDRESS;

• L: GO TO L /* PATCH TO JMP 5
END MONt ;

MON2: PRCCEDURE (F ,A) BYTE;
DECL ARE F BYTE , A ADDRESS;

L:GO TO t; 1* * * PATCH TO JMP 5 •• * * ~1RETURN e;
END MON2;

?RINT$CEAR: PROCEDURE (CEAR)
DE CL A RE C H A R  BYTE ;
CALL MON1 (2,CHAR );

END PRIMT$CRAR ;

CRLF: PRocEDuRE;
CALL PRINTSCHAR (13);

• CALL ?RIMT$C!AR (tO );
- • 

• END CRLF;

P: PROCEDUR!(ADD1 ;
,- -~ DECLARE ADD1 ADDRESS , C BASED ADD 1 ( 1)  BYTE ;

CALL CRLF;
DO iaø TO 2;

267

Li i - ~ - -:-~-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~



CALL PPINT$CKAR(C ( I));
END;
CALL PRINT$CHAR (’ ‘);

END P;

GET$CHAR : PROCEDURE BYTE;
IF (ADDR:=ADDP. + 1)>BUPF$!ND THEN
DO;

IF MO N2(20,FCB)<>0 THEN
• DO;

CALL P(.(’END ’));
CALL TIME (10);
L: GO TO L 1* PATCH TO JMP 000~ *1

END;
END;
RETUR N CHAR;

END GET$CRAR;

D$CHAR : PROCEDURE (OUTPUT$BYTE )
DECL ARE OUTPUT $BYT E BYTE;
IF OUT?UT$BYTE<10 TEEN
CALL PRINT$CH4R(OUTPUT$BYTE + 30H)

• ELSE CALL ?R IMT$CRAR (OUTPUTSBYT! + 37K);
END D$CHAi~

D: PROCEDUFE (COU N T)
D!CL ARE (CCUNT ,J) ADDRESS;
DO J=1 TO COUNT;

CALL D$CEAR (SHR (GET$CHAR ,4))
CALL D~CHAR (CEAR AND 0?!);
CALL PRE NT$CHAP.( ‘

END;
END D;

P?fNT~REST: PROCEDURE;DECLAR E
72 LIT ‘8’,
P3 LIT ‘9’,

• 74 LIT ‘21 ’,
£5 LI? ‘23 ’,
76 LIT ‘32’,
F? LIT ‘39 ’,
79 LIT ‘49’,
710 LII ‘54’,
Fit LIT ‘60’,
£13 LIT ‘61’,
GD? LIT ‘62’,
IN? LIT ‘63’,

• 3S1 LIT ‘64’,
• - TEE LtT ‘65’,
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SCr LIT ‘66’

IF CHAR < 12 THEN RETURN;
I! CHAR < P3 THEN DO; CALL D(1); RETURN; END;
IF CHAR < P4 THEN DO; CALL D(2); RETURN; END;
IF CHAR < PS THEN DO; CALL D(3); RETURN; END;
IF CHAR < P6 THEN DO; CALL D(4); RETURN; END;
IF CHAR < 17 THEN D0 CALL D(5); RETURN; END;
IF CHAR < 19 THEN DO; CALL D(6); R ETURN; END;
IF C H AR < 110 THEN DC; CALL D(8); RETURN; END;
IF CHAR < Fit THEN no; CALL D(9); RETURN; END;
IF CHAR < 113 THEN DO~ CALL D(i0); RETURN; END;
IT CHAR < ar~ TEEN Do; CALL D(12); RETURN; END;IT CH AP=GDP THEN D0

CA LL D(1); CALL D(SEL(CRAR ,1)+5); RETURN ; END;
IF CHAR = IN? THEN
DO;

BYTE$COUNT = 0;
CALL D(3);
BYTE$LOW CHAR;
CALL D(1);
BYTE$HI = CHAR;
BYTESCOUNT = BYTE~HI;
BYTE$COUNT = SHL (BYT!$COUNT ,e) + EYTE~ LOW ;
CALL D(BYTE$COUNT);
RETURN ;

END;
IF CEAR=BST TEEN DO~ CALL D(4) RETURN; END;
I? CHAR=TER TEEN D0 CALL P(.(’SND ’));

L: GO TO L; /* PATCH TO JMP 0 * * *1 END;
IF CHAa=SCr THEN D0 CALL D(2); RETURN ; END;
IF CH AR <> OflH THEN CALL P(.(’XXX ’));

END PRI NT $REST ;

/~ PROGRA M EXECUTION STARTS HERE */

FCB$BYTZ (32), !CB~ BYTE(0 ) = 0;

DO 1=0 TO 2
!C3~BYTE (I+9)=FILE$TYPE (I);END;

IF MON2 ( 15 ,PCB)=2 55 TEEN DO; CALL P ( . ( ’ zZZ ’));
L: GO TO L END ;

1* * * * PATCH TO “3M? BOOT ” * * *
DO WHILE 1~• IF  GE T$CHA R <= 66 TEEN DO CA SE CHAR ;

/* CASE 0 NOT USED */• CALL P .(’ADD) );
CALL ?(.(‘suB ’fl;
CALL P(.(’MUL’));

• I , CALL P(.(’DIT ’));
~~~~; 

~~ 

CALL P(.(’NEG ’));

H 
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CALL P(.VSTP ));
CALL P(.(’sTI ’));
CALL P(.(’RND’n;
CALL P(.(’RET’));
CALL P(.(’CLS ’));
CALL P(.(’sER ’));
CALL P(.(’BRN’));
CALL P(.(’oPN ’));
CALL P(.(’OPl’));
CALL P(.(’0P2’));
CALL P(.(’RGT ’));
CALL P(.(’RLT’));
CALL P(.(’REQ’));
CALL P(.(’INV ’));
CALL P(.VEOR ’));
CALL P(.(’A CC ’));
CALL P(.(’STD ’));

• CALL P(.(’LDI’));
CALL P(.(’DIS ’));
CALL P(.(’DEC ’));
CALL P(.(’STO ’));

• CALL ?(.(‘STl ’) );
CALL P~i . (’ST2’.~);
CALL P(.(’ST3’));
CALL P(.VST4 ’));
CALL P(.(’ST S ’));
CALL P(.(’LoD’));
CALL ?( .( ‘LDI’) );
CALL P(.(’LD2’));
CALL P(.(’LD3’));
CALL PI . (’LD4’));
CALL P . (’LD4’));
CALL P(.(’LD6’));
CALL P(.(’PER ’));
CALL P(.(’cNU ’));
CALL P(.(’CNS ’));

• CALL P(.(’CAL ’));
CALL p (.(’RWS ’));
CALL P(.(’DLS’));
CALL P(.(’RDP’));
CALL P(.(’WTF ’));
CALL P(.(’RVL ’));
CALL P(.(’WVL’));
CALL ?(.(‘SCR ’));
CALL P(.(’SG’r’));
CALL P(.( ‘SLT ’) );
CALL P(.(’SEQ ’));
CALL P(.(’M07’));

j CALL P(.(’RRS ’));
P CALL P(.(’WRS ’));

• CALL P(.(’RRR ’));
• CALL P(.(’WRR’));

CALL P(.(’RW R ’));
CALL P(.(’DLR’));
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CALL P(.(’MED’));
CALL P(.(’MNE ’));
CALL P (.(’GDP’));
CALL P(.(’IN’r ));
CALL P(.(’BST ’));
CALL P(.(’TER’));
CALL P(.(’SCD ’));

END; /* OP CASE STATEMENT */
CALL PRINT$REST;

END; 1* END OP DO WHILE *1
END;

)
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