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I. INTRODUCTION

A. History

The compiler generator swstem r known as ~PL, was developed

during the mid to late 1960’s as an aid to students of compiler

design and individuals interested in wreatin~ formal lan~ua~e

translators or computer pro~ ramm in~ lan~ua~e comp ilers (1]. The

present XPL swstem consists of several independent ~ro~ ram

moduiesi a grammar analwsis ~ro~ram (ANALYZER), used to convert a

formal lan~ua~e specified in Backus-Naur Form (BNF) into

acceptable swntax tables for the XPL compiler the XPL compiler

(XCOM), a single pass table—driven swntax directed translator

which creates executable machine lan~ua~e instructions for the IBM

360/370 series of computer swstems an ASSEMBLY lan~ua~e

submonitor (XPLSM), desj~ned to load the compiled object

instructions into the main computer memorw and provide auxiliarw

services such as input/output interface to the operating swstem a

character—str ing compression module (COMPACTIFY), a run—time

subroutines used to rearrange character strings into contiguous

memorw locations and reallocate unused memorw space for future

character-string manipulations; and, finally, a ~rototw~e

• compiler (SKELETON)~ which maw be used as a foundation for the

creation of a user tailored compiler.

• All modules which comprise the XPL swstem are written in the

lan~ua~e XPL , with the exception of the submonitor as was

~reviouslw noted. The 1an~ua~e XPL is a PL/I tw~e lan~u ae

d.si~n.d s~ecifical lw for the ~ur~ose of creatini comp ilers . Even

* 

thou*h the lan~ua~e does not contain all the faci l ities of the

• - - • -~~~~~~~~~~~~~~~~~~~~ • -_ _ _ _

• &• . -•—---,—--,-—
~
,--

~~~ --~~ —- .- 
~~~~~~~~~~~~ -

~~-‘~ 
—

~~ 
-- ;. ~~.;.

_ _ •_ *
~~~~~ •

__ ‘
~~~~ 

-- - • - ‘-  ~~~~~ ~~~~~~~~~~~~~~



—~~~ -• - ~~~~~~~~ 
a , ,  - r rrr ’r -~~~~~-

2

PL/I lan~ua~ ev there are added features not available in PL/I to

facilitate the creation of lan~ua~e compilers.

The theorw of 1an~ua~e design and the XPL swstem is discussed

in great detail in the text A COMPILER GENERATOR . It is

stron~ lw su~~ested that the reader of this report refer to the XPL

• textp in particular charters six thru ten, to gain a greater

app reciation of the XPL lan~ua~e and obtain a better urIderstandin~

of the theorw and practices outlined in this report.

B. Limitations

The XPL swstem is a verw efficient and useable design and

implementation aid. However~ the compiler imposes several

restrictions and lacks certain facilities which limit the overall

flexabilitw of the compiler generator system.

The restrictions which should be evaluated are:

1. The SUBSTR’ function is not allowed to be used as the

target of an assignment.

2. Negative values ma~ not be used as step variables in

DO—looPs,

3. Character—string variables maw share descriptors and

inadvertent modification of shared strings is possible.

4. Predefinition of reserved word abbreviations is not

automat ical iw su~~1ied (i.e. DCL is not an abbreviation for

DECLARE).

- 
~ _1 -~ ‘m,~~~ • - . - - - - -  ~~~~~~~~~~~ ~~- —~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - ~ - ‘ -
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• The added facilities which should become a part of the XPL

swstem are:

1. External modules and an external module librarw, to

eliminate the need to compile built—in fun ction s and run-time

routines along with the compilatiorl of a user module.

2. An external data tune (such as PL/I EXTERNAL and FORTRAN

LABELED COMMON).

3. PL/I tw~e data structures and arraws of structures .

C. Problem

The major function of this problem resort is to attempt to

eliminate most of the limitations stated in the previous sec~.ion

and produce a new version of the XPL compiler generator swstem

which is more versatile and even a mare valuable tool to persons

interested in lan~ua~e design and compiler construction .

The specific objectives of this p roblem resort are as

fol lows

1. Creation of IBM linkage editable object modules.

2. Provide a vehicle for external ~ro~ ram modules and data

variables.

3. Creation of a subroutine libraru of XPL sustem modules.

4. Provide a solution to the character—strinm assimnment

anomaiw.

L _____________ ____________ ___________
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D. Solution

After a complete and exhaustive examination of the XPL

compiler XCOM, it was determined that the objectives of’ this

project report could be attained.

Creation of the ESD, TXTp RLD, and END records reouired bw

the IBM LINKAGE EDITOR is done after all object code is eroduced

bu XCOM. This minor second eass of the compiler is done to ensure

the present code generation technioue is not modified, therebw

reducing the possibility of’ creating erroneous object code .

External  ~ro~ ram modules and data variables are implemented

throu~h the use of a pseudo ~wntax in conjunction with the label

processing software of the XCOM compiler. The mechanism is

triggered bu the identification of the special eureose labels

coMMoN: , ‘EXTERNAL:’ P and ‘PUBLIC ’.

The extended data variable processing is invoked when the

eseudo label COMMON: is detected preceding a DECLARE statement.

When a data variable assumes the attribute of common s it becomes

global to all modules in which it is declared as common and

follows the rules governing Scope of Variables u within the XPL

language.

The label ‘EXTERNAL: , preceding a procedure definition, will

identitu the entru point and formal earameter list of a procedure

to be referenced within the eresent modules but has been comeiled

~reviouslw and is assumed to be resident in the XPL sustem librarw

or a user module librarw .

• ~ •~,-4~
,_•--•-•_~* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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If an XPL Procedure ~ S ereceded bu the label ‘PUBLIC ’v it

is compiled as a global entru which maw be invoked bw anu module

which contains an external definition of the erocedure name.

Figures 1.1 and 1.2 contain two ero~ ram segments which

exem~lifw the use of the Pseudo labels common. external. and

public.

The string assignment problem is solved bw forcing a new coew

of a character—string within the assigrlment eortion of the XPL

‘SYNTHESIZE ’ routine. Since this modification is also reouired

when ‘COMMON ’ character—strings are referenced , the additional XPL

statements to include all character—strings is minimal.

These modifications will erovide a number of advantages to

the user of the XPL comeiler generator swstem . The theorw behind

the external and public attributes will allow the caeacitw of

‘Plug Comeatible’ software modules within the programming swstem .

If an individual is not comeletelw satisfied with the Performance

of a module (i.e. SCANNER , RECOGNIZER , ERROR routines, etc...), it

will be possible to redesign onlw the routine in ouestion without

the need to recomeile all modules within the swstem.

The use of ‘COMMON s data variables will allow inter-module

communication and maw be used to reduce the overhead involved in

parameter passing .

The character—string modification, although reouiring added

overhead at ~ro~ ram execution time. will eliminate the annoying

~osaibil itw of modifwinl several strings when oniw one was

intended to be changed.

• . - • - -h-- ~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -
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/* EXAMPLE OF COMMON DATA VARIABLES AND

THE DEFINITION AND USE OF AN EXTERNAL PROCEDURE *1

DECLARE (I,J,K) FIXED 1* INTERNAL DEFINITION *1

DECLARE Z BIT(1 ;

COMMON DECLARE A BIT (1); 1* ‘COMMON ’ DECLARATION *1

COMMON DECLARE B FIXED.

(C,D.E) BIT(16).

F(1O) CHARACTER ;

1* THE FOLLOWING PROCEDURE IS AN EXAMPLE OF AN EXTERNAL
— 

DEFINITION OF AN ENTRY POINT (REFEREHCE DEFINITION’). *1

EXTERNAL: POMA : PROCEDURE (X.Y.Z) FIXED;
• DECLARE (X.Y,Z) FIXED;

END POMA ;

I = J + PGMA (Z.B,F(K)) — K;

1* THE ABOVE LINE OF CODE IS AN EXAMPLE OF AN

‘EXTERNAL’ FUNCTION REFERENCE *1

:
EOF /* END OF THE EXAMPLE MODULE */

1: Figure 1.1 XPL Program Exaa~le using COMMON and EXTERNAL

-

- --~~~~~~~ --~~~~~ 
• -

~~~~~~~~~ -- , -
‘ — - •;- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

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

-
~~

~-



5,2

1* EXAMPLE OF COMMON DATA VARIABLES AND

THE DEFINITION AND USE OF A ‘PUBLIC’ PROCEDURE *1

DECLARE X FIXED; 1* INTERNAL DECLARATION *1

rOMMON: DECLARE B FIXED; 1* ‘COMMON ’ DECLARATION *1

COMMON: DECLARE D BIT(16).

F(5) CHARACTER ;

PUBLIC: PGMA : PROCEDURE (P1.P2.P3) FIXED

DECLARE P1 BIT(1),
P2 FIXED,
P3 CHARACTER;

I F P 1 THEN

X = LENGTH (F(P2)) / B — Es;

ELSE

X = LENOTH (F(P2—1)) * B + Iij

RETURN CX — LENGTH (P3) + 2)~

.

• END PGMA
•1

.

.

EOF /* END OF EXAMPLE PROGRAM */

Figure 1.2 XPL Program Example using COMMON and PUBLIC

• 1 -

..~~~~~~ 
j_____ • ~~~~~~~~ 
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E. Pro~ rammin~ Practices and Pro~ect Restrictions

Two important assumptions were made prior to initiating this

proJect. One concerns the underlying philosophy that the XPL

system, exceet for the submonitor, is written com~ letelw in the

lan~ua~e XPL. This philosophw has been maintained and all

modifications to XPL modules are implemented usir,g the XPL

language. The second assumption, which also concerns the XPL

language, is that no modification to the XPL semantic grammar

would be made. Since a verw good discussior, of the XPL lan~uaae

is contained in the text ‘A COMPILER GENERATOR ’, it was felt the

XPL lan~ua~e should remain as described in the text, and this

• reeort used as a sueelemantarw document for individuals interested

• in developing compilers using the extended cacabilities outlined

herein.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘— —- 
~~
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II. Pseudo Swntax to Provide Extended Cacabilities

- 

The implementation of version IV of the XPL compiler XCOM . to

• provide the extended capabilitw of external program modules and

common data variables poses three distinct reouirements

1. How will the user identifw to XCOM . given that the XPL

grammar will not be modified. that an extended capabilitw

is to be invoked.

2. What is reouired bw the IBM Linkage Editor to identifw

and erocess variables with extended attributes.

3. What additional processing must be eerformed bw the XPL

compiler when a variable with extended capability is defined

and referenced.

This charter deals with a discussion of each of’ these

reouirements,

A. Swntax Identification

All labels within the XPL lan~ua~e are defined bw the single

BNF production ‘<LABEL DEFINITION> ::= <IDENTIFIER> : ‘ El), which

means that when an identifier is followed bw a colon, the

F identifier assumes the attribute of a label. This rule erovides

the maJor ‘hook’ into the XPL version III gramma r to provide the

F facility for external program modules and common data variables.

Throu*h a minor modification to the label processing portion

I of the XCOM ~rocedur. ‘SYNTHESIZE’ and use of the global variable

‘ESDTYPE’. the identification of exte rna l modules and common data

I — 

•~,--- -i--- ~~ —. —-~~~ *— - -~-—.~~ — ,~~~~ ~~— __ S.~~~~
_
~~~~~ __ 

~~—~~~~~~~ -•~ 5—, —-~
---
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variables is accomplished. The processing of labels in version IV

of XCOM ~roceedes in the following manner:

1. If the length of an identifier is greater than B

characters, the identifier is entered into the swebol table

• as a label and no further processing js performed (the

length of the longest pseudo variable is 8 characters).

2. If the identifier is ‘PUBLIC’ s ‘EXTERNAL ’, or ‘COMMON’ ,

the mlobal variable ESDTYPE is set to l,2,or 5 reseectivelw.

• I and the pseudo label is not entered into the swmbol table.

3. If the identifier does not match anw of the pseudo

labels, the identifier is entered into the swmbol table as a

• label and the variable ESDTYPE is not referenced.

Since all statements within the XPL lan~ua~e maw be ereceded

bw anw number of labels, and the variable ESDTYPE is not reset

until the XCDM earsin~ mechanism ‘reduces’ a statement into a

statement list, the variable ESDTYPE will contain a value to

identify if an extended option is to be invoked during the

~rocessin~ of the next XPL statement. This feature allows the

implementation of the extended capabilites of the version IV xcom

com~ i icr.

- - . - - - -

~

-—-

~

--•

~ 

--~~ -- ---- -- - - - _ _
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B. Linkage Editor Reouirements.

The version IV XCOM compiler uses the IBM linkage editor as

the vehicle responsible for combining external object modules into

a single load module and providing address resolution of the

• external and common variables. It is~ therefore, necessarw for

XCOM to su~~ lw the Linkage Editor with the eroeer ESD information

to facilitate production of correct and comelete load modules E2].

The scalar ‘SYESDTYPE’ has been added to the XCOM version III

swmbol table variables which will contain the Linkage Editor ‘ESD

twpe’. This variable is set to the value contained in ESDTYPE

when an identifier is entered into the swmbol table during the

processing of a ‘Declaration Statement’ or ‘Procedure Definition’.

The var iable SYESDTYPE serves two purposes One being in the

creation of the Linkage Editor ESD records. an~d the other. as a

• method of identifying to the XCOM swnthesis procedures that

additional ~rocessin~ must be performed. Both of these eur~oses

will be discussed in greater detail later in this report.

H 

_

_  
_

~ 
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• C. Definition and Referencing Processing

The technioue outlined above to invoke an extended capability

and identify a variable which is to assume an extended attribute

is a verw minor portion of the processing reQuired to provide the

facility of external Program modules and common data variables.

The processing reouired, bw XCOM, for definition and accessing of

these variables is much more aom~licated and will be discussed

here. The reader is encouraged to refer to figures 1.1 and 1.2

which contain the actual XPL statements used to ident ifw the

extended capabilities.

Definition of COMMON Variables

All data variables which are to assume the attribute ‘COMMON ’

must be defined in a ‘Declaration Statement’ which was ereceded bw

the pseudo label COMNON ’. This will cause the variable ESDTYPE

to be set to ‘05’ and be recognized within the XCOM storage

allocation procedure ‘ALLOCATE ’. Allocation of storage for common

variables proceeds as follows:

1. Force the data eointer (DP ) of the next available storage

location to a full word boundarw.

2. Determine the amount of storage to be allocated depending

on the tw~e and dimension of the variable (i.e. FIXED data

variables reQuire 4 bwtes of stora~e for each occurrence of

the variable).

t 3. Reserve one word of storage to contain the relocated

absolute address of the common variable.
f

I
- - - - • -------__ • -

- ~~~~~~ ~~~~~~~~~~ — —--~~ -~~~—~~~~ ---
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4. Determine the address of the word reserved in base and

displacement form and place these values into the swmbol

table as the address of the variable (SYBASE and SYDISP).

5. Set the swmbol table var iable ‘SYLEN’ to the number of

bwtes to be allocated by the Linkage Editor for the common

variable.

6. Set the swabol table variable ‘SYRLDADDR ’ to the data

pointer of the word to contain the absolute address of the

variable.

It should be noted that a variable with the common attribute

reou ires onlw one word of storage in the defining module, for the

absolute address of the variable, The actual storage for the

common variable will be allocated bw the Linkage Editor and Loader

prior to execution of the user program . Also, a character—string

variable will not reeuire a descriptor value in the defining

module’s descriptor array. However, the common character—string

w i l l  be allocated a descriptor arraw of it~ own (this will be

discussed in the next section).

Definition of EXTERNAL Modules

Ar, external module entrw point and parameter list is

identified when the pseudo label ‘EXTERNAL:’ ~receds the XPL

definition of a p rocedure. The defining of a procedure in this

manner can be called a ‘reference definition’ because the ~ureose

is to define to the XCON compiler that a module which has been

compiled externaliw will be referenced within the present module

_

.
----- ~~~~~~~ - - • ~ ~~

-
~~~~~~ - - -~~~— ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

--~~~~~~~~ ., ___________________
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- I via a call or function reference .

The definition of an external module reouires special

~rocessini of the parameter list and the actual module call. The

processing of the parameter list is as follows:

1. Enter the parameter identifier into the swmbol table.

2. Allocate one word in the data area of the main module

which will contain the va lue of the earameter referenced via

call or function reference.

3. Set the swabol table variable SYESDTYPE to hexadecimal

‘OF’ (note: a hexadecimal constant is defined as a numeric

value enclosed in euotes. This notation will be used

extensiveiw i~ this report.) to inhibit further allocation

• processing during declaration of the variable. When the

ALLOCATE erocedure detects an ‘OF’ in SYESDTYPE, the variable

SYESDTYPE is set to zero and no other processing is

performed.

The ~rocessin~ of the external module proceeds as follows:

1. After all initialization processing has been completed bw

the procedure PROC_START. the procedure ‘BUILD_EXTERNAL CALL’

is called. The following steps are performed bw the

procedure BUILD_EXTERNAL~CALL .

2. Allocate a data word to contain the present value of the

‘string base register ’ (resister 13).

3. Store the contents of resister 13 into the data word.

_ _
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4. Allocate 18 data words to be used as the linkage ‘save

area ’ .

• 5. Load register 13 with the address of the save area.

6. Allocate a data word which will contain the absolute

relocated address of the external entrw point.

7. Store the data pointer to the above word in the swmbol

tab le variab le SYRLDADDR which corresponds to the procedure

name (PROCNARK — 1).

8. Load register 15 (the entrw point register) with the

value contained in the word allocated in step 6.

9. Load resister zero with the address of the first

~ara.eter. (note : This address points to the word which

contains the value of the parameter, not the address.)

10. Emit a Branch and Link instruction with register 15 as

the entrw point resister and register 14 as the return

reiister.

11. Load resister 13 with the string base address saved in

ste p 3.

12. Emit the code for an uncondition return from the

‘reference definition ’ module to the instruction following

the call or function reference .

T:T::I JL I,r .. ;: - 
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Definit ion of PUBLIC Procedures

A procedure which is to assume the attribute of PUBLIC or

• ‘defining definition’ is identified bw the pseudo label ‘PUBLIC:’

precedina a Procedure definition and the variable ESDTYPE set to

‘01’. This will tri~~er XCOM processing which will save all of

the callers registers into the callers save area. load the

relocated working resisters for the module, and store the address

of the parameter list for later use.

The definition of the parameter list identifiers is erocessed

in the following manner:

1. Enter the parameter identifier into the swmbol table.

2. Set the swmbol table variable SYESDTYPE to ‘OE ’ to

indicate to the ALLOCATE procedure that a public procedure

parameter has been declared and a earameter value must be

loaded into the location of the variable.

After all initialization processing has been accomplished bw

the PROC_START procedure, the ‘BUILD_PROLOGUE’ erocedure is called

to complete the entrw initialization as outlined below :

1. Set the program pointer (PP) to a full word boundrw ,

2. Set the swmbol table variables SYBASE and SYDISP to the

address of the procedure (PP from stee 1).

3. Emit code to b ranch around the eublic procedure name and

address of the data area for the module, using register 15 as

I the Pro~raa base register. 

.~~~~~~~ L-•_. -~ ~~~~~~~ .~~~~~~~- _~~~~• _
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4. Store the entrw point name, padded to 7 characters. and

~rece~2~d bw its length into the ero~ ram area.

5. Set the swabol table variable SYRLDADDR to the current

value of the Program pointer (PP), then increment the PP four

bwtes (the relocated address of the data CSECT will be elaced

here bw the Linkage Editor and Loader).

6. Store the callers registers into the save area addressed

bw resister 13.

7. Load register 11. the data base register, with the value

contained at the address allocated in stee 5. using register

15 as the Program base register.

8. Load the relocated data and program base registers for

this module from the data area, using resister 11 as the base

register,

9. Store the save area address register (register 13) into

th is module’s save area (bwtes 4—7).

10. Load and store the, address of this module’s save area

into the cal ler ’s save area (bwtes 8—11).

11. Load resisters 13 thru 15 from this module ’s register

relocation ar ea (BASEDATA + 52).

12. Reserve one data word for the parameter address.

13. Set the variable PARMLOC to the data pointer of the

F parameter address save area .

I

• ~~~~~~~~~
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If the declarations for the parameters immediatelw follow the

• procedure definition, the code to load the ~‘arameter values from

• the parameter area into the data area will aepear following the

procedure initialization code.

Referencing COMMON Variables

The technioue used bw the XPL lansua~e to manieulate data

variables is to load the data into an accumulator register

(register 1—3), eerform the reouired processing, and. if the

• variable a~~ears on the left of an assignment, store the value

• from an accumulator register into the data area. The swabol table

variables SYBASE and SYDISP contain the address of the data

variable in base/displacement form. If the variable does not have

an ESDTYPE of ‘05’, the data maw be accessed directiw from the

data area. However, when the variable has the attribute COMMON

(SYESDTYPE = ‘05’), the address of the data must first be loaded

into a scratch register (register 14) from the data area specified

by SYBASE and SYDISP. The actual data is then loaded or stored,

using the scratch register as the base register for the variable.

Indexing of arraws does not present anw special processing

reouirements because all accessing to and from the data area is

done using IBM ‘Register to Indexed Storage’ (RX ) twee

instructions and all array subscripts are contained in an index

reiister. If the variable is not subscripted or the subscript of

zero is specified, the index resister is cleared to zero.

The referencin of common character—strings presents a

special reoui resent because of the waw character—strings are

_______ - I’ • - - - L—_ •“—~~~~~~ -—~~~~~~~~~~~~~~~~~~~ -~~~ - - - - - 
- - • -~ •
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erocessed bw the XPL compiler, in general, and the specific

implementation of character—strings in version IV of XCGM . Before

• discussing the seecial p rocessing reouired for character—string

manipulation in version IV, an overview of the general

character—string processing will be presented.

Implementation of character—strings is done using

character—string descriptors and a looseiw allocated area of

computer memorw for the storage of the character—string , The

descriptors are located in a fixed contiguous area of memorw

addressed bw the ‘string base register’ (register 13) and contains

the current address and length of a particular character—string.

The address portion of the descriptor is the absolute address

where the string is located in the ‘free string area’. Also, if

the length and address are zeros the string is considered to be a

null or unallocated string.

Since version III of XCOM does not suePort external ero~ ram

modules or common data variables, there is onlw one descriptor

list for all character—strinas and one free string area. When a

string is accessed, the swmbol table variables SYBASE and SYDISP

contain the address of the string descriptor, which is loaded into

an accumulator, processed, and a new descriptor value maw reelace

a previous descriptor if the operation of assignment or

concatination are performed.

The free string area in memory is compacted from time to time

for the ~ur~ose of reallocating ereviousiw used and now unused

portions of semorw, to allow further string operations which

reouire space in the free string area. The version III

___-;_• -~~ —_ -----~~~ —~~
-— ,~ —- ~~~~~ --=---— ‘t_~~~ -~~~~~~-,I--,--— - ~~~~~~~~~~~~
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compactification procedure ‘COMPACTIFY’ is designed to erocess

oniw one string area i This procedure reouired considerable

modification for the version IV imelentation of the XPL swstem,

which allows anw number of string areas.

Version IV of the XPL compiler, XCQM, will provide the

capabilitw to access character—strings irs a number of commons or

main module string areas. The specific implementation reouires

that each string area contain its own string descrietor list and

free string area. The descriptor list contains all of the

information pertaining to the string area. This information is

contained in a 5 word C 20 bwte) descrietor ereamble which is

located at the start of each string descrietor list and uses 5

string descriptors. Figure 2,1 defines the contents of the

descriptor preamble.

Character—strings are referenced in two waws in the version

IV XPL compiler, depending on whether or not the character—string

is defined as a commons variable.

When a character—string is referenced~ and has the attribute

COMMON, the string descriptor is loaded from the descriptor area

for that string in a similar manner as was discussed above

concerning arithmetic variables. One additional stee must be

performed when accessing a common string descriptor; After the

address of the string descriptor is loaded into the scratch

register (resister 14), the area allocated to the string ereamble

must be added to ensure that the correct descriptor will be

accessed. This is done bw inserting an offset of 20 bwtes into

the displacement portion of the RX tw~e load or store instruction

I • — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~
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18.1

WORD/BYTE CONTENTS

0 / 0—3 The ‘LOWER_B OUND’ of the free string area
used to optimize the erocedure XPLPACK

1 / 4—7 Absolute address of the next available bwte
in the free string area (FREEPOINT).

2 / 8—11 Absolute address of the first available
• bwte in the free string area after the string

descriptors and constant character—strings
are allocated (FREEBASE).

3 / 12—15 Absolute address of the last bwte available
in the free string area (FREELIMIT).

4 / 16—19 The number of string descriptors allocated
to this string area.

Figure 2.1 String Descriptor Preamble

~i I

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -
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used to access the common string descriptor. Since this offset is

alreadw accounted for when establishing the descriptor base for

• strings which are cart of the main module, it is not reQuired to

add the 20—bwte offset when accessing string descriptors without

the common attribute.

Referencing External Modules

The actual invoking of an external module via a call

statement or function reference is Quite simple within the version

IV imclementation of external modules. It is simple because no

special processing is reouir*d for the parameter passing or

module linkage, All special processing reouired to access the

external module is contained within the external ‘reference

module’, so when an external module is invoked , the input

earameters are ‘stuffed’ into parameter locations defined in the

‘reference module’ and an actual call (branch and link) is

executed which causes the ‘reference module’ to be entered.

It is within the ‘reference module’. as was discussed in the

section concerning the definition of an external module, where all

special crocessin~ occurs. Therefore, an external entrw maw be

invoked at manw different locations within a program , but the code

reouired to crovide the carameter and call linkage ac~ears onlw

once within the ‘externa l reference’ module.

1’

~
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III. Creation of the Linkage Editor file ‘SYSLIN’

As was mentioned in the introduction to this report, a major
p

• obJective of the eroJect is to create an object deck which is

accectable as input to the IBM Linkage Editor. Along with

eroducin~ the linkage editor TXT records from the machine 1an~ua~e

instructions produced bw the XCOM compiler, it is necessarw to

produce ESD records to identifw the CSECTs (control sections) for

the main object ~ro~ram and external variables. Also, RLD records

are produced to ensure cro~er addressing of register values,

string descriptors. and addresses of externallw referenced modules

and common data variables.

Chacter II contained an explicit discussion of how the

external modules and common data variables are identified and

accessed. This chacter will explain how the linkage editor

records are produced from the information provided bw the XPL

compiler.

In general, the Linkage Editor object input file, ‘SYSLIN’ is

produced after all statements in the user’s ero~ ram have been

comeiled without severe compilation errors,

If severe errors are detected during the compilation crocess.

a message is written to the list file ‘SYSPRINT ’ indicating that

severe errors have been detected and the creation of the SYSLIN

file will not be attempted. If no severe error were encountered,

the Linkage Editor records are eroduced in the following order

ESD, TXT, RLD, and END, for the main ero~ ram CSECTs. When the

compiler detectes that a common character—string has been

• • 
~~~~~~~~~~~~~~~~~ - ~~~~~~~~~ 
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declared, a separate set of ESD~ TXT, RLD. and END records are

produced for each common character—string defined.

The Linkage Editor records are written to the data set

‘SYSPUNCH ’ which is explicitlw defined as the XCOM file

‘OUTPUT (2)’ El]. Each record contains 80 bwtes of information and

the records are blocked 10 records ~er block. The DD statements

used bw the compiler and link steps of the XPL JCL erocedures (see

appendix Al - A3) are as follows:

//SYSPUNCH DD DSN=*&LOADSET.DISP=(MOD.PASS) ,UNIT=SYSDA ,

/1 SPACE=(800, (200,100)) ,DCB= (RECFM=FB,BLXSIZE=8O0~LRECL=80)

//SYSLIN DD DSN=&&LOADSET ~DISP= (OLD. DELETE)

A, ESD Records,

Four twees of ESD records are eroduced bw the XCOM crocedure

‘PUNCH_ESD’. The SD (section definition) records identifw the

th ree maJor CSECTs of anw module compiled (program , data, and

strings). The Lii (label definition) records identifw module entrw

points which have the attribute PUBLIC. The ER (external

reference ) records identify module entrw points which have the

attribute EXTERNAL . The CM (common) records identifw the data

va r iab les which have the attribute COMMON.

Each ESD sub—record reouires 16 bwtes of inform at ion and

these records are packed three sub—records eer 80 bwte SYSLIN

record. The format of~the ESD sub—record is contained in figure

3.1.

)
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21.1

ESD Record Format:

Position Contents

1 ‘02’

2-4 ESD

5—10 Space

• 11-12 Bwte Count - number of bwtes of
data in positions 17—72

• 13—14 Scace

15—16 ESD—id of the first non-LD tw~e
entry, seace if all entries are LD

17-72 ESD entries (See below)

73—80 Seace or desck—id and seouence
number

ESD Entrw Format:

Relative
Posit ion Contents

1-8 Name of ESD entrw eadded to B
characters

9 ESD twee
‘00 ’ SD, ‘01’ Lii ,

‘02’ ERr ‘05’ CM

10—12 Relative address of an
SD or Lii twee ESD entrw

13 Space

14—16 Length of control section for 
•

ESD tw~es ‘00’ and ‘05’, ESD— id
of Program CSECT for ESD twces
‘01’, or Space for ‘02’ EBb tw~es

Figure 3.1 ESD Record Format
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The three SD records contain the name of the program, data.

and string CSECTs which is taken from the first ‘PUBLIC’

definition of an entrw or the fi xed name ‘XPLMAIN ’. If the cublic

name is used and is less than 7 characters . the name is padded to

a length of 7 characters with all blanks replaced bw asterisks,

and the number 1,2 or 3 is appended. For example, if the first

definition of a public entrw was the name ‘PGMA ’, then the CSECTS

for the program, datar and string areas would be identified as

‘PGMA***l’, ‘PGMA***2’, and ‘PGMA***3’. This is done to

differentiate the modules when the Linkage Editor ‘MAP’ and ‘XREF’

options are invoked.

After the three ESO sub—records have been produced for the

above CSECTs. the global variable ‘ESDID’ is set to four. the

ESD—identifier of the next non—label ESD item to be produced.

The information to Produce the LD, ER, and CM ESD sub-records

is contained in the swmbol table variables SYT (name), SYESDTYPE

(type), SYLEN (length), and the pair SYBASE and SYDISP (address).

Therefore. to create the ESD entries for a variable with extended

capabilitw. it is necessarw to perform a serial search of the

swmbol table looking for non—zero values in the variable

SYESDTYPE. When this variable does contain an ESD twee

identifier, the swmbol table pointer to this entrw is elaced into

the arraw ‘CASESTACK ’ and saved for processing of the RLD records.

Th is is done to crevent a second serial search of the swmbol

table. After the swmbol table pointer is saved, the entrw is

processed in one of the three methods described below.

~~~~-
•- 
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If the var iab le SYESDTYPE contains the value ‘01’ (Lii or

• PUBLIC definition of an entrw ~oint)r an ESD sub—record is created

containing the following information from the swabol table entrw

name. ESD—type , address of the identifier. and the EBb-id of the

program CSECT . The global variable ESDID will not be inc remented

• for this label definition entrw because the Linkage Editor does

• not recognize ESD—id’s for Lii tw~e entries.

If the variable SYESDTYPE contain the value ‘02’ (ER or

EXTERNAL definition of an entrw point). the ESD sub—record will be

created with the name. ESD—twee, a zero value for the address. and

blanks in the fourth field. The global variable ESDID is inserted

into the swabol table variable ‘SYTCO ’ which will be referenced

during the creation of RLD records. The variable ESDTYPE will

then be incremented.

A SYESDTYPE of ‘05’ identifies a CM Linkage Editor ESD—type

for a variable with the attribute COMMON. The ESD sub—record will

contain the following information: name, ESD—twee, zero, and the

length of the variable froM SYLEN. As was done for an ER

sub—record , the ESDID is stored into the variable SYTCO and then

inc remented . Also , if the variable is a character—strin g common

varia ble , the symbol table pointer is saved in the arraw ‘FIXCADR ’

to be used during the creation of the special CSECT for common

character- strings.

To sim~ l i fw  the creation of ESD records. a specialized

procedure was developed to enter each ESD sub—record into the 80

bwte ESD output record . - - 
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When each EBb sub—record is to be created. the erocedure

‘OUTPUT...ESD’ is called and receives the four portions of

information reeuired for each ESD sub—record. The OUTPUT....ESD

procedure will ensure that the sub—record is elaced into the array

‘BINARY’ in the correct positions and that when three sub—records

have been created. the ESD record is written to the SYSPUNCH data

set,

After all swmbol table entries have been examined and all ESD

sub—records have been created a final check is made to ensure anw

partial records in the arraw BINARY are written to SYSPUNCH.

B. TXT Records

The Linkage Editor TXT records for the program, data. arid

character—string CSECTs are produced bw the XCOM crocedure

‘PUNCH_TXT ’. The records are produced in EBb—id order starting

with the program CSECT. The format of the TXT record is contained

in figure 3.2.

The procedure PUNCH..TXT is generalized to build the three

CSECTS from the three XCOM work files ‘FILEl’. ‘FILE2’. and

‘FILE3 ’, which contain the machine lan~ua~e instructions

(program), data area (data). and character—strin g constants

(str ings). The onlw exception is that the character—string

descriptor arraw ‘DESC’ is produced prior to the creation of TXT

records for the constant strings. The method of producing each

lxi CSECT can be summarized as follows

1. Initialize the variable ‘BASEADDR ’ to the address of the

binarw arraw ‘CODE’. BASEADDR will contain the absolute

-- 
• - • I
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TXT Record Format :

Position Contents

1 ‘02’

2—4 TXT

5 Scace

6—8 Origin addres of this
lxi record

9—10 Space

11—12 Bwte count — number of bwtes of
data in positions 17-72

13—14 Scace

15—16 ESD—id for this text CSECT

17—72 Text for Program , Data. or
String CSECT

73—80 Scace or deck—id and seouence
number

Figure 3,2 TXT Record Format

I
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memorw add ress of the first bwte of information to be moved

to the TXT work area in the arraw BINARY .

• 
• 2. Initialize the variable ‘TXT_LIM’ to reflect the maximum

number of bwtes which can be moved from the arraw CODE before

the next block of information must be read from one of the

work files.

3. Set the variables ‘TXT...ORG’ and ‘TXT_END’ to the relative

bounds of the TXT CSECT being created.

4. Set the variables ESDID and ‘FILE_ID’ to their reseective

• values (e.g. program 1).

5. Set the origin address and ESD—id into the arraw BINARY .

6. Receat stecs 8 thru 11 until all bwtes of text have been

transferred to a TXT record.

7, If anw lxi bwtes remain in the arraw BINARY~ w r i t e

the partial TXT record to the SYSPUNCH data set .

8. If the address of the current bwte to be moved from the

CODE arraw to the arraw BINARY is eaual to the value

contained in the variable TXT_LIM , then read in the next

block of data from the work file corresponding to the value

in FILE_ID, reset the variable BASEADDR to point to the start

of the CODE array, and uedate the variable TXT LIM to reflect

a new limit value.

9. If the limit has been reached for the arraw BINARY,

then write the TXT record to the data set SYSPUNCH and

- —-.. • ~~~~~~~~~~~~~~

— ,,~~~~ ,~~



26

uedate the area in the arraw BINARY to reflect the current

origin address of the next TXI record to be produced.

10. Move one bwte of text from the CODE arraw to the arraw

BINARY using the ‘COREBYTE’ function as addressed bw the

variable BASEADDR (‘BINARY (BINPTR) = COREBYTE(BASEADDR) ‘ ).

11. Increment the subscriet for the arraw BINARY (‘BINPTR’)

and the address of the next bwte in the arraw CODE

(BA SEADDR).

A minor modification to the above crocedure is reouired when

creating the character—string CSECT (CSECT 3).

During the compilation of all XPL ero~ rams bw XCOM ,

character—strina constants are erocessed bw allocating a word in

the descriptor arraw ‘DESC’ which contains the length and relative

offset into the constant string work area . Since both descriptors

and character—strings are contained within the same CSECT and the

method of atrin~ comeaction reouires that all string descriptors

~mmed iatelw ereced the constant strings in contiguous memorw

locations, it is necessarw to create the character—string CSECT bw

building TXT records containing the descriptors followed bw the

character—string constants. The descrietor TXT records are

created bw setting the variab le BASEADDR to the base address of

t the arraw DESC, and do not read information from a work file, but

instead, move data from the descrietor arraw into the arraw

BINARY. This was done to preclude modification to the DO—b ee

which moves the data from a location addressed by the variable

BASEADDR into the arraw BINARY.

• • _ _ _ _- - - ~~~~~~~~~~ ~• - - - • 4~~~~~~~~I~~~~~ ‘ ~~~~~~~~~~~~~~~~~~ - • •  _________________
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When the character—string constant TXT records are created.

the relative origin address is set to the end of the descriptors

• which were allocated during the present compilation. The reader

is encouraged to reference Appendix 6 for the actual XPL

statements reauired to build these records.

C. RLD Records

The Linkage Editor RLD records are ger,erat~d for three

curcoses Relocation of the base address registers for each

program module, relocation of character—string descriptors, arid,

the relocation of external entrw point addresses and the base

address of each common data variable.

The XCOM crocedure ‘PUNCHJ~LD’ was included in the version IV

XPL swstem for the seecific purpose of creating the RLD records.

Similar to the sub—procedure used to create EBb records~ the

sub—procedure ‘OUTPUT_RLD’ provides the same services. The format

of the Linkage Editor RLD records can be found in figure 3.3.

The process of relocation, pertaining to the version IV XPL

swstem. is cerformed to ensure that all relative address constants

(ADCONs) and addresses of external variables (VCONs), which are

referenced durin~ the execution of an XPL program , but are unknown

during compilation, are resolved to absolute memorw addresses.

The actual relocat ion crocess is eerformed bw the IBM Linka~e

Editor and Loader , based on the RLD records eroduced bw XCOM ,

erior to and during the ‘loading ’ of the XPL ~ro~ ram into comeuter

memorw.

• • •
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RLD Record Format :

Posit ion Contents

1 ‘02’

2—4 RLD

5—10 Scace

11—12 Bwte Count — number of bwtes of
data in positions 17—72

13—16 Scace

17—72 RLD Entries (See below)

73—80 Scace or deck—id and seouence *

RLD Entrw Format:

Position Contents

1—2 Relocation Pointer — EBb—id of
Lii. ER. or CM EBb entrw

3—4 Position Pointer — EBb—id of
SD EBB en t rw

5 Flag Bwte (See below )

6—8 Relative address within the
‘Position Pointer ’ CSECT

Flag Byte Format:

Position (Bit) Contents

0—3 Flag twce -
0000 - non branch (ADCQN ..) - -- - - -
0001 — branch (VCON)

4—5 Lenath Seecifier -
1 0 — 3  bytes
11 — 4 bytes

6 Direction bit -
0 — positive
1 - neaative

7 Typ e of next RLD entry —

• 0 — different R and P ctr’s
1 - same R and P cointers

I Fiaure 3.3 RLD Record Format
I

L — • —_-~~ 
- 

~~
- —

~~~~--~~~~- 
i 2 ~~~‘ ,,~~~ -

~~~~~~~~ - •- - ~~~~~~~~~~~~~~~~~~~~~ •~~~~ • • -~~~~ :~~~ _



-——--- - -~ --~~~~~~ -~~~~ •~~~~~~ ‘- — -.- - - - ~~~
, - - -

The information needed bw the Linkage Editor and Loader. and

provided bw XCOM, to relocate anw ADCON or VCON is

• 1. A relocation pointer (R_PTR), which is the ESD—id of the

CSECT whose address is unknown at comeilation (VCON), or must

• be added to a known relative location (ADCON).

2. A position pointer (P_PTR). which is the ESD-id of a

CSECT which contains ‘~he ADCON or VCON.

3. The relative location (offset ) of the ADCON or VCON

within the CSECT identified bw the P_PTR . This is the area

which will be modified bw the Linkage Editor and Loader and

will receive the absolute address of the CSECT identified bw

the R_PTR .

• 4. A ‘FLAG ’ bwte to indicate to the Linkage Editor the

number of bwtes to be modified . the tw~ e of relocation, the

direction of relocation, and if the R_PTR and P .PTRs from a

Previous RLD sub—record are to be reused to relocate a given

• offset .

Within everw XPL program, 16 words in the data area are

reserved to contain the relocated reaister values (ADCONs ) which

are loaded a~~ fl’ia—be~innina of each PUBLIC or main eritrw 
point of

the module. Rebocati~~ of ti~e~ data base reaisters 
(registers

4—11), the ~roaram base reaister (reaister 2)~ the strina base

register (reaister 13), the address of the isPLPACI ( and

XPLMON (reaister 14 and 15) is performed throuah the use of

records.

~
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The absolute address of the character—string CSECT is added

to all non—zero descriptor locations (including the ereamble) to

ensure addressabilitw of character—string constants and the

variables in the preamble reouired bw the Procedure XPLPACK~- This

is a maJor jodification to the version III XCOM. which ~elocated

all string descriptors throuah the use of a run—time built—in

procedure after initial Proaram load. This relocation routine,

which was onlw executed once at each module ir,itialization, has

been eliminated .

• The absolute addresses of all externallw defined entrw points

and common data variables, are relocated as VCONs within the data

CSECT.

The absolute address of the data CSECT is relocated into the

~roaram CSECT for each entrw point defined as PUBLIC and at the

beainnina of each eroaram module. This is done so base reaisters

relocated into the fixed locations of the data CSECT maw be loaded

to establish overall addressabilitw of the Proaram module .

D. The END Record

When all of the ESD, TXT, and RLD records have been created.

the final END record is written to the data set SYSPUNCH. This

record contains the EBB—id of the proaram CSECT and the relative

address of the initial entry. which is zero (see figure 3,4),

I
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END Record Format:

Position Contents

1 ‘02’

2-4 END

5 Space

6—8 Relative entrw address

9—14 Space

15 ESD—id of the Proaram CSECT

16—80 Seace

Figure 3.4 END record Format
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E. Special Processina of Common Character—strinas

The aeneral nature in which all character—strinas are

processed bw the XPL version IV strina compaction routine XPLPACK

and the Processing of null character—strings reeuires that each

common character—strins area to be created as a separate Linkaae

Editor CSECT. Therefore, each common character—string, either a

arraw or sinale character—string, must have its ours set of ESD,

TXT. RLD, and END records.

The ESD record identifies the commons character—string

variable as a CSECT (SD twee) to the Linkage Editor~

The lxi records i n i t i a l i ze  the preamble and string descriptor

values. The preamble values for FREEPOINT. FREEBASE , FREELIMIT,

and the number of descriptors are created in their relative

address form. Also, all actual string descriptor locations are

initialized to zero to indicate that thew are null string

descriptors.

RLD records are created to relocate the ereamble addresses as

reauired bw the XPLPACK procedure.

The END record terminates the set and Performs flO other

function.

_______ • -
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IV. Summarw of Modifications to the Version III XPL Swstem

The previous chaeters have attempted to explain the two maJor

chanaes to the version I I I  XPL compiler aenerator system. The

caeabilitw of external program modules and common data variables

was discussed in chacter II, and the creation of the records

necessary to eroduce a linkaae editable object deck was outlined

in chaeter III. The ~ur~ose of this chacter is to review the

additional modifications to the version III XPL swstem .

A. Reaister Assianment

Figure 4.1 compares the reaister assignment conventions used

bw both the version III and version IV XCOM compilers.

The version IV convention is used in an attemet to brina the

XPL swstem into closer unitw with the IBM convention of using

reaister 15 as the entrw point reaister. reaister 14 as the return

reaister, and reaister 13 as the save area register (3].

The reaister convention which makes version IV still

• different from the accepted IBM convention is noted bw XCCM’s use

of register 0 as the parameter address register versus the IBM

standard of register 1. Also . XCOM continues to use register 3 as

the function value return reaister, unlike IBM. However, XCOM

has implemented , in version IV, the IBM policw of returnina the

‘return code’ to the oeeratina swstem in reaister 15.

~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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REGISTER USAGE

VERSION III VERSION IV

0 Scratch Scratch

1—3 Accumulators Accumulators

4—11 Data Base Data Base

12 Return Proaram Base

13 String Base Strina Base and
Save Area

14 Proaram Base Return

15 Submonitor Proaram Linkage
entrw eoint

Figure 4,1 Register Assignment Comparison

1
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Since both XCOM version III and IV eass earameters ‘bw value’

and not ‘by address’. it is felt the use of register 0 as the

earameter add ress reaister is acceetable and will allow future

chanaes to the XCOM compiler to use reaister 1 for addresses,

therebw ensurina downward and lateral comeatibilitw .

B. Callina and Linkaae Conventions

The version III XCOM compiler, bw not providing the facilitw

for external program modules, does not ret~uire the comelicated

linkaae technieue reeuired in the version IV compiler.

The callina convention, exceet for external program modules,

is basically the same between both versions. However, the linkage

convention between EXTERNAL and PUBLIC modules is comeletelw new.

Each definition of an EXTERNAL module reouires a

correseondina definition of an entrw defined as PUBLIC with an

identical name (4]. The linkaae between the entries follows the

IBM callina convention verw closelw, The calling module (defined

as EXTERNAL ) must provide an 18 word linkaae save area with

reaister 13 containina the address of this area. When the

external module (defined as PUBLIC) is invoked, the callers

reaisters are saved in the save area, and its own reaisters are

loaded from the ‘static’ data area as part of the entrw

initialization (5]. Prior to returnina to the callina module. all

of the caller ’s reiisters are restored .

— _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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C. Accessina Common data

The technieue for definina and referencing data variables

which eossess the attribute COMMON was discussed in detail in

Chaster II. However , since this capabilitw is a maior enhancement

in the version IV XPL compiler , the method deserves summarw here ,

All common data variables are contained w ithin their own

control section (CSECT). If the variable is not a

character—string , the Linkage Editor will provide the storaae for

the variable , via Processina of the COMMON (CM ) ESD entries , and

if a character—strin a is declared with the attribute COMMON , XCOM

will aenerate a ereinitialized CSECT for the variable. The

address of the external CSECT will be relocated into the data

CSECT and referenced bw the swmbol table variables SYBASE and

SYDISP. The accessina of a common data item reouires two RX—typ e

load or store instructions the first to load the absolute address

of the variable into a scratch register , and the second to eerfo rm

the operations of load or store .

One caution must be made concernina common data variables

declared as numeric (BIT and FIXED), and that is anw numeric

common variable declared will be uninitialized at Proaram

execution . This is verw important , because XCOM will

~reinitialize all internal data variab les to binarw zero at

compilation , The Linkaae Editor will not provide this service ,

and users should be warw of initial va lues in a area dec lared

COMMON.

Ii
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0. Character—strina Allocation, Manipulation, and Compaction

The methods emelowed to allocate. modifw. and comeress

character—strinas , both internal and common have been redesianed

sianificantlw in the version IV XCOII compiler. This section will

identifw each of the chanaes in detail.

Character—strina Allocation

The allocation policw of the version IV XPL compiler attemets

to provide each character-string CSECT with sufficient free string

area to both conserve main computer storage and ensure that

unnecessary strina comeaction will not occur.

There are two bases for strina allocation : If the

character—strina beina defined is cart of the main eroaram seament

(not common). the free string area will be alloted 192 bwtes for

each strina declared , If the character—string is defined as

COMMON, on the other hand. the free string area will receive 128

bwtes of memorw for each occurrence of the string,

The reason for this allocation colicw is that all

character—strina manipulation , which reQuires intermediate results

(e.g. concatir,ation). will be performed using strina space in the

main Proaram seament. Therefore. the possibilitw of time

consuming strina compaction is areater within the string area

alloted to the main seament . Also, the allocating of a laraer

area in the main seament will reduce compaction time because the

collection of unused strina scace will be performed usina a ‘minor

collection’ (eartial) alaorithm rather than the alternative ‘maJor

collection’ (complete strina reoraanization) algorithm.

- — 
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Character—strina Maniplation

The major difference between the version III and version IV

XCOM compilers. in the area of strina manipulation, concerns the

method of strina assignment,

The techniaue implemented in version III is to assign strina

descriptors to variables and allow sharing of the data in the

strina free space. This method is verw efficient durina the

execution of the XPL Proaram ( 4 bwtes of core are maniculated

versus the actual number of bwtes in the string). However, the

sharina of a sinale strina space does cause one verw serious

problem to the uninitiated user of the XPL compiler. This is the

string assianment anomaiw first mentioned in the introduction to

this report.

The strina assianment and modification croblem is described.

by example, in fiaure 4.2. As wou can see. four variables were

affected when the user modified on bwte in the string ‘B’. The

real problem is when eroaram logic is desianed expecting the

variables •A’ , ‘C’. and ‘0’ to contain the string as it acceared

at the time of the assianment. It is possible to spend

considerable time attemetina to determine whw the program is not

functioning eroeerlw when the data is thouaht to be correct.

The anomaiw has been corrected in the cresent version of the

XPL comeiler by forcina a string—move into a separate area of the

free string seace for each variable which receives a strina

descriptor, except for the OUTPUT eseudo—variable. Therfore, the

assianment cerformed in the fiaure 4.2 examele would cause three

- - . -— - • -—---— - -  - - - j--  
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Contents of the descriptors and associated strina area
before modification

Variable Descrietor Contents

A ‘00000000’ Null

B ‘05010EA4’ ABCDEF

C ‘00000000 ’ Null

ii ‘OAOlOEBO’ 12345*ABCDE

XPL statements which modify the strinas

A,B,C = iii

• BTYE(B,5) = ‘

Contents of the descriptors and associated string area
after the modification:

• A ll Descriptors ‘OAOlOEBO ’

Strina Contents = 12345 ABCDE

Fiaure 4.2 Character—string Anomaiw
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identical copies of the strins to be aenerated, one for each

variable on the left of the assianment operator.

The strina move problem was not the onlw reason for creatina

unioue copies of strinas. Assianina strinas to and from common

character—strina areas also reouires special string movement .

This is done so all strina descriptors will reference addresses

• within its associated free strina space. The string compaction

routine, XPLPACK , also reauires that all descriptors address an

area between the values contained in the string preamble variables

FREEBASE and FREELIMIT.

Since strina movement during compaction is done using the

addresses contained in the descriptors, if the address was not

within the areas stated. unreliable and ~robablw disastrous

results would occur. Therefore . to ensure cro~er function of this

procedure, all assianments to op from a common character—strina.

alona with character—strinas referenced as carameters to or from

external modules are copied to the receiving free string area and

the descr~tors are modified to reflect the address within this

area.

Character—Strina Comeaction

The enhancement in the current XPL system to allow anw number

of character—str ina areas. made it necessary to modifw the XPL

version III character—strina compaction module COMPACTIFY ’ to

beco~~ a *eneralized routine cacable of comPressina anw free

strina seace.

I I
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The critical addresses needed bw the version IV compaction

routine, XPLPACK, are contained in the descriptor arraw for each

string area defined, both common and internal . When it has been

determined that string compaction is reouired (FREEPOINT >=

FREELIMIT), The XPLPACK public procedure is called with register 0

containina the base address of the strina area reauirina

compression.

The XPLPACK routine, when activated. will load the register 0

value into register 4 prior to the string comeaction crocess.

This is performed, because the variable ‘DESCRIPTOR ’ will be

referenced to obtain the reeuired address, and is predefined in

the XCOM swmbol table with the SYBASE variable initialized to

register 4.

Durina the process of string compaction , the variables

LOWER_BOUND. FREEPOINT. FREEBASE, FREELIMIT, and NDESCRIPT will be

referenced and are eouated (using LITERALLYs) to refer to the

values in the creamble of the arraw DESCRIPTOR (see appendix A4 ) .

E. XPL Submonitor

Within the version III XPL swstem , the submonitor performed a

major function. It was responsible for allocatina and

deallocatina memorw for the XPL Proaram before and after croaram

execution$ loadina the actual XPL proaram, data. and strina areas

into memory (the Linkaae Editor was not used) provide the initial

and final interface between the XPL eroaram and the operating

swetem , alona with being the onlw interface between the XPL

eroaram and the IBM data manaaement ‘access methods’ (BSAM and

____________________________________________ — -‘~~~~j _ ~~ r _ —— —— — —
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O S A M ).  Also, the submonitor provided the linkaae between. the user

Proaram and the ‘TRACE’ facilitw .

• The submonitor was the outer shell or limitina boundarw to

the XPL proaram, even to the extent that an XPL Proaram could oniw

be executed bw invokina the submonitor via the ‘PGM=XPLSM ’

Parameter or, the JCL EXEC statement and referencing the user’s

Proaram as a data set for input to the submonitor (‘PROGRAM’).

The present submonitor has chanaed considerablw, both in

function and purpose.

The submonitor no lonaer performs the storage manaaement and

Proaram loadina roll. This is now provided bw the Linkage Editor.

The entire module has been modified to interface with the XPL

Proaram as an externallw referenced module to provide services

which cannot be eerformed bw the user croaram with anw degree of

efficiency (Input/Output).

The interface with the execution trace facilitw has been

removed, unfortunately. This was done because the TRACE routine

reauires that reaister 15 alwaws contain the address of the

submonitor’s entrw address, which can not be provided with the

version IV implementation of external modules.

I 
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V. Conclusion

A. Recommendations for Further Work

The enhancements erovided bw this croJect extend the

versatility of the XPL compiler generator system. but additional

modification should be cerformed to remove the limitations

identified in the introduction to this report. Specifically,

providing the ‘SUBSTR’ pseudo—variable as the taraet of an.

assianment, and the creation of data ‘structures’ need to be

included.

Furthermore. the following recommendations, concerning the

eresent implementation of the XCOM compiler, reouire additional

analwsis.

One limitation , in the area of common data variables, is the

restriction that anw variable declared with the attribute

‘COMMON’, maw not be initialized at compile—time . The reason is’

that all linkage editor CSECTs are created at the end of the

compilation, and the initialization of common variables would

reouire a seParate CSECT (as is done with common

character—strinas). Therefore, a croblem arises as to the storaae

of initial values until the CSECTS are generated~ Saving these

values in memorw is out of the euestion, and storina the values in

a work file (FILE2 or FILE3) would present considerable difficulty

durina creation of the TXT record for the data and strina CSECTS

bw attemetina to ‘sort out’ which area within the files belong to

which CSECT.
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A reasonable solution would be to modify the XPL submonitor

to accept another work file (FILE4), which would contain the

in i t ia l  values. Also. additional crocedures (similar to the

strina file handlina crocedures ‘EMITCHAR ’ and ‘GETSTRINGS ’) would

be needed within XCOM . If this techniQue were implemented. the

relative lower and upper bounds of the initial values in the work

file could be contained in the swmbol table. Another alternative

maw be to create the initial value CSECTs during the comeilation

process. This solution would alleviate the ‘FILE4 ’ reQuirement .

However, careful modification of the XCOM crocedure ‘SETINIT’ and

additional crocedures to create the different twces of common

CSECTs would be reouired (i.e. BIT(8). BIT(16), FIXED , CHARACTER),

Another area which deserves attention. is within the

crocedure ‘PUNCH ...TXT’. where the data is moved from the work arrow

‘CODE’ to the arrow ‘BINARY’.

The cresent technious moves one bwte for each iteration of a

DO—loop , Within the 1oo~ are two IF statements which are

tested at each iteration. This is rather inefficient.

A more efficient techniouc, would be to create a

character—strina descrictor addressina the arrow CODE. which

contains the data to be moved. It would then be possible to use

the ‘SUBSTR’ function to move the maximum number of bwtes

allowable ( 56 bwtes ) into the TXT record area in BINRCD, which

is alreadw defined as a character—strina throuah declaration,

One should be cautioned, however, that the maximum size of a

character—string is 256 bytes and the size of the arrow CODE is

~1~ • • •
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~resentlw 3600 bytes. The address within the descriptor pointina

to the CODE arraw would reouire modification for each 256 bwtes

moved from this area.

Since the ‘TRACE’ facility has been lost in the version IV

implementation, a viable reclacement should be offered. A

suaaestion is to incorporate, into the XPL submonitor, the

capabilitw to take a ‘SNAP’ dume during the execution of the XPL

program. alona with includina the reouired interface within the

analwsis procedures of XCOM. Then, even thouah a run—time

execution trace is not provided, a dumc of the working registers,

selected area of the program, and the status of the external data

sets maw be obtained.

The last recommendation concerns the structure of the XPL

compiler itself. The present version of XCOM should not be

referred to as the version IV compiler (~ erhacs version III 1/2),

because the compiler has not been recompiled using itself.

Therefore. it is still a product of t he version III compiler and

can not use anw of the extended facilities which the version IV

compiler produces.

The XCOM comeiler should be recompiled but, before it is. a

careful analysis should be performed to determine which procedures

are to comerise the external modules in the new structure. and

what data variables are to become common .

1-

- - —4 -- .~ . ~~~~~~~~~~~~~~~~~~~~~~ •~~f~ - • ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —
~~



• - ~~~~~~~~~~~~~~~~~ -~~-~~-~~-• ~~~—---~ - - - - • -• 

_________

42

B. Advice to the Users of the XPL Swstem

The XPL compiler aenerator swetem is a verw reliable series

of Proaram modules. With the exception of one trivial ‘bua’, the

XCOM compiler used, durina this project, to aenerate the version

IV XCOM has produced totallw error free obJect code. Hocefully.

the version IV XCON compiler will maintain this standard for

correctness. The user of either swstem should be confident that

the compiler will produce accectable object code.

The onlw other advice to the users of the XPL swstem , is to

remind them that XPL is not a programming lan~ua~e one is

~robablw accustomed to, If one is verw knowledaeable of PL/I, it

should be remembered that XPL is not PL/I. and Just because XPL

does not ‘act’ like PL/I does not mean there is a bua in the XPL

compiler. I? wou take a little time to understand what the XPL

lanauaae is attempting to accomelish. wou will benefit in two

waws First, wou will learn another implementation of a

~roarammina lanauaae and, the task of creating ‘wour ’ compiler

will be a more pleasurable and rewardina experience. 
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XPLXC - XCOM COMPILE PROCEDURE Al—i

//XPLXC PROC C— 140
//XPL EXEC PGM=XPLSM,REGION—$C.K
//STEPLIB DO DSN=SYS3.LINKLIB3,DISP~SI4R
//SYSPRINT DO SYSOUT=A
//PROGRAM DO DSN=SYS1 .XCOPi.UNIT—SYSDA,VOL—SER=PCIILIB,

• 1/ DISP=SHR
//FILE1 DO UNIT=SYSDA,SPACEX (TRK, (40,lO).RLSE )
//FILE2 DO UNIT= (SYSDA.SEPi(FILE1)),
// SPACE=(TRK,(40,lO),RLSE)
//FILE3 DO UNIT=SYSDA,SPACEZ(TRK,(40,10) ,RLSE)
//SYSPUNCH DD DSN=*$LOADSET’ DISP= (MOD,PASS).
// SPACE= (800. (200,100)) ,DCB= (RECFMaFB,LRECL~8O .BLKSIZE 800),
II UNIT=(SYSDA.SEP= (FILEI.FILE2))
//SYSIN DO DDNAME-SOURCE
1/ PEND

t



7
XPLXCL — XCOM COMPILE AND LINK PROCEDURE A2—1

//XPLXCL PROC C=140,L—96
• //XPL EXEC POM=XPLSM.REGION=tC.K

//STEPLIB DO DSN=SYS3 .LINKLIB3 • DISP~SHR
//SYSPRDIT DO SYSOUT=A
I/PROGRAM DO DSN=SYS1 .XCOM,UNIT=SYSDA, VOL=SER=PGMLIB.
1/ DISP SHR
//FILE1 DO UNIT~SYSDA.SPACE= (TRK. (40.2.0) ,RLSE)
//FILE2 DD UNIT~ (SYSDA ,SEP~ (FILE1)),

• // SPACE=(TRK,(40.10).RLSE)
//FILE3 DD UNIT~SYSDA,SPACE=( IRK, (40,10) ,RLSE)//SYSPUNCH DO DSN=IILOADSET .DISP~ (MOD.PASS),/1 SPACE=(800, (200.100 )) .DCB= ( RECFM=FB,LRECL=8O ,BLK8IZE=800).
// UNIT= (SYSDA,SEP=(FILEI.FILE2))
//SYSIN DO DDNAME=SOURCE
//LKED EXEC PGM=IEWL.PARM= ’LIST,LET ’ ,REGION~&L.K,/1 COND= (0.NE.XPL)
//SYSPRINT DO SYSOUT=A
//SYSLIN DO DSN=$$LOADSET,DISP~ (OLD .DELETE)II DO DDNAME=OBJECT
//SYSLMOD DO DSN=$&GOSET (GO) ,UNIT=SYSDA ,SPACE= (1024, (50,20,1)).
II DISP=(MOD,PASS)
//SYSLIB DO OSN=SYS1 • XPLLIB,DISP=SHR .UNIT=SYSDA , VOL=SER=PGMLIB
//SYSUTI DO DSN=$SYSUTI ,UNIT=(SYSDA ,SEP=(SYSLIN,SYSLMOD)),
II SPACE=(1024,(50,20))
1/ PEND

H

- — —
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XPLXCLG — XCOM COMPILE. LINK AND GO PROCEDURE A3— 1

//XPLXCLG PROC C=140,L=96,G—64
//XPL EXEC PGN=XPLSM ,REGION=$C.K
//STEPLIB DO DSN=SYS3 .LINKLIB3 ,OISP=SHR
//SYSPRINT DO SYSOUT—A
//PROGRAM DO DSN=SYS1 , XCOM.UNIT~SYSDA,VOL~SER=PGMLIB,II DISP=SHR
//F ILE1 DO UNIT=SYSDA ,SPACE=(TRK, (40.10) ,RLSE)
//FILE2 DO UNIT= (SYSDA,SEP=(FILE1)).
/1 SPACE=(TRK,(40,10),RLSE)

• //FILE3 DO UNIT~SYSDA.SPACE=(TRK , (40,10) ,RLSE)• //SYSPUNCH DO DSN=$$LOADSET ,DISP= (MOD,PASS),
// SPACE= (800 p (200.100 )) ,DCB= (RECFM=FB, LRECL=80,BLKSIZE=800),

• // UNIT= (SYSDA.SEP= (FILE1,FILE2))
//SYSIN DO DDNAME=SOURCE
//LKED EXEC PGM=IEWL.PARM= ’LIST,LET’,REGION=&L.K,
II COND=(0,NE,XPL)
//SYSPRINT DO SYSOUT A
//SYSLIN DO DSN=t$LOADSET • DISP~( OLD. DELETE)

• /1 DO DONAME=OBJECT
//SYSLMOD OD DSN=&$GOSET(OO),UNIT=SYSDA.SPACE= (1024, (50,20,1)),

• II DISP~ (MOD,PASS)//SYSLIB DO DSN=SYS1 .XPLLIB,DlSP=SHR,UNIT~wSYSDA,VOL=SER=POMLIB
//SYSUT1 DO DSN=$SYSUT1 ,UNIT= (SYSDA .SEP=(SYSLIN.SYSLMOD)).
// SPACE=(1024,(50.20))
//GO EXEC PGM=*.LKED.SYSLMOD,COND=( (0,NE,XPL ) , (4.LT.LKED)).
II REGION=*G.K
//SYSPRINT DO SYSOUT~A// PEND

! I
— - - 

I - - - -
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XPLPACK - XPL VERSION IV COMPACTIFY A4—1

PUBLIC: XPLPACK
PROCEDURE• 
DECLARE (I, J, K, L, ND. TC, BC, DELTA) FIXED I
DECLARE DX_SIZE LITERALLY ‘500’, DX(DX_SIZE) 511(16)1

• DECLARE MASK FIXED INITIAL (‘FFFFFF’), TRIED BIT(l)
1* SET UP VARIABLE NAMES TO LINK WITh THE REPRESENTATIVE VALUES

IN THE PARTICULAR STRING’S PROLOGUE WHICH IS BEING PACKED *1
DECLARE LOWER_BOUND LITERALLY ‘DESCRIPTOR (0)’I
DECLARE FREEPOINT LITERALLY ‘DESCRIPTOR (1)’;
DECLARE FREEBASE LITERALLY ‘DESCRIPTOR(2)’ 1
DECLARE FREELIMIT LITERALLY ‘DESCRIPTOR (3) ‘I
DECLARE P4DESCRIPT LITERALLY ‘DESCRIPTOR(4) ‘I

1* NOW SET THE BASE OF THE ARRAY DESCRIPTOR WITH THE STRING BASE
VALUE FROM REG 0 INTO REG 4 C SEE SYMBOL TABLE ‘DESCRIPTOR ’ ) */

CALL INLINEC’l8’.4,0)i /*LOAD R4 FROM RO *1

/* SET THE LOWER BOUND OF THE COLLECTABLE AREA * ?

IF LOWER...BOUND = 0 THEN LOWER_BOUND FREEBASE;
DO TRIED = 0 TO l
ND = —11
/* FIND THE COLLECTABLE DESCRIPTORS *1
DO I = 5 TO NDESCRIPT—1

IF (DESCRIPTOR (I) $ MASK) >= LOWER_BOUND THEN
DO;

ND — ND + 11
IF ND > DX SIZE THEN

001 1* WE HAVE TOO MANY POTENTIALLY COLLECTABLE STRINGS */
OUTPUT = ‘* * * NOTICE FROM xPLPAcK: DISASTROUS STRING OVE

RFLOW. JOB ABANDONED. * * *11

CALL EXIT;
END

DX(ND) = Ii
ENO

END
/* SORT IN ASCENDING ORDER *1
K. L = ND
DO WHILE K <= LI

L = — 2 1
D O I — 1TO K;

L = I — 11
IF (DESCRIPTOR (DX (L)) $ MASK) > (DESCRIPTOR (DX(I)) & MASK) THEN

DO;
J = DX (L) DXCI) = DX(I) DXCI) = J
K — U

ENO
END

ENDI
1* MOVE THE ACTIVE STRINGS DOWN */
FREEPOINT - LOWER_BOUND I
TC, DELTA = 01
BC — 11 1* SETUP INITIAL CONDITION *1
D O I — O T O NDI

J DESCRIPTOR(DX(I))I
IF (J $ MASK) — 1 > IC THEN

• - 
.
- . I . 

-
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001
IF DELTA > 0 THEN

DO K = BC TO TC
COREBYTE (K—DELTA) = COREBYTE(K)

END
FREEPOINT = FREEPOINT + IC — BC + 11
B C = J $ M A 8 K I
DELTA = BC — FREEPOINT

END
DESCRIPTOR CDXCI)) = J — DELTA
L = (J $ MASK ) + SHR(J, 24)1
IF TC L THEN TC = U

END
DO K = B C TO TC

COREBYTE (K—DELTA ) = COREBYTECK)
END
FREEPOINT = FREEPOINT + TC — BC + fl
IF SHL (FREELIMIT—FREEPOINT. 4) < FREELIMIT-FREEBASE THEN

LOWER....BOUND = FREEBASE
ELSE

DOl
LOWER_BOUND = FREEPOINT
RETURN I

ENDI
1* THE HOPE IS THAT WE WON’T HAVE TO COLLECT ALL STRINGS EVERY TIME */
END 1 1* OF THE DO TRIED LOOP *1
IF FREELIMIT—FREEPOINT < 256 THEN

DOI
OUTPUT = ‘* * * NOTICE FROM XPLPACK: INSUFFICIENT STRING SPAC

E JOB ABANDONED. * * *‘
CALL EXIT; 1* FORCE ABEND */

ENDI

END XPLPACK
EOF

1~i

h1. _
~~~~~
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XPLMON — XPL VERSION IV SUBMONITOR AS—i

XMON TITLE ‘XPLSM SUBMONITOR FOR THE XPL COMPILER SYSTEM’
SPACE 2

* ** ** ** XPLMON SUBMONITOR FOR THE XPL COMPILER GENERATOR SYSTEM *
*
* MODIFIED FOR VERSION IV OF THE XPL COMPILER ‘XCOM ’
*

* ** ** DAVID B. WORTMAN *
* STANFORD UNIVERSITY *
* MARCH 1969 *

* ** *
EJECT
SPACE 1

* ** ** ** DEFINE PARAMETRIC CONSTANTS FOR XPLSM *

* ** *
SPACE i
OBLA &INPUTS NUMBER OF iNPUT FILES
GBLA &OUTPUTS NUMBER OF OUTPUT FILES
GBLA &FILES NUMBER OF DIRECT ACCESS FILES
LCLA $1 VARIABLE FOR ITERATION LOOPS
SPACE 5

ZOPACK CSECT
SPACE 2

ZINPUTS SETA 3 INPUT(I). I = 0,1.2.3
SPACE 1

&OUTPUTS SETA 3 OUTPUT(I). I = 0,1,2.3
SPACE 1

$FILES SETA 3 FILE(I.*), I = 1,2,3
SPACE I —

* ** ** FILEBYTS DETERMINES THE BLOCKSIZE FOR DIRECT ACCESS FILE *
* I/O. IT SHOULD BE EQUAL TO THE VALUE OF THE LITERAL *
* CONSTANT ‘DISKBYTES ’ IN THE XCOM COMPILER FOR COMPILATION *
* TO WORK SUCCESSFULLY. THE VALUE OF FILEBYTS WHICH IS *
* ASSEMBLED IN MAY BE OVERIDDEN BY THE ‘FILE=NNNN ’ PARAMETER *
* ON THE OS/360 EXEC CARD. *

* ** ** ** DEVICE ALLOWABLE RANGE SUGGESTED VALUE *

- .
~~~~~ __ •_~~~ 4__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ----~~

--
~~~---
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* ** 2311 80 <= FILEBYTS <= 3624 3600 *
*

* 2314 80 <= FILEBYTS <= 7294 7200 ** *
- * 2321 80 <= FILEBYTS <= 2000 2000 *

* ** ** LARGER VALUES HAY BE USED FOR FILEBYTS IF THE SUBMONITOR *
* IS REASSEMBLED WITH RECFM=FT SPECIFIED IN THE DCBS FOR *
* THE DIRECT ACCESS FILES. *

* ** *
SPACE 2

FILEBYTS EQU 3600 2311 DISKS
SPACE 2

* ** *
* BLKSIZE DEFAULT FOR SOME INPUT AND OUTPUT FILES. SEE THE *
* EXIT LIST HANDLING ROUTINE GENXT. SHOULD BE THE LARGEST *
* MULTIPLE OF 80 THAT IS LESS THAN OR EQUAL TO FILEBYTS *
* *

SPACE 2
IOFBYTS EQI? 80*CFILEBYTS/80)

SPACE 2

* ** ** DEFINE THE REGISTERS USED TO PASS PARAMETERS TO THE *
* SUBMONITOR FROM THE XPL PROGRAM *

* ** *
SPACE 2

SVCODE EQU 1 CODE INDICATING SERVICE REQUESTED
SPACE 1

PARM1 EQU 0 FIRST PARAMETER
SPACE 1

PARM2 EQU 2 SECOND PARAMETER
SPACE 2

* ** ** DEFINE THE SERVICE CODES USED BY THE XPL PROGRAM TO *
* INDICATE SERVICE REQUESTS TO THE SUBMONITOR *
$ *
* *

SPACE 3
GETC EQU 4 SEQUENTIAL INPUT

SPACE 1
PUTC EQU 8 SEQUENTIAL OUTPUT

SPACE 1
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XPLMON — XPL VERSION IV SUBMONITOR A5—3

TRC EQU 12 INITIATE TRACING
SPACE 1

UNTR EQU 16 TERMINATE TRACING
SPACE 1

EXDMP EQU 20 FORCE A CORE DUMP
SPACE 1

GTIME EQU 24 RETURN TIME AND DATE
SPACE 1

RSVD1 EQU 28 (UNUSED) -

SPACE 1
RSVD2 EQU 32 CLOCK_TRAP (NOP IN XPLSM)

SPACE 1
RSVD3 EQU 36 INTERRUPT_TRAP (NOP IN XPLSM)

SPACE 1
RSVD4 EQU 40 MONITOR (NOP IN XPLSM)

SPACE 1
RSVD5 EQU 44 (UNUSED)

SPACE 1
RSVD6 EQU 48 (UNUSED)

SPACE I
SPACE 2

****************************************** ****************************** ** GENERATE THE SERVICE CODES FOR DIRECT ACCESS FILE I/O *
* BASED ON THE NUMBER OF FILES AVAILABLE C&FILES) *

* *
SPACE 2

FILEORG EQU RSVD6+4 ORIGIN FOR THE FiLE SERVICE CODES
SPACE 1

$1 SETA 1
.SC1 AIF ($1 GT &FILES).SC2
RD&I EQU FILEORG+8*($I—1) CODE FOR READING FILE&I
WRT*I EQU FILEORG+8*(&I-1)+4 CODE FOR WRITING FILE&I
*1 SETA &I+1

AGO .SC1
.SC2 ANOP

SPACE 2
ENDSERV EQU FILEORG+R*(&I—l) 1ST UNUSED SERVICE CODE

SPACE 2

$ *
$ *
* DEFINE REGISTER USAGE *

* *
SPACE 2

RTN EQU 3 REGISTER CONTAINING COMPLETION
t * CODE RETURNED BY THE PROGRAM

SPACE 1
EBR EQU 10 BASE REGISTER USED DURING

* INITIALIZATION
SPACE 1

CBR EQU 14 LINKAGE REGISTER USED FOR CALLS
$ TO THE SUBMONITOR

SPACE 1

- ~~~~~~~~~~~~~~~~~~~~~~~~ ~- -- — --~ ~~~~~~~~~~~~ - 
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SELF EQU 15 REGISTER THAT ALWAYS CONTAINS
* THE ADDRESS OF THE SUBMONITOR
* ENTRY POINT

SPACE 1

* ** BIT CONSTANTS NEEDED FOR CONVERSING WITH 06/360 DCBS *

* *
SPACE 2

OPENBIT EQU B’00010000’ DCBOFLGS BIT INDICATING OPEN
* SUCCESSFULLY COMPLETED

SPACE 1
TAPEBITS EQU B’10000001’ BITS INDICATING A MAGNETIC TAPE

SPACE 1
KEYLBIT EQU B’OOOOOOOl’ BIT IN RECFM THAT INDICATES
* KEYLEN WAS SET EXPLICITELY ZERO

SPACE 2

* ** FLAG BITS USED TO CONTROL SUBMONITOR OPERATION *

* *
SPACE 2

ALLBITS EQU B’llllllll’ MASK
SPACE 1

TRACEBIT EQU B’10000000’ BEGIN EXECUTION OF THE PROGRAM
* IN TRACE MODE

SPACE 1
SFILLBIT EQU B’01000000’ I CHARACTER OF FILL NEEDED BY
* THE PUT ROUTINE

SPACE 1
LFILLBIT EQU B’0O100000’ LONGER FILL NEEDED BY PUT ROUTINE

SPACE 1
DUMPBIT EQU B’0000l000’ GIVE A CORE DUMP FOR I/O ERRORS

SPACE 2

* ** ** DEFINE ABEND CODES ISSUED BY THE SUBMONITOR *

* *
SPACE 2

• OPENABE EQU 100 UNABLE TO OPEN ONE OF THE FILES
* PROGRAM. SYSIN, OR SYSPRINT

SPACE 1
PGMEOD EQU 200 UNEXPECTED END OF FILE WHILE
* READING IN THE XPL PROGRAM

SPACE 1
PGMERR EQU 300 SYNAD ERROR WHILE READING IN
* THE XPL PROGRAM

SPACE 1
COREABE EQU 400 XPL PROGRAM WON’T FIT IN
* THE AMOUNT OF MEMORY AVAILABLE

SPACE 1
CODEABE EQU 500 INVALID SERVICE CODE FROM THE

• • - - ___ - __•iz~
-•__ • _ .•_ — 
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* XPL PROGRAM
SPACE 1

OUTSYND EQU 800 SYNAD ERROR ON OUTPUT FILE
SPACE 1

PFABE EQU 900 INVALID OUTPUT FILE SPECIFIED
SPACE 1

INSYND EQU 1000 SYNAD ERROR ON INPUT FILE
SPACE 1

INEODAB EQU 1200 END OF FILE ERROR ON INPUT FILE
SPACE 1

GFABE EQU 1400 INVALID INPUT FILE SPECIFIED
SPACE 1

• FLSYPJD EQU 2000 SYNAD ERROR ON DIRECT ACCESS FILE
SPACE 1

FLEOD EQU 2200 END OF FILE ERROR ON DIRECT
* ACCESS FILE

SPACE 1
USERABE EQU 4000 XPL PROGRAM CALLED EXIT TO
* FORCE A CORE DUMP

EJECT
SPACE 5

* ** ** *
* SUBMONITOR INITIALIZATION *

* ** ** *** ** ***** ******* ************** ** *********** * *** * ***** * ** **** ******** *SPACE 3
ENTRY XPLMON WHERE OS ENTERS THE SUBMONITOR
SPACE 2
DS OF
USING *,15
SPACE 1

XPLMON SAVE (14,12),T,* SAVE ALL REGISTERS
ST 13,SAVE+4 SAVE RETURN POINTER
LA 15,SAVE ADDRESS OF SUBMONITOR’S OS SAVE AREA
ST 15,8(0,13)
LR 13,15
USING SAVE,13
MVI FLAGS,S’OOOOOOOO ’ RESET ALL FLAGS
B ENTRY PROCESS REQUEST

* ** ** *
* CONSTANTS USED DURING INITIALIZATION *

* ** *
SPACE 2

SAVE DS 1SF SAVE AREA FOR OS/360
ACORE DS A ADDRESS OF CORE FOR THE PROGRAM
CORESIZE DS F SIZE OF CORE IN BYTES
CONTROL OS A ADDRESS OF PARAIIETE’ STRING PASSED

- -—-- --—— • - •- — — - — — — — — — - - — —
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* TO THE SUBMONITOR BY 06/360
CORERE Q DS OH CORE REQUEST CONTROL BLOCK
COREMIN DC F’llOOOO ’ MINIMUM AMOUNT OF CORE REQUIRED
COREMAX DC F’SOOOOOO ’ MAXIMUM AMOUNT OF CORE REQUESTED
FREEUP DC AC2*FILEBYTS) AMOUNT OF CORE TO RETURN TO OS
ALTFREE DC A (4*FILEBYTS) AMOUNT OF CORE FREED FOR ALTER

SPACE 1

* ** BLOCK OF PARAMETERS PASSED TO THE XPL PROGRAM *

* *
SPACE 1

POMPARMS DS F RO UNUSED
CORETOP DC A (0) Ri ADDRESS OF TOP OF CORE
CODEADR DC F’O’ R2 ADDRESS OF START OF 1ST RECORD
* OF THE XPL PROGRAM
DATADR DC F’0’ R3 ADDRESS OF THE START OF THE XPL

* PROGRAM’S DATA AREA
SPACE 1

TRCM DC CL5’TRACE’
ALTRM DC CL5’ALTER ’
CMNM DC CL4’MIN= ’
CMXM DC CL4’MAX= ’
FREEM DC CL5’FREE=’
0MPH DC CL4’DUMP’
FILEM DC CLS’FILE= ’

EJECT
SPACE 5

************************************ ******************************* ***** ** *
* ROUTINES TO PROVIDE DEFAULT DATASET INFORMATION IF NONE *
* IS PROVIDED BY JCL OR VOLUME LABELS. IN PARTICULAR. *
* BLKSIZE, LRECL , BUFNO. AND RECFM INFORMATION. *

* ** ** EXIT LISTS FOR DCBS *

* *
SPACE 2
OS OF

INEXITO DC X’85’ INPUTO
DC AL3 (INXTO)
SPACE 1

OUTEXITO DC X’85’ OUTPUTO
DC AL3(OUTXTO)
SPACE 1

INEXIT2 DC X ’SS ’ INPUT2
DC AL3(INXT2 )
SPACE 1

OUTEXIT2 EQU INEXITO OUTPUT2
SPACE 2

II SETA 3
— 

.IDF1 AIF ($1 GT $INPUTS).IDF2
INEXIT$I EQU INEXIT2 INPUTII 

I 
—
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$1 SETA &I+1
AGO •IDF1

.IDF2 ANOP
SPACE 1

$1 SETA 3
.ODF1 AIF ($1 BT &OUTPUT~ ).ODF2
OUTEXIT&I EQU INEXIT2
$1 SETA $I+1

AGO .ODF1
•ODF2 ANOP

SPACE 1

* ** DCB EXIT ROUTINE ENTRY POINTS *

* *
SPACE 2

INXTO MVC DEFAULTS (6),INDFLTO
B GENXT
SPACE 1

INXT2 PIVC DEFAULTS (6),INDFLT2
B GENXT
SPACE 1

OUTXTO MVC DEFAULTS (6),OUTDFLTO
SPACE 1

* 
- 

*

* ** DCB EXIT LIST PROCESSING ROUTINE FOR OPEN EXITS *

* *
SPACE 2

GENXT OS OH
USING IHADCB.1 REGISTER 1 POINTS AT THE DCB
NC DCBBLKSI.DCBBLKSI CHECK BLKSIZE
BNZ GXT1 ALREADY SET
MVC DCBBLKSI (2) .DFLTBLKS

* PROVIDE DEFAULT BLOCKSIZE
SPACE I

GXT1 NC DCBLRECL.DCBLRECL CHECK LRECL
BNZ GXT2 ALREADY SET
MVC DCBLRECL (2).DFLTLREC

* PROVIDE DEFAULT LRECL
SPACE 1

GXT2 CLI DCBBUFNO.0 CHECK BUFNO
ONE GXT3 ALREADY SPECIFIED
MUC DCBBUFNO (l).DFLTBUFN

* PROVIDE DEFAULT BUFNO
SPACE 1

GXT3 TM DCBRECFM,ALLBITS—KEYLBIT

* CHECK RECFM
BCR B’011I’,14 ALREADY SET SO RETURN
OC DCBRECFM (1).DFLTRECF

* PROVIDE DEFAULT RECFM
BR 14 RETURN
DROP 1

L_ _ _
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-

~~~~ SPACE 2

* *
* ARRAY OF DEFAULT ATTRIBUTES USED BY GENXT *

* *
SPACE 1

DEFAULTS DS OH
DFLTBLKS OS 1H DEFAULT BLKSIZE
DFLTLREC DS 1H DEFAULT LRECL
DFLTBUFN DS ALl DEFAULT BUFNO
DFLTRECF OS 1BL1 DEFAULT RECFM

SPACE 1

* *
* DEFINE ATTRIBUTES PROVIDED FOR THE VARIOUS FILES *

* *
* INPUT (O). INPUT (1), OUTPUT (2) *

* *
SPACE I

INDFLTO DS OH
DC H’BO’ BLKSIZE=80
DC H’SO’ LRECL=8O
DC AL1C2) BUFNO=2
DC B’lOOOOOOO ’ RECFM=F
SPACE 1

* *
* OUTPUT (O). OUTPUT (1) *

* *
SPACE 1

OUTDFLTO DS OH
DC H’133’ BLKSIZE=133
DC H’133’ LRECL=133
DC AL1(2) BUFNO=2
DC B’lOOOOlOO’ RECFM=FA
SPACE 1

* ** INPUT (2), INPUT (3), OUTPUT (3) *

* *
SPACE 1

INDFLT2 OS OH
DC AL2 (IOFBYTS) BLKSIZE=IOFBYTS
DC H’BO’ LRECL=80
DC ALI(1) BUFNO=1
DC B’l0010000’ RECFM=FB
EJECT
SPACE 5

* ** ** INPUT — OUTPUT ERROR ROUTINES *

— -——---~~~~~~ - 
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* ** ** ** SYNAD AND EOD ERROR ROUTINES FOR INITIAL LOADING OF THE *
* XPL PROGRAM *

* ** *
SPACE 2

EODPGM STM 0.2~ABEREGS SAVE REGISTERS
LA 1,PGMEOD UNEXPECTED EOD WHILE READING IN

* THE XPL PROGRAM
B ABEND GO TO ABEND ROUTINE
SPACE 2

ERRPGM 9TH O.2.ABEREGS SAVE REGISTERS
LA l,PGMERR SYNAD ERROR WHILE READING IN THE

* XPL PROGRAM
B ABEND GO TO ABEND ROUTINE

• SPACE 2

* ** ** SYNAD AND EOD ROUTINES FOR INPUT (I), I = 0.1, ... .*INPUTS *

* *
SPACE 2

INEOD L 2,SAVREO+PARM2*4 PICK UP SUBCODE SPECIFYING WHICH

* INPUT FILE
SLL. 2.2 SUBCODE*4
L 2,GETDCBS(2) FETCH DCB ADDRESS
USING IHADCB.2
ST 2,OCDCB STORE IT FOR THE CLOSE SVC
MVI OCDCB.X’80’ FLAG END OF PARAMETER LIST
CLOSE ,MF CE,OCDCB) CLOSE THE OFFENDING FILE
SPACE 1

PCLOSE OS OH
• XC DCBDDNAM ,DCBDDNAM MARK THE FILE PERMANENTLY UNUSABLE

DROP 2
B RETNEOF GO RETURN AN END OF FILE INDICATION
SPACE 2

INSYNAD 5TH O,2.ABEREGS SAVE REGISTERS
LA 1,INSYND SYNAD ERROR ON AN INPUT FILE
B INERR BRANCH TO ERROR ROUTINE
SPACE 1

INEOD2 LA 1,INEODAB EOD ON AN INPUT FILE

* ATTEMPT TO READ AFTER AN EOD SIGNAL
INERR A l,SAVREO+PARM2*4 SUOCODE INDICATING WHICH INPUT FILE

B ABEND BRANCH TO ABEND ROUTINE
SPACE 2

$ *

* ** SYNAD ERROR ROUTINES FOR OUTPUT FILES *

* *

~~~~~~ r —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SPACE 2
OUTSYNAD STM 0,2,ABEREGS SAVE REGISTERS

LA l.OUTSYND SYNAD ERROR ON OUTPUT FILE
B INERR
SPACE 2

* ** SYNAD AND EOD ROUTINES FOR DIRECT ACCESS FILE I/O *

* *
SPACE 2

FILESYND SiN O,2.ABEREGS SAVE REGISTERS
LA 1.FLSYND SYNAD ERROR ON DIRECT ACCESS FILE
B FILERR GO TO ERROR ROUTINE
SPACE 1

FILEEOD STM O,2.ABEREGS SAVE REGISTERS
LA l.FLEOD EOD ERROR O~ DIRECT ACCESS FILE
SPACE 1

FILERR L 2.SAVREG+SVCODE*4 SERVICE CODE
LA O.RDI—8 COMPUTE WHICH DIRECT ACCESS FILE
SR 2,0 SERVICE_CODE — 1ST SERVICE CODE
SRL 2,3 DIVIDE BY 8
AR 1,2

* FALL THROUGH TO ABEND ROUTINE
SPACE 2

* ** ** ABEND ROUTINE FOR ALL I/O ERRORS *

* ** *
SPACE 2

ABEND OS OH
ST 1.ABESAVE SAVE ABEND CODE
SPACE 1
CLOSE (INPUTO,,OUTPUTO ) THESE MUST BE CLOSED FIRST
CLOSE .MF=(E.GETDCBS ) ATTEMPT TO CLOSE ALL FILES
SPACE 1
L l.ABESAVE
TN FLAGS.DUNPBIT 1$ A CORE DUMP DESIRED ?
BZ NODUMP NO. ABEND QUIETLY
SPACE 1
ABEND (1).DUMP ABEND WITH A DUMP
SPACE 1

NODUMP OS OH
ABEND (1) ABEND WITHOUT A DUMP
SPACE 2

* ** ** ROUTINE TO FORCE AN ABEND DUMP WHEN REQUESTED BY THE *
• * XPL PROGRAM BY MEANS OF THE STATEMENT *

$ *
* CALL EXIT I *

* *

— -•~~ 
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* *
SPACE 2

USEREXIT DS OH
Sill O,2,ABEREGS SAVE REGISTERS
01 FLAGS.DUMPBIT FORCE A DUMP
LA 1,USERABE USER ABEND CODE
B ABEND BRANCH TO ABEND
E JECT
SPACE 5

* ** ** DISPATCHER FOR ALL SERVICE REQUESTS FROM THE XPL PROGRAM *

* ** *
SPACE 2

ENTRY OS OH XPL PROGRAMS ENTER HERE
STM O,3,SAVREG SAVE REGISTERS USED BY XPLSM
SPACE 1
LTR SVCODE.SVCODE CHECK THE SERVICE CODE FOR VALIDITY
BNP BADCODE SERVICE CODE MUST BE > 0
C SVCODE,MAXCODE AND < ENDSERV
BH BADCODE GO ABEND
SPACE 1

TABLE B TABLE(SVCODE ) GO DO THE SERVICE
SPACE 1
ORG TABLE+GETC
B GET READ INPUT FILE
SPACE 1
ORG TABLE+PUTC
B PUT WRITE OUTPUT FILE
SPACE 1
ORG TABLE+TRC
B EXIT INITIATE TRACING OF THE PROGRAM
SPACE 1
ORG TABLE+UNTR
B EXIT TERMINATE TRACING
SPACE 1
ORG TABLE+EXDMP
B USEREXIT TERMINATE WITH A CORE DUMP
SPACE 1
ORG TABLE+GTIME
B GETIME RETURN TIME AND DATE
SPACE 1
ORG TABLE+RSVD1
B EXIT (UNUSED)
SPACE 1
ORG TABLE+RSVD2
B EXIT CLOCK_TRAP (NOP)
SPACE 1
ORG TABLE+RSVD3
B EXIT INTERRUPT_TRAP (NOP )
SPACE 1
ORG TABLE+RSVD4

L -
- - • •
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B EXIT MONITOR (NOP)
SPACE 1
ORG TABLE+RSVD5
B EXIT (UNUSED)
SPACE 1
ORG TABLE+RSVD6
B EXIT (UNUSED)
SPACE 2

* ** ** DYNAMICALLY GENERATE THE DISPATCHING TABLE ENTRIES FOR *
* FILE I/O SERVICES. *

* ** *
SPACE 2

$1 SETA 1 LOOP INDEX
.DBR1 AIF ($1 61 &FILES).DBR2
* FINISHED ?

ORG TABLE+RD$I
B READ BRANCH TO FILE READ ROUTINE
ORG TABLE+WRT&I
B WRITE BRANCH TO FILE WRITE ROUTINE

$1 SETA *1+1 INCREMENT COUNTER
AGO .DBR1 LOOP BACK

.DBR2 ANOP
SPACE 2
ORG TABLE+ENDSERV RESET PROGRAM COUNTER
SPACE 2

* ** ** COMMON EXIT ROUTINE FOR RETURN TO THE XPL PROGRAM *

* ** *
SPACE 2

EXIT OS OH
LII 0r3,SAVREG RESTORE REGISTERS
L 13,SAVE+4
STM 0,3,20(13) STORE INTO USER AREA
RETURN (14.12) RETURN TO CALLER
SPACE 2

* ** ROUTINE TO ABEND IN CASE OF BAD SERVICE CODES *

* *
SPACE 2

BADCODE STM 0,2,ABEREGS SAVE REGISTERS
LA 1,CODEABE BAD SERVICE CODE ABEND
B ABEND GO ABEND
EJECT
SPACE 5
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* ** ** INPUT ROUTINE FOR READING SEQUENTIAL INPUT FILES *

* ** ** INPUT TO THIS ROUTINE I9 *

* ** PARM1 ADDRESS OF THE NEXT AVAILABLE SPACE IN THE PROGRAMS *
* DYNAMIC STRING AREA (FREEPOINT ) *

- * ** SVCODE THE SERVICE CODE FOR INPUT *

* ** PARH2 A SUBCODE DENOTING WHICH INPUT FILE. *
* INPUTCI). I = 0.1. ... .&INPUTS *

* ** THE ROUTiNE RETURNS: *

* ** FARNI A STANDARD XPL STRING DESCRIPTOR POINTING AT THE INPUT *
* RECORD WHICH IS NOW AT THE TOP OF THE STRING AREA *

* ** SVCODE THE NEW VALUE FOR FREEPOINT. UPDATED BY THE LENGTH OF *
* THE RECORD JUST READ IN *

* ** ** A STANDARD XPL STRING DESCRIPTOR HAS: *

* ** BITS 0—7 (LENGTH 1) OF THE STRING *
* BITS 8—31 ABSOLUTE ADDRESS OF THE STRING *

* ** ** *
SPACE 2

GET DS OH
LA SVCODE,$INPUTS CHECK THAT THE SUBCODE IS VALID
LTR PARM2,PARM2 SUBCODE MUST BE >= 0
BM BADGET
CR PARM2,SVCOOE AND <S &INPUTS
OH BADGET ILLEGAL SUBCODE
SLL PARM2,2 SUBCODE*4
L 3,GETDCBS (PARM2) ADDRESS OF DCB FOR THE FILE
USING IHADC8,3
NC DCBDDNAM ,DCBDDNAM HAS THE FILE BEEN PERMANENTLY

* CLOSED ?
BZ INEOD2 YES. SO TERMINATE THE JOB
SPACE 1
Ill DCBOFLGS.OPENBIT IS THE FILE OPEN ?
DO GETOPEN YES
ST 3,OCDCB STORE DCB ADDRESS FOR OPEN SVC
MVI OCDCB,X’80’ FLAG END OF PARAMETER LIST
OPEN .HF— (E,OCDCB) OPEN THE FILE
LR 2,3 COPY DCB ADDRESS
TM DCBOFLGS,OPENBIT WAS THE FILE OPENED SUCCESSFULLY ?
BZ PCLOSE NO. MARK FILE PERMANENTLY CLOSED AND

* RETURN EOD INDICATION TO THE PROGRAM
SPACE 2
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GETOPEN DS OH
GET (3) LOCATE MODE GET
SPACE 1

* ** USING LOCATE MODE, THE ADDRESS OF THE NEXT INPUT BUFFER *
* IS RETURNED IN Ri *

* *
SPACE 1
L 2.SAVREGfPARN1*4 FETCH THE STRING DESCRIPTOR
LA 2,O(,2) ADDRESS PART ONLY
LH 3.DCBLRECL RECORD LENGTH
DROP 3
S 3.F1 LENGTH — 1
EX 3.GETMOVE MOVE THE CHARACTERS
Si 2,SAVREG+PARM1*4 BUILD UP A STRING DESCRIPTOR
STC 3.SAVREG+PARM1*4 LENGTH FIELD
LA 2,1(2,3) NEW FREE POINTER
ST 2,SAVREG4-SVCODE*4
B EXIT RETURN TO THE XPL PROGRAM
SPACE 2

* ** RETURN A NULL STRING DESCRIPTOR AS AN END OF FILE *
* INDICATION THE FIRST TIME AN INPUT REQUEST FIND THE *
* END OF DATA CONDITION *

* *
SPACE 2

RETNEOF DS OH
MVC SAVREG+SVCODE*4(4).SAVREO+PARM1*4

* RETURN FREEPOINT UNTOUCHED
XC SAVREG+PARM1*4 (4) ,SAVREG+PARMb*4

* RETURN A NULL STRING DESCRIPTOR
B EXIT RETURN TO THE XPL PROGRAM
SPACE 2

* ** ROUTINE TO ABEND IN CASE OF AN INVALID SUBCODE *

* *
SPACE 2

BADGET SIN O,2,ABEREGS SAVE REGISTERS
LA 1,GFABE INVALID GET SUBCODE
B INERR GO ABEND
EJECT
SPACE 5

* ** ** ** ROUTINE FOR WRITING SEQUENTIAL OUTPUT FILES *

* ** *
* INPUT TO THIS ROUTINE *

- • 5------ - -
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• * ** PARM1 XPL STRING DESCRIPTOR OF THE STRING TO BE OUTPUT *

* *• 
* PARM2 SUBCODE INDICATING OUTPUT (I). I = 0.1. ... .*OUTPUTS *

* ** SVCODE THE SERVICE CODE FOR OUTPUT *

* ** ** THE STRING NAMED BY THE DESCRIPTOR IS PLACED IN THE NEXT *
* OUTPUT BUFFER OF THE SELECTED FILE. IF THE STRING IS *
* SHORTER THAN THE RECORD LENGTH OF THE FILE THEN THE *
* REMAINDER OF THE RECORD IS PADDED WITH BLANKS. IF THE *

• * STRING IS LONGER THAN THE RECORD LENGTH OF THE FILE *
* THEN IT IS TRUNCATED ON THE RIGHT TO FIT. IF THE SUOCODE *
* SPECIFIES OUTPUT (O) THEN A SINGLE BLANK IS CONCATENATED *
* ON TO THE FRONT OF THE STRING TO SERVE AS CARRIAGE CONTROL. *

* ** *
SPACE 2

PUT OS OH
LTR PARM2.PARII2 CHECK SUOCODE FOR VALIDITY
BM BADPUT SUBCODE MUST BE > 0
LA SVCODE.*OUTPUTS
CR PARM2,SVCODE AND <= &OUTPUTS
OH BADPUT
ST PARM1,MOVEADR SAVE THE STRING DESCRIPTOR
SLL PARM2,2 SUBCODE*4
L 3,PUTDCBS(PARM2) GET THE DCB ADDRESS
USING IHADCB,3
TM DCBOFLGS.OPENBIT IS THE FILE OPEN ?

DO PUTOPEN YES, GO DO THE OUTPUT
ST 3,OCDCB STORE DCB ADDRESS FOR THE OPEN SVC
MVI OCDCB.X’8F ’ FLAG END OF PARAMETER LIST AND SET

* FLAG INDICATING OPENING FOR OUTPUT
SPACE 1
OPEN ,MF= (E,OCDCB ) OPEN THE FILE
SPACE 1
TM DCBOFLGS.OPENBIT WAS THE OPEN SUCCESSFULL ?

BZ OUTSYNAD NO, OUTPUT SYNAD ERROR
SPACE 1

PUTOPEN OS OH
PUT (3) LOCATE MODE PUT
SPACE 1

* ** USING LOCATE NODE, THE ADDRESS OF THE NEXT OUTPUT BUFFER *
* IS RETURNED IN Rb. *

* *
SPACE 1
SR 15,15 CLEAR REGISTER 15
C 15.MOVEADR IS THE STRING NULL (DESCRIPTOR = 0)
BE NULLPUT YES, SO PUT OUT A BLANK RECORD
IC 15,MOVEADR LENGTH— i OF THE STRING
LA 14.1(15) REAL LENGTH OF THE STRING

--—----5---- ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~ - -L ~~~~~~~~~~~~~~~~~~~ - 5 -~~~ -~~~~~~ -
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LH O.DCBLRECL RECORD LENGTH OF THE FILE
LTR PARM 2,PARM2 CHECK SUBCODE FOR OUTPUT (O)
BNZ PUT1 NOT OUTPUT (O)
LA 14.1(.14) INCREASE REAL LENGTH BY ONE FOR

* CARRIAGE CONTROL
PUT1 SR 0,14 RECORD LENGTH — REAL LENGTH

BM TOOLONG RECORD LENGTH < REAL LENGTH
BZ MATCH RECORD LENGTH = REAL LENGTH

* RECORD LENGTH > REAL LENGTH
01 FLAGS.SFILLBIT+LFILLBIT

* INDICATE PADDiNG REQUIRED
S O.Fi RECORD LENGTH — REAL LENGTH — 1
BP LONGMOVE RECORD LENGTH — REAL LENGTH > i
NI FLAGS.ALLBITS—LFILLBIT

* RECORD LENGTH — REAL LENGTH = 1
* IS A SPECIAL CASE
LONGMOVE ST O.FILLENG SAVE LENGTH FOR PADDING OPERATION

B MOVEIT GO MOVE THE STRING
SPACE 1

TOOLONG LH 15,DCBLRECL REPLACE THE STRING LENGTH
* WITH THE RECORD LENGTH

S 15.Fb RECORD LENGTH - 1 FOR THE MOVE
MATCH NI FLAGS ,ALLBITS -SFILLBIT—LFILLBIT
* INDICATE NO PADDING REQUIRED

• SPACE i
MOVEIT LTR PARM2.PARM2 CHECK FOR OUTPUT (O)

BZ PUTZERO OIJTPUT(O) IS A SPECIAL CASE
L 2,PIOVEADR STRING DESCRIPTOR
LA 2,O(.2) ADDRESS PART ONLY
EX i5.MVCSTRNG EXECUTE A IIVC INSTRUCTION
TM FLAGS.SFILLBIT IS PADDING REQUIRED ?

EXIT NO, RETURN TO THE XPL PROGRAM
SPACE 1
AR 1.15 ADDRESS TO START PADDING — i
MVI 1(1).C’ ‘ START THE PAD
TM FLAGS.LFILLBIT IS MORE PADDING REQUIRED ?

BZ EXIT NO, RETURN TO XPL PROGRAM
L 15,FILLENG LENGTH OF PADDING NEEDED
S i5.F1 LESS ONE FUR THE MOVE
EX 15.NVCBLANP( EXECUTE MVC TO FILL IN BLANKS
B EXIT RETURN TO THE XPL PROGRAM
SPACE 1

* ** FOR A NULL STRING OUTPUT A BLANK RECORD *

* *
SPACE 1

NULLPUT LH 15.DCBLRECL RECORD LENGTH
S i5,F2 LESS TWO FOR THE MOVES
MVI O(1).C’ ‘ INITIAL BLANK
EX 15,NVCNULL EXECUTE MVC TO FILL IN THE BLANKS
B EXIT RETURN TO THE XPL PROGRAM
SPACE 1

* *

— —5- - • - • - - ‘ S — - -  - - - - - -
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* SPECIAL HANDLING FOR OUTPUT (O) *

* *
SPACE 1

PUTZERO L 2.MOVEADR STRING DESCRIPTOR
LA 2.O(.2) ADDRESS PART ONLY
EX 15,MVCPO EXECUTE MVC TO MOVE THE STRING IN
MVI O(i).C’ ‘ PROVIDE BLANK FOR CARRIAGE CONTROL
TM FLAI3S,SFILLBIT IS PADDING REQUIRED ‘
BZ EXIT NO. RETURN TO XPL PROGRAM
AR 1,15 ADDRESS TO START PADDING - 1
MVI 2(1).C’ ‘ ONE BLANK TO START THE PAD
TN FLAGS,LFILLBIT MORE PADDING REQUIRED ?

BZ EXIT NO. RETURN TO THE XPL PROGRAM
L iS,FILLENG LENGTH OF PAD REQUIRED
S 15.F1 LESS ONE FOR THE MOVE
EX 15.MVCPOBL EXECUTE MVC TO FILL IN THE BLANKS
B EXIT RETURN TO THE XPL PROGRAM
DROP 3
SPACE 1

* ** ROUTINE TO ABEND IN CASE OF AN INVALID SERVICE CODE *

* *
SPACE 1

BADPUT SIll O,2,ABEREGS SAVE REGISTERS
LA 1,PFABE INVALID PUT SUBCODE
B INERR GO ABEND
EJECT
SPACE 5

* ** ** ** READ ROUTINE FOR DIRECT ACCESS FILE I/O *

* ** *
* INPUT TO THIS ROUTINE IS *

* *• * PARM1 CORE ADDRESS TO READ THE RECORD INTO *

* *— * SVCODE SERVICE CODE INDICATING WHICH FILE TO USE *

* ** PARM2 RELATIVE RECORD NUMBER 0.1,2.3,... *

* ** ** *
SPACE 2

READ OS OH
V ST PARM1,RDECB+12 STORE ADDRESS

L 3.ARWDCBS-FILEORG(SVCODE)

* ADDRESS OF THE DCB FOR THIS FILE
USING IHADCB.3
TN DCBOFLGS,OPENBIT IS THE FILE OPEN ?

t
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BO READOPEN YES. GO READ
ST 3,OCDCB STORE DCB ADDRESS FOR OPEN SVC
MVI OCDCB,X ’BO’ FLAG END OF PARAMETER LIST

* AND INDICATE OPEN FOR INPUT
OPEN ,MF= (E,OCDCB) OPEN THE FILE
TM DCBOFLGS.OPENBIT WAS THE OPEN SUCCESSFUL ‘P

BZ FILESYND NO, SYNAD ERROR
SPACE 1

READOPEN OS OH
TM DCBDEVT .TAPEBITS IS THE FILE ON MAGNETIC TAPE
DROP 3
DO READTP YES, GO FORM RECORD INDEX FOR TAPE
SLA PARM2,16 FORM TTRZ ADDRESS
BNZ RDNO BLOCK ZERO IS A SPECIAL CASE
LA PARM2,1 FUNNY ADDRESS FOR BLOCK ZERO
B READTP GO DO THE READ

RONO 0 PARM2,TTRSET SPECIFY LOGICAL RECORD 1
READTP ST PARM2,TTR SAVE RECORD POINTER

SPACE 1
POINT (3),TTR POINT AT THE RECORD TO BE READ
READ RDECB,SF,(3).0,’S’ READ THE RECORD INTO CORE
CHECK RDECB WAIT FOR THE READ TO COMPLETE
SPACE 1
B EXIT RETURN TO THE XPL PROGRAM
EJECT
SPACE 5

* ** ** ** WRITE ROUTINE FOR DIRECT ACCESS FILE I/O *

* ** *
* INPUT TO THIS ROUTINE IS *

* *
* PARM 1 CORE ADDRE SS TO READ THE RECORD FROM *

* ** SVCODE SERVICE CODE INDICATING WHICH FILE TO USE *

* ** PARM2 RELATIVE RECORD NUMBER 0,1,2. ... *

* ** ** *
SPACE 2

WRITE OS OH
ST PARM 1,WDECB+12 SAVE CORE ADDRESS
L 3 ,ARWDCBS—FILEORG ( SVCODE)

* GET THE DCB ADDRESS
USING IHADCB,3
TM DCBOFLGS.OPENBIT IS THE FILE OPEN ?

BO WRTOPEN YES, GO WRtTE
ST 3,OCDCB STORE DCB ADDRESS FOR OPEN SVC
MVI OCDCB,X’8F’ FLAG END OF ARGUMENT LIST AND

* INDICATE OPENING FOR OUTPUT
SPACE 1
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OPEN ,MF (E,OCDCB) OPEN THE FILE
SPACE 1
TM DCBOFLGS.OPENBIT WAS THE OPEN SUCCESSFUL ?

BZ FILESYND NO.SYNAD ERROR
SPACE 1

WRTOPEN DS OH
TM DCBDEVT .TAPEBI TS IS THE FILE ON MAGNETIC TAPE
DROP 3
BO WRITP YES. GO FORM RECORD INDEX FOR TAPE
SLA PAR1I2.16 FORM TTRZ ADDRESS FOR DIRECT ACCESS
BNZ WRDNO RECORD ZERO IS A SPECIAL CASE
LA PARN2.1 FUNNY ADDRESS FOR RECORD ZERO
B WR I TP GO DO THE WRITE

WRDNO 0 PAR1I2.TTRSET OR IN RECORD NUMBER BIT
WRITP ST PAR1I2,TTR SAVE RECORD POINTER

SPACE 1
POINT (3),TTR POINT AT THE DESIRED RECORD
WRITE WDECB .SF,(3),O.’S’ WRITE THE RECORD OUT
CHECK WDECB WAIT FOR THE WRITE TO FINISH
SPACE 1
B EXIT RETURN TO THE XPL PROGRAM
EJECT
SPACE 5

* ** ** *
* TIME AND DATE FUNCTIONS *

* ** *
* RETURNS TIME OF DAY IN HUNDREDTHS OF A SECOND IN REGISTER *
* PARM1 AND THE DATE IN THE FORM YYDDD IN REGISTER SVCODE *

* ** *
SPACE 2

GETIME TIME BIN REQUEST THE TIME
ST 0.SAVREG+PARM1*4 RETURN IN REGISTER PARM1
ST 1.DTSV+4 STORE THE DATE IN PACKED DECIMAL
CVB 1.DTSV CONVERT IT TO BINARY
ST 1.SAVREG+SVCODE*4 RETURN DATE IN REGISTER SVCODE
B EXIT RETURN TO THE XPL PROGRAM
£ JECT

VACE 5

• *• *• *• ~~~~ia  ~~~~~A ~OR THE SUBMONITOR *
• *

*
4...’

A001ES8 OF OS SAVE AREA
- LA OEST VALID SERVICE CODE
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RTNSV DC F’O’ SAVE COMPLETION CODE RETURNED
* BY THE XPL PROGRAM
,~BESAVE OS F SAVE ABEND CODE DURING CLOSE
ABEREGS DS 3F SAVE PROGRAMS REGS 0-2 BEFORE ABEND
h R  DC F’O’ TTRZ ADDRESS FOR READ AND WRITE
TTRSET DC X’OOOOOlOO’ ADDRESS CONSTANT FOR TTRZ
FLAGS DC X’OO’ SUBMONITOR CONTROL FLAGS
SAVREG DC 16F’O’ SAVE AREA FOR THE SUBMONITOR

OS OD
DTSV DC PL8’O’ WORK AREA FOR CONVERTING DATE

SPACE 2

* ** ** DCB ADDRE SS TABLE FOR ALL I/O ROUTINES *

* ** *
* THE FOUR SETS OF DCB ADDRESSES HEADED BY ‘GETDCBS’, *
* ‘PUTDCBS ’. ‘ARWDCBS’, AND ‘PGMDCB’ MUST BE CONTIGUOUS *
* AND END WITH ‘PGMDCB ’. THESE LISTS ARE USED AT JOB END *
* TO CLOSE ALL FILES BEFORE RETURNING TO OS *

* ** *
* DCB ADDRESSES FOR INPUT FILES: *

* ** *
SPACE 2
PRINT NOGEN
SPACE 1

GETDCBS OS OF
SETA 0

.GD1 AIF (&I 01 *INPUTS)-GD2
DC A (INPUT&I)

$1 BETA &I+1
AGO ,GD1

.GD2 ANOP
SPACE 1

* ** DCB ADDRESSES FOR OUTPUT FILES *

* *
SPACE 1

PUTDCBS OS OF
SPACE 1

*1 SETA 0
.PD1 AIF (*1 OT *OUTPUTS).PD2

DC A (OUTPUT*I)
$1 SETA *1+1

AGO .PD1
.PD2 ANOP

SPACE 1

* ** OCS ADDRESS FOR DIRECT ACCESS FILES *
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* *
SPACE I

ARW DCBS OS OF
SPACE 1

*1 SETA 1
.DA1 AIF ($1 01 &FILES).DA2

ORG ARWDCBS+RD*I—FILEORG
DC A (FILE&I.IN)
ORG ARWDCBS+WRTZI—FILEORG
DC A (FILE*I.OUT)

$1 SETA 11+1
AGO •DAI

.DA 2 ANOP
ORG ARWOCBS+ENDSERV—FILEORG
OS OF
SPACE 2

PGMDCB DC X’80’ FLAG END OF PARAMETER LIST
DC AL3(PROGRAM ) ADDRESS OP PROGRAM DCB
SPACE 2

OCDCB OS F DCB ADDRESSES FOR OPEN AND CLOSE
MOVEADR OS iF DESCRIPTOR STORAGE FOR PUT ROUTINE
FILLENO DC F’O’ LENGTH OF PADDING NEEDED IN OUTPUT
Fl DC F’l ’ THE CONSTANT ONE
F2 DC F’2’ THE CONSTANT TWO
GETMOVE NVC O(O,2).O(1) MVC COMMAND FOR THE GET ROUTINE
MVCNULL MVC 1(O.i),O(1) MVC COMMAND FOR THE PUT ROUTINE
PWCBLANK MVC 2(O,i).1(1) U

MVCSTRNG MVC 0(O,1),O(2)
IIVCPO NYC 1(O.1).O(2)
NVCPOBL MVC 3(O.1).2(i) U

SPACE 1

* ** DATA AREA FOR THE EXECUTE ROUTINE *

* *
SPACE 1

XCELL OS iF INSTRUCTION TO BE EXECUTED - 
-

DS iF MORE INSTRUCTION
OS iF ADDRESS OF TRACE ROUTINE REGISTER

* TABLE
OS iF RETURN ADDRESS TO THE TRACE ROUTINE

* ADDRESS OF EXEC IS IN REGISTER FOUR
EXSV OS 2F WORK AREA FOR THE EXECUTE ROUTINE

EJECT
SPACE 5

* ** ** *
* DEVICE CONTROL BLOCKS FOR THE SUSMONITOR *

* ** *
SPACE 2
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PROGRAM DCB DSORG=PS, X
MACRF=R , X
DDNAME=PROGRAM. X
DEVD~DA, X
KEYLEN=O, X

• EODAD=EODPGM . X
SYNAD=ERRPGM

SPACE 2
INPUTO DCB DSORG=PS , X

DDNAME=SYSIN. X
DEVD~DA, X
MACRF=GL, X
BUFNO=3. X
EODAO=INEOD, X
SYNAD=INSYNAD, X

- - EXLST=INEXITO, X
EROPT=ACC

SPACE 1

* *INPUT1 EQU INPUTO INPUT (O) & INPLJT (1) ARE BOTH SYSIN *

* *
SPACE 2

II SETA 2
.INP 1 AIF (*1 OT &INPUTS).INP2

SPACE I
INPUT&I DCB DSORG=PS, X

DDNAME=INPUT&I, X
DEVD=DA , X
MACRF=GL. X
EODAO=INEOD, X
SYNAD=INSYNAD.
EXLST=INEXIT$I. X
EROPT=ACC

SPACE 1
$1 SETA &I+1

AGO .INP1
.INP2 ANOP

SPACE 2 —

OUTPUTO DCB DSORG=PS, X
DDNAME=SYSPRINT. X
DEVD~DA, X
MACRF=PL, X
SYNAD=OUTSYNAD, X
EXLST=OUTEXITO. X
EROPT=ACC

SPACE 1

* *OUTPUT1 EQU OUTPUTO OUTPUT (O). OUTPUT (1) BOTH SYSPRINT *

* *
SPACE 2

QUTPUT2 DCB DSORG=PS, x
DDNAME=SYSPUNCH, X

-—-~~~~- I 
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DEVD DA , X
MACRF PL, X
SYNAD=OUTSYNAD, X
EXLST=OUTEXIT2, X
EROPT=ACC

SPACE 1
H SETA 3
•OP1 AIF (&I GT &OUTPUTS).OP2

SPACE 1
OUTPUT&I DCB DSORG=PS, X

DDNAME=OUTPUT&I, X
DEVD=DA , X
MACRF=PL, X
SYNAD=OUTSYNAD, X
EXLST=OUTEXIT*I. X
EROPT=ACC

SPACE 1
*1 SETA &I+1

AGO .OP 1
.0P2 ANOP

SPACE 1

* ** ** DCBS FOR THE DIRECT ACCESS FILES *

* ** ** BECAUSE OF THE MANNER IN WHICH THE FILES ARE USED, IT IS *
* NECESSARY TO HAVE TWO DCB’S FOR EACH FILE. ONE DCB FOR *
* READING AND ONE FOR WRITING . *

* ** *
SPACE 2

*1 SETA 1
.DD1 AIF (&I 01 &FILES),DD2

SPACE 1
FILE&I.IN DCB DSORG=PS, X

MACRF=RP, X
DDNAME=FILE&I, X
DEVD=DA , X
RECFM=F , X
LRECL=FILEBYTS, X
BLKSIZE=FILEBYTS, X
KEYLEN=O , X
EODAD=FILEEOD, X
SYNAD=F I LESYND

SPACE 2
FILE*I.OUT DCB DSORG=PS, X

MACRF=WP. X
DDNAME=FILE&I, X
DEVD=DA , X
RECFM—F, X
KEYLEN=O , X
LRECL~FILEBYTS, X
BLK~ IZE~FILEBYTS. X

5— - —- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-



- - -- --5 S - 5 55-~~~~~ 55 ~~~~~

L
XPLMON — XPL VERSION IV SUBMONITOR A5—24

SYNAD=FILESYND
SPACE 1

II SETA &I+i
AGO .DD1

.DD2 ANOP
SPACE 4

XPLSMEND OS OH END OF THE SUBIIQN1TOR
EJECT
SPACE 5

* ** *
* DUMMY DCB FOR DEFINING DCB FIELDS *

* ** *
SPACE 2
DCBD DSORG=OS,DEVD DA
EJECT
SPACE 5

* ** *
* THE END *

* ** *
SPACE S
END

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1*
X X CCCCC 00000 H H

X X C C 0 0 MM MM
X X C C 0 0 M M  M M

X X C C 0 0 M M  M M
X X  C 0 0 P1 PIN P1
XX C 0 0 H H H
XX C 0 0 H H

X X  C 0 0 H H
X X C C 0 0 H H

X X C C 0 0 P1 N
X X C C 0 0 II M

X X CCCCC 00000 H H

THE COMPILER FOR X F L

U. H. MCKEEMAN J. J. HORNING D. B. WORTHAN

INFORMATION & COMPUTER SCIENCE COMPUTER SCIENCE
COMPUTER SCIENCE. DEPARTMENT, DEPARTMENT,

UNIVERSITY OF STANFORD STANFORD
CALIFORNIA AT UNIVERSITY. UNIVERSITY.

SANTA CRUZ, STANFORD. STANFORD.
CALIFORN I A CALIFORNIA CALIFORNIA
95060 94305 94305

DEVELOPED AT THE STANFORD COMPUTATION CENTER . CAMPUS FACILITY. 1966—69
AND THE UNIVERSITY OF CALIFORNIA COMPUTATION CENTER , SANTA CRUZ, 1968—69. - 

-

MODIFIED AT WEST VIRGINIA UNIVERSITY, MORGANTOWN WEST VIRGINIA 1978
MODIFICATIONS INCLUDE

1. GENERATION OF LINKAGE EDITABLE OBJECT CODE
2. PSEUDO SYNTAX FOR EXTERNAL AND PUBLIC MODULES
3. PSEUDO SYNTAX FOR COMMON DATA VARIABLES
4. THE XPL SUBMONITOR ANtI COMPACTIFY ROUTINES ARE NOW GENERALIZED

SUBROUTINES EXTERNAL TO THE MAIN PROGRAM MODULES
6. STRING ASSIGNMENT IS MO D IFIED TO ENSURE UNI QUE COPIES OF ANY

CHARACTER STRING , THEREBY ELIMINATING THE PROBLEM OF INADVERTENT
MODIFICATION OF SHARED DESCRIPTORS

7. INCLu DES GREATER USE OF CHARACTER CONSTANTS AS VARIABLES TO REDUCE
THE NUMBER OF DESCRIPTORS REQUIRED WITHIN THE THE XCOM COMPILER

8. UNFORTUNATELY THE TRACE ’ CAPABILITY HAS BEEN LOST BECAUSE OF THE
REGISTER REASSIGNMENT PERFORMED (I.E. R15 NO LONGER POINTS TO THE
SIJBHONITOR ENTRY EXCLUSIVELY)

9. AS WAS JUST MENTIONED, THE REGISTER ASSIGNMENTS HAVE BEEN CHANGED
TO CONFORM TO STANDARD IBM USAGE (I.E. R14 IS THE LINKAGE RETURN REQ
R15 IS THE LINKAGE CALL REGISTER , ETC...)

10. REGISTERS ARE SAVE VIA IBM CONVENTION UPON ENTRY AND EXIT FROM ALL
‘PUBLIC ’ MODULES AND THE MAIN MODU LE

THE MODIFICATIONS WERE INSTALLED BY CAPT. GARY R. FELEIBAUER . USAF
DURING THE SUMMER OF 1978 AS A MASTERS PROJECT IN COMPUTER SCIENCE , 

I 

-- 
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1* FIRST WE INITIALIZE THE GLOBAL CONSTANTS THAT DEPEND UPON THE INPUT
GRAMMAR , THE FOLLOWING CARDS ARE PUNCHED BY THE SYNTAX PRE—PROCESSOR *1

DECLARE NSY LITERALLY ‘91’. NT LITERALLY ‘42’;
DECLARE V (NSY ) CHARACTER INITIAL (‘(ERROR : TOKEN = 0:::- ’, ‘ ‘ , ‘ ) ‘

~~ 
‘ ( ‘ s ‘ , ‘ .

~ 
~~= ‘~~~ ‘\‘ , ‘& ‘  . ‘~~~~~‘ , ‘-c: ’ , ‘> ‘ , ‘+ ‘  , ‘ — ‘ , ‘* ‘  • ‘I ’ , ‘IF’. ‘DO ’. ‘TO’.

‘BY’, ‘GQ’~ ‘\\‘, ‘.... \ ._. ‘, ‘END’, ‘BIT’, ‘HOD’ . ‘THEN’, ‘ELSE’, ‘CASE’,
‘CALL’, ‘0010’, ‘WHILE ’. ‘FIXED ’. ‘LABEL ’, ‘RETURN ’, ‘DECLARE ’, ‘INITIAL ’.
‘<STRING)’. ‘-: NUHBER)’. ‘PROCEDURE ’. ‘LITERALLY ’, ‘CHARACTER ’.
‘<IDENTIFIER)’ , ‘.:~TYPE)’, ‘-(TERM:::.’, ‘<GROUP> ’, ‘-(GO TO > ’,
‘<PROGRAM> ’, ‘<REPLACE:::.’, ‘<PRIMARY:::.’, ‘-(VARIABLE:>’. ‘-(BIT HEAL’>’,
‘-(CONSTANT >’. ‘:RELATION > ’, ‘<STATEMENT> ’. ‘-~IF CLAUSE>’. ‘<TRUE PART>’.
‘-(LEFT PART)’, ‘~~ASSIGNHENT)’, ‘-::EXPRESSION)’, ‘.::GROUP HEAD)’,
‘-(BOUND HEAD> ’. ‘<IF STATEMENT:::-’, ‘-::WHILE cLAusE:> ’, ‘-::INITIAL LIST:>’,
‘-(INITIAL HEAD)’. ‘.::CASE SELECTOR)•’ • ‘-(STATEMENT LIST> ’,
‘-(CALL STATEMENT> ’. ‘-(PROCEDURE HEAD:> ’. ‘<PROCEDURE NAME> ’,
‘-(PARAMETER LIST:>’. ‘<PARAMETER HEAD:::-’, ‘-(LOGICAL FACTOR> ’.
‘<SUBSCRIPT HEAL’> ’, ‘-::BASJC STATEMENT:> ’, ‘-(GO TO STATEMENT:::.’,
‘<STEP DEFINITION:>’ , ‘-(IDENTIFIER LIST> ’. ‘-(LOGICAL PRIMARY:::-’,
‘-(RETURN STATENENT> ’. ‘<LABEL DEFINITION> ’, ‘-(TYPE DECLARATION:> ’.
‘<ITERATION CONTROL:::-’, ‘-::LOGICAL SECONDARY:> ’, ‘-(STRING EXPRESSION>-’,
‘<DECLARATION ELEMENT:>’, ‘-:::PROCEDURE DEFINITION:::-’.
‘<DECLARATION STATEMENT> ’. ‘<ARITHMETIC EXPRESSION:::-’,
‘-(IDENTIFiER sPECIFIcATiON:> ’);

DECLARE V INDEX (12 FIXED INITIAL (1, 16, 22. 26, 31, 34, 35. 37, 39. 42,
42, 42. 43);

DECLARE C1(NSY ) BIT(86) INITIAL (
‘(2) 00000 00000 00000 00000 00000 00000 00000 00000 000’,
(2) 02000 00000 00000 02200 20220 00202 20002 20000 002’.
(2) 02222 02222 22222 20022 02003 22000 00330 02000 030’,
(2) 00030 00003 00330 00000 00000 00000 00000 00330 003’,
‘(2) 00030 00002 00220 00000 00000 00000 00000 00220 003’,
‘(2) 02000 00000 00000 02200 20020 00002 20002 20002 002’,
‘(2) 00020 00002 00220 00000 00000 00000 00000 00220 002’,
‘(2) 00010 00001 00110 00000 00000 00000 00000 00110 001’.
(2) 00010 00001 00110 00000 00000 00000 00000 00110 001’,
(2) 00010 01000 11110 00000 00000 00000 00000 00110 001’.
(2) 00020 01000 00220 00000 00000 00000 00000 00220 0O2’~
‘(2) 00020 01000 00220 00000 00000 00000 00000 00220 002 .
‘(2) 00010 00000 00000 00000 00000 00000 00000 00110 001’.
‘(2) 00010 00000 00000 00000 00000 00000 00000 00110 001’.

I 

‘(2) 00010 00000 00000 00000 00000 00000 00000 00110 001’.
‘(2) 00010 00000 00000 00000 00000 00000 00000 00110 001’.
‘(2) 00010 00001 00110 00000 00000 00000 00000 00110 001’,
‘(2) 01000 00000 00000 00000 00000 00010 01000 00000 001’.
‘(2) 00010 00001 00110 00000 00000 00000 00000 00110 003’.
‘(2) 00010 00001 00110 00000 00000 00000 00000 00110 001’,
‘(2) 00000 00000 00000 00010 00000 00000 00000 00000 000’,
‘(2) 00010 00000 00110 00000 00000 00000 00000 00110 001’.
‘(2) 01000 00000 00000 01100 10000 0”OOb 10001 10000 001’,
‘(2) 02000 00000 00000 00000 00000 00000 00000 00000 001’,

LI~- ~~~~~~~~~~ ~ 
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(2) 00010 00000 00000 00000 00000 00000 00000 00000 000’,
‘(2) 00010 00000 00000 00000 00000 00000 00000 00110 001’,
‘(2) 02000 00000 00000 02200 20000 00002 20002 20000 002’,
‘(2) 02000 00000 00000 02200 20000 00002 20002 20000 002’.
‘(2 )  00010 00001 00110 00000 00000 00000 00000 00110 001’,
‘(2) 00000 00000 00000 00000 00000 00000 00000 00000 001’,
‘(2) 00000 00000 00000 00000 00000 00000 00000 00000 002’.
‘(2) 00010 00001 00110 00000 00000 00000 00000 00110 001’.
‘(2) 02002 00000 00000 00000 00000 00000 00000 02000 000’.
‘(2) 02002 00000 00000 00000 00000 00000 00000 02000 000’,
‘(2) 02010 00001 00110 00000 00000 00000 00000 00110 001’,
(2) 00010 00000 00000 00000 00000 00000 00000 00000 001’,
‘(2) 00010 00000 00000 00000 00000 00000 00000 00000 000’.
‘(2) 02202 02222 22222 20022 02000 22000 00000 00000 000’.
‘(2) 02302 02222 22222 20022 02000 22000 00000 00000 000’,
(2) 02020 00000 00000 00000 00002 00000 00220 00000 020’.
‘(2) 00000 00000 00000 00000 00000 00000 00000 00100 000’,
‘(2) 02002 00000 00000 00000 00000 00000 00000 02000 000’.
‘(2) 02333 12222 22222 20022 02002 22000 00220 00000 120’,
‘(2)  03002 00000 00000 00000 00000 00000 00000 02000 000’ ,
‘(2) 02202 02222 22221 10022 02000 12000 00000 00000 000’,
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 000’,
(2) 00000 00000 00000 00000 00000 00000 00000 00000 001’,
‘(2) 02000 00000 00000 00000 00000 00000 00000 00000 000’,
‘(2) 00000 00000 00000 00000 00000 00000 00000 00000 000’,
‘(2) 00010 00001 00110 00000 00000 00000 00000 00110 001’.
‘(2) 02202 02222 22222 20022 02000 22000 00000 00000 000’.
‘(2) 02203 03222 22222 20022 02000 22000 00000 00000 000’,
‘(2) 00000 00000 00000 00000 00000 00000 00000 00010 000’.
‘(2) 02303 02222 22222 20022 02000 22000 00000 00000 000’,
‘(2) 00010 00000 00110 00000 00000 00000 00000 00110 001’,
‘(2) 02000 00000 00000 02200 20220 00002 20002 20000 002’,
(2) 01000 00000 00000 01100 10000 00001 10001 10000 001’,
‘(2) 01000 00000 00000 01100 10000 00001 10001 10000 001’,
(2) 00000 00000 00000 00000 00000 00000 00000 00000 001’.
(2) 03000 00000 00000 00000 00000 00000 00000 00000 000’,
‘(2) 02101 OO1(i- ,) 00000 00011 00000 01000 00000 00000 000’.
(2) 01000 00000 00000 01100 10010 00001 10001 10000 001’,
‘(2) 00000 00000 00000 00000 00000 00000 00000 00010 000’,
‘(2) 02000 00000 00000 02200 20220 00002 20002 20000 002’,
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 000’,
‘(2) 02002 00000 00000 00000 00000 00000 00000 02000 000’,
‘(2) 00000 00000 00000 00000 00000 00000 00000 00110 000’,
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 000’.
(2) 01000 00000 00000 01100 10210 00001 10001 10000 001’.
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 00O’~
(2) 01000 00000 00000 01100 10000 00001 10001 10000 001’,
‘(2) 01010 00000 00000 00000 00001 00000 00110 00000 010’,
‘(2) 01000 00000 00000 00000 00001 00000 00110 00000 010’,
‘(2’ 00000 00000 00000 00000 00000 00000 00000 00000 001’.
(2) 02202 00210 00000 00022 00000 02000 00000 00000 000’,

‘(2) 00010 00001 00110 00000 00000 00000 00000 00110 001’ .
‘(2) 02000 00000 00000 02200 20220 00302 20002 20000 002’,
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 000’.
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 000’.
‘(2) 00000 00000 00000 00000 00000 00000 00000 00000 001’.
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‘(2) 02202 00220 00000 00022 00000 02000 00000 00000 000’,
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 000’.
‘(2) 01000 00000 00000 01100 10010 00001 10001 10001 001’,
‘(2) 02002 00000 00000 00000 00000 00000 00000 01000 000’,
‘(2) 02000 00000 00000 00000 00000 00000 00000 00000 000’,
‘(2) 02202 00220 00000 00022 00000 02000 00000 00000 000’,
‘(2) 02202 01221 11000 00022 01000 02000 00000 00000 000’,
‘(2) 02002 00000 00000 00000 00000 00000 00000 00000 000’.
‘(2) 01000 00000 00000 00000 00000 00000 00000 00000 000’,
‘(2) 01001 00000 00000 00000 00000 00000 00000 00000 000’,
‘(9)  02202 02222 22110 00022 02000 02000 00000 00000 000’,
(2) 00010 00000 00000 00000 00001 00000 00110 00000 010’>;

DECLARE NC1TRIPLES LITERALLY ‘203’
DECLARE C1TRIPLES (NC1TRIPLES) FIXED INITIAL (197379, 197385. 197388. 197389 ,

197413, 197414, 197418. 207363 . 459323 . 459529 , 439532, 459533. 459557,
459558 . 459562, 469507 . 525059, 525065. 525068, 525069 , 525093. 525094,
525098, 535043, 590595. 590601 . 590604, 590605, 590629 , 590630 , 590634.
600579. 787203, 787209 , 787212, 787213, 787237, 797238, 787242, 797187,
852739, 852745 , 852748 , 852749 . 852773, 852774 , 852778. 862723 , 918275,
918281, 918284 , 918285, 918309 , 918310, 918314, 928259 . 983811. 983817,
983820 , 983821, 983845 . 983846, 983850, 993795 , 1049347 . 1049353 , 1049356,
1049357, 1049381. 1049382. 1049386 , 1059331. 1124867, 1127174’ 1180419,
1180425, 1180428 , 1180429. 1180453, 1180454 , 1180458, 1190403, 1245955~
1245961. 1245964 , 1245965 , 1245989 , 1245990 , 1245994, 1255939 w 137702?.
1377033, 1377036 , 1377037 , 1377061. 1377062 . 1377066 , 1387011, 1452547,
1454852 , 1454854 , 1456897 . 1639171. 1639177. 1639180, 1639181. 1639205,
1639206 , 1639210, 1649155, 1835779 . 1835785, 1835788 , 1835789 . 1835813,
1835814, 1835818, 1845763 . 1911299. 2032387, 2032393, 2032396, 2032397.
2032421, 2032422 , 2032426 , 2042371 . 2228995, 2229001. 2229004 , 2229005 ,
2229029 . 2229030, 2229034 , 2238979 ’ 2490904. 2490912, 2490913, 2490921 .
3212035, 3212041 . 3212044, 3212045. 3212069 . 3212070 , 3212074. 3222019,
3417602, 3539715, 3539721, 3539724 . 3539723. 3539749 . 3539750 , 3539754.
3549699 , 3680771. 3683076, 3683078 , 3685121, 3689499, 3746307, 3748612,
3748614. 3750657, 3811843, 3814148. 3814150 , 3936810, 4008451. 4010756,
4O10758~ 4012801, 4072962, 4338946 , 4338948 , 4467203 , 4469508 . 4469510,
4471553, 4598275 , 4600580. 4600582 , 4602625 , 4664065 , 4729601, 4794882 , H

4794884. 4915971, 4915977, 4915980 , 4915981, 4916005 , 4916006 . 4916010,
4925955 , 5188098, 5188100, 5384707 , 5387012, 5387014, 5389057. 5833731,
5833770);

DECLARE PRTB(109) FIXED INITIAL (0, 4671531. 18219. 18248. 4430, 4416, 4419.
71, 17, 59. 45. 88, 81, 69, 77, 89, 0. 16949, 18730, 13350. 20266, 828,
19260. 91, 36, 24, 42, 0. 0, 18730~ 20266, 16949, 19260, 51. 42, 9. 

10,
11, 0. 0, 9. 0, 9, 0. 20, 0. 4156. 76, 0, 0, O~ 0, 10792, 0. 0. 82, 0. 23,
46. 0. 0. 4072962 , 91, 23052, 23053. 12, 13, 0, 17988, 82. 61. 11278,
11279, 11289. 0. 29, 0, 0. 14393. 68, 61. 56. 0, 58, 1195027~ 13105. 18.
31, 28, 34. 82. 0, 83. 0. 15367. 0, 82. 0. 9, 0. 0, 3354940. 18952. 0.
22070, 0. 22788, 35, 22037. 0>~

DECLARE PRDTB (109) BIT(8) INITIAL (0, 35. 33’ 34. 22, 23. 24, 32, 21, 6. 7.
8. 9. 10, 11. 12, 13, 67, 37. 60, 64, 103, 105, 62, 68, 61, 106, 38. 65,
39, 66. 69, 107, 73, 43, 85. 88. 89, 82, 72, 86. 83, 87. 84, 48, 40, 18,
19, 49. 57, 59. 44, 53, 108, 109. 36. 58. 41, 47, 63. 104, 55, 54. 93, 9
95, 96, 92, 31, 42. 20, 98, 99, 100, 97. 46, 102, 101, 16, 3. 25. 15, 2,
71, 28, 70, 27, 29, 30, 45, 17, 5. 56, 1. 75, 74, 14. 4. 79, 78, 52. 26,
77. 76. 81, 80. 51. 50, 91, 90);

DECLARE HDTB(109) 811(8) INITIAL (0. 70, 70, 70, 61, 61, 61, 70, 61, 76, 76
76, 76, 76, 76, 76, 76. 65, 72. 43. 91, 50, 51. 62, 66, 52, 75, 73. 79.

~~~ .L 
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73. 79, 66. 75, 58, 82. 54, 54. 54, 54, 49, 54, 54, 54, 54, 46, 47, 56,
57. 46, 43, 43. 81. 87, 53. 53, 71, 43. 47. 77, 91. 51. 83. 83, 90, 90,
90, 90. 90, 88, 47. 45, 44. 44, 44, 44, 69, 50, 50, 63, 68, 61, 63. 68,
59. 84, 59. 84, 64, 67, 81, 63. 55. 83. 48, 60, 60. 76, 55. 85, 85, 87,
78, 74. 74. 80. 80. 89, 89, 86. 96);

DECLARE PRLENGTH (109) BIT (8) INITIAL (0. 4. 3. 3, 3. 3, 3, 2. 2. 2. 2. 2. 2.
2~ 2. 2. 1. 3. 3, 3, 3, 

3, 3, 2, 2, 2. 2. 1, 1, 3, 3, 3, 3. 2. 2. 2. 2. 2,
1. 1. 2. 1. 2. 1. 2~~ 1. 3.  2. 1. 1, 1, 1. 3, 1. 1. 2. 1. 2. 2. 1. 1, 4, 2,
3. 3. 2’ 2. 1. 3. 2. 2. 3, 3, 3. 1. 2. 1. 1, 3. 2. 2. 2. 1. 2. 4 , 3. 2. 2.
2. 2. 2. 1. 2. 1. 3, 1. 2. 1. 2. 1. 1. 4, 3. 1. 3. 1. 3~ 2. 3. 1)

DECLARE CONTEXL..CASE (109) BIT (8) INITIAL (0, 0~ 0. 0, 0. 0. 0. 0. 0. 0. 0. 
0,

0. 0. 0. 0. 0. 0. 0, 0. 0. 0, 0. 0, 0, 0. 0. 2. 0. 0. 0, 0. 0. 0. 0. 0. 0.
0. 2. 0, 0. 0. 0. 0. 0. 0. 0. 0, 0. 0. 0. 0, 0, 0, 0, 0. 0. 0. 0. 1. 0. 0,
0. 0. 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0, 0, 0, 0. 0. 0, 0, 0, 0. 0, 0, 0. 0.
Op 0. 0. 0. 0. o, o~ 0. 0, 0. 0, 0. 0. 0, 0. 0, 0, 0, 0. 0. 0. 0. o ;

DECLARE LEFT_ -CONTEXT (1) BIT (S) INITIAL (86, 71); -

DECLARE LEFT_INDEX (49) BIT (S) INITIAL (0, 0. 0. 0. 0. 0. 0, 0. 0. 0. 0. 0.
1. 1, 1. 1. 1, 1, 1. 1. 1. 1. 1. 1. 1, 1- 1. 1~ 1, 1, 1~ 2. 2. 2. 2. 2. 2.
2. 2, 2. 2. 2. 2. 2. 2. 2, 2. 2. 2, 2)

DECLARE CONTEXT_TRIPLE(0) FIXED INITIAL (O)~
DECLARE TRIPLE_INDEX (49) BIT(8) INITIAL (0, 0, 0. 0, 0. 0, 0. 0. 0. 0. 0. 0.

0. 0. 0, 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0, 0. 0. 0. 0. 0. 0. 0, 0. 0. 0. 0.
0, 0. 0. 0. 0. 0. 0. 0. 0, 0. 0, 0, 1) ;

DECLARE PR...INDEX(91) BIT (S) INITIAL (1, 17, 23, 29. 34. 35. 40, 40, 40, 40,
42. 44. 44. 44. 44. 44. 44, 44, 45, 45. 45, 45, 45, 46, 46. 46. 47. 48,
48. 48. 49. 49. 50. 51. 52. 52, 52, 54. 55, 56, 56, 57, 61. 63. 68, 68,
68, 71. 71. 71, 75, 77. 77. 78. 78. 83, 83, 83. 83. 84. 90, 90, 90. 92,
92. 93. 93~ 93. 94. 94. 94, 94. 94, 94, 96, 96, 98, 98. 98. 98, 100

, 100.
100. 101. 102. 104. 106. 108. 108, 108. 110, l1O)~

1* END OF CARDS PUNCHED BY SYNTAX *1

1* DECLARES FOR BINARY (LINK EDIT) DATA SET CREATION *1

DECLARE SYSPUNCH LITERALLY ‘ouTpuT(2)’ ;
DECLARE BINRCD CHARACTER;
DECLARE BINARY (79) BIT(8); 1* BINARY CODE RECORD *1
DECLARE BINPTR FIXE D ;

1* DECLARATIONS FOR THE SCANNER *1

1* TOKEN IS THE INDEX INTO THE VOCABULARY V () OF THE LAST SYMBOL SCANNED,
CH IS THE LAST CHARACTER SCANNED (HEX CODE),
CP IS THE POINTER TO THE LAST CHARACTER SCANNED IN THE CAROIMAGE.
BCD IS THE LAST SYMBOL SCANNED (LITERAL CHARACTER STRING)-. *1

DECLARE (TOKEN. CH. CP) FIXED, BCE’ cHARArTER;

1* SET UP SOME CONVENIENT ABBREVIATIONS FOR PRINTER CONTROL *1
DECLARE EJECT_PAGE LITERALLY ‘OUTPUT (l) = PAGE ’.

PAGE CHARACTER INITIAL (‘1’), DOUBLE CHARACTER INITiAL (‘0’),
DOUBLE_SPACE LITERALLY ‘OUTPUT (i) = DOUBLE ’~X70 CHARACTER INITIAL (‘

1* LENGTH OF LONGEST SYMBOL IN V *1

I
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DECLARE (RESERVED_LIMIT, MARGIN_CHOP ) FIXED;

1* CHARTYPE () IS USED TO DISTINGUISH CLASSES OF SYMBOLS IN THE SCANNER .
TX() IS A TABLE USED FOR TRANSLATING FROM ONE CHARACTER SET TO ANOTHER .
CONTROL () HOLDS THE VALUE OF THE COMPILER CONTROL TOGGLES SET IN $ CARE’S.
NOT_ LETTER_OR_ DIGIT() IS SIMILIAR TO CHARTYPE() BUT USEr’ IN SCANNING
IDENTIFIERS ONLY.

ALL ARE USED BY THE SCANNER AND CONTROL () IS SET THERE .
*1
DECLARE (CHARTYPE, TX) (255) BIT (S),

(CONTROL . NOT_LETTER_OR_DIGIT)(255) BITC1);

1* ALPHABET CONSISTS OF THE SYMBOLS CONSIDERED ALPHABETIC IN BUILDING
IDENTIFIERS *1

DECLARE ALPHABET CHARACTER INITIAL (‘ABCDEFGHIJKLHNOPQRSTUVWXYZ....s@*’);

1* BUFFER HOLDS THE LATEST CARDIMAGE .
TEXT HOLDS THE PRESENT STATE OF THE INF IJT TEXT (INCLUDING MACRO
EXPANSIONS ANt’ NOT INCLUDING THE PORTIONS DELETED BY THE SCANNER).
TEXT_LIMIT IS A CONVENIENT PLACE TO STORE THE POINTER TO THE END OF TEXT.
CARD_COUNT IS INCREMENTED BY ONE FOR EVERY XPL SOURCE CARD REAL’ .
ERROR_COUNT TABULATES THE ERRORS AS THEY ARE DETECTED DURING COMPILE.
SEVERE_ERRORS TABULATES THOSE ERRORS OF FATAL SIGNIFICANCE.

DECLARE (BUFFER, TEXT. CURRENT_PROCEDURE. INFORMATION ) CHARACTER,
(TEXT_LIMIT. CAREs_COUNT, ERROR_COUNT . SEVERE_ERRORS. PREVIOUS_ERROR ) FIXED

1* NUMBER_VALUE CONTAINS THE NUMERIC VALUE OF THE LAST CONSTANT SCANNED .
JBASE CONTAINS THE FIELD WIDTH IN BIT STRINGS (DEFAULT VALUE = 4).
BASE IS 2**JBASE (I.E.. SHL (1.JBASE) ).

*1
DECLARE (NUMBER_VALUE . JBASE , BASE) FIXED;

1* EACH OF THE FOLLOWING CONTAINS THE INDEX INTO V () OF THE CORRESPONDING
SYMBOL. WE ASK : IF TOKEN = IDENT ETC . *1

DECLARE (IDENT . STRING . NUMBER . DIVIDE. EOFILE . ORSYMBOL .
C O N C A T E N A T E )  F I X E D ;

1* USED TO SAVE BRANCH ADDRESSES IN DO-LOOP CODE *1
DECLARE STEPK FIXED

1* THE FOLLOWING ARE USED IN THE MACRO EXPANDER. CONSIDERABLE LOGIC
IS DEVOTED TO AVOIDING CREATING STRINGS OF LENGTH :> 256, THE STRING LIMIT. -

*1
DECLARE BALANCE CHARACTER , LB FIXED
DECLARE M A C R O_ L I M I T  F I X E D  I N I T I A L  (40). M A C R O_ N A M E(40) C H A R A C T E R.

MACRO_TEXT (40) CHARACTER, MACRO_INDEX (256) BIT (8).
T O P_ M A C R O  F I X E D  I NI T I A L  ‘FFFFFFFF’);

DECLARE EXPANSION_COUNT FIXED. EXPANSION_LIMIT LITERALLY ‘300’

- 
- 

1* STOPIT () IS A TABLE OF SYMBOLS WHICH ARE ALLOWED TO TERMINATE THE ERROR
FLUSH PROCESS. IN GENERAL THEY ARE SYMBOLS OF SUFFICIENT SYNTACTIC
HIERARCHY THAT WE EXPECT TO AVOID ATTEMPTING TO START COMPILING AGAIN
RIGHT INTO ANOTHER ERROR PRODUCING SITUATION. THE TOKEN STACK IS ALSO

- - — _~~~~_ _ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - - - - -- - - -- --— - -
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FLUSHED DOWN TO SOMETHiNG ACCEPTABLE TO A STOPIT () SYMBOL .
FAILSOFT IS A BIT WHICH ALLOWS THE COMPILER ONE ATTEMPT AT A GENTLE
RECOVERY. THEN IT TAKES A STRONG HAND. WHEN THERE IS REAL TROUBLE
COMPILING IS SET TO FALSE. THEREBY TERMINATING THE COMPILATION.
MAINLOC IS THE SYMBOL TABLE LOCATION OF COMPACTIFY FOR USE IN ERRORO .

*1
DECLARE STOPIT(NT) 811(1), (FAILSOFT. COMPILING ) BIT(1). MAINLOC FIXED;

DECLARE S CHARACTER; 1* A TEMPORARY USED VARIOUS PLACES *1

1* THE ENTRIES IN PRMASK () ARE USED TO SELECT OUT PORTIONS OF CODED
PRODUCTIONS AND THE STACK TOP FOR COMPARISON IN THE ANALYSIS ALGORITHM *1

DECLARE PRMASK (5) FIXED INITIAL (0, 0. ‘FF’, FFFF’. ‘FFFFFF ’, ‘FFFFFFFF’);

1* SUBSTR(HEXCODES. I. 1) IS THE HEXADECIMAL CODE LETTER FOR I *1
DECLARE HEXCODES CHARACTER INITIAL (‘o123456?B9ABcLSEF’);

/*THE PROPER SUBSTRING OF POINTER IS USED TO PLACE AN \ UNDER THE POINT
OF DETECTION OF AN ERROR DURING COMPILATION . IT MARKS THE LAST CHARACTER
SCANNED. *1

DECLARE POINTER CHARACTER INITIAL ( ‘

DECLARE (COUNT$STACK’ COUNT*SCAN. COUNTIRR. COUNT*RX. COUNTIFORCE.
COUNT*ARITH, COUNTtSTORE. COUNT*FIXBFW . COUNT$FIXLi~ COUNT*FIXCHW

,
COUNT*GETD. COUNT*I3ETC. COUNTtFIND) FIXED;

/* RECORD THE TIMES OF IMPORTANT POINTS DURING COMPiLATION *1
DECLARE CLOCK (S) FIxED;

1* COUNT THE NUMBER OF COMPARISONS OF IDENTIFIERS IN SYMBOL TABLE LOOK—UPS
THIS CAN. IN GENERAL . BE EXPECTED TO BE A SUBSTANTIAL PART OF RUN TIME.

*1
- DECLARE IDCOMPARES FIXED. STATEMENT_COUNT FIxEr’;

DECLARE TRUELOC FIXED ; 1* ADDRESS OF INTEGER 1 IN DATA AREA *1
DECLARE COMPLOC FIXED /* THE ADDRESS OF ALL ONES MASK FOR COMPLEMENT *1
DECLARE CATCONST FIXED; 1* ADDRESS OF 2**24 *1
DECLARE BASEDATA FiXED ; 1* BASE REGISTER INITIALIZATION ADDRESS *1

1* THE EMITTER ARRAYS *1

WARNING : THE EMITTER ARRAYS ‘CODE ’, ‘DATA ’, AND ‘STRINGS’ ARE
DEPENDENT ON THE H A R D W A R E  DEVICES A V A I L A B L E  FOR SCRATCH STORAGE. THE

LITERAL CONSTANT ‘DISKBYTES’ SHOULD BE EQUAL TO THE BLOCKSIZE OF THESE FILES
AS ESTABLISHED IN DCB’S IN THE SUBMONITOR .

SUGGESTED VALUES:
FOR LARGE coRE : FOR SMALL CORE DISKBYTES 400.

2311 DISKBYTES = 3600
2314 DISKBYTES = 7200
2321 DISKBYTES -z 2000

THIS VERSION OF XCOM NEEDS THREE SCRATCH FILEs:

— -5  -

-

~

-

~

--- -
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1 COMPILED CODE TEMPORARY
2 COMPILED DATA TEMPORARY
3 CHARACTER STRING TEMPORARY
1 BINARY PROGRAM OUTPUT

DECLARE DISKBYTES LITERALLY ‘3600’; 1* 2311 DISKS *1
1* SIZE OF SCRATCH FILE BLOCKS IN BYTES *1

DECLARE CODEMAX FIXED; 1* FORCES CODE TO WORD BOUNDARY *1
DECLARE CODE <DISKBYTES) BIT(S);
DECLARE DATAMAX FIXED; 1* FORCES DATA TO WORE ’ BOUNDARY *1
DECLARE DATA (DISKBYTES) BIT(S);
DECLARE STRNGMX FIXED; 1* AND FOF:CE STRINGS TO BE ALIGNED *1
DECLARE STRINGS DISKBYTES) BIT (S); /* BUFFER FOR COMPILED STRINGS *1

1* COE~~MAX IS THE $ OF RECORDS OF CODE GENERATED
DATAMAX IS THE NUMBER OF RECORDS OF DATA GENERATED

*1

DECLARE COEIEFILE FIXED INITIALC1); 1* FILE FOR BINARY CODE. AND *1
DECLARE DATAFILE FIXED INITIAL (2); 1* SCRATCH FILE FOR DATA *1
DECLARE STRINGFILE FIXED INITIAL 3~~

1* SCRATCH FILE FOR CHARACTER STRINGS *1

DECLARE (PPORG. PPLIM, E’PORG, E’PLIM, CURCBLK~ CURBBLK . CURSBLK, CHPORG.
CHPL1M. STRINGMAX, SHORTDFIX. SHORTCFIX, LONGDFIX, LONGCFIX, FL ) FIxED;

DECLARE LIMITWORD FIXED ;
DECLARE STRING_RECOVER FIXED;

DECLARE XPLCOMP FIXED; 1* RELOCATED ADEIR OF THE COMPACTIFY MOE’ *1
DECLARE XPLMON FIXEr’; 1* RELOCATED ADE’R OF THE XPL SUB MONITOR *1
DECLARE SAVE FIXED; 1* CONTAINS ADDR OF SAVE AREA FOR EXTERNAL CALLS *1
DECLARE PARMLOC FIXED; 1* CONTAINS ADDRESS OF THE PARAMETER LIST PASS

FROM AN EXTERNAL ROUTINE TO A PUBLIC PROC *1
DECLARE STRMOVE FIxEEi ; 1* ADDRESS OF COMMON STRING MOVE ROUTINE *1
DECLARE CATENTRY FIXED; 1* ENTRY TO CATENATE ROu TINE *1
DECLARE STRN FIXED ; 1* A DD RESS OF TEMP IN STRING TO NUMBER ROUTINE *1
DECLARE STRL FIXED 1* ADDRESS OF LAST STRING COMPUTED FOR OPTIMIZING \\ *1 

-

DECLARE FREEPOINT FIXED INIT IAL4 ; /*OFFSET TO TOP OF STRING AREA *1
DECLARE FREEBASE FIXED INITIAL (8) 1* OFFSET FROM R13 */
DECLARE FREELIMIT FIXED INITIAL (12); 1* OFFSET FROM R13 *1
DECLARE DESCL FIXED INITIAL (16); 1* OFFSET TO * OF DESCRIPTORS *1
DECLARE NMBRNTRY FIXED ; 1* ENTRY TO BINARY TO CHAR . CONVERSION *1
DECLARE MOVER FIXED; 1* ADDRESS OF MOVE TEMPLATE *1
DECLARE BASES (15) FIXED; 1* THE VALUE OF THE BASE REGISTERS *1
DECLARE AVAIL FIXED INITIAL (2);
DECLARE DESC (1024) FIXED; 1* STRING DESCRIPTORS~ REG 13 RELATIVE *1 

—

1* 360 REGISTER ASSIGNMENTS:
0 SCRATCH
1—3 ACCUMULATORS
4—11 DATA ADDRESSING 

. S ~~~~~~ ~~~~~~~~~ — 
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12 BRANCH REGISTER
13 STRING DESCRIPTOR AREA BASE
14 PROGRAM BASE
15 POINTS TO ENTRY OF I/O PACKAGE

*1

DECLARE CALLREG LITERALLY ‘F ’  1* REGISTER FOR 10 ROUTINES OF SUBMONITOR *1
DECLARE BRCHREG LITERALLY ‘E ’  1* REGISTER FOR BRANCHING *1
DECLARE SBR LITERALLY ‘r i ’; 1* STRING BASE REGISTER TO ADDRESS DESCRIPT. *1
DECLARE PBR LITERALLY ‘C ’  1* PROGRAM BASE REGISTER POINTS TO CODE *1
DECLARE DBR LITERALLY ‘ B’’ 1* FIRST DATA BASE REGISTER *1
DECLARE PROGRAMSIZE LITERALLY ‘25’; 1* NUMBER OF 4096 BYTE PAGES ALLOWED *1
DECLARE LASTBASE FIXED; 1* KEEP TRACK OF ALLOCATION OF REG 11 — 4 *1
DECLARE TARGET_REGISTER FIXED ;
DECLARE MASKF000 BIT(32 ;
DECLARE ADREG FIXED r ADRDISP FIXED; 1* GLOBALS FOR FINDADORESS *1
DECLARE RTNADR FIXED ; 1* WHERE THE PRESENT RETURN ADDRESS IS STORED *1
DECLARE RETURNED_TYPE BIT (8);
DECLARE TEMP(3) FIXED ; 1* STORAGE FOR SAVE_REGISTERS *1
DECLARE (1W , PP, CHP, DSP, NEWDP, NEWDSP) FIXED; 1* EMITTER POINTERS *1
DECLARE h YPE FIXEr’ ; 1* INITIALIZATION TYPE *1
DECLARE STILLCOND FIXED; 1* REMEMBER CONDITION CODE TEST FOR PEEPHOLE *1

1* COMMON IBM 360 OP—CODES *1
DECLARE OPNAMES CHARACTER INITIAL (‘  BALRBCTRBCR LPR LNR LTR LCR NR CLR 0

R XR LR CR AR SR MR DR ALR SLR LA STC IC EX BAL BCT BC CVD CVB ST N
CL 0 X L C A S M D AL SL SRL SLL SRA SLA SRDLSLDLSRt’ASLDAS

TM TM MVI NI CLI 01 XI LM MVC STH LH ‘ ;
DECLARE OPER (255) BIT(8) INITIAL (

/*0**/ 0, 0, 0, 0, 0, 4, 8, 12, 0~ 0, 0, 0, 0~ 0, 0, 0,
/*1**/ 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76,
/*2**/ 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0~ 0, 0, 0, 0, 0,
/*3**/ 0, 0, 0~ 0, 0~ 0, 0, 0, 0~ 0, 0~ 0~ 0, 0, 0~ 0,
/*4**/ 236, 80, 84, 88, 92, 96,100,104,240 , 0, 0, 0, 0~ 0,108,112,
/*5**/ 116, 0, 0, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
/*6**/ 0~ 0, 0, 0~ 0, 0, 0, 0, 0, 0, 0~ 0, 0, 0, 0~ 0,
/*7**/ 0, 0, 0~ 0~ 0, 0, 0~ 0, 0~ 0, 0, 0, 0, 0, 0, 0,
/*8**/ 0~ 0, 0, 0, 0, 0, 0, 0,168,172,176,180~ 184~ 188,192~ 196~
/*9**/ 200,204,208, 0,212,216,220,224,228, 0, 0, 0, 0, 0, 0, 0,
/*A**/ 0, 0, 0, 0, 0, 0~ 0, 0, 0, 0, 0, 0, 0, 0, 0~ 0,
/*B**/ 0, 0~ 0 0, 0, 0, 0, 0, 0~ 0, 0, 0, 0, 0, 0, 0,
/*C**/ 0, 0, 0, 0~ 0, 0, O~ 0, 0, 0, 0, 0, 0~ 0, 0~ 0,
/*D**/ 0, 0,232w 0, 0, 0, 0, 0, 0, 0, 0, 0, 0~ 0, 0, 0,
/*E**/ 0, 0, 0, 0~ 0, 0, 0, 0, 0, 0, 0~ 0, Or 0, 0, 0,
/*F**/ O~ 0, 0, 0, 0~ 0, 0, 0, 0, 0~ 0, 0, 0~ 0, 0, 0)
/* *0 *1 *2 *3 *4 *5 *6 *7 *8 *9 *A *B *C *D *E *F */

DECLARE OP_CODE CHARACTER; 1* FOR DEBUG PRINTOUT *1j DECLARE COMMUTATIVE (63) B 1 T 1 ;  1* RECORD WHICH OPERATORS ARE COMMUTATIVE *1

1* COMMONLY USED /360 OPERATION CODES *1
DECLARE BC FIXED INITIAL (47 ), BCR FIXED INITIAL (07 )
DECLARE BAL FIXED INITIAL (45 ), BALR FIXED INITIAL ~~05 );
DECLARE LOAD FIXED INITIAL (‘58 ), STORE FIXED INITIAL (50’)
DECLARE CMPR FIXED INITIAL (‘59’), CMPRR FIXED INITIAL (‘19’)
DECLARE LA FIXED INITIAL (‘41’)~
DECLARE STM FIXED INITIAL (‘90’), LM FIXED INITIAL (‘98’);

——~~~ -~~
----— -. ~~~~~~ — — ~~~~~~~~~~~~~~~~~
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1* THE FOLLOWING ARE USED TO HOLD ADDRESS PAIRS IN THE EMITTER FOR \\ *1
DECLARE (Al, A2, El, B2, Ti, 12) FIXED

1* COMMONLY USED STRINGS *1
DECLARE Xl CHARACTER INITIAL (’ ‘) ,  X4 CHARACTER INITIAL (’
DECLARE X0 CHARACTER INITIALC’’); /* NULL CHARACTER STRING CONSTANT *1
DECLARE EQUALS CHARACTER INITIAL C ’ = ‘)r PERIOD CHARACTER INITIAL C ’.’)
DECLARE COMMA CHARACTER INITIAL C ’ ,’);
DECLARE LPAREN CHARACTER INITIAL ( ‘C’);
DECLARE RPAREN CHARACTER INITIAL ( ‘)‘);
DECLARE OR CHARACTER INITIAL(’\’);
DECLARE CON_E CHARACTER INITIALC’E’);
DECLARE HYPHEN CHARACTER INITIAL (’’’’);

1* TEMPORARIES USED THROUGHOUT THE COMPILER *1
DECLARE CHAR_TEMP CHARACTER ;
DECLARE (I, J~ K, L) FIXED;

DECLARE TRUE LITERALLY ‘1’, FALSE LITERALLY ‘0’, FOREVER LITERALLY ‘WHILE 1’~

1* SYMBOL TABLE VARIABLES */

DECLARE HALFWORD LITERALLY ‘1’~
LABELTYPE LITERALLY ‘2’~ACCUMULATOR LITERALLY ‘3’~
VARIABLE LITERALLY ‘4’r
CONSTANT LITERALLY ‘5’~CONDITION LITERALLY ‘6’~
CHRTYPE LITERALLY ‘7’~FIXEDTYPE LITERALLY ‘8’r
BYTETYPE LITERALLY ‘9’r
FORWARDTYPE LITERALLY ‘10’~
DESCRIPT LITERALLY ‘i1’~SPECIAL LITERALLY ‘l2’~
FORWARDCALL LITERALLY ‘13’ ‘
CHAR_PROC_TYPE LITERALLY ‘14’,
EXT_PARM LITERALLY ‘15’

DECLARE TYPENAME (14) CHARACTER INITIAL (‘ ‘ p ‘BIT< 16) ‘
~~ ‘LABEL ‘r ‘‘ , ‘‘,

‘‘r ‘‘, ‘CHARACTER ’, ‘FIXED ‘, ‘BIT(8) ‘, ‘‘, ‘‘, ‘‘, ‘‘,
‘CHARACTER PROCEDURE’ ;

DECLARE PROCMARK FIXED 1* START OF LOCAL VARIABLES IN SYMBOL TABLE *1
DECLARE PARCT FIXED 1* NUMBER OF PARAMETERS TO CURRENT PROCEDURE */
DECLARE NDECSY FIXED /* CURRENT NUMBER OF DECLARED SYMBOLS */
1* MAXNDECSY IS THE MAXIMUM OF NDECSY OVER A COMPILATION , IF MAXNDECSY

BEGINS TO APPROACH SYTSIZE THEN SYTSIZE SHOULD BE INCREASED *1
DECLARE MAXNDECSY FIXED

DECLARE SYTSIZE LITERALLY ‘450’ 1* SYMBOL TABLE SIZE *1

1* THE SYMBOL TABLE IS INITIALIZED WITH THE NAMES OF ALL
BUILTIN FUNCTIONS AND PSEUDO VARIABLES. THE PROCEDURE
INITIALIZE DEPENDS ON THE ORDER AND PLACEMENT OF THESE
NAMES. DUE CAUTION SHOULD BE OBSERVED WHILE MAKING CHANGES •

*1 

. 
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DECLARE SYT (SYTSIZE) CHARACTER 1* VARIABLE NAME *1
INITIAL (‘‘,‘‘,‘M0NITOR_LINK ’r ’TIME_OF_GENERATION ’~

‘DATE_OF_GENERATION ’r ‘COREWORD ’ , ‘COREBYTE ’,’’,
‘DESCRIPTOR ’s ‘NDESCRIPT’, ‘LENGTH’, ‘SUBSTR’,’BYTE’, ‘SHL’,
‘SHR’ ,‘INPUT ’, ‘OUTPUT’ ,‘FILE ’, ‘INLINE’ ,‘TRA CE’, ‘UNTRACE’ r
‘EXIT’,’TIME ’, ‘DATE ’~~’CLOCK_TRAP ’r ‘INTERRUPT_TRAP ’,
‘MONITOR ’, ‘ADDR ’, ‘XPLPACK ’, ‘XPLMON’, ‘XPLINIT’ ;

DECLARE SYTYPE (SYTSIZE ) BIT (8) /* TYPE OF THE VARIABLE *1
INITIAL (0, 0,FIXEDTYPE,FIXEDTYPE ,FIXEDTYPE~FIXEDTYPE ,BYTETYPE,FIXEDTYPE,FIXEDTYPE~FIXEDTYPE ,SPECIAL ,SPECIAL ,

SPECIAL,SPECIAL ,SPECIAL,SPECIAL ,SPECIAL~SPECIAL ,SPECIAL ’
SPECIAL ,SPECIAL,SPECIAL,SPECIAL,SPECIAL,SPECIAL~SPECIALr
SPECIAL,SPECIAL~SPECIAL~SPECIALrSPECIAL)

DECLARE SYBASE (SYTSIZE ) BIT (4) INITIAL (0,O,LIBR ,DBR,tIBRrO,0,
r,BR,4 ,DBR,o,o,o,o,o,o,o,o,o,o,o,o,o,o,o,o,o,o,DBR,o,o);

DECLARE SYDISP (SYTSIZE) BIT (12) 1* DISPLACEMENT FOR VARIABLE *1
INITIAL (0,0,0,0,0,0,0,0,0,0,1,2,3,4,5,6,7,8, 10,l1~ 12~ 13r14,

~~~~~~~~~~~~~~~~~~~~DECLARE SYTCO(SYTSIZE) BIT (16) 1* COUNT OF REFERENCES TO SYMBOLS *1
DECLARE SYESDTYPE (SYTSIZE) BIT(8) 1* USED FOR ESD CREATION *1
DECLARE SYRLDADDR (SYTSIZE) FIXED 1* ADDR TO BE RELOCATED *1 H
DECLARE SYLEN(SYTSIZE) FIXED ; 1* LENGTH OF LABELED COMMON VARIABLE *1 H
DECLARE DECLARED....ON_LINE(SYTSIZE) BIT( 16);

1* THE COMPILER STACKS DECLARED BELOW ARE USED TO DRIVE THE SYNTACTIC
ANALYSIS ALGORITHM AND STORE INFORMATION RELEVANT TO THE INTERPRETATION -:
OF THE TEXT. THE STACKS ARE ALL POINTED TO BY THE STACK POINTER SP. *1

DECLARE STACKSIZE LITERALLY ‘35’ 1* SIZE OF STACK *1
DECLARE PARSE_ STACK (STACKSIZE ) BIT(s); 1* TOKENS OF THE PARTIALLY PARSED

TEXT */
DECLARE TYPE (STACKSIZE) BIT(8 ; 1* OPERAND TYPE FOR EXPRESSIONS *1
DECLARE REG (STACKSIZE ) BIT(8) 1* ASSOCIATED GENERAL REGISTER */
DECLARE INX STACKSIZE B IT 8 ;  1* ASSOCIATED INDEX REGISTER */
DECLARE CNT (STACKSIZE) BITC8 ; 1* ANNY COUNT, PARAMETERS~ SUBSCRIPTS ..,*/
DECLARE VAR (STACKSIZE) cHARACTER;/* EBCDIC NAME OF ITEM */
DECLARE FIXL (STACKSIZE ) FIXED; 1* FIXUP LOCATION *1
DECLARE FIXV (STA CKSIZE) FIXED; 1* FIXUP VALUE *1
DECLARE PPSAVE (STACKSIZE ) FIXED9 1* ASSOCIATED PROGRAM POINTER *1

• 1* SF POINTS TO THE RIGHT END OF THE REDUCIBLE STRING IN THE PARSE STACK,
MP POINTS TO THE LEFT END, AND
MPP1 = MP+1.

DECLARE (SP , MP, MPP1) FIXED

1* DECLARE STATEMENTS AND CASE STATEMENTS REQUIRE AN AUXILIARY STACK */
DECLARE CASEP FIXED~ /* POINTS TO THE CURRENT POSITION IN CASESTACK *1
DECLARE CASELIMIT LITERALLY ‘255’r CASESTACK (CASELIMIT) FIXED
DECLARE INSTRUCT (255) BIT(16) 1* INSTRUCTION USE COUNTERS *1

1* ARRAYS TO HOLD FIXUPS DURING COMPILATION *1

/* FCLIM IS THE NUMBER OF FIXUPS THAT CAN BE RECORDED BEFORE THEY ARE MADE
DECLARE FCLIM LITERALLY ‘lOO’P 

~~~~~~~~~~~~~~~~~~~~ 
- - - - - •~~~~~~~~~~ -~~~~~~~~~~~ -• ~~ •. ~~
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• DECLARE FIXCADR (FCLIM) FIXED; 1* ADDRESS OF CODE FIXUP *1
DECLARE FIXCB1 (FCLIM) BIT (S); 1* 1ST BYTE OF CODE FIXUP *1
DECLARE FIXCB2 (FCLIM) BIT (B) 1* 2ND BYTE OF CODE FIXUP *1
DECLARE DCLRM CHARACTER INITIAL (‘IDENTIFIER LIST TOO LONG’);

DECLARE HOO BIT(8) INITIAL (0);
DECLARE H02 BIT(S) INITIAL (2);
DECLARE H40 BIT(S) INITIAL (‘40’);
DECLARE PROC_NAME CHARACTER INITIAL (‘MAIN’);
DECLARE MAIN_PTR FIXED; 1* SYMBOL TABLE POINTER TO THE FIRST PUBLIC PROC*/
DECLARE CODE_ESDID FIXED
DECLARE ESDID FIXED
DECLARE ESDTYPE BIT(8; 1* IDENTIFIES THE TYPE OF ESD ENTRY *1
DECLARE ESD_FIRST BIT (16) INITIAL (‘4040’)
DECLARE WORKEYTE BIT (8);
DECLARE WOR KWOR D FIXED;
DECLARE STRREG FIXED; 1* TEMP SAVE AREA FOR STRING ADDRESS REG *1
DECLARE MOVEFLAG BIT(1) INITIAL ( TRUE); 1* USED IN MOVING COMMON STRINGS*/

P R O C E D U R E S  *1

PAD:
PROCEDURE (STRING , WIDTH) CHARACTER

DECLARE STRING CHARACTER , (WIDTH , L) FIXED;

L LENGTH (STRING);
IF L > WIDTH THEN RETURN STRING ;
ELSE RETURN STRING \\ SUBSTR(X70 , 0, WIDTH—u ;

END PAD

I_FoRMAT:
PROCEDURE (NUMBER, WIDTH ) CHARACTER ;

DECLARE (NUMBER , WIDTH, L) FIXED, STRING CHARACTER

STRING = NUMBER
L = LENGTH (STRING)
IF L > WIDTH THEN RETURN STRING ;
ELSE RETURN SUBSTR(X70, 0, WIDTH—L) \\ STRING;

• END I_FORMAT ;

ERROR:
PROCEDURE (MSG, SEVERITY ;

1* PRINTS AND ACCOUNTS FOR ALL ERROR MESSAGES *1
1* IF SEVERITY IS NOT SUPPLIEDr 0 IS ASSUMED *1
DECLARE MSQ CHARACTER , SEVERITY FIXED;

• ERROR_COUNT ERROR ...COUNT + 1;
/* IF LISTING IS SUPPRESSED, FORCE PRINTING OF THIS LINE *1
IF “ CONTROL (BYTE (’L’)) THEN

OUTPUT = I_FORMAT (CARD_COUNT y 5) \\ OR \\ BUFFER \\ 0R
OUTPUT SUBSTR(POINTER r TExT_LIMIT+LE—cP+MARGIN_cHoP);
1* SEVERITY (—l) IS A PORNOGRAPHIC WAY OF OBTAINING THE RETURN ADDRESS *1
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OUTPUT = ‘*** ERROR , ‘ \\ MSG \\
‘ LAST PREVIOUS ERROR WAS DETECTED ON LINE ‘ \\
PREVIOUS_ERROR ;

PREVIOUS_ERROR = CARD_COUNT;
IF SEVERITY > 0 THEN

IF SEVERE_ERRORS > 25 THEN
DO;

OUTPUT ‘*** TOO MANY SEVERE ERRORS~ COMPILATION ABORTED ***‘;
COMPILING = FALSE

END
ELSE SEVERE_ERRORS = SEVERE_ERRORS + 1;

END ERROR

FILE HANDLING PROCEDURES *1

GETDATA :
PROCEDURE

1* HANDLE SCRATCH STORAGE ALLOCATION FOR THE DATA ARRAY *1
DECLARE I FIXED ;
COUNT*GETD = COUNTIGETO + 1;
FILE (DATAFILE~CURDBLK) = DATA; 1* WRITE OUT CURRENT BLOCK *1
CURDBLK = DP / DISKBYTES ; 1* CALCULATE NEW BLOCK NUMBER *1
DPORG = CURDBLK * DISKBYTES;
DPLIM = DPORO + DISKBYTES;
IF CURDBLK <= DATAMAX THEN

DATA = FILE(DATAFILE,CURI3BLK)
ELSE

DO;
1* ZERO OUT THE NEW DATA BLOCK *1
DO I = 1 TO SHR (DISKBYTES,2);

DATAMAX CI) = 0;
END
DO DATAMAX = DATAMAX + 1 TO CURLIBLK

FILE (DATAFILE ,DATA MAX)= DATA ;
END ;

END;
END GETDATA

GETCODE:
PROCEDURE;

/* HANDLE SCRATCH STORAGE ALLOCATION FOR THE CODE ARRAY *1
DECLARE I FIXED
COUNT$GETC = COUNT$GETC + i
FILE(CODEFILE,CURCBLK) = CODE
CURCBLt ( = PP / DISKBYTES 1* CALCULATE NEW BLOCK NUMBER *1
PPORG = CURCELK * DISKEYTES
PPLIM = PPORG + DISKBYTES
IF CURCBLK <= CODEMAX THEN

CODE = FILE(CODEFILE,CURCBLK)~ELSE
DO ~
/* ZERO OUT THE NEW CODE BLOCK */

DO I = 1 TO SHR(DISKBYTES,2)

_ _  •  ---___

• ~~~~. - 
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CODEMAXCI) =
END;
DO CODEMAX = CODEMAX + 1 TO CURCBLK — li

FILE (CODEFILE rCODEMAX ) CODE;
END;

END
END GETCODE;

GETSTRINGS:
PROCEDURE ;

1* HANDLE SCRATCH STORAGE ALLOCATION FOR STRING ARRAY */
FILE(STRINGFILE’ CURSBLK ) = sTRINGS; 1* WRITE INTO THE FILE *1
CURSELK = CHP / DISKEYTES; 1* COMPUTE NEW BLOCK NUMBER *1
CHPORG = CuRSBLK*DISKBYTES; /* NEW BLOCK ORIGIN */
CHPLIM = CHPORG + DISKBYTES 1* NEW UPPER BOUND *1
IF CURSBLK <= STRINGMAX THEN

STRINGS = FILECSTRINGFILE ,cUR5BLK); 1* READ BACK FROM FILE *1
ELSE

DO STRINOMAX = STRINGMAX+1 TO CURSBLK —

FILE(STRINGFILE,STRINGMAX) = STRINGS;
/* FILL OUT FILE SO NO GAPS EXIST *1

END
END GETSTRINGS;

1* CARD IMAGE HANDLING PROCEDURE *1

GET_CARD:
PROCEDURE

/* DOES ALL CARD READING AND LISTING
DECLARE I FIXED, (TEMP , TEMPO, REST) CHARACTER, READING BIT (l)
IF LB > 0 THEN

Do;
TEXT = BALANCE
TEXT_LIMIT = LB —

CP = 0;
RE TURN ~END

EXPANSION_COUNT = o; 1* CHECKED IN SCANNER MACRO EXPANSION *1
BUFFER = INPUT;
IF  LENGTH (BUFFER) = 0 THEN

D0 /* SIGNAL FOR EOF *1
CALL ERROR (‘EOF MISSING OR COMMENT STARTING IN COLUMN l.’,i)
BUFFER = PAD (‘ /*‘ ‘/*  */ EQF;END;EDF ’, 80)

END
ELSE CARD_COUNT = CARD_COUNT + i; 1* USED TO PRINT ON LISTING *1
IF MARGIN_CHOP > 0 THEN

D0 /* THE MARGIN CONTROL FROM DOLLAR \ */
I = LENOTH (BUFFER) - MARGIN_CHOP;
REST = SUBSTR(BUFFER~ I);BUFFER = SUBSTR(BUFFER~ 0, I);END

ELSE REST = xo;
• TEXT — BUFFER

~
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TEXT..LIMIT = LENGTH (TEXT) —

IF CONTROL (BYTE (’M’)) THEN
OUTPUT I_FORMAT (PPr7) \\ SUBSTR(X70,1,20) \\ BUFFER ;

ELSE iF CONTROL (BYTE (’L’)) THEN
DO;

REST = I_FORMAT (PP~ 6) \\ REST;
OUTPUT = I_FORMAT (CARD_COUNT , 5) \\ OR \\ BUFFER \\ OR \\

REST \\ CURRENT_PROCEDURE \\ INFORMATION ;
END;

INFORMATION = XO;
CF =

END GET_CARD ;

1* THE SCANNER PROCEDURES *1

CHAR:
PROCEDURE

1* USED FOR STRINGS TO AVOID CARD BOUNDARY PROBLEMS *1
cp = cp + i;
IF CP < TEXT_LIMIT THEN RETURN;
CALL GET_CARD;

END CHAR

IJEBLANK:
PROCEDURE

/* USED BY BCHAR *1
• CALL CHAR ;

DO WHILE BYTE(TEXT, CP) = BYTE (X1)
CALL CNAR

END
END DEBLANK

EcHAR:
PROCEDURE

1* USED FOR BIT STRINGS *1
DO FOREVER

CALL DEBLANK
CH = BYTE(TEXT, CP)
IF CH “= BYTE (LPAREN) THEN RETURN ;
1* (BA SE WIDTH) *1
CALL DEBLANK ;
JEASE = BYTE(TEXT, CP) ‘FO’; /* WIDTH *1
IF JEASE < I \ JEASE :> 4 THEN

DO~CALL ERROR (‘ILLEGAL BIT STRING WIDTH: - \\ SIJBSTR(TEXTr CP, 1))
JBASE = 4 1* DEFAULT WIDTH FOR ERROR */

END
BASE = SHL(i, JBASE)
CALL DERLANK
IF BYTE (TEXT , CP) “= BYTE(RPAREN) THEN

CALL ERROR (‘MISSING ) IN BIT STRING ’, 0 )
END

END BCHAR

• ~~~~~~~~~~~ 
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BUILD_BCD:
PROCEDURE (C);

DECLARE C BIT(S);
IF LENGTH(BCD) :~ 0 THEN

— BCD BCD \\ Xli
ELSE

BCD = SUBSTR (X1 \\ Xl, 1)
1* FORCE BCD TO THE TOP OF FREE STRING AREA AND INCREASE LENGTH

BY ONE */
1* THIS LINE DEPENDS UPON THE IMPLEMENTATION OF XPL STRINGS *1
COREBYTE (FREEPOINT—l) = C;

END BUILD_BCD ;

SCAN:
PROCEDURE 1

• DECLARE (51, S2) FIXED;
DECLARE LSTRNGM CHARACTER INITIAL (’STRING TOO LONG’);
COUNT*SCAN = COUNT*SCAN + 1;
FAILSOFT = TRUE
BCD = xo; NUMBER_VALUE = 0;

DO FOREVER;
IF CP :> TEXT_ LIMIT THEN CALL GET_cARE’ ;
ELSE

DO; 1* DISCARD LAST SCANNED VALUE *1
TEXT_ LIMIT = TEXT_LIMIT CP~
TEXT = SUBSTR (TEXT r cP) ;
c P = o ;

END ;
/* BRANCH ON NEXT CHARACTER IN TEXT *1
DO CASE CHARTYPE (BYTE (TEXT));

/* CASE 0 */

/* ILLEGAL CHARACTERS FALL HERE *1
CALL ERROR (‘ILLEGAL CHARACTER: ‘ \\  SUBSTR (TEXT r 0, 1))

/* CASE 1 */

1* BLANK */rio ;
c~ =

DO WHILE BYTE(TEXT, CP) = BYTE (Xl )  & CP <= TEXT_LIMIT;
cP = cP + i;

END;
cp = CP — i;

END I
0

/* CASE 2 */

1* STRING QUOTE C’): CHARACTER STRING *1
DO FOREVER

TOKEN STRING
Si = 11
CALL CHAR
DO WHILE BYTE (TEXT, CP) “ BYTE (HYPHEN); 

- - •
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IF CP < TEXT_LIMIT THEN
CP = CP+i;

• 1 ELSE
Do; 1* STRING BROKEN ACROSS CARD BOUNDARY *1

IF LENGTH(BCD) + CP > 257 THEN
no;

• CALL ERROR ( LSTRNGM p0) ;
RETURN

ENIfl
IF CP :> Si THEN

BCD = BCE’ \\ SUBST R(TEXT ,Si,CP—Sl) i
TEXT = xii

=

CALL GET_CARD;
Si = 0;

ENEI
END ;
IF LENGTH ( BCD) + CP > 257 THEN

no;
CALL ERROR (LSTRNGM,0);
RETURN;

END I
IF CP :> Si THEN

BCE’ = BCE’ \\ SUBSTR ( rEXT,S1,CP—s l) ;
CALL CHAR ;
IF BYTE(TEXT, CP) “= BYTECHYPHEN ) THEN

RE TURN
IF LENGTH (BCD) > 255 THEN

DO;
CALL ERROR (LSTRNGM~0)
RETURN 1

END;
BCE’ = BCD \\ HYPHEN;
TEXT_LIMIT = TEXT_LIMIT CP
TEXT = SUBSTR(TEXT~C P ;
CP = o; /* PREPARE TO RESUME SCANNING STRING *1

END

1* CASE 3 *1

DO 1* BIT OUOTE ’ : BIT STRING *1
JBASE = 4 BASE = SHL(1, JBASE ) 1* DEFAULT WIDTH *1
TOKEN = NUMBER /* ASSUME SHORT BIT STRING *1
Si = Oi
CALL BCHAR
DO WHILE CH “= BYTE ’’’ ;

Si = Si + JBASE
IF CH >= ‘FO ’ THEN S2 = CH - ‘FO’~ 1* DIGITS */
ELSE S2 = CH — ‘B7’ 1* LETTERS *1
IF S2 >= BASE \ 52 < 0 THEN

CALL ERROR (‘ILLEGAL CHARACTER IN BIT STRING: ‘
\\ SUBSTR(TEXT, CPr 1))

IF Si > 32 THEN TOKEN = STRING 1* LONG BIT STRING */
IF TOKEN = STRING THEN

DO WHILE Si — JBASE > 8;
IF LENOTH(BCD) > ‘FF ’ THEN

~~~ - ~~~~~~
- 
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to;
CALL ERROR (LSTRNGN , 0);
RETURN

END
si =s i — s;
CALL BUILD_BCD (SHR(NUMBER_VALUE~ s1—JBASE ));

END
NUMBER_VALUE SHL ( NUMBER_VALUE , JBASE ) + 92;

• CALL BCHAR
END ; 1* OF DO WHILE CH.,. *1
CP C P + i
IF TOKEN = STRING THEN

IF LENGTH (BCD) :~ ‘FF’ THEN CALL ERROR (LSTRNGM , 0);
ELSE CALL BUILD_BCE’ (SHL (NUMBER_VALUE~ B 

- S i) ) ;
RETURN ;

ENEI

1* CASE 4 *1

DO FOREVER i 1* A LETTER: IDENTIFIERS AND RESERVED WORE’S *1
DO CP = CP + 1 TO TEXT_LIMIT

IF NOT_LETTER_OR_DIGIT (BYTE (TEXT, CP)) THEN
D Oi 1* END OF IDENTIFIER *1

IF CP 0 THEN BCE’ = BCD \\ SUBSTR (TEXT, 0, CP ;
Si = LENGTH(BCB);
IF Si :> 1 THEN IF Si <= RESERVED_LIMIT THEN

/* CHECK FOR RESERVED WORE’S *1
DO I = V_ INDEX(S1—1) TO V_ 1NDEX (S1 ) — 1;

IF BCD = V ( I)  THEN
DO;

TOKEN = I;
RETURN ;

END ;
END

DO I = MACRO_ INDEXCS 1—i ) TO MACRO_ INDEX(S1) —

IF BCE’ = MACRO....NAME(I) THEN
rio ;

BCD = MACRO_ TEXT ( I)
IF EXPANSION_ COUNT < EXPANSION_LIMIT THEN

EXPANSION_COUNT = EXPANSION_COUNT + i
ELSE OUTPUT =

‘*** WARNING , TOO MANY EXPANSIONS FOR ‘
MACRO_NAME (I) \\ ‘ LITERALLY : ‘ \\ BCD;

TEXT = SUBSTR(TEXT , CP);
TEXT_ LIMIT TEXT_ LIMIT — cP;
IF LENGTH(BCD) + TEXT_LIMIT > 255 THEN

DO;
IF LB + TEXT_LIMIT > 255 THEN
CALL ERROR (’MACRO EXPANSION TOO LQNG’ ;

ELSE
rio;

BALANCE = TEXT \\ BALANCE ;
LB = LENGTH (EALANCE)
TEXT = BCD

END I
END I

- 
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ELSE TEXT = BCE’ \\ TEXT ;
BCE’ =
TEXT_LIMIT = LENGTH(TEXT) - 1;
cp = o ;
GO TO 5CAN1;

END ;
END
1* RESERVED WORDS EXIT HIGHER: THEREFORE <It’ENTIFIER:>*/
TOKEN = IDENT;
RETURN ;

END ;
END
1* END OF CARD *1
BCE’ = BCE’ \\ TEXT;
CALL GET _ CARD ;
cP = —1 ;

END

1* CASE 5 */

DO 1* DIGIT: A NUMBER *1
TOKEN = NUMBER
DO FOREVER ;

DO CP = CP TO TEXT_LIMIT;
Si = BYTE (TEXT, CP);
IF Si ‘FO’ THEN RETURN ;
NUMBER_ VALUE = 10*NUMBER_VALUE + Si —

END
CALL GET_CARD ;

END;
ENE’

1* CASE 6 *1

D0 1* A /: MAY BE DIVIDE OR START OF COMMENT *1
CALL CHAR ;
IF BYTE(TEXT , CP) “= BYTE (’*’) THEN

Do;
TOKEN = EIIVIDE
RETURN ;

END ;
1* WE HAVE A COMMENT *1
Si, S2 = BYTE (Xl);
DO WHILE Si “= BYTE (’*’) \ S2 “

IF Si = BYTE C ’ S ’ )  THEN
DO~ /* A CONTROL CHARACTER */

CONTROL ( S2 ) = “ CONTROL ( S2 )
IF S2 = BYTE( ’T ’ )  THEN CALL TRACE ;
ELSE IF S2 = BYTE( ’ U’ )  THEN CALL UNTRACE;
ELSE IF S2 = BYTE ( OR ) THEN

IF CONTROL (S2) THEN
MARGIN....CHOP = TEXT_ LIMIT — CP + i

ELSE
MARGIN_CHOP =

END
Si S2;

~~~~~ 
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CALL CHAR ;
52 = BYTE ( TEXT , CP);

ENB
END;

1* CASE 7 *1
no; i* SPECIAL CHARACTEI~S */

TOKEN = TX ( BYTE (TExT ) ) ;
cP = 1;
RETURN;

END

1* CASE 8 *1
t’O~ 1* A \ MAY BE ‘OR ’ OR ‘CAT ’ *1

CALL CHAR ;
IF BYTE (TEXT, CP) = BYTE (OR) THEN

rio ;
CALL CHAR;
TOKEN = CONCATENATE ;

END ;
ELSE TOKEN = ORSYMBOL;
RETURN

END;

END; 1* OF CASE ON CHARTYPE *1
CP = CP + 1; /* ADVANCE SCANNER AND RESUME SEARCH FOR TOKEN *1

END;
END SCAN;

1* ADDRESS AND REGISTER COMPUTATIONS

cHEcKBAsES:
PROCEDURE ;

IF “ COMPILING THEN RETURN
IF DP :::.= BASES (LASTBASE) + 4096 THEN

rio;
LASTEASE = LASTBASE — 1 1* USE REG 11 DOWN TO REG 4 *1
BASES(LASTBASE) OP & ‘FFFFFc’;
INFORMATION = INFORMATION \\ ‘ R’ \\ LASTEASE \\ EQUALS \\

BASES(LASTBASE ) \\ PERIGEI
IF LASTBASE = 3 THEN CALL ERROR(’EXCEEDED DATA AREA’ ,l);

END;
END CHECKEASE6;

cLEARREGS:
PROCEDURE;

ç IX FREE ALL THE ARITHMETIC REGISTERS *1
DO I = 0 TO 31 BASES (I) = AVA IL END ;
TARGET_REGISTER =

END CLEARREGS

FINDAc :
PROCEDURE FIXEDI

:~ 1 IX FIND AN ACCUMULATOR FOR 32 BIT QUANTITY XI

-
__
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DECLARE I FIXED;
IF TARGET_REGISTER :::. —i THEN IF BASES (TARGET_REGISTER) = AVAIL THEN

DO
BASES(TARGET _REGISTER ) = ACcuMULAToR ;
RETURN TARGET_REGISTER ;

END;
D O I = i T O 3

IF BASES(I) = AVAIL THEN
Do;

BASES (I) = ACCUMULATOR ;
RETURN I i

END ;
END;
CALL ERROR(’USED ALL AccUMuLATORS’ ,o);
RETURN 01

END FINDAC

FINDADDRESS :
PROCEDURE (A DR);

1* FIND THE APPROPRIATE BASE ANt’ DISPLACEMENT FOR THE ADDRESS *1
DECLARE ( ADR, I) FIXED;
COUNTtFIND = COUNT*FIND + H
IF AE’R < 0 THEN

DO;
ADRDISP = — Ar’R;

ADREG = SBR;
RET IJRN

END;
IF At’R = 0 THEN

DO ;
ADREG,ADRDISP = 0;
RETUR N

END
EsO I = LASTBASE TO DBR ;

IF BASES (I) :Z ADR & BASES (I)+4096 > ADR THEN
DO;

ADRDISP ADR — BASES (I)
AE’REG = I;
R E T U R N ;

END
END
CALL ERROR (’FIND ADDRESS FAILEti ’,i);
ADREG,ADRDISP = 0;

END FINDADDRESS;

IX CODE EMISSION PROCEDURES XI

EIIITcHAR:
PROCEDURE (C);

DECLARE C BIT (5)1
1* SEND ONE 8—BIT CHARACTER TO THE STRING AREA XI

- — 5 .-- — - —~~~
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IF CONTROL (BYTE(CON_ E)) THEN
OUTPUT = X4 \\ CHP \\ ‘: CHARACTER = ‘ \\

SUBSTR ( HEXCODES~ SHR(C~ 4)~ 1) \\ SUBSTR(HEXCODES, C & ‘F’ , H~IF CHP < CHPORG \ CHP >= CHPLIM THEN CALL GETSTRINGS;
STRINGS(CHP-CHPORG ) = Ci

• CHP = C H P +H
END EMITCHAR

• EMITBYTE:
PROCEDURE (B) ;

DECLARE B F IXED ;
IX EMIT ONE BYTE OF DATA XI
IF riP DPORG \ LIP >= DPLIM THEN CALL GEl-DATA;
DATA ( DP— DPORG) =

IF CONTROL (BYTE (CON_E)) THEN
OUTPUT = X4 \\ DP \\ ‘: DATA = ‘ \\

SUBSTR(HEXCOE’ESr SHR(B,4), i) \\ SUBSTR(HEXCODES, B & ‘F’r i)
DP = riP + H
CALL CHEcKBASES;

END EMITBYTE

EMITCODEBYTES:
PROCEDURE (Bl~ B2)DECLARE (El, B2) BIT (8)~ I F I X E D ;

IX EMIT TWO B~’TES OF COE’E *1
STILLCOND = 0
IF PP < PPORG \ PP :>= PPLIM THEN CALL GETcODE;
I = PP PP ORG
C O D E ( I )  = BH IX FIRST BYTE XI
CODE (I+l) = B2; IX SECOND BYTE XI
IF CONTROL ( B YT E( ’ B ’ ) )  THEN

OUTPUT = X4 \\ PP \\ ‘: CODE = ‘ \ \
SUBSTR(HEXCOE’ES, SHR(Bl,4) , 1) \\ SUBSTR(HEXCODESr Bi & ‘ F ,  1)
\\ SUBSTR ( HEXCODES~ SHR(B2,4 ) , 1) \\ SUBSTR(HEXCOE1ES, B2 &

PP= PP+ 2;
END EMITC ODEBYTE S

EMITDATAWORD:
PROCEDURE (W);

DECLARE (U, I) FIXED
IX SEND A 32—BIT WORD TO THE DATA ARRAY XI
DP = (DP + 3) & ‘FFFFFC 9
IF DP < DPORG \ DP > DPLIM THEN CALL GETDATA ;
CALL CHECKBASES
IF CONTROL (BYTE (CON_E)) THEN

OUTPUT = X4 \\ 1W \\ ‘: DATA = ‘ \\  w ;
I = DP - DPORG ;
DATA (I) = SHR (Wr24)
DATA( I+ l) = SHR(W ,16) ;
DATA (I+2) = SHR(W ,8)

k DATA (I+3) = U ;
DP = DP + 4
CALL CHE CKBA SESI

END EMITDATAWOR D

EMITLIESc:
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PROCEDURE CD~~DECLARE D FIXED
1* SEND 32-BIT DESCRIPTOR TO STRING DESCRIPTOR AREA XI
IF DSP >= 4096 THEN

DO;
CALL ERROR ( ‘TOO MANY STRINGS ’~ l)

END;
IF CONTROL (BYTE(CON. .E)) THEN

OUTPUT = X4 \\ LISP \\ ‘ DESC = ‘ \ \  SHR(E’r24) \\ COMMA \\
(LI & FFFFFF’);

DESC (SHR(DSPr2)) =
DSP = DSP -~ 4;

END EMITDESC

EMITCONSTANT :
PROCEDU RE(C);

IX SEE IF C HAS ALREADY BEEN EMITED, AND IF NOT EMIT. SET UP ADDRESS XI
DECLARE CTAB(100) FIXED , CADE’ (iOO ) BIT(16), (C, NC, I) FIXED;
DO 1=  i T O  NC

IF CTA B( I) = C THEN
DO;

ALIREG = sHR(cAr’E’(I) ,l2);
ADREIISP = CAEID(I) & ‘FFF’;
R E T U R N ;

END ;
END
CALL EMITDATAW ORE’ (C)
CTAB( I) = C;
CALL FINDADDRESS(DP—4);
CADD ( l) = SHL(ADREG,12) + ADRE’IsP;
IF 1 <  100 THEN NC = hi
INFORMATION = INF ORMATION \\ ‘ C’ \\ I \\ EQUALS \\ C \\ PERIOD;

END EM IT C ON STANT i

EMITRR :
PROCEDURE COP , Ri, R2)

DECLARE COP , Ri, R2) FIXED ;
IX EMIT A 16—BIT RR FORMAT INSTRUCTION *1
CQUNT*RR COUNT*RR + 1;
IF CONTROL (BYTE (CON_E)) THEN

no;
OP_CODE = SUBSTR(OPNAMES, OPER(OP), 4)
OUTPUT X4 \\ PP \\ ‘: CODE = ‘ \\ OP_CODE \\ Xl \\ Ri

\\ COMMA \\ R2
END

CALL EMITCODEBYTES(OP r SHL(Ri,4)+R2)
INSTRUCT(OP) INSTRUCT (OP) + H

END EMITRR I

EMITRX:
PROCEDURE (OP , Ri, R2, R3, DISP)

DECLARE (1W, Ri, R2, R3, DISP) FIXED I
IX EMIT A 32—BIT RX FORMAT INSTRUCTION XI
COUNT$RX = COUNT*RX + H
IF CONTROL (BYTE(CON_E)) THEN

____ — - - 5 -  . - - -5
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rio;
OP_CODE = SUBSTR (OPNAMES~ OPER(OP), 4);
OUTPUT = X4 \\ PP \\ ‘: CODE = ‘ \\  OP_CODE \\ Xl \\ Ri

\\ COMMA \\ DISP \\ LPAREN \\ R2 \\ COMMA \\ R3 \\ RPAREN;
END ;

CALL EMITCO DEBYTES(OP r SHL(Rl~ 4)+R2) ;
CALL EMITCO DEBYTES(SHL(R3,4)+SHR(DISP,8) , DISP & ‘FF’)
INSTRUCT(OP) = INSTRUCT(OP ) + H

END E M I T R X

IX FIXUP PROCEDURES XI

INSERT_CODE._FIXUPS:
PROCEDURE 1

IX EMPTY THE FIXUP TABLE, EITHER FOR LOADING OR BECAUSE OF
TABLE OVERFLOW *1

DECLARE (I, J, Lr FXLIM, Ti, K) FIXED;
DECLARE T2 BIT(S), EXCHANGES BIT(H;

IX THE FIRST STEP IS TO SORT THE CODE FIXUP TABLE XI
K,FXLIM = FCP — 1; EXCHANGES = TRuE;
DO WHILE EXCHANGES; IX OUIT BUBBLE SORT AFTER TABLE QUIETS DOWN XI

EXCHANGES = FALSE; IX RESET ON EACH EXCHANGE BELOW XI
DO J = 0 TO K-l i
I = FXLIM—J ;
L = I— li
IF FIXCADR (L) :> FIXCADR (I) THEN

rio ; IX SWAP XI
Ti = FIXCADR(L) FIXCADR(L) = F I x C A D R ( I ) ;  F I X C A D R ( I )  = Ti;
T2 = FIxcB1 (L); FIXCB1(L) = FIXCB1(I) FIXCB 1(I) T2;
T2 = FIXCB2(L) FIXCB2(L) = FIXCB2 (I) FIXCB2 (I) = T2
EXCHANGES = TRUE ; K = Ji

END
END

END

1* NOW WRITE OUT THE CURRENT BLOCK XI
FILE (CODEFILE,CURCBLK) = CODE

IX WRITE B I N A R Y  PROGRAM PATCHES INTO PROGRAM FILE *1

K,PPORG=O; PPLIM = DI SKEYTES;
no ~ = 0 TO coriEMAx;

I = K; IX KEEP TRACK OF K SO THAT WE WILL KNOW WHEN TO READ IN XI

DO WHILE (K <= FXLIM) & (FIX CADR(K) PPLIM);
IX IF THE FILE HAS NOT YET BEEN REAl’ IN, DO SO XI
IF K = I THEN CODE = FILE(C0DEFILE,J); IX ONLY IF A FIX IS NEEDED XI
L = FIXCADR (K) — PPORG IX RELATIVE ADDRESS W I T H I N  THIS BLOCK XI
CODE (L) = FIXCBi (K) CODE(L+i) = FIXCB2 (K)

END 
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IF K > I THEN 1* A FIXUP WAS DONE *1
FILE (CODEFILE,J) = CODE ; /X SO WRITE OUT THE CONTENTS XI

PPORG = PPORG + DISKBYTES;
PPLIM = PPLIM + DISKBYTES

END

FCP = 0; IX RESET TABLE TO EMPTY XI
• CODE = FILE (CODEFILE ,CURCBLK) 1* RESTORE FILE TO PREVIOUS STATE *1

PPORG = CURCBLK*DISKBYTES PPLIM = PPORG + DISKBYTES;
END INSERT_CODE_FIXUPS ;

FIXcHW :
PROCEDURE ( ADR, Bl~ B2) ;

DECLARE ALIR FIXED, (El, B2) BIT (S);
1* FIX UP ONE HALF WORE’ OF CODE XI
COUNT*FIXCHW = COUNT4FIXCHW + i;
IF FCP >= FCLIM THEN

CALL INSERT_CODE_F IXUPS
IF PPORG < ADR & ADR < PPLIM THEN

DO
SHORTCFIX = SHORTCFIX + 1;
ADR = ADR - PPORG ;
CODE (ADR ) = BH
CODE (ADR+l) = B2

END
ELSE

DO
LONGCFIX = LONGCFIX + H
FIXCAEIR (FCP ) = ADR ;
FIXCB1 (FCP) = Bi;
FIXCB2 (FCP) = B2
FCP = rep + i;

END I
END FIXCHW

FIXEFU:
PROCEDURE (WHERE, VAL)

DECLARE (WHERE, VAL E I~ J, F’) FIXED ;
IF WHERE = 0 THEN RETURN ;
IX FIX UP A BRANCH WHOSE ADDRESS WE NOW KNOW XI
COUNT*FIXBFW = COUNT*FIXBFW + U
IF CONTROL(BYTE (CON_E)) THEN OUTPUT = X4 \\ X4 \\ WHERE \\ ‘: FIXUP ‘

\\ VAL ;
P = WHERE + 21 IX THE ACTUAL ADDRESS FIELD XI
IF WHERE >= ‘1000 ’ THEN

DO
CALL FIXCHW (P, SHL(DBR,4), SHR(VAL,lO) & ‘FC’)
VAL = VAL & ‘FFF’
P = P + 4

END
ELSE IF ‘ML >= ‘1000’ THEN

DOl
I = VAL & ‘FFF’
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J = SHR(VAL , 12);
INSTRUCT (LOAD) = INSTRUCT(LOAD ) + 1;
INSTRUCT(BC) = INSTRUCT(BC) + ii
CALL EMITOATAWORD (SHL(LOAD, 24) + SHL(BRCHREG, 20) + SHL(DBR, 12)

+ SHL (J~ 2));• I CALL EMITDATAWORD (’47F00000’ + SHL C BRCHREG~ i6) + SHL(PBR
, 12) + 1)1

CALL FINDADDRESS (DP—8)
CALL FIX CHW (P, SHL(ADREG,4)+SHRCADRE’ISF’,B), ADRDISP & FF’ ;
RETURN

END;
CALL FIXCHW (P, SHL(PBR,4)+SHR(VAL ,8) , VAL & ‘FE’);

END F I X B F W ;

FIxW HOLEDATAWOR D :
PROCEDURE (ADR, WORD);

DECLARE (ADR , WORD ) FIXED ;
DECLARE ( ELK , TEMP ) FIXED , REREAD BIT(1) ;
IF CONTROL (BYTE (CON_ E)) THEN

OUTPUT = X4- \\ ADR \\ ‘: FIXUP = ‘ \\ WORD;
COUNT*FIXD = COUNT$FIXD + H
BLK = AEIRIDISKBYTES
REREAD (CURDBLK “= BLK ;
IF REREAD THEN

DO IX MUST GET THE RIGHT BLOCK XI
LONGLIFIX = LONGDFXX + i;
TEMP = DPi
LIP = ADR
CALL OETDATA ;

END
ELSE SHORTDFIX = SHORTDFIX + 1;

ADR = ADR MOD DISKBYTE S
DATA (ADR ) = SHR(WORD, 24);
DATA (ADR+ i) = SHR ( WORD , l6)
DATA (ADR+2) = SHR(WORD, B)
DATA (ADR+3 ) = WORth
IF REREAD THEN riP = TEMP;

END FIXWHOLEDATAWORD

ENTER:
PROCEDURE (N, T , L, LINE )

IX ENTER A SYMBOL IN THE SYMBOL TABLE XI
DECLARE (I, J, K, L~ T~ LINE) FIXED, N CHARACTER

DO I = PROCMARK TO NDECSY
-: IF N = SYT(I) THEN

DO;
K = SYTYPE (I)
IDCOMPARES = IDCOMPARES + I - PROCMARK
IF T = LABELTYPE & (K = FORWARDTYPE \ K = FORWARDCALL ) THEN

DO
IF CONTROL(BYTE(CON_E)) THEN

OUTPUT = X4 \\ ‘FIX REFERENCES To: ‘ \\ N
J = BASES (SYBASE (I))+ SYDISP(I)
IF K = FORWARDCALL THEN

- I 
- - ~~~~~~ - 
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IF L > ‘FFF ’ THEN
L = L+8

ELSE
L = L + 4

u SYE4ASE(I) = Si4R(L, 12)
SYDISP(I) = L & ‘FFF’;
CALL FIXWHOLEDATAWORD (J,L)
SYTYPE (I) = II
DECLARED_ON_LINE (I) LINE

END
ELSE IF PROCMARK + PARCT < I THEN

CALL ERROR (’DUPLICATE DECLARATION FQP ‘ \\ N, 0);
ELSE DECLARED_ON_LINE (I) = LINE
RETURN H

END I
ENO
NDECSY = NDECSY + H
IF NDECSY > MAXNDECSY THEN

IF NDECSY :> SYTSIZE THEN
DO;

CALL ERROR (‘SYMBOL TABLE OVERFLOW ’, 1);
NDECSY = NDECSY - H

EN D I
ELSE MAXNDECSY N~IECSY;

SYT (NDECSY) = N;
SYTYPE(NDECSY) = I I
DECLARED_ON_LINE (NDECSY ) = L I N E ;
SYTCO (NDECSY) = O
SYESDTYPE (NDECSY ) = ESDTYPE
IF ESDTYPE “= 0 & LENGTH (N) :::• 7 THEN

CALL ERROR (’EXTERNAL~PUBLIC~ OR COMMON NAME EXCEEDS 7 CHARACTERS’)IF T = LABELTYPE THEN
DO;

SYBASE(NDECSY) = SHR(L, 12) IX PAGE XI
SYDISP(NDECSY ) = L * ‘FFF’

END ;
ELSE

DO
CALL FINDADDRESS (L)
SYBASE(NDECSY) = ADREG
SYDISP(NDECSY) = ADRDXSP

END
• IDCOMPARES = IDCOMPARES + NDECSY — PROCMARK

RETURN NDECSY;
END ENTER

ID...LOOKUP:
PROCEDURE (PH

• IX LOOKS UP THE IDENTIFIER AT P IN THE ANALYSIS STACK IN THE
SYMBOL TABLE AND INITIALIZES FIXL,CNT,TYPE ,REG~ INX
APPROPRIATELY. IF THE IDENTIFIER IS NOT FOUND, FIXL IS
SET TO -i

*1
DECLARE P FIXED, I FIXED
CHAR_TEMP = VAR (P)I
DO I = 0 TO NDECSY — ii

5-- - -5_ _~5-~• •~ 
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IF SYT(NDECSY—I) = CHAR_TEMP THEN
DO;

IDCOMPARES = IDCOMPARES + I;
I,FIXL (P) = NDECSY — H
CNT(P) = o; IX INITIALIZE SUBSCRIPT COUNT XI
TYPE (P) = VARIABLE
IF SYTYPE( I) = SPECIAL THEN

FIXV (P) = SYDISP(I); IX BUILTIN FUNCTION XI
ELSE

FIXV(P) = 0 IX “ BUILTIN FUNCTION XI
REG(P),INX(P) = 0 IX INITIALIZE REGISTER POINTERS XI
SYTCO (I) = SYTCO (I) + H 1* COUNT REFERENCES XI
RETURN ;

END ;
END 1
IDCOMPARES = IDCOMPARES + NDECSY;
FIXL(P) = -H IX IDENTIFIER NOT FOUND XI

END ID_LOOKUP ;

UNDECLARED_ID:
PROCEDURE (PH

IX ISSUES AN ERROR MESSAGE FOR UNDECLARED IDENTIFIERS AND
ENTERS THEM WITH DEFAULT TYPE IN THE SYMBOL TABLE

XI
DECLARE P FIXED ;
CALL ERROR (’UNDECLARED IDENTIFIER: ‘ \\ VAR (P) ,OH
CALL EMITDATAUORE’(OH
CALL ENTER (VAR (P), FIXEDTYPE , DP—4, CARD_COUNT);
CNT (P) = 01
FIXV (P) =
REG (P) = 0
INX (P) = 0,
FIXL (P) = NDECSY
SYTCO (NUECSY) = i; IX COUNT FIRST REFERENCE XI
TYPE (P) = VARIABLE ;

END UNDECLARED_ID

IX PROCEDURE S RELATED TO PUBL IC AND EXTERNAL PROCEDURE CALLS XI

IX MAJOR WE ST VIR GINIA UNIVER SITY ENHAN CEMENT S FOLLOW XI

BUILD_PROLOGUE:
PROCEDURE (SYPTR H IX CREATE CODE FOR BEGINNING OF ‘PUBLIC’ PROC XI

DECLARE (SYPTR,I,J) FIXED;
DECLARE (B1,B2 ) BIT(S);

PP = (PP + 3) & ‘FFFFFC ’ IX SET PP TO FULL WORD BOUNDRY XI
SYBASE (SYPTR ) = SHR(PP,12H IX SET BASE OF PRO CEDURE XI
SYDISP(SYPTR) = PP & ‘FFF ’ 1* DISPLACEMENT XI
CALL EMITRX (BC,iS,0,CALLREG,16H IX B * + 12 XI
IF LENI3TH(CURRENT_PROCEDURE ) < 8 THEN

• S = PAD (CURRENT_PROCEDURE,8H
ELSE

S = CURRENT_PROCEDURE

--  r~~- _r e r - - , - .~~ - - w e  - r -r-— V
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BYTE (S,O) = LENGTH (CURRENT_PROCEDURE) - 1;
DO I = 0 TO 7 BY 2; IX INSERT NAME INTO CODE AREA XI

El = BYTE CS,IH
B2 = BYTE (S,I+1)i :1
CALL EMITCODEBYTES(B1~B2H

END
SYRLDADDR ( SYPTR ) PPI IX ADDR OF DATA CSECT GOES HERE XI
PP = PP + 4

IX NOW EMIT CODE TO SAVE THE CALLERS REGISTERS V I A  IBMIOS CONVENTIONS *1

CALL EMITRX (STM ,BRCHREG~PBR,SBR~l2H 1* SAVE R14 
— R12 XI

CALL EMITRX (LOAEI,DBR,O,CALLREGY12); IX LOAD ADEIR OF DATA CSECT XI
IX RiS  IS BASE BECAUSE WE ARE ENVOLKEDX/
IX VIA A BALR R14,R15 INSTRUCTION XI

CALL EMITRX (LM,4~ 12~ DBR ’BASEDATA+16H IX LOAD OUR R4 — Ri2 *I

1* R4— Ril = DATA BASE REG’S XI
IX R12 NOW BECOMES THE BASE REG XI

CALL EMITRX (STORE,SBR,0~ tIBR,SAVE+4 H 1* Ri3 TO OUR SAVE AREA XI 
—

CALL EMITRX (LA ,CALLREG,0,DBR~SAVE); 1* GET ADDR OF OUR SAVE AREA XI
CALL EMITRX (STORE,CALLREc3~0~ SBR~8H 1* INTO CALLER ’S SAVE AREA *1
CALL EMITRX (LMPSBR~CALLREG ,DBR’BASEDATA+52); IX LOAD OUR Rl3 — R15 XI
CALL EMITDATAWORD (OH IX SAVE AREA FOR FARM ADDRESS *1
PARMLOC = DP—4
CALL FINDADDRE5S (PARMLOC);
CALL EMITRX (STOR E~ 0,OPADRE G~ ADRD I6 P ) ;  IX SAVE ADDRESS OF PARMS X-

IX NOTE R 13 IS NOT THE SAVE ADDR XI

END BUILD_PROLOGUE ;

BUILD_EXTERNAL_CALL :
PROCEDURECI); 1* SET UP FOR CALL TO PUBLIC PROC *-

1* TRIGGERED BY ‘EXTERNAL : NAME PROCEDURE •. .‘ XI
DECLARE (I,TREG,TDISP) FIXED;

CALL EMITDATAWORD (0);
CALL FINDADDRESS(DP-4H
TREG = ADREG IX Ri3 SAVE AREA Xl
TDISP = ADRDI SP ;
CALL EMITRX (STORE,SBR,0~TREG,TDISP);
CALL FINDADDRESS(DPH -1* REGISTER SAVE AREA FOR EXTERNAL CALL XI

= riP + 72 IX 18 WORD SAVE AREA Xl
CALL CHECKBASES
CALL EMITRX (LA,SBR,OPADREG,ADRDISP); IX CALLING CONVENTION XI
CALL EMITDATAWORD (OH 1* ADDR OF EXTERNAL GOES HERE*I

• 

- 
SYRLDADDR (I) DP—4
CALL FINDADDRESS(DP-4)
CALL EMITRX (LOAD,CALLREG~0,ADREG,ADRDISPH 1* GET REAL ADOR OF PROC XI
CALL EMITRX (LA,0,0~SYBA SE (PROCMARK ) ,SYDISP(PROCMARK)); 1* PARM LIST ADDR*I~CALL EMITRR (BALR,BRCHREfl~CALLREGH

CALL EMITRX (LOAD,SBR,0,TREG,TDISPH 1* RESTORE R13 XI

END BUILD_EXTERNAL_ CALL

- - 
• S 
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RESTORE_ REGISTERS:
PROCEDURE ; IX RESTORE R4—Ri5 AFTER RETURN FROM AN EXTERNAL PROC XI

CALL EMITRXCLOA D ,SBR~0,DBR,SAVE+4)l
CALL EMITRX(LM.14~ 15’i3’12H IX RESTORE R14 — R15 *1
CALL EMITRX(LM,4 ,i2,l3,36)i IX RESTORE R4 - R 12 XI
CALL EMITRR(’18’ ,15~3H 1* RETURN CODE TO RiS FOR OS XI
CALL EMITRR (BCR~ l5rBRCHREG H IX RETURN TO CALLER XI

END RESTORE_REGISTERS;

EMIT_RETURN
PROCEDURE 1* RETURN FROM EITHER A LOCAL OR EXTERNAL PROC XI

IF SYESDTYPE (PROCMARK-l) = ‘01’ THEN
CALL RESTORE_REGISTERS; /* RETURNING FROM A PUBLIC PROC *1

ELSE
DO;

CALL FINDADDRESS RTNAE’R ;
CALL EMITRX(LOAEI,BRCHREO,O rADREG,ADRDISP)
CALL EMITRR C BCR , ~F’ ,BRCHREG)

END
END EMIT_RETURN I

SETuP .EXTRN :
PROCELIURE (IH

1* PROCEDURE TO INITIALIZE CODE FOR EITHER A EXTERNAL PROC OR
PUBLIC PROC XI

DECLARE (I) FIXED;

DO CASE ESDTYPE ;
1* CASE 00 — SECTION DEFINITION XI

I
- DO 1* CASE 01 - LABEL (PUBLIC ENTRY) DEFINITION Xl

IF MAIN_ PTR = 0 THEN
MAIN_FIR = H 1* FIRST PUBLIC PROCEDURE *1

CALL BUILD_PROLOGUE( IH
END

rio ; i* CASE 02 - EXTERNAL REFERENCE XI
CALL BUILD_EXTERNAL_CALL (1)1
CALL EMIT_RETURN ;

END I

END; IX hO CASE XI
ESDTYPE o; /*RESET FOR PARAMETER LIST XI

END SETUP EXTRN

SETINIT:
PROCEDURE 1

1* PLACES INITIAL VALUES INTO DATA AREA XI

DECLARE (I, J) FIXEDI

IX CHECK FOR ATTEMPTED INITIALIZATION OF AN EXTERNALLY DEFINED VARIABLE Xl

- - 5 - 5 - S 
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I

IF SYESDTYPE (FIXL (MP)) = ‘05’ THEN
rio;

CALL ERROR (’ILLEOAL INITIALIZATION OF COMMON VARIABLE’ ,lH
RETURN;

END;

IF h YPE = CHRTYPE THEN
001

IF TYPE ( IPP1) “ CHRTYPE THEN VAR (MPP1) = FIXV (MPP1) ;
S VAR ( MPP1) 1* THE STRING *1
I = LENGTH(S) — 1;

I F I ( O THEN
CALL EMITEIESC(OH

ELSE
CALL EMITDESC(SHL(I,24) + CHPH

DO J = 0 TO I ;
CALL EMITCHAR CBYTE(S,JW

END;
END 1

ELSE IF TYPE (MPPi) “= CONSTANT THEN
CALL ERROR (‘ILLE GAL CONSTANT IN INITIAL LIST’);

ELSE IF ITYPE = FIXEDTYPE THEN
CALL EMITDATAWO RD(FIXV(MPP1) H

ELSE IF ITYPE = HALFWORD THEN
DOi

IX FIRST FORCE ALIGNMENT XI
OP = ( LIP + 1) * ‘FFFFFE’
CALL EMITBYTE ( SHRCFIXV ( MPPi)~ 8) )
CALL EMITBYTE (FIXV (MPP1) & ‘FF’);

END
ELSE IF ITYPE = BYTETYPE THEN

CALL EMIIBYTE (FIxv (MPP1));
END SETINIT

ALLOCATE :
PROCEDURE C P ,D I M  H

IX ALLOCATES STORA3E FOR THE IDENTIFIER AT P IN THE ANALYSIS
STACK WITH DIMENSION h IM

XI

DECLARE (F’, DIM, J~ LEN) FIXED;

CHECK _NEWDP:
• PROCEDURE

DECLARE T FIXED;
H T = D P ;

DP = NEWOP I
• CALL CHECKBASES

D P = T

- •  

• 
END CHECK_NEWUP I

• - s -5- • I ___._.__ — .55 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SYTYPE (FIXL (P)) = TYPE (PH
IF SYESDTYPE(FIXL(P)) = EXT_FARM THEN IX ALLOCATE ALREADY DONEXI

DO ;
SYESDTYPE (FIXL (P)) = 01
RETURN

END;
IF ESDTYPE = ‘05’ THEN 1* ALIGN TO WORD BOUNDRY FOR ADDR XI

rio;
NEWDP = (NEWDP + 3) & ‘FFFFFC’
CALL cHECK_NEWDP ;

END

DIM = DIM + H IX ACTUAL NUMBER OF ITEMS XI
DO CASE TYPE (P);

IX CASE 0 DUMMY Xl

DO IX CASE ~ HALFWORD XI
NEWDP = (NEWEIP + 1) & ‘FFFFFE’ IX ALI GN HALFW ORD *1
CALL CHECK _NEWEIPI
J = NEWDP• LEN = SHL(DIM, 1H

END

1 IX CASE 2 LABEL TYPE Xl

1 IX CASE 3 ACCUMULATOR *1

1 IX CASE 4 VARIAB LE XI

1 IX CASE S CONSTANT XI

; IX CASE 6 CONDITION XI

DO IX CASE 7 CHARA CTER TYPE XI
IF ESDTYPE “= ‘05’ THEN IX NOT AN EXTERNAL XI

Do;
J = —NEWDSPI
NEWDSP NEWDSP + SHL (DIM,2H
LEN =

END
ELSE

DO IX A COMMON STRING IS BEING DECLARED XI
CALL EMITDATAWORD (0)
J = NEW DP ;
LEN = sHL (DIM~2); IX NUMBER OF DESCRIPTORS XI

END;

END;

DO IX CASE 8 FIXED TYPE XI
NEWDP = (NEWEIP + 3) & ‘FFFFFC’ IX ALIGN TO WORD XI
CALL CHECK_NEUDP
J=N E W D P  

_ _
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LEN = SHL (DIM~ 2H
END

DO IX CASE 9 BYTE TYPE XI
CALL CHECK _NEWE’P
J = NEWDP
LEN = DIM

END

DO IX CASE 10 FORWARD TYPE (LABEL ) *1
NEWDP = ( NEWDP +3 ) & ‘FFFFFC’ 1* WORE’ ALIGN XI
CALL CHECK_NEWDP
J = NEWDP
LEN = SHL (DIM~ 2H IX SPACE FOR FIXUPS XI

END

1 IX CASE 11 DESCRIPT Xl

IX CASE 12 SPECIAL *1

I 1* CASE 13 FORWARD CALL Xl

1 IX CASE 14 CHAR_ PROC_TYPE Xl

1 1* CASE 15 UNUSED XI

END; IX OF DO CASE TY PE(P) XI

CALL FINDADDRESS(JH
SYBASE(FIXL ( P)) AIIREG;
SYDISP(FIXL (P)) = ADRDISP
IF ESDTYPE A~~ ‘05 ’ THEN

NEWEIP = NEWDP + LEN
ELSE

DO
SYLEN (FIXL (P)) = LEN;
SYRLDADDR (FIXL (P)) J
NEWDP = NEWDP + 4 CALL CHECK_NEWDF’

END ;
IF SYESDTYPE (FIXL(P)) = ‘OE ’ THEN IX MOVE EXTERNAL FARM XI

Do;
CALL FINDADDRESS (PARMLQC H
J = FINDAC
CALL EMITRX (LOAL’,J,O,ADREG ,ADR DISP H IX BASE ADEIR XI
CALL EMITRX (LA,J,0,J,SHL (SYTCO (FIXL (P)) 1,2)H IX FARM ADDR*/
CALL EMITRR (’lB’,iS,JH /XSAVE FOR CLEAR Xl
CALL ENITRX CLOAD,J,Q,J,OH 1* PARM VALUE XI
CALL EMITRR(’ iB’ ,BRCHREG,BRCHREG); /XZERO VALUE TO XI
CALL EMITRX (STORE,BRCHREG,0,15,OH /*CLEAR FARM FIELD*I
IF TYPE (P) = CHRTYPE THEN

DO
CALL EMITRX (STORE,J,0,DBR~STRNH I*INCOMMING DESCRIPTOR*/
CALL EMITRX (STORE,SBR,0,DBR,STRREG)
CALL EMITRX (BAL,BRCHREG,0PPBR~STRMOVE);
CALL EMITRR (’i8’~ J~3H END 

S 

- ___
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IF SYTY PE( FIXL( P))  BYTETYPE THEN
DIM = ‘42’ IX STC XI

ELSE IF SYTY PE( FIXL( P))  HALFWOREI THEN
D I M  =

- 

S ELSE
• DIM = STORE 1* ST *1

CALL ENITRX (DZMv J, 0, SYBASE (FIXL (P))~ SYDISP (FIXL (P))HBASES (J) = A V A J L I
SYTCO (FIXL (P)),SYESDTYPE (FIXL (P)) = 0;

ENEI
SYESDTYPE (FIXL (P)) = Est’TYPE ; 1* SET TO ‘05’ IF EXTERNAL ELSE ‘OO *I

END ALLOCATE ;

TDECLARE:
PROCEDURE (DIM);

1* ALLOCATES STORAGE FOR IDENTIFIERS IN DECLARATIONS Xl
DECLARE DIM FIXEDI
NEWDP 0P

• NEWDSP = DSP
TYPE(MP) = TYPE(sP);
CASEP = FIXL (MFH
rho I = 1 TO INX (MPH

FIXL(MP ) = CASESTACN(CASEP+IH IX SYMBOL TABLE POINTER XI
CALL ALLOCATE ( MF , DIMH

END
END TDECLARE ;

NOvEsTAcKS:
PROCEDURE (F,T H

DECLARE F FIXED , I FIXED;
IX MOVE ALL THE COMPILER STACKS DOWN FROM F TO I XI
TYPE (T ) = TYPE (F) VAR (T) = VAR .~F ;
FIXL (T) = FIXL (FH FIXV(T) = FIXV (FH
INX (T) = INX .~F ;  REG (T) = REG .~F ;
PPSAVE (T ) = PPSAVE(FH CNT (T) = CNT(FH

END NOVESTAC KS

1* BRANCH PROCEDURES XI

BRANCH_ED:
PROCEDURE ( COND~ B~ D)i

DECLARE (COND, B, D) FIXED;
/* BRANCHES ARE A SPECIAL CASE. IF THEY ARE INTO THE 1ST 4096

BYTES OF PROGRAM A SINGLE BRANCH WILL SUFFICE. OTHERWISE WE
MUST INDEX WITH A CONSTANT IN BRCHREG TO GET ANYWHERE .

— -- 
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*1
IF B = 0  THEN

CALL EMITRX (BC, COND, 0, PBR, D ;
ELSE

DO ;
CALL EMITRX (LOAD,BRCHREG,0,EhBR,SHL (B,2)H
CALL EMITRX (BC, COND , BRCHREG, PBR , EIH

ENLI
END BRANCH_BD

BRANCH:
PROCEDURE (COND , LOCATION);

DECLARE (COND, LOCATION ) FIXED;
IF LOCATION = 0 THEN LOCATION = PP;
IX ASSUME FIXUP WILL BE NEAR XI
CALL BRANCH_BD(COND, SHR (LOCATION,12)~ LOCATION & ‘FFF’H

END BRANCH;

IX EXPRESSIO NS XI

C0NDT0REG:
PROCEDURE (MP, CC);

DECLARE (MP~ CC, J) FIXEDJ = FINDAC;
CALL EMITRX (LA, J, 0, 0, OH
IF PP < 4084 THEN

CALL BRANCH (CC~ PP+8HELSE
CALL BRANCH (CC, Pp+i2);

CALL EMITRX (LA , J, 0, 0, iH
TYPE ( MP ) = ACC LJMULATOR
REG ( MP ) = J
STILLCOND = CC

END coNr’ToREG;

BRLINK_BD:
PROCEDURE (BASE,DI5P);

DECLARE (BASE , DISP) FIXEEh
IF BASE = 0 THEN

CALL EMITRX (BAL , BRCHREG, 0, PBR, DISPH
ELSE

DO
CALL EMITRX (LOAD , BRCHREG, 0, E’BR, SHL(BASE,2))
CALL EMITRX (BAL , BRCHREG, BRCHREG , PBR, E1ISPH

END
t END BRLINK_BD

/* CODE FOR PROCEDURES XI
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SAVE_REGISTERS :
PROCEDURE 1

IX GENERATES CODE TO SAVE REGISTERS BEFORE A PROCEDURE OR
FUNCTION CALL

XI
DECLARE I FIXED;
D O I = 1 T 0 3

IF BASES (I) “= AVAIL THEN
DO;

CALL EMITDATAWORD (O)
CALL FINDADDRESS (DP—4H

• TEMP (I) SHL (ADREG~ l2)+ ALiREIISP;
CALL EMITRX ( STORE,I~ 0,ADREG~ ADRDIS P H

END
ELSE

TENP(I) 0;
EWE’ ;

END SAVE ....REGISTERS

uNSAVE_REGISTERS:
PROCEDURE (R,P);

IX GENERATES COE’E TO RESTORE REGISTERS AFTER A FUNCTION
OR PROCEDURE CALL ANt’ ALSO DOES SOME HOUSEKEEPING

XI
DECLARE (R, P, I, J) FIxEr’ ;
IF BA SESCR ) “= AVAIL THEN

DO;
J = FINDAC
CALL EMITRR(’1G’~ J, RH

ENE1
ELSE

J = Ri
DO I = 1 TO 31

IF TEMP(I) N= 0 THEN
CALL EMITRX (LOAD , I ,0,SHRCTEMP ( I), 12), TEMP ( I )  &‘FFF’);

END
TYPE(P) = ACCUMULATOR
REG(P) = Ji
BASES(J) = ACCUMULATOR ;

END UNSAVE_REGISTERS

CALLSuB:
PROCEDURE (SB,SD, R, F);

DECLARE (SB, SD, R, P) FIXED;
CALL SAVE_REGISTERS
CALL BRLINK_BD (SB,SD)i
CALL UNSAVE_REGISTERS (R, F);

END CALLSUB

cALLSUB_FORWARD:
PROCEDURE (SB,SD,R~PH
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DECLARE (SB, SD, R, P FIXED ;
CALL SAVE_REGISTERS;
CALL EMITRX (LOAD , RRCHREG , 0, SB~SDHCALL EMITRX(BAL , BRCHREGr BRCHREG, PER , OH
CALL UNSAVE_REGISTERS(R~ PHEND CALLSUB_ FORWARD;

FORCE_ADDRESS :
PROCEDURE (SP,R)

• IX GENERATES THE ADDRESS OF THE <VARIABLE> IN THE ANALYSIS
STACK AT SF IN REGISTER R.

XI SI
DECLARE (SF, R~ K, INXSP) FIXED;IF SYTYPE(FIXL(SP)) = LABELTYPE THEN

Do;
K = FIXL (SPH
IF SYBASE (K) = 0 THEN

CALL EMITRX (LA,R,0 ,PBR,SYD ISP(K));
ELSE

DO;
CALL EMITRX (LOAD,R,O,EIBR ,SHL(SYBASE(K),2)H
CALL EMITRX (LA,R~R~PBR ,SYDISP(K)H

$ END
END ;

ELSE
DO;

K = SYTYPE FIXL SPH;
INXSP INX (SPH
IF INXSP ~= 0 THENDo;

IF K N= BYTETYPE THEN
IF K = HALFWORD THEN

CALL EMITRR (‘lA’ , INXSP, INXSPH
ELSE

CALL EMITRX (’89’,INXSP,O,Oi2H
BASES(INXSP) = AVA ILI

ENB I
IF K = FORWARDTYPE \ K = FORWAREICALL THEN

DOl
K FIXL (SP);

. 1 CALL EMITRX (LOAD~R,O,SYBASE (K)~ SYDISP(K)HCALL EMITRR(’ iA ’ ,R,PBR H
END;

ELSE
CALL EMITRX (LA,R,INXSP,SYBASE (FIXL (SP) ) ,SYDISP (FIXL(SP)))i

END ;
END FORCE_ADDRESS

FILE_PSEUDO_ARRAY : S

PROCEDURE (VARP,FILEP , DIRECTION);
IX PROCEDURE TO GENERATE CODE FOR THE FILE PSEUDO ARRAY.

TWO FORMS ARE HANDLED:

_ _ _  5 - S -- --_ — -- ---- - - - 5 - - —  ---- - S _ _
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• ‘-IS

t
<VARIABLE:> = FILECI,J);

FILE(I,J) = <VARIABLE: :.;
- VARP IS A POINTER TO THE <VARIABLE> IN THE ANALYSIS STACKS.

FILEP IS A POINTER TO THE ANALYSIS STACK WHERE FILE (I,J)
HAS BEEN ASSIMILATED UNDER THE GUISE OF A SUBSCRIPTED
VARIABLE. DIRECTION = 0 FOR THE FIRST CASE (READ) AND
DIRECTION = 4 FOR THE SECOND CASE (WRITE). I IS THE FILE
INDEX (I = 1,2,3) AND J IS THE RELATIVE RECORD WITHIN THE
FILE. THE GENERATED CODE SHOULD HAVE THE SAME EFFECT AS;

• LA O,<VARIABLE:>
L 1,1
SLL 1,3 1*8
LA 1,DIRECTION+44 (,1)
L 2,J
L BRCHREG,XPLMON V_CON FOR THE MONITOR
BALR BRCHREG,CALLREG

REGISTERS 0—3 ARE NOT PRESERVED ACROSS THE MONITOR CALL,
HENCE ALL REGISTERS ARE FREED ,

XI
DECLARE (VARP, EhIRECTION, FILEP, R) FIXED;
IF T Y P E(V A R P ) = VARIABLE THEN

DO;
CALL FORCE_ADDRESS (VARP ,O);
CALL EMITRX ( 89’,REG (FILEP),O,O~3H IX 1*8 Xl

S R = FINDAC
IF INX(FILEP) = 1 THEN

D0 IX JUGGLE REGISTERS *1
CALL EMITRR(’18 ,R,1)
INX (FILEP) = R i

END;
CALL EMITRX(LA ,i,O,REG(FILEP),44+L’IRECTION H
IF INX(FILEP) “= 2 THEN

CALL EMITRR (’18’,2,INX (FILEPW IX J XI
CALL EMITRX (LA,SBR,O,DBR ,SAVEH IX SAVE AREA AEIDR XI
CALL EMITRX (LOAD,cALLREG~ o~ DBR~ XPLMoN);
CALL EMITRR (BALR,BRCHREG,CALLREG);
CALL EMITRxCL0AL’,9BR,o,r’BR ,BASEDATA+52) ; IX RESTORE R13 XI
TYPE(FILEP ) = SPECIAL ; IX NO MORE ASSIGNMENTS XI
CALL CLEARREG5; IX FREE ALL REGISTERS XI

END
ELSE

CALL ERROR (’ILLEGAL USE OF FILE PSEUDO ARRAY ’,lH

• END FILE_PSEUDO_ARRAY ;

S EMIT_INLINE:
PROCEDURE;

IX GENERATES CODE FOR THE PSEUDO FUNCTION INLINE XI

DECLARE BINLM CHARACTER INITIAL (‘BAD ARGUMENT TO INLINE’);

-
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IF CNT (MP) < 4 THEN
DO;

IF TYPE(MPP1) = CONSTANT THEN
DO CASE CNT (MP )

I*N O CASE O *I 
S

FIXL (MP ) = FIXV ( MPP1); IX SAVE OP CODE XI

DO; IX SAVE Ri  XI
TYPE(MP) = ACCUMULATOR
REG (MP) = FIXV (MPP1H

EWE’;

CALL EMITCOE’EBYTES (FIXL (MP)~ SHLCREG (MP)~ 4) +FIXV(MPP1)H
IX E M I T  OP Ri  X Xl

END
ELSE

CALL ERROR (BINLM~lH
END

ELSE IF TYPE(MPP1) = CONSTANT THEN
rio ;

IF CNT(MP) & 1 THEN
CALL EMITCODEBYTESCINX (MP)+SHR (FIXV (MPP1)~ 

8),
FIXV (MPP1))

1* EMIT B DDE’ *1
ELSE

INX(MP) = SHL(FIXV ( MPP1), 4) IX SAVE BASE REG XI
END

ELSE IF TYPE (MPP1) = VARIABLE THEN
DO;

CNT (MP ) = CNT (MP) + 1;
IF CNT (MP ) & 1 THEN

CALL EMITCODEBYTES (SHL (SYBASE (FIXL (MPPi))~ 4) +
SHR (SYDISP(FIXL(MPPl))~ 8)SYDISP (FIXL(MPP1)) ) ;

ELSE
CALL ERROR (BINLM, H;

END;
ELSE

CALL ERROR (BINLM, H;

END EMIT_INLINE

PROC_START:
PROCEDURE 1

IX GENERATES CODE FOR THE HEAD OF A PROCEDURE Xl

DECLARE I FIXED S

I = FIXL (MPH
• FIXL(MP) = PP

______________________5 5  -5 
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CALL BRANCH (’F’,O); IX BRANCH AROUND XI
SYBASECI) = SHR(PP,l2) IX ADDRESS OF THE PROCEDURE XI
SYDISP (I) = PP & ‘FFF’
SYESDTYPE (I) = ESDTYPE IX SET TYPE TO INTERNAL ,PUBLIC, OR EXTERNAL XI
CALL EMITDATAWORD (OH IX PLACE TO STORE RETURN ADDRESS XI
RTNADR = riP — 4
PPSAVE(MP) = RTNADR
CALL FINDADE’RESS (RTNADR H
CALL EMITRX (STORE , BRCHREG,O,ADREG~AE’RDISPHIF ESDTYPE “= ‘00’ THEN

CALL SETUP_EXTRN (I) IX EXTERNAL OR PUBLIC PROC XI
END PROC_START ;

STUFF_PARAMETER:
PROCEDURE

IX GENERATES CODE TO SEND AN ACTUAL PARAMETER TO A PROCEDURE Xl
I = FIXL (MP) + CNT (MP)
IF LENGTH (SYT (I)) = 0 THEN

DO;
IF SYTYPE ( I)  = BYTETYPE THEN

J ‘42’; IX STC Xl
ELSE IF SYTYPE (I) = HALFWOREI THEN

J = ‘40’;
ELSE

J = STORE; IX ST Xl
CALL EMITRX (J, REG (MPP1), 0, SYBASE (I)~ SYDISPU~~~;
BASES(REG (MPP1)) = AVAIL

END
ELSE

CALL ERRORYTOO MANY ACTUAL PARAMETERS ’, 1H
END STUFF_PARAMETER;

CHECK _STRING_OVERFLOW:
PROCEDURE 1

DECLARE I FIXED
CALL EMITRX (LOAE’, 0, 0, SBR , FREEP0INT);
CALL EMITRX (CMPR , 0, 0, SBR , FREELIMID;
I = PP
CALL BRANCH (4, 0)1
CALL EMITRR (’lB’,O,SBR ) IX STRING TO BE COMPACTEE’ XI
CALL EMITRX (STM ,O,3,E’BR,BASEDATA H
CALL EMITRX (STORE ,BRCHREG,O,DBR ,SAVE); /XSAVE RETURN REGX/
CALL EMITRX (LA,SBR ,0,DBR ,SAVE); IX LINK SAVE AREA XI
CALL EMITRX (LOAD,CALLREG,0,DBR ,XPLCOMP)
CALL EMITRR (BALR ,BRCHREG,CALLREG)
CALL EMITRX (LM,O,3,DBR ,BASEDATAH
CALL EMITRR (’l8’,SBR~O); IX RESTORE Rl3 TO ORIGINAL VALUE XI
CALL EMITRX (LOAD~ BRCHREG,0,t’BR ,SAVEH IXRESTORE RETURN ADDRXI
CALL FIXBFW CI, PP);

END CHECK_STRING_OVERFLOW;

F0RCEACCUMULATOR :
PROCEDURE (PH

_ _ _-  - - - 5 --
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DECLARE P FIXED;
IX FORCE THE OPERAND AT P INTO AN ACCUMULATOR XI
DECLARE CR , SB, SE’, TP, 8FF, I) FIXED , Ti CHARACTER

CHECK_COMMON :
PROCEDURE; IX LOAD DATA FROM COMMON IF NECESSARY XI

• DECLARE OFFSET FIXED
IF SYESDTYPE (I) ~~= ‘05’ THEN IX NOT COMMON XI

Do;
CALL EMITRX (TP,R,INX (P),SB~SD);RETURN ;

END ;
CALL EMITRX (LOAD ,BRCHREG~O~SB~SDH IX AEIDR OF DATA XI
IF SFP = CHRTYPE THEN IX INC PAST COM PREAMBLE*I

OFFSET = 20; I*OFFSET FOR STRING PREFIX Xl
ELSE OFFSET =

CALL EMITRX (TP ,R,INX(P) ,BRCHREG ,OFFSET); IX GET THE E’ATA XI
S EWE’ CHECK_COMMON

COUNT*FORCE = COUNTIFORCE + H
TP TYPE (P);
SB = SYBA S E( FIXLCP )) ;
I = FIXL(PH IX SYMBOL TABLE POINTER XI
SD = SYDISP (IH
SFP = SYTYPECI);
IF TP = CONDITION THEN CALL CONDIOREG (P, REG (P));
ELSE IF IF’ = VARIABLE THEN

DO
IF SFP = LABELTYPE \ SFP = CHAR_PROC_TYPE THEN

DO
CALL CALLSUB (SB,SD~3,PH
IF LENGTH (SYTCFIXL (P)+CNT (P)+1)) = 0 THEN

IF CONTROL (BYTE (’N’)) THEN
OUTPUT = ‘XX WARNING——NOT ALL PARAMETERS SUPPLIED’;

IF SFP = CHAR_PROC_TYPE THEN
TYPE (P) = DESCRIPT

END
ELSE IF SFP = FORWARLITYPE \ SFP FORWARLICALL THEN

rio ;
CALL CA LLSUB_ FoRwARD (SB~ sD,3,P) ;
SYTYPE(FIXL(P)) = FORWARLICALL;

END
ELSE IF SFP = SPECIAL THEN

Do;
CALL EMITRX (’90’, 1, 3~ LIBR, BASEDATA+4H
IF SD = 6 THEN

DO; IX INPUT XI
S CALL CHECK_STRING_OVERFLOW

IF REG(P) = 0 THEN CALL EMITRR (‘iB’ , 2~ 2)1
ELSE IF REG(P)”=2 THEN CALL EMITRR (’lB’, 2, REG (P)H

S BASES (REG (P)) = AVAIL ;
CALL EMITRX (LOAD, 0, 0, SBR~ FREEPOINT)IX THIS IS A POINTER TO THE FIRST FREE STRING AREAX/
CALL EMITRX (LA , i~ 0, 0, 4); IX 4 IS READ CARD XI
CALL EMITRX (LA,SBR,O,DBR,SAVEH S

CALL EMITRX (LOAD,CALLREG ,0,DBR ,XPLMONH

- - S —_ - - -u.pr — — - - S -
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CALL EMITRR (BALR , BRCHREG, CALLREG) IX MONITOR CALL*I
IX MOVE FREE STRING AREA POINTER XI
CALL EMITRX (LOAD,SBR,0,DBR,BASEDATA+52H
CALL EMITRX (STORE , 1, 0, SBR, FREEPQINTH
CALL EMITRX (STORE , 0, 0, DBR , 8TRL);
REG (P) = 01
TYPE (P) = DESCRIPT ;

END
ELSE IF SD = 8 THEN

CALL FILE_ PSEUDO_A RRAY(P—2 ,P~ O);
ELSE IF SD :>= ii & SD <= 18 THEN

D0
IX TRACE , UNTRACE, EXIT, TIME , DATE, ETC. XI
IF SD = 15 THEN R = i ELSE R = 01
IF SE’ :::. 15 THEN

DO
IF REG (P) ~~= 0 THEN

CALL EMITRR (‘18’ , 0, REG (P));
BASES (REG (P)) = AVAIL
IF INX(P) “= 2 THEN

CALL EMITRR (‘18’ , 2, INX (PH
BASES (INX (P)) = AVAIL ;

END ;
IX SET UP MONITOR REQUEST CODE Xl
CALL EMITRX (LA,1,O,0,SHL(SEI—R,2)—32);
IX MONITOR CALL XI
CALL EMIFRX (LA,SBR ,0,DBR,SAVE);
CALL EMITRX (LOAD,CALLREG~ O~ DBR~ XPLMON H
CALL EMITRR (BALR, BRCHREG , CALLREGH
CALL EMITRX (LOAD,SBR ,0,E’BR,BASEDATA+52)
TYPE (P) = ACCUMULATOR ;
I F R” = O T H E N

CALL EMITRR (‘18’, 0, R)i
REG(P) = 01

END
ELSE CALL ERROR (‘  ILLEGAL USE OF ‘ \\ SYT(FIXL(P)))
CALL EMITRX (‘98’, 1, 3, EIBR , BASEDATA+4);

END ;
ELSE

DO IX FETCH THE VARIABLE (ALL ELSE HAS FAILED) XI
IF SFP “= BYTETYPE THEN

rio; S

IF INX(P) “ 0 THEN
D0

IF SFP = HALFWORD THEN
CALL EMITRR (‘lA’ , INX CP), INX(P)H

ELSE
CALL EMITRX (‘89’ , INX (P), 0, 0, 2H

1* SHIFT INDEX FOR WORD—TYPE ARRAY XI
R = INX (P)I
END

ELSE R = FINDAC ;
IF SFP = HALFWORD THEN TP = ‘48’;
ELSE TP = LOAD

S CALL CHECK_COMMON ; S

END

S _S_~~=_5-~~~~~~~~~~ 5~~~ - 
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ELSE
I

R = FINDAc ;
CALL EMITRR (‘iB’, R, lo; IX CLEAR R XI

TP =

CALL CHECK_COMMON ;
IX INSERT CHARACTER XI
BASES (INX (P)) = AVAIL ;

END
IF 9FF = CHRTYPE THEN TYPE (P) = DESCRIPT

S 
ELSE TYPE (P) = ACCUMULATOR ;

REG (P) = Ri
END;

END;
ELSE IF TP = CONSTANT THEN

DO;
R = FINDAC ;
IX FETCH A CONSTANT INTO AN ACCUMULATOR XI
IF FIXV (P) = 0 THEN CALL EMITRR (’1B’~ R~ RH
ELSE IF FIXVCP) < ‘1000’ & FIXV(P) :>= 1 THEN

CALL EMITRX (LA~ R~ 0, 0, FIXV P));
ELSE

DO;
CALL EMITCONSTANT (FIXv (PH;
CALL EMITRX (LOAth , R, 0, ADREG, ADREIISPH

END;
TYPE (P) = ACCUMULATOR
REG (P) =

END 1
S ELSE IF TP = CHRTYPE THEN

DO;
R = FINEhAC ;
TYPE(P) = DESCRIPI
REG (P) =
Ti = VAR (P);
SD = LENGTH (T1) — 1;
IF-SD < 0 THEN

CALL EMITRR (’iB’~~R~RH IX CLEAR REG R~ NULL STRING XI
ELSE S

rio;
CALL FINDADDRESS (—DSP H
IX MAKE UP A DESCRIPTOR Xl
CALL EMITDESC (SHL (SD,24)+CHPH 

S

S DO I = 0 TO Sri
CALL EMITCHARCBYTE (T1, I).H

END;
CALL EMITRX (LOAD, R, 0, ADREG , ADRDISPH S

S ENE’
END

S ELSE IF TP “= ACCUMULATOR THEN IF TP “= DESCRIPT THEN
CALL ERROR (‘FORCEACCUMULATOR FAILED XXX ’ S iH

END FORCEACCUMULATOR

F0RCEDEScRIPT: 
-

PROCEDURE (P);
IX GET A DESCRIPTOR FOR THE OPERAND P XI
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DECLARE P FIXED;
CALL FORCEACCUMULATOR (P)
IF TYPE (P) “= DESCRIPT THEN

rio;
CALL EMITRX (STORE, REG (P), 0, DER , STRNH
IX STORE IN PARAMETER LOCATION FOR NUMBER—TO —DECIMAL—STRING XI
BASES (REG (P)) = AVAIL
CALL cALLSuB (o,NMBRNTRY~ 3,P);
IX ASSUMES NUMBER—TO—STRING IS IN THE 1ST PAGE Xl
TYPE (P) = DESCRIPT

END
END FORCEDESCRIPU

GENST0RE :
PROCEDURE ( tIP, SP) ;

DECLARE (MP , SF, 9FF’, SB, SD, I, TP) FIXED;
COIJNT$STORE = COUNT$STORE + 11
IF TYPE(SP) = SPECIAL THEN RETURN
IX GENERATE TYPE CONVERSION (IF NECESSARY) & STORAGE CODE

ALSO HANDLES OUTPUT ANtI FILE ON LEFT OF REPLACE OPERATOR XI S

CHECK_COMMON :
PROCEDURE; IX STORE DATA INTO COMMON IF NECESSARY Xl

DECLARE OFFSET FIXED;
IF SYESDTYPE (I) “= ‘05’ THEN IX NOT COMMON XI

DO;
IF (SYESDTYPE (FIXL (SP)) = ‘05’ & MOVEFLAG) \

TYPE (SP) = DESCRIPT THEN
rho; /*MOVE THE STRING FROM COMMON OR ASSIGNMNET *1

S 

CALL EMITRX (sT0RE,SBR,o,DBR,STRREG); IX RECEIVE STR*l
CALL EMITRX (STORE,REG (SP) ,0,DBR,STRN H /XEXT EIESCXI
BASES (REG (SP)) = AVAIL ; I*FREE UP ACCUM XI
CALL CALLSUB (0~ STRtIOVE,3~ SPH IX MOVE THE STRX/
TYPE(SP) = DESCRIPT;

END;
CALL EMITRX (TP,REo (SP),INX (MP )~~sB~ SD);
RETURN ;

END;
CALL EMITRX (LOAD ,BRCHREG~0~SB,SDH IX ADEiR OF DATA XI
OFFSET = 01

IF SFP = CHRTYPE THEN IX INC PAST COM PREAMBLEXI
DO

IF MOVEFLAG THEN
DO;

CALL EMITRX(STORE ,BRCHREG,0,DBR~ STRREG);
CALL EMITRX (STORE,REG (SP)~~O~ DBRpSTRNH
BASES (REG (SP)) = AVAIL
CALL CALLsUBco,STRMOVE~ 3~ SP);
TYPE(SP) = DESCRIPT;
CALL EMITRX (LOAD ,BRCHREG~ 0,DBR~ STRREGH

ENIfl
S OFFSET = 20;

ENDI
S CALL EMITRX (TP,REO (5P),INX(MP)~ BRCHREt3~OFFSETH IX STORE THE DATA XI

END CHECK_COMMON ;

- - 
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S I = FIXL (MP H
SB = SYBASE (I);
SD SYDISP (I);
%3FP = SYTYPE (IH
IF SFP = SPECIAL THEN

Do;
S IF SD = 3 THEN IX FUNCTION BYTE ON THE LEFT XI

DO;
CALL FORCEACCUMULATORCSP) 1
CALL EMITRX ( ‘42’ ,REG ( SP ) ,INX(MP ) ,REG(MP ) ,0);

END;
ELSE IF SD = 7 THEN

DO IX OUTPUT XI
CALL EMITRX (’9O ’,1,3~ thBR,BASEt IATA+4H
MOVEFLAG = FALSE ; I*TURN OFF MOVE FOR OUTPUT XI
TARGET_REGISTER = 01
CALL FORCEDESCRIPT (SF);
TARGET_REGISTER = —1 ;
IF REG (SP) “= 0 THEN CALL EMITRR (‘18’ , 0, REG (SP)H
IF REG (MP) = 0 THEN CALL EMITRR (‘iB’ , 2~ 2);
ELSE IF REG (MP) ~~= 2 THEN CALL EMITRR (‘18’ , 2, REGCMP)H
BASES (REG (MP)) = AVAIL ;
CALL EMITRX (LA,SBR,O,DBR~ SAVEH IX SAVE AREA Atht’R XI
CALL EMITRX (LA, 1, 0, 0, 8); IX 8 = PRINT CODE Xl
CALL EMITRX (LOAD,CALLREG,0~ t’BR,XPLMONH
CALL EMITRR (BALR, BRCHREG , CALLREGH IX MONITOR CALL XI
CALL EMITRX (LOAD ,SBR,0,DBR~ BASEtiATA+52 ) I IXRESTORE R13 XI
CALL El1ITRX(’98 ’,1,3~ DBR~ BASEDA TA+4 H
MOV EFLAG = TRUE I*RETURN FLAG TO NORMAL STATE Xl

S END I
ELSE IF Sri = 8 TH EN

CALL FILE_PSEUDO_ARRAY (SP~MP,4)
ELSE CALL ERROR (‘ILLEGAL USE OF ‘ \\ SYT(I)H

ENEII
ELSE

rio ;
CALL FORCEACCUMULATOR (SF-);
IF TYPE(SP) ~~= SPECIAL THEN

no;
IF SFP=FIXEDTYPE & TYPE ( SP)=ACCUMULATOR \ SFP=CHRTYPE THEN

rio;
IF 8FF’ = CHRTYPE THEN CALL FORCEDESCRIPT (SF- H
IX SHIFT INDEX FOR WORD ARRAY XI

S 
IF INX (MP) “= 0 THEN CALL EMITRX (‘09 ’, INX (MP),O,0,2);

S TP = STORE ; CALL CHECK_COMMONI
END I

ELSE IF 9FF- = HALFWORD & TYPE(SP) = ACCUMULATOR THEN 
S

S D0
IF INX (MP) “= 0 THEN CALL EMITRR (‘iA’ ,INX (MP),INX (MP)H

-~~ TP ‘40’; CALL CHECK_COMMON
ENDI

ELSE IF SFP = BYTETYPE & TY PE(SP) = ACCUMULATOR THEN
DO; TP = ‘42’; CALL CHECtLCOMMONI END

S ELSE CALL ERROR (’ASSIGNMENT NEEDS ILLEGAL TYPE CONVERSION’);
S ENDIS 

END S
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BASES (INX(MP)) = AVAIU
BASES(REG(SP)) = AVAIL ; 

S

CALL HOVESTACKS (SF- , MP);
EWE’ GENSTORE

SIR INGCOMPARE:
PROCEDURE ;

IX GENERATES THE CODE TO COMPARE THE STRINGS AT SF- & NP Xl
DECLARE (I, J, K) FIXED;
CALL FORCEDESCRIPT (SP ) IX GET THE DESCRIPTOR FOR THE SECOND OPERAND *1
I = 6 — REG (MP) REG (SP); IX FIND THE THIRD REGISTER XI
CALL EMITRR (‘18’, 0, REG(MP)H IX WE CAN USE 0 FOR SCRATCH *1
CALL EMITRR (‘17’, 0, REG (SP)H IX EXCL. \ TO COMPARE XI
CALL EMITRX (‘BA’ , O~ 0, 0, 24H IX CHECK HIGH ORDER 8 BITS FOR ZERO XI
IF REG (MPP1) = 6 \ REG(MPP1) = 8 THEN

DO 1* IF WE ONLY NEED TO TEST EQUALITY, CODE IS SIMPLER XI
K = PP
CALL BRANCH (6~ 0)1END;

ELSE
Do;

J= P P ;
S 

CALL BRANCH (8, 0) IX SKIP IF EQUAL LENGTH Xl
CALL EMITRR (‘iS’, REG (MFI), REG (SP)H IX SET CONDITION CODE XI
K = PPI 1* SAVE FOR FIXUP *1
CALL BRANCH (‘F’ , 0) ; IX BRANCH AROUND STRING COMPARE CODE XI
CALL FIXBFW (J, PP) ;

END;
IF BASES (I) “= AVAIL THEN CALL EMITRR (‘18’ , 0~ I); IX SAVE REG I XI
CALL EMITRR (‘18’ , I~ REG (MP))
CALL EMITRX (‘88’, I~ 0, 0, 24); IX SCALE LENGTH FOR EXECUTE COMMAND XI
CALL EMITDATAWOREI (‘DSOOOOOO ’ + SHL(REG(MP)~ 12)H
CALL EMITBYTE ( SHL ( REG(SP )

~ 4H;
CALL EMITBYTE (0 ) 1
CALL FINDADDRESS (LIP—oH
CALL EMITRX (‘44’, I, 0, AEIREG, ADRE’ISPH S

IF BASES (I) “= AVAIL THEN CALL EMITRR (‘18’ , I~ 0)UX RESTORE REG 1*/
BASES (REG(SP)) = AVAIL
CALL FIXBFW (K, F-PH 1* BRING OTHER BRANCH IN HERE *1

END SIR INGC0MPARE;

SHOULDCOIIMUTE:
PROCEDURE BIT(1)

IF TYPE ( SP ) = VARIABLE THEN
IF SYTYPE (FIXL(SP)) FIXEDTYPE THEN RETURN FALSE; 

S

IF TYPE(MP) = CONSTANT THEN RETURN TRUE ;
IF TYPE(MP) = VARIABLE THEN

IF SYTYPE (FIXL (MP)) FIXEDTYPE THEN RETURN TRUE;
RETURN FALSE;

END

ARITHE~1IT:PROCEDURE (OP H
S IX EMIT AN INSTRUCTION FOR AN INFIX OPERATOR —— CONNECTS NP & SF- XI

DECLARE COP , TP, Ti) FIXED I
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COUNT*ARITH = COUNT*ARITH + H
TP = 0 IX REMEMBER IF COMMUTED *1
IF COMMUTAT IVE (OP) THEN

IF SHOULDCOMMUTE THEN
DO

TP = NP; NP = SF-I SF- = TP
END 1

S CALL FORCEACCUNULATOR (NP); 1* GET THE LEFT ONE INTO AN ACCUMULATOR XI
IX FIXL(SP) IS GARBAGE iF TYPE “= VARIABLE, WE GET 0C5 IF WE TEST IT XI
Ti = ‘0’;
IF TYPE (SP) = VARIABLE THEN IF SYTYPE (FIXL (SF)) = FIXEDTYPE THEN Ti =
IF TYPE (MP ) = DESCRIPT THEN

Do;
IF OP = CMPRR THEN CALL 5TRINGc0MPARE;

S 

ELSE CALL ERROR (‘ARITHMETIC WITH A STRING t’ESCRIPTOR’H
S END ;

ELSE IF Ti THEN
DO IX OPERATE DIRECTLY FROM STORAGE XI

IF INX (SP) “= 0 THEN CALL EMITRX (‘89’, INX(SP), 0, 0, 2)1
1* SHIFT TO WORD INDEXING XI
CALL EMITRX (OP+64,REG (MP) ,INX(SP) ,SYBASE (FIXL (SP)),

SYDISP(FIXL ( SP ) ) H
IX REG OPCOE’E + 64 = RX OPCODE XI
BASES(INX ( SP)) AVAIL ;

END
ELSE IF TYPE(SP) = CONSTANT THEN

rio ;
S CALL EMITCONSTANT (FIXV ( SP)H
S CALL EMITRX (OP+64 , REG(MP) , 0, AtiREG~ ADRtIISPH

END S

ELSE -

rio ;
CALL FORCEACCUMULATOR SP) ;
IF TYPE ( SP ) “= ACCUMULATOR THEN

CALL ERROR (‘ARITHMETIC BETWEEN STRING DESCRIPTORS ’’ 1)
CALL EMITRR COP , REG (MP), REG (SPLH
BASES (REG (SP)) AVAIL ;

END
IF TP ”= O T H E N

DOI IX COMMUTED *1
SP = NP; MP = TP;
CALL MOVESTACKS (SF- , NP);

END;
IX BY THE ALGORITHM , TYPE ( MP ) IS ALREADY ACCUMULATOR XI

END ARITHEMIT 
S

BOOLBRANCH:
PROCEDURE (SP , NP);

DECLARE (SP , NP, Ti) FIXED I S
Ti = ‘O’
IF TYPE(SP) = VARIABLE THEN IF SYTYPE (FIXL (SP)) = BYTETYPE THEN Ti =
IX GENERATE A CONDITIONAL BRANCH FOR A DO WHILE OR AN IF STATEMENT XI
IF STILLCOND “= 0 THEN

DOl
BASES(REG(SP)) = AVAIL S

IF PP < ‘1008’ THEN PP = PP — i2 ELSE PP = PP — 161

:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 5 S~5 I 
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IF CONTROL (BYTE (CON_E)) THEN
OUTPUT = X4 \\ ‘ BACK UP CODE EMITTER’;

INSTRUCT(BC ) INSTRUCT (BC ) — H IX KEEP STATISTICS ACCURATE Xl
INSTRUCT(LA) = INSTRUCT (LA) — 21
REG ( SP ) sTILLcONEI;

END
ELSE IF Ti THEN

rio ;
IF INX(SP ) “= 0 THEN

Do;
CALL EMITRR (’-lA’ ,INX (SP),SYBASE (FIXL (SP))H
CALL EMITRX ( ‘91’,0~ i,INX

(SP) ,SYE’ISP(FIXL (SF)));
IX TEST UNDER MASK Xl
BASES (INX (SP)) = AVAIL

EN D I
ELSE CALL EMITRx (’91’,o,1,SYBASE (FIXL (SP)),SYEIISP (FIXL (SP)));

IX TEST UNDER MASK XI
REt3(SP ) = 8;

ENDI
ELSE IF TYPE(SP) = CONSTANT THEN

DO;
IF FIXV(SP ) THEN

DO FIXL ( MP ) = 01 RETURN END;
ELSE R~ G(SP) = 151

S END ;
ELSE iF TYPE (SP ) CONDITION THEN

DO;
CALL FORCEACCUMULATOR SP) ;
CALL EMITRX (‘54 ’, REG (SP), 0, DBR, TRUELOC);/* TEST LS BIT XI
BASES (REG (SP)) = AVAIL
REG (SP) = 8;

END;
FIXL (MP) = PP IX SAVE ADDRESS FOR FUTURE FIXUP XI
CALL BRANCH ( REG(S P) ,  0) ;  IX REG (SF ) HAS THE CC TO BE TESTEEI FOR Xl

END BOOLBRANCH

SET_LIMIT:
PROCEDURE S

IX SETS DO LOOP LIMIT FOR <ITERATION CONTROL:::- *1
IF TYPE ( MPP1) = CONSTANT THEN

CALL EMITCONSTANT (FIXV (MPP1)H
ELSE

no;
CALL FORCEACCUMULATOR MPPH;
CALL EMIT DATAW ORD(OH S

CALL FINEIADDRESS DP-4 ;
CALL EMITRX (STORE,REG(MPP1),O,ADREG,ADRDISPH
BASES(REG(MPP1)) AVAIL

S END;
INX (MP) = ADREG
FIXV (MP ) ADRDISP

END SET .LIMIT

DIVIDE_CODE :

-S.-
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PROCEDURE
IX GENERATES THE CODE FOR DIVISION XI

TARGET_REGISTER =
S CALL FORCEACCUMULATOR (MPH

• TARGET_ REGISTER =

IF REG ( MP ) “= 0 THEN
no;

CALL EMITRR C’i B’,O,REG(MP)); IX LR 0,REG(MP) XI
BASES (REG (MP)) = AVAIL ;
REG (MP ) =

END
IF BASES ( i)  = AVAIL THEN

S rho;
IX MUST ‘SMEAR ’ THE SIGN XI
CALL EMITRX (’8E’,0,0,0~32) IX SRDA 0,32 XI
BASES (i) = ACCIJMULATOR
CALL ARITHEMIT (’lD’); IX DIVIDE XI
REG(MP ) = H IX RESULT XI

END;
ELSE

CALL ERROR (’DIVISION OR MOD REQUIRES BUSY REGISTER ’,iH

END DIVIDE_CODE;

SHIFT_CODE :
PROCEDURE (OP H

IX GENERATES CODE FOR THE BUILT IN FUNCTIONS SHL AND SHR *1
DECLARE OP BIT (8)1
IF CNT(MP ) “= 2 THEN

CALL ERROR (’SHIFT REQUIRES TWO ARt3uMENrs’~~o);

• ELSE IF TYPE (MPP1) = CONSTANT THEN
• Do;

IF OP = ‘89’ & FIXV (MPP1) = 1 THEN
CALL EMITRR ( ‘ iA ’ , REt3 (MP) , REG( MP) ) i

ELSE CALL EMITRX COP , REt3(MP) , 0, 0, FIXV(MPP1)H
ENDI

ELSE
DO;

CALL F0RCEACcUMuLATOR (MPP1);
CALL EMITRX (OP~ REG (MP

)
~ 0, REGUIPPH~ 0) ;

BASES(REG(MPP1)) = AVAIL
END I

TYPE (MP) = ACCUMULATOR ;
END SHIFT_CODE ; S

1* BUILT—IN FUNCTIONS XI

CATENATE_CODE :
PROCEDURE 1

IX BUILD A CATENATE SUBROUTINE XI

- — S~~~~~~~~~ ~~~~~~ 
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CATENTRY = PP
CALL CHECK_STRING_OVERFLOW ;
CALL EMITRX (LOAD,1,0,A1,A2 ) 1* LOAD FIRST DESCRIPTOR XI
CALL EMITRR (‘18’, 3, 1)1 IX COPY INTO REG(3) XI
CALL EMITRX (‘SE ’, 3, 0, Bi, B2); IX COMBINE DESCRIPTORS XI
CALL EMITRR (‘i2’ , 1., 1) IX TEST FOR NULL FIRST OPERAND *1
CALL EMITRR (BCR , 8, BRCHREG) IX RETURN WITH RESULT IN REG(3) Xl
CALL EMITRR (CMPRR , 3, i)~ IX IS SECOND OPERAND NULL? Xl
CALL EMITRR (BCR , 8, BRCHREG H IX RETURN WITH RESULT IN REt3 (3) XI
CALL FINDADDRESS (MASKF000 H
CALL EMITRX (‘54 ’, 3~ 0, ADREG , At’RDISP ) 1* MASK OUT ADDRESS XI
CALL EMITRX (‘SE ’, 3, 0, LhBR , CATCONSTH IX CORRECT LENGTH OF RESULT XI
CALL FINDADDRESS (MOVER)1 IX FIND MOVE INSTRUCTION Xl
Ti = ADREG ; T2 = ADRDISP;
CALL EMITRR (‘18’ , 0, 3)1 1* SAVE LENGTH IN REG (0) Xl
CALL EMITRX (LOAD,2 ,0,SBR,FREEPOINT)
CALL EMITRX (CMPR, 1, 0, DBR , STRL )1 IX SKIP MOVE IF AT TOP *1
J = PP;
CALL BRANCH (6 , 0)1 1* FAKE MOVE XI
CALL EMITRX (LA, 1~ 0, 1, 0)1
CALL EMITRR (‘16’ , 0, 1)1
K = PF1;
CALL BRANCH (‘F’ , 0) 1
CALL FIXBFW (J, F- F) ;
CALL EMITRR (‘16’ ,0,2H IX OR IN CORRECT ADDRESS XI
CALL EMITRX ( ‘43 ,3,0,A1,A2 H 1* INSERT LENGTH FIELD Xl
CALL EMITRX ( ‘ 44 ’ ,3,0,T1,T2H 1* EXECUTE THE MOVE Xl
CALL EMITRX (‘4 1’~~2~ 3,2,iH 1* UPDATE FREEPOINT *1
CALL FIXBFW (K, PP)
CALL EMITRX (LOAD,1,0,B1,B2H /* LOAD SECOND E’ESCRIPTOR *1

S CALL EMITRX (‘43’ , 3,0~ B1~ B2); IX INSERT LENGTH FIELD XI
CALL EMITRX ( ‘44’ ,3,o,T i,T2) ; IX EXECUTE THE MOVE XI
CALL EMITRX (‘41’ ,2,3,2,1)1 IX UPDATE FREEPOINT Xl
CALL EMITRX (STORE, 0, 0, DBR , STRLH IX STORE INTO STRL XI
CALL EMITRX (STORE,2,OPSBR,FREEPOINT); IX SAVE TOP OF SIR. A. *1

S CALL EMITRR (‘18 ’, 3, 0)1 IX RESULT TO REG (3) XI
CALL EMITRR (BCR , iS, BRCHREG H 1* RETURN XI

END CATENATE_CODE ;

CONVERT_CODE:
PROCEDURE ;

IX THE NUMBER—TO—STRING CONVERSION SUBROUTINE XI

NMBRNTRY = PP
CALL CHECK_STRING_OVERFLOW; IX CALL COMPACTIFY XI
CALL EMITRX (LOAD, 3,0, [‘BR, STRN H
CALL EMITRR (‘io’ ,3,3); IX SET POSITIVE FOR CONVERT XI
CALL EMITRX (LOAD, 1,0,SBR,FREEPOINTH IX FREE SOME STRING AREA *1
CALL EMITRX (LA ~ i,0~ 1~ iiH IX 11 IS THE MAXIMUM NUMBER OF DIGITS

IN A CONVERTED 32 BIT INTEGER XI
CALL EMITRX (ST0RE,1,o,sBR ,FREEPOINT);
CALL EMITRX (LA,0,0,0,10) IX BASE 10 FOR DIVISION XI S

I = P P ;
- S CALL EMITRR (‘06’ ,1,0H IX COUNT THE DIGIT XI S

S CALL EMITRR (‘1B’ ,2,2H IX CLEAR REGISTER 2 XI
CALL EMITRR (‘1D’ ,2,o); IX DIVIDE BY 10 XI 

S

- 5_5~~~ S .~~_ _~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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CALL EMITRX (LA,2,0,2,’FO’)1 IX ADD IN THE EBCDIC CODE XI
CALL EMITRX (‘42’,2,0,i~0HCALL EMITRR (‘12’ ,3~ 3) ; IX TEST FOR ZERO XI
CALL BRANCH (6,1)1 IX GET NEXT DIGIT XI
CALL EMITRX (LOAD,3,0~DBR,STRN)1
CALL EMITRR (‘12 ,3,3H IX TEST FOR NEGATIVE XI
I = P P ;
CALL BRANCH (10,0);
CALL EMITRX (LA,2,0,0,’60’); IX ‘60’ = ‘ - ‘ Xl
CALL EMITRR (‘06’,i 0H
CALL EMITRX ( ‘42 ’ ,2,0,i,OH
CALL FIXBFW (I,PP)1
CALL EMITRX(LOAD,3,0,SBR,FREEPOINT H IX MAKE UP RESULT DESCRIPTOR*I
CALL EMITRR(’ iB’ ,3,1);
CALL EMITRR(’o6 ’ ,3,0) ;
CALL EMITRX (’89’ ,3,0,0,24H I*SHIFT LENGTH FIELD LEFT XI
CALL EPIITRR (’1A’,3,1); 1* AE’D IN ADDRESS Xl
CALL EMITRX(STORE,3,0,DBR,STRL )1 IX PTR TO NEW STRING XI
CALL EMITRR (BCR,15~ BRCHREG H IX RETURN Xl

END CONVERT_CODE ;

STRING_ MOVE :
PROCE DUR E

STRMOVE = F-F; IX ADDRESS OF ROUTINE XI
CALL EMITRX(LOA D,1,o ,r’BR,STRN); IX GET DESCRIPTOR Xl
CALL EMITRR( 1B ,3,3); IXCLEAR R3 FOR NEXT INSTRXI
CALL EMITRR(’12’ ,i,i); IX CHECK FOR MiLL XI
CALL EMITRR (BCR,8,BRCHREGH IX IF NULL RETURN 0 IN R3 XI
CALL EMITDATAWORE h(0);
CALL FINDADEIRESS(DP-4);
Ti = ADREG ; 12 = ADRDISP
CALL EMITRX (STORE,SBR,0,T 1,T2H IX SAVE ORIGINAL SBR*I
CALL EMITRX(LOAD,SBR~ 0~ DBR~ STRREGHIXGET BASE ADEIR OF STRING CSECTXI
CALL CHECK_STRING_OVERFLOW ;
CALL EMITRX (LOAD,2,0,SBR ,FREEPOINTH
CALL EMITRX (’43 ’ ,3,0,DBR,STRNH IX GET LENGTH XI
CALL FINDADDRESS(MOVER)
CALL EMITRX (’44’,3,0,AE’REG~ AE’RE’ISPH IX MOVE THE STRING Xl
CALL EMITRR (’18’,1,3) IX SAVE LENGTH XI
CALL EMITRX (’89’,3,0,0,24); IX SHIFT LENGTH TO HIGH BYTE Xl
CALL EMITRR (’ iA ’ ,3,2); IX NEW DESCRIPTOR XI
CALL EMITRX (’41’,2,i,2,1H 1* UPDATE FREEPOINT XI
CALL EMITRX(STORE,3,0 ,DBR,STRL); IXLAST STRING XI
CALL EMITRX (ST0RE,2,0,SBR,FREEPOINT); IX STORE NEW VALUE XI
CALL EMITRX(LOAD ,SBR,0~ Ti~~T2)1 IX RESTORE XI
CALL EMITRR ( BCR,1s ,BRcHREG); IX RETURN XI
CALL FIXBFW (CATENTRY—4 , PP)1

END STRING_MOVE ;

IX TIME AND DATE XI

PRINT_TINE:
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PROCEDURE (MESSAGE , 1)1
S DECLARE MESSAGE CHARACTER, I FIXED ;

S MESSAGE = MESSAGE \ \  1/360000 \\ ‘:‘ \\ T MOD 360000 I 6000 \\ ‘:‘
\\ T MOD 6000 I 100 \\ PERIOD ;

S I = T MOD iOO IX DECIMAL FRACTION XI
IF T < 10 THEN MESSAGE = MESSAGE \\ ‘O’
OUTPUT = MESSAGE \\ T \\ PERiOD;

S 

END PRINT_TINE ;

S 
PRINT_DATE_AND_TIME :

PROCEDURE (MESSAGE , B, 1)1
DECLARE MESSAGE CHARACTER, CD, T~ YEAR, DAY, N) FIXED
DECLARE MONTH (il) CHARACTER INITIAL (‘JANUARY ’, ‘FEBRUARY ’, ‘MARCH ’,

‘APRIL’, ‘NAY ’, ‘JUNE ’, ‘JULY’, ‘AUGUST ’, ‘SEPTEMBER ’, ‘OCTOBER ’~
S ‘NOVEMBER ’, ‘DECEMBER’),

DAYS(12 ) FIXED INITIAL (0, 31, 60, 91, 121, 152, 182, 213, 244 , 274~
305 , 335, 366);

YEAR = D/1000 + 1900;
DAY = El MOD 1000;

S IF (YEAR & ‘3’) “= 0 THEN IF DAY :> 59 THEN DAY = DAY + 11 IX ‘~ LEAP YEARXI
M = H
DO WHILE DAY :::. DAYS(MH M = M + H ENDI
CALL PRINT_TIME ( MESSA(3E \\ MONTH (M—1) \\ X l \\ DAY — DAYS ( M—1 ) \\ COMMA

\\ YEAR \\ ‘. CLOCK TIME ‘, T ) ;
END PRINT....DATE_AND_TIME

IX INITIALIZATION Xl

INITIALIZATION:
PROCEDURE ;

EJECT_PAGE ;
CALL PRINT_DATE....AND_TIME ( ‘ X  P L COMPILATION —— WEST VIRGINIA UNIV —- XCOM

IV VERSION OF ‘, EIATE....OF_GENERATION, TIME_OF_GENERATION);
DOUBLE_SPACE 1
CALL PRINT_ DATE_AND_TIME ( ‘TODAY IS ‘, DATE, TIME);
DOUBLE_SPACE;
DO I = 1 TO NT;

S = V C I )1 S

IF S = ‘(NUMBER> ’ THEN NUMBER = I; ELSE
IF S = ‘<IDENTIFIER> ’ THEN IDENT = II ELSE
IF S = ‘<STRING> ’ THEN STRING = H ELSE
IF S = ‘I’ THEN DIVIDE = H ELSE
IF S = ‘_\_ ‘ THEN EOFILE H ELSE S

IF S = ‘DECLARE ’ THEN STOPIT(I) = TRUE I ELSE S

IF g = ‘PROCEDURE ’ THEN STOPIT(I) = TRUE ELSE
IF S = ‘END ’ THEN S T O PIT( I)  = TRUE ; ELSE

S 

IF S = ‘DO’ THEN STOPIT(I) TRUE I ELSE
IF S = ‘ ‘  THEN STOPII(I) = TRUE; ELSE
IF S OR THEN ORSYMBOL = I; ELSE
IF S = ‘\\‘ THEN CONCATENATE = H ELSE
,

END
IF IDENT = NT THEN RESERVED_LIMIT LENGTH (V (NT~i))1
ELSE RESERVED_LIMIT = LENGTH (VCNT ))i 

S
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V(EOFILE ) = ‘EOF ’
STOPIT(EOFILE ) = TRUE ;
CHARTYPE (BYTE (X1)) H
CHARTYPE (BYTE (HYPHEN)) = 21
CHARTYPE (BYTE (’’’)) = 3
0 0 1= 0 1 0 255;

NOT_LETTER_OR_DIGIT (I) TRUE ;
END;
110 I = 0 TO LENGTH(ALPHABET) — H

J = BYTE(ALPHABET, I);
TX(J) = H
NOT_LETTER_OR_DIGIT (J) = FALSE
CHARTYPE (J) = 4;

END
DO I 0 TO 9

J = BYTE (’0123456789’, I)
NOT_LETTER_OR_DIGIT (J) = FALSE
CHARTYPE (J) =

ENIH
DO I = V_INDEX (0) TO V_IN[IEX (1) —

J = BYTE V . 1 ;
TX (J) = Il
CHARTYPE (J)

END
CHARTYPE (BYTE (OR)) = SI
CHARTYPE (BYTEC’I’)) = 61
COMMUTATIVE (’i4’) = TRUE;
COMMUTATIVE (’16’) = TRUE ;
COMMUTATIVE (’iA’) TRUE ;
RETURNED_TYPE = FIXEDTYPE ; IX DEFAULT RETURN TYPE Xl

LASTRASE = DBR BASES(LASTBASE ) = 01
IX INITIALIZE SYMBOL TABLE VARIABLES XI
PP = 01 IX CODE ORIGIN XI
riP = 01 IX DATA ORIGIN XI
DSP = 20;
CHP = i;
CODE_ESDIE’ = H IX FIRST ESDID FOR LINK EDITING XI

PPLIM, DPLIM, CHPLIM = DISKBYTES;
IX UPPER BOUND FOR EMITTER ARRAYS XI

PPORG, DPORG, CHPORG = 01
IX LOWER BOUND FOR EMITTER ARRAYS XI

CURCBLKP CURDBLK, CURSBLK = 0;
IX CURRENT BLOCK OCCUPYING EMITTER ARRAYS XI

S SHORTCFIX, SHORTDFIX, LONGCFIX, LONGDFIX = 0;
IX STATISTICAL COUNTERS FOR FIXUPS Xl

S 

FCP = 01 1* POINTER INTO FIXUP ARRAY XI
NDECSY ,PROCMARK = i; PARCT =
1* INTEGERS FOR BRANCH ADDRESSING *1
DO I = 0 TO PROGRAMSIZE ; CALL EMITDATAWORD (SHL(I,i2)) END I

IX WARNING , THE FOLLOWING SECTION OF INITIALIZE DEPENDS ON
THE INITIALIZATION OF THE BUILTIN FUNCTION AND PSEUDO
VARIABLE NAMES AND ATTRIBUTES IN THE SYMBOL TABLE ARRAYS.

XI 
S

S 

- 

.
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SYDISP(2 = rip; IX MONITOR_LINK Xl
BASEDATA = DP IX ADDRESS OF REG INITIALIZATION AREA Xl
LIP = DP + 641 1* REI3 INIT AREA I.E. 16 * 4 XI
XPLCOMP BASEDATA + S6 IX ADDRESS OF COMPACTIFY XI
XPLMON = BASEDATA + 60 IX RELOCATED ADDRESS OF THE MONITOR XI
SAVE = DPi IX LINK SAVE AREA XI
LIP = riP + 72; IX 18 WORDS Xl

MASKF000 = DP CALL EMITDATAWORD (’FFOOOOOO’)1

IX SET UP THE MOVE TEMPLATE IN DATA AREA *1

MOVER
CALL EMITBYTE (’E’2’)1 IX MVC XI

S CALL EMITBYTE (0H
CALL EMITBYTE ( ‘20);

S CALL EMITBYTE O)1
CALL ENIT BYTE(’ lO’H
CALL EMITBYT E(0) ;
SYDISP(3) = DPi IX TIME_OF_GENERATION XI
CALL EMITDATAWORD (TI ME )1
SYDISP(4) = DP IX DATE_OF_GENERATION Xl
CALL EMITDATAW ORE’(OATE)1
SYDISP(5) = 0 IX COREWORLI XI
SY DISP(6) = 0 IX COREBYTE Xl
SYDISP(9) = DF~ 1* NDESCRIPT XI
DESCL DP

S 

CALL EIIITDATAUORD (0);
Al, Bi = SBR IX Ai ,A2 IS THE FIRST PARAMETER TO \ \,  *1
A2 = DSP; IX B1,B2 IS THE SECOND Xl
CALL EMITDESC (0) ;
B2 = DSP;
CALL EMITDESC (0);
STRL = rip; CALL EMIT E’ATAWOR E’(O) 1
STRN = DP CALL EMITDATAWOR D(0 H
STRREG=DP CALL EMITDATAWORD (0)1
TRUELOC = DP CALL EMITDATAWQRD (TRUEH S
COMPLOC = DPI CALL EMITDATAWORL’(’FFFFFFFF’)1
CATCONST = DP CALL EMITDATAWORD ( ‘ iOOOOOO’ ) 1
RTNADR = DP CALL EMITDATAWORD (0> ;
NDECSY = 30; PR0CMARK=NDECSY+i; IX POINTER TO XPLMAIN XI
CURRENT_PROCEDURE = Xl \\ ‘XPLMAIN’
CALL EMITDATAWORD (0)1
SYDISP (NDECSY—2) DP—4 IX COMPACTIFY XI
STRING_ RECOVER = NDECSY—2;

SYESDTYPE (NDECSY-2) = b02~ 1* ENTRY FOR XPLPACI( OR CONPACTIFY *1
SYRLDADDR (NDECSY—2) BASEDATA + 56;
SYESDTYPE(NDECSY-l) = ‘02 ’ IX ENRTY FOR XPLMON XI
SYRLDADDR (NDECSY-i) BASEDATA + 60

IX SET UP MAIN ENTRY AND INITIALIZE REGISTERS Xl

SYESDTYPE(NDECSY) = ‘Ol’i IX USED FOR RELOCATING MAIN ENTRY XI
CALL BUILD_PROLOGUE(NDECSY)1

S MAINLOC = SYDISP(NDECSY)1
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CALL BRANCH (’F’,O)1 IX BRANCH AROUND BUILT-INS XI

S CALL CLEARREGS

IX EMIT CODE FOR BUILT_ IN FUNCTIONS XI

CALL CATENATE_CODE ;

CALL coNvERT_cODE ;

CALL STRING.JIOVE

CODE_ESDID H
S CALL CLEARREGS

1* ENABLE CONTROL TOGGLES FOR LISTING & SYMBOL DUMP Xl
CONTROL ( BYT E ( ’ L’ ) )  :~ TRUE
CONTROL C BYTE (’D’)) TRUE;

IX FIRST SET UP GLOBAL VARIABLES CONTROLLING SCAN, THEN CALL IT XI
CF = 0; TEXT_ LIMIT = —1 ;
TEXT , CURRENT_PROCEDURE = X0
CALL SCAN ;

IX INITIALIZE THE PARSE STACK Xl
SF- = H PARSE_STACK (SP) = E0FILE;

END INITIALIZATION;

IX SYMBOL AND STATISTICS PRINTOUT Xl

SYMBOLDUMP:
PROCEDURE;

IX LISTS THE SYMBOLS IN THE PROCEDURE THAT HAS JUST BEEN
COMPILED IF $8 OR SD IS ENABLED
MAINTAIN PARITY ON $Eh ANn $5

*1
DECLARE (LPM , I, J, K~ L~ N) FIXED;
DECLARE (BUFFER, BLANKS) CHARACTER
DECLARE EXCHANGES BITCi), SYTSORT (SYTSIZE) BIT (16H

OUTLINE:
PROCEDURE (NAME s F) CHARACTER;

DECLARE NAME CHARACTER , (P, B~ D) FIXED;
IF SYTYPE (P) = LABELTYPE \ SYTYPE (P) = CHAR_PROC_TYPE THEN

rio;
B = PB R  S

D SHL (SYBASE(P) ,  12) + SYDISP(PH
ENDI

ELSE
DO;

B SYBASE (PH
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B =
END

BUFFER = PAD (D \\ LPAREN \\ B \\ ‘ ), ‘, ii)
RETURN NAME \\ ‘: ‘ \\ TYPENAME (SYTYPE(P)) \\ ‘ AT ‘ \\ BUFFER \\

DECLARED ON LINE ‘ \\ DECLARED....ON_LINE (P) \\
AND REFERENCED ‘ \\ SYTCO(P) \\ ‘ TIMES.’;

END OUTLINE ;

IF PROCMARK <S NDECSY THEN
no;

DOUBLE_SPACE 1
OUTPUT = ‘SYMBOL TABLE DUMP’;
DOUBLE_SPACE ;
LPM = LENGTH (SYT (PROCMARK))1
L = i5
DO I = PROCMARK TO NDECSY

IF LENGTH(SYT( I) )  :::. L THEN
L = LENGTH (sYT ( I) ) ;

END
IF L > 70 THEN L = 70;
BLANKS = SUBSTR(X70 , 0, L);
DO I = PROCMARK TO NIIECSY

SYTSO RT( I)  = H
K = LENGTH (SYT (I)H
IF K > 0 THEN

IF K L THEN
no;

BUFFER = SUBSTR (BLANKS’K)1
SYT( I)  S Y T ( I>  \\ DUFFER I

END
ELSE

Do;
BUFFER = SUBSTR (SYT(I). 0, LH
SYT( I)  = BUFFER ;

END
EN[h

EXCHANGES = TRUE ;
K = NDECSY PROCMARK

DO WHILE EXCHANGES ;
EXCHANGES = FALSE;
DO J = 0 TO K
I = NDECSY J
L = I — H
IF SYT (SYTS O RT ( L) )  > SYT(SYTSORT (I)) THEN

Do;
N = SYTSORICI);
SYTSORT (I) = SYTSORT (L); S

r SYTSORT (L) = Ml
EXCHANGES = TRUE ;
K = J; IX RECORD LAST SWAP XI

END
ENLI
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END;

I = PROCMARK;
DO WHILE LENGTH (SYT(SYTSORT (I))) = 01
I = I + i; IX IGNORE NULL NAMES XI

END;

DO I = I TO NDECSY;
S K = SYTSORT (I)

OUTPUT = OUTLINE (SYT (K), KH

K = K + H
DO WHILE (LENGTH (SYT (K)) = 0) & ( K ::= NE’ECSYH

J = K — SYTSORT (I)1
OUTPUT =

OUTLINE(’ PARAMETER ‘ \\ J \\ SUBSTR(BLANKS~ 14), K) ;
K = K + 1;

END;

END;

BUFFER = SUBSTR (SYT (PROCMARK), 0 , LPM);
SYT(PROCMAR K ) = BUFFER
EJECT_PAGE I

END

END SYMBOLDUMN

DUMPIT:
PROCEDURE IX DUMP OUT THE COMPILED CODE & EIATA AREAS XI
DECLARE DUMPMSG CHARACTER INITIAL C

MACRO DEFINITIONS: LITERALLY: IDCOMPARES = SYMBOL TABLE SIZE =
MACRO DEFINITIONS = STACKING DECISIONS= SCAN = EMITRR =
EMITRX = FORCEACCUMULATOR = ARITHEMIT = GENSTORE =

DECLARE DUMPMSG1 CHARACTER INITIAL (
FIXBFW = FIXDATAWORD = FIXCHW = GETDATA =
GETCODE = FINDADEIRESS = SHORTCFIX = LONGCFIX
SHORTDFIX = LONGDFIX = INSTRUCTION FREQUENCIES:’);

CALL SYMBOLDUMP

IF “ CONTROL ( BYTE( ’L ’ ) )  THEN RETURN; IX STOP LIST HERE XI

DOUBLE_SPACE ;
OUTPUT = SUBSTR (DUMPMSG,i,21)1
DOUBLE_SPACE 1
DO I = 0 TO TOP_MACRO ;
OUTPUT = FAD (MACRO_NAME (I)~ 21) \ \  SUBSTR ( DUMPMSG~ 2i’21) \\ MACRO_TEXT (IH
END
DOUBLE_ SPACE;
IX PUT OUT THE ENTRY COUNT FOR IMPORTANT PROCEDURES XI

OUTPUT = SUBSTR(DUMPMSG,4i,21) \\ IDCOMPARES
OUTPUT = SUBSTR (DUMPMSO,6i,2i) \\ MAxNDECSY;
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OUTPUT = SUBSTR (DUMPMSG,81,2i) \\ TOP_MACRO + 11
OUTPUT = SUBSTR (DUMPMSG,iOl,21) \\ COUNT$STACK
OUTPUT = SUBSTR (DUMPMSG,i2i~ 2i) \\ COUNTSSCANI
OUTPUT = SUBSTR(DUMPMSG,14i,21) \\ COUNT*RR
OUTPUT = SUBSTR (EIUMPMSG,161,21) \\ COUNT$RX
OUTPUT = SUBSTR (DUMPMSG,i81,21) \\ COUNT*FORCE
OUTPUT = SUBSTR (DUMPMSG,20i,21) \\ COUNT*ARITH
OUTPUT = SUBSTR (DUMPMSG,221,21) \\ COUNT*STORE
OUTPUT = SUBSTR (DUMPMSG1~~i~ 21) \\ COUNTSFIXBFW S

OUTPUT = SUBSTR (DUMPMSG1 ,21 ,21) \\ COUNT*FIXEI
OUTPUT = SUBSTR(DUMPMSG1,41,21) \\ COUNT$FIXCHU
OUTPUT = SUBSTR (DUMPMSGi,61,2i) \\ COUNT*GETD
OUTPUT = SUBSTR (E’UMPMSGi,81,2i) \\ COUNT*GETC
OUTPUT = SUBSTR (DUMPMSG1,l01,21) \\ COUNT*FIND
OUTPUT = SUBSTR (DUMPMSG1,121,21) \\ SHORTCFIX;
OUTPUT = SUBSTR (DUMPMSG1,141,21) \\ LONGCFIX;
OUTPUT = SUBSTR (DUMPMSG1,161,21) \\ SHORTDFIX
OUTPUT = SUBSTR (DUMPMSG1,lGi,21) \\ L0NGDFIx; 

S

DOUBLE_SPACE
OUTPUT = SUBSTR (DUMPMSG1~ 20i,25H
DOUBLE_SPACE 1

OUTPUT = X0
DO I = 0 TO 255

IF INSTRUCT (I) N = 0 THEN
OUTPUT = SUBSTR (OPNAt1ES~OPER (I)~~4) \\ X4 \\ INSTRUCT (IHEND;

EJECT_PAGE;
END DUMPITI 

S

STACK_ DUMP:
PROCEDURE ;

DECLARE LINE CHARACTER ;
LINE = ‘PARTIAL PARSE TO THIS POINT IS: ‘I
DO I = 2 TO SF1

IF LENGTH(LINE ) :::- 105 THEN
Do;

OUTPUT = LINE
LINE = X4; S

END ;
LINE = LINE \\ Xl \\ V(PARSE_STACK (I)H

END;
OUTPUT LINE

END STACK_ DUMP ;

IX THE SYNTHESIS ALGORITHM FOR XPL *1

SYNTHESIZE:
PROCEDURE (PRODUCTION_NUMBER ) 1

DECLARE PRODUCTION_NUMBER FIXED

IX ONE STATEMENT FOR EACH PRODUCTION OF THE GRAMMAR*/

~ 
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DO CASE PRODUCTION...NUMBER 1
1 IX CASE 0 IS A DUMMY~ BECAUSE WE NUMBER PRODUCTIONS FROM 1 XI

IX <PROGRAM> ::= <STATEMENT LIST> Xl
Do; IX FINAL CODE FOR XPLSM INTERFACE & SETUP *1

IF NP N..~ 2 THEN IX WE DIDN’T GET HERE LEGITIMATELY XI
DO;

CALL ERROR (‘EOF AT INVALID POINT’ , 1);
CALL STACK_DUMP ;

END
DO I = 1 TO NDECSY

IF SYTYPEU) = FORWARDTYPE \ SYTYPE(I) = FORWARDCALL THEN
IF SYTCO( I)  > 0 THEN

CALL ERROR (‘UNDEFINED LABEL OR PROCEDURE : ‘ \\ SYT(I), 1);

END;
CALL EMITRR (‘iB’ , 3, 3)1 IX RETURN CODE OF ZERO *1
CALL EMIT_RETURN;
DO I = 4 TO DBR—H

CALL FIXWHOLEL’ATAWORE’(BASEDATA+SHL( 1,2), BASES( I))1
END S

IX INSERT PROLOGUE FOR STRINGS XI
DESC(0) = o; IX LOWER_BOUND FOR XPLFACK XI
DESC(1)~~DESC (2) = DSP + CHP IX FREEPOINT AND FREEBASE *1
DESC(3) = DSP + SHL ( DSP,5) + SHL ( DSP,4)1 IX ABSOLUTE STRING TOP *1

IX ADD OFFSET OF DSP TO THE DESCR:[PORS FOR PARTIAL RELOCATION *1
DO I = 5 TO SHR ( DSP,2)1

IF DESC(I) ~~= 0 THEN IX ADD TOP OF DESCRIPTOR ADEIR TO DESC XI

J = ( (DESC( I)  & ‘FF000000’) + DSP);
DESC(I) = J + (DESC(I) & ‘OOFFFFFF’)1

S END;
S 

END;

DESC (4) = (SHR(DSP,2)); IX $ OF DESCRIPTORS INCLUDING 5 FOR PREFACE*I

COMPILING = FALSE ;
END S

IX <STATEMENT LIST:> : := .:
~5TATEMENT~

. XI
,

IX -(STATEMENT LIST> ~~ 
.:5TATEMENT LIST> <sTATEMENT:> *1

1* <STATEMENT> ::= <BASIC STATEMENT> XI
DO; 

S

CALL CLEARREGS
STATEMENT_COUNT = STATEMENT_COUNT + H
ESDTYPE ‘O’ IX RESET EXTERNALIP(JBLIC BIT XI

S END

IX <STATEMENT:> : := <IF STATEMENT> Xl
5

5 CALL CLEARRE GS I

IX -(BASIC STATEMENT> ::= <ASSIGNMENT:> I XI
I

- —  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5
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1* <BASIC STATEMENT:> ::= <GROUP:> I X-

IX <BASIC STATEMENT: :- := <PROCEDURE DEFINITION> 1 XI

IX : <BASIC STATEMENT)- = <RETURN STATEMENT:::. ; XI

IX -(BASIC STATEMENT> •:~~~~~~j sTATEMENT:::- ; XI

IX <BASIC STATEMENT:> = <GO TO STATEMENT:::. 1 Xl
‘ 

.5

IX -(BASIC STATEMENT> ~~ 
.::E,ECLARATION STATEMENT:> ; *1

,

1* <BASIC STATEMENT:::. ::= ; XI

1* <BASIC STATEMENT> ~~~~~~~~~~~~~~~~ DEFINITION> <BASIC STATEMENT> XI

IX <IF STATEMENT:> ::= <IF CLAUSE:::- <STATEMENT:::. XI
CALL FIXBFW (FIXL (MP) ,  Pp) IX FIX THE ESCAPE BRANCH NOW THAT STMT IS DONE Xl

- 

IX •(IF STATEMENT)- : ~~ •( IF CLAUSE:> <TRUE PART :. .::STATEMENT::. *1
DO; IX THERE ARE TWO BRANCHES TO BE FILLED IN WITH ADDRESSES HERE XI

CALL FIXBFW (FIXL (MPP1), PP); 1* ESCAPE FROM TRUE PART XI
CALL FIXBFW (FIXL (MP) ,  FIXV (MPP1))1 IX HOP AROUND TRUE PART *1

END;

IX <IF STATEMENT:::- ::= -(LABEL DEFINITION> -(IF STATEMENT:> */

IX <IF CLAUSE)- ~~~ = IF •::EXPRESSION:::. THEN Xl
CALL BOOLBRANCH (MPP1p MP)1 1* BRANCH ON FALSE OVER TRUE PART XI

IX <TRUE PART:::. ~~ -(BASIC STATEMENT:::. ELSE *1
DO IX SAVE THE PROGRAM POINTER & EMIT THE CONDITIONAL BRANCH XI

FIXL C MP ) = PN
CALL BRANCH (’F’~ 0) IX ‘F’ MEANS UNCONDITIONAL BRANCH *1
FIXV (MP) =

END ;

IX <GROUP)- : := -(GROUP HEAD:::. •(ENE’ING> XI
D0~ IX BRANCH BACK TO LOOP & FIX ESCAPE JUMP XI

IF INX(MP) = 1 \ INX(MP) = 2 THEN
DO IX STEP OR WHILE LOOP FIX UP XI

CALL BRANCH(’F’ , PPSAVE C MPflI
CALL FIXBFW (FIXL (MP)~ PP);

END
ELSE IF INX (MP ) = 3 THEN

001 1* COMMENT CASE GROUP XI 
S

IX JUSTIFY TO WORD BOUNDARY XI
PP = (OP + 3) & ‘FFFFFC’;
CALL FINDADDRESS (DP)1
CALL FIXCHW (FIXL(MP)+2 , SHL(ADREG,4)+SHR(ADR DISP~ 8)~ ADRDISP)I
DO I = PPSAVE(MP) TO CASEP—H CALL EMITDATAWORD (CASESTACK (I))1 k NI)1
CASEP = PPSAVE(MP) - H 

S

CALL FIXBFW (FIXV (MP) ’  P P ;
END

- —— — - -5 -

— — - -.5 
—

~~~~~
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.4 - .t___ .

~~~ -
S
~-— ~~~~~ ~~~~~~~~~~~~~~~~~~ — - --



F ~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~—S--.5

- 

XCOM — XPL VERSION IV COMPILER A6-61

IF LENGTH(VAR (SP)) .::. 0 THEN IF VAR ( MP-1) N = VAR ( SP ) THEN
CALL ERROR (‘END ‘ \\ VAR(SP) \\ ‘ MUST MATCH LABEL ON GR0UP ’~ 0);

END;

IX (GROUP HEAD:> ::= DO XI
INX (MP) = 01

IX -(GROUP HEAD:> ::= DO <STEP DEFINITION:::. ; Xl
DO;

CALL MOVESTACNS (MPP1, MP)1
INX(MP) = H IX 1 DENOTES STEP Xl

ENrI;

IX -(GROUP HEAD:> ~~~ = DO .::WHILE CLAUSE:::. XI
DO;

PPSAVE (MP ) = PPSAVE (MPP1)1
FIXL(MP) = FIXL (MFF1)1
INX(MP ) = 21 IX 2 DENOTES WHILE XI

END;

IX <GROUP HEAD:::. ~~~ = DO ~~~~~ SELECToR:::. 1 Xl
no;

CALL MOVESTACKS (MPP1, NP);
INX(MP) = 31 IX 3 DENOTES CASE Xl
INFORMATION = INFORMATION \\ ‘ CASE 0,’

END;

IX -(GROUP HEAD:> : : .::GROUP HEAD:> <STATEMENT ::. *1
IF INX(NP) = 3 THEN

DO IX CASE GROUP , MUST RECORD STATEMENT ADDRESSES XI
CALL BRANCH (‘F’, FIXV (MP));

IF CASEP :::-= CASELIMIT THEN CALL ERROR ( ‘TOO MANY CASES’ , 1)1
ELSE CASEP = CASEP + H CA SESTAC K(CA SEP) F’P

IF BCD N. ‘END ’ THEN
INFORMATION INFORMATION \\ ‘ CASE ‘ \\ CASEP—PPSAVE(MP) \\ PERIOD

END

IX -(STEP DEFINITION:> ~~ 
.:
~VA RIABL E~-. .:REF,LACE :. <EXPRE5SION ::. .:ITERATION CONTROL:::.

XI
DO; IX EMIT CODE FOR STEPPING rio LOOPS XI

CALL FORCEACCUMULATOR (MP+2)
IF SYESDTYPE (FIXL (MP)) N.  Uoo~ THEN

CALL ERROR (’EXTERNAL USED AS 110 LOOP VARIABLE ’,l)1
IF INX(MP ) = 0 THEN

CALL ERROR (‘SUBSCRIPTED DO VARIABLE ’, 0)
STEPK = PP;
CALL BRANCH(’F’ , 0) ;
PPSAVE(MP) = PP
L FIXL(MP);
ADREG = SYBASE (L)1
ADRDISP = SYDISP(L)1
IF SYTYPE(L) = BYTETYPE THEN

Do;
CALL EMITRR(’1B’ , REG(MP+2) , REG(MP+2)) 1
CALL EMITRX (‘43’, REG(MP+2) , 0, ADREG , ADRDISP )

_ _ _ _ _ _ _ _ _ _ _ET
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ELSE IF SYTYPE( L)  = HALFWORD THEN
CALL EMITRX (‘48’, REG (MP+2), 0, ADREG , AIIRDIsF-); S

ELSE
CALL EMITRX (LOAD, REG(MP+2)~ 0, ADREG, AIIRDISP)1

CALL EMITRX (‘SA ’, REG (MP+2), 0, REG (MP+3), FIXL (MP+3))1
CALL FIXBFW (STEPK~ PP)1
IF SYTYPE (L) = BYTETYPE THEN I = ‘42’;
ELSE IF SYTYPE( L) = HALFWORD THEN I = ‘40’ ;
ELSE I = STORE ;
CALL EMITRX (I, REG (MP+2). 0, ADREG, ADRDISP);
CALL EMITRX (CMPR, REG (MP+2), 0, INX (MP+3)~ FIxV (MP+3));
FIXL (MP) =

CALL BRANCH (’2’~ 0)1
BASES (INX (MP)) = AVAIL ;
BASES (REG (MP-f 2)) = AVAIL

ENII

1* -(ITERATION CONTROL> : ~~ TO -::EXpp~ESSION ::. XI
Do;

REG(MP) = DBR
F IXL(MP)  = TRUELOC IX POINT AT THE CO NST ANT ONE FO R STEP XI
CALL SET_LIMIT;

END ;

1* <ITERATION CONTROL:::- ~~ TO .::EXPRESSION > BY . 5 EXPRESSION : *1
Do;

IF TYPE(SP) = CONSTANT rHEN CALL EMITCONSTANT (FIXV (SP))1
ELSE

S DO;
CALL FORCEACCUMULATOR (sP);
CALL EMIT DATAWORt ’ (0)1
CALL FINDADE1RESS (L IP—4) 1
CA LL EMITRX (STORE , REG(SP) .  0, AIIREG, ADRDISP )1
BASES (REG (SP)) = AVAIL ;

END
REG(MP) = ADREG
FIXL (MP ) = ADRDISP
CALL SET_LIMITI

END

IX -::WHILE CLAUSE:> : ~~ WHILE .::EXPRESSION’> Xl
CALL BOOLBRANCH(SP , NP);

IX <CASE SELECTOR:> ~~ CASE -::EXPRESSION ::. Xl
Do;

CALL FORCEACCUMULATOR C SF-);
CALL EMITRX (’89’, REG (SP), 0, 0, 2);

S FIXL(MP) = PP
CALL EMITRX (LOAD, REG (SP), REG (SP), 0, 0)1
CALL EMITRX (BC , ‘F’~ REG (SP), PBR , 0);
BASES (REG (SP)) = AVAIL ;
FIXV ( MP ) = PP
CALL BRANCH (’F’, 0);
IF CASEP >= CASELIMIT THEN CALL ERROR (‘TOO MANY CASES’, 1)1
ELSE CASEP = CASEP + 1;
CASESTACK (CASEP ) = PP
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PPSAVE(MP) = CASEP
END;

IX -(PROCEDURE DEFINITION:::. ~~~~~~~~~~ HEAD::: .STATEMENT LIST)- -(ENDING:::. XI
DOI IX PROCEDURE IS DEFINED~ RESTORE SYMBOL TABLE *1

IF LENGTH ( VAR ( SP ) )  :::. 0 THEN
IF SUBSTR(CURRENT....PROCEDURE~ 1) “= VAR (SP) THEN

CALL ERROR (‘PROCEDURE ’ \\ CURRENT_PROCEDURE \\ ‘ CLOSED BY END ‘ \ \
VA R ( SP), 0) ;

IF CONTROL (BYTE (’S’)) THEN
CALL SYMBOLDUMP

DO I = PROCHARK TO NDECSY
IF SYTYPE (I) = FORWARDTYPE \ SYTYPE (I) = FORWARDCALL THEN
IF SYTCO (I) > 0 THEN
CALL ERROR (‘UNDEFINED LABEL OR PROCEDURE: / \\ SYT (I)~ 1)1

IF SYESDTYPE (I) = ‘05’ THEN 1* EXTERNAL USED AS A FOR MAL PARM *1
CALL ERROR (’COMMON VARIABLE DEFINEr’ WITHIN A PROCEtIURE’,l);

ENDI
DO I = PROCMARK + PARCT TO NEIECSY + H

SYT(I) = Xl ;
END I
NDECSY = PROCMARK + PARCT - H
1* PA RAM ETER AD DRESS MUST BE SAVED BU T NAMES D I S C A R D ED XI
DO I = PROCMARK TO Nn’ECSY;

IF SYTYPE< I)  = 0 THEN
DO;

CALL ERRORYUNE’ECLARED PARAMETER:’ \\ SYT I~~~;
SYTYPE (I) = FIXEDTYPE
CA LL EMIT DATAW ORL 1 O ’ ;
CALL FINDADDRESS (DP—4); S

SYBASE (I) = ADREG;
SYDISP(I) = ADRDISP

END S

SYT ( I)  = X0
END ;
IX EMIT A GRATUITOUS RETURN XI 

S

RTNADR = PPSAVECMP)
CALL EMIT_RETURN;
CURRENT_PROCEDURE = VAR (MP )I
PROCMARK = FIXV (MP)I PARCT = CNT MP);
RETURNED_TYPE = TYPE(MP) 1
CALL FIXBFW (FIXLCMP ), PP) IX COMPLETE JUMF- AROUND PROCEDURE DEFINITION XI

END;

IX -(PROCEDURE HEAD:> ::= -(PROCEDURE NAME:::. ; Xi
DO; IX MUST POINT AT FIRST PARAMETER EVEN IF NONEXISTENT XI

IX SAVE OLD PARAMETER COUNT XI
C N T ( M P )  = PARCT PARCT = 0;
IX SAVE OLD PROCEDURE MARK IN SYMBOL TABLE XI
FIXV (MP ) = PROCMARK PROCMARK = NDECSY + 1;
T (PE ( MP ) = RETURNED_TYPE

S 

RETURNED_TYPE = 0
CALL PROC_START I

END I

_ _ _ ~~~~~~~~~~~~~~
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IX <PROCEDURE HEAD::- : : = -(PROCEDURE NAME:::. -(TYPE > Xl
DO;

CNT (MP) = PARCT
PARCT = O
FIXV(MP ) = PROCMARK

S 

PROCMARK = NI1ECSY + 11
TYPE (MP) = RETURNED_TYPE
RETURNED_TYPE = TYPE(SP~ 1)1
IF RETURNED_TYPE = CHRTYPE THEN

SYTYPE (FIXL (MP)) = CHAR_PROC_TYPE
CALL PROC_ START ;

END;

IX -(PROCEDURE HEAD:> : := .:::PROCEDURE NAME:> <PARAMETER LIST:::. I *1
rio ;

CNTCMP ) = CNT(MPP1)1 IX SAVE PARAMETER COUNT Xl
FIXV (MP) = FIXV (MPP1);
TYPE(MP) = RETURNED_TYPE
RETURNED_TYPE =

CALL PROC_START ;
END;

IX -(PROCEDURE HEAD:::. : ~~ .::PROCEIIURE NAME:::. .:~PARAMETER LIST:> .::1ypE > XI
rio;

CNT (MP) = CNT (MPP1)1
FIXV (MP ) = FIXV (MFP1)1
TYPE ( MP ) = RETURNED_TYPE;

S RETURNED..TYPE = TY PE(SP—1 ) i
IF RETURNED_TYPE = CHRTYPE THEN

SYTYPE(FIXL ( MP))  = CHAR....PROC_TYPE 1
CALL PROC_START ;

END;

IX -(PROCEDURE NAME:::. -(LABEL DEFINITION:> PROCEDURE Xl
Do;

S = CURRENT_PROCEDURE ;
CURRENT_PROCEDURE = Xi \\ VAR (MP)1
VAR (MP) = 8;

END ;

IX <PARAMETER LIST)- ::= - (PARAMETER HEAl’> -(IDENTIFIER> ) XI
DO;

PARCT = PARCT + i;
S CALL ENTER (VAR (MPP1), 0, 0, 0)1

IF ESDTYPE = ‘02’ THEN IX THIS IS AN EXTERNAL PARAMETER XI
DO;

S CALL EMITEIATAWORD (0)I I*VALUE OF F-ARM *1
CALL FINDADDRESS (DP—4)1
SYBASE (NDECSY) = AE1REGI 

-

S

SYDISP (NDECSY) = ADRD ISP ;
SYESDTYPE(NDECSY) = ‘OF ’ IX ‘OF’ = EXTERNAL PARAMETER XI

END
ELSE S

IF ESDTYPE = ‘01’ THEN IX PUBLIC PROC PARM Xl 
S

DO I

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - - -S .  S - .5---—--
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SYTCO (NDECSY = PARCT ; IX LOCATION OF PARM IN LIST XI
SYESDTYPE (NDECSY) ‘0E ’~ IX USED LATER IN DECLARE GRAMMAR*l

END;

END 1

- IX .::PARAMETER HEAD:> ::= ( XI
DO IX POINT AT THE FIRST PARAMETER FOR SYMBOL TABLE *1

FIXV (MP ) = PROCMARK PROCMARK NIIECSY + H
CNT~~1P) = PARCI;
PARCT = 0;

ENBI

IX - (PARAMETER HEAD:> : ~~ - (PARAMETER HEAD::. 
.::II1ENTIFIER :. */

PARCT = PARCT + i;
5

5 

CALL ENTER (VARCMPP1), 0, 0, 0)1
IF ESDTYPE ‘02’ THEN 1* THIS IS AN EXTERNAL PARAMETER XI

Do;
CALL EMITDATAWORD (0) 1*VALUE OF PARM XI
CALL FINDADDRESS(DP—4)1
SYBASE(NDECSY) AEIREG;
SYDISP (NBECSY) ADRDISP
SYESDTYPE(NDECSY) = ‘OF ’ 1* ‘OF’ EXTERNAL PARAMETER XI

END;
ELSE
IF ESDTYPE ‘01’ THEN IX PUBLIC PROC PARM XI

DO;
SYTCO(NDECSY ) = PARCT ; IX LOCATION OF PARM IN LIST *1
SYESDTYPE(NDECSY) = ‘OE ’ IX USED LATER IN DECLARE GRAMMARX/

END

END 1

IX <ENDING > ::= END XI
VAR (MP) = XO

IX .(ENDING:::. : := END <Ir’ENTIFIER:> XI
VAR (MP) = VAR (SP)

IX <ENDING:> ~~ ~~~~~~~~~~~~~~~~ DEFINITION:::. .:
~ENlIING). XI

VAR (MP) = VAR C SP)1

IX <LABEL DEFINITION> .: IDENTIFItR~ : XI S

IF LENGTH(VAR (MP)) :> 8 THEN IX NOT SPECIAL LABEL XI
FIXL(MP) = ENTER (VAR (MP), LABELTYPE, PP, FIXL (MP W

S ELSE
no;

IF VAR ( MF’ ) = ‘EXTERNAL ’ THEN
ESDTYPE = ‘02 ’ I IX TURN ON EXTERNAL BIT Xl

ELSE S S
IF VAR (PIP) = ‘PUBLIC ’ THEN

ESDTYPE = 01’ ; IX IDENTIFY AS A PUBLIC PROCEDURE *1
ELSE
IF VAR (MP) = ‘COMMON ’ THEN S

ESDTYPE = ‘05’ IX LABELED COMMON XI
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ELSE
FIXL (MP ) = ENTER (VAR (MP), LABELTYPE , PP, FIxL (MP));

END;

IX -(RETURN STATEMENT:> : := RETURN XI
CALL EMIT_RETURN ;

IX <RETURN sTATEMENT:> : RETURN .(EXPRES$ION ::. XI
DO IX EMIT A RETURN BRANCH & PASS VALUE IN REGISTER 3 X-

IX NOW FORCE IT INTO REGISTER 3 *1
TARGET_REGISTER = 31
IF RETURNED_TYPE = CHRTYPE THEN

CALL FORCEDESCRIPT (MPP1)
ELSE

CALL FORCEACCUMULATOR (MPP1)1
TARGET_REGISTER = — 1;
IF REG(MPP1) = 3 THEN CALL EMITRR(’18’,3~ REG (MPP1))1
CALL EMIT_RETURN;
CALL CLEARREGS

END;

S IX -(CALL STATEMENT:> : CALL <VARIABLE > XI
Do;

CALL FORCEACCUMULATOR (SP )1
CALL CLEARREGS

END;

IX -(GO TO STATEMENT:~ <(3Q TO> <IDENTiFiER> *1
Do;

CALL ID....LOOKIJP(SP)1
J = FIXL(SP)
IF J ‘:~ 0 THEN IX 1ST OCURRANCE OF THE LABEL XI

DO;
CALL E M IT DA T A W O R I ’ O ;  IX SPACE FOR FIXUP Xl
J = ENTER (VAR (SP), FORWARDTYPE , DP_4, FIXL (SP))
SYTCO (J )  = 1;

END
IF SYTYPE (J) = LABELTYPE THEN

CALL BRANCH_BD (’F’,SYBASE (J),SYDISP(J))I
ELSE IF SYTYPE (J) = FORWARDTYPE THEN

DO;
CALL EMITRX (LOAD,BRCHREG,0,SYBASE (J),SYDISP (J))1
CALL EMITRX (BC ,’F’~~BRCHREG,PBR ,0)1

END;
ELSE

DO S
CALL ERROR (’TARGET OF GO TO IS NOT A LABEL’~~O)1
CALL EMITRX (BC , ‘F’ ,0~SYBASE (J) ,SYDISP(J));

END;
END

IX <GO TO> ::= GO TO XI
I

IX <GO TO> ::= 0010 XI

Ii 
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IX - (DECLARATION STATEMENT> ~~ DECLARE - (DECLARATION ELEMENT> Xl

IX <DECLARATION STATEMENT:~ : ~~ -(DECLARATION STATEMENT> , ‘(DECLARATION ELEMENT:>
S XI

S
.

IX -(DECLARATION ELEMENT> ~~ -(TYPE DECLARATION:> XI

IF TYPE(IIP) = CHRTYPE THEN
DSP = NEWDSP 1

ELSE
S DO;

PP = NEWDP
S CALL CHECKBASES 1

END;
ENBI

IX .::DECLARATION ELEMENT::. ::= .::It,ENTIFIER> LITERALLY .::STRING > XI
IF TOP_ MACRO >= MACRO_LIMIT THEN

CALL ERROR (’MACRO TABLE OVERFLOW’,i)
ELSE

DO;
TOP_MACRO := TOP_MACRO + 1;
I = LENGTH(VAR (MPW
J = MACRO_INEIEX (I)1
DO L = 1 TO TOP_ MACRO -

K TOP_MACRO - L;
MACRO_NAME (K+1) = tIACRO_NAME (k)1
MACRO_TEXT (K+1) = MACRO_TEXT (K)

ENDI
MACRO....NAME (J) = VAR (MP )1
MACRO_TEXT (J) = VAR ( SP )
DO J = I TO 2551

MACRO_ INDEX(J) MACRO_ INDEx(J)+l;
ENPI

END;

IX -(TYPE DECLARATION>- ::= -(IDENTIFIER SPECIFICATION> -(TYPE)- XI
CALL TDECLARE(O)

IX <TYPE DECLARATION:::. ~~ -(BOUND HEAD:::. <NUMBER > ) -(TYPE> Xl
CALL TDECLARE (FIXV (MPP1))1 

S

IX -(TYPE DECLARATION:> ~~~~~ DECLARATION::- - (INITIAL LIST> XI

IX <TYPE:~ ::= FIXED *1
TYPE(MP) = FIXEDTYPE

1* <TYPE> ::= CHARACTER XI
TYPE(MP) = CHRTYPE 1

IX <TYPE> ::= LABEL XI
TYPE ( MP ) = FORWAROTYPE I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .5- ______________---——-S.— - .— .55 5 — —
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IX <TYPE> ::= <BIT HEAD:> <NUMBER> ) XI
IF FIXVCMPP1 ) -(= S THEN TYPE ( MP ) = BYTETYPE
ELSE IF FIXV (MPP1) -(= 16 THEN TYPE(MP) = HALFWORD
ELSE IF FIXV (MPP1) .:::= 32 THEN TYPE(MP) = FIXEDTYPE
ELSE TYPE(MP) = CHRTYPE

IX -(BIT HEAD)- U= BIT ( XI

IX <BOUND HEAD:> ::= -;::IDENTIFIER SPECIFICATION> ( Xl

IX <IDENTIFIER SPECIFICATION::- ~~~ = ‘(jl,ENTIFIER ::- XI
DO;

INX(MP) = H
I = FIXLUIP ;
FIXL(MP) = CASEP ;
IF CASEP :>= CASELIMIT THEN

CALL ERRORCDCLRM,l)I
ELSE

CASEP = CASEP + H
CASESTACK(CASEP) = ENTER ( VAR ( MP )~ 0, o, I);END ;

IX <IDENTIFIER SPECIFICATION)- ::= <IDENTIFIER LIST:::. .:~IDENTIFIER::~. ) Xl
DO;

INX ( MP ) = INX ( MP ) + H
IF CASEP )-= CASEL1MIT THEN

CALL ERROR C DCLRM , 1)1
ELSE

CASEP = CASEP + 1;
CASESTACK (CASEP) = ENTER (VAR (MPPl)~ 0~ 0, FIXL MPP1).~;

END;

IX <IDENTIFIER LIST> ::= ( XI
rio ;

INX(MP) = 0;
FIXL C MP) = CASEP;

END;

IX <IDENTIFIER LIST> ~~ -:ZIDENTIFIER LIST:::. -(IDENTIFIER:::. , XI
DO;

INX (MP ) = INX(MP ) + 1;
IF CASEP :>= CASELIMIT THEN S

S 

CALL ERROR(DCLRM , 1)1
ELSE

-~ CASEP = CASEP + 11
CASESTACK (CASEP) = ENTER (VARCMPP1), 0~ 0~ FIxL(MPP1));

S END I

IX <INITIAL LIST:> = <INITIAL HEAD)- .::CONSTANT> ) XI
S CALL SETINIT 1

IX <INITIAL HEAD> ::= INITIAL ( XI
S IF INX (MP—1) = 1 THEN

S 
ITYPE = TYPE (MP-1)I IX INFORMATION FROM <TYPE DECLARATION> XI

S 

_  _ _  
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ELSE

CALL ERROR (’INITIAL MAY NOT BE USED WITH IDENTIFIER LIST ’ ,O)
ITYPE =

END;

/X <INITIAL HEAD:::. -::INITIAL HEAD> -(CONSTANT > , XI
S 

CALL SETIN1TI

1* <ASSIGNMENT)- : := <VARIABLE> <REPLACE:> -~.EXPRESSION > XI
CALL GENSTORE(MP~ SP)1

1* <ASSIGNMENT> ::= ‘(LEFT PART::.’~ ‘(ASSIGNMENT: ::. Xl
CALL GENsToRE(MP~ SP);

IX -(REPLACE> ::= = Xl
I

IX .::LEFT PART:::. ::= .(VARIABLE~
:. , XI

IX -(EXPRESSION> ::= -(LOGICAL FACTOR:::. XI
,

IX -(EXPRESSION)- ~~ .::EXPRESSION::. \ -(LOGICAL FACToR:::. *1
IX ‘16’ = OR, ‘56’ = 0 XI
CALL ARITHEMIT( ‘16’)

IX <LOGICAL FACTOR:::. ~~ .::LOGICAL SECoNDARy:::. X-

IX .:ZLOGICAL FACTOR:::- ~~ -(LOGICAL FACTOR> & <LOGICAL SECO NDARY)- XI
IX ‘14’ = NR, 54’ = N XI
CALL ARITHEMIT ( ‘14’);

IX -(LOGICAL SECONDARY:::. -(LOGICAL PRIMARY> Xl
IF TYPE(MP) = CONDITION THEN CALL CONDTOREG (MP, REG (MP))

IX <LOGICAL SECONDARY:::. ~~ 
N -(LOGICAL PRIMARY:> XI

DO;
CALL MOVESTACKS (SPy MP)1
IF TYPE ( MP ) = CONDITION THEN

CALL CONDTOREG (NP , •E ’ REG (MP))I
ELSE

DO;
CALL FORCEACCUMULATOR (NP);

IX ‘57’ = X Xl
CALL EMITRX (‘57 , REG (MP), 0, DBR , coMpLoc);

END ;
ENDI

IX ‘(LOGICAL PRIMARY> = <STRING EXPRESSION:> Xl
,

IX CONDITION CODES MASK
0 OPERANDS EQUAL BIT 8
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1 FIRST OPERAND LO BIT 9
2 FIRST OPERAND HI BIT 10

IX -(LOGICAL PRIMARY:> ::= •(STRING EXPRESSION:> (RELATION> (STRING EXPRESSION:::.
Xl

t b ;
S 

CALL ARITHEMIT (CMPRR)i
BA SES(REG(MP)) AVAIL;

S REG(MP ) = RE (3(MPP1)1
TYPE UIP) = CONDITION;

S END;

S IX .(RELATION~:. ~~ = XI
REG(MP) = 6;

S IX -(RELATION:> ::= -:: Xl
REG ( MP ) = 10

IX <RELATION:> ::= :::‘ XI
S REG(MP ) = 12;

1* <RELATION:::. ::= :~
REG ( MP ) = 8;

1* <RELATION> ~~~ = N 
~(REO(MP ) = 4;

IX -(RELATION:> ::= N */
REG(MP ) = 2

IX -(RELATION> ~~~ := -( =
REG (MP) = 2;

IX <RELATION:> ::= :::‘ = *1
REG (MP ) = 4;

IX -(STRING EXPRESSION:> ~~ -(ARITHMETIC EXPRESSION:::’ Xl

IX <STRING EXPRESSION:> : := .::STRING EXPRESSION:> \\ <ARITHMETIC EXPRESSION>
XI

DO 1* CATENATE TWO STRINGS Xl
MOVEFLAI3 = FALSE ; IXTURN OFF POSSIBLE MOVE OF COMMON STRINGS *1
CALL FORCEDESCRIPT (MF )
CALL EMITRX ( STORE ,REG ( MP ) ,O,A1 ,A2 )1
BASES (REO(HP)) = AVAIL ; S

CALL FORCEDESCRIPT(SP)1
CALL EMITRX (STORE~REG(SP),O,B1,B2); 

S

BASES(REG(SP)) = AVAIL ;
CALL CALLSUB (O~ CATENTRY,3,MP);IX ASSUME CATENATE IS IN THE 1ST PAGE Xl S

MOVEFLAG TRUE I 1* TURN ON TO ENABLE MOVE OF COMMON STRINGS Xl

TYPE ( MP ) = DESCRIPT
END
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S 

IX <ARITHMETIC EXPRESSION)- = -(TERM> Xl
,

IX <ARITHMETIC EXPRESSION:> ~~ -(ARITHMETIC EXPRESSION:> + -(TERM)’ *1
IX ‘lA’ = AR , ‘5A’ = A XI
CALL ARITHEMIT (’iA’)1

- IX <ARITHMETIC EXPRESSION> ~~ -(ARITHMETIC EXPRESSION:> 
— .:::TERM:> XI

IX ‘iB’ = SR, ‘SB’ = S XI
CALL ARITHEMIT ( ‘IB’)

IX <ARITHMETIC EXPRESSION:> = + <TERN)- Xl
CALL M0VE STACKS(MPPi~ MP)

IX <ARITHMETIC EXPRESSION:> ~~ 
— ‘~:TERM)- Xl

DO;
CALL MOVESTACKS (MPP1~ NP);
IF TYPE ( MP ) = CONSTANT THEN FIXV (MP) := — [IXV (MP)i
ELSE

001
CALL F0RCEACCUMULATOR(MP);
CALL EMITRR(’ 13’~ REG(MP) , REG( MP))  IX LCR COMPLEMENT XI

END ;
END;

IX .::TERM> ::= -(PRIMARY> XI

IX -¼TERM> U= —TERM. > * <.PRIMARY> Xl
1* ‘iC’ = lfR , ‘SC ’ = Il *1
DO

CALL FORCEACCUMULATOR (MP)1
IF REG(MP ) = 1 THEN

DUl IX MULTIPLY IS FUNNY ON A 360-—SORRY XI
REG(MP) = 01
CALL ARITHEMIT ( ‘1C’) I
REG (MP) = H

END
ELSE

Do;
CALL FORCEACCUMULATOR ( SP )1
IF REG (SP) = 1 THEN

Do;
CALL EMITRR(’1C’~~O,REG( MP) ) I
BASES (REG(MP)) = AVAIL ;

S REG (MP ) = H
END

ELSE IF REG(MP ) + REG(SP ) = 5 THEN

DO; IX OPERANDS ARE IN 2 & 3 XI
CALL EMITRR (’1C’~~2,2)1
BASES (2) = AVAIL I
REG (MP) = 3

ENI)1
ELSE CALL ERROR (‘MULTIPLY FAILED XXX’ , 1)1

END
S END 

- - - 5
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IX <TERM> ~~ ‘(TERM> / -(PRIMARY> *1
CALL DIVIDE_CODE ;

1* DIVIDE IS EVEN FUNNIER THAN MULTIPLY Xl

IX <TERM> ~~ -(TERM> MOD -(PRIMARY > XI S
Do;

CALL DIVIDE_CODE ;
CALL EMITRR (’18’,1’O)1 IX LR 1,0 XI

END;

IX <PRIMARY> ::= -(C0N9TANT~ XI
,

1* <PRIMARY:> H= <VARIABLE> *1
IF FIXV ( MP ) = 3 THEN IX FINISH OFF THE FUNCTION BYTE Xl S

IF CNT(MP ) = 1 THEN
DO;

IF TYPE(MP) = CHRTYPE THEN S
rio ;

TYPE(MP) = CONSTANT 1
FIXV (MP ) = BYTE (VAR (MP) ;

END; S

ELSE
DO;

I = FINDAC ;
CALL EMITRR (’1B’~~I~~I); IX SR J~~I XI
CALL ENITRX( ‘43’,I,O,REG (tlP ) ,0)1

1* IC XI
BASES (REG (MP)) = AVAIL ;
REG (MP ) Il
TYPE (MP ) ACCUMULATOR ;

END;
END

ELSE IF CNT(MP) = 2 THEN

DO 1
I = INX (MP )1

CALL EMITRX ( ‘43’ ~I,I,REG (MP) ,0)S 
BASES (REG (NP)) :~ AVAIL ;
REG (MP) =

TYPE (MP) = ACCUMULATOPI
END ;

1* <PRIMARY:> ~~ ( <EXPRESSION)- 
) XI

CALL MOVESTACKS (MPP1, NP);

IX -(VARIABLE> ::= <IDENTIFIER:::. *1 —
S 

Do; IX FIND THE IDENTIFIER IN THE SYMBOL TABLE XI S
CALL ID LOOKUP(MP)1
IF FIXL(MP) = — 1 THEN 

S

CALL UNDECLAREIi_ID(MP);
END

1* <VARIABLE> : := -(SUBSCRIPT HEAD:> <EXPRESSION> ) Xl
P01 1* EITHER A PROCEDURE CALL OR ARRAY OR BUILT IN FUNCTION *1

CNT (MP) CNT(MP) + 11
I = FIXV (MP)1

- -  ~~~ SS S
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IF I -( 6 THEN

S 

DO CASE H
S 

IX CASE 0 *1

S P01 IX SUBS \ CALL Xl
CALL FORCEACCUMULATOR (MPP1)1

S IF SYTYPE (FIXL (MP)) = LABELTYPE \
SYTYPE(FIXL ( MP))  = CHAR_PROC_TYPE THEN
CALL STUFF_PARAMETERI

S ELSE
Do; 1* SUBSCRIPTED VARIABLE *1

IF CNT ( MP ) > 1 THEN
S CALL ERROR (‘MULTIPLE SUBSCRIPTS NOT ALLOWED ’, O)

INX(MP ) = REG (MPPI)1
END

END

1* CASE 1 XI

tiO 1 1* BUILT IN FUNCTION : LENGTH XI
CALL FORCEDESCRIPT (MPP1);
CALL EMITRR (‘12’, REG (MFP1)’ REG (MPP1))1 IX LTR TO CHECK FOR NULX/
CALL EMITRX (‘88’, REO(MPP1), O~ 0~ 24); 1* SHIFT TO CHARACTER XI

S I = P P I
CALL BRANCH CS, 0)~ IX DON’T INCREMENT LENGTH ON NULL STRING Xl
CALL EMITRX (LA, REG (IIPP1), Or REG (MPP1)r 1); I*Atlti 1, TRUE LENGTH*1
CALL FIXBFW (I, PP) 1* DESTINATION OF NULL STRING JUMP *1
REG ( MP ) = REG(MPP1)1 1* RECORD CONTAINING ACCUMULATOR *1
TYPE ( MP ) = ACCUMULATOR

END

/* CASE 2 XI

,‘* BUILT-IN FUNCTION SUBSTR *1
DO;

IF CNT ( MP ) 2 THEN
Do;

IF TYPE (MPP1) CONSTANT THEN S

DO;
CALL EMITCONSTANT ( SHL(FIXV(MPP1)r 24) — F I X V( MPP 1)) 1

CALL EMITRX (‘5F ’~ REG (MP), 0, ADREG , Ar’RDIsP);
END;

ELSE

CALL FORCEACCUNULATOR (MPP1)1
CALL EMITRR (‘lE’ r REG (MP)r REG (MPP1))1 IX ALR BASE XI
CALL EIIITRX ( a 9 ~~ REG(MPP1)r 0, 0, 24)1
CALL EMITRR (‘iF’ , REG (MP)’ REG(MPP1))1
BASES(REG(MPP1)) = AVAILI

END ;
I = P P ;
CALL BRANCH (1, 0) 1 IX WE MAY NOW HAVE NEGATIVE LENGTH Xl-
CALL EMITRR (‘18’, REG (MP )~ 

REc3alP)); 1* NULL DESCRIPTOR XI
CALL FIXB~W (I, PP)1

ENIfl S
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ELSE
DO IX THREE ARGUMENTS XI

CALL EMITRX (LAr REG (MP)r INX(MP), REGUIP), PP5AVECMP));
BASES (INX(MP)) = AVAIL ;
IF TYPE (MPP1) N= CONSTANT THEN

rio;
CALL FORCEACCUMULATOR (MPP1) I
CALL EMITRX (LA, REG(MPP1), Or REG(MPP1) r ‘FF’) ;

IX DECREMENT LENGTH BY 1 Xl
CALL EMITRX (‘89 ’, REG ( MPP1), O~ 0, 24) ;
CALL EMITRR (‘16’ , REG(MP), REG( MPPX )) 1 IX \ INTO D *1
BASES (REG (MPP1)) = AVAIL;

END ;
ELSE

Do;
CALL EMITCONSTANT (SHL (FIXV (MPPi)~~1r 24));
CALL EMITRX (‘56’, REG (MP), O~ ADREG , ADRIIISP)1

END ;
END;

TYPE(MP ) DEsCRIPT ;
END;

IX CASE 3 XI

DO 1* BUILT IN FUNCTION BYTE *1
IF CNT(MP ) = 1 THEN

DO;
IF TYPEUIPPI) = CHRTYPE THEN

TYPE (MP ) = CHRTYPE I
VAR ( MP ) = VAR (MPP1)1

END
ELSE

DO;
CALL FORCEDESCRIPT (MPP1)
IF REG (MPP1) = 0 THEN

DO;
REG(MP) = FINDAC
CALL EMITRR (’lB’,REG (MP),O)1

IX LR REG(MP )
~~O XI

END;
ELSE

REG(MP ) = REG ( MPP1)1
TYPE(MP ) = DESCRIPT
INX(MP ) = 01

END
END;

ELSE IF CNT(MP ) = 2 THEN
DOl

CALL FORCEACCUMULATOR(MPP1)1
S INX(MP) = REG (MPP1)

END
ELSE

CALL ERROR (’BYTE CALLED WITH MORE THAN TWO ARGUMENTS’~ 0)1
END

S 5 _ _ _  - -- S S S .5~~ - 
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IX CASE 4 XI

CALL SHIFT_CODE (’89’)1 IX SLL Xl

IX CASE 5 XI

CALL SHIFT_CODE (’88’)1 IX SRL XI
END; IX OF CASE STATEMENT *1

S 

ELSE IF I = 10 THEN
CALL EMIT_INLINE;

ELSE IF I = 19 THEN IX BUILTIN FUNCTION ADDR XI
DO;

REG (MP ) = FINDAC ;
CALL FORCE_A LIDRESS(MFP1 ,REG(MP))
TYPE (MP) = ACCUMIJLATOR

END
ELSE

DO;
CALL FORCEACCUMULATOR (MPP1)I
IF CNT(MP) = 1 THEN REG (MP ) = REGthPP1);
ELSE INX (MP) = REG (MPP1);

END;

END; IX OF PRODUCTION XI

1* <SUBSCRIPT HEAD:::’ : := .::11,ENTIFIER’:. ( *1
DO;

CALL ID_LOOKUP ( MP )1 
S

IF FIXL ( MP ) -( 0 THEN
CALL UNI1ECLARED_ ID(MP) I

END;

IX <SUBSCRIPT HEAD:> ::= .::SUBSCRIPT HEAD> .::EXPRE55ION::. ~ XI
DO; IX BUILT IN FUNCTION OR PROCEDURE CALL XI

CNT(MP) = CNT (MP ) + H
IF FIXV (MP ) = 0 THEN

DOl IX N BUILT IN FUNCTION *1
CALL FORCEACCUMIJLATOR (MPP1)I
IF SYTYPE (FIXL (MP)) = LABELTYPE \

SYTYPE (FIXL (MP)) = C ‘-F’ _PROC..TYPE THEN
CALL STu FF_ PARAMETER

END;
ELSE IF FIXV (MP) = 2 \ FIXV (MP) = 3 THEN

Do; IX SUBSTR OR BYTE XI
IF CNT(MP) = i THEN

Do;
CALL FORCEDESCRIPT ( MPP1)
IF REG (MPP1) = 0 THEN

DO;
S REG (MP ) = FINDAC I

CALL EMITRR (‘18’ , REG(MP), 0);
END ;

ELSE REG (MP ) = REG (MPPI)1
S END

ELSE IF CNT (MP) = 2 THEN
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DO;
IF TYPE(MPP1) = CONSTANT THEN PPSAVE (MP) FIXV (NPP1)1
ELSE

DO;
CALL FORCEACCUMULATOR (MPP1);
INX(MP ) = REG (MPP1)1
PPSAVE (MP) 01

END
END

ELSE CALL ERROR (‘TOO MANY ARGUMENTS TO SUBSTR \ BYTE’);
END ;

ELSE IF FIXV (MP) = 4 \ FIXV (MP ) = 5 THEN
rio; IX SHR \ SHL *1

CALL FORCEACCUMULATOR (MPP1);
RE6(MP) = REG (MPF-1 ;

END;
ELSE IF FIXV (MP) = 10 THEN

CALL EMIT_INLINE ;
ELSE IF FIXV (MP) :::.= 8 THEN

no; 1* SOME SORT OF MONITOR CALL XI
CALL FORCEACCUMULATOR (MPF- 1);
IF CNT (MP) = 1 THEN REG (MP ) = REG (MPP1);
ELSE CALL ERROR (‘TOO MANY ARGUMENTS FOR ‘ \\ SYT (FIXL (MF-))); 

S

END ; S

ELSE; IX RESERVED FOR OTHER BUILT IN FUNCTIONS Xl
ENDI

IX .::CONSTANT :. .::5~ F~[r4~3> XI
TYPE(MP) = CHRTYPE;

IX .::CONSTANT::. : := ‘(NUMBER ::’ *1
TYPE ( MP ) = CONSTANT

END; IX OF CASE SELECTION ON PRODUCTION NUMBER XI
END SYNTHESIZE;

IX SYNTACTIC PARSING FUNCTIONS XI

RIGHT_CONFLICT:
PROCEDURE (LEFT) BIT (1)1

DECLARE LEFT FIXED
S IX THIS PROCEDURE IS TRUE IF TOKEN IS N A LEGAL RIGHT CONTEXT OF LEFT*I

RETURN (C0’ & SHL (BYTE (C1 (LEFT), SHR (TOKENr2)), SHL (TOKEN,1)
& ‘06 ’) )  =

S 
END RIGHT_CONFLICT

RECOVER
PROCEDURE ;

IX IF THIS IS THE SECOND SUCCESSIVE CALL TO RECOVER, DISCARD ONE SYMBOL *1
IF FAILSOFT THEN CALL SCAN ;
FAILSOFT = FAL SE; S
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[10 WHILE N STQPIT (TOKEN)1
CALL SCAN ; 1* TO FIND SOMETHING SOLID IN THE TEXT Xl

END;
DO WHILE RIGHT_CONFLICT (PARSE_5TAcK (sP));

IF SP > 2 THEN SP = SP — 1~ 1* ANtI IN THE STACK Xl
ELSE CALL sCAN; i* BUT DON’T GO TOO FAR Xl

END;
OUTPUT = ‘RESUME:’ \\ SUBSTR(POINTER, TExT...LIMIT+LB—cP+MARGIN_cHoP+n ;

END RECOVER;

STACKING Z
PROCEDURE BIT (1) IX STACKING DECISION FUNCTION *1

COUNT*STACt ( COUNT4STACK + H
DO FOREVER ; 1* UNTIL RETURN *1

DO CASE SHR (BYTE (C1 (PARSE STACN(SP)),SHR (TOKEN,2))~ SHL (3—TOKENr1)&6)&3

1* CASE 0 *1S 

oo; 1* ILLEGAL SYMBOL PAIR *1
CALL ERROR (’ILLEGAL SYMBOL PAIR: ‘ \\ V (PARSE_STACK (SP)) \\ Xl \\

V (TOKEN), 1);
CALL STACK_DUMP ;
CALL RECOVER

END ;

IX CASE 1 Xl

RETURN TRUE ; IX STACK TOKEN *1

1* CASE 2 Xl

RETURN FALSE; 1* DON ’T STACK IT YET *1

IX CASE 3 *1

Do; IX MUST CHECK TRIPLES *1
J = SHL (PARSE_STACK (SP--1), 16) + SHL (PARSE_STACK (SF-), 8) + TOKEN

S I = —1~ K = NC1T RIPLE S + 1 IX BINARY SEARCH OF TRIPLES Xl
DO WHILE I + 1 .: KI

L = SHR (I+K , i)
IF C1TRIPLES (L) > J THEN K = L;
ELSE IF C1TRIPLES (L) < J THEN I L S

ELSE RETURN TRUE; i* IT IS A VALID TRIPLE *1
END S
RETURN FALSE ;

END;

END IX OF DO CASE Xl
END; 1* OF DO FOREVER *1

END STACKIN G

I. PR_OK : S

PROCEDURE (PRD) BITWI -

1* DECISION PROCEDURE FOR CONTEXT CHECK OF EQUAL OR IMBEDDED RIGHT PARTS
S DECLARE (H, Ir Jr PRD) FIXED;

S DO CASE CONTEXT..CASE (PRD)1

5
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IX CASE 0 —_ NO CHECK REQUIRED XI

RETURN TRUE ;

IX CASE 1 —_ RIGHT CONTEXT CHECK XI

RETURN N RIGHT_CONFLICT (HDTB (PRD));

IX CASE 2 —— LEFT CONTEXT CHECK Xl

Do;
H = HDTB(PRD) — NT;
I = PARSE_STACK (SP — PRLENGTH (PRD));
DO J = LEFT_ INDEX(H—1) TO LEFT_IN[IEX(H) — 1;

IF LEFT_CONTEXT (J) = I THEN RETURN TRUE;
END
RETURN FALSE I

END;

IX CASE 3 —— CHECK TRIPLES Xl

rio;
H = HDTB(PRD) — NT;
I = SHL (PARSE_STACK (SP — PRLENt3TH(PRD)), 8) + TOKEN;
DO J = TRIPLE_INDEX (H—1 ) TO TRIPLE_INDEX (H) — 11

IF CONTEXT_TRIPLE (J) = I ‘rHEN RETURN TRUE ;
END
RETURN FALSE I

END;

END IX OF DO CASE XI
END PR_OK ;

IX ANALYSIS ALGORITHM XI

REDUCE:
PROCEDURE 1

DECLARE (I, Jr PRD) FIXED;
IX PACK STACK TOP INTO ONE WORD XI
DO I = SF- - 4 TO SP — 11

J = SHL(J, 8) + PARS E.STA CK( I) ;
END;

DO F-RD = PR_ INDEX(PARSE. STACK SP ) ---1) TO PR...INDEX(PARSE_STACK ( SP)) — 11
-
‘ IF (PRMASK(PRLENGTH(PRD)) & J) PRTB(PRD) THEN

S 

IF PR_OK (PRD) THEN
Dol IX AN ALLOWED REDUCTION *1

NP = SP — PRLENGTH (PRD ) + H MPP1 = MP + i;
CALL SYNTHESIZE(PRDTB(PRD))
SP = MPI
PARSE_ STACK (SP) = HDTB (PRD)1
RETURN 0

ENDI

- -- 5~~~ ~~~~~~~~~~~~~~~~~~~ 
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END;

IX LOOK UP HAS FAILED, ERROR CONDITION XI
CALL ERROR (’NO PRODUCTION IS APPLICABLE’,l)I
CALL STACK_DUMP;
FAILSOFT = FALSE ;
CALL RECOVER ;

END REDUCE ;

COMPILATION_LOOP:
PROCEDURE;

COMPILING = TRUE
DO WHILE COMPILINO IX ONCE AROUND FOR EACH PRODUCTION (REDUCTION ) Xl

DO WHILE STACKING ;
SP = S P + H
IF SP = STACKSIZE THEN

DO;
CALL ERROR (‘STACK OVERFLOW XXX COMPILATION ABORTED XXX ’, 2)1
RETURN 1* THUS ABORTING COMPILATION Xl

END
PARSE_STACK (SP) = TOKEHI
VAR (SP) E’CD
FIXV(SP) = NUMBER...VALUE
FIXL (SP) CARILCOUNT
PPSAVE (SP) = PP
CALL SCAN;

END

CALL REDUCE ;
S 

END IX OF DO WHILE COMPILING XI
END COMPILATION_ LOOP 1

IX MAIN PROCEDURES INVOLVED WITH rHE CREATION OF THE SYSLIN FILE*/

INSERT_BINRCD:
PROCEDURE (W,N); 1* INSERT 1—4 BYTES INTO THE BINARY OBJECT RECORD*/
DECLARE (W,N,I,SHIFT) FIXED ;

IX CALCULATE THE INITIAL SHIFT COUNT I.E. SHIFT = (N—i) * 8 XI
S SHIFT = SHL (N—1r3)1

DO I = 0 TO N—H
BINARY (BINPTR+I) = SHR (W~ SHIFT)1 S

SHIFT = SHIFT — 8;
END

S 

BINPTR = BINPTR + N; S

S END INSERT_BINRCD;

INIT_BINRcD :
S PROCEDURE (TYPE )1 —

DECLARE (TYPE,I) FIXEDI
DECLARE BINHDRS (12) BIT (S) INITIAL (‘C5’ ,’E2’r ’C4’~ IX ESD Xl

‘E3’,’E7’,’E3’, IX TXT XI
‘L19’,’D3’,’C4’, 1* RLD XI

I 

‘C5’,’D5’r ’C4’)1 IX END *1

S 
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TYPE = TYPE X 3 — 31 IX GET INDEX INTO BINHDRS XI
DO I = 1 TO 31

BINARY (I) = BINHDR6 (TYPE);
TYPE = TYPE + H

END
DO I = 4 TO 791 IX SET REST OF BINRCD TO SPACES Xl

BINARY (I) = H40
S END

IF TYPE -( 10 THEN
BINARY (1O) = 0 IX SET BYTE COUNT HIGH ORDER BYTE TO 0 XI

BINPTR = 16
END INIT_BINRCD;

PUNCH_SYSLIN:
PROCEDURE 1
DECLARE (I,J) FIXE [I

IF BINPTR - 16 -( 1 THEN
RETURN 1* NOTHING TO WRITE Xl

BINARY (11) = BINPTR — 16; IX INSERT BYTE COUNT XI

SYSPUNCH = BINRCD
DO I = 16 TO BINPTR

BINARY (I) = H4OI
END ;
BINPTR = 16

END PUNCH._SYSLINI

0UTPUT_ESD:
PROCEDURE (NAME, TYPE ArIEIR ,OTHER )

DECLARE NAME CHARACTER ;
DECLARE TYPE BIT(8)1
DECLARE (ADDR , OTHER, I) FIXED;

IF NAME = ‘XPLINIT’ THEN RETURN ; IX NOT REALLY AN ENTRY XI
IF BINPTR > 63 THEN IX THREE ESD’S PER CARD Xl

Do; IX WRITE A ESD RECORD TO SYSLIN *1
BINARY (14) = SHR (ESD_FIRST,8);

BINARY (15) = ESD_FIRST IX INSERT FIRST NON LD TYPE*I
CALL PUNCH _SYSLINI IX OUT TO OUTPUT (2) OR SYSLIN XI
ESD_FIRST = ‘4040’

END
NAME = PAD (NAME,8)1 1* FILL OUT TO 8 CHARACTERS *1
DO I = 0 TO 7 i IX GET THE ESD NAME Xl

BINARY (BINPTR ) = BYTE(NAME .H;
BINPTR = BINPTR + 1;

ENDI
BINARY (BINPTR ) = TYPE
IF TYPE “= ‘01’ & ESD.FIRST = ‘4040’ THEN

ESD_FIRST = ESDID IX FIRST NON LD ESDID XI
BINARY (BINPTR+1) = SHR (ADDR,i6);

S S S S S S
SS ~~~S.5 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S I
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BINARY (BINPTR+2) = SHR (ADE’R~ O8)1
BINARY (BINPTR+3) = ADDR IX INSERT ADDR OR OFFSETXI
BINPTR = SINPTR +51 IX CNT FROM ABOVE & A COUPLE OF SPACES *1
BINARY (BINPTR ) = SHR (OTHER’16)1
BINARY (BINPTR+1) = SHR(OTHER,8)1

S BINARY (BINPTR+2) = OTHER;
BINPTR = BINPTR + 3 I IX SET PTR TO NEXT ESD ENTRY 7*1

END OUTPUT_ESD

PUNCH_ESD :
PROCEDURE 1

DECLARE ESDBAD CHARACTER INITIAL (’INVALID ESD TYPE, COMPILER BUG ’);
DECLARE (ESDADDR,ESDOTHER) FIXED

IX START BY EMITTING ESD’S FOR THE SECTIONS XI

IF MAIN_PTR ~~ 0 THEN
CHAR_TEMP = SYT (MAIN_PTR ) \\ X4; IX FIRST PUBLIC ENTRY XI

ELSE
S CHAR_TEMP = ‘XPLMAIN ‘I 1* ROOT PROC NAME XI

DO I = 0 TO 61
IF BYTE (CHAR_TEMP~ I) = BYTE (X1) THEN

S BYTE(CHAR_TEMPrI) = BYTE (’*’)1 IX REF-ACE BLANKS WITH X’S XI
END

WORKBYTE = BYTE(CODE_ESDID)1
BYTE(CHAR._TEMP,7) = WORKBYTEI IX APPEND ESDID XI
CALL OUTPUT_ESD (CHAR_TEMP,0r0~PP)

WORKBYTE = BYTE C CODE_ESDID + 1)1
BYTE(CHAR_TEMP,7) = WORKBYTE
CALL OUTPUT_ESD (CHAR_TEMP,0,O,DP)

S WORKBYTE = BYTE(CODE_ESDID + 2);
BYTE(CHAR_TEMP,7) = WORKBYTE IX STRINGS ESD NAME XI
ESDID = CODE_ESDID + 21 IX LAST SYSTEM ESDID XI
ESD_FIRST = CODE_ESDID; IX FIRST ESDID IN THE ESD RECORDS XI

CALL OUTPUT_ESD (CHAR_TEMP,0,0~ DESC(3)+256) I

IX NOW CREATE ESD ENTRIES FOR THE REMAINING ENTRIES Xl

S CASEP,PARCT = 0~ 1* USE CASE STACK TO HOLE’ POINTERS TO THE SYMBOL TABLE XI
IX TO BE USED LATER BY THE RLD PROCESSING MODULE XI

DO I = 0 TO NDECSY IX SEARCH SYMBOL TABLE *1
IF SYESDTYPE (I) ~ 0 THEN

DOl
CASEP = CASEP + H
CASESTACK (CASEP) = II IX SAVE THE SYMBOL TABLE POINTER XI
ESDTYPE = SYESDTYPE (I)0
IF ESDTYPE = ‘Ol THEN 

: ‘,~_~~ ~~~~~~~~~ - -~~~~~~~~ ~~~~ 
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D0
ESDAEIDR = SHL (SYBASE (I),i2) + SYDISP (I)

S ESDOTHER = CODE...ESDID
END

IF ESDTYPE ‘02’ THEN
DO

ESDADDR 0;
ESDOTHER = ‘4O4O404O~~
ESDID = ESDID + 11

END
IF ESDTYPE = ‘05’ THEN

DO
ESDADDR =
ESDOTHER = SYLEN(H;
ESDID = ESDID + i;
IF SYTYPE (I) = CHRTYPE THEN IX SPECIAL CASE XI

DO;
PARCT = PARCT + 1;
FIXCADR (PARCT) = H IX SYMBOL TABLE POINTERX1
ESDOTHER = SHL (ESDOTHER’S) + 2761

ENDI
END ;

CALL OUTPUT_ESD(~3YT ( I) ,ESDTYPE,ESDADDR~ ESDoTHER);
SYTCO (I) = ESDID IX NEED ID FOR BUILDING RLD’S XI

END
END;

IX ALL ESD HAVE BEEN EMITTED CHECK FOR LEFTOVERS IN BUFFER XI

IF BINPTR > 16 THEN
rio;

BINARY (14) = SHR (ESILFIRST,8)I
BINARY (15) = ESD_FIRST;
CALL PUNCH_SYSLIN;

END;
END PUNCH_ESD

PUNCH....TXT:
PROCEDURE 0
DECLARE (I,BLOCK r BASEADDR ) FIXED
DECLARE (TXT_ORG,TXT..END,TXT...ADDR,TXT_LIM) FIXEDI
DECLARE FILE_ID FIXED ;

DO I = 1 TO 4;
BLOCK =

BASEADDR ADDR (CODE);
TXT_LIM = DISKBYTES

DO CASE H

S 0 IX CASE 0 - NOTHING Xl

DO; IX CASE 1 CREATE CODE CSECT XI
TXT_ORG = 00 TXT_END = PP
ESDID = CODE_ESDIDO

t 
_____ 

____
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FILE_ID = I;
END;

P01 IX CASE 2 — CREATE DATA CSECT XI
TXT_ORG = o; TXT_END = DPI
ESDID = ESDID + 1; IX ONE MORE THAN CODE ALWAYS *1
FILE_ID = Il

END

DO IX CASE 3 — BUILD DESCRIPTOR FOR STRINGS XI
TXT_ORG = 01 TXT_END = DSP;
TXT_LIN = DSP + H
BASEADDR = ADDR (DESC) IX GET INFO FROM DESCRIPTOR ARRAY XI
ESDID = ESDID + 11 IX ONE MORE THAN DATA ALWAYS XI

END
Do; IX CASE 4 — CREATE STRINGS CSECT XI

TXT_ORG = DSP; IX SAVE ROOM FOR DESCRIPTORS XI
TXT_END = DSP + CHP I IX DESCRIPTORS & STRINGS Xl
TXT_LIN = TXT_LIM + TXT_ORG IX FIX FOR BLOCK CONTRL XI
FILE_ID = 3;

ENDI

END; IX DO CASE *1

IX INSERT ESDID & CLEAR COL’S 17—72 C 16—71 RELATIVE TO 0) Xl

BINPTR = 50
CALL INSERT_BINRCD (TXT_ORGr3)
BINPTR = 141
CALL INSERT BINRCD (ESDID,2)I

IX READ IN THE FIRST BLOCK OF DATA OR STRINGS XI
IF I ~~ 3 THEN

CODE = FILE (FILE ID~0)1

IX CREATE THE ACTUAL TXT RECORDS HERE XI

DO TXT_ADDR = TXT_ORG TO TxT_END;
IF TXT_ADDR :>= TXT LIM THEN

DO;
BLOCK = BLOCK + H

S 

CODE = FILE (FILE_ID,BLOCK )1
BASEADDR = ADDR (CODE) S

TXT_LIM = TXT_LIM + DISKBYTES
END;

IF RINPTR :> 71 THEN
Do;

CALL PUNCH_SYSLIN S

TXT_ORG = TXT_ADDR I
BINPTR =

CALL INSERT_BINRCD (TXT_ORG,3)1

S BINPTR = 16
END

BINARY (BINPTR) = COREBYTE (BASEADDR )1

-~~~~~~ - —-- .--- S
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BINPTR = BINPTR + i;
BASEADDR = BASEADDR + H

END; IX ALL TXT FOR THIS ESDID DONE Xl
IF BINPTR > 16 THEN

CALL PUNCH_SYSLIN
END; IX DO I = 1 TO 4 Xl

END PUNCH ..TXT

PuNcH..RLD:
PROCEDURE 1
IX PROCEDURE TO BUILD THE RLD ENTRIES FOR SYSLIN Xl

DECLARE (R_PTR,P_PTR ) BIT (16)1 IX RELOCATION ANtI POSITION ESDIEI’S Xl
DECLARE FLAG BIT(8)1 IX RELOCATION FLA(3 Xl

DECLARE (LAST_R ~ LAST_P
) BIT(16)1

DECLARE FLAG_PTR FIXED INITIAL (20)1 IX POINTER TO FLAG IN BINRCD Xl
DECLARE LAST_FLAG BIT (8)1 IX USED WHEN R.PTR = P_PTR ETC...XI

DECLARE (ADDR, I, J) FIXED ;

OUTPUT_RLD:
S 

PROCEDURE

IF BINPTR :::‘ 64 THEN IX BUFFER MIGHT BE GETTING FULL XI
DO

BINARY (FLAG_PTR) = LAST_FLAG S
S CALL PUNCH_SYSLIN

LAST_RrLAST_P = 01 IX SET UP FOR ANOTHER RCD Xl
FLAG..PTR = 201 IX POSITION OF FIRST FLAG Xl
BINPTR = is;

END;
IF LAST_ R = R_ PTR & LAST_ P = P_ PTR THEN

BINA RY(FLAG_ PTR) = LAST_ FLAG \ ‘O1’~ 1* TURN ON BIT 0 XI
ELSE

DO IX LONG RLD SEGMENT XI
BINPTR = BINPTR + H
BINARY (FLAG_PTR) = LASL.FLAG
BINARY (BINPTR ) = SHR (R_PTR~ 8)1
BINARY (BINPTR+1) = R_PTR
BINARY (BINPTR+2) = SHR(P_PTRr8)1
BINARY (BINPTR+3) = P_PTR
BINPTR = BINPTR + 31 IX GETS BUMPED AGAIN BELOW XI
LAST_R = R_PTR I LAST_P = P_PTR

END
BINPTR,FLAG.PTR = BINPTR + H
LAST_ FL (G = FLAG ; IX FLAG BYTE MIGHT CHANGE AND R & P NOT XI
BINARY (BINPTR+1) = SHR(ADDR,16)1 IX FLAG GETS SET LATER XI
BINARY (BINPTR+2) = SHR (ADDR ,08);

S BINARY (BINPTR+3) = ADDR
BINPTR = BINPTR + 3~ 1* ONE LESS THAN ACTUAL SO WE CAN TRY TO GET

AT LEAST 4 MORE BYTES ON THE SYSLIN RCD
IF THE BINPTR = 63 XI

END OUTPUT_RLD

BINPTR = 150 IX IN THIS PROC WE INCREMENT FIRST XI

.5— 5—— —5-— S-~~~~~--.-- ~S~fl ~-S~” ~~~~~-~-- ,,~ L ” - 
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IX FIRST CREATE THE RLD FOR THE ADDRESSING RELOCATION *1

R_PTR~P_PTR = CODE_ESDID + H IX DATA CSECT XI
FLAb = ‘0C9 IX ADCONS, 4 BYTES LONG XI
DO I = 4 TO DBR ; IX RELOCATE DATA BASES XI

ADDR = BA SEDATA + SHL (IP2)1 IX BASEDATA + 16 = R4 ETC.. XI
CALL OUTPUT_RLDI

END 0

1* NOW SET UP THE ADCONS IN THE STRING AREA Xl

R_PTR,P_PTR = CODE_ESDID + 2 IX STRING ESDID Xl
DO I = 1 TO 31 IX SET UP STRING DESCRIPTOR PREFACE Xl

ADDR = SHL(I,2)I
CALL OLJTPuT_RLD;

END;

IX RELOCATE CONSTANT STRINGS XI
DO I = 5 TO SHR(EISP,2)1 1* START AFTER THE PROLOGUE *1

IF DESC (I) 0 THEN 1 IX SORRY NO NOT ON THIS TERMINAL XI
ELSE

DO;
ADDR = SHL(I,2)
CALL OUTPIJT_RLD

END
END

IX SET UP STRING BASE INTO BASES AREA XI
FLAG = ‘lC’ IX V—TYPE ADDRESS, 4 BYTES IN LENGTH XI
P_PTR = CODE_ESD1D + il 1* INTO CODE CSECT XI
ADDR = BASEDATA + 521 IX OFFSET FOR THE STRING BASE REGISTER XI
CALL OUTPUT_RLD S

IX SET THE BASE ADDR OF THE PROGRAM INTO THE DATA AREA XI
R.PTR = CODE_ESDID;
ADEIR = BASEDATA + 48
CALL OUTPUT_RLD

1* ALL BASE REGISTERS ARE RELOCATED, NOW SET UP THE ‘PUBLIC ,
‘EXTERNAL ’, AND ‘COMMON ’ VARIABLES Xl 

S

1* FIRST DO ALL THE ENTRY POINTS (I.E. ‘PUBLIC’ ),  EACH DEFINITION
OF A PUBLIC ENTRY WILL REQUIRE THE RELOCATING OF THE DATA CSECT
BASE ADDRESS INTO THE CODE CSECT. THIS IS REQUIRED FOR INITIALIZATION S

OF BASE REGISTERS UPON ENTRY INTO THE PROCEDURE XI

R...PTR = CODE...ESDID + i; IX DATA CSECT GOES INTO THE Xl 
S

P_PTR CODE_ESDID 0 IX CODE CSECT AT THE ADDRESS SPECIFIED
AT SYRLDADDR IN THE SYMBOL TABLE XI

S DO I = 1 TO CASEP /* THE ESD ROUTINE PLACED THE SYMBOL TABLE
POINTERS INTO CASESTACK TO REDUCE TIME SEARCHINOXI

IF SYESDTYPE(CASESTACK(I)) = ‘01’ THEN 1* WE GOT ONE Xl 
S

DO0
ADDR = SYRLDADDR (CASESTACK (I))1

a-- -- -- -- - - - - —- - S S

- S S S~~~~~~~~~ flS 55-5
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I

CALL OUTPUT_RLD;
END

END 
-

S

IX NOW WE CAN PROCESS THE ‘EXTERNAL ’ AND ‘COMMON ’ TYPES XI

P_PTR = CODL_ESDID + 11 IX DATA CSECT XI
DO I = 1 TO CASEP

S J = CASESTACK (I)1 IX WE WILL USE ‘CASESTACK (I)’ A LOT HERE *1
IF SYESDTYPE (J) N ‘01’ THEN S

DO;
ADDR = SYRLDADDR (J)1 

-

S

R_PTR = SYTCO (J)I IX SET THE ESDID Xl
CALL OUTPUT_RLD S

END
END ;

IX WE ARE FINALLY DONE WITH THOSE DARN RLD ’S Xl

IX LET ’S NOT FORGET THE LEFTOVERS IN THE SYSLIN BUFFER *1

IF BINPTR > 16 THEN
Do;

BINARY (FLAG_PTR) = LAST_FLAG ; S

CALL PUNCH..SYSLIN;
END

END PUNCH_RLDI

PUNCH_END :
PROCEDURE ;
BINPTR = 5; IX INSERT ENTRY ADEIR XI
CALL INSERT_BINRCD (MAINLOC,3);

BINARY (14) = SHR(coDE_E9DIE’,e);
BINARY (15) = CODE_ESDIDI
OUTPUT (2) = BINRCD IX SYSPUNCH *1

END PUNCH_END;

IX ROUTINE TO PUNCH CSECTS FOR THE COMMON STRINGS WHICH REQUIRE
SPECIAL PROCESSING BECOUSE OF THE WAY STRINGS ARE HANDLED IN
GENERAL UNDER THIS VERSION OF THE XPL COMPIL ER Xl

PUNCH S COMMON :
PROCEDURE I
DECLARE (I,J,LEN ) FIXED;

ESDID = i; IX ALL COMMON CSECTS ARE CREATED INDIVIDUALLY WITH
AN ESDID OF 1 XI

DO I = 1 TO PARCT
J = FIXCADR (I)0 IX SYMBOL TABLE POINTER XI

IX ALLOCATION ALGORITHM IS AS FOLLOWS

~~~ 
__ _

~~~

5

~~~
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TOTAL CSECT LENGTH WILL BE
* OF DESCRIPTORS * 4 ‘SYLEN (J)’

* OF DESCRIPTORS * 128 ‘SHL (SYLEN...’
PLUS 256 BYTE S FOR PAD AB OVE FREELIMIT
PLUS 20 BYTES FOR THE SYSTEM STRING PROLOGUE

XI

LEN = SYLEN (J) + SHL(SYLEN (J),5) + 256 + 20;
CALL INIT_BINRCD (1)1 IX ESD SETUP XI S
BINPTR = 141
CALL INSERT_BINRCD (ESDID,2)
CALL OUTPUT_ESD (SYT(J),0,0,LEN) S

CALL PUNCH_SYSLINI

IX TEXT CONTAINS THE FOLLOWING :
WORD 0 = 0 (WILL CONTAIN THE DESCRIPTOR OF THE LAST STING CREATED
WORD 1 = PREDEFINED TOP OF THE STRING AREA (FREEPOINT)
WORD 2 = FREERASE
WORD 3 = MAXIMUM TOP ADDR OF THIS COMMON (FREELIMIT)
WORD 4 = THE ACTUAL NUMBER OF STRING DESCRIPTORS IN THIS COMMON

THE ABOVE AREA REQUIRES SPACE OF THE FIRST 4 DESCRIPTORS
THEREFORE THE FIRST USER DESCRIPTOR IS DESC (5) WHICH IS
SET IN THE INITIALIZATION ROUTINES

XI

CALL INIL..BINRCD (2)1 IX INIT FOR TXT XI
BINPTR = 51
CALL INSERT_BINRCD(0,3); /*SET ORIGIN TO 000 *1
BINPTR = 141
CALL INSERT_BINRCD (ESDID,2); 1* INSERT ESDID XI
CALL INSERT_BINRCD (0,4)I IX WORD 0 XI

S SF- = SYLEN (J) + 200 1* FIRST BYTE FOR NEW STRINGS Xl
IX SYLEN (I) = * OF DESCRIPTORS * 4 XI

CALL INSERT_BINRCD (SP,4)1 1* WORD 1 XI
S 

CALL INSERT_BINRCD (SP,4)I IX WORD 2 XI
CALL INSERT_BINRCD (LEN—256~4)1 IX WORD 3 XI
CALL INSERT_BINRCD ((sHR (SYLEN (J)~~2)+5)~~4); IX WORD 4 *1

IX ZERO OUT THE REMAININ G DESCRIPTOR POSITIONS Xl
IX THIS IS NOT DONE BY THE LINKAGE EDITOR SO WE DO IT*I

DO SP = 1 TO SHR (SYLEN (J),2)1
CALL INSERT_BINRCD (o,4);
IF BINPTR :> 71 THEN

DOO
CALL PUNCH_SYSLIN;

S BINPTR = SI
CALL INSERT_BINRCD (SHL(SPr2)+20,3)I
BINPTR = 160

— END O
END

CALL PUNCH_SYSLIN

IX RELOCATE TXT WORDS 1 — 3 WITH THE ADDR OF THE COMMON STRING *1

_

~ 
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CALL INIT_BINR CD (3)I IX RLD XI
LEN = ‘OD’ IX RLD FLAG BYTE — ADCON, 4 BYTES, R & P ARE = XI
CALL INSERT_BINRCD (SHL(ESDID~ 16)+ESttIDr4)1 IX R & P POINTERS XI
DO SF- = 1 TO 3

CALL INSERT_BINRCD (SHL(LEN,24)+SHL (SP,2),4)1
ENJ)1
CALL PUNCH...SYSLIN

IX NOW WRITE THE END RECORD XI S

CALL INIT_BINRCD (4)1 IX ENEI XI
SYSPUNCH = BINRCDI

END
END PUNCH_COMMON ;

EMIT_SYSLIN:
PROCEDURE ;
DECLARE I FIXED;

IF SEVERE_ERRORS :> 0 THEN
Do;

OUTPUT = ‘t**** SEVERE ERRORS DETECTED — NO SYSLIN FILE CREATED’I
RETURN 0

END
CALL INSERT_CODE_F IXLJPS
FILE (STRINGFILE,CURSBLK) = STRINOSI
FILE (DATAFILE,CURDBLK) = DATA;

IX FIRST SET UP A COMMON LINK BETWEEN THE CHARACTER STRING BINRCD
AND THE BYTE ARRAY ‘BINARY’ SO WE CAN INSERT BINARY INFO INTO
‘BINARY’ AND USE ‘BINRCD’ TO OUTPUT TO THE CHARACTER ORIENTED
FILE ‘OIJTPUT(2)’ WHICH IS THE SYSLIN OUTPUT FILE FOR THE
LINKAGE EDITOR ‘SYSPUNCH’

THE METHOD IS TO CREATE A STRING DEL& RIPTOR IN THE LOCATION
FOR ‘BINRCD’ WHICH CONTAINS THE ADDRESS OF ‘BINARY’
AND A LENGTH OF 79 (THE LENGTH GETS INCREMENTED IN THE OUTPUT
ROUTINES ; THEN THE ONLY REFERENCE TO ‘BINRCD’ SHOUL BE A
‘SYSPUNCI4 = BINRCD ’ XI

I = ADDR (BINRCD)1 IX DESCRIPTOR ADDRESS XI
J = ADDR (BINARY) IX ADDRESS OF BINARY ARRAY — BYTE 0 XI
COREBYTE (I) = 79 IX HIGH ORDER BYTE IS LENGTH XI
COREBYTE (I+1) = SHR (J,16); IX ADDRESS TOP BYTE XI
COREBYTE (I+2) = SHR (J,08)1 IX ADDRESS MIDDLE BYTE Xl
COREBYTE (I+3) = J IX ADDRESS LOW BYTE X/

IX THE ADDRESSES ARE NOW LINKED AND MAKES LIFE MUCH EASIER AND
LESS TINE CONSUMING DURING CREATION OF THE SYSLIN DATA SET XI

BINARY (0) = ‘02’$ IX ALL LOAD RECORDS START WITH HEX 02 Xl S

— - ~~~ ‘
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DO I 1 TO 41 IX ESO, TXTr RLD, END *1
CALL INIT_BINRcLUI);
DO CASE I;

O IX CASE 0 — DOES NOT EXIST XI

CALL PUNCH_ESD I IX CREATE ESD RECORDS Xl

S CALL PUNCI- (_TXT; 1* CREATE TXT RECORDS XI

CALL PUNCH..RLD; IX CREATE RLD RECORDS Xl

CALL PUNCH_END ; 1* FINISH UP WITH END Xl

— END IX DO CASE Xl
END O

— IF PARCT :> 0 THEN CALL PUNCH..COMMON
END EMI’LSYSLlN

S 
PRINT_SUMMARY:

PROCEDURE 0
DECLARE I FIXED;

S CALL PRINT_DATE_AND_TIME (‘END OF COMPILATION ‘, DATE, TIME)1
OUTPUT = xo;
OUTPUT CARD_COUNT \\ ‘ CARDS CONTAINING ‘ \\ STATEMENT_COUNT

STATEMENTS WERE COMFILED.’
IF ERROR_COUNT = 0 THEN OUTPUT = ‘NO ERRORS WERE DETECTED. ’;
ELSE IF ERROR_COUNT :::- 1 THEN

OUTPUT = ERROR_COUNT \\ ‘ ERRORS (‘  \\ SEVERE_ERRORS
\\ ‘ SEVERE) WERE DETECTED. ’

ELSE IF SEVERE_ERRORS = 1 THEN OUTPUT = ‘ONE SEVERE ERROR WAS DETECTED ,’
ELSE OUTPUT = ‘ONE ERROR WAS DETECTED .’; S

IF PREVIOUS_ERROR :::- 0 THEN
OUTPUT = ‘THE LAST DETECTED ERROR WAS ON LINE ‘ \\ PREVIOUS....ERROR

\\ PERIODI
OUTPUT = PP \\ ‘ BYTES OF PROGRAM , ‘ \\ riP \\ ‘ OF DATA , ‘ \\ DSP

OF DESCRIPTORS, ‘ \\ CHP \\ ‘ OF STRINGS. TOTAL CORE REQUIREMENT’S

\\ Xl \\ PP + rip + DSP + CHP \\ - BYTES.’;
IF CONTROL (BYTE(’D’)) THEN CALL DUMPIT
CLOCK (3) = TIME ; S

CALL EMIT_,SYSLIN IXCREATE THE SYSLIN FILE FOR LKED Xl
DOUBLE_SPACE; 

S

S CLOCK(4) TINE
DO I = 1 TO 4 IX WATCH OUT FOR MIDNIGHT XI

IF CLOCK (I) < CLOCK (I—1) THEN CLOCK (I) = CLOCK (I) + 8640000 ;
END ;
CALL PRINT_TIME (‘TOTAL TIME IN COMPILER ‘, CLOCK (4) CLOCK O)1;
CALL PRINT_TIME (‘SET UP TIME ‘, CLOCK(1) - CLOCK(0))1

S CALL PRINT_TIME (‘ACTUAL COMPILATION TIME ‘ r CLOCK (2) - CLOCK (1))1
CALL PRINT_TIME (‘POST—COMPILATION TINE ‘i CLOCK (4) -- CLOCK(2));
CALL PRINT_TIME (‘SYSLIN CREATION TiME ‘~~ CLOCK (4) — CLOCK (3))1
IF CLOCK (2) > CLOCK (1) THEN IX WATCH OUT FOR CLOCK BEING OFF *1
OUTPUT = ‘COMPILATION RATE : ‘ \\ 6000XCARD_COUNTI(CLOCK (2)—CLOCK (1))

CARDS PER MINUTE.’#
END PRINT_SUMMARY 0
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MAIN_PROCEDURE:
PROCEDURE ;

CLOCK(Q) = TIME IX KEEP TRACK OF TIME IN EXECUTION Xl
CALL INITIALIZATION ;

S 

CLOCKu = TIME ;
CALL COMPILATION_LOOP ;

CLOCK (2) = TIME;
EJECT_PAGE ;

IX CLOCK(3) GETS SET IN PRINT_SUMMARY Xl
CALL PRINT_SUMMARY;

END MAIN_PROCEDURE 0

CALL MAIN~~’ROCEDURE ;
RETURN SEVERE_ERRORS ;

EOF EOF EOF
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