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' NPS PASCAL ls a Naval Postqraduate School research pr03ect

’ whose goal ls the lmplemeneatlon of the RASCAL programmlng

;;language on ‘a mlcroprocessor-based system., The NPS~PASCAL

‘;comaller con51sts of two software subsystems, the flrst analy~ ;

frzes ehe source program and produces a mach1ne~1ndependent |
 1ntermed1ate form,'whlle the. second produces target machxne
code. The system LS de31gned to satlsfy the constralnts of Y
Standard Pascal,vas deflned by the Brltlsh Standards Instltute/f

7‘Interna*lonal Standards Organlzatlon Worklng Draft of Qtandard

Pascal

The analy31s subsysteﬂ, deflned hereln, accomplwshes the
lexlcal syntactlc, and semantlc avaly51s of a PASCAL program.,‘

efIt has been 1mplemented on an Intel 8080 mlcrocomputer,~runnlng.

: under the CD/W Qperatlvg eystem.f .



TABLE OF CONTENTS

INTQODUCTION-~-+4-«-¥#r-fd-f» RS ISR B

A. BACKGROUND-mmm e mmmmm e 8

rB. APPROACH-¥4e;eeeae;eéé-eeé_‘, f‘ S e S B

| ,;NPS-PASCAL COMPILER IMPLEMENTATIO&--* edEL L 12

‘A. NPS- PASCAL LANGUAGE BACKGR00N9~—'°7f1@"+: e

B,T”coMPTLER ORGANIZATION----;f“f”’iu-:*q‘f;* ~mm=mn13 .

B C,,.SCANNER-—f e S < ' f"‘*f“f"‘5*;‘5‘15i

D.  SYMBOL. TABLE---—-,'f i ';_53 EXRASALCE O

ﬁf_ltf SYmbol mable Constructlon o ‘H'Qe—' 1

- fLabel Entrxes _", _“}gf4§f  74ﬁ--;¥¥-20f 
f‘b;b Constant Entrles45~—;;—;-4f-~—f~f~--*r*520;v
c. vage antr1es--~—#44f+¥—~-é-e--°;~¥~éfe~-22
",(l) Scalar Tyue544¥-§e+—f-4--;~§~-fe--5§25 “
{2y Qubrange Types—-—ééeef4—4¥;%w4é——;«¥26

1(3)3Array;Types—+-~%'f*f—*~4*5#“**~e%~428f

(4) ReCOLd TYpes-==mmsmmmmmmommm 7Y
(55 Sét‘fypeé,;_,__ﬂﬁ;ff;__;_a_“;;,,;;,;35’
(6) File Types-—-=m-mmmmmmmooomomeoe35
_>(7) Pointer Typeé--«féé;gﬁ-5~§g+,5;;;~f—35».
4. Varlable Entrles~~;-;~5545~f4ﬁ-é#»¥——47;3915
é;‘ Procedure and Function ”ntrles~f;;¥;~%;—39 ;
‘ (l) Formal Parameters-;-—~¥¥w-—44—;;4-«—42f;
fu Symbol TaD}e Cons uctl@n P*occdures-———45f‘
'iig,v Symbol Table Access~¥fﬁfé=-§%~f?é-%;sff¥§7,

’1 :2;] Bu1;t -in Symbol Table Entr&es~~~—;~“—~f§+ffr48 o

Ly



PARSER--‘"

e o e eV

CODE GENERATION~-°~—-44--—f5¥¥-*§ r»“ $' - —emm 53

 1¢

a.

4.
5,

Storage Space Allocatxcn——-?Q??f¥é¥¥~--;?~-,54

a.
b. "
o ’C:o

P\d.

b,

c.

Integér'Daﬁa"i” ;f~:_.g:~i,fikf-7r.'ff 54

Real Data-~-- TS I S Y

Strlng DaLa , f~%% i  "7.1'.-f-4f 55

H’Arlthmetlc Operat10ns~-~' e 3';:’ﬁ’¥“;f‘58 

LOQLcals---“ i v“;f:‘i*44*%‘587

Integers-—-—~~- f ———— ‘:‘ff  :-;  - 58

'Reals—én;-;~¢_-—-——§gu— ,1 +- ”A;v—;;e”se .

.~ 'Set Operations=—-- i RN Y

‘Stfihg Opéraﬁicns-%——~-~~é?f~4?*éf‘f°??**‘;f59 

q.

'Proceaures and Functlons~e¥——~-—éf~4-#54f—+159

 IQVOC&thH"é"“‘**Q—-E~+ f"f?f  , '~;-~‘6QV
~:fatorage AllOCathp”f"f‘;;f;;“f#;gi;”fMéQ >
o Parameter Mapclnc—é—-~§—-~;e~4§—}e-«f~ep62
 'Funct1cn Qeturn Valqewm-m—--?—;~~w~—w—— 65‘v,

fcorward Declared Procednres and

Func tlQnS"",;‘"‘,“_""“""““""”"’”"f —.f’—'—--’:"ﬁ?"f‘.’.rn ' 5 7.

B Exterpal ?toceéurés énd'FunCtiéﬁS;~—~~%.67
,:Standard Procedures and Func*lona~~?;;§’58v_
| ;‘Input Output—-,—-‘.-‘a;..“..:...,..:-;.',-?..v..‘;54.;,‘;;.:.-‘,_5-_;.—-f’ 68
NPS- PASCAL Pseudo Operat or§¥?~?éééé??~+#f;éf70Q

f~LlLeral Data References—-~~~-~~——m—o--- 721f

lLQcatlon OperaMOfs

E Arlthmet;c;Ope:aﬁorsf~*%%-“*‘4 ——— e 73

“Boolean Operators~=s==m=——mm=-x e T8




e. *Strlng OPerators-f—-q—-~—ff¥u€5—44f~4§4».79

f;m.stack Operators—-——f‘ ;,  ?>J.i;-éf? 3"180

V Q; ,Sto:e Ope;atorse~r¥~f~f§—Qé-é~-‘f~~e~—~ '80 

h.: Ii.rray dpe’r'atoi:s-‘e—‘-'-;r-f}'--«-,-,‘—.--:-—--‘;,-,-,-;-,*--;——-;--»é-_ 81

o i. Set Operators¥éfé-4-ﬁpi'%7 f5;j% _' vf,g82f'

j.v”Flle Operatcrs--‘ _  o f'fg‘ :4~;é-‘ 83

 ‘kg,AProcedure and Functlon Operatorsé—éf———ﬂ183 

-Qg L;f-Program Ccntrol Operators-f*f}é-f~~~f?é 5877

;m.' Input~0utput Operators"’”””‘“““"‘““] 38

III. CONCLUSIONS-—4s——»'7, f e 90

TIV;} RECOMMENDATIONS--~' e 9]

vAPPBNDIX A
 APPENDIX B

APPENDIX C

APPENDIX D

" APPENDIX E

 APPENDIX F

_APPENDIX G -

NPS—PASCAL

it

"Compller Errot‘Méssages~4~-~4-**4Qeéé?~4?-f—,-92
,Summary of NPS~ PASCAL Operators-?fé*¥-¥+—f-w 94'J

'Standard Taoles~-f—e-——---44—~»~-ee~~e' —————— 96

NPS-PASCAL anguagp Structure—~fé——-f—+f—%—é 97

’Inoperatlve Lonstructs«——éf-———éf—f-ff4*t~*~113

Intermedlate Code DECODE PrograNef—»f-fé+~fwlle‘

SYMBOLTABLE Di splay Dregram-ef«#«e--~f~4~f+~ 116

PROGRAM L*STLVG¢-¥~--ﬁ~~éeui-??—f o mtememe e 117

 INLTIAL DISTRIBUTION. LISTmmmsmmmmm st o 28]



I. INTRODUCTION
'f’q.. BAexGROUND g _ :
i NPF-PASCAL 1s an lmplementatlcn of the Paecal language on

an Intel 8080 mlcrocomputer syStem., NPS~PASCAL ls a contlnuxng'

_research pr03ect belng developed by si udents ln the Computer

: f;Sczence Currlculum at the Naval Postgraduate School, Monterey,

= Callfornla. ‘The orlglnal NPC—PASCAL de51gn and lmplementatxon
”was done by MAJ Joaquln c. Grac1da, USMC, and LT Robert R.

eStllwell (SC) USN, ln thelr thesms submltted ln June 1978

‘~The1r work lS contalned ln Reference 1. MAJ Graczda and Ll

St;lwell completed work on: the basxc constructs of the Pascal
1 Language by ut11L21nc a sxngle~pass compller that genervted
-Lntermedlate code° and a- code generator whlch then generated
‘i8080 eede ‘rom the lntermedlate code.” Wzth many of the Pascal
‘COHStructS not lmplemented eheSlS work was eontlnued 1n v »
ﬁe,October 1978 wlth the goal of produCLng a complete and debugaee‘
 VPS PASCAa complTer., :ollow~on thesms dork wlll lead to a ;
’VP9~DASCAL compller-lnt preter,‘and a cemolete VPS—DASCAL 8080
'vcode genefator. In the dlSCUSSlon whlcn Fellows, ;t 1s assam~'

,ed ehat the reader is famlllar w1th tne contents ox Qeference l,}

B, APPROACH ‘ _ 7 | |

The flrst step 1n concmnqlnq the development of NPS DASCAL,
e.weg to study the program lxstlnqs ana thesxa eo galn Lamlllar-'
vlty and lnSlgh* ;nto the progect. A determlnatlon;was then S

»ﬂlmade to complete all worx remalnlng on the cempxler portlon of 3f



T NPS PASCAL tc the extent that 1t wou’d meet or exceed the
'; constructs belng proposed for the standardeatlon of the Pascal

“Langugage. Consequently, the BSI/ISO Worklng Dra‘t 3 for

‘- 'Standard Pascal (BSI is the Brltlsh Standards Instltute, ISO

'-15 the Internatlonal Standards Organlzatlon) was used as a
source of Standard Pascal constructs (see reference 2).~n‘
The next step was to acqulre an understandlng of the PL/M
_cross compller avallable on the CP/CMS tlme—sharlng system on
> the IBM 360 67 at the Naval Postgraduate School.' Tled to thls |
'_\wasvan understandlng of CPMBO an expansxon on Intel's IVTERP/
86} whlch prov1des the basxc CP/M 1nput/output fac111t1es.;:
tThe151mulator contalns the requlred faczlltles to test and de~~f
oug PL/M programs. Reference 3 grves a detalled account of |
how to utlllze the PLM Compller and CPMBC
: 'The remalnlnc effort conrlsted of maklng adﬂltxons,‘correc~i‘
: tlons, deSLgn changes, lsolatlnq bugs, runolng test prog"ams,
and develcplnq user a551stance programs.K In order to -mble~
ement certain constrqcts of the language,elt was neceSQary to
‘1recoer ruct the‘oriciaal gremmar. 'Appendlx‘h lists thosa fea-<
‘tures &TAﬁPSQPASCAL'that'&ere not. rmplemented at the start of
’}’thls pr\)ect, and the Features Pﬁown to. ﬂontaln ougs at pro-'
ilject completlon,(“ , '
Due to the non-ewrstence of a éascal Compller Valldatlon

«fSystem, valldatlon programs were taken from varlous textbooks

’*on Pascal to test the compller.; Slnce these teats gave Sample-fﬂf

'programs that demonstrated spechlc Pascal constructs, each f“"

lePS PASCAL conseruct was tested as &escrlbed below.j_i'*



As a language construct was lmplemented xn the compller, ok
3an assocxated valldatlon proqram was complled to check proper s

foperatlon.. However, lt became apparent early in project de-,

 {velopment that 51nce there was ‘no assoc1ated construct lmple—

;fmentatlon ln the code generatlon portlon o‘ NFS PASCAL, check-e
”f:lna the generated xntermedlate code would prove dlfflcult.
‘: The solatlon was the development of the flrst of two user
;%1a551stance proqrams.‘ The NPS PASCAL DECODE proqram translatesf
' .the 1ntermed1ate code and pxlnts out the mnenwonlc form of th

‘complred code; along w1th the assocmated parameters for each
7:maeumonlc.i A c0mplete explanatlon of the DECODE program ap~“

f pears ln Appendxx F

In complllng a val "atiOnfprOgram‘that reVealed improper

‘lntermedlate code,CPMSO was Lsed to plnpclnt errors in the
‘3,compller. Changes were then made to the source program, whlch o

?‘was then recomplled usrna the PLMSO compller. -he val*datlon

e‘program was then reconplied and +-he 1ntermed1a+e code trans-

i i 82

rgelated by the DECODE program, to ensure proper constr ct 1mple-'

: mentatlon in VPS—PASCAL

_ As more constructs were implementeﬂ,and *ested, a hajor

'reallzatlon surﬁaced - the need to access the symbol table

f'durlnq and after program compllatxon. Tne orlglnar approach

“r;taken to thls problem was tae add*tlon or a- PRIVT$SYMBOLSTABLE‘
"fsubroutlne to the source code.j Thls routlne prlnted out & :

:;}symbol table entry s locatlon, type, prlntname, and allooated ' 
ikaRT locatlon,ylf anv. ThlS solutlon was abandoned alth the o

i decxsxon to wrlte the symbol table out to rts own separate

D
AL



flle. thus provldxng NPS PASCAL w1th the ablllty to access thebf”
;isymbol table at translatlon tlme.‘ Consequently, the second
q‘pr aqszstance program was developed - the NPS PASCAL SYMBOL~
TABLE ?rogram Thls program offers the NPS PASCAL user a com-

plete prlntout of thv 1nformatlon stored in the symbol table

followxng c0mpmlat10n of a Pascal program.; Appendxx G detallso.‘ﬁ

the use and abllltzes of the SYWBOLTABLE program.v The follow-itﬁ
1ng sectxoa dnscrlbes the lmplementatlon of the compl&er ln

detall.



ewlII,(;NéseeAscAL_cOMPILBR‘IMPLEMENrATxQﬁe771

NPS PASCAL LANGUAGE BACKGROUND i »

NPu—PASCAL 15 an 1mplementatlon of PASCAL based on the’
BSI/ISO WOrklng Draft of Standard Pascal (2), henceferth referr-«'
"'Qed to as_"STANDARD PASCAL  NpS- PASCAL is in comp‘ete comp11-¥_ 

1”“_ance w1th STANDARD PAQCAL s deflnltlcn of a conformlnq process-‘ 

Sy or, w1th the followxng exceptlons~

(l) Identlflers, dl ectlves, and labels can be of any
'lenqth, as prescrlbed by STANDARD PASCAL, prov dcd
' ethelr unlqueness can be determlned by the flrst thlrti
~cbaracters. ' ' :
7(2) Integers are‘llmlted to any value between,—3 768 and
k-'+32(i671 " Real values can tase on any negatlve or po: 1;
ﬁiye Qelug :onsxstlng of fourt teen digits mu]t;plle"by'
»:enetojth -64Ph power throuch ten to the +b3rd powex
‘(3)L"EOP" ié,akapeClal symbol, or reserveé word, ia the -
‘\PS—PAS¢AL vocebulary lndlca_lng “end of program .
' Consequentlv any prcqram that conforms to tbe rulee of SmAN*
7,DARD PASCAL, xnd meets ehe amcve three qual;flcatlons, consti=-
ftutes a syntactlcally correct NPS»PASCAL program
To add lncreased versatllxty to PASCAL,,varlous features
 vwere lmplemented in VPS PASCAL. These addltlons were desxgned‘
: to para’lel the cenetrucﬁq of UcsDp (Mlnl Mlcro Computer) |
ePASCAL (6), the current leader 1n DASCAL Systems for mlcro*'
fi‘computera. The 1mplementatn.on deflned Features are’ dlscussed

\?1n secﬁlon II F



’ The Un1versmty of Toronto! s parse table generator (5)‘,

- was: used to Spéley NPS-PASCAL in LAIF(l) grammar form. The
program operates on the IBM 360/67 and Urcduces the parse

'btablés for the language, thua permlttlng extensxons to be madeyi
"ln Jn easy and efflﬂlent manner. A complete descrlptlon of

‘~the‘NPS—PASCAL grammar,llts generatmon, and executlon proced- ‘

» ~ures are contalnea 1n i;e NPS-PASCAL User 5 Manual (8)

2. COMPILER ORG»-HT:J LION
; The compr er stxecturr, alagrammed in Flgure l,.requlres a
51ngle gass through a source program to produce an lntermedlate,
language frle whlle prlntlng an optlonal source llstlng at the;;'
v console. The one pass approach was taken to prov1de fast come'
’pllatron and to reduce the requmred work and 51ze of the com—
,plle . - The slnqle drawback to this one pass compller lS the
nablllty to specxﬁy the exact posmtlon where prsgram execu—
..on is’ to contwnue afrer a branch.. Therefore, labels are
piaced in rhe 1nte1med1ate code where QXQCUulOn of the QIO”:
gram is to contlrue. The resolutlon Gf label locatlons is
)accomollshed bv the code. generatxng ozoglam as it scans the
' 1neermed1at° form. L k o ﬂ
The compller bullds the symbol table, converts all numbers'
in the seurce program to thelr lnternal repzesentatlon, and ‘
‘1‘generates the lntermedlate flle and symbol table Flle on the
 ] dlskette.f Conpller parameters can be set to conrrol 1lse1ngs ;e‘
~£;of the source prcgram, token numbers, or. productlon number :
vrfShculd program errors be antxcrpated, another compxler para-

;meter can surpress the generatlon oF the 1ntermed1ate flle._ 3;7‘
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& c SCANNER B

The scanner analyzes the source program character by charace.’
ter and sends a sequence of tokens to the parser., The scan-
;Jner prov1des a llstlng of the source statements, wnen dlrected,o
1ﬂellm1nates comments, and reads the compller parameters.
The scanner is dlv1deu lnto four sectlons whzch are select~‘o
«flvely executed dependlng on the frrst non-blank character cf
cthe token. Upon determlnatlon of the scannlng sectlon, the
<rema1nder of the token 1s SCanned and placed ln the accumulator'
array ACCUM. Thc flrst byte of ACCUM contalns the length of |
‘vthe’toten.‘ In tne case of tokens that exceed the sxze of
ACCDM (32 bytes), a contlnuatlon flag lS set to allow the scan-ﬁ
'ner and parser to accept the renalnder of the token._

: The four sectlons compr151nq the scanner hanale strlngs,-r

t numbers,'ldentlFlers or reserved words, and spec1al charac- ;,1
‘~ers'v' he strlng Drocessxnc section 1is lnvoked whenever the
first character of a token is a sanre quotatlon mark The
scanner tnen»anagyzeS'each succeed;ng,character untlr a’seccndr
kq&btation markvis scannedf indicatinq the”endvcf“tne st+ing.'
The programksectlon i'hat manlpulates numbers determlees the
‘rype of the number belng scanned as 1t processes each charac—
ter‘n Thws determlnatlon is used by subsequent routlnes that
Aperfcrm type checkxng and conver51on to lnternal representa~~ﬂ‘
Tvtlon.‘ When the scanner recogn;zes an ldentlfle .1t searches:t
;tthe vocabulary table (VOCAB) to determlne lf the 1dent1‘1er
s a reserved word : If a reserved word ls matched, ‘the - scanne t‘c

n‘er returns the token number assocxated w1th the reserved

cidn



johord‘s positionrin!the-VOCABVtabie;: Spec1al characters also
sfffound in the VOCAB table,»are handled as separhte tokens ex—f“e
fvcept in two" cases.' If a perlod lS followed by numerlc charac-fr

,_'ters wrtLout lntervenlng spaces, the spec1al characterS' 3
';sectLOn; £ the scanner assumes that a real numher 1s belng
: |

;‘scanned.~ Thls program section hand’es the real\number ln the .“'

3fsame manner as the number sectlon mentloned above.a The secondf
‘fexceptlon to spec1al characters occurs when a palr of speclal i
i characters are scanned one rlght after another.v The scanner A
w1ll pass. both characters as- a SLngle token after ass;gnlng

; the token number from the VOCAB table.

'eb,.‘cYMBOL TABLE
| e symbol table is used to store the attrlbutes of l“bels,
"constants,‘type decraratlons, varlable ldentlflers, procedures,~o
funct;ons, and flle deolaratlons. Thrs stored lnformatlon 15,
f-used by the compller to verlfy that the program is semantlcallf
  correct and to aSSLSt 1n coae generatlonw, Access to the svm—,
bol table lS accomplmshed through varlous subroetlnes u51ng
-rbased global varlab es to unlquely address the elements of

each entry

B P Symbol Table Constructlon i
2 The symbol table lS mcdelled after the Algol -M symbol,
table (9) ‘ It is an unordered lrnked llst of entrles whlch
grows towards the top of memory.~ Indrvxdual entrles are
*elther accessed vra a’ chained hash addrcssmng technlque as

.frlllustrated 1n Flgure 2, er by means of address poxnter flelds:'

g



 HASHING FUNCTION- SUM OF PRINTNAMES ASCII CHARACTERS
HASHING: , o NoDULe 128

(41 + 42) MOD 128 = 83

(42 + 41) MOD 128 = 83
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*Jtﬁ

1 i »  »  v :i- ;f.v{"' j 7}, ;éYMBOL 
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o > |ENTRY 4 |
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S e LB 3<:1 meeeren | S

: N Llnks to v,(: — —
AU T Symbol Table . N S ;lelq
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'SYMBOL TABLE ACCESS
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- coﬁtaihed.iedctherdentriee.v ThlS latter method of access ls'a7
5,rrequ1red smnce not all entrles 1n the symbol table have anle :
ﬁ;Aldenthler,-called the prlntname, aasoclated w1th them. -
’ Each locatlon in the hash table heads a llnked llst of
Q‘entrles whose prlntname, when evaluatea,rresults ln the same‘d
T'fhash value.‘ A zero 1n any locatlon in the hash table lndlcates
:}that there are no entr;es whose prlntnahe produces that value.‘
»QDurlng symbol table constructlon or access, the glooal varlable
'»?PRINTVAME contalns the address of a veccor whose flrst element
is the length of an 1dent1fler Ln a sxngle byte, followed by
. the ldentlfler s characters represented in ASCII format. ,Thej‘
dvarzable SYMHASH contalns the hashcode value whlch is the sun
‘o‘ the grlntqame s ASCII characters, modulo ?28 Entrles that'
- .produce the same hash code - value are llnked together in the'
'symbol table by a chaln whlch 1s accessed via the 1nd1v1dual
entry s colL*s;on f’eld.  rhe chaln 15 conStructed in such a ,
, way as to have the 1atest entry constructed at thc head of the~
: chaln._f | | L

Each entry ln the symbol table contaans a num@er of Flelde;

vfsome of whlch are Jommon to all entrres, and some of which -

.apely only to parthular tynes of entrles.: All entr;es have:'
the same. first thrﬂe flelds:a~the,collls;0n:field lddatédlin‘d
the flrst two bytes,,the_previoue*eymbelftabié (PRVSSBTBL$-
1WENTRY) ent y addreSS'fiéld ccated in the thlrd and fourth
/Pbyte'tand the ferm fleld (FORM) located 1n the rlfth byte, as .
Lshown 1n Flgure 3. The remalnlng flelds are used to unlquelj
descrabe each entry s attrlbutes and nartzcular 1dent1ry1ng
?characterlst cs.;. , / u'
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There are elght dlfferent types ofrentrxes found in
the NPS-PASCAL symbol table.j Each of tbese types has a unlque:
ethree bit code in 1ts form fleld 1 The three bit. code for con-
stant entrles, for example, is 001 the code for varlable en-
‘vt'trles 1s 011, The remalnlng bltS in- the form fleld descrlne |

iother partlcular characterlstlcs of Lhe type 1nvolved. These_
vcharacterlstlcs are descrlbed in detall as each type of NPS~
: ASCAL symbol table entry is presented below. T
a. Label Entrles : :
| The form fleld or a label entry has the eonstant
r:fbyte value of zero. A SLngle byte follows the label S Form
jfleld conta;nlng the hash value of the label s prlntname. »
‘:The length of the lanel follvws in the next one byte fleld.
The lnd¢V1dual printname cnawﬁ“@y: »

,f,Av
field. A two byte ;leld fOLlOWlng tfe joFs

2 after the length

_»contalns a eequentlally generated Lnteqe* value wh;q
assxgned as the label's lnternal label numbe* Thls va;ueahx
used as. the target for branchlng in the lntermedlate code.
An example of a label declaratlon with | its essocxated,symbol;
~table entry is chown xn'Flgure‘4. | |
- b. Constant Bn*rles |
| The form fleld of a constant aymbol table entry

»‘ldentlfles the type ef entvy, -and the partlcular type of the fd
'icon stant as well. There are flve valld types of copstants ln"4
’i'NPS-BASCAQ*K an unalgned 1dentlf1et where FORM OlH a 51qned
l'”;dentlfler where FORM - ;jélH, an lnteger where FORM 09H a,

\freal value where'rQRA = 11H; and a,strlngvcenstant“whexew

20
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[TFORM 19H Follow1ng the form fleld of the constant entrv
are the prlntname hash fleld length fleld, and the prlntname

-“chaiactefs,
e

e

The value fleld may con51st of another length fleld’
. and +he prlntname characters 1n the case of - ldentlfler and ’
gstrlng constants, or it may contaln the lnternal representatlonftt
‘of a constant number (two bytes for 1nteger values and elght ‘
”abytes for real values).f Flgure 5 is an example of a cqnstant
: entry - : : L : . . : :
| ‘ c;a Type Entrles>: ‘ , ‘ ‘
NPS PASCAL has two klnds of type entrles in ltsjla'
eeyﬁbel table' 51mple type entrles and type declaratlon entrxes.
j'The sample type entry can also be ‘one of two types.‘ It Lndx-
icates that either one of WPS PASCAL S standard types is belnga“
‘aaSSaned to the entry, or tbat ‘a predeflned complex . type dec—

'laratmon 1s,to be assmgned ~In Lhe latter case, a 51mple type!,t

[
3
Q
..a
3
ot
D

(9
‘rr
]
oY}
T
<
Lb]
]

. decla atlon entry., In the fo*mer case, One of the'fbllowing 1
~,standard tyaes wlll be e ‘.gned.tne type?entry.'

.Integer - The/values of thls type are a uubset of 4'he whcae
;numbers whose ranqe is the °et of values...b
'—max1nt,—maxlnt+1,...;—l 2, l,...,maxmnt’l max1at e

S where maxint = 32, ?67.
f‘realie :The values are a subset of the’real numbevs ccnSLathg?{ ;
- ‘b:ﬂ of fourteen dlthS mtltlplled by ten to the ~-64th.

‘"fpower through teﬁ to tne +63rd power.,
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7310H 26H | HASH
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730EH | 73H ‘{
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COLLISION
| ADDRESS
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R e

- SYMBOL TABLE CONSTANT ENTRY

FIGURE 5



boolean - The values are denoted by the ldentlflers "false"b

.and ”true," such that false 1s less than true.-t

char - The values of thlS type are the deflned set of" charac—,ﬂ
' l;ters descrlbea ln referenge 8. The followlng relatlons‘
| “hold for CHAR types~;-; "_ :;lj]fivﬁi,;”*
‘~;(l) ‘The subset of character values representlng the4
“edlqlts 0 to 9 lS ordered and contlguous.v e
»(2)?The subset of character values representlnq the
k 'upper case letters A to Z is ordered and contlguousQ
':(3) The subset of character values representlng the
i flower case letters a tolz lS ordered and contlguous;
:Type‘&eclaralton entrles; however. are generated from user
deflned types Found 1n the source program., it ls nossxble *o -
deflne,a chain of tyoe declaratlons. 'An example,of this would!
lbe an array or the type array whlﬂh is *tsel of;type‘integer.
| | The symbol table enery for a type is askfollowaﬁ'r
lAn 1nteger tyoe ‘has the- FORM value of 42H,va real type has tne"
rFORM value,of 4AH ‘a character type has a. PORM value of J2H,
and a boolean tjpe bas a FORM va‘ue Of JIH,’ A FORM value of
k7AH_;nd1catesfthat a~type declaraﬂlon‘entry must;be acm@ssed
to determine~tﬁe completeyeype of entry ‘ The fleld followxng
cthe ‘orm is a one byte fleld contalnlnc t%e hashed value of the
:prlntname. The next byte contalns he prln*name s length
whxch is followed by the prlntname characters of the type -
'Ldentlfler. The last two bytes contaln the address of the
ispec1f1ed type.elAngexample~ofaa.slmple type,entry;;S“glven;xn?~'

'Fxgure 6

2
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| ADDRESS | TABLE ]
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7324 | . 18H : B

COLLISION
ADDRESS

73238 | oo | {
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There are seven dlfferent user deflnable types lnb“
NPSePASCAL. A type declaratlon entry lS constructed whenever 1:7
:a scalar type, subrange type,»axray type, reco*d type, set
;type, flle type, or p01nter type lS encountered.

o (l) Scalar Typeq
By thelr defln;tlon a scalar type lS an order-‘:*
v:ed set of values whose ldentlflers are enumerated to denote f,;'
‘thelr values.» The form fleld entry in the symbol table has
i the value 07H Scalar entrles axe the only type declaratlon‘
fentrles that have an- access;ble prlntname. Consequently, the
fnext two flelds hold the prlntname hash value and the prlntnameA
;length. The prlntname cha acters follow these flelds.« The‘
1ext fleld ls a byte value contalnlng the enumerated "alue of
' the scalar ldentlfler. The flnal fleld is a two byte fleld
‘stor;nq theusymbel table address of the parent type,, Elgure 7“5'
4displaysithe scalat entrY]fermat in the symbblitanleg e
 (2) subrange Types ae
'iAnsubrange typevis;aJdupllcatéﬁdeclaratiembef
‘any other Dredeflned scalar type, integer‘tyue,tcr:Charac*efl
'tybe, but w1th a spe01£1ed lOWer and uvpper bound on its elevl
ements; The form fleld of a subrange entry is OFH fcz enumerat—f
ced elements, 4FH for lnteger elements, end CS:H For character
Aeelements. Bytes elx and seveu store “he addless of the:sub-
ranae elenents purent type.L Bytes elght and nlne hold the low
f«value ot the range, wnlle the next two bytes contaln the hlgh f'

;'value. ‘The followxng fleld lS two bytes in: length and stores

: the tctal'numpex»of,elementsﬁln the renge,~ ?he»flnal twotbytes,;
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-Lhold the dlsplacement vector value, Whlch is utlllzed durlng‘
E;array access,- A typlcal subrange entry is shown 1n Flgure 8.
| | (3) Array Types « ’ '
‘The prev1ous type declaratlon entrles 1n NPS-Y*
‘PASCAL are called sxmnle type entrles. They are symbol tablei
¥ventr1es utllxzan a smngle predeflned type. Structured types
'are compos;tlons of types in NPS-PASCAL In other words,ponepf‘
jtor more types are utlllzed to descrlbe a symbol table entry.>yy
| ’ : : The alray type is a SLructured type conSLStlng
of a flxed number of components that are all of the same "com—
ponent“ type. The number of components are spe01fled as a
1scalar or subrange type and are referred to ‘as. the lndex type 8
(lnteger and real types are not allowable lndex types, how-
_ever, the scalar or subrange type can be of type lnteger)
,The component type lS of any type. : :
| ‘ | The symbol table format for an array entry a”
,;has a form fleld value o‘ 17H The roliow1ng byte spec1r1es
fthe nnmber of lndexes, or dlmens1ons in the array T;The next
_,two fle ds are both two bytea long,’ the first contalnlng the, %
address of the component tyoe; the second contalnlng,the total;
tctorage requlrements in bytew for the array Thefeleventh““
»‘byte holos a value representlng the array 's component tyoe as :
:fdetermlned ;n Table l A two by*e fleld ollows thh the r
';symbol table address of the array‘t flrst dlmenszon.r Ic the
Ftarray has more than one dlmenSLQn, two bytes ate allotted 1n yff

the symbol table to store the address of each remalnlna

.{dlmenslon.v Flgure 9 show ‘an;array,symbol'tableﬁentry;;i1f°'
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‘f,BaSiéiType of Compdnents;;ff

ig‘Valﬁe   :',: Méaning;(Type:bf”Coﬁpoﬁéﬁtx.

- o0®. - - Ordinate . .
0lH . - Integer- - .. . -
~02H - . Character
. 04H " Complex
~ Q5H. e - ‘Boolean ..

1ABLE 1

- _H§° :v__v =
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(4) Record Types . o
\ a record is another NPS PASCAL structured type.c
:lThlS structure has a. flxed number of components, called flelds,
aeach of whlch can be of any defined type.,»The symbol‘tablec
'fentry “or a record has a form fleld value of lFH Bytes slr~‘m ,
:‘and seven contaln the storage requ1rements in bytes for the ‘2r
Jrecord.‘ Bytes elght and nine store the symbol table address ‘
| of the. last fleld contalned 1n ‘the’ record structure.;fFlgure-
'ilO formats a record entry in the symbol table.‘:‘ |
Each record fleld conslsts of an ldentltler‘and

Ja’type, and has a unlque format 1n ltS symbol table entry.
ZThe form fleld has the constant value of SPH.. The followzng
;two flelas are byte values for the hash value and the length
fof the fleld‘ prlntname. The next field holds the‘prlntname
characters, The address-of the parent record is stored in -
"tﬁe»nert'twovbYtes; The followxng field has a-one byte length
and 1s used to store tne record lleld'c type. The cholce of: -
f’values to be stored is the same as the llSt sbecwfled for an-
array s component type. mmo more bytes are utlllzed L0 store
‘the symbol table address of the‘type spec1f1ed. ‘The last field.
sof this entrg lS two thes long . and bolds the offset of(the
record field from the base of ‘the record The ’format_ofia
’record fleld entry is specmfled ln Flgtre 11, |

: | VPS PASCAL supports the varlant Fleld and tag
:ffield:const rusts of records.' These two klnds of record 1elds-'
,ihave s;mllar symbol table entr es as ]ust descrlbed above, w1th:*

the exceptlon that the varxant form'lleld Ls ODPH, and the
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'tag form fleld is QFH.
Sh2 (5) Set Types

é : ‘17. ,;' The set structure deflnes a. set of values,e;

‘ whlch 1s the power set of a declared base type.v The base type
'ls requxred to be a scalar or subrange type._ The set type o ’
: symb01 table entry has a form fleld value of 27H.: The follow-vrl
‘flng two bytes contaln the symbol table address of the set type
‘ 1dent1r1er.. Flgure 12 shows a sample set entry ln the symbol

:table.‘ 7 |

(6) File Typesv>
A VPS-PASCAL stLucture conSLStlng of a sequencee
~'of components, all of the same type,‘ls 51mply called a lee. »
A flle type 1nd1cates a natural orderlng of the compcnents,
whose position in the flle deflnes the sequente. A.flie type 
‘ deelarat1on entry in the symbol tabte has a Lorm fiela valne ;
feﬁyéFH. The svmbcl table address of the Llle type S ldentl-
fier is,contalned in tbe next two bytes. The flle type format
is 'splayed irs Flgure 13. .

: (7) Poxnter Types'

?:' ) ‘ VPS~”XSCAL supports dynamlc varlables which
are geqerated w1*hout any eorre,atlon to the statlc struc.ure
' of the program.‘ These varlables are ass;gned a special type
_.called poxnter type.  The symbol table entry :or thls type -
’,declaratlon is shewn in Flgure i4 The form fleld value ls
-'set to 37H, whlle bytes slx.and seven of the entry hold the

1symbol table address of the po;nter type ldentlfler s entry.

3
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% d;; Varlable Entrles fl‘“‘f | | S
7 - Each varlable declared in a NPS~PASCAL program 1s
Ilnsedted ln the symbol table.‘ The form Lleld of the varlable
bﬁventr¥ contalns a value which descrlbes the tvpe of the programil
ibwvarzable. The values for thls fleld and thelr assocxated types
vlare shown ln Table 2. Follow1ng the form fxeld are the flelds :
ﬂ)”contalnxng the varlable ldentlfler s prlntname hash value,vd i
1l:length and the prlntname cha*ac-ers.; A twa byte fleld whlch
df}contalns the varlaole S startlnq address 1n memory apbears 4;;
f: after the przntname characters.‘ Thzs addrcss IS an of*set
fl_from the base cf the'varlable area, calleu the PrOgram Rerer-e?’
‘ence Table (DRT);YaSSlgnﬁd by the NPS PASLAL Ccde Generator.e““
‘lThe varlable s type determlnes the length, or number c~ bytesv
ﬁia551gned to the Varlable 1n the PRT. The comyiler keeps a
"couph vf the total amcunt of storage and passes thls velue *o
the Code Cenelator at the completmon of a suﬂcesslul program' Qf
jcompllatlon., The- Code Generator subsequently converts thef'
‘lelatlve addrecses ln tﬁe lntermedlate ﬁode to absolute ad-
 dresses in. the flnal target machlne LQQ@. ﬁu example of a-
d.varlahle entr] lS glven ir Flgure lS.;‘ :
e.{ Procedure and Functlon Entlleq 4‘
Every prccedure and functlon Ln ‘a VPS-PASCAL 9ro~"

In the case -

) gram has an assoclated entry ln the symbol

f_eef a precedure entry, the form fleld lS ass;gned the valae 04H»'

",The hash value, length of prlntname, and thefprlntname charac»ff’

'efeers flelds lmmedlately fOlLOW the form “leid‘ 5A one byte :

4Tff1eld follows tne prlntname and stores the pumbe gef4pa;ametep$ 3
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The Form Field of Variable Entries

'”fVéiue.v ' Meaning’(Typejdf-variable).'\

“03H. .. Scalar-Ordinate
"OBH . .- " Integer S e
138 B Character
IBH =~ .. Real e
© 23R .. Complex

2BH " Boolean
'FORM FIELD OF VARIABLE ENTRTES

TABLE 2
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VAR STOP : BOOLEAN;

.

ADDRESS -,“TABLE'

; MEMORY & SYMBOL &>
¥ -
I

L SBTBL ADDRESS _
: OF BOOLEAN TYPE ’

7425 | oo | {

(74238 ¢ 00H | f[ppe LOCATION
‘ - ] .} ASSIGNED -

74228 | 03H

74218 | som | ASCII CHARACTER P

74208 | 4FH | ASCII CHARACTER 0

741FH |  S4m |  ~SCII CHARACTER T

741EH | s3@ |  ASCII CHARACTER S

741DHilv S04 '",( PRINTNAME LENGTH

74lCE | 4EH e

741BH 2BH | porM

PREVIOUS SBTBL
ENTRY ADDRESS

741a8 | 74w | {

74198 | osH

COLLISION
ADDRESS

74188 | oom -c-{”'

74176 | oom

LamE e
' ,,‘aYMBou TABLE VARIABLE ENTRY

FIGURE 15




v;assocrated w;th the procedure., A two byte fleld lS next, :
sstorlng +he symbol table locatlon of a’ llstlng of the proce~'r:'
\hdure s parameter types. ThlS llstlng is referenced by the |
:rcompller to ensure proper parameter mapplng, anc lS located ;'
hlmmedlatery af ter the flnal procedure parameter entry ln thett
,lsynbol table.a Follow;ng the parameter t}pes address fleld in

: a procedure entry,kare three more twc byte flelds.i The flrst
'ffleld glves the Program Reference Table (PRT; address aSSLgned
i"to the procedure ldentlfler.» Thejsecond fleld glves the PRT |

‘address aSSLQned to the procedure‘;save block,pOLnter (SBP)

yThe SBP construct is based on a elmllar construct ln Algol—” ;.Q“

%(lO) tc permlt recursrve subroutlne calls. The flnal freld 1n v

hthe entr" holds a label value that must be branched to when -
the procedure lS 1nvoked.v Flgure 16 1llustrates the format 5:
~of thlS entry ‘ ; | : ; ‘ ‘

A functro“ entxy‘ n the symbol table dup lcates a j
xprocedure entry wrth two ex ptlons f A functlon entr" has -a. .
yform Fleld value of OSH ,and one byte fleld is added at thei
end of the entry to desxgnate the type of the runctlon. Fuan o
‘tron type values are srmllar to the varlable tvpes speclfled ‘v
»l“ Table 2 A sample Functron entry appeare 11 p1gure 17
(l) Formal Parameters : | e
E Formal parameters provade a mechanlsm tnat
;allOWS‘a procedure or functlon to .be - repeated w1th varlous
;‘values berng substltuted The formal parameters are declared ;1

g'rn the procedure or functlon declaratlon and can ge of tour

jtypes.v value parameters,:varlabTe parameters, procedure para-g7




PROCEDURE LO (X INTEGER'

- 4’
”MEMORY,:

>,4ADDRESS_1

SYMBOL

- TABLE

VAR“YT:

 ‘747EH 

~ oon

747D |

~747ca |

“oom |

7a7eE | 28m

74790 |

22w

7478H

o T4H

74778 |

>'g97H '

74768 |

02H

74758 |

4rH

74748

CacH

7473n

02H -

© 7472H

1A

74718 |

. 7470H

- 746FH

 60H

746EH

" 00H

 00H

:;%5?;ffli

CINTEGER):

vfiééfji"'“"l

PROCEDURE CODB

,{LABEL PROCEEDING

| save Brock POINTER
_LOCATION IN PRT

ASSIGNED

SBTBL ADDRESS OF L
PARAMETER LISTING L

-,ifik§% {PRT LOCATION

'NUMBER;OF PARAMETERS?I

}“Ascx1‘CﬁARﬁCTERTGW

ASCII~CHARACTER“L'

'LENGTH oF pRIVTNAmv i'

,;,HASH
':FQRM f]'

'_a{iéREVIOUS SETBL

ENTRY ADDRESS

| corLiszon
| ADDRESS

. SYMBOL TABLE PROCEDURE ENTRY .

© FIGURE 16 =



FUNCTION YZ(F A REAL) REAL R

MEMORY ADDRESS o
~ 74BlH

7QABHt'

. 74m8H

74n7H

g ":__,7?‘“‘11?&4’51
e |
7anzn
Tt

-~ 74a0H |

e

' SYMBOL

TABLE

C1BH

':-74305 I

;°0H ;:

k'._74AFH_

o7n

-;]f74AEHf 4

,:QQH "

 7420m |

. 46m

 74acH |

, 100&:.24_' 

2am

748

74M9H |

o 02H

— saH

- 74aeH |

som

02H

338

- osE

8BH

Cooom

. 749FH |

, QQH;,”‘”

&

‘ff‘fQRM:j 

{ COLLIsmn

TY?E'OF FUNCTION
" LABEL pancEEDING
| FUNCTION cenz

-.»OCATIOR IN PR‘I‘

RT LOCBEIO&
SSIGNEB YZ PR

SBTBL ABBRESS OF
PARAMETER_LISTING

 2’{ SAVE BLOCK POINTER =

~f;;,NUMBER‘QELBARAMETERsf

if chzx csARACTER 2

KCCII CEERACTER Y

PRIVTVA&E LENGTH

,‘HASH‘;"

'1’{PREvzéus.ssraﬁ=

ENTRY ADDRESS =~

ABDRESS

SYMBOL TABLE FUNCTION ENTRY
FIGURE 17
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‘lmeters, and functlon parameters;, Each declared parameter has
fan assocxated symbol table entry. A value parameter ent“y hasv*
: exactly the same format as a varlable entry.‘ ‘A varlable para-k
’rmeter entry also dupllcates a varlable symbol table entry, w1th»_
;ﬂthe exceptlon of the form f*eld-r The hlgh order blt of the,f~°”
;:form value lS set to one for arl varlable parametera.v Proce—iv
,ﬁdure and functlon parameters are entered as descrlbed above for,/

'procedure and functlon symbol table entrles.":

i quure 18 dlsplays a,sample serles of symbol
f\table entrles startlng w-th a procedure entry and followed by
} var1ous formal parameter entrles. Note that the flnal few S
‘:bytes show tne llstlng of the procedure s parameter types that L
will be utlllzed for mapplng actual parameters to the formal r_;f
parameters‘ | " S " ’
'f;f. Symbol Table Constructlon PrOU°dQIES‘V
‘ ‘ Several standalu constructlon procecures were de~ .

Vveloped for tﬁe manlpulatlon’of the symbol table.ﬁ The proce-5°
ldure ENTERSVAR$ID ls used by arl routlnee whlch construct a'
: symbol table entry contaln*ng en accessxble prlntname.' Thrs’ 

‘procedure calls ENTERSLINKS to a531gn the cw’

’isxon and pré—ri
v'v1ous symbol table entry address flelds.f The procedure ‘W

iENTER$PV$ID is- then called to 1nsert the‘prlntname hash Vaiue;' ;
F;prlntname length, and the prlrtname characters.w Control re~‘ ’
:turns to ENTERSVAP$ID where the lnlrzal form vaiue of the entrv,,
;la setfr When no prlntname is assocratea Wleh the symbol table

Eeentry, LVTER$COMPLEX$TYPE xs called to zero the c011151on flerd,

{enter the prev1ou symbol table entry addreej rd to set Lheifl



e T
T rasie s

~ prr nocarton]| | 0%
 RASSIGNED f { - =
TR e

. 8BH

_ ?RTV-'LQCAT'_};ON : OOH :
~ ASSIGNFD -

0BH

A

VARIABLE PARAMETER "Y" | *
SYMBOL: TABLE ENTRY: olm

VALUE PARAMETER “x" | |  °%F
SYMBOL TABLE ENTRY [ -
AR i T Corm

 DARAMETER ) —

AR fPOINTEé;To}
978 . | Urvee LisTiNg

~ PROCEDURE "LO"

' SYMBOL TABLE ENTRY| |—

~ PROCEDURE AND PARAMETERS SYMBOL TABLE ENTRY

. FIGURE 18
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'ﬂform fxeld spec1f1ed when ENTER$COMPLEX$TYPE was lnvoked.
riVarlous other constructlon routlnes must be called to add o

‘addltlonal descrlptlve flelds for the partlcular entry under o
f'con trucklon.;u “ ‘

s

L;, Symbol Table Accessi” ’ ‘
er Symbol table access ln the NPS«PASCAL compller lva‘
‘ accompl1shed through the use of standard lookup procedures,
7iand p01nters contalned w1th1n entrles.r Access 1s also dependa‘
‘Lent upon the current block level of the lnput program‘: Because‘
‘sPascal is a block structured language, the rules of global and
n local vari bles are folroWed._ Whenever a procedure or functlon
'rdeclaratlon lS recognlzed, the block level of. tﬁe program 1s
;flmmedlately 1ncremented thus permlttlng varlable names to be
a*eused in thls new level A“y varlable declared ln a lower
,lever can be acceseed in . a hlgher level provxded that the
 fvar1ab e name is not a dupllcate and Lhat the lower level
4var1ao*e is in faCt global to the current hlgher level Ob—
'v1oesly, -dentlcal Varlable names cannot be declaled in the‘
‘same blockvlevel- When the ccmpller recocnlzes a complete
fprocedure or Eunctlon,'the block level is decrcmented by one!
~and the varlables local to tbat block have their entrles lo
rthe HASHsTABLE deletea., | | |

The procedure LOOKUP$ONLY can be called w1th the
V‘address of a prlntname as a parameter.a:mhe procedure carls
r}CHECK$PRINT$NAME to compare the symbol table entry s prrnt-‘
frnamerWLth that‘of the~parameter. The hash table lnoex of

-fthe parameter 13 used along wlth the symbol table COlllSlon

3



fflelds to access the correct entrles in: the table. The pro-f{“ 
; cedure LOOKUPSPN$ID was. desxgned to acccmpllsb the same task
e:as LOOKUP$ONLY w1th the add;tzonal features of checklng the
’form fleld of the entry thh a second parameter,‘and to check |
3the declared block level of tbe prlntname.‘ If elther pro-iifﬂc‘
ecedure succeeds ln matchlng a symbol table entry, the varlableﬁ‘
: LOOKUPsADDR is set to the startlng address 1n the symbol table.;
_of the ﬂatched entry, and the value TRUE 45 returned to the f“ i
:calllng routlne.vf | o ”

’ if Upon compllatlon of a program, successful or not; o
Z‘the symbol table is copled lnto a separate flle of tYPn "SYM"'a;
«;The NPS—PASCAL user a551stance program SYMBOL$TABLE may then‘[
"be lnvoked to prlnt eut the contents of the prcgram s symbol

'table.

24 Buzlt-ln Symbol Table hntrles’_.

i Spec1al mentlon must be made of ‘the symbol table en—‘
tries that are preceflned ‘or buxlt 1nto the NPS PASCAL :
ecompllerel These entrles contaln type e“trles, Flle ent*xes,
procedure entrles, Lunctaon‘entrLes, and constant entrxes that
k;make up~the uPS-PASCAListandarav&aehtlflers; 1he standardta;,
ldentlflers are declared in ebe BUILT$IN$TABLE,__fVeJ i

The entrles ln BUILT$IN$TABLE fcllow much the same

}'"onstructlon rules as those of the compller generated sfmbol

7itable.‘ The maln dlfference lS that thexbullt—ln symbol table
lchas to be entered by hand Consequently, the table was located
~{at ‘the: flrst avallable memery locetlow (IOGHB fer ease of lm-- 

;[plementatxangand;te3s;mpl;fy;thewaddltlen;cﬁ otherabu;lt—;q, 

'eéélfc




[fféﬁt}iésﬁ' Append;x C llsts a table of the standard 1dent1—  |
:ifflers found ln BUILTSINsTABLE, and thelr usage lS detalled f
in the NPS-PASCAL User s Manual i e L
| » All BUILTSINS”ABLE entrles have an acce851ble prlnt-u;
: ﬁame;, Consequently; the flrst srx flelds of standard entrles
"uhave the rormat shown ln Flgure 19. Bullt-xn types and bullt—
’fln flles contaln only these slx flelds.ﬂ Bullt—ln constants |
»?have ‘an addlrlonal fleld that stores the constant s value.‘>
f ?Bu1lt-1n functlons have a one byte fleld follow1nq the prlnt—”
?name characters that holds a sequentlal number that unlquely S
’eldentlfles the functxon.: The type of the functlon lS stored
‘;f;n_ehebfollow;ngfone‘bytekfleld."The next byte hplds;the
;nueber ef peraheterS'thet the bﬁilt*inffueerieﬁ'hes, Depend-
?ingfoh this value;(a seéeence df fieidsffollow;~ailfof which
ﬁare cﬁerbyre‘iqllenqth‘ ranglng from one to the number of
,;parameters, storlng the type requlred of fhe actual parameters.
‘Standard functlon type flelds are as:xaned valuea ln eccordm?
’.fance thh.the formatsspeCLfled in TdBLE L. Bullt~1n proce-
;dgreé also have- the one byte fleld ho*d:ng the uneqae sequen—?v
mlal number that 1eentlfles/‘he provedure.~ Hewever, the |
ﬂ number of procedure parametere and thelr expected types are
not stored ln the buzlt-ln entry because most NﬁS~DASCAL
"standard procedures have a verlable number of parameters.fl
_Consequently, varlous procedures check a bul t-ln procedure sl
; 'actual parameters tQ ensure proper paraneter mappxng., 7;‘ )
= Slnce BULLT$IN$TABLE entrles ‘are enterademanue ly,n'ff7

,;feertaen;entrres~must~bermade ln:the.eompller»e H&SHSTABLE.Jﬂ, i
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COLLISION ADDRESS ~ PREVIOUS SYMBOL FORM HASH ,Lnggm © ASCII
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FIGURE 19




4Thls tab1e4ls used to store the startlng address of elther a

:”BUILT$IN$TABLE or SYMBOLSTABLE entry based on the entry s hashe”

1value. Procedure INITIALIZESSYMSTBL stores the approprlate

_BUILTsINSTABLE address at ocatlon HASHTABLE(SYMHASH), where ddd
udeYMHASH is the hashed value of the prlntname entry stored 1n

dthe fourth fleld of ‘the standard entry. i l _ »

' Many of: the standard functxons,‘and thelr parameters,e‘u
'ln NPS-PASCAL can be ‘of type lnteger or real.. in thlS case,
,the functron type and parameter type flelds were ass;gned to
'the'value 13H. This value serves as a flag to the compller i
,fto permlt elther type 1nteger or type *eal values to be seman—af
tlcally'acceptable.~ Slmllarly, standard functlons SUCC and
PRED aud their 51ngle parameter can be of any type except |
‘real. - Therefore, thelr type flelds were glven the value OF3H
' whlch a’erts the compller to accept any'type, except real lnzif
‘the evaluatlon of these two functlons. '

Further standard ldentlflers may be added to NPS-
iPASCAL, provxded the above entry specrflcatlons are satlsfred

and that an assoclated entry is made in the HASHsTABLE.‘;

E PARSER |

The parser lS a table drlven aatomatlon and lS modelled

,;'after the ALGOL-M (9) and BASIC~E (12) parsers.{ The~LALR(k)
‘.parser generator (5) produced the requlred parse tables and
rtbe vocabulary table, VOCAB, whlch together Wlth the parse
f'stacks serve as the major data structurea ln the parser. Tﬁe"‘

*‘parser operates by recelv1ng tokens frem the scanne ,»analyz-'-]

i
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’”1ng them to determlne lf they are part of the NPS PASCAL
fgrammar, and then accepts or rejects the token in accordaoce'~f
cthh the syntax of NPS PASCAL.’ If the token lS accepted, one
,tof two actlons 1s taken. The parser may stack the token and,‘
(:contlnue to request tokens ln the lookahead state,tor 1t mayfl”
'trecognlze the rlght Dart of a valld productlon and apply thet%j
eprcductlon state whlch results ln a stack reductlon.' If thef“
pparser rejected the token, or lt determlnes that the token,ft
Zrecelved does not constltute a valld rlght part of any pro~¥:'
\ ductron ln the NPS-PASCAL grammar,,a syntax error w1lr be e
1:Prlnt¢d at the console and the RECOVER procedure is called.’i~
"RECbVEa‘iS a procedure that permlts contrnue& program :
COmpiiaticn:in\splte cf the occurrence of a syntactlcar error.
’,It causes the parser to back up- one sta*' and attempts to
‘ccntlnue paralng from that state. In tr : 'ent or fallure,‘;
the Darser contlnues to back up untzl the ena of the current~:_
ly‘pendrng reductlon 1s encountered. At that p01nt the 1n-‘;”
'valld oken lS bypassed and an attempt lS made to parse the‘“
”followrng token._ This prccess contlnues untll an acceotablev
%oken is Found.‘ff, ‘ S | |
» The parse stacks in NPS-PASCAL consast of a state stack
i,and elght auxlllary stacks. The auxmlrary stacks are para-"'
llel to “the parse stack and are used to store rnformatmon g
sneeded durlng code generatron.p The parse stacks Lntlude~,
pBASEsLGC = stores the symbol table address of the current
J Hk o 1dent1£1er,-v;f,[c-}' v?“ oy L ’
’iFORMsFIELD - stores the form value of the current 1dentlfreruiy
o "”rf as stored in the symbol table"‘” .



;TYPESSTACK - stores the tjpe value of an 1dent1f1er~
,PRTsADDR - stores the a591cned PRT address of an Ldentlfler;{fej‘
’LAQELSSTACK - stores label xalues to be utlllzed WLth brancn-i'e
'7£e}e. _,7 Lng 1nstruct10ns, 1 5
PA&MSNUM - stores the number é: formal parameters assocxated‘
o 4 ,_1 w1th a procecure or functlon, | ' ,“"
PARMSNUM$LOC - storeﬂ the symbol table address of the llst of 5;4
formal parameter types assoclated thh a procedure ;
or functlon, ‘  ' s » | |
YEXPRESS$QTK - etores the type value of an expressxon.evf 
F CODE GENERATION e
o The parser not only verlfleo the syntax of the source
qstatementa, kut also ccntrols the generatxon of the lnter-' 
 med1ate code by assocxa*lng semantlc acelona thh preductlon ‘
‘rules‘ Wﬂen a reductlon takes place, the SYNTHESIZE proceduue'e
“is called thﬁ the productlon number as a Dardmeter The
ﬁSYNmHESIZE procedure contasns an thenSLve cage szateWeat
vkeyea by ehe oroduetlon h;mber +o pprrorm tbe approprla-e
semantlc~act1ers.' The *yntax o~ the language and the smma§~~
;tlc actlons for each reductlon are‘lested in Appendlx D.

A ﬁey element ln understandlng Lhe ccmpller is a knowlv-
5edge ou NPS~PASCAL storaqe structur‘a, the dlverse operators,‘
1the employment of procedures and functlond,‘and the communlca? 
ftlon routes between the compllee and the aser., These part,c—
‘ulars are elaborated below,-along W1th a descrxptlon of tne ‘f:

'jeompller s pseuda cperators, to asszst ln understandlng

il : :



"N?S—PASCAL compller constructs and to explaln the logrc used
lﬂxn generatrng the lntermedlate code that w111, ln turn, be
"used to generate the target 8080 machlze code.r"-a

:; l Storage Space Allocatlon

Allocatlon of storge space in NPS PAbCAL is depend--'
vfent on the tgpe cf data encountered For each program varl-*-
»‘able requlrlng storage space, the compller speclfres the numr-o
,Yber of bytes to be set aSLde, and keeps a ccunt of the total 41
estorage allocated., The total count is’ then passed to the Code 
{“Generator for the purpose of establlshlng the 31ze of the Pro~ 
‘ gram Reference Lable. fr>V
| the Data;~:‘ - ;

Byte data 1tems are stored ln a sxngle byte loca-
 t1on Ln memorv. These da a items may represent characrers,
'numbers,'or boolean,data. B |

71‘ Et, Integer Data |

Integers are represented by two byte values and
'are store8 ln memory w1th the hlgh order byre precedlno the
, low order byfe of the lntecer number. Thls storage erocess
;follows the proc9551ng tequlrements of 1-he 8086 Mlcrcproces—e
bsor (10) to complete moves of data from memory, or the stack
:lnto the processor double byte reglsters at program executlon
‘tlme.i An example of the executlon tlme POP and PUSH operatlon
rlS shown 1n Flgure 20 Integers ‘are represented 1n two sl"
roomplement form, Wlth the h;gh order bmt actlng as the slgn
rblt., A zero hlgh order blt 1ndlcates a pos;*lve lnteger value’;

 and a one 1nd1cates a negatlve value.
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Real Dataj()ft@a:f

: Real numbers in the NPS PASCAL compller are rep‘l'e:
'resented 1n blnary coded decrmal (& D) format.. Every real
number is represented by 14 dlglts and is stored ln elght con= f
‘tlguous bytes.f When loadlng a BCD value ln the executlon T _
ostack the byte, located at the lowest memory address locatlon;r
,contalns the sxgn oF the number along thh the s;gn and magnl-'r
“tude of the exponent. Succeedlng bytes represent two decrmal ;i
,d1g1ts and are ordered in. a backwards fashlon., The byte that
fls the closest to the exponent byte represents the last two :
fdlglts of the number,kwhlle the 1ast byte of the number con—‘l?;
 ta1ns the flrst two dlglts. Flgure 21 dlsplays a BCD number
fstored in memory.,f

' The exponent byte in a BCD nunber uses the hlgh
 order blt to indicate the slgn or the number,-—‘a hlgh order
~one- lndlcatlng a negatlve number, whlle alrero represents a
;p051t1ve'number.‘ The remalnlng seven blts are used to repre~.f}
Hsent,tbexexponent and lts sxgn.o‘A bxas of 64 ls used for the l
‘exéonent representatlon; Values greater than 64 deplct a
?oSitiveuexponent- valuee~lese than 64 deptet a<negatxve
eﬁpoeent, and the exponent result equals the drfference be—b{,75
tween 64 and the value.ﬂ Thls reference polnt allows a range’f'

5of exponent values from-~64 to +63 The BCD number e‘ways

Aassumes the decxmal poxnt lS pos;tloned beforﬁ°the flr t dlglt =

3}'& Strlng Data

Strlngs are stored sequentlally ln VPS PASCAL.-

[The flrst byte of the strlng stores the strlng ’ﬁngth therebyff
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:folmltlng strlngs to a maxmmum of 255 bytes‘ * *

;;,follow1ng are the ASCII characters that compose‘the strlng.

1

Ar1thmet1c Operatlons

;~_ ,

3}  Loglcals

T
~f
“: Loclcal operatlons, or boolean’ope‘atlons, act on
f ;byte values of zero and one only. A zero value 1nd1cates a
}false condltlon, whlle a non—zero value 1ndlcates true.,rLog— 
*rlcal operatlons requlring comparlson between two elements :
 hreturns the resultlng value of the operatlon 1n the TRUE or R
i‘FALSE form.‘k | | « |
b ~fn£e§ers 
: Arlthmetlc operatlons w1th lntegers are per‘ormed
e by taklng the top two values from the executxan stack nlac~  ;
°Lng them in the doub‘e byte reglsters in- tne 3080 Mlcroproces~*
'vsor, and carrylng out the requested operatlans.~ Integer ar1th~
metlc operatlons lnclude addltlon,isubtractlcn, mu;tlnllcatlon,‘
lelSlon wmth truncatlon, modulc lelSLOn, loqlcal comparlso s,;
;and Lran ‘ormatlons to BCD format. All compu&atlon results,i
 ~except for transformat;ons, are returned to tne executlon ’
 stack ln the two byte lnt@ger format. Any relatlcnal oper%-
?tlon on two lnteger values is- carrled out ln &PS—PASCAL lp o

‘»‘accordance w1th the rules‘kor lnteqer arlthmetlc.f 

c. Reals
Real arlthmetlc operatlons are mox3~eowplex thanf"

‘ thos& wlth 1nteqers due to the natmre of the ECB format

35‘The process lS smmllar to that of 1ntegers,‘hcwever, where

iﬁreal numbered palrs are moved lnto the 8080 reqx;ters.. Tha;




i{requlred operatlon is applted, and the resultlng value is sent»
back to the NPS—PASCAL stack ln 1ts elght byte BCD format.4V
.NPS—PASCAL real values also follow the rules of 1nteger arlah-‘v
:Qmetlc whenever two real valtes have ‘a relatxonal operator
1_occurr1ng between them.. i |

3., Set Operatlons‘

NPS—PASCAL supports the three set operators.‘ §et;ahi§ﬁ{‘
eset dlfference,'and set lntersectlon._ As before, 8080 regls-,.
- ters recelve the two set operands located at. the top of the { ; t
stack. The set operatlon is perfo*med and the resultlng set;i'
ivalue is returned to the top of the stack The relatlonal
xoperators of: set equallty and 1nequallty, set 1ncluszon,'andbf*“
 set ﬂenbershlp were. not lnplemented in ta&s ver31on cf WPS«
PASCAL. R | V |

4. Strlng Operatlons‘

The relatlonal operators‘ef equalaty’and 1nequallty.
’ have been lmplemented for qtrlngs..:The~*emalnder of tne re«'e 
:lataonal,Qperatqrs;denote:Aexleog;aphic'orderlng“accord;ng
1:t6_the ehatacteraset orderianaanafhatetnot been’implémented
in~ﬁhi$‘veréion ef’NPséPASCAL, L Al

5. Proceaures and Func sions -

Procedures and Functlons,;alsoaéaileéisabrdﬁtiﬁee[
f,glve PASCAL the ablllty to dlsplay proqram segments as expl;c—; 
}Tlt subprograms., The only dlfference that exxsts between a v
,7procedure and abfunctlon 15 that a functlon returns a value
'ito the top of the executlon stack after 1t lS lnvoked, whlle

;3a procedure daes not ‘ Th;s means that a functlon call e




_actually lepresente an arlthmetlc expresslon. 1Proceduteaﬁ*””{
ﬁcalls, however,_stand alone as a program statement ln NPS— 1;ll‘:
PASCAL Due to language extenSLOns, NPS PASCAL allows compxla—pt
ptlon of separate functlons or procedures as complete programs.‘f
fThese EXTERNAL programs can then be called by any other NPsﬁ'livx
:pASCAL»program k e
’ ;‘a,' Invocatlon o

. Procedures and functlons can be lnvoked w1th zero
'or more actual parameters.\ The llSt of actual parameters are
,substltated lnto the eorrespondlng llst of formal parameters ,};
adeclared in the procedure or functlon deflnltlon‘ If the
xormal pa*ameter JS a varlable parameter, the actual parameter g
1hae to be a varlable. Should the Formal parameter be a value :
;paraveter, tnen the actual parameter can be an express;on facknd
'prov1ded the express;on type matches the formal parameter e
'tYPe,' For proce&ure and funotlon formal parametere, the ac*uali\
:paramete*‘mus* be a procedure o; functlon ldentlfler.v ﬁctual ’
‘paraﬁeter types are checked agalnet formal parameter types,
‘etored;ih the eymbo} table, durlng program compllatlon. The
Qoethod‘of passang actual parameters values is vxa tpe execu~“
:tlon stack as shown in Flgure 22. . The procedure or tunctlon ‘s
:code locatlon lS generated in the form PRO <label> y where
HPRO 15 a mneumonlc meanlﬁg branch to subroutlne, and <1abel>‘
;1s the label value stored in the subroutlne s symbol table
lemery. . o i
’ }f& Storage Allocatlon"

All parameters and varlables declaxed w1th1n a ; 11:
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| EXECUTION STACK

<expression>_|

‘<expressiong‘

1 ~ "Adtual“Parameters

_loaded'odetaCK'~"

- l<expression>,

Contents of stack

up to point of

subroutine call

~ STACK CONTENTS AT TIME OF SUBROUTINE CALL

° FIGURE 22
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;procedure or’ functlon are aSSLgned a: locatlon ln‘theqPRT. g;ﬂi
‘These 1ocatzons lmmedlately fo low the PRT locatlon of the pro—
‘cedure or functlon ldentlrler.s Upon recognltlon of a complete j
:subroutlne, another PRT locatlon lS allocated.: ThlS locatlon =
'sls called the Save Block Poxnter (SBP) for the subroutlne.
. The PRT locatlons extendlng from the subroutlne s ldentlfler : :

locatlon through the SBP make up a Procedure Control Block |
vl(PCB) The effect 1s that the PCB is a. contlguous set of PRT l
‘ecells, as seen Ln Flgure 23., The PCB conSLluct is based on,ce:)
‘;the ‘one used in. ALGOL—E (10), and xte usefulness ls in re-’
pcur51ve calls to a procedure or functlon. - ;

:c. Parameter Mappldg ‘ " | | ’ _

o NPS—PASCAL uses a- scheme 51mllar to ALGQL E ln
emapplng the actual parameters of a procedure or functlon to o
vllts formal parameters. After recognltlon of VPS PASCAL sub—ffff}
~roqt1ne ldentllle the actual parameters that are 1dent1flers;ff;
‘have thelr lnte*medlate code generated in the form of a
s"PARM“ or'"PARNV" mneumonlc followed by the PRT locat*on of
‘the acttal parameter. These mneumonlcs loao the executlon
»stack w1th the values of the actual parameters ln the Code
'Generator.} If the actual parameter is: an expreSSLon, the
-expressmon result will be loaded attomatlcally on top of the
ﬁexecutloo stack : Consequently, the compller generates the -
:mneumonic‘“PARMX“ after the recognltlon of a. complete express- th
{lon that 1s actlng as a value parameter. PARMX w1ll not re—c”

{qulre any actlon 1n the Lode Generator.vf




VAR CH CHAR ot
FUNCTION ZERO (F a é?REAL)V};Rtxng e
VAR x, z ,REAL,-_ e b s

BOOLEAN _?"'

“CONTROL
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FORMAL PARAMETERS«'"

sx |
g LQCAL VARIABL Es.”f“ TR
e ot | PROCEDURE
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‘cg};’f

=”A PROCEDURE CONTROL BLUCK f

: FIGURE 23
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Wlth the actual parameter in place; program control
»w1ll branph to the procedure or functlon ltself The compller
‘generates code to place three items on the top of the executlon ’
1stack he flrst xtem 13 the number of formal parameters (f)
tln the subroutlne, the setond 1s the PRT locat;on of the sub-
rout;ne s 1dentlfler (IDLOC), and the thlrd 1s the SBP address
in the PRT (SBPLOC) of the subroutlne.‘ The compller then qenet
eratee the SAVP operator, followed by tne total byte coun+ of |
‘PRT storage {t) a531gned for the subroutlne s 1dent1f1er and
~all formal parameters.‘ Thls 1s followed by a llstlng of byte
bstorage requlred by each formal parameter (Pl} in the PRT ln"‘
descendlng order.‘ The executlon of the SAVP operator ls ex-nf
pected to cause the followlng actlons to be generated by the
Code Generator. e o V
4 (1):ThetSBPelocationiislexamiaed~J
| (a)‘if SBP‘£'0 then:SBP ;%l,‘elselal: 
~i(b) SPB eO and segment of lenqth (SBPLOC- :
” f. IDLOC * 2): lS obtalned from the top of
avallable memoryv~~ say at address X.
:LhP PCS is tnen copled from the PRT to
‘,the memory segment startlng at x.i°The,'-b
 ‘]‘contents of the seqment at X 1s then J;f
i called the save. Block. (sp) /, SBP D=x.
'”‘(217T$é top tw0 elements of the executlon stack Vﬁ
| are deleted _the next element (f) 1s copled 'fgt -

and deleted from the stack pl =l§i€ik




(3) If f 0 then’halt‘> All actual parameters have
f been copled into the formal parameter loca-‘“

tlons ln the PCB. S

°(4)*PRT locatlon (IDLOC + t - p ) top of execu~'e‘

77t10n stack delete the top element of the ox-f-

ej‘ecutlon stack-' := t - p pl":=~p~i 15

II

(5) f f - 1- go to step (3)., ’

yﬁThls process ensures that recursxvely calllng a subroutlne”
;wxll-not destroy the local varlables and parameters of any
iprecedlng calls.e' - i ' |

d. - Fanctxon Return Value ‘"

Coupled wlth the SAVP operator is. the DNSP (un- o

',eave) operator that reverses the actlons of SAVP., Two para—»fe
meters are requlred at the top of the stack -—— the SBP loca—"
' tlon ln the PRT (SBPLOC), and the PRT locatlon of *he sub--
‘>rout1ne ldentlfler (IDLOC) The actlons, then, of UNSP are‘o;ﬁ
() The value stored at IDLOL ls copled uO the ¢
'top of the stack (thlS returns a: value forj
:fnnctlon calls, tﬁls value w111 be deleted
 for crocedure calls) - ‘ |
efé)'If the value of cEPLOC is greater than 1 Lhen’lf
v’l‘the SB‘*t 15 atlon SBPLOC in the f*ee memory {

‘iarea is- copled back to the PCB ané the memoryl

nexls freed. If SBP l then SBP-“O.: uonsequent—.

;, ly, the UNSP operator returns a value from

qunctlon calls, and restores the PCB ‘in the f";;

fomlevent of recurs;ve calls. Flgure 24 shows




. VAR Y : INTEGER

- PROCEDURE LO (X : INTEGER: VARY : INTEGER);

D:=6;
R    £°‘4
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VAR TFMP : REAL

Begin

 TEMP : = SQRT (X)

/ + = TRUNC (TEMP);
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‘ the actlons of the SAVP and UNSP operators onj}ﬁf

the PRT and the executlon stack..

o

Forward Declared Procedures and Functlons S

] i i
4]
.

‘ﬁ}é To permlt the 1nvocatlon of a. procedure or func-ggﬁ”E
e{egrioh*prior to ltS deflnlclon, NPS PASCAL utlllzes a forward
v e¢erence.‘ The forward reference consxsts of the procedurelrﬁlr‘
"(functlon) head, followed by the word FORWARD.« When the pro— f};
’.cedure (functlon) is deflned leter 1n the program, the para- A
'meters are. not repeated “ORWARD is not a reserved woro 1n4
‘*NPS-PASCAL.f It 15 Lnstead reFerred to as. a “dlrectlve..'

{Dlrectlves are 1dentlrlers ln VPSvPASCAL, that can only occurlf/‘

'F~1mmed1ately as ter a procedure or functlon headlng Dlrectlves

. are entered in the wps PASCAL BUILTSINSI‘ABLE. i
: £, External ocedures and Functluns:‘iifc
External'Proceduree'and>?unctlonslieja NPS%?ASCAL[TI

fextensxon to Standard Pascal ”be~ou*come’of thié conStruct‘

o 1s that NPS PASCAL functlons and procedures can be separately

o complled as complete programs.‘ mhe NPQ—PASCAL user can then :

"?Sltested for proper melementatlon.‘l

,‘galn»access‘to~one cf chese pfog ams by an external rererence
to lﬁ. ‘Theﬁformet of thze reference lS a orocedure (*;nctlon)‘
._head followed by the word EXTERNAL ThlS construct 1s an~‘
‘other NPS PASCAL dlrectlve., The 1ntermedlate code for the : ;
.external flle would then be read from the dlsk and 1ncorporated“
';lntc the program lntermedlate code as lf lt were a’ srandard

“ﬁ;Subroutlne.; Thls feature of NPS PASCAL has not bean thoroughly




;9,  Standard Procedures and Functlons

The bullt-ln procedures and runctlons that cur-

 rently ex;st ln NPS-PASCAL correspond to the standard proce- ’

vduree and functlcns specxfled in STANDARD PASCAL., Hawever,

J'fthelr operatlon ls consxderably dlfferent than user deflned

‘f:proﬂedures and functlons., The ccmpller flrst generates code :i
”efor any subrout&ne actual parameters. A unlque mneumonlc for :
ffthe bullt-ln procedure or functlon ls then generated whlch
'ftells the Code Generator or Interpreter that 1t must remove
}e:the parameters from the executlon stack do the necessary ee
.e;operaelon, and ret rn the result tc the stack The standard
?,‘procedures for 1nput and Qutput (Read, Readln, erte, and :
'eerteln) w*ll not requlre speCLal actlon to be taken ny then S
chde Generator 'Tbe remalnlng btandard procedurea deallhg
“w1th flles and poxnter varlables generate mneumonlcs that
erll requlre actlon by the Code Generator,- ‘A complete llstlngé
i}of VPS—PASCAL =tandard prouedures and standavd functlone lS‘fg
 ‘conta1ned in Apgendlx C and thelr usage is outl;ned 1n tne

NP“-—PASC’AL USER* s MANUAL

:~;6, Input Output |

| Input and output can be handled in. fwo ways. vxak
: dOneoie, and v1a d¢5k.~ eonsole I/O refers to the devxce thee5“
:;NPS PASCAL user: 1s uelilalng to prov;de commandq to the sys—
Fetem --vusuallv a CRT termlnal or teletype. Dlsk I/O refers:j
'f;to utll121ng auXLllary flles on the dlsk for data manlpula~ -

;:tlon. o




Input from,console I/O lS achleved_through READ or E

READLN statements.; Console output is acceﬁp shed by the.
WRITE and WRITELN statements. Input to the,console lS accoﬁ-‘;

ﬂlpll#hed by an operatlng system routlne that,reads one full

‘.console llne lnto an anut buffer. The Code Generator gen— ;'

eterates code to examlne the buffer and convert ASCII charac-f; .

*nters contalned thhln the buffer lnto approgr te NPS-PASCALu”
1nternal lnteaer, real, or strlng format., The lnput value
,2;15 assoc1ated w1th the approprlate read statement varxable
tiparameter and then stored 1n the space allocated for that
: varlable. A wrlte statements takes the 1nternal representa-} 
‘ tlon of lnteger, decxmal or byte values an& converts them |
“to thelr ASCII cheraﬂter format._ These values are then,
t3provtded to an operatlng system prlnt routlne fer tonsolektf‘}
”;output.w Constants and. strlng varlables are stored as ASCII
‘tstrlngs ln the NPS PASCAL lstermedlate code, hence, the cOdeiV@
.Generator w1ll onnerate code to send them character by cha:ac~ e
4ter to ‘the system print routlne o "
e Dlsk I/O 1s achleved through the same read and wrlce',f
; éstateﬁents utlllzed tor console I/O However.»to read data 'te
s'from a dlsk flle reculres tbat the ftle ldentlfler be spe01—‘
s flea as the flrs* parameter xn a read statement s llSt of

1<actual parameters., Tne flle ldentlfler has to be speczfled

‘;:ln the same locatxon fox dlsk wrlte statement; s. wellt<\Theg

r;f*le 1dentlflers used ln read/wrlte statemen must be de~'ﬂg i

f_‘clared ln a Varlable declaratlcn part of a g‘,gr’m,block

.?;or as a pzogram parameter ln the program declar iqﬁe(éalledv” :

.’ttﬁétje



aan external flle) f The flle 1dent1f1er has a speczfle BRT
l?entry assxgned by the compller., At program executlon, space;i;o
1w1ll have to be allocated on. the NPS—PASCAL stack for Flle ;llwl
,Control Block (FCB) 1nformatlon necessa*v to lnterface flle s
?operatlons Wlth the operatlng system Addltlonally,~space

;should be prov1ded for a. 128 byte I/O buffer for every declared

7.: VPS&PASCAL Pseudo Operators : :
4 The NPS PASCAL compller generates a varlety of pseudovri
loperators that were des;gned to permlt effectlve conversxon
ito 8080 code ln the NPS-PASCAL code generator., The de51gn,~ll,
’fhowever,,also lends ltself to the development of an lnter-ff'
_”preter. Reference l contalns an account of the current Code
1Generator S organlzatlon.‘ Wth the added ablllty of symbol
table access durlng che 8080 code generatlng phase, a revxsedQe‘
FOrganlzatlon lS suggested and outllned ln Flgure 25 hé‘
descrlptlon below of +-he pseudo operators lS based on - thls
rsuggested reorganx atlon of the NPS PASCAL code generator
The top ltem on the NPS—PASCAL stack, orjexecutlon‘a‘
vlstack. lS addressed by the var*able RA.‘; hlS variable‘is‘
“also known as ‘the stack 901nter. The next to—the-top ltemropA
'fthe stack 13 addressed by the varlable RB. Thevvalues con—
_etalned in the flrst twe bytes add*essed by RA and RB. arel
'Lreferenced by the varlables RA$VAL and RBSVAL.; Real and
';strlng values may be represented on the stack clther by
fstorlnn the actual value 1tself on the stack,» by uSLng‘an

‘]address that 1nd1cates the startlng pOSltlon of the actual
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vietorage area:c _ts ‘
v ..e; theral Data References : TR |
;ﬁ' e'_\f LITA- (theral Address).f Thls operator generateeli
'80&0 code to place the followan two byte integer Value on thett
;stéck ' : |
"f'“'  b. Allocatlon Operators"ﬂ f  | L
: - ALL; (Al1ocate) Th;s operator‘generates code
that lnltlallzes the number of bytes of storage requlred by
'the PRT.Y The sxze of the DRT ws contalned Ln the follow1ng 1} 
~ two. byte lnteger value.ﬁ" S \ "M 7 _” _> »y
| LBL° (Label). Thlb operator lS used on- the Code
fGenerator 5 flrst pass to calculate the address of the label,uf
’ln the code area and save it ln the 1abel table u51ng the
next two byte 1nteger number as the label table lndex.,

LDIB-' (Load Immedlate BCD) Thls operator gen;f
beerates code to place the fo‘low;ng elght oytes on the execu—&
"tlon stacx.k | | o | :“ ;: o
| LDII. (Load Immedlate Integer) ' ThlS operatoritl;t
’generates code to place the folchLng two byLes on the ‘
“executlon stack. ‘ -~ :
| LOD' (Load Byte) Thls opetator generafes code
to move RASVAL lnto the 8080 HL reglster.‘ The byte value
 etor d at the 10catxon prescrlbed by HL regl er palr lS then ;:
'!moved to the top of the stack preceded by a nlgh order zero
-byte.v,f 7( | ‘_ ' : : ; | lv : ‘v :
‘ LODB.} (Load BCD) . Thls operator generates code f'”

"fto WOV@ RA$VAL lnto the 8080 dL reglster. The reglster lS .tf




f:lncremented by elght, and the value stored at the locatlon b T e
‘fprescrlbed by the HL reglster palr,‘and the precedlng seven ,} -
:bytes, are moved cnto the stack 1n descendlng order.»' -
‘ ,,v LODI.‘ (Load Integer) . Thls operator generates'
S code to move RA$VAL lnto the 8080 HL reglster.~ The two byteseﬁﬁﬁ
_stores at the startlng locatlon prescrlbed by the HL reglsterfwff
'gpalr are then moved onto the executlon stack e
"tvfc} Arlthmetlc 0perator3«5‘ji51" Vv’ ’ |
:  ‘ CNVb (Convert BCD) ‘Thls operator generates.f"‘”
:8080 code to replace the BCD value of the top elght bytes in o
ithe stack by a. “two byte lnteger value g Converergnfofr;he,
vvnumber takes place 1n the work area..t.ﬂe e
: CVVI' (Canvert Integer) bThJs operator generatesi‘f
vcode to replace the two byte 1nteger value on -op of the stack G
'eby 1ts ezcht byte BCD value., ConverSLOn of the number takes -
jrplace 1n the work area., ’_v “ : | | | el i
. CNAr:, (Convert Integer Precedlng Addreas) ~fhie o
woperﬁtor cenerates code to move *he ton two bytes‘fron the
 top of the stack lnto a save area,'then to move*the’*ellowmnq'n
‘tlnteqer Lntc the work area. Code 1s Lnen ewnerated co ﬂonvert
='the ‘integer 1nto a BCD elght bytevrormat. The resurtlna BCD
f‘number is then returned to the stack folloxed by the twa bytes' :
efrom the | save area. {‘ e ' 4 |
% | ‘f CN2I.‘ tConvert Integer Precedlnq BCD).f Thle;ee°fv;
a&operator generates code to meve the two bytes from the top
tof the stack 1nto a save area, then move the follewmng BCD

'fnumber lnto the work area.f Code lS then generated to convert."




,ithe BCD~number tc an 1nteger number., The resultlng 1nte§er'fe7?
,hvalue 1s then returned to the stack followed by the two bytes f<
hfrom the save area.V."> ’ _k ‘ ' . o > i :
| ADDB._ (Add BCD) This operator‘generates code toih
hmove the two BCD values from the top of the stack 1nto the p‘*"r
:ework area where the sum of the two numbers 1s.calculated and
lreturned to the stack ln BCD format. o | ‘ 

L ADDI- (Add Integer) : Thls operater generates’j
~1code te move the two lnteger values on: the top ef the stack
,ito the 8080 reglsters where the sum- of the two numbers 1s
'calculated and returned to the ton of the stack ’ :

v S h{ SUBB. (Subtract BCD) Thls operator generates h;;f
'code to move the two BCD values from the top cf the stack ‘
: Lnto the worx area where ‘the rlrst BCD number is subtxacted |
‘afrom the second BCD numner The resultlng BCD value 1s~‘A
'reeurned to ‘the top of the stack : | ‘ | 4
S | ZSUBI. (Subtractxon Integer) éhie epereterkgen_fﬂﬂq
\eratee ¢geé'£55mdve the fmhf=n;cger values un";nh ththe étacx
teethehSOQC reglsters where the flrst Lnteger lg aubtracted
from the second The resultlnq Lnteger value is returned to
-the top of the stack A 2 >“ : S / _

: ‘?VYMULB. (Multlply BCD) f‘Thls operater generates
feode to move the two BCD values at the top of the stack “into
‘ethe work area where thelr prcduct is calculated._ The result—}i
Slng BCD number is returned to the top of thefctack.,,;’ :

o MULI. (Multlply Integer) Thls operetor gen—'i(

"erates code to move the two z.nteger values on top of the stackg,g_




f“to the worklng area where the preduct lS calculated.v The 7
ifresultxng lnteger number 1s returned to the top ef the stack
:ti.r‘ ffl”f' DIVB" (Dlvmde BCD) ' Thls operator generates
e7the 8%80 code to move two BCD values from the top of the stack“i
?'lnto the work area where the second BCD number ls d1v1ded by
};tbe flrst.n The quotlent ls returned to the top of the stack
'ﬁln BCD format.,, “ t ”- : ' e "‘ ’ =
MODX.» (Modulo) ThlS operator generates code to‘ff”
:vmove the two lnteger values at the top of the stack to the work
tarea where the seccnd lnteger ls lelded by the flrst.‘ The |
fremalnder of the quotlent is’ returned ‘to the tep of the stack
‘}ln lnteger format ‘ 7 | i A |
'DIVI i(D1v1de Integer) | Thls operator genvrates
~fcode to move the two lnteger values at the top cf the stack e
'to the ~work aree where the second 1nteger 1s lelded by the
klflrst, The - quotlent lS returned to the. top of the stack lnie
‘lnteger fermat. o ’ v\b‘ ; o L

‘ t '1 LSSB . (Less Than BCD) 'ThlS operator cnnerates ‘
’code to move the two eta values at the Lep of the stack te the =2
‘work area where ‘the. two numbers are compared, If the second 8
- BCD number is smaller than the flrst BLD number, a one lS «L
‘returned to the stack Otherw1se, a zero is returned

LSSI" (Less Than Integer) ThlS opesator qen—-t

;erates code to move the two 1nteger Values at the top of the
'fstack to the 8080 reglsters where the two numbers are compared;“

1f the seccn& 1nteger ls smaller than the flrstfl“teger,‘af

~one lS returned to the stack.5 Otherw1se a zero"g”



’ '\5LEQB. (Less Than or Equal BCD) Thls operater‘
fgenerates ccde to- meve the two BCD values at the top of the
;stack to the work area. where the two numbers are compared :If;it
;the secend BCD number is- smaller than, or equal to, the flrst,:Ve
 a one lS returned to the stack.w:Otherwleey*auze:e ;s'retu;ned_'
‘to tbe top of the stack '>>“  ‘: 3: ’“7 i “‘W ﬁ’ : if‘vx
e : LEQI. (Less Than or Equal Integer).\ Thzs operator  
;generates code to move the two lnteger values at the top ef )
;tbe stack to the 8080 reglsters where the two numbers are cofn—
fpared., If tre second Lnteqer removed from the stack is small- “
;er than, or equal to, the flrst lnteger,karone 1s returned to   ;
the top of the stack OtherWlse, a zero xs returned.L e
EQLB'=‘(Equal to BCD? f Thls operdtor generatesi‘v
‘code to move the twc BCD values on top of the stack to the |
;work area where the two numbevs are cemoared If the two
eBCD numbers are equal a one is returned to the stack.; Other—
b-’WILSe a zero lS returned. ‘ ' | | :

- *EQLI’J (Equal to Integer) ; Thls operator gen~
verates code to move the two lnteger values at the top of the |
‘stack to. the 8080 reglsters where the two numbers are comr‘{
upared If the two 1ntegers are equal a: one is returned to o
;the stack Otherw1se a zero s returned.k “ _’4-7 _ ,

"euNEQB._ (Not Equal to BCD) ThlS operater gen»?f‘&'%
fefeeee~60&e to move the two BCD values at the top of the stack :;

to the work area where the two numbers are compared.i

;numbers are not equal a’ one La returned to the»stack

?w1se a zero lS returned.'“'




"NEQI: (Not Equal to Integer) ThlS operator

 ﬂgenerates code to move the two rnteger values at the tcp of
l{the stack to the 8080 reglsters where the two numbers are.
*compared. If the numbers are not equal, a one 1s returned to

:}the top of the stack Otherwlse, a zero 1s returned

GEQB' (Greater Than or Equal BCD).3 ThlS operator .
Eﬂgenerates cade. t0' ove the two BCD values at the top of the A
f}stack to the work area where the two numbers are compared. Piff;u
;[the seCOnd number'ls greater than or equal to the flrst num—v'
”ber, a one lS returned to the stack.7 OtherWLSe, a zero lS
ffreturned.; 7 v‘ < .., e ‘\ |
| GEQI.‘ (Greater Than or Equal Integer) : Thisf
"egerator generates code to move the two lnte"er value at the

-‘top of - the stack to ‘the 8080 reglsters where the two numbers‘ftf:

= are compared.'vlf the second number removed from the stack is f‘°

‘fgreater than, or - equal to, the flrst, ‘a cne is returned to tne{7
k?“St?Ck'a Otnerw1se, a ‘zero 1s returnea¢f  e

| & | GRmB.e (Greater Than BtD)' :Thist0§eratdr gén;
l,erates coée,*o move the two BCD values at the top oF the stackﬁr
:Zute;tht werk area where the fwo numbers are. compared. If the
%zsecond BCD numbe; is qreater than the frrst BCD number, a one rf
érls returned to the stack Otherwrse a zero ‘is returned." 
: - GRTY' (Greater ‘Than Inteqer) Thrs operator gen“ n
ﬁierates ccde to move the two lnteger numbers at the top of the n\

4testack to. the 8080 reglsters where thev are compared., If the

ifsecond number 1s greater than the flrst, a one lS returned to

’gﬂthe stack OtherWLSe, a zero. rs returned

o



NEGB~ (Negate BCD) Thls cp *rator generates
- code to ‘move RA$VAL to the 8080 reglsters where lt compllmentsf‘
lgge 51fn bit of the low order byte. ‘RA$VA; 1s;then:replaced"~-

on the

[

i
,'i-, %
,code to move RA$VAL from the stack to the 8080 reglsters,tcom- al

top of the stack

NEGI. .(Negate Integer) Thls operator generates

pllments the srgn blt, and returns RA$VAL to the top of the. ‘t:  
n  COMB ; (Complement BCD) : Thls operator generates il»
tcode to move the elght bvte BCD value from the top of the execu-
itlon stack 1nto the work area, flnds the;nlne s compllmen+ of g
ithe number and returns the compllment to*the top of the stack::
g ~ COMI~' (Complement Integer) : Thls operator gen—1
“erates ﬂode to move RASVAL lnto the 8080‘reozsters, flnds zts o
two sroompllment,.and returns thl; valueito the top of the |
;staCK," ‘ | - ’
a. Boolean Operators
e NOT.. (Boolean Not) ' ThlS operator generates code‘e;
tto move. RA$VAL Lnto 8080 reglsters and chetks the low order
'bitt If the blt is zero, & two byte value of one 1s»weturred o
to the stack v L“ the blt ls one, a two byte value of zero ls«H
'returned v 4 " |
o AND-¥ (Boolean And) ‘ Thls operator generates codef
‘to move RA$VAL and RB$VAL lnto 8080 reglsters for a loglcal |
1AND comparlson of thelr low order mats. If the relatxon ls
ftrue, a two byte value of one ls returned to the top of the
nstack. If the: relatlon 15 falee, a two byte value of zero 1s

freturned




i ‘ BOR (Boclean Or) Thls operator generates code~
tto move RA$VAL and RB’VAL into 8080 reglsters for a loglcalt‘
V;OR comparlson of themr low order bits. If the relatlon ls
~true, a two b)te value of one is returned to the stack If
i;the relatlon lS not true, a twn byte value of zero Ls re-:
ftturned to the stack. | | | k
", e57 Strlng Oéerators ‘ e

- LSDI'~ (Load St?lng Immedlate) ‘ ThlS operator i
 generates code to move a varlable number of bytes, dependlng
:7on the value 1n the follow1ng byte of the lntermedlate code,
to the top of memory., The address locatlon of the strlng
f‘storage area 1s sent ‘to the. top of the ezecutlon stack
EQLS. (nqual Str ng) Thls operator genera*es

*code to move RA$VAL and RB$VAL lnto 8080 reglsters and con— k

'“ducts a byte by byte c0mparlson of the strangs located at the -

taddresses stored in‘the 8080 reglsters.v 1f the strlngs are
:,equal, a one is returned to the scack. Otherﬁisela'eero isitn'
,ietutned; ; | | o 4 : |
S NEQS?‘ (Not Equal Strlng) This operator takes
"tbe same actlons as: the EQLS opezator except that a one is -
'returned to the top o: the stack when the str lngs;a;e\notwkc
equal ; Otherwzse, a zero s returned.f » . | ‘
| LEQS"'(Less Than or Equal Strlng). ThlS opera—'
: tor behaves the same as EQLS eycept that a one may also be
: returned to. the top of the stacx of the second strlng 15 leSS"
~3than the flrst strlng 1n regards to the lex;cegraohlc order- :

.lng of the character set.5~if

ki’f79



| GEQs.? (Greater Than or Equal Strlng) ? Thls‘;:

i‘operator behaves the Same as the LEQS operatcr, except a one o
’;lS returned when the second strlng lS greater than, or equal
.hte} the flrst.~- ‘ ‘ t“ | | R | .

| LSSS' (Less Than Strlng)., Thls operatcr behaves:

‘tthe same as the LEQS operator,;except a one ls returned to the

,stack only when the secondtstrlng ls 1ess than the flrst str*ng.

“f GRTS'“ (Greater Than Strlng) Thls operater ls the

“epneeite;ef LSSS.\ A one lS returned to the top of the stack,~*‘
toniyeifethersecond strlng 1s greater than the flrst. _cherrib.e
fﬁ;éé}fefcne is returned.,f | | '
G tf;"Stack Operators‘ ’h o
: : f;XtHG- (Exchango). 'This'operatot ekChanéesfthéh
values of RA$VAL ard RB$VAL..‘ B PR
INCfe (Increment) ' Thls operatot generates code'
.tenineremén[‘the4value of RA$VAL by one.“v | : v
i ’ | bEC' (Decrement) ThLS cperator generate ‘1ede\-
_toféeetement the value of RA‘VAL by one. vb_‘ ’ |
| : *DEL- (Felete) This operator deletes the top
two bytes from th\ stack RA ls set to the p051t101 of KRB ;'7
.and RB 15 reposxtloned to the ltem below ltS current pos:ttcnevf'
,on the stack g ‘. o o
'Qg;} Store Operatorsvh - ; S _ |
5 STOB~* (Store BCD) Thls opevator qenerates codelf'

to move RA$VAL Jnto the 8080 HL regtster, and then moves the

next elght bytes ﬁrom the executlon stack lnto memory start-'°u”

;lng at the address SPECLELEQ ln the HL reglster ieThe value



kfbof the BCD number is pieuexved on the stack by lncrementlng
the stack pOLnter by elght.: _ | : L g
'gfii15 o STOI. (Store Integer) | Thls operator generates o
~oocode to. move RASVAL lnto the HL reqlster and then moves the . 
"Lvalu; ot RBSVAL 1nto memory startlnq at the locatlon speczfled
;;by the HL reglster. The value of the lntege“ number is preu-il
‘Hserved on the stack by anrementlng the stack po;ntar by two. f
‘ | k STo-f (Store Byte)., Thxs opexator dupllcateq the
'.actlons descrlbed by the sTOI operator. e E e
| : STDB.‘,(Qtore Debtruc“ BCD) Thls operator gan~.fg
x;érétés ;*de to move RASVAL lnto the 8880 Hu reglster, then ”
‘1mC4‘s the next elght bytes from *he stacx to memory ar the gﬁ‘
!,address lndlcated -by ‘the HL v'ec,lu-cr.,‘ ‘ |
k k STDI~. (Store Destzact Integer) Tﬁ;s cperdoor
rJgenerates code to move RAser lhtO the 8080 HL reglsLer, avd
,Lhen moves RBSVAL ‘r*o wemory start tg at thal_ddress lnd;caﬁfi
';ted oy the Vd Leglster.:- ‘ o ‘
‘f~S£D-“(N are'DéStructoBYte); \“b*sooiératofegg;}M'
{oetaté9?<?‘ to move RA$V;L into the 8080 H“ rao¢ht ; o{GH‘P'éf

. moves . he ne- t b]te flom the stacx to mewo y Qhartlﬁﬂ at tho' 

';address lndlcated by the HL regls*e i mhe Cgﬂ_

7Palnter is.
i”decremented by one (fo Dyp?S' h’gh @“de”vééi‘ ‘ t“e ‘
 ;staok). = a‘ ) s -
'ﬂ;h;‘ Ar:ay Operators

: SUB.i‘\Ca;cula.e Ofiset to a Specxfzh Array

:EléMenF} Thls operatox generates ”ode to move RA$VAL lnto

; the 8080 HL reg1ster.: The followxng byte of 1nformatlon tellsf




Fhew many 1nd1c1es must be removed from the top of the stack and
ibe used‘wmth the dlsplaeement vectot xnformatlon stored at
;the location lndlcated by the HL reglster. The resultant
tho byte PRT address is placed at the top of the executlon i“‘xﬁ
”stack ftf*” "“" ,‘ | S gt | |

H Set Operators ' Sk :

o UNION., (Set Unlon) mh;s opetator generates code:ig
Tto move RA$VAL to the 8080 HL reglster apd copy the values iy
’contalned at the locatlon specmfled by the dL reglster at thekf*~
”top of nemory-~ It generates code to do the same w1th the jfa'“:
ovalue stored 1n RB$VAL. These two sets are,then merged lnto LF'
oone at the top of memory, and thel” dhdf&SS»lS returned to ff
?the top of the executlon stack | \ 4 .

iv" 7 STDIF-~ (Set leferencel ‘ Thxs oberator cenetatesb :
the same code as the UNION operator fcr the values stored in
‘RA$VAL =nd RBSVAL The two sets are moratd lnto one elscarcw '

'1ng any set e;ement that appears‘*n Noth sets.'iThe addre55»5
of the *esultwls~:eturned‘to the tep f the stack.- “

’ IﬁSEC~‘ (Set Intersect-ew Tﬁ‘s operator gen~"
etates the same code as. STDIF except “he elements that do. not
’epéeer in both sets are dlsca:ded | " ‘

' EQSET., (Set Equallty)‘,vmhls operator generates
_code to compare the two sets stored at the aadresses spec1f1edif”
iby RAstL and RB$VAL.e If they are eoual, a one 1s returned ftff
:to the stack, othetw1se a zero ls returwed A E

‘"mf}' NEQST'e (Set Non—equalltv) » Tﬁis operator gen-" =

erates the same code as the EQSET operator,ibut returns a




fone to the stack lf the two sets are not equal.;jotherw5se;

‘;a zero lS returned to the top of the stack.;ﬂr

o 3 INCLl~' (Set Incluslon) - ThlS cperator generates
ot ‘ K
vcoqe to compare the two sets stored at the addresses spec1f1ed
_ [

by{RASVAL and RBSVAL ' If the set stored at RASVAL 1s rncluded

~injone at RB$VAL, then a one is returned to the top of the..*‘”

Y;stack.v Otherwlse a zero 1s returned mohiee ‘ }
‘_,  .r | : INCLZ. (Set Inclu510n) ThlsAoperator generatesff'
. the same code as INCLl except the set stored at RnSVAL must
ibe 1ncltded ln RA$VAL to return a one to the top of the stackrﬁf
jOtherwrse,'a 7ero lS returned to the top of the executlon
estack.‘v" o , : . ; , ;
5;ﬁ Flle Operators i.?  > |
= XTRNAL-‘ (External Flle) Not 1nplementtd
k. Procedure and Functlon Operators A
| PPO* (Stbroutlne Call) Thls operator generates
‘code to save the present address lOQded in the 8080 proqram "&g
‘counter (PC) reglster, and loads the PC - realster wlth the:fi.
'address stored ln the'rabel table and accessed bv u51ng the j;’
next two bytes of the lntermedlate code. ; /
| - r;" 'RTN ‘(Return From Sueroutrne) : Thls operator
 generates code to Letrreve the addrecs stored by the pre- ‘
;v10usly executed PRO operator, and loads the value ln the Prt':‘
freglster to contlnue procram erecutlon at the poxnt of call f:*'

,to the subroutlne.

SAVP-’ (Save Parameters) ThlS operator gen-

”erates code te save« he present procedure control block ‘1fjj;7

g3 e



'fnecessary, at the top of memory in a Save Block e The serxes f;

rof bytes 1mmed1atelv follow1ng 1n the 1ntermed1ate code are
'utlllzed to store the prooedure parameters on the top of the‘j
('executlon stack rnto the approprlate formal parameter PRT
:locatlons.t' . ' v ‘ o "”
| UNSP" (Unsave Parameters) f Thls ooerator gen-t‘;t
terates code to copy a SB from.the top of memory back lnto the.i
fPCB,_lf requlred The area of memory used by the SB 13 then
'rreed.,ftl L’, S . | . | : :
» PARM- (Parameter)b ThlS operator’loads the valuef
stored at the follow1ng two byte address ln the lnte*medlate
.code on the top of the executlon stack » U“ : » ‘:‘
: PARFV (Varlable Parameter) s Thzs operator o
oads ‘the followlng two byte address “in tne 1ntermedlate code 2
‘on the Lop of the executlon stack g
| PARMX "(nxpre531on Paramete*) 4imhls ooerator’
1nd1cates that the value on. the top of Lhe stack lS a- pala;,gie
“eter for a. subroutlne : ‘ ’ | e E 5
o ABS' (Bullt ln Fupctlon ? Abs te Value;.t’Thls .
'operator lS generated by a cai} to bullt-ln functlon ABS
ﬁmhls operator takes RASVAL and sets the srgn blt to p051t1ve.
= SQR.1 (Bullt 1n Funo 1on - Square) Thls operator,
1mo§es the‘value at the top of the stacs lnto the work area, »

squares 1t, and returns the value to tne top of the stack

“1LS; (Bullt in Fantlon et SINE).;,Thls operatortg

'moves the value at the top of the stack lntOTthe work area,'f"ﬂ

computes the 51n, and retarns the result to the top of the ﬂtkp




:mstack 1n BCD format

| cos.; (Bullt in. Functlon - COSINE) _This operator;
i‘moves the value et the top of the stack lnto the work area, '
computes the c051n, and returns the result to the top of the
‘ stack ln BCD format.;,]V' e o -

ARCTV'» (Bullt ln Functlon = ARCTAN) ThlS op—f’“‘

;'erator moves the value at the top of the stacklxnto the work
—:area, takes the arc-tangent of lt, and returns tht result
.e“o the top of the stack 1n BCD format ’ | | |
f EYP-* (Bullt 1n Punctlon - Exponentmal).“ Thls
vjoperator moves the top value of Lhe stack lnto the work area,ai.
fra;ses the value of tne base of natural logarlthms to thls‘; 5
;value,.and rettrns the result ln BCD format to the top of |
’the stack | e L e  ’
| i tLNE. (Bullt in Functlon - LW) ThlS operator
moves the value at the top of the stacx lnto the work area,f
:ftakes 1ts natural logarlthm, and returns the resuit ln BCD fyff
format to the t0p of the‘atack | e _ ' ‘ »
k SQPT- (Bullt in Functlon - Square Root) Th137 ;"
operator moves the value on the top of the stack lnto the f',
work area,. comnutes the pOSlth€ squefe Y'oot of the wal“e, and 
‘:returns the result xn BCD format to the top of the Stde
| B ODD.. EButh in Funct;on - Odd) i Thls operator:tfl
:moves RASVAL 1nto an. 808@ reglster and checke the low order E

;blt. If lt 1s set.to one,»then a one lS ret“’

ed to the top

;of the etack otherwxse, a zero lS returned




EOLn-~ (Bullt in Functlon - END OFJLINE).4 Thls

:cperetor moves RA$VAL to the 8080 HL reglster.e If the value
 stored at- the locatlon specmfled by the HL regis*er 1ndlcates
»van[end of lxne, a one is returned to the stack othe;wxseve:

'7zefo 1s returned

_ E0?~f (Bullt ln Funct;on - End of-f  Thl$f ?
foperator moves RA$VAL lnto the 8080 HL reglster and checks |
fto see lf the value stored at that locatlon lndlcates an end
eof feee.v If the ena of flle lS 1ndlcatea, a. one ls returned
!to the stack otherw1se a. zero ls returned.‘ o
o ,' TRUVC. (Bullt ln Funﬂtlon_~ Trunc}yh ths opera«
tor moves the BCD value from the tog of the stack to the;work
garea, truncates the decwmal poznt and all numbers to'theiv ‘
‘rlght of lt, and returns the ?emalnlng Lnteger value gokiﬁéf
top of the stack : . : . ‘ ‘ '
| ' : ROUND°‘ (Bullt 1n Functlon - Round) ‘r“hls opera-i
tor moves the BCD va)ue on tbe top of the r'tack to tn0 work
*area, rounds lt to the nearest lnteger, and returns the lnfemi
ger result to the top or *he stack .v’ , «»- >‘ 
ORD" (Buil% 1n Funetlcn -:Ord) fhie §pé#§£orf’i
‘rémeeés - ;VAL from “he teo of the stack converts it to an_/
inc eger aalue and returns lt to the stack i ‘\. '
| CHR'i (Bu;lt in Functlon - CHR) 7 Thls operater

moves the 1ntegex value ln RASVAL to the work area, deter—

m;nes the correspandlng cha*acter value, and ret nsﬂthe,yelde

to the top of the stack




This

‘ SUCC-Q (Rullt 1n Funct;on;« Successcﬁ);;

;operétor moves the value of RA$VAL tofthe work area; deter~”  J’
»;mlnes the successor value of the sam@itype,’and returns thls
;result to the top of the stack. : ' _ A

| PRED.: (Buzlt ln Functlon ; Predecessor); Thls
:(opefator mQVes the value of RA$VAL to the work area, deter~ 7;
fmlnes the precedlnq value of the same type, and returns thls -

‘result to the top of the stack.

~;~li"

“[f PUT.‘ (Bullt in Procedure4 PUT) . 3“Nb£vihpiémehtéa;

: GET“'{BUIIt 1p_Prpcedgre:‘ CET) Not Lmnlemented‘w
RESET"' ’f:('Bﬁil_t'f"in‘ procedure - RESET) Not
'implemented vi”v f ' e | ¥ e l4' 
i REWRT.' ~'.{Igvuvil_;,liinyk"Pr:oc'e_d_lirév'%ffRe'w:zf"?J'i.j;:é.}‘.t Not
 1mPlementpd.," o | ‘ f‘ i e
L SEEK~ M(Builﬁ";n:pﬁoéédﬁfezé‘Séekr{fimqt’ 
Tlmplemented,.e'n o . e "; ”"' ‘j
PAGE.f ‘(‘Bui\lftf in Procedure -PAGE) NQt .
lliplemented | i ’ | _ ’v 4‘ ‘ 1 v
' v VEW., (Bullt in. Procedure - VEW) : Not lmplemented i
DISPZ' (Bullt in Procedure - D?“POSE) Not |
-lmpxemented. ‘ soy
’ B  1;; P qrém Control Operators

’ pNJP- ,(End of rrogram) ThlS operator causes‘fff

}theaw Code Generato* LD close thefgntermealat :flie an& the

-object flle termlnatlng compllatlon.»-fT'm

:  BRL.’ (Branch;ta,Label) Thls operator caluulates ﬂ

3the label address sn the iabelftable'u31ng tne’n;xt two bytes ;L

g o



iof lntermedlate code as the enterlng arguﬁent.o The code >’ :>‘”
fcount stored at the label table address 1s added to. the addresski
iof the start of the code area.‘ ThlS value ls lnserted to the ff
VPC reglster and program control contlnues at that locatlon._feaef
: c{f BCL.e (Branch Condltlonal Label) Thls operator 3
fcalculates the branchlng address ln the same manner as the"v
~BRL operator.v However, thls operator moves RA$VAL.1nto ‘an.

n8080 stack and checks the low order blt.“ If a one ls found

fthe branch &S executed : If the low order blt 1s zero;:fe
fprogram contlnues w1thout branchlng.ri 4U
| | ‘ '  KASE-’ (Branch to Case) ThlS operator compares
‘the next two bytes of lntermedlate code to the value of RA$VAL,o
’If they are equal then a branch is executed u51ng the follow-i ff
'1ng two bytes of 1ntermed*ate code as the argument ror the >
'label table.’ If the value does not equal RA$VAL then program ,“r
;executlon contlnues w1thout branchlng, (Note'e "CASE" is;- L
ano* used here,ylt 1s a. reserved word 15 PL/M wh;:h would
’cause confllcts ln the compller 'source proaram )

: ‘m; Input-Output Ooerators ; : .

RDBV .f(Read Varlable BCD) Thls operator gen—e;”
erates code to reaﬁ a BCD number from ohe lnput flae,‘change
lt 1nto ltS acceptable storage form,.and store the elght byte
1nternal LOrWlat the locatron specrfled on the tOp or the B

:executlon stack

»RDVI- (Read Varlable Integer) Thxs operator
:generates code to rEQd an lqteger number from the rnput flle, e

, hange 1t lnto lts acceptable storage form,,and"tore the two

”1i$8 f



{byte number at the locatlon spe01f1ed on th“ top of the

;stack

*j-, -'TRD (Read Varlable Byte) t Thls operator genef
,{ . s .
-erades code to read a byte varlable from the 1nput flle,v?‘

ochaﬁge it 1nto lts accentable storage form, (d store 1t atfll

»thellocatlon specmfled on the top of the stackﬁ

RDVS" (Read Varlable Strlng).,oTth.operator

:generates code to read a. strlng varlable fr:m,the 1nput flle,"

»and store lt at the locatlon ln memory spec ged by the top

itwo bytes on the stack i : e ;

e _' WR'I‘B. (Wr;.te BCD) ThJ.s operator generates code';
;to move the elght byte BCD number at the tog of the otack ln-f
ito the work area, chanqes the number into Lts prlntable form,if
‘and sends the number to the output flle._~

v S WR&I (erte Integer) Thls operator‘generates
'code to move an rnteger number from the ton of the stack 1nto'f
‘the work area, changes 1t into 1ts prlntable format,»and sends
ithe number to the output flle.,t"i »

WRT-' (erte Byte) This ogeretor oenerates code.
to move the two byte value rom t‘u,top or the stack lnto thef:
rcode area,iohanges lt lrto lLS prrntable format, and sends lt;
'to the output rlle.;7' : | - |

WRTS (erte Strlng) ‘ ThlS operator generates

'code to move the strlng, stored at the addres speolfled 1n‘ﬂ?7
;RA$VAL to the output fLTe.vf | AT | .
” e DUMf’f (Starts New Output Llne) 1s‘operator C],
féeneratee code to send a carrlage return and:l 'egfeed to the77

joutput flle.-ﬁ
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The NPS PASCAL prcject 1s a step closer to the full lmple-

rmentatlon of STANDARD PASCAL for Intel 8080 based mlcrocomputers.,

the NPS-'

;Wlth the ma,or exceptlons of PASCAL sets and flles,“
;PASCAL compller portlon 1s complete.,;fif S .
' The assocxated development of a eomplete 8080 code qenera-fsee
ft@r or lnterpreter 1s requared to ccmplete 1ntegrated program
'ftestlng and tlmlnq &ests.’ ThlS w1ll determlne program correct—:7 
-ness and checks the eﬁ 1c1ency of NPS—PASCAL., Only then can
ﬁflrm concluSLOns be drawn on the usefulness of the complete -

fsystem.fT .




Iv. QRE'COMMENDATIO&S L

Although NPS PASCAL was de31gned to meet .he crlterla of i:
,;STANDARD PASCAL, there are a number of extenSLOns that could o
}ea51ly be made to the language to 1ncrease ltS usefulness.{tf_
'fThese lnclude complete 1mplementatlon of external functlons

fand procedures, strlng concatenat1o1 features, and addltlonal_f

ﬁstandard functlens and procedures., o :
: The gremnar for VPS-PASCAL preseutly supports vxternal
'fsubroutlnes.l However, the means of acce551ng the ccmplled |
ﬁcode have not been de51gned.eiblmllarly, the ablllty to oper«
?ate on- strlnqs already ex15ts in the grammar of. NPS PASCAL,
ibut the aSSOClated mneumonicu and comollatlon ptocedurcs are .
fnot developed._ﬁ : |

| - Prior to languaqe exten 1on eoeterns, hoWevet}.eomes the
ilmplementatlon of the Code Generatar.: Wlth t e adned ablllty:f
;of symbol table accees, run—tlme debugglng shculd be ea51er

tto lmplement.e

i
b
i
I
i
!
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wc
71§°t,

IT

 IA

e
oot tableis invalid - probably due- to a prlor error.

AT

DT

g-PN'u

:Ls -

7~IP o

7ISja;J

IR

~ APPENDIX A - COMPILER ERROR MESSAGES

:Incorrect chavacter &

Exponent 512e error

Integer=51ze<error-

,*Improper parameter~f
;;match the formal parameter type.

i»Invalld subrange erro
jclared subrange.

_;Invalld type error
'"analld.' : ,

: ,Invatld array lndex :
’ INTEGER ‘or PEAL. types are 1nvalid

Disk'errdr‘ffReCOmpilé. 

See User Manual.

_”tSymbel table overflow s Reduce number_of!declaratlons.l”

See User Manual Q"“

See User Wanual

The actual parameter’type does not

r

Check type ané llmlts of de~-

Array component type spec1flcatlont_

Array lndex types mus‘ b*fscalar gt

Invalld set element ¢ Set elements muct be scalar.;'V

Invalld constant varlabler: Constant entry in. symbol

V‘ASSLgnment type error
: patlble w1tn ass1gnment Jarlable type.‘f,;;'"*

'Invalld read varlablej
‘values can be read.'

.
.

Type of expressxcn not’Com§“; 

only INTEGER,_Rﬁaﬁ}ﬁtr'sTRINg;jf,

‘,; Dupllcate type name 3 Tvpe 1dent1»1ers must be unlque.

“’Incorrect number of parameters : The total number of

- formal parameters., .

}TI_;fRRj

Invalld type 1dent1f1

"3ly declared.tvqr

AAQ‘Array nest overflow

,'Dupllcate LOnSt&Ht name
xbe unlque._;jx, Y :

er

Slmpll y declarai on.

-
.

%figjli _:i'

-actual parameters famls to equal the tetal number of

t,Label syntax error All labels must be 1nte‘étf;f

Constant 1dent1fners must

’Array dlmenSLQn stack overflow : slmpl garfayg&e¢; S
“larat;an.p, - o e T ISR T




W Varlant stack overflow :fReduce*the hﬁmbet“of’vériént”’i
RN lRecord field stack overflow Reduce thetnumberaof‘Hna'”
o efmelds spec1f1ed.,~ L et ,e el

VN f'-Varlable declaratlon stack overflow Reduce the
R number af varlables declared per llne..‘ .

VVCE S nvalld expressmon The varlable types thhln the \.'
- : ~vexpre5510n are not compatzble.;ffe3,_‘,, :

"UL"'U ;Undeflned label error : Label not declared ln label
L ]‘statement.f ; SRNEEES S B :

NE Incorrect actual aarameter 2 The actual parameter;\
. must be a. varlabLe and nct an expreSSLOn. G

5 UO“‘e‘,Invalld unary operator & Varlable type must be'
. ~“'}INTEGER,»REAL,‘or subrange of INTEGER.,‘

'ZEi S Invalld expresslon type :. The tYPes of varlables used,f'*
T ‘ﬂln an express;on are lncompatlble. : : :

up ;_’Undeclared procedure': Procedure ldentlfler not pre—' ~'
' viocusly” declared , : S , :

g'PE4‘ :~?Parameter error ii”hlc pa-cmeter fcrmat can Gnly be
- used in a write statement.w : : :

e

WP ‘f«e'WRITE$STMT_parameter error“ 'The~lehg£h‘parameteriﬁaS‘”f
~ to be of type INTEGER. SO S FER
RT 'WRITESSTMT parameter erforcf~Thejparameter;hesfto be'f"

: of type REAL. EREERER » : R

VCVj,;,,eIncorrect control Varlable : The control varzable hce
' et ot been declared or is of type REAL ’
‘fSOﬂ*’i, State stack cverflow : Smellfy program.‘i  ;; gj;'

Voo Varlable stack overflow*; Reduce the length of Varlable
: i vprlntnames.,;;;a S ,

V;NP;,*$AjNo,product;on.; Syntax]error_infsource line.u‘Q

ey



. APPENDIX B - NPS-PASCAL OPERATORS =

 A. ARITHMETIC OPERATORS

'fopefatérfjﬁoperaiion; “}f.';J Type of dbefdhdsfa'gyﬁeidffre5nl£;:

_+ © addition  integer or real  integer or recl
- subtraction  integer or real  integer or real

"f :  :; mﬁlﬁiéii¢aﬁioﬁ~?   £§£§§€£vofarégi‘: finﬁéjéf ¢?f;§£i(
~/  division  integer or real  real

~ DIV . division with integer = integer
. truncation TR R R et e T

'MOD  modulo '4‘ ,  ‘~integerf e  integer

- Unary

g Opé;ator'¢\opération’,f“v' i 'Type_qffqperandgi Tyge of,re$u&t"’
-f:f o idehtiﬁYig R L‘integer or\:eé;ff'finﬁégér’cr“#éél'
R f'3ighﬂihvérSidn,‘f‘_integer or real ’v[in§99ér'br'fealf

B. BOOLEAN OPERATORS

" Operator :ﬂOpé#atiod‘.;”'f  €ypéhof operands - gywejofiresulé :
OR[,_: 31b§ica1'"o:f. o _Boqléaﬁ ﬂ; e "Booleén}if
”gANﬁﬂh  logical "ahd“-f _v Bodleén’  ,T" ”'iquoléanvfig‘

‘”NQT‘f _fl&qiéal'négéﬁiOﬁ[4fébéléan~"fffﬁ  fﬁf1Bboléaﬁ'”’




SET OPERATORs.jJ.

_.973 at _ 0peratlon..i[v > ngype of operands ‘,iype of”reéﬁit
' { + sét,unicﬂ :;jl” 9fﬁany set type T ii; T . ‘
i

,'set dlfference ‘ any sethtypé T ‘T-gif '

v gset 1ntersectlon ',any set_tygeg?{, '?Tv{3 }'

; D._RELATIOmAL OPERATORS

,nEerator f‘.f:~.7[ -;yoe of operards f’jf:fff’TYéefaf*réSﬁitﬁ'~

o ,7 '5 '>' §‘anY set, simple 3oolean
I : m_po;nter or(Ztrlng type e LT

< any set, simple ﬂ7~“.Lf_aoolean
' S 7”~‘jp01nter or. strlng type_f:Ml; Ll

Y - se 0 any 31mple or s*rlng type Evgledﬁ?
> : vi"‘f gfrany s;mple or strlng t"pL Bobléan'

k= ': ~Q-any set,'31mple or ﬂg.i‘ Boolean
ST ' ‘strlng type : ST R
> = E “ : : vany set ' slm’ple O"’v' Boolean .
g R strlnc type ; v‘- S T
IR ' '71eft dperand : =AY or-  Boolean
“rlgbt CDcrand SET OF T SR

wher~ sihple,tYpe =~fVbeER REAL cr scalar 'yfeﬁu._.'




-

"_APPENﬁixfc_—fNPSAPASCAL STANDARD TABLES

7}Tab1e of standard 1dent1flers

.'{Constants-!*"‘

false, ‘true

'¥Types.a

1nteger, Boolean,;real char;jtext;

”ﬁ,Program parameters-:’

:ﬁfilnput, output

,Func thnS :

‘,  abs, arctan, chr, cos,‘eOf eoln, exp, 1n}ﬁédd;fbrd{i

pred, round, 51n,_sqr, sdrt,‘Spcc, trunc

V_Procedures.,y :

get, new,’page,‘put,‘read,ireadln, reset, rewrlte,;

- .seek, Write}'writeln o

Directives: |

. forward, external

i

v‘Tablé,pf reserved WOde‘

and . array “begin . case

const . div -~ do.. . - aswnto

for S . function *tqoto_f~f’ﬁ «:leif”
dn . label . mo@ 0 onii |
f_nogf e ‘; Qf[ ,f_ :.-:f :br_ >Q’5:fo~; packed

procedure - program “ record . repeat

lf 3étA ,357f ffs,jthen~*irf i‘ fif,td;“f = fj*"tY?é; ,
Cuntil o var  while  with

, 96;}2-,\~'v : i



'-'eAppENDIXfD-47NP3-9ASCAL LANQUAGEfsrRUCTUmEig*

’Thls aépendlx descrlbes the language 1n BNF notatlon followed

by the teméntic actlons assaelated thh the 1ndivxdua‘iproductions
The descrlptlon offset w1th asterlsks,.ls gzven 1n terms of the
compller data structures and the lntermedlate code generated._ Num~;
bered productlons w1thout a productlon result 1nd1ca~e empty pro—*
‘ductxons : Items enclosed in brackets and separated by slants are
alternatlve semantic actlons N/A 1nd1cates no actlon is taken
Thls notatlon 1s based on that used 1n Reference 9 and Reference

10,

1 j<program> = <program heading) <block>¢.v
S *»-~<program heading) <block> § :
<% ALL 5 {number or bytes allocated for variablec}
" ¥ "ESDP‘ {end of file 1§dicator} ‘ , o

e R ‘ A <procedure heading) <block> .

% ,<procedure heading> <block>" : el
o ALL ; {oumber of bytes allocated for variables;

Af;#;«}E&DR - {end of file 1ndicator}

'ﬂ'~31‘.evk b _¥ \function heading) <hlock>

i <pxocedure head1ng) 7 <blocky: e

% #LL i {number of bytes allﬂcatad for variables}‘ﬁ.»'
o WyﬁNDP {end of file 1nd1cator}*‘*'v o :

e g gj <pragram heaﬁing) e:: 'PROGRAM <program ident) (fﬂf~”' '
CEol S <xfile 1dent> ) S




‘40 Ll

L
i 75 I

”a<f11e 1dent> :: <1dentifier>
‘{identifier)y :

- f{enter file 1dentifier in symbol table}

T<1abe1 string) ; <1abel> L
\{ﬂnte* label in symbol table}

‘<}.ahel> Caa=
<numbver> - fcheck number tipe}

i'<§fogramf;¢entif1er> : <xfile identifierl k}«ﬁ“

<xfile ideat> ::=  (file ident)
: <file,ident1fier> :

<xfile 1dent> <f11e 1dent>

;f}<xf11e identifier) <rile iuentifier)

ff<prog ident).f s= ’<ident1fier>
«fN/A S \

v~<block> _::=, <ldb> <cﬁu> <tdp> <vdp> <b&fdp> <stntn> o

~Klabel declaration partd> e

. <constant definition part)

~K{type definition partd>

- {variable declaration part) D
{procedure and functlon declaration part)

. Kstatement aart; S

 "<iip>'u::=‘-
'<empty>

LABEu <label strxng)
<1ahel str1ng>

<label strlng> ti= <laveld
'<1abel> {Dntpr labd el in slmbol fable}

<1abel st*zug v <1abe1>

<number> R v_f{ ;>§,j;. e

ieedpsi e
 <empiy>

CONST <const def>

{j<constant defin1z10n>

‘f<c0nst def) '-?;; <ident const def>
¥a<identifier constant definition>

<const def> <ldent cOnsz def>

' <constant defini fon> 5. 2t
gxldentxfxer ‘constant definitlon, gqj i
_ <ident const ief) Lre= <ident const) -r<cdﬁ§iédﬂ>‘;20
:Vq<identifler canstaut) <cgnstant>_dfg'-~“é-“-?“*iJ




G N e
BF. RS XO RO X KO

Bt A LV

{assign s16 VTY

B R

: é(ident ccnst)l 11=
f;<1dent1fier> ~ {en

j'<canstant> H::=j -
’ff<n“mber> {assion constant attrzbutes}

e (st
};(s;gn) <number> = %

;5f<constant identif

:*<constant idnnt>f

<1dentif1er>
(Sign)

:3: ‘:;4- L
“{a_sign SIGNTYPE

t’fJ o

‘; <t¢p>.'::;'
 v<empty>_

' TYPE

fgl<'ype deflnltion

1.<ty9e def string>
‘<typﬂ 1devthier>

'><tyve ids> ':‘
' <1de"tifier> fenter type}

<numher>

<constant 1dent> 3  : : :
{assign constant attributes}

1er>

o ' o <s1gn> <constant 1dent>
, -<sign\ H <constant identifler>
,k,!q551gn constant attributes}

IR <strinz> 2
'<string> {assign constant attrlbutes}

"{enter constant value in symbo“tahle}
Kidentifier> *
tPr constant entry in symbol table}

n) <number> y ' ‘
assign constant attrihutes}

;:f=  <identifier>

value}

lvglue}f

<t§pe de

s =
<3

1L<tjpe definition stribg)

,(tyve 1d> H (type 1ds>
<Ktype ideatifiers
”{aTtew type entry}

,szfrng>jii'”
str1nz> e ,

% <t1pe id)

<tyoe def

<type ta>
(tjDG) ]

> fty?°> S :

<ident*f1er>

j<~yne; Cere <sinnle tyne)
“1j<simp1e tjpe>

..~-v S <structure¢ t¥n°>
;q;<5tructured type> ke |

string> j <type 1d>



[¥)]
#3

# ##S  #o—n&

#* %A

o
[

nw

”f<pointer typv&

e

, <type identxfier strlng)

#*

»<structLAed type)  :
<'<unpac&@d structured

<set type>

n‘<f£1é‘typé>ﬁ

k*f<index tyﬂe strlnz"’ <component tyve> T '
{enter array type, each index addrpss~1n;tho symbol tabl e,

"i<1ndex typn string) aree <index type> 'W
“V”<index type) {set arraf d*mensicns}

<poxnter tvv9> T

 <simple type> ;::4i ’ty?e 1denl>11
‘ <type identif1er> § o

( <tident String> )

<constant> e (constant)

7.<constant> ; <con5tant>

fanter subrange entry in symbol table}

'~_<type ident> ::= <ident1fier>
[_<1dentif1er> : {set TYPV$LOCT}

. Cuident string) ::= <identifier> ,;‘~:
o Kiventifier>: : '
{euter ‘user defined element in symhol table}

<zident strzag} . <iientifier>

7‘<t1dent strina) ; <identifiery

{enter user defined element in symbol table}

o
3

= <anacked structured tyne;”
t pe> ' . Ja

P}CKVD

<nnpacked stvucture i?pe)

 7<unpacknd structurcd tyre, >=¢=- <arra?7&y§e>k,;
‘~<array type) e SR SRS

e i {record type>
<record‘zype>i, B e
;<s§t ty9e>' 

: <£§1éf§jpé>.-

ﬂ,;<arrav tyne) = RQAV"[ (index tyne'string> ] Ovafﬂ7*q"

(ccmnonent type> .

displacement. vaczor infoxma*ion,_and array o?’set in

“symbol table}

<unpacxed s:rnctured *yne>' SLny



';ﬁ<1ndex type) s <51mnle type)
, <simple type) o , /

4<record type) '::=v
~Kfield 1ist> {en er record type}

»ﬂ<var1aﬁti93ft>~""

ff{<type identifier) ; (vari&nt_spring}

<irdex type striqg> .-
~ Kindex typed

' <ind°x tyge string> ; <iniex type>
{set array dimensions}

> M<conp9nPnt type) = :<t¥pe>-;' ;f  O
SQtypa> . hn o R

 RECORD <field 115t> vﬂn,{'

(field 11std> _:==f <f1xed part)
Kfixed partd> :

<£ixed para> ; <variant part)

© <fixed partd ;. <variant part>

<variant part)

;<fiiéifpart>“7::=*,<reéofd_§ection>/.<~4"'
“Krecord section> - . : :

<tixed partd> <ré¢ofd séc£iop>,

<fixed part> § <record sectiond |
'<recorﬁ sectiond> i <¢ie1d ident string)y' <t1pe>
~<field identifier str;ng> ; <tyoe> :
: _{entar record attributns}
 cempty>

’fw<fieldfident s@fing>f-:;=.'<field,ident}ff "
- Kfield identifier>

<field idenu string) v
<f1eld ident>

'<field identi’ier string) <f1eld 1denzifier>

o <rield 1den;~'f‘-=- Cidentifters s
:;<1dent1fier> {enter record fleld in symbol tabls}

| Cvartant pa’t> 1= CASE Ctag £ield> <type tdent>. oF ‘

“<variaat strinbz-ff

“J<tae field> <'ypé 1dentifier5 <variaﬁt‘string>

 CASE <uype tdemt> 0F
{variant string> = =




. Ctag fiela> :i=
*<fie1d ident fier

<vartant> ]~;;;.
_<ca$e nrgf1_> H
"5<empty>
‘fi<case labe- 1ist> 5

~ {set LABELSSTACK(SP Si P RAS <case 1abel> },* '
-j:{LsBEL$srﬁcx(53)},, o

f,'<pcintér6type> E
{type identifier> {nqter tyue :n symbol table}

jq<empty>

ﬁ‘f&(variant string) : 7f<variant>fw
“‘<var1ant> e i

<variant»string> ;i§véf1§ht?

'_<variaut strin ‘; <variant>

' <field ident)
{set TAGSFD to true}

)
<case prefix) ( <field list> )
f EE :

< 1eld list) g

«

<cas= label‘

<case label llst, ,gfééééfiébél§f

t{,(éése‘léﬂéiflisi>‘ KASE H <case label\ ot
>,{LABEL$$TACK(MP)}-_ i , N

<case labeld ::= <c0nstant> i
{constant>
[ {set" variant aturzhutes} / {set CAS?$ST”T 1abe11 }

\set tyge) 1= SET 0? <base type) S
<“ase,t1pe> { ter type in symbol table} D

‘ <base’typé> 1iz (simole type\
v<simp1e type> :

(file tjbé) Cri= ¥ iiV OF <tybe\

<type> fenter type in symbol tebiO}
= <tjue 1dent>

<Vdp> ~£§=

vaﬁ <er dﬁclar string) g

_fk<variable declaratlon 3*r1ng>

f;<var &eclar étring> L= <var dec‘ar)
“,v<Variable deularat;on> ' -

<var decla' st 1ag>
Cvar 'declar> Sl

_5<variable declarafxon 'frxng,:‘ .
;<variahle declaration)

- <lar d°clar> _:: <1dent var string) '§;y§é>;z;%,;* s

7  ¥1§2   ;j‘



© L ‘ (O':
*t\) 3 % 4o

¥6]

# 8RR

e S

L
A0

"RTN 3 LRBL {nroc&durn label +-1}
: LITA {SBP} ¥ STDI {SBP inifially @}

lf<identifier variable string) <type>
{set varlable att*lbutes} L

’,<1den: var string> R <1denz1f1ar> :
:Q(idgntifier) {enter variable in symbal table}

~<ident var string)g,‘: o
<1dentifier>“ : B

‘-,<identifier var1ab1= Siring> i <ident1f1ér>;"_5 |

{enter variable in symbol table}

f(p&fd > O R

i<empty> LDII {number of parameters} T
LITA {por’ PRT address} ; LITA {porf SBP} 3 SAVP
lonly it SCOvawun > 1} e

~{porf declar)

’<procedure or function: dec‘aration) 3

LDI1 {number of parameters} i i
LITA {porf PRT address} j LITA {por* S };?;SAV?;;. e

",{only it scovzsuum >1)

:<norf declard> i:= <pr0c or func> ; 
:‘<nrccednre or. ;unction>

v <oorf declar) <Droc or funct) AR
<procedure or function declaration> : . -
<procedure or function) :

<proc or 9unct> ..#~,\procedure heading> <hlock>

<procedure headiqg) +-<block> i

LITA {S“P} LITA {QRT address} UNSP, -
3TN ;5 LRL ororﬂﬁure latel + 1} § 1LDIT 4.5

i LI?A {S“P,;: aTDI {SBP irluxallj 2} . -

' <procedure headlng> <dlrec'1re>
<prac¢dure heaﬁina>>, <d1r°cf1ve\ : ,

<¢unct10n hmadxng> <blec&>

'f<funct10n hP&dﬁﬂg) 1 <block> oo

LITA {SBP} ; LITA {PRT address} ; UNSP,~w«,
; LDII. J ,;;

<‘uﬂctlon headinz/ <di;ect1ve>

',<function heading) <dir°ftive>

k 3<directive,->::z <identi¢ier> ' 'Tg;ﬁ e
~1<ideutifi°r> {datermlne i fcrward or external ¥

: ﬁ<procedure heading> <prec 1d3 ;n7Qi;f
. <nrocedure identifxer) o e

<proc id) (




RN

0 o
# 48 »®

3 A

181

i@gﬁ"'”‘* s e Lt
fj'<barameter 1&ent1*i»r list> 3 <1dentif1er,,’
~;.{enter ¢ormal paraneter in symbol tahle}

B

Lt

R

-11;’2+,gprﬁ‘f*

';<procednre identifier) o

"<nroc 14> : ,
: <identifier) {entbr nrecedure in symbol table}

, E<parameter group)

<par§metetigroﬁp>‘

, ‘/nrocedure identl?ierklist>

<formal para section Iist> ) e

formal parameter section list> H

\:'{generate listing of formal parameté*‘type< and their _' f
»~,assoc1ated PRT addresses ia symtol table} e

i=, P CEDURE <ident1fier>

'.<formal para sect 115t> ,:: (formal nara sect)
~ {formal parameter section)>- ‘ vt
i {set formal oarameter attributes}

(forﬂal para sect list>
<forma1 para sect>

~f<formal varameter sec‘ion list> o
. <formal parameter sectiom> ‘
-\{set formal narameter att"ibutes}

;<formal para sect) §=* <para group>
'{<p§rameter,g*oup> sl

‘ : VAR <vara oroup)
{modzfy var1able naraﬂeters FORM$FI~LD entry}

FUNCTION <para group>

‘vaocmnuav <proc 12 nt_lzszé

'-‘<broc ident list/ et <1d@ﬂti‘1ﬂr>
o <;den*ifiﬂr>

<Dr0c 1dent list> : <1uent1finr> 

‘ {<procedurP identifi°r 1st> ;5 <4 danfifler>

- {para- g“oup> Cia= <uara ident llst/ , <tyne 1d°nt>
,<parameter identi’ier list> ; <*ype 1*ent1¢i°r>

i(oara ident 1ist> T <identi?1ﬁr> . o h
';<i entifier> {euter formal varaneter 1n s;mbol table};;

P

<fara id°nt list\ ,1<ideqtiziar>3

[<function head1ng> = <funct 14> <resu1t type>
-~ {function ident1f1°r> ; <result *}ne> s &
. {set. the function s type field} :

<func;¥;d\ - IO
<fermal para sect‘list> )




SRS R ‘ o - <result type)

‘<fuvction 1dentifier> i

-~ {formal parameter section 115t> <result zype> b

.. {generate listing of formal paramefer types. and their

~~ . associated PRT addresses 1n symbol table' set the
‘.*function s typa field} : L

A :

;1hZ ‘<funct 1> ~:¢=T FUNCTION <identifier> e
vF?u'<identifiev> {en»nr function 1n symbol tablc}

ffisyf<resu1t type) ’::= <type 1dent> ,
% (type idemtifier>

~*  {allocate proper length of function in the PRT}
ii4°‘<stmtp> ::=‘ <compound. stmt) ' ’ =
R <compound st tement* e

115"<stm£>° 

::=‘ <bal stm*
i® ~<balanced statement>
16 7*7y,<unbal,szmt>z"
LE r(unbalanced statement) ;

117 <(lavel def) Cstmty
o <1abel definitlon) <statement>

iia ¢val stmt> v::  <if clause> <true part> ?£SE <ba1 stmt) -
o* o Kif clause> j <true partd> ; <balance¢ statnment> : -
% LBL {L BVLSTACK(MP)+1} : ;

ﬁilé o ‘ s <simple stnt>
;#- .<simple statement) _ - L
,129"<unbal sﬁmt) ::; <1f clause) <stmt>
¥ . Kif clause> 3 <statement> yo

¥ LBL {L ABVLSNCK(M’-’)} S

| _
ﬁ21 N T ‘«', <1f clau59> <true nart) EbSP
B e <upbal stmt> - - , .
¥ o <if clause> j <true part) -
# . <unbalanced statement)
* "LBL {LABELSTACK(ﬂ°)+1}

'1227,<if clause> ‘::=, I¥ <ex§res<ion> tEEN -
. *  <expressiond> j NOTI ; {set LA?ELSTACK(MP)} yoo
¥ 3LC {LABPLSTQCK(MP)} L

3V'<true nart> ti= (bal stmt)

e It

{balanced statement> ; f i
BRL {LABELSTACK (SP- 1}+1} S

©LBL. {LABELST!CK(SP-X)}

124 :<1abeh,¢ef>_'::= Clavels 3
.¢*=,,<1ab§l>';'LBL {PRT address}



129
i M
¥ - Kcase statement>

131
S1

136

*H G

.;<while statement)

:<rEQEa§ statemépt}

Cwith statementd>

1320 T oy
¥ o <goto statemen;>5rﬁ

'<ccmpound statemeut> i

139 |

: “]<variab1e\ P <fie1d identi?ier>
~fv{mod1fy PRT location and variable type}
.14Q}b<variab1e ident> f::= <1dent1fier> 1,, e ]5~»
‘_#1; <ideutif;§r> {set variahle typ~ and;? T

u<szmo1e stmt) ir= <assignment 5tmt>
‘g-<a551gnment statement)

<procedure stmt)
<procedure statement) ' .
| | <while stnt>
'Vﬁ<pepeaplstm:>j‘
S <for stmt>
(for statement>
L | '5f,<c§$é‘stmt>',
| Kwith stmtd>

. <gc;ov;tme> o

<compound stmt)  7 s

'_<empty statement) =

,‘<assignment S!ﬂt> ":‘* <var1ab1e> '=1<ei§f65$idn>] o

{variabdle> ; <expression> ;

CLITA {varlabl° PRT addrﬂss}

[STD $TPI / STDB / CNAI 3 STﬁB}““

(variabled +i= <variable ident>
'<variable identi*i@r) ‘ :

<variable>

» {variable> {Nor IHPLFHENTED}

S A (variab1e> [ <e1pr°s list> }
<variablel: <expression list> e T

S LDIIL. {variable ‘PRT address}
jSUB {number of array 1n&1cie:}

<variable> . <f1e1d i&ent)




141 <expres 115t>_ ::= Cexpressior>
B <expressioa> : PR S T

1az . cerpres 11st> , <expression>
o Jh<expression 115t> ’ <expression\? "»  Sl
143 <expresstom> ::= <simp1e expression) e

L% <simp1e exp;ession) v*"

144 ;;;;,g, o <51mp1e expressien)
oo oo 0 KLrelationel operator\
T L ~{simple expression)
* <simple expression) = <re1afionel qnerator>
~®*. (simple expression> i ‘
*  [EQUI / NEOI / LEQI / cagxk/ LSSI /,cgyxw/,_.,
 EQLB / NEQB / LECB / GEQGB / LS5B / GRTB /
~ 'EQLS '/ NEQS / LEQS / G%QS / LSSS / GRTS / =~
‘ ‘VQSET / NEQST /- IVCLI / INCLZ / XIN} e

145»f<relational operatord fi= =

%  {set relational one*ator;f,j ; _

Tag T e g
*-',{get*relat;opalﬁopera:or} e

- * {set relational overator}

148 L g

% {set relational operator}

'_{sét‘relationél operator} -

e {set1re1ationai'0péréto:} o

geien s T e
* {set relaiional operator}

'ISZVA<tehm>, $i= '<fac:er)’ 
% . KLfactord> SR =

S183 i <cErm> {muz tiplying operator> <¢ac or),
* o Lterm) <multiplfing operator) 3 <fact9r)
- *  [MULL / MUL3. / UNION / CNVI ; CN2I ; DIVE A
R e DIVB / DIVI / NODX / ANﬁX]7* T NI e Ly

.154f2<mult1plying operator> Ve # T
R {set operator tvpe} e

SLAer



167 : o
L _F<exvression>
¥ <set>' {xot Imp EMNVTﬁﬁ}
‘g#j;'(facter> VOTX
e o o -
,‘x<namher> . ' gy e

h F[LBII {integer value} f LﬁIB {BFD real

4@‘"‘

~ {set operator type}
  {Set operator typa} ;; .Q'
;ﬂ'csimple exPrESSi°n>if$:?ff<:é§m§ _fffﬁf"?‘

»}u'<term>

:‘f<sish> i <term> [NEGI / NEGB)

'fiseﬁ 6pérétof,typé};u,lic*”

Vfiset ogerator tvopl

sf LDRBI" {value} /- LDRI {value} i NEG }

g D

<sign> (term)

<51mp1e expression)
<adding opprator> (term>

 '<simple express on> <adding operatcr)
dterm> oy

””{UVION / ADDI / ADDn / SmDI? / SUBI / SU’B / BOR}

- <adding oPerator) ::=» *‘”‘"“
{sct 3nerator type}

},:oR='ff"'

~,-_<1E'ac:tor> Ti= <variable> = S
Kvariadvled> 5 i :
[ {built-in-functionm i*aﬁtifier} / LITA {PRT 1ocation}
' N

P
[TO“I / LOD / 10D2) / LDII {value} /. uDII {value} 'EGE o

‘vartabled> (. <actual para list> )

,7<varléble> <actwal parameter 1§st> j
~A{verify pQrameter count)} "

[ fouilt—-in function 12 entifiers} / uIT& {PQT locatlon}
.Clop/ lopt /rodB ]l ST

\ <expression> )

<set>
NOT‘Kfactor>

<number>




,171

172[”_ k ﬂ_»”
: j(string>”
173

176

-:<actual para listB .
.y_(actual parameter, 

174t},'

V<actnal parameter 115t> H (actual par
uj{incriment parameter count} i

f(set) et
® n5<element 1ist>

<element lzst>

* . <empty>

'.1777 fi~3"““’

178
o®

179
Tk

180

S v<expressian>

*  (xelemeat
<iéleﬁént
(elemenx};

<xelement

;<elemeut> i
*~"<exp*essicn>

»<goto stmt\
(7><1abez>

if(ccmp@und
_;<statement lzsts> Ei

‘;<ftmt 1ists> '::
];‘<statement>

55<statnment lists)

“<prccedare stmt) 5
{;<procedure Ld
ol {vuilt-in g
1'DEL ] R

i LDSI {AcCUM

1is{>

NIL
{string>

7; NOP'
:= <actual para) ‘
{initialize narameter count}

<actual para> e
ﬂter> 30

~E <51&ment 1ist> ] 2
{uor I%PLEN?VTED} ;

{MCT iﬂ;; IMT NTEDY5j;*f'5°’*“5“

<xel°ment lisn>‘
{va I“DLBMENTED}

list)

1ist> ié <element>
{VOT IMPLu&ENT&D}

’?7 Cxelement list)
<element> {NOT IMPuEM?&T?D}

Cre= <exprﬂssion>

<exuressiou>

.¢7<ex§r§§51oﬁ>.ﬂ
<expre551on> ‘ G

ty= o GOTO <1abel‘
BEL {var 1o»azien}

stmt) ::

M

- BEe IN (stmt 113%5\54ND.G;‘f'

<stmt Iists)
<st§fement>

co-'.u.r v

. <ac we L a ”

<actual para list) ,.f;wnsiit'fﬁfV

(n ement> :1::..

Pkstmty 0o o

prbcgdufe.labél}?;




<pfo¢edu£e‘ideﬁtifier> 1 <actual parameter lists>
~ tverify parameter count}.
- {b¥ilt 1n nrocedure identifier} / PRO {rrocedure 1abel}
\DLL _ SR ;

Caan o

 188”’<procedure ident> »::= <1dent1fier>
~* .. <identifier>

% [ {determine which built -in procedure} / ;
S {store procedure attrlbutes in stac&s} 1 Tj,v

1189g <actaal parad’ = <expressxon>

% <expression> 7
o % [ PARMX {if READPARMS. = false} /.

[ WRT / WRTB / WRTI / WRTS ] {if WRITESSTMT = troe} /7
[ RDV / EDVB / RDVI / RDVS ] {if 2EADSSTMT = true} }

199 BT :"iﬁ~1'  "ﬂ <exuressxon> 3 ¢expression>
.- ® . <expressiond <expre$sion> i S
% [ weTB 01 / wars 31'}:, |

181 4i{; fﬂ S (ﬂxpr3551on> i <exnression> :
el ‘ o ‘ <°xrrn551on\> i

ok <expr5551on; 3 <ervre551on> <8!Dr“SSiDn>

- ®  WRT3B @z e - v

192  <(case stmtd ri= <case exnress) <¢ase list eiemtblist>ﬁ“~j,

#' <case expressd ; <case 1list elﬂmnnt 1ist> S
*~,v{-setgLsEFL$STACK(MP)}  LBL {L3 L;swgcw(mv }

CASE <=xp ession> OF

195;f<6ase‘°x§ress> X
*  Cexpressiony  {CASESSTMT = true}
* . {set LABﬁLssr ACE(MP) , incriment CAS&$COUNT}
194 <case list elemt list> ‘}'~ <ﬁase list elementd>
*  <case list element) ; BRL fL& L$STachm3~1)}':
E _LBL {LAR ELtorpcx(M?)*l} S
195 ‘;", fwEn ’“,-_<case 1ist elemt 1ist> ;

: {case list element)
'*,,f(case 1ist element 1st> i <case list element> ;5
*  BRL {LABELSSTACX(MP-1)} ; LBL {LABEL4STACK(SP)+1}

196 <rase listhEEMEE%)'T::=x : ‘
Cx o Lempty> {CASE$STMT~= false} ,
1197fﬁ'*  '¥’ e R <case nrﬂf1x> <stmt>
- ®  <Kcase prefixd> <statement\ . P o

<case label llst)
?RL {LAB L$SVACK(HU)+23

,1§8,’<case’§refix>‘, ='
¥ {case- label 1is

> 1
 ,*;[>LBL {L«B?LsSTACK(

»q..'

159 <w;th stmt>;r :_‘ <w1th> (rec varxable list> <do>

o



S Ay R <oa1 stmt) , '
' <w1th> i <record variable list> j <do> R
; ¥ <balanced statement>  {NOT IM 'PLEMENTED}

%

200 Cwithd ::= WITH
* {NOT IMPLEMENTED}

2@1!‘<rec variable Iist> ti= (variable>
o ,1<var1ab1e> e i

2@2‘f:,77~1}“,  5? : :.¥{,; n <r#c varlahle 115t>

L : {variable>
‘*~f-<r9cord variable 115t> i <var1ah1e2,H
205 <do> e DO e
*  {set LABELSSTACK(SP)}
~*  BLC {LABELS STACK(S’)} ‘ ; i
‘294{f<while stmt) = <wh11e> \=xpres51on> <do> <bal s.mt>
*  <while> ,-<expression> <do> ; <balanmced statementd
¥ -~ BRL {LABE L$STACK(HP)¥ 3 L3L {LAB?LssTA“K\SP 1)}
‘2251‘<while/’f;:=, WHILW
¥ {set Lﬁszt$sracxfsp)i
it “LBLV{LABEL$STACK(S°)

226 '<for Simt> 1:= FOR <conurol vavlable/ = <for 115t>
: DO <bal simt> :

* .’<conurcl variable> j <for 1ist> i <iod> ;o Bt
* /balaaced-sf.a:nmanf\ . ”RLQ{' ABET&:OT;‘.CX( P- 23_1_} e
*’“_LBL {LﬁEVL$STACK(SP 1}} ’ ‘ e
227 <for llit\>_f:« <1nztial valued> \fo> <f;na‘ #alﬁé) .
w "<;n1*1al value> j <tod j <f1na, value/v RO
¥ @GEQT : r : : ,
2z8 s ' <in,u1al value> <dowato> <xma1 "alue§f
L 'l<in1tial vaLue> (downto) B <€inu :al*e>_‘ ' B
,*..~LEOI , R : S
209 <control varlable,; ?'= <identi’1e‘> e -
* f<ident1fier> {set variaale ‘type and P%T 1ocatlon}
212?‘<initial value,vzti= <expresszon> :
¥ - Cexpression> 3 £
% LITA {"on;rol var iable VRT 10ﬁ&t*e1} { STOI / St@ I
® o {set LAEELSST&CK(SP)} 3 BRL {La3EL <STFCK(SP)} ~
“:_*MLBL {L L$ST&CK(5P)+L§ iy

f ,LI*A {control var1ab1e PR” loc&tign;if ( 8”31 / STD ]

211f <fiua1 value> '::53 xprnssion>
BB ,<expression> 'f« e

?l?ff(repeat stmt) a 3. €re§eét§g <$§mﬁdii$§$§LU&$I§1 re

'1‘7 ffil1ff;;f5iif;“v o



;*3<to)

"‘<d0wnt

i Rk <expression> S RN R
,"<repeat> <stateneut lists> : <¢xprﬂssion> S NOTX 5
- BLC {LABEL$STACK(HP)} % e S _ B

f <re9eat> Caes R“DEAT L
{ set LABEL$STACK(SP}}
: LBL {I.ABEL$STACK( sp)

, 1= TO &
o 1oe g IBL {LABEL$STACK(SP —1)}
:=  DOWNTO.

> o) v o
~ DEC ; B {Ls EL$ST!CK(SP-1)}




APPENbxx_E'aeINoPERATIVE cONSTRUCTs:"

The accompanysng llS shows the NPS-PASCAL constructs that'
had not been fully lmplemented at the start of thls pro;ect.f.;V
Those constructs requlrlng further work and testzng at progectri
‘oompletlon are denoted w1th an asterlsk e “
g-f Slnce the orlgxnal work on NPS-PASCAL was not based on’
;STANDARD PASCAL CONSTRUCTS,,lt was necessary to flrst develop
a new’ grammar utlllZlng the requlred spec1al characoers and "
reserved words, and follow1ng the rules stlpulated Ln STANDARDo]
PASCAL., Consequently, the Lnoperatlve constructs llstlng is
based on STANDARD PASCAL constructs, and does not lnc1ude
PAaCAL language exten51ons contalned in NPS—PASCAL
- Program parameters specrfled in the program headlng
éj;oProcedure and Funct’on Declaratlon Part
‘--“eBlock structdre ’ |
' ;4’ The WHILE stetemenf’
- The FOR siéééﬁéht'

- The CASE stotement

"f‘iiArray access

:r; ‘Pack edoarrays f‘:
.‘f,‘eRecord varlant part
D Record ‘tag fleld

;sv'.Record component access,“

S String Operators
A e
- The WITH statement

.= . Set assignments S D T

3



a'Procedure and Functlon ?arametera

'Setfoperatdrs;:_

Set relatlonal operators S

,Flle buffer varlables #
ﬂStandard flle-handlxng operators»gju
;Textflles 5 :

:f901nter varzables

Recursxve executlon oL Procedures and Functlcns

‘Procedure statements fl7
'Q-Functlﬁn values;
‘Dlrectlves o

i‘utandard Procedures

Standara-Functmons

- Program input from input file

"Prdgram butput~tcioﬁtpqt;file»

Inputand Output to non-s&;wandard files




- 'AP?E."N'DIX"‘F - .;INTERMEDIATE f cops fD_EC_O.DE? pRéGRAM_ (i

‘ Slnce the NPS-PASCAL compller was developed w1thout the
“[paralle1 development of the 8080 Code Generator, an alter—fe’f*o
g‘natlve means of checkmng the generated Lntermedlate code was S

?developed.w The result is the PL/M program DECODE shown Ln

eﬁthe p;ogram llstlngs._ i s
: DECODE opens the compller generated lnternedlate code fl’e
>e((FILENAME> PIN) and converts the hexadecxmal values rnto the £
Qsame NPS-PASCAL mneumonlcs found ln the compller._ The para-"f':
imeters assocrated with certaln operaeors such as labels, branchvf
.:es and load lmmeulate mneumonlcs, are prlnted out lmmedlately
follow1ng 4‘he operator.‘ Integer and real numbers are prlnted
_out in deCLmal Formqt for ease of readablllty ’_Strlngs_are
’ 'splayed in thelr ASCII cnaracter format i L

mhe execuflon oroceﬁ : for‘viewiné;tué intérﬁédiéte coda.
/ 1s>as “ollows..' ‘ ‘ _ 4 | v ‘
: . ,(l)g:'Complle an NPS-PASCAL prOgram usrnq the command

'a,DASCAL ‘<PILvNAME> L e

~r(2fl \Upon successful uOmleathn; thh no program errore,, ‘
| o '1nput the command._ DECODE <FILENAME> | |
_ The contents of the'_<F1LEVAME> ‘g pzv flle w111 be prlnted
vvoutcon the'vonsole;_ The DECODE program leaves the lntermedlate'
;code 1ntact in ltS flle For further use 1n the Code Generator

;progran.




vAPPENDIX.‘ 'f.c‘;’_‘-' SYMBoL TABLB DI,SPLAY ‘PROGRA;M: -

A symbol table dlsplay program was developed as an alo to
f/compller development, and partlcularly, for use. 1n program
}debugging._ SYMBOLTABLE ls a. PL/M program that prlnts out the .
ilnformatlon stored ln the SYM flle createi by the NPS-PASCAL |
_compller.» Thlerprogram ls contalned 1n the program llstlngsvi'
vsectlon._f | L ’ e
SYMBOLTABLE contalns many or thn same featureq as DECODE
rto lncrease readablllty“ Integer and BCD real values stored
*ln the symbor table are output 1n decznal form. PRT addresses
are arso'dlsplayed 1n~dec1mal format Prlntnames, strlngs, |
and scalars are- all shown as ASCII charac*ers.‘ Hash_colli-* ‘
,51ons w1th other program 1dent1f’ers are _ndlcated.v Identi~ B
fler types are specmfled aWong thh any addltlonal data that
ylalngreb out this Lcewtlrler.““b
% ‘Of course, program,execvtlon requlres the NPS—PASeAL pro~:t
vqram in questlon to be complled flrst. After~recelv1mq'the-v
'compllatlon comple*e wessage on the monitor (a zero error
‘”count is not requlred),, he user. can prlnt out the,progzam
 symbo’ tab‘e lnformatlon usrng the command SYMBGLTABLE
;<FILENAME> 1 The symbol table ﬁlle remains rntact on the dlsk ;

,for use durlng the 8080 ﬁode generatlon phase.‘

v:f' ;  116‘>“
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69:

a1

A28

agr ;

;‘4.51‘:;‘ S
46

a7 '

‘s 49 2:«
“jSQ. s
*;‘agti.’
53

540

Aba

;fsv;,f“

]gﬁb4v
S E
,i;&&,ﬂ:

. ‘6?,f
Bl
62
"bd’
«_63”
aje?; R
Loe8y
B9

TR

ClE

Cigee T

DEL vl i o e -
. IDENTSIZE - 10§ G Y A
~ VARCSIZE LIT ‘120, /%
- PSTACKSIZE LIT . ‘487, 0 g%
FOLCHAR - CLIr C@DHS, /%
~,souacxkssaxzs LIT 1287, /%
- INTREGSIZE ~  LIT ‘1287, /%
~CONBRUFFSIZE  LIP ‘827, /*
© HASHTBLSIZE LIt 1287, /%
- HASHMASK COLET Cagwlt, g
FOFFITLER ~ ~ LIT “18H", /%

. CONSSIDENTSTYPR LIT ‘1 e
 CONSSSIDENTSTYPR LT “275

CLF . o LIT COAHY,
o DCL..- . o LIT “DECLARE”,
- POST o ULIT Te”,
COONEG LIT "1
4AB LIT mgﬂ
PROC . LIT PhO“E)URE
-~ BLOS . ~ LIT °SH’
poor LIt ‘e, o
CTRUE LIT 720,
" RDDR ~LIT “ADDRESS”,
. }AL:E = CLIT R,
COMMENT * COLIT O CvBHY,
© UNCOMMENT . LIT “7DH”,
FILEECF - LiT 17,

VA ENTRY POINT ‘TO DISK OP. 5YSH / o
/* EX1T T0 KETURN %0 OP. ,sra,‘*/;

FOKEVER LIT “WHILE TRUE”,

. STATESIZE - LIT1 'ADDRESS”,
© INDRXSIZE o LIT Anndsss"‘
- BUILT4INYPKOC ~  LIT @cu
~ BUILTSINSFUNE LIT “oDH’

" QUESTIONMARK ~ LIT “3FH’
" CONSSSTHSTYPE LIT.‘s','."

CONS$HNUMSTYPE LIT ‘¢°,

s

MAX IDENP{FIFR SIAE + 1 R4
SIZE OF VakC STACK®/ . -

SIZE OF PARSE STACKS %/ : L
END OF SOURCE LINE CFARRCTER “/~”'

SLZ% OF SOURCE FILE RECORD */

INTEAMEDIATE FIL® RECOKD SIZE_ /

SIZE OF CONSOLE BUFFER */

SIZE OF HASHTABLE */ ;
HASHTABLE SIZE -1 %/ S o
ChaR: EOP LAST bECORD ON FIL? ”/,: 
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o 76'1 

51@3:
161

cieds o
coled o
18
16

R 1

 STRINGDELIM
CONTCHAR ... —

MBXONCOUNT

MAXINT

 BCDSIZE

MAXSNEST

. BRRYSNEST

MAX$ARRY $DIM

FOKMMASK

 TYPEMASK

7 FOkM

ENTRIES %,

LABLSENTHY
CONSEENTRY

TYPESENTRY

. VARSENTRY

PROC$ENTRY

FUNCSENTRY
FILESENTRY

TYPESDCLE

'/' NUMBEH‘TYPFS %/

. ORDSTYPE

INTEGERSTYPE

 CHARSTYPE

UNSIGNSEXPON
SIGNEDSEXPON

/% MANY OF THE ¥OLLOWING

FOOLEANSTYPE

 REALSTYPE
. COMPLEX.TYPE
- STRINGSTYPE .

LT

.ijuf
LT

CLIT
CLIT
LIT
LIT

LIT

LIT
BT

/« CHAR USED TO DELIMIT STRINGb »/
oy /% CONTINUATION CHARACTER %/
/* M&X NUMBER ON STAREMENTS w

59767 % MAX INTEGEKR VALUE %/

LIT

LIT .
COLIT
CLIT

LIT

LI
CLIT
CLIT

Lt

LIT

LIT

LIT

o LIT
OLIT
O BIT

CLIT

NooNLN N
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N OGP

~

N

BRI R N S

/*-RYTL\ USCD FOR BCD VALUFS */
/% MAX LEVEL OF NESTS FOR TYPES %7

/% MAX NESTING LEVEL FOR ARRAYS "/r;'

/% MAX ARRY TIMENSIONS #/
/% USED TO DETFKMINE FOKM TYPE */ Lt
» /% USED T0 DETERMINK FORM FIELD*/
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VAETABLES CAN BE KEPLACED BY MAKING



11%:

109
S 110
'W‘111,_
112
S 113
114

116
117
118

s 119:’
Co120

1212

124:

RS 3L TR
1260
L1270
Cooodges
So129%
1305
131
132
138

SLoAeRa
123

f

L

1347

’ﬂiély
1420
14

la4:

L0136

=.113“~ LR

'.159;'
1402

-~ START2DOS .
CMAX
: TYPE$ADDE:
. TYPE3LOCT

USE OF THE PARSLLEL paasv stacks

SIGNTYPF

 CONSTSTYPE
o PCRM. - ’
~ FXPON

VECPTR

PYPENUM

CONSTEPTH

VARiPTR
Vak

CBYTE, R L L
Bt S e
- BYTE, : o P M e

BYTE,

BYTE,

o PARMSPTH
ALOCBASICTYP

BYTF,‘  /*’T¥pE OF CONSTANT */ R ‘

ADDR INITIAL(bH), /*ADDR oF PTR TO TOP oF BDOS’/

 BASED STARTBDOS ADDR,
ADDE, :
ADDR,

CBYTE,

BYTE,
BITE,

AERY$QTY£MAK$AHRY‘DIM) ADTR,

LBESE(LC)
VAH$BASE1(10)

»TYPE?INDX_'

PLLCSQTY

 TYPEFORM |
 TYPESORDSNUM
PAKENTSTYPE

CONSTHINDX
LOOKUPSADDR

CONSTSVEC(4) ,
CONSTSVALUE(16) BYTE

ADDE,
ADLH,
BYTE,

ADDH,

BYTE,
BYTE,
ADDI,
BYTIE,

‘ADDRyv

BYTY,

CONSTEPNSHASH(4) BYTE,

-f,*cousT¢PN$PTh ,
‘,CONST$PN$SI!t(41 BYTE,,

. INTEGFR$TIFF

- SUBK$VAL(2)
. SUBR4TYPE(2)
SUBRSPTR

i suséTYP*ADDﬁ

BilE,

_ADDK,
ADDK,
L BYTE,
ADDh,



C14en | _»vsUEL$Foﬁ&” - B{CF,k

1463 . STGNVALU PYT
147 . KR©UYSBASE IDTR,
1482 " ARRYS$PTR ~ LYTE,
149: - ARHYSDIMSPIH ,‘EYP,.
15¢: - PTHPTH - BYTE,
'~151;,'f;] o TAGSFD(MAXSNEST) EYTE,
1523 VARSCASSTP(MAX4NEST) ADDR,
183: - VARSCASLVATL(MAXSNFST) ADDE,
©154: ,  S “C*vnﬂsTYP(MAX$NEST) BYTE, :
PLBB P?P$NSL BYTE INITIAL (355),
186: rFCGxD$PTn . BYTE,
S 157% . REC3ADDK(14) ADDR._
c188: KEC$PAREADH(MAX$NEST) 4DDR, o
1159 ,'f,~, VAFTANTSPART(MAXANEST) BYTr.V
S 1€9: ;;FXD$0}ST$ESE(MAX$NEST) ADDR; )
;lﬁl:*jf'v.” VARSOFSTSRSE(MAXSNEST) ADDH,
16230 CUFSOFST(MAXSNEST) . ADDI, -
1632 S NUMSARRYSDIM{MAXS$AKRYSDIM) EYTE,:
164 0 T AHRYSDIMEN(Z2S) ADD&, ’
; ibb’f-'«:x*, A%Yénm$ﬁnh<PTk RYTFE,
1663 . /% CASE STATEMENT VAHIABL?o »/,
,[167:Ej',~ - CASESSTK(12) . ~BYTR, /% NUMHKK 0? SPMTS IN CURR?NT casr "/
168: . CASESCOUNT BYTE CINITIAL(25b), /% LEVEL OF CASE STMTS */

169t ':~‘ CONST$NUM$TYPL(&) bYlE;k :

‘%%%/

ca ‘,aﬁ***»*$*?#v$¢ %/

C179: ToL FCDNUM(E LCDSIZE) BT,
Clee: scoyp(1\> ADSK,



Rt

1E84:

195:

Coast:
13z
T 183:

oo lesy o
Lol o186
G187
coaser

w1898

190 SR

198
19474 :

DeL

1961

1975
198 -

199:

200

201
202

203

L2e4r
. eeb:
C k06
A
208
2unsy
SR1g

7  211;, s
2lzy

S 21ET

B s S I
CRYG:

 SCOPE$NUM BYTE,
© TEMPBYTE LYTE,
. TEMPBYTE1l BYITE,
- TRMPADDk &DDI,

TEMPADDRY ADDR,
PRODUCTION ¢ PYTE,'

- PEVSSRYT $ENTnY ADDL

o /*'bQMPILEH:Tochgg Y

LIST{TOKEW  BYTR INITIAL(PALSE),

LIST$PROD BYTE INITIAL(¥ALSE),
LIST4SOURCE BYTF INI TIAL(fALS?)‘
"DFBUGSLN -~ BYIE zwxrrAL(FAISE),

 LOWERSTOSUPPER BYTE INITIAL(TKUE),
. COMPILING BYTE, b

e “COUNTEES #/”

 CODESIZE , 'i AUDR, /% COUNTS

LABLCOUNT = £DDR INITIA'(@), /‘ COUNTS
‘ERRORCOUNT - ADDR INITIAL(®), /* COUNTS

‘LLOC‘PDDL, RDD{ INITIAL @), /*fCOUVTS

/ FLAuS UbWD DURING CODE uENERATION

NUMBEK OF LABRLS #/
NUMBER OF LABELS */

NUMEER OF EKRCRS %/
PAT ENTKIZS %/ .

‘“.NOINTFILE L RYTE INITIAT(FPTbE),~/¥;N0 INTLEMLDIATE‘FILE */
CASE$STMT  BYPE INITIAL(KALSE), /‘ IN CASE STATEMENT */ - .
WRITESSTMT  BYDE INITIAL(FALSE), /% IN WRITE STATEMENT %/
READSSTMT CEYTE INITIAL(xaLSF). /« IN KEAD STATEMENT‘*/

COWEWSSTMT . BYPE INITIAL(FALSE), /% GETS NEW RECORD %/

',DISPO¢%$STMT BYTE INITIAL(FALSE), /% DISPOSKS OF RECORD */

. ALLOCATE . BYTE, . /% PRT LOCATION ASSIGNED */

- VAEPARM - . BYTE _‘f',/‘ FOKMAL PARAM IS VARIABLE T!PE'\/

CEFRDPARMS  BYTE, 7 KPADING - ACTUAL PRRAMETERS */



i ,,fl"f'qus Wt myrR, /% IDLNTIFIF& Is I SYMBOL TABLE - /

o2l -[NO;Lbe { - BYTE, /% CONTRGLS CALLS TO SCANNER ¥/
Mg IPN$FLPG BYTE, . ;.'” SET WHEN SIGN PHECEDFS ID */
G et Y L |
CERRE R _‘\ / GIOBAL VARIABLES Uqau EY THE bCANN&R */
G ERRE i :
RR3dy ‘~"-TOKEM . BYTE, /* TYPE OF TOYEN JUST SCANNED */
224: . HASHCODE EYTE, /% HASH VALUE OF CURRENT TOKEN %/
- 225: . NEXTCHAR BYIE, /’ CURRENT CHAHACTER FROM GFICHAR */
2263 . CONT . EYTE, /% INDICATES FULL ACCUM--STILL MOKE %/
227:  © ACCUM(IDENTSIZE) BYTE, /% HOLDS CURRENT TOKEN %/ ';u
2283 '_”TEMPCHﬁﬁl BYTFR, /* HOLD% PREVIOUSLY SCANNED TOFLﬂ *
. 223 ;,;
i 3 GLOBAL VARIAPLF“ USFD IN SYMBOL TABLE OPERATIONb'*/
e o233 ,
g LR _ffBA E  ADDF, /% BASE LOPALION OF FNThY /)
T B T «gHASHTABLE(HASHTPLSIZF) ~ADDR, /% HASHTABLE AKRAY */ S
P ool e34: . - SBTBLTOP ~ ADDR, /% HIGHEST LOCATION GF SYMBOL TABLm */g
vy 285: . -SETEL  ADDR, /% CURKENT TOP OF SYMBOL TABLE */ ¢
S - PTR BASED BASKE BYT®, /% FIRST RYTE OF ENTRY #/- PR
1 APTRADDF ADDR, /* UYILITY VAKIABLE TO ACCFSS SBTBL */o

 ADDRPTR BHASED AP’II{ADDR ADDR, /¥ CURKENT 2 BYTFS POINTED &T */
RYTEPTR BAS¥I: APTP&EDH BYTE, /% CUR%‘-"NT BYTE POINTED AT %/

- PEINTNAME  ADDE, /% SET PRIOF TU LOOKUP OF ENTER */
1“@_SYMHASH . EYTE, /* HASH VALUE OF AN IDENTIFIER */
 LAST$SBTRL$1D ADDK, /¥ HOLD PREVIOUS BASE LOCATION %/
~ PARAMNUMLOC - ADDE, /* STOnFS POINTEN TO PAkAM LISTING w L
. SBTBLSCOPE. F~~gDDE3'/* BASE CF LAST ENTRY IN PhFVIOUS BLOCK
R .»x:-:i>#=x<>:=a::>‘¢=t;=«“.==;:=;x:;f::::' A Vs ke pm ".<* B3 ﬁ*-“‘ TR # =’r3 5 H“" 6""**%*# #*:.-*405*#*3“»*
SN e RS . FREN S
E o UL -IN uYMBOL TABLb | w0

sk

354 :'~.;:«'_5‘.==2<=:::t‘=!==Z~’"'" A2 SRS Sl J‘M, e s ol 3’ =<¥ ‘AU * rﬁ‘ﬁ‘ﬂ(’i{ﬁ r".«i‘ i :
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L2541 ‘
; 2d.. ) 1 B
256 EFCLARE BUILT$IN$TBL DéTA(W,@,ﬂ,G,42H.14;
2571 - 7,0 ,#1H,0€H,40H,5%6,4, "a" "E°,"A7, L7,
2561 9,7,01H,14H,52H,30,4, yCTL THT, AT, TR, Y
25%: . 0,0,01H,1FH,54H,2, ?. B°,’07,7°07,"L ", "E7,"A7, N,
- Z6p: - @,#,Q1F,2MH,52H, 09 4,777, R0, i
© 2613 0,0,01H,36H,0CH, 16, 5, TO,NT, TR, TUC, T,
262;  0,0,01H,43H,1E%, 113, 6 O RERIE | RO S A} RO RO
. 263: . 0,0,P1H,4F¥H,”DH,86,3,787,787,’57,0,131,1,14H,
. 264:  @,M,01H4,5CH,©DH, 118, é ‘S’ 07, "R7,1,13H,1, 134,
- 2657 - $,06,01H,6AH,0DY, 1@@,5 STy T INT,2,3H,1,13E,
2661 - ¢,¢,21H,78H,vDH, 1@1.."g’,fq’,'ﬁ“}3,3i,1.1&ﬂ.
CRE7: 0 0,9 @1H.86h ¢DH,%7,6, A ,'R s I TR N 4,3 H 1 léH‘
268: . 9,0,01F,94H, ann,leg.s Sl TR ,8, 30, 1,130, ;
269: a,e,ﬂmn.exsu,gnﬁ,zﬁ;z,fL’,’u’,x SA,1, 180, .
L2721 @,0,01M,0B3H,8DH,74, ,787,°Q7,'R7,"T",7,3H,1,13H,
271: 0 0,0,018,0C08 ,0DH,87,3,°0°,°D7, D7 ,58,5H0, 11, 1H,
272 0,0 @1H.uCFH ¢DH,46 év'u','O',fL',‘Nf;Q,SR.l,ﬂGH,
CRTB ' 0,7,01H,2DDH,9DH 9@,  E°,°0°,'F7,10,5H,1,06H, Lo
274: . 0,0,01H ﬂEC;,@PH,lZ 5,°1T7,"k","0","N","C",11,1H 1.AH.UV
C27Ry ,u,?lﬁ CFA&H,@DH,8,5, "R7,707,"07,"N",'D",12,1H, 1 3H. '
©296:  EEH,P1H,02H,d%H,0DH, 1@1,6,’9'.’3’.’0',1é 1H,1,2H,
ey 0,0,02H,1AH, bDH,Qé 3,°C K ;JR,,14,2H,1,19, : %
28  @DDH C1H,02H ,28H, 6DH, 4&,4,’37,’0',’c’x7 ',15, OF3H, 1 ar%n,
@73y D, @zv 36H @DJ 45 4.fb s R7O,TES,TDN,16,0F3H,1 @FAH. G
o 2Ed: . 0,0,02H,45H,0CH, 121 3 P°,7U7, T7,17,10H,06h, o
oo281: 0 @,e (02H.E1H, OCH, 96, f,’E’, T’,1s,1wu 261, :
. 282: - 0,7,02H,61H,0CH,03,5,’R7,7E7,7S°, k", T’ 19, 1®h,an L
. 283:  0,0,02H,65H, @“H.éé 7, R7,CE, WL RT, TS .‘T , BT, 20, 1®H usﬂ,a
o oee4: 0,0 021, 7DH, 6CH, 29, 4,'P",7A" G, 'E”,21,1GR,06H, =
285y QF O1H,02H,8EH, ocH,106,3, i LR T, 2? @FFH, : i
286t D,0,UCH QCH,vCH 23, ? 00 RS R RS S (A ,fa',za,arrﬁy
ozRy -b'G.R.@ZH QABH,POH, 04 4.'T',’R';'Uf;’E’,V;Q;q'@;_“‘i' W
288 -,«vﬁﬁﬁ,gzs,afaﬂ.wgﬁgle?;b,’F’;}a'.’L’;’sf"E‘.w,ﬂ;l,w,



. 289 @,c,zzn @C7H, wc& 28 4y R',’E',’A’,fD';24 BFFH, R B S T L
29¢: 2,0 ,02H,8D7H,eCH, 54,6, p'.’f’,’n’.’n"’L’ ,25,80FFH,

291 0,0 ,82H,0E4H,0CH, 11,u"w*,’ﬁj;'1’,7T ‘B gs OFFH, R T
292 ©0,0,020,0F3H,0CH,37,7, "W,k ,’I’,'T'.’E'.VL', Ny 27 QFFH, ‘

1 293: o 0,0,03H,21H, @Ch 40 4.fs’,’E’,fFf.'Kf;za,z,asn,erﬂ, ,

2%: . 0,2,03K,11H,11H,21,7, TETLCCI IR TWT, AT, TR, TDY,

295: 2,0,03F,20H,11H, 99.8.’8‘,'x‘.'r’,fsk.fR’.~Nf.’Avyfl’, R e

296:»”.'@,?,?5H th 11H, bz 11, ’1’ NI RLIRTTAT, 0T T VTR

2871 L LR R T Ll T e e T

293;?,“ i :

299: /¥\~ : L L Wl
5@@: G BT 3 it >‘<>' ";’,4.;:.&:4-: 33 :);xx: B PRI A ;;:;. 33 :::,;.:x::_q.:.w, S ~‘<>.n: a.:\t*;,.) ;,4*;,::.. xtgtx.**a’ o:n. *:{:" - P
CRPR . ' LALR(i} PARSE TABIES 1   NEST T .-,#

s _3@5» SEARE D ‘~‘, '\“ AND VAHIABLES .’:'»' .y N #f,,
S 3{,5 ERR HesiAea: >n'<.Q tﬂ;‘::,-;(;‘.t X >,¢: :‘c; >< 353 *xu >,:,.=><~',< (a’ c:e»‘ t..(s:z"n Ay t*a :<:{<>'>; acx::: ,c>,<*,. :{ca{ .
4‘»"0@6 B ;;:.'/’& . 2 .
dﬂ7g S e L V : ,
33@9 DECLARE MAXRNO LITEPALLY 135 /% MAX READ COUNT */ iz
.~ 81gs - MAKINO LITERALLY ‘242’ / MAX LOOX COUNT */
©311: o MRXPNO LITERALLY “269°,/% MAX PUSH COUNT */
C312: . MEYXSNO LITERALLY 454 ,/* MAX STATE COUNT »/
o 313: 0 STARTS LITEHRALLY ¢ ,/ START STATE */ -
0314 . EOFC  LITEIALLY ~ /?‘EOF */ ’
‘rg:516.~1~~"~:,,NUMBERG.LITEKALLY /% NUMBER */
<~“-“5163f‘;,;‘  ~3?31th LITRRALLY bb ./* STRING %/
SB17 ,~_*IDENTC LITERALLY “58° ,/a IDVMP'FIBI >/
318

. 319: LECLARE HFADl DATA(0,55,56,57,28,25,25, 13 15 34,56, 57 5@, oa,ss 9 14,9 59f‘
320% " ,58,56,58,58,15,58,4,17,54,55,58,3,4,6,10, 3« 37,42 ,49,50,54,55,58,22

0 321: ,3,3,£,10,31,32,54,65,56,3.4,10,54, 55 £8,58,3,5,31,32,54,55,56,22.58
322r ,58,58,22,5¢,5,20,29,55,58,41,43,47,51 ,54, 98,58, 54 135 37 142 .50 .35 38
323: ,58,56,58,56,20,29,35,38,41,43,47,51,56, 40,44, %4, 56,57, 54,58 ,7 .11 26

T ;zr,ue,ua 1, 1 1,14, 13,3, 0,1%7,3,14, 15,1 5, 6,16,1 3;~,6 9 36, 36‘39 22



T

o B25:
3265
.~’32?{.~'
“7,‘529.
e B3R
';3&1.3
S 333 \
‘ﬁSﬁ&:[- :
335
336
- 337
5338
3394
340
341
3425
'_545-._
tB44
34y
346G
347
B4y
3493
TV_‘ESQ.
'*‘355;aa'»
854
385
BBy
SRRV AR
358
e i3BYg
o 36r:

, ,12 16,14,15,9, 9 8, 12 16,~<_,
3,9,8.12,8,12,18,45,58,12,14
: ,12 14,9,28,8,9, 8,9, ¢ @vz 2

18,8,17,14, 14, 26, @,-,5 9,23,9,46 ,22,22
112.24,48,9,9,8, 14,;2 9,12,14,12,14,12,
.;12,16412;19;2 (16,1 15,15, 21 23, 416,25

)i

DEC'AhE LOOKI DATA(@ 13 15 @ 55 58 2,16 9,5% @, 8 V,EQ @ 35 58,82, 9 28 46
0,6,28,0,8,9,28,¢, 15 3,8,9,28,08,8, 9 28,0, 9 58 36, 46 a, 36 ﬁ 9 ?6 @
35,58 E,‘? £,1,5, b 18 Q 14 ¢,0, ? & 4@ G 44 ?,u4 @ 43,0,7,11,26, 27 ,
v 30, 0,711 do,?? 30 @, 7 11 26 57 3@ @ 9 46 @ 3€, 9 1 3,5,6,2, 12 19 @
,12, 19 @ 9,28,36,46 ﬂ,dﬁ 9,9,22, 46 ﬁ ,17,0,14,0, 14 0,9,0,9,28,0,43,0
,9 28 ? ld o, 9 ¢,9,¢,12, @,3 ? 45 0 45 @, 45 58 @ 45 ? 45 58 @,9.4 19
13 14,21 26 ﬂ 4, 1@,&3 03.’ :

DFCLPRE APPZYl DATA(@ @ ¢,,0,32,0,170, 171 174 17b 0 02, 31 74 79 1N U a

423,0,9,28,29, 69,51 ﬂé 61 63,15@ A 96 @ 15,28, 99,37,39 47, 48 51 52
2 ‘5%,59 6é 61 E2,63, 11@ o, w ,24,0, @ 47, 48 60, 6d 0,15,3 ,59 0,18,44
T ,45,46,69, 1(3 @,_,Q 81,2,0,0,37,7,0,0, 14 @ 2,26, @ 2,5, 6,69 ﬂ 26,@»
w83,0, @ 29 By @ 39,0,0, @ ﬂ ﬂ @ Ay 23 @ 0 0,0, 116 2,1,0,0 8 2,22

1
8. 89,90, lwi

7,68, 75 ,84,31 .
2,0,106,0 lﬂ9‘ 

’
@, ? @y 108 G @

l

7

Z
. 8,60.90,120,121
i@y, 71 2,92, 88 89 9@ 1’1 @,121 2, ? @ @,z 58 71, 72 7 g

?
: 75,
,0,8,67,85,0,0,1,0,0,4.0.0,27, 120,122,141,0,71, 7z ©8
?
.109,120,121,122,141,0,2,5, .1,16,17,408,41,49,50,58,56,
107,108,0,0,97,166,0,( BL.0.0,65,183.0 13,0,0.0,0,40
,2,0, 2)42,‘,9 a,0,28, 9,4%,15 M,a,v,z,112,1281@.@;® e,
490,005 : . 7 3

DbCLAhF hFADZ((lQ) ADDR INITIAL N
© o (v,83,84,£6,270,272, 27;,415 416 67 55 87 377 277 311

'6b6 46 275,378, 373 555 512,634 417 310, 2Q6 ZQ? 29@ 294 295,10, 296
418, 697 66, 75 70.81 ??2,29? 294 ZQL,bZ 11 <Qb 183 297,440, 65 459 441
: ,4@9 12, 296 297 290%,294,233,478,11, 18k, %4@ 65,459,441 ,409, 53,677 354
205, 6@,306 15, b,,b% 7M’74 469 2?1 474,452, (83 d®4 289 283 66,735,76
,R02,69,334, 476 331,367,%74,58,64, 7? 74 469 201 474 452 2@4 75 78 88

,84 &6 291 23u,423 4”1 427 425 426 @9,2 ,oﬁé 2@1 (& 5b5 54 8 &4 e
- 452,5, 17 406 56,5,13, 17 4%6 189 19@, U®.691 464,472, 430 55,49, 5@ y824
‘g;béﬂ 194,9 195 45( 195 bﬂ ]Q7 19R 187, 41,4?7 SWQ,ul 679.68? 21 62 A
’,444 259 63,1&5 454 ébe d%q 3@9 55 i@ 1Q5 39 467 Sﬂ 45,56 12 1QQ be ;



- L2T

sl

. 365:

383

‘flﬂ396;’”

442, 435 42§57,79 364,54 47,87, 55 58 472 186 451 462 1Q6 414 42” 4é3
554 ' ,431 412 435 191.36 46 194, 461 19 2&,2@ 22 @ @, @ @)1j ; [
”,664‘ DELLARE LOOK&(Ib?) 2DDR. INTTIR] :
‘ (¢,6,5,418,14,14,243, 244 16 43 295 dé 299 d5.u5@ 26 ?6 o
© €6 ‘,f;¢24 246 246, 246, 27 247 247 28,218,248, 248 29,45 419 249 249, 249 51 '
367 ,250,250,2506,63, 551 251,251, 651 , 71,252,772, 256 253,77,82, 82 254 295
D368 ,310,409, 409, 4%9 4&@ 4b7 634 31@ 88 £9,90,92, d“5 93 256 94, 257,45%
- 369 9~,98 98 96, 9¢, 98 428 93 99,99, QQ 39 129 1@@ 19@ 190 1@@ 190 439
B 374 N T +259,259, 1@9,60L,dc4 116,116,116, 116 454, 47G 17y, 117 471 471 lld 26@
B 26? 260,260 ,12¢,261, 12],(6& 262,262,122,13¢,449,131, 458,132,459, 135
e 3P é25 263,263,141,557,146,264,264,150,157,446,158,336,159,335,163, é?S E
C33r “164 455,165, 563,17@ 266,171,171,267,174, 268 1790, 175, ?69 177 177 177 ‘
k~§7g ' ‘“177 177 177, 177 412 178 178 178, 413): g
: l? H i
~576. DECEARE %PPLYZ(?QS) ADDR INITIAL o G iR L LA
. (¢,0,256,149, 166 t?ﬁ 274 1@3 é62 10& 300 1@3 21@ 1ﬁd :
"‘378,.ﬂ ,4&&,451 281, 105 209,119, 287 28b 145,314 544 644 288 509 544 344 344
879 ,111,293,292,96, Qﬁ 96 96,96, @6 96 96,96, 96 96 Qb,vb 96 95 96,97, 211
380 ,166 301,300,114, 653 35ﬂ,é47 323 3%2 322, 322 346,504, 348 352 576,352v4
o8Bl 0,189, 14@.3@7 156,305,314, 515,315 173,321 32@.319 316,134,133,227,323
B SVA égB 180,408,335,144,332,326,327,233,232,128, 338,337 ,161,543,342,317
' 218,3¢6,212,179 602,351 172 106,229,195, 154,561 663 239,240 ,11¢
384 jﬁ.v185 184,369,468, 234,371,372,570,162,237,236,113,148,147,278 454,3b3
3851 ,386,466,453,387,367,468,475,475,217,392,384,390 ,3565,222, 222,222,222 -
3861 ., 2R2,221,125,124, 2¢3.3Bb 394,115,220¢,115,115,115,115,115,115,219,115
L3867 ,,11“,115 115, 11& 218,405,143,129,224,410,224,411,226,460,450, 144,479
888 126,127,481, y480,128,48¢,225,181,214,215, 213,183,242,241, 160,436,422
389: . ,421,1€8,167,437,151,231,448,447 4@1,3%5 404’138 137,395, 455 ;443,442
398t ,399,236,162,464,453,228,22R,142,400,101,176,205,207,226, 396,187,394
Lo %91 »~,112 169 153, 477 475 397, 216 91 iﬂQ);ﬂ S S P
o382 , ,
o398 DFCTAEF IhQLYz(4&“) ADDE INITIAL k '
394 "ﬁ 1,4,5,6,22,7,9,9, 13 14,45 4d 43 59 2 43 13 ?4 13
3951 16 17,9,83,71,68, 59173 ?, K5 16 && 15 19,20, 81 2? 52,116,25, 46 45

4J, 5,24 24 24, 39,52 ,43, 43, 25 <¢_4a 25,43,4%,43,43,52,30,25,30, 25



T 39?: f~.
3981
3995 -

403

401
T 402%
L 403
o404
4050

S 4e63
4@7:

408

409t

oalen
"éll:ﬂf~
4t 2

413:

Co 414 -
U a1Se
416
417
4191

420
LAY

i73,161,1,6l,161,161,176,1'?-’?.177',178,

b, “pECL
4225
e
.  ,~". ~§24: Tl
S 4250
C 4268
Co427s
4303
431
432:

. e W e e e el e @

ARE LNDEXZ_DﬁTﬁ(ﬁ.&,l,1,1,1,2;4;4,1.1'9,9;9)2;6,9!9,1,1,1; o4’1110
z.10,5,5,1,1,1,1,1,1,1,6,1,5,9,9,6,1,1,1,1,12,12,9,9,5,12,1,5,9,9,
9:5,1',5.12r551.7'1.lr1r1.91919i1.1;1;131@11s1.9¢4'2@inl}1r1w1,‘{9
49’gv1'1)1i2y217o5r5}5-1vl}l;1tliiigfg}lgyz;lvl12L114l4v31af13ig)9
1@}1,1.1&1y1r1t1'1,1,1;1;1.1»1k2l2.1;191ﬂ31m2.1'1.2o1.112i5¢1f2»2.
1i2§1}1|11712w‘rlolllil12'211119212f2!112;217|5'1}2v9}21712lzus;sl
2i2-2i5,4}5v492v$i4’5i2‘3kéyai5:2§191yli2}21?1?16;6;6r3i2r575r3)5v
4;2,2,252,3,2;3,2y2,212,2,2;233,2,5,8,4,14,16,ﬁ6;27}28,29;61)53q?1
75, 77.82,02,9%,94,0¢,16d,120,121,122,141,150,165,170,171,174,175,3
3r5{5}212.0,9’5.9IZ}”i29@.0121”§2:2;"r“il;9'1,0,3}@4@4ﬂ4210i3n21“r
,Q;Q,G,Z.E,QLQ,Z,Q,l,ﬁ;?,@,ﬂ.S,V,Z,@.@,z,?,2,®;¢,2;z;ﬂ,@,z;ﬂj4,3,?,
1;3,@,@,2}9,2,@,2;1,@,2.0,2,2.@,2,@,@.1,2,1,1,1,1;@,1,«,1;@,2;@,1,

~ ;58,59,66,67;68;%9,43.95;§5,7®,é4,71.72,73,83;64,43,$b,89;91192.67,\'7~
193 04,95 .95 95, 4%, 104,105,106, 107,109,59,111,111,111,116,112,118-

,119,12@,121,43,13;7$,122r124;141,125,127,128,132.128.128,136;76,95f‘”

,75;24;137,138,139,1a®,141,142,143,144,145,146;147;148,149,15@.152 \
,-“,154,155,13,156;1574159,152,197.151;162,163,25,165.156.158,17@.171 .
e '172.174.175,175,59,176,17&,160,181,166,182,185,185,187,188,188, 194

,192,1&8,188.194,196,263;2063207,43,269;59;211,2133I,4,7}9,11;I3,15-‘

'18,22,25,29,81,35,49,44,46,49,52,54,59,6%,62,63,64,66,68,70,72, 73
'£4.60.93.95,100,103,106,111,113,117,119,121,123,125,128,13¢,133,135.
'137,139,141,143,145,147,150,152,155,163,351,445,331,405,465,341, 341

3410403, 403,403,531,296,784,349,356,403,403,403,4¢3,483,465,279,279
'2n9l279027901,1.1,2,3,3,4,5,7,12,12,15,13,14,18,18,19,19,29,22,23
033,25, 25.32,54,54,51,51,52,52,53,35,56,56,56,61,61,61,65,72,72
lealinnina.va,74,74,76,77,77,78,80,61,32,82,82,84,84,85,85,87,87,88

,92,92,94;94,96g97,97,99;99.1@®,1@2.1@3,194.1@5;1@6.196;16?,1@731@8

o ,110,110,111,111,112,112,113,113,1 3,113,115,117,117,119,120,127,122
Mi2zli22,122,124,124,125,128,128,129,129,131,132,154,135,13%,135,142 -
1940.148,14€,150,156,158,159,159,1£9,169,159,1862,159,159,159,159,160

o | ; 178,165,195,195,195,195,195,195,196
S '16¢,199,199,199,199,199,200,20¢,22¢,2¢2,202,202,203,203,203,203,203

gf.,293;2@3;2@3,286,2@6,2@8,2@9.2@9;210,21@,:11;211.213,214,216@2163218
216.219,220,220,220,222,225,224 ,224,225, 225,247 ,230,231,232,2482,253

;236;237,233,259,239,“40.241,242;244;245.246,247); S

0.

N

NS



et

gii?$554> t f_

. SFCR.BX)

BYTE /% SYMBOL

TAPLE FILF FCB */

. 43:5: i "11}9"0"2 :2_1@12 v vbﬁ_”vl Y ed50,4,1 93091113:2‘::”:1 v2,2,0,9,0,0,0,0,0,0 1240,
. 454:",)' 13‘.’}2"@-(){"2‘0_@ '»2}@’1"1"1 .?".‘E‘;-@.Qa.z’@,ﬂ,ep@;;(ﬁ.ﬂ.1.2.?,ﬂ,gp@',;g2.@,1'e,
455: R .‘@'9}2 "2'7@&9‘0:‘3‘:,2 :ﬁazykl ,2',9‘,2,@,3,@,@,3,4,2,2,0‘,3,@ WX !1’3'@"’;0'27@"57

8 436: 05y 2,2,0,0,0,3,0,0,0); 3 !

S AB7Ta

o oa3gr

489 %

Ll 442. 3 . ::sal:ﬁ:;;;::i\::k?k::u'.:‘;;:>;z:<::::::z;<;;::;;;;i.=;‘ af R :;ac:: Y ),&‘ku’ Heaak ,<,_: ok st ,,{ :'n‘ <>‘ <,. ;, f:;:d }..;"yn;»,'gy

o441 o osFeriON 2 ' e

. "44&‘”&' S ® ) : ; j.a:z

L 44dr e '- SYSTEM DEPENDFNL ROUTINFS AND v»ﬁIaBIEs #

: 4:4.1., CLWTE 3:“

445w .THE'FOLLONING HOU”INES ARE USnD BY THE COMPILER L
4463 o % 70 ACCESS DISK FILES AND THF CONSOLE. THESE kL
o447 % ROUTINES ASSUME THF USE OF THE CP/M OPFRATING ok
4481 R SYSTEM. ; e - *

44975 W s %
450 ® . QHE FCE S ARr USLD EYS THB SYSTFM TO MAINTrIN L w0
451 o R ffleFLRMAPION ON OPEN FIL®S, THEY ARE ONLY USED BY Gk
452: . . *® . PROCEDULES IN THIS SECTION. THE BUFFEES AND POINTERS *
453: - % T0 THE BUFFERS ARE USED BY THE REMAINDER OF THE - &

T ab4y L AUD PROCRAM, BUT THEIR SIZE MAYBE VARIhD PO SUIT THE D[bK o
~455: R k.OPFPAT;NP SYbTEu BWING USED. - P
‘457:1; g R S el ool Sofe B <>'<‘ <3 3 53 sl PR n,: .,.. A A s A Ay *:z**: :->,.:‘u,::'i:-’= k

o aBg: %/ ‘

460 | | & | ;

. 461: DCL g ' S .
:3462:ﬁ,»f7/“ NOTF CP/P PEOVIDVS “CH AS FCR APF AND'B@H 45 & BUFFER FOR

L 463 - PROGRAM USE . . } TS S et

B S T RFCBADDR ADDR INITIAL(ﬁCH), ke o o

S4B “RFCB BAbED RFCRADDR(33) BYTE, /% SOUHCE FCP */ 8

4661 WECB(33) - BYTE /% ’NTERMWDIAT° JFILE FCB %/ o

487y T INITI?L (@, ‘ ‘PINT,#,Q,0, @),;v ,“



LOET

465
S Ay
FRE 'S SR
A2 o
ATZr T
474y
475%
coafBa
o 477 ﬁ_,j’_
f '479::['
4Bl
~1'”81,;f‘
S4B2y
483:
‘484t
4853
486G
487:
5,499::
S 499
L4910
4092y
4931
,~‘494i
406y
497
R 598ﬁw
i 499," .
o BeOr
B S
592
Lo BBy
S LI

/ Heug e > .,;‘,u e e et :{c;t:,.~£z;x,,>,t;z:::;{£‘ RIS 3 u;"~' 3 :z{t«o SRS ..c#:‘

G o INITIAL (0;",'f.,j SYM’,0,0,0,0),
SBLOC. - ADDR INITIAL(B¢H),

‘kSOURLFdUFF BAJED bYLOC‘SOURCEHECbIZEIFBYTE /" SOURCE BUFFLu */

. SOURCEFP T . BYTE INITIAL (SOUBCERECSIZE) /% BUFFLR INPEX */
CUR$SRC$RFF$SZ BYTE INITIAL (SOURCFhICSIZE), R T
,’DISKOUTBLWF(INTHEFSIZE) BYTE, Ll
S¥MOUTBUFF(INTREC%IZL) ~ BYTE, vl L :
BUFFPYR ' BYTE- INITIAL(255), /% BUFrEv‘INDEX */

 SYMBUFFPTR ~ BYTE INITI&L(265), /% SBTBL BUFFER INﬁEX */ S
‘,M:.LINEBUFF(CPNBUFFSIYEJ BY1E, /*CONSOLE CUT BUFFER / e
~ LINEPTR . BYTE INITIAL(@), /% BUFFER INDEX */ P
R LINENO_ ’ . ADDR; /* CURRELT LIN NUMBFR */

‘/a¥fﬂax#*s*5¢**¥a¥$ x*q*¥k&»xv*****#**u¥*»«******$##ﬂ$*nw**¥v$wi***mv*u/
/ 3% 2ol e s St :u: i :..,:u,: ::;" 3 56 S T e s ; L RAEV R AR EE AL S SRR e e ‘u( ts 3he ool dl e o ol a'n‘-: 3““‘1}&*****#7}‘4 ..'z: :, AN / o

g CLOBAL PROGCEDURES R/

/%%*%n%%*i* *a*”*a*#m*%:'$i%»**»$*»*x*a*f*w' #x**#*im**#mv**x*f$*>u#»ma/

={<>. »zu‘c:{.z’. R T ,.:k:’, x:*:.n::;u. el xz FHEN /

MONL: PROC(F,A);

DCL -~ F BYTE,
A ADDR} . -
GO TO BLOS;

,ENn*ﬁow1:;“

M(NZ. PROC’(F.A) BYTF;

DCL. F RYTE, & PDDR]
G0 TO BLOS)
END MONZ]
veNs:PACC; . /%yS3D T0 RETURN TO THE SYSTEME/

GOTO ECOT;



ETJ31‘ s
A4 ' END VEAD- ST

,*i,'"'

;@5 FND HCNJ, ™
BB , : ; :
BETY “ P T ‘ : o
5087 MOVF: PX0C (SOULCE DFSTIN L), *NOJ?a FM SOUuCF 10 DESTIN FOR L BYTFS W
BP9 oeL o \souaca DEbTIN) ADDR ’ o/ ® L < 255 BYT£S~4{~~\&
. Bl (scnnh ‘BESED bOUnCF DCHAR BASFD DE%TIN L) BYTE; SR
511 - DC WHILE (L:=L - 1) & 256,._ i
512:7~' "DCHAR=SCHAK; : :
B G CDFSTIN=DESTIN + 1;
o Bl4s bOUhCE SOURCE + 1j
519 0 RNDG : :
jsxsz_FMD MOVES
Loonlve
518 : R Sl ' SR
519 FILL. ?noc (A CHAR, N) , /* MOVE cnan TO A N TIMES /
CBR0s DCL A Anﬁu (CHBn N,DEST BASED ) BYT H , : _
S 521 DO WHILE fN = N —1) <> zvb. '
L5224 - DFST = CHAH
_a-%zd- ’ : A': Ao+l
‘Sza.;FND FILL.;"
9285 B
sz
L5281 RPPD PRQC; R
SooB2gy DCL TOGGLF(S) BYTE;
o 8%Py  TCGGLE = 13 '
“CALL MONlixﬁ,.TO,uLE)i

T Pd1NmCFA} PﬁOC(CHA ;3 5;3;

DCL . CHAR: rYTﬁy“f 
CALL MON1(2, CHAR);

-1375Nq,pn1NTcapn.




Csans vuter: P 0“ £

. 642:  DCL - A ADUR,-
CR4%:  CALL MOMI(S.R):-
J_@éé:'lND PhINT ‘
h4be o : :
546 ‘ W
. bg?;-DISKEﬁR- PROCa
5481 DO} o Fri il
549: - . CALL. PRINT( Ry
9985 f~‘> CALT MONSG - T
5521 UND DISKEuR,
atstt i

“7554£f5FTUP$1N1$FIL LPROCT

535 ~IF NOINTFILE THEN. /% ONLY MAKE FILF IF THIS TOGGLE OFF */

. BB56: - . KETUEN; .
BE%:.  CALL MOVE(.RFCE, WFLB 9), -
5881 CALL NQNl(lQ,.WFCE),« RIS
: -~;IF MONZ (22, WECB} = z%ﬁ THLN _
CALL PLSKLRR, : [t
CALL MOVEC(. RFCB,.S?CB 9),_
CSFCB(32) = @, :
CALL MONI(lﬁ,.oFCB): ST
: IF MON2122,.5FCB) = 255 THEN.
: i : -«f,’ CALLVDISKkaa LT
:;566: END SFTUP>INT¢FIL,_“

8BS «aIT$INT¢FILE PHO '\C
£ ~ IF NOINTFILE THEN
: RETURN; - :
CALL MON1(28, DISYOUTBUFF)y
IF MONZ (21, .WECB) <> @ THEN
CALL DISKERR}

ERyy HND wn1T$1NT$FILE,,

“‘(ALL MONT(26,801); ‘/“FLESET DA anpuj*/‘”7«»



eex

©577: EMIT: PROC(OBJCODE);

-~ 578: . DCI. ORJCODE BYTF; - '
0 5%9: - CIF. (EUFFPTR-<= BJ}FPTu 1) >~ INTRFCSI?E THEN =
S BgAr /% WRITE TO DISK i S
S88l: . DYj
. B€2: . CALL WRIT$INT$}ILL,,
 Be3: o RU¥FPIE = 3
584: - - END; ‘

Bpsi DISKOUTEUFF(EU}FPTR) = OBJCODE; =

5i6: END. EMITH

 597;

knaf'PPNPaATE PHOC(OBICODE):;

. 589: . DCL OBJCODE BYTE;
. BG@: - CODESIZE = CODFSTZE+1j

) o CALL kMxT(OEJCODE)L
5023 bND GENEHATE,~G
598
Bu4s GPN$ADDR° PHOC( S, B),
5951 ~DCL A BYTE, B ADDRj’
5960 GALL GENFP&TFiA)’ 5%
: 597;‘-" CALL GERERATE(LOYW(R));
© o 59W: o CALL GFNFRRPE(HIGH( ))
599: FND GENS PDDR

 Ban:
R <Y WRIT$SYM$FTL£. PRQC:

692t IF NOINTFILE THFN

SR 1 A T 'RETURN; ' :
Bv4a:  CALL MOVI(’B,.SYMOUYBUFF)y:
6@H: IF MONZ2(21,.SFCB) <> & THEN
€963 ‘CALL DISKERR; = o
o B07: CALL MONL(26,80H); /% RESET DMA ADDR w/
a8 RND thT$SYN*YILE; - T
CBBIL G
6103 VMIT$SYM- PROC(OPJCODL)
“611: . DCL OGRJCOD¥ BYYE;

6121 ,,IE,{CYMP”FPPTﬁ';=;SYMBUFFPThf1)'P: INTEECSTZE THFN



SRET L RT

614
T B13
R 61?: =
6191
. 62@'-
=l622‘*'
i f'624'
15626'
6273
RN Y ASER
629
. B30
- ‘651.
€351
B34
63y
L BB
- e37:
A8
—'a-'fﬁégt
:(’Q‘QH' e

.ﬁ‘LQSF$INT§FIL' PIOCS

/% WRITE 70 Disx7*/J
De;
CALL WhIT$SYN>FILE,
 SYMSUFFPTR = ¢}
END;

SYMOUTBUFF(SYMBUFFPTI) = OBJCODE;

END EMIT$SYM,

G?NSYMTBL PROC(OBJCODF), »

LGL 0RJCODF IYTF; ’

: © . CALL EMIY SYM((BJCODF)-
END GENSYMTPL:

MOVF$§BTQL' pROC;
DCL SYMPTF ADDKESS;.
DCL VALUFR BAth SYNP Tk RYTE;

L CRLL GENSYMTEL(V@LUF)‘
}‘ND’ S

CALL GENSYMIBL(Z);

CALL GENSYMTBL{2';

CALL GENSYMPBL(2):

CALTL GENSYMTBL(Z);

CALL GENSYHTBL(EOFFILLEH)
CALL GENSYMTEL(ECFFILLER:;
CALL WRITS(SYMSEILE;

LND MOVE$SPTBT, e

L
1

/% CLOSES A FILE %/
IF MON2(16,.WFCB) = 255 THEN
CALL DISKERR; o o
CIF MGN(16,.SFCH) = 255 THEN
CALL DISKFiR; SO

: FND CiOoF*TNTéFlL,'

PO SYMPTH = ,MEMORY L&SL$SBFBL$IU - 1)

o

B



“Sijkf‘ ‘
"()5(5. :

- GEL: OPlN*SR FILE onc Lo
- BE2: . CALL MOVE(. ‘PAS T, KFCBADDR+Y, 3)
B8R 3 s RFCa(oL) kakflz) = @5
3 b54.ﬂv; IR Momz(lq PfCBPDDP) = 25% THFN
CBEST D0 -
LoB3br o CALLY anwst Vo SOUHC? FILP $ ),-
SRt SRR CALL MONZ
S G8ET L ENDs : L
.f659:>?ﬂlv,PEJ$oEC$FILF’
et , , g ;
861 .
I'@ﬁE:.RwN $SnC$FILF FROC, e CP/M DO£S NOT REQUIRE ANY ACTION */
BEe3s 0 RETURNS ' T /* PRIOH O krOPENING */‘ : ;
 ~6§&.’£ND RWND$SRC$F1LP T . . :
- 665: |
Se€r e .
L BH7 'FADQJHL?F!LF PEOC BYTEF
Ebr: . DCL DCNT BYTF; ' . R
SHBYr IF (DCNT:=MON2(20, dFCBnDDR)) > FILFEOF THEN
RN YAk “CALL DSPK“Rﬁa . B
@971t ARTURN DCNT; - o
~6?2:7FND Rﬁah$a+($y.Lh, s
B7N i ; -
674 B
R7H CRLF. ?ﬁOC,', s ‘
B78: - CALL PhINTCH&h(Cw), N
. 677: 0 CALL PRINTC PAR\L PR
_@va:,nw) C%TFy T s
‘ﬁéwt-  e s
,'ﬁBI:fPﬁIVTD?C* PROC(VALUE)S R R
BE2y 0 BCL - VALUY ADDRE, T BYTE, COUNT BYTE; :
S €83 o DCL 0 DRECL(49 PDIR leTIAL(lM@U ww,lw.l);

684: . DOL FLAS BYTYS,




S CLEARSLNSEUFF:PROC;
£: END CLEARSLNAFLEF:

CFLES = FALSE;

DO I = 6 TO 55
COUNT = 2¢H; _ &
Do WHILE VKLUE >= DECI(I); g
" VALUE = VALUE = TRCI(I);

" FLAG= TRUE;

COULT =—COUNT + 13
CRNDg s
IF FLAG OF (I>= 3} THEN
‘ CLLL PRINPCHﬁR(COUNT)x
?LQF o
R chI PHINTCHA¥£ ’)::
“ENDs S :
ﬁhTU?Jr‘

f}?wn PEINTDEC

’anrNT$PROD£PRoC;

CALL PRINT(.” Pi0D = ¢°);
CALL PRIMTsDFC(DHOﬁUCTIOﬁJ;
CALL CALF; o

*:'Eya,Pﬁla1¢Pa0b,' »

;'P}INT$TOKFN P oc,-‘

CALL PRINT(.” TOXEN = &7);
razu PRINTSDPC(TCERY);
CALL. CRLF; : ;

‘;~HNL,P«1NT$rova; e

r

~ CALL FILL(.LINFBUFF,”

,CCNBUFFSIZE) S



%21 LISTLINT: PIOF(LENGT

H)3

22 S DCL . CLENGTH,1) FYTE;

7283 CALL pthiSD&C(lXVgVO)$

7L 4'-2”-fFAIL pLINT‘CH”‘( )i

©%283- DO { =6 TO LENGTH; '

REE CALL PPINFCFAK(LINF“UFF(I)

e ENDG
o w2B:  ChLL CELF;
29t LND IISTT INM'

TRE: : ,

B £ R e Lo e ’ )

s PRY.E _/:1;: 3ol e s ol s PAPAS KRR e :,;;;:‘;;::;:, T <3 z,.i‘l’.w 3 p"p****%‘*#*%****** 3% 2 o8 Kosk sl ol s :/' L

LA e < 3 f«»**###ar¢r$fn#pfm¢%r#hmwuﬂ*»»*r* .*$~*»f""v

‘ i‘*a#‘f HCH A, Aok x:;::yg;;;:;’;; :
T 734 /"'y‘,vv S C &N N B R PT»OC“DUI‘ES wl W )
: 7“'5: v'/:‘_ Rkt AR 2R

'?'Zf-)c /T.'::_: 3

w37

REsEE e :.'uu:'i :,.).u:.: ),-*",.:G.v*#a‘ ;u‘.*:‘c*" :’,:;‘: f<3 3 SV ,.:p,..,s/ o

S e B e o :
B 739t OFF caqn‘,?ﬁoc BYTE} e T, R A D e T R
N ‘:1;74?; . DCL ADDEOF LATA("EOP’, EOLCHAF,LF)i /% 4DD TO FND IF LI¥FT OFF */
LT O R i RN : SR i
-~iy:745fu,, ”NxT;shC$anh; PrOC BYTF;
©o?44:r . RETURD OURCLEUFE(SOUH EPT] );
L 745% ;v'nun NXT$S&C$PHAR,
CWaBy ,
B YRR S o =
48 xC'VCHECKFILE‘ PROC BYT"~ R SR
. 743: . DO FOLEVFR; : '
o ?B@: o IF (SOURCEPY R,-SOUHbEPTR+1 >= CUH$5KC$°EC$SZ THEN
B e D0 :
Y. S s SOUR'L Th=g;
B3 e T T e nEAD<5~c$FiLE FILE“OF Tuau
LBy T CHETUPN fnUF,
CReRE ,_-ig FND;

",-vvb e (NEXPCHAn.—NXT¢SRc$CHAR)(>LF PHE

1R AR SR N ol e e wle s sl e slen)e ERESEE AR S 2 R 8 2 ’:9*-, AR A / '



JRN FALS®;

OR - NE;TCHA? = WOFFILL:R) THEN
/* FOF HEACHED /

VF( A“DEOF,SBLOC u),
T o= , .
= VYT¢S¥C$CHARa

= LINENO +:i,,_ 

Ir LISTSOU}CF " THFN

TEIT

. mop:
791
 ’732:.

TITLY: PROCS

. CALL CRLF;
CALL PRINT(.

LISTTINR(LINEPTR 1)
= Py

C#LL CLEAVLNBUFF;

.TAQ>THRNf

3

LanFUFb(LIﬁ PTH'”LINEP TR + 1) = NT XTCHAR;,
: iOLCHAR THFN L o

/*QUTPUT LINE#/

CHAR =7 ’)QOR'(NEXTCHAR =*BoFPILLER));f

ey RET
 ?ﬁE{'ﬁ 'iru ENDy :
e 759:' ,‘VND ChtCh}lLE1,
766G S ;
w6l
ReZ: ,IE CHFCKFILE
‘?63} DOy,,
L T6% “CALL MO
- 7651 SOUKCEP
. 7€6% NEXTCHA
8T END;
S 768
REg:r IF NFXTCﬂAﬁ
Fpard A DOy
A  LINEND
7t
LR CALL
ST "LINEPTH
EERE R
L776: . END;
~77?:;,,f-1? NFXTCHAR =
?eE: NFXTCHER =
W79 RETLRN AWXTCHAR;f
\7c®.~FVD GVTCHAD’ g
781: ;
el S ) ,
o ‘1785:,G?TNOFLPNK PROC,
~784: 0 DO WHILE((GET
%853 . FNDi
. "¢6: END GETHOELANK;

NPS PP)CAL V‘LS B Q$ )

Ve

COM?ILER vzasxon */



f75é11 g'“,«E 4.: :;;{“‘, :.: 4f ’ :

o EQ5:

Cnyry

ge2:

caiz:

81z

Caler

,‘839; _

'AH&ZI.

gzes

I "8?\5 e i

¢24,

S HP2h
g6
8272 .

RRCP2 -

CPLL CRLF»

7941 END TIFLV'
595,
L P8 .
797 PﬁINT$PRPOR Pnoc, 3
e H (ALL PHIhTDFC(Fu OnCLUVT)»
S P9y CALL PEINTCHAK(” 7);
. 8g0: - CALL PRINT(. &RROH(S) DFTFMTED$ ),‘
oGl CAPLL CRLF;
LND PRINTS$EKROR;
8038: : =
B4
"FREOL: PHOC(ERKCODE}
»ﬁ@b«~‘_,~ncn ERRCODE ADBR
CEQY 1 BYTE;
. BV&5: - FRRORCGUNT= L:hO%COUNT+1.
B89 CALL PHINT{. %457y,
S 81¢: - - CPLL PFINTeDFC(LINFQO);'
&1l CALL PRIMT(. FRROR $7);

. CALL PRINTCHAR(™ )3 ‘
CALJJP}INTCFPB(FIPF(FRDFODE}):

814t CALL PHiNTLf«R(I)w(LRRuook))
Co315:  CALL PHINT(.? pvpR 97 ), '
LBIGT 0 CALL PFINTCHAR: © 7)j;
817 ’_Du I =1 70 ACOUM;

- CALL PﬁINu HAN(ACCUM(I))r'
.,"FND1
‘-' CPLLfChLF, S S
CCALL PRINT(. AL ®RAC nk$’); ‘
- CRLLL PEINTCHAK(® ) S
‘CALLfPRINTpTOKrM, :
CCALL PRINT(. AT ERRGA S )i
©CLL PRINTCEAK(™ )5
~ CBLL PRINT$PROD;
¥ TOKPN» OF“ TdPM
DO, .



82yl C,LL PPINT$E ‘OR:
i 95@;* © . CALL MON3; :
_831 O EADR '
s hNL EL}Of;
>~;963:;)
,’;eéa- IVIT$bCPhNFx CPHOC
4363 - DCL COUNT ‘BYTE;
-*,55v:1q_::CALL oPcN$?nc FILE;
~ B3u: . LINENO,LINEPTR = @;
8391 CALL CLEARSLN$BUFF;
“84ﬂ,a”.,TSOUtCFPTn =01288
S 841y CALL GETNORLANK; S
Co842: - DO WHILE NEXTCHAR = “§%%5. ‘
84%: . CALL GET{NOSBLANK; E SR T
S &4dr 0 IF (COUNT := (NEXTCHAR AnD %FH) - "A") <= 4 THEN
~©84bd: . . DO CASE COUNT; S RO .
Sa4Br T LISTSOURCH = TiUE;
S 84%7: . LISTPROD = TRUE; \
B4F: 0 o U NOINIFILE = TRUE;
L8B4y o o CLISTTOKEN = TLL?:
. 8Zz: . DEBUGLN ; THU S FEeR e
Y -5 LT o BNDY : ’ S /% OFCASE #/
852y . 0 CGALL GETNOBLﬁNK, i Sl T
’ CUOEEST UEND
B5471 END. IMIT$SCANM?R,‘_
l't.’thfﬁ‘_, R,

e '.TQ;BJB” &
o BBy g
R
86l: /i
f."&(é"*'"
a'a€4. SC&&NFR' ?RQCi'

x'pz. 5 s t«,-. :,x :“‘ Eq N»** e u.t'!.:.nn. ‘“"::' e /
" ) .,Mzak/

<f¢*n*$vg4”¢*¢,aam*




SR

afge
L EGBy
-1 S SHES
L PBs
CEB9r
Cerr
872
jd7o.'
LU RY4 s
‘,875;5
CEYE
8774

Elre
879
LogBgr
coE8lr
oBs2r
B8B83

R S o
S 3)-35: '
o BBAY
Co8ee7:
aBbr

oL B89
S E90
'7,,5913vf‘
- E9s:
884y
. 895:

C B3B8
971
L ae8

UoE9g

CYP

DCL FLAG BYTE;

~ PUTINACCUM: PROC;

-IF NOT CONT THEN’ L
DO: PR ! \ : '

ACCUM(ECCUM 1= ACCUM + 1) = NEXPLHA .

CHASHCODE = (HAbHCOUF+NFXTLHAh) AND HASHMASK:

TR ACCUM él THEN fONf = ;AUE’ .

END;

»;FND PUTINPCCUM,

'sPUTANDGET: Pnoc;

CALL PUTINACCUM;.
CALL GETNGBLANK;

* END PUTANDGET;

 _PUT ANDCHAP: PKOG;

CALL PUTINACCUM;
NEXTCHAR = GETCHAR;

~ END PUTANDCHAR;

fj~NUMfPIc"Ppoc BYTE;

RSTURN(NEXTCHAR - “07) <= 3; !

CEND NUMERIC;

L‘LOWFRCPSE PLOC BYTE;

L HETUEN (NEXTPH“h 3— G;H) AND (NEXTCnﬂP <~ 7PH):-_'

- f{w&b LowER$cas

'D?ClMéLPT:PHOC?EYTE;



L
S
9

R e T
SRR o

o 903:

: "9&’"}’{': o )

"Qﬁb:—

587

928
909
919
o911
~1912:
og13:
914
©-g18s
G167y
o ud?s
918
Blgr
Ce2es ;
*921:,
“.‘;925 SRE e
9245 o
9256
o926
282
9283
o929
o w930
BREE XS N
9328
o 933y
S g34r
L9%hy
938: 0.

RETURN NFXTCHA~—_ S

"U‘Nb nzcrmsnpm,

?'covv¢TC$UPPER PROC,- e ’
IF LOWEKC“SL 5ND LOWPi$”0$UPP {

NEXTCHAR= NaXT(HAR AND DFH;

' LND CONV$PO‘UPPFK:

’TLbTTER- PHOC BYT®; .

CALL CONV$TO$UPPFR,.‘

- KETURN ((NEXTCHAK - “A°) <= 26} ok LONERCASE;tH'
”, FND.LETTE8;x‘ S

'ALFFFNUM PROC HYTh

FETURN NUMERIC JP LETTFR ?; .

VENU ALPHANU@;

_’VSPOOLNUﬁﬁIc:'PRQC:

Do uHILF uumvaxc. :
CENDS

*.rﬁn SPOOLNUFRICs' 

i S?f‘NEXT$CALL~‘Paoc.4,;_,.“

IF NEXTCHAR = ° ° THEN
o CALLS GFTNOBLANK»
CONT = FALSR;

e SETSNEXT$CALL}

LOGKUP: PROC BYTT;

THFN



SR e

. ~u937:f

055

L gsG
940
o9kl
9428
L G9a3
945
BRI R T
947y
948
U949
GnPr
. 981
‘953:7 
8954
CgESy
- ess:
957
L9881
;'.':)'0:: .
:3961.3
;J,963hf
-96;‘
. 9es:
a87s
L
gl
gy

,DCL'MAquLNG LIT 97 e

DECTARE vgcaa nATA( , ','<<,f(';’+7,5ﬁn,j"’.’*’ ’)’>"’.f—f;*;f;f.’*
> :' JSTH, ‘L.t ik, Do TR INY, Ok, 107, “EOP "
“aND DIV  CEND, CHORY, MOD','NIL’;'NOT ) “Spi- VAR’ rass

e

D
’
»}, LAREL ? UNTIL "WHILE ", DORNTO “PACKED” RLCORD RFPEAT
‘ nOGhAM FHNCTION';' ?OlFDURF Jpoo o Sy 7

-'ffnuL vLoe Dﬁ%A(w 1, 17,55 ss ,91,121 14b,152 169, 169),
"l-DCL uwum DATA(A,1,17,25,35,42,48, 53, 56, 5?),
 DCL couwr DAPA(Q lb ?,n,e 5, 5 m 0 @),

DCL PTH. ADDR, {rlkzn PASFD PTR) (9} BYTc.-'
oL I BITT;

COMP&RF PRGC EYTE;
ICL 1 EYTB‘ ' : S
o L=a o I L R L
‘DODMH‘LE (FIrID( );:,ACCUM(I,:=vI + 1)) AND I <= ACCUM;
END3 : o G SR o
» FETURN 1 )‘ACCUM. :
‘T,END POMPAHL‘ SR

IF ACLUP: > MEXRWLNG - THEN
 RFTURN FALSE; - . ,
. PTH=VLOC(ACCUM)4. vocaB,~~- T RO
DO I=VNUM(ACCUM) TO \VNUM(ACCUﬂ)*COUNT(ACCUM))‘*<~'
S IF COMPHR‘* THL :
) DO;
POKEN= 1;
P I =54 THEN

bLSF PIL ) 160 TO."HP » (TYPE”, "WITH' AFHAY BE”IN CONSTﬂ‘



94 53 oK A RS
B I 4o TR /4 THE FOLLO&ING CODF SLlS UP SFOHAGE & “/
SLE768 L POINTERS FOK hLLOHD LNTHIES IN THE . =/

977y ;,gyf SYMROL TRBLEL oy

’ 9783 ’ L /“;,> SEmeai s #%‘ X A:a.;q.:'.:,;,.:‘a..,.:' ‘( an:..:}::,t ‘-x Pre S :’n’ :’p;\n’u.:). /

9T ; : :

981 j'_REC$NST RECE Nsr+1, : ' e
9g2:r - '.gAPTnADDr,PEC;PAF$ADP(HPC%NST) SBTRLr SR
983 © . ADDRPTH=0QUQH; o ‘ :

984 . APTHADDK=APTHADDR+2;
. 985: - ADDRPTR=PRVSSETSENTRY;

SBEB L e PRV$SBTSE“P1Y SBTBL}

R T DR APThPDDF-ﬁpTRADDu+23 S

B L N I R EYTEPTR=1FH; = S

©oesos  SBTEL=SBTBL+9; : ;
R 21 S R & IVCOhD INITIAZAYIONS #/ U
: ,9913’-‘&‘; SR ¥éRIANT4PERT(RFC>NST) TAG$FD(REC$N5T) FALQE,
©982: . FXLSOFSTSESE(uEC ivsr) COVBH; :
G99%: 0 . YARSCFSTSBSE(HECSNST)=00e0H;
984t CURSOFST(RECSNST)=0000H;
89t VARSCASSVAL(AECHNST)= =0001;
GG e T e hkCO‘iDéPTr‘“‘ll .‘ :
B R R FND ‘ , v
Coessr U RETUKN TRUE;
SHeYr e END3} i 5
i VYR : PTR PTR+ACCUM;.T

g0ty 0 CENDY

Codeves o anuhN‘rALsz,

1205: . END LOOYUP,
1g@a:

1ees:

”;.1@&6”ﬁ17 _ U S
vfgﬁ?;, ! «mk#“»*#****g****¥¢*****g»-

€230 38 2 sl 2 e sl sl ol ol Sleale sl e Fe et e a“’;"ﬂ: Aol



clotes
S1eils
sy
S 1013y s
1214
19163
107y
latg:
Aplgr
odezes o
Colp22:
1023:

1009

1621

oleesr o
S N R S
B S A
Soeipegs

1¢29:

B 1 Jo U, R
Co1pstr
I S
1933
134
oledsy
S KU
R A TR
10391
oo ludds
141
S les2e
L1248
vooeleeds o

X .,.: *a’t

no FCREVER] et
ACGUM, HASHCODE, TOKEN = 0
no #PILE NEX TLHAR FOLLHAR: e
S CﬂIL GETNOBLANKS '
IF (VEXTCHAR = QTRINLDFLIN) OR C
DOy PG FOUND S
TOKEN = STRINGC, S
CONT = FALSF;
DO FOHEVER; .

DO WHILE GETCHAR (\ STRINGDE

© CALL PUPINACCUM:” |
CEND; |
CALL GETNOELANK;

I¥F NEXTCRAR O STRINGﬂELIM T
_ Sl ‘(FTUE‘N; L :
S CRLL PUT$IN$PC(RM;,‘
3 bNE, ; o B VA
. IND;, e : ' , /* OF

" FLSE IF NUM?RIC THE

Do o HAVL

TOVFN = NUM%EPC:
TYPENUM = INYbbFR$TYPE, :
DO WHILE NEXTCHAK="8"3 /*ELIM
gc", NEXTCEFR=GETCHAZG
f'ifALL SPOOLQUMRI""
’IF DECIMaLPT THEM
o5 R
© YEMPCHAR1 = NEXTCHAR;
NEXTCHAX = GRTCHAK;

MAIN |

CODE

ONT ¢HVN,
TRING %/

LIMi

HEN.

OF DG FOREVEP */
}LuOGNIZIN A STRING 3“/

DIGIT / h

'LEAEING ztaos#/ ]

A w f=.<>.->.~=:t=< -M B W <>.<~t>: i «-#*a ** *




Ii DTCIMALPT TPFM
NYXTCHAK =~ 73 AR
e SOURCFP;R *bOURCEPTR —J2;~~'

FND,,( 1

‘FLSF
U NEXTCHAR = TEMPCHARL; -
~ SOUKRCEPTH = SOUKCEPTH =~ 1,
. CALL PUTANDCIHAR: = .
TIPENUM = HEALSTY®E;
SooCALL SPQQLNUﬂHIc;
_ ENDv ! R A
C o ENDy s T

/% THIS- TPKEs CARF OF EXPOM CFORM %/

IF NEXTC&AR = ‘E’ THEN UL Lt
' TYPFN{M UNSIGNéFXPON,

CALL PkaNDCHAR, e i

IF NSXT“BAR = '=" CR NLXPCPAR;= “+" THEN

by , o e ARRN
CALL. UTANDCHAe, R
rypauun = SIGNED$EXP0N.' :

CEFNDY : :
= e CALL SPOOLNUMRIC,'
Jlever o ENDG LT
1ents o o IF ACCUM THEN i NP SRR T
1pR2r -':i FASHCOD& AC(UM(ACPUM —1) ey
i1@7$»" CALL 3Er¢NPtT$CAL1, R s

1era: KETURNG ; N
C1ehy _,;; ENDS » Ve GF RhCOGNIZING NUMERIC CONSTANT */
1?6 ELSE IF LETTER THEN S [
1e92: DO o E HAVF A LETTRL %7

1976: - DO WHILT ALPHANUMG S
1e79: .«  CALL. PU&AuzChAas o

qese: o FMD,;,v SRS



S 1e81:
1082y
1ee3s
olesdasr
10850
loces -
S resY s
Coolgesr
Sooolesgy o
e ,1“9?.v
’y;al@qa i
CHe9dy

18941

“lesdr
1096
RN ISl PR
1pGr:
1099
Ci1ver
},1:/4.3
iiees
11638

11947

11¢5:
1166
11073
1108
llems
ETE b O B
w311t
11128
1113:
Co1114:
115
1116t

IF NOT LOOKUP THF
Do»a B

-~ TCEEN
CALL S
e RFTURN
RN
CFLST
Doy
CCALL $
ETTURN;
FND, '

O END3
 ELSE DO;

IF NEXTCHAK =

ELSF

- D03

MEXTCH@R

DO WHILE

. ENDj

NEXTC

~CALL GET
ynn,k

DO

Cpige
IF NF

~TH NEYTC
DO -

CA

IF

END{

DO;

= IDENTC; .
PT{NEYTSCALL;

':' E .

IS A RW nur ¥ COMMFNT SKIP */
Fr?NEXT¢CALL, |
¥

/% 0? ﬁrPOCNIZING HW OR- IDFNT */

F SPFCIAL CHARACPER */
CUMMFNT,THEN
= OF TCHAR}
N*XTPHPH <3 UNCDMMENT,
HAR GVTCHAQp '

$NO>BLANK:

HAR = “:° THEN
LL PUTANDCHAY; PR
NEXTCHAR = “=" THEN
*CALL,puT;NDGEy; .
?TCHDF é"f"TuEw,
' CALL PJTANECHAR:

- TF NFXTCHAR = “.” THEN

CALL PUTANDGET;



FEEE 65 - E AN S : ,IF NUMERIC WHLN Sl e T e e
So1119: B ISP SR 1o L T L e e §
Sl1z@: . TCKEN = NUMBLRC; SR
c1121e o o . TYPENUM = KEALSTYPE;
"1122: . CALL SPOOLNUMRIZ ;
Lolress o /% CHECK FOR EXPONENT %/
]v1124. R RN URAPIE S § NEXTCHAH = R THEN‘
Ai28: DOy -
1 1126:‘-j,;?.~f R L 1YPENUM UwsxuN$EXP0N,;-‘v | i
21129 o e e CALL PUTANDLHAR, N R T
oo112ss o Y 1P NEXTCHSR = ¢ OR NVXTCHAR f+’ THEN
RL2O i e e DOj AR
oABes . TYPENUM= SIPNPD$FXPONo _
B B A TR oF § 7 PUPAND«HAR. ek
e S L e A ; |
T 1183 FER R R e CALL SPOOLNUMHIC, ,
S U S R R RAD; e
e S e BB T s i ~ CALL SET$MEXT$CALL S
RS e 5 W TR MR S RETURNG )
LT PR T e e , FND, ,
So1188: o o UENDG it
P19 e O RLSE C
SEECEIES B F LT L S e P CALL PUTANDGET, h
R 5 S fxv}fl" T
: ;.;;1192~ A IF ROT LOCKUP THEN
o S "_. CALL FREOR(“NC®);
CHLL SFT%NEXT$CALL; g
11 Saai G usru“a, , :
> g1146;, S END e '
14T UCERDy ,,/# OF RLCO&NI&ING SPECIAL CF&H */
o 1148: 0 ENDF o T /% CF DO FCRFVER */ =
1149: END. SC“WNF“’AQI ) . /% END OF SCANNER “/
oo11ses UL e U T e « ‘
411k1..

- ll(:.'\ / 2 3Re >’ PXEYS CENS )‘;;:;:n:::;;-::;;a‘,;)?:31‘.;.42;,: 30 ;,: N 3 xp. e ;z ‘t ARG RB ISR t:": .‘n,,:cna,.a >.<x >‘<:( # a..a. n,,";'n'(*;n‘ **: e :, ..( s




G s A -.u. S *z,zwc t**n r**43.0"*:,‘*************** e **;’
:,e..‘wg S ::% o A % 7::’ o.n >.< st e el Bk x.. ,44**4‘*,;# Aok zbc:;:y / |
B L mmmx»wx*****mwm/.

: ?VITéSYMTHL PHOC;“ |
DQL' STIEASE jQ_. 3 v.Aunag i

?DO
>  'CPLL leL( HESHTAELE 3, SHL(HASHTELSIZL,i)):
. SYMBASE=. BU;IT$1N<TBL,
- SEUBL=.MEMORY;
HASYTABLE(14)=SYMBASE;
 BASHTABLE(36)=SYMBASE+14;
~ HASHTABLE(33)=SYNBASE+zS;
HASHTABLE(0)=SYMBASE+36;
HASHTABLE(65)=SYMBASE+C@;
HASHTAFLE(16)=SYMBASE+€1;
HESHTABLE.118}=SYMBASE+73]
.1‘HASHTABLF(80) =SYMBASF +86;
HASHTAPLE(116):=SYMBASE+100
HASHTABLE(S2)=SYMBASE+142;
.~ HASHTABLE(1€9)=SYMRASE+1590;
. HASHTAELE(26)=SYMEASH+173;
~ HASHTARBRLE(74)=SYMBASE+186;
HAbHT@BLE( ?)=SYMBASE+2a1;
- hASHTABLE{I2)=SYMBASE+230;
i . “~wHAbHTABI£(1d) SYMBASE+2443
w0 HASHTABLE(#)=SYMBLSE+260;
;j‘PASHTAELE(101) SYMRASE+276
. FESUTAELE!GS)=SYMBASE+290;
o HASHTABLE(46)=SYMBASF+304;
-~ HASHTABLE(43Y =SYMEFASY 3195 -
o SHPAPIE( c}) =SYMBASE+334

-e



ospy T E o

11189:
1160
1161y
EE W G

REEINEE EEhE

1184
1185
o196
11973
o118y
o1dugs

-,1]j14gg5

‘u312¢2"“'

1208

o 1204:
S12e8:
1206
_‘1’)?7.j .
1208
. 1289:
e igies o
Co1211:
ci212: /
o 1213:
1214/

Lo1z15¢ /

o1 R17r

o 12ios ]
1219
*;";122®:yr‘. .

oi2zrg

“‘.,12?2.*
Do 12RE

o 1954 j(

‘» END); PRSI
FND INIT$SYMTEL,”"

*HPSHTABLE(95)=FfMEASP+347’
BEASHTAELROR Y=o ZAS w+ 06D
HASHTABLL (B4 )¢ SYMHA\E+573.
HASHTABLE(29)= =SYMBASE+392;

HASHTABLE(106)=SYMBASE+406;

RASHTARLE(23)=SYMBASE+418;
HASHTABLEZ(64)=SYMBASE+434;

"HASHTABLE(28)=SYMBASE+465

HASHTABLE(54)= SYMBASF+478,‘
 HASHTABLE(11)=SYMBASE+493;
“HASHTABLE (37 )=SIMBASE+507;

%-HssaTABLE( 21)=SYMBASE+538;
HASHTABLE(S9)=SYMBASE+552;
HaSHT&BLE(62)= SYMBASE+567;

x“k***fﬁ*#¢»4#»*44»;s:uA*&******##*i*ﬁ**#&**##*###*ﬁ*ﬁ/”
e st e e e e *u*fx«#**rf*r*,*4u***~us#********4***4*%#/

STAETE STACESIZE,

. VER(PSTACKSIZE) BYTE,

UHASH(PQIACKSIZF) BYTE

FASHTAELE(107)= SYMB“SE+4497

 HASHTABLE(40)=SYMBASF+523;

PRV$QBT$ENTHY = SYMBst+u€7,‘

/*ISCoﬁzl?OR,PAR$En~#/} .

STATESTECK (PSTACKSTZE) STAT“SIZE

'PPRMNUM(:ST»"KSIZF) BYTL

ﬁSSOCIATED &IPH A SUBROUIINL

VA MAINTAINS NUMBER OF PARAMETERS s
/ P

) PARSER : : wak /
7 $%#?»x#fnu**4nhuk AR et (VTR *ma*a(u<tﬁan#*uﬂn*****vk*#****#***#***mmu/
XEAE N a‘ sl 5 ?‘( PR AR am 103l 35 ,;:;a i}.f;,c ;n'u;c ::r,:a,: :n..s‘ s cz,n a{.;,n:t*:;;n‘u. 'Jla:a:zu«.sa.tf.u;e*a:t*i&n:dw.s*/ :



1225:  © LABELSTACK (PSTACKSIZE) ADDE, /* THACKS STATEMFNT LABELS */"

| 12260 ,‘v\‘PABMNUMLOC(PST?”Y’IZE)'ADDR /% MAINTAINS THE LOCATION IN. SYMEOL

Ce122%s 0 0 “TBL WREKE PARAMETEK INFO STORED */
o122y oo BPSE$LOF(PSTFCKSIZE) ADDR /% STOWES THE SYMBOL TABLE ADDRESS

oo leR29r oo ‘ OF THE PERTINATF ENTRY */ -
l12uer FORN‘FTELD(PQTAF§SIZE) BYPE /% STORES THE FORM FIELD OF
T - E R . . SCANNED .IDENTIFIERS */
e ey e 7Yerébrpcr(PST»CKSIZE)BYTF /% HOLDS A VARTABLE’S TYPE */
S o1283: 0 EXPHFSS$STK( PS?ACKSI'&)BYTE /% CONTAINS THE TYPES OF THE
i EXPKESSION COMPONENTS %/

C1pds: ipar$AnDk(PsrncstAW) ADDR /% STORES AN IDLNTIFIEB s PRT
1236:  LOCATION */

0 1237: VAKC(VARCSIZE) BYTY,
128831 0 (VARINDEX, PARAMNUM)SYTE,

flf?1242:uc o
v’f1241:¥ LR NMUMONICS FOR PASCAL SM MAChINL */
1242y

. 1245: . UNSP LIT 8 JCNVB  LIT. “97.CNVI LIT 1@ JALL S LIT

o 124%: 0 SUMI  LIT ‘316”.MULB LIT f17j,MuLIi LI 18 ,DIVB LIT
© . 1248:  DIVT . LIT -‘2@’,mMODX LIT 217,FOL1 LIT ‘227,NEQl LIT ‘2
12491 LPQIZ~LIT«,'24’,GHQI LIT “R5°,LSSI LIT '26 ,GRTI LIT 27~

pirracicEERINNSat (SP MP NP“l NOIUOK) BYTEr

N . -
A . -
\ +

 1243: DCL NOP  LIT @ LENDP LIT 17,181 -LiT 27,LDIB LIP
1244:  LDII LIT - “&”,PRO  LIT 5 JRIN - LIT 6 ,SAVP LIT

LN
D YHE IR Tt R R A

N
N
e B¢
N

~

-
0O =
OO U

A}

12464 0 LITA  LIT ,ADDB‘ LIT - “137,ADDI  LIT ° ,SUBB”QLITx:

K

~

12501 o XIN G LIT 8°,FQLB  LIT ‘29% NEQB LID ‘3¢ ,LEQB LIT ‘31’
~125%: - GFQB LIT “827,LSSB LIT “%3°,GRTB  LIT 54 JFQLS  LIT ‘357,

282y NEQST.LLT‘: ns LLEQS LIT 7877 ,GEQS  LIT. fse Lsss*‘LITpffﬁgf;_;, “

1253: . GRTS LIT WEQSET LIT ‘417 NEQST LIT 7 INCLI LIT 7437,
12545 . . CINCLZ2 LIT 44 ,N GB LIT 745 ' S R

125¢% . NBGI LIt -45 "COME  LIT 47 ’, COMI ‘Lfof:48 NOTX gLrTVr’49';f

12%6: . ANDX LIT ,BOK  L1T ’517,5T08 LIT ’527,ST0I LIT. ‘537,

Lo 128%s o U STOC LITS 64 ,suna LIT',.ﬁS ISTDI LiT 50“.STD : LIT.;’*7‘,
©1258: . UHION LIT'i'ﬁc SySTDLF LIT  “59°,ISEC LIT  “62 .CNAI LIT ‘617,
oo lesgr o BAL LIT S ,b‘C CLIT ‘6% ,bNaI LIT ‘64°,MKSET LIT = ‘657,

12€@: ¢ XCHG LIT “,PAEM O LIT  T67° ‘PPHMVfLIT'J 68 PAFMX LITn'f697,~



geT e e e

o121
1282y
12633

1264 ¢

1265

o 1z66%
1267
- “1"2551
o 1269:
3';1273 '
ot
1272
012730
1274:
1275 -
127es
- VECPTR=01% .
~CONSTSINDX=0;

1277

' 1275.’
‘ 812&@; ‘
1281
o12e2s
1283
Ly esdn
1285y
12861
L1287
12egs
, 1286
BT Al
X 1291' desn : i
1292: ke -’;‘.. I- PR
. 1293; /%
21294
1295:
129¢;

CING
“SUB.
 LODB
- RDVS
. pumMp
SQRT
~TRUNC
Sucs.
NF¥
kDY

INITIAIIZE$S\NTHFSIZ puoc?
= @, . B : ’
SBTBLTOP=MAX-2;

: CONST$PTH @17

.CODESIZE

LIT
L LIT
LIT
LIT
LIT
LIT
LIT

LIT

LT
it
oLt
LI TI

7 “vDEC
,LDS1
78 LODI
‘82 MRTH
‘8’ lBS
fgm’;ﬁncru
94 00D
‘98 ,hbdND

‘1027, PrED

‘1467, RESET
110 °,DISPZ
114 'tw,,. o

'*ﬂconsT$PN$PTR 25

- SUBRSPTH=

SHAYSOQTY=

/ RERCHE R :: $< el z.

/ﬂr o e *»m«*u#%»»x#a

=47

“y

‘ALLOG$PDDH a3 ‘
’END INITIALIZF$SYNTHESIZE,:

v;shY$DM$ADu$PTR——1,
ARRYS$PTR=-1}
'VAHIANT$PA?T FALS F;

‘sYNTHEsr2E: PROC

LT

.LrTv'
LIT

CLIT

LIT .

L1%

LIT
LT
LIt ”’
TIPS

LIT

'"DEL

75
‘797

. 95
'91

‘95°
Ir\9
‘1037
107°

'111"

EER RSy RYINE FUPUS > AP AT ::’,.,,wc,,:‘.,‘.,a FrEH

+FuD

JKASE

,KDVB.
+WRTI
" SQR~

y EXP

,EOLN,

,ORD
ISEEK
.REwwq

><.,::'<;,<.#>z<xc

‘LITﬁ,
LIT.
LIT
LIT

LIT

ks
LIt
S 7% W

LIT

LIT
CLIT

"4*# s 35 3 ok A *n ***#**m# ’.-* ﬂ. AR "/
xgaks k'p:,’u,n.n >p: S ﬂ-x :;mn' A0 >cx.<i azdp‘:fuu( % :.c*;;t*”&#;k*-;‘::',s*r,.a ;’:a.c,. .t/

RATING PHOFEDURFa ( ;
2 sk : **-t‘wm 3 m‘.w::uk*«t**a.w(‘a‘ w*: h .8=/‘

‘,WRT  LIT °
76 ‘LoD LIT °

.s@ “JRDVI LIT
47,WRTS LIT
‘88 ,SIN  LIT

f92°,IN - LIT
‘96", EXF LIT
‘1007 "CHR . LIT ‘1
‘164,PUT  LIT *:
’1¢8°,PAGE ~ LIT *

‘1127 XTRNL LIP

q:# :/ g

‘/*kSYNTHESiZE'LOCAL;DECLAHAfiQNSf# |



1297:

12981
126093
.
1301:
“1dpes
12¢3;
13¢4:

13@5.

. *13'@7' ks
- 13e8s
L1329
CE310:

3il:

13128
RS 03 RCE SR
13147
131k
1316 -
CaB17
13183
1319
1320
1321
1322
. 1328:%
1324 11' ‘
13253
13265
L 132%:
13281
1330

1351 :

s

PR T E }:::k*,*‘* el S s el Lk :.::4;,: stk -.;:*:; s KRR

% SET4{ADDRESS4PTR i HIS PROCEDURE SETS & %
% POINTER TO A SPECIFIC LOCATION IN THE %
% SYMBCL TABLE. o

.u.d: ES) z:dM SRR ='<»,<#~.z». ERFLE ST VP Ht*# B33 #:.Hwiﬂ'sz- r’: ».‘ .-*mk%***/

SETPDDRPTR PPOC(OFFSLT)t‘,"
 DCL OFFSET BYTE;

" APTRADDK = BASE + QFFSET.

ENT saravapwn,;

/‘t".i PR3 t*«w‘r% AHEN A 3RS 4:‘ :0.': bw‘ .:)n Ay Rleslene e <>.<*rr*>.-****¢* ;
* SET$PébP$°nENTN%HL - THIb PROCEDURE SFTS ‘ f,“
% APTRADDE TU A LOCATION IW A SYPBOL TABLE = %
ENTEY THAT IS PAST THE ENTRY’S PRINTNPME BRI
“(WHICH IS 0% VARTABLE LENGTH). %

‘k¥ **mqu»ﬁat*$m. e e f%‘**&%*n?%*n*.%“****h%****/‘

3

.

SET‘PASI‘PN PHCC(OFF ET),;.
DCL OFFSET BYTE; -

: -jCALL SETADDRPTRIE); '
CALL SFTPD“BPTK(HYiFPTR ¥ OFFSET),

END sxm$PAST$PN,~

/ﬂ-«w:'w 3% na AR n’& *-.t« R RN x a'.- *mww&w o.wi *a *N#*#*w&**** S
% CALCSVARC - THIS PROCEDURE DETERMINES THE o
: * LOCﬁTION OF &N IDENTIFIER PHINTNAME. - *

‘<c~-k«‘w ‘-\'\ ‘<>. gl R c—.:’»«hb.w.iq%‘:-«xﬂ. k*ﬁh‘ﬂ&**q‘ -.03‘**/3

'cALC$vch: Pafc(A) ATERG

DCL A FYTE; T
 RRTURN VAR(A) © VARG



; RIKTE
o 1335:

iv'“ i§42:

1348

1867
'fYISEB;'

END CALC4VARCG

1334
lq}db" /;:.*,N,. c*io, W BRI > ENEFLENETS BV PSS 5:‘;.:»40.(:.(4&*3. B R ﬁ* .~$>.<
a3 x SLT$LOOKUP JfT Ib PHOCEDUKE IS. UTILIZED TO *
1338 T'v*, FIND THE FAuH VALUE OF AN IDENTIFIER, Eh *~"
“ 1 (39 e <:5> :‘n R 3 el e ;:,. i,.x:x,,«.\ *..n‘u *4(* F2°% s,‘*:' EXRVIRSVEFE TSNS <3 ;,ta,:;..ad.a‘,:*aﬁ/w
“7“13&2§1 .‘ : R ; :
‘-13411;SETLOOKUP PRCu\A))
Bt . DCL A BYTR; -
“*ﬁlﬁ%ﬁim ”-“PRINT AME = CALC)VAHC(A)’;~ :
i 1844 . SYMHASH = HASH(A); HASH?ODE OF PN #*/
13451 END SETLOOKUP:
oasEgs
: ~1548§H /qrﬂq:»nmn¢awrmaxr»un x3$“r¥*nﬂf4%****‘*ﬂk* *** /jy
‘ SR ENTFF$LINKS ~ THIS PROCEDURE ENTEFS IN THE */
L1334 /% ONEXT FOUR BYTE° OF THF SYMDOL TABLE THE w1
f1351:~f‘/* COLLLSION FIELD AND THE PREVICUS SYMBOL - */  \
1352: 0 /% TARLE ENTRY ADDRESS FIELD FOR THE NEXT owf
13533 /% SYMBOL TABLE FNTKY. ( BOTH IN ADDRESS VAR ) */
ol “ i />: =” Beas %ﬁ £ nw’w #w‘r % .-*'.wn ECENE) £ .w w *: €10 o 30 3 el o 3t 3 x*w&:#/k :
1\5 )5- S g : . . e
13561 ENTFR$'INKS PROC;; g e e
1357 njBASE APP*ADDR aBTBLSCOPB =-SBTBL{"‘
C1nsEs ’SCOPF(SCOPE>NUM) = SBTEL; - ‘ S
0 1359: - ADDHPTR = HAudiﬁhLb(SYMHAbH);
Lo 1380¢ . CALL SFTADDEPTR(Z)i o
© . 136Y: . ADDRPTR = PRV$SBTSENTRY;
1362t PHVSSBTSENTRY = SBIPL;
;,[ISGS;H‘1’-HASHT&BLE(SYMHASH) "BASE:
L1364 END FNTER;LINFS; PR
L8658 R
1366 A o : : D
fee q»*ayxx*ﬂr»q AR A A R e S A R

# CHEPK$PH1NT>NAVF - THIS PROLEDURL DOLS A f",*,



15683

1370

o Ls7i
C1R72s

L1375
' 1374. CHK$PRT$NAME. PRCP(A) BYTE:‘

\_)75

T 1376.;-
L1377
13781
13798
‘,loaﬁ‘ 
o1382:
L 13ESE
1384

1385:

13861
C13s7r
S 13sey
1389
13963
CoBaty
1392
1355
1394:
. 1395:
S 1B88s
o139
"1398”

2
L
Xx

P

#

THE CURKENTLY RECOGNIZED IDENTIFIER &ND *

w‘ :Mn xu{u% R at—. >~,~>¢<»=«< R S zr#».nfw;: Feofe ok s e »*"&*vpak«w‘f*/

/% & 1S OFFSET FROM BASE To PRINTVAML %/

~DCL N BASED PHINTNAME‘BYTE;

- DCL (LEN,A) BYTES

- CALL SFQ%DB}PTH(A)»
“IF { LEN = RYTEPTR )

LND

/%

/a‘r
. /3,&

;/«*

e
LOOY

:ﬁaaa;’
1401
~21432;r

L1403
1404

JEND:

N THEN

DO WHILE (BYTEPTR(LEN)=N(LEN));
IF ( LEN := LEN-1 ) = @ THEN -

RETURN TRUP:,

HETURN FALSE;
CHK?PRT$NAME;

e eSOkl ek el Aol sl e o A 3t sleal s ol sl ok sk ke PR A e el /

LOOKUPSPRINTNAMESIDENTITY ~ THIS PROCEDURE = */.
1S PASSED THE LOCATION CF &N IDENTIFLIER IN %/

'THE PRODUCTION RULE, AND ITS TAKGET ENTKY %/

IYPE. IF THE IDENf!FIER IS FOUND WITH THE = */
CORKFCT TYPE THE PROCEDURE R&TURN THUE. DR 4
ELSE FAIbF IS RETURNED. ‘ #/

% >' sk >¢ Hoofs ] DR R 3 5 g "’M x £ m»# 6%«‘ -.t" FREE &: “<>’wa—#/ A

UP$PN$ID P}OC(& ID$INTFY) BYTE,
DCL (A,IDSENTRY) BYTE;
CRLL SEPLOOKUP(%); ‘

 BASE = HASHTABLE(SYMHASH);

Lo WHILE BASE <> 0f , :
CALL SETADDHPTH(4) S R

F (( BYTEPTR AND F)RMNASK ) = ID$ENTRY ) THEN =

- IF CHK$PRTSNAME(6) THEN S T

' CBARACTER TO CHARACTER COMPARISON BETWFEN %
'SYMBCL TARLE KNTRIES OF THE SAME HASH VALUE.%



‘jffléﬁéi--' [~. ’v IF ((Basv < SCOPw(c)) OR (EASL = SCOPP(SCOPE‘NUM-I))
o 1406: 0 OF " ((ID$ENTRY = TYPP$ENTRV) AND (BA%E SPOPE(SCOPE$NUM))))

"fléﬁ?7- SE - THEN BO;-

. 1408: LOOKUPLADDK=BASF;

0 1a1w: . BNDj

1403 .0 RETURN - TRUES

1411 el bETADDPPT}(ﬁ)r
o 14123 o BASE = ABDRPTRS -
. 1813:  END;

1414: RETURN FALSE;“
1415: END LOOKUPtPN$IDy
14160 0 L
1410 \ , |
1418: ‘/*'t‘ SRR :‘*ﬁ'**n"r"‘ﬁﬂ r’sﬁ"’-*’r'\ﬁ u‘r'rh >.“<-\~n *n*‘f***"*’:‘*/'_‘

1419: /% LIMITS - THIS' PROCEDUAE LNﬁURLS THFT THE . %/

"EQZQ:V-f/”VH SYMBOL- THBLE ENLKY AWOUT TG BE ENTEWED ‘*/

14213 /% WILL NOY EXCEED THE UPPER LIMIT OF THE SR
1422t /% © AVATLARLE SYMBOL TAKLE ADDRESS®S, ko
1423: /% THE PARAMETER 1S THE BYTLCOUNT OF THE %/

1424 r'/*_, FNTRY 10 BE_ENTERED. */

BRI Rt e :’g;,. T P Sl s sk e ESERE AR AR AT SRR IR A AR Aol /0
14200 S o '

1427: lerqs- PhOC(COUNT)
 14z8:  DCL COUNT BYTE;
1429:  IF SBTBLTOP <= (SBIBL + couwT) THEN

':'1461 f,;- CALL FRR“H{ T0° )

*;1452." o caLL MONJ;
‘~1435:*ERD LIMITSg-j,t o

‘ifléﬁ 3

;f31¢36;’Lf,,x_’: .
1487z i

%o 3R Sk s * AR ":. Ry seookok >">.c;, 4*:3:, a,.*;(zs,c/» e e

1aza: s ENTPR$PRINTJAME4ILENTIFY ~ THIS PROCEDURE = %/

1439 ‘/*- "LORDS THE SYMEOL TAKLE WITH THF FOLLOWING‘ s/

Lo laapr o/ 1. COLLISION PIFLD LA TR



s T

:5171470.

S 1k41r
'_.'71442:f

S Vasgy
1440%

o 14sg:r

L 1457%

1460

‘ '_'147(_‘). &

. ,
[ 3; FORM OF ENTiY ( PKESET BYPE 'FOEM' ) %/

/ﬁ;; “THW LENGTH OF THE PRINTNAME IN oNg BYTE*/:“
14n4: THE PRINTNAME CHARACTERS e AT
S ‘144¢.",,,,__ PARAMEPER. PHIVTNENE IS SET PRIOR TO CALL. */
: .14403‘ £ PR :{-“n AR, :((:'*'ﬂ < x;‘s‘t 23t u';:, $ TR 3N “‘}:a*,,*a,:/.v»
1447 ' ’ v
ENTFH$PN$ID PHOC: s
, @: o DLCL (1,J,N BASED PHINTNPHE‘ BYTE;
1450 CALL LIMIT&(I.»N*?). : S
©14581: - CALL ENTERSLINKS; =
e . CALL SETADDKPTR(4);
0 0145Z: - BYTEPTh = FORM;
o l4%4; - CALL SETADDRPTR(S);
. 1455: - BYTEPTR = SYMHASH;
145630 CALL SFTADDHPTv(e).;
e S UBYTERPTR=N; o
S 14B8: 0 CALL MOVE(PRINT NAME+1 bBrﬂL+7 N);"
0 1459:  LAST4SBTBLSID = SBTBL,' '
SBTBL=SHTHEL+I;
1461 END EVPE&$PN$ID:
14628
14687 : Lo ' :
L1464 e FHRRE st At e A i Sl ek e xx#**4**&/ L
14651 /% FNT?H$VARIABLE‘IPEMTITY - THIS PROCEDURE -~ %/ s
'='1466;*1‘/* © C&LLS ENTEKSPNSID TO LOAD THE SYMBOL TABLE */
1487y 0 /% 0 ENTRY CUKRENTLY BEING SCANNED. IT ALSO %/ . _
. 1468: /% GFNELATES @Hn ENTHY'S "FOR'". BY PE:FOKMING X
C146y: . /% A FOOLEAN OPFRATION or THE ID$ENTRY R
: /% AND THE PﬂﬁAMhPER i w/
ARt '/“f' i.%“#n. e »ﬁmm**# 4 3<.=: + 9 3t *aw 7Y 12 VS r‘: *f.un o.n:a 3 z.<>:<>‘<>‘ >k#*:.~/ :
a7y
148 rNTEH$VAH$IU PROL(F B ID$°N tY),
>1474 ' DCL (A,B, IDihMTuY) RYTE;
1F LOOKUP$Pu$ID (B, ID‘&NTRY; THFh
IzOp i

ihlIuUS bYMB(L TABLE &Nrar AD“RESS owy



Geemi oL L

5,14?7-:f" . PHESENT = TRUE;

1478 ,Q* HETURN; ,

\‘1479;3 i FND. .

oo l4wp: /% ELSE ENTLd VAH NAME >/

14813 . PRESENT = FALSE;

~1482: . FORM = A OR IDSENTRY;

. 1483: - CALL ENTER$PN$ID
- 1484: - IF IDSENTRY VAP$?NTR.«TH
o 14833 DO;

1486:  CALL LIM1T5(4). i e
14m7: . VARSBASF1(VAk$ PTh) = SBTBL,'?
14881 vi~,- SBTBL = SBTEL + &g . o

14893 ENDG '

S 14900 END FNTER$VAR¢ID,
1491

S 14G2r %

gggggp»‘/*»****M*w¥:s*a*t*p¢«¢¥¢**#a$ﬂ¥*k&~u*%s»$4. *#»#/'

S 1494:<#_/* SET$LABEL ~ THiS PROCEDUKE ASSIGNS # LABEL */
. 1495: - /* 70 THE CURRKNT DECLARED LABEL AND INCREMENTX/

1496 /¥ THY. LABELCOUNT ( NEXT TO ASSIGN 5 SEE R A
514g7¢' */»Mka«&*#**%%«i*i%>¥ #3¥«***¥***%v****g¥6%*¥**%*$/
14981 : : . T
149914 5FP$LABEL PKCC#»' :
lbﬁdfqﬁ. ADDRPTR= LAbICOUNT:
1561 ~LABLUGUNT: LABLCOUNT*I;
: 1593. END SET?L”BFL: :
~,leﬁﬁ4’” 1‘° ‘ : '
18p5; /;':;( ;;; € SRS S o A e o e e L S >..>.. 5k 3 :.. 54:‘ R *"M‘U-‘ <**=.<*/ ‘
‘5”.Tr566§7 '/‘ ENTFP$LAEEL - TEIS PLOCEDURE LOADS A LABEL‘ %/

13972 /% ENT&Y INTO THE SYMBOL TABLE. SYMHASH AND %/

iBear /% - PHINTNAME MUST BE SET PRIOR 70 CALLING - #/

529 ‘/« ok e R A R R A sl AR A AR i M*w/ o
1518y L SR | |
15113 hNPFK$LAB*L Phoc; L

s GhLuins(E);



© 1513;  APTRADDR = SBTEL;
1514:  CALL SET$LABELj

15183

©1515: - SBTBL = SBTBL+2;
1516: END FNTERSLABEL;
“1517y AR IR |
TEIG /e s Ao ok o o e SR ool s 2 A S T R

1520: % ALTER$PRT$LGCAT10NS - THiS PROCEDURE RE- = *

15213 '#\. ALLOCATES PHT LOCATIONS FOR ALL FUNCTIONS *
| 1b22i % AND FOMWARD PROCFDURES AND THEIR ASSUCIATEDY
1523:  * - FORMAL PARAMETERS.

eI 1’5{4 :4.)’ ﬂ‘)ﬁ.‘-f‘()‘- s s ;k:“:,x"::,zx, FVFNENS ‘<;',< LR ,c:.u‘u'u .,:;,.:,’::,.a:;‘- ;.:a{’*:‘(*;,n{::;:/
=0 g;15¢5~- : ‘ '
vﬂ.£52b' ALTE&$PH1$LOC' PROF;
1527 DCL. (I Py BYTR; - :
1828: . CALL SET$PAS%$PN(7):
o 1529t P = BYPEPTR; .
B3 PARAPNUMLOC = Apinannk, T
C1531: DO 1 =17T0P; o . :
L1832y CﬂLL SETSPASTAPN( e¥'
S 1833%: - APTKADDR = ADDiPTh + ((I 1)*3), f
C1&8%4: DO CASE (SHH(PYTLPTR %) AND FORMMASK);
© 15353 T ALLCSQRY = 1% ,/* SCALAR #*/
: 1536{‘,"'j"_ﬁLLC$OT¥ = 23 /* INTEGEk */
C183%: 0 BLLCSQTY = &5 /% REAL %/
1538 ELLCSQTY = 15 /% CHAR */
18398 &LLL?OT = 1; - /% BOOLEAN */
~ o 1b4@r o END; ¥ OF CASF a/
15418 g;APrHAEDR CAPTRALDE -+ 1,,
1%42: ADDLPTK = ALLOC{ADDK;
e a?’lbé&._Q'ja(*APTBéDDR': TFNPADDﬁl,, el :
"1544: . APTRADDK = APTHATTR + 6j . oy
: 1545f_x ~ PPTHADDR = APTFADDF + 1:+%BYT?PTni:~
©1%46s - . . ADDRPTR = ALLOC$ADDR: '
1547 ALLGCSADDK = ALLOCSADDR + ALLC$QTY,

_1548&‘-_‘,--Tﬁvpennﬁl_# kPﬂHADD? + 4.



1549: 0 CEND o
. 1550: END ALTERSPRTSLOC; -
T 19553 oo
L 1ER2y e e : :
B O RN A Aeskale SRt A4 Sk s 'P"I- n*:-.:«*:.: v
-'1554¢r3ﬂ_u,EnrtksauaRLUTxvn - THIS PROCFDURE LO&DS A F
15&5:':,~*, SUBKOUTINE “ENT®Y. IN THE SYMBOL TABLE. THE *

'#

18861 - PARAMET R NUMBei LOCATION IG5 STORED AND THE *
155%7: % SCOPE LEVEL 1S INCRIMENTED BY ONE. . S :
: 1583 . »»»*aav«#.¢»+mm>xa *>“v »*anava3iw*v*‘»%*~*****v/ e
1559;: - ' '
L1860 EVTER$5UR%TN- PkOC(A B, 105 NTRY):~
18613 . DCL (4,B, ID$FNTBY) BYTE, :
© 15623 CALL FN&FR$VAR$IP 9, IDsPNTRY),
s ,1_,16633,‘~‘ IF NOT PRI SENT THEN
S o 1%R4: DO
T © 15633 CALL LIMITS(4)}
s 715663 - PRFAMNUMLOC = LBTBL;
e o 1b6%:, . SBETBL = SBTFL + 3§ i R
3 15681 CALL SET$PASTHEN(14); B
S, 15691 ADDFPTR = ALLOC$4DDi;  ALLOCZADDE = ALLOCSADDR + 2;
Co1s%@: . CCALL SETHPASTSPN(14)s o
R s s QAn@n?¢a,=‘IABLcouNT' :
o ibvz:. LABLCOUNT LAYLCOUNT + 23

o 1EWsL o SEYBL = SETEL 1 65
1574 IF 1p$furnz PUVC$LNTKY THEN

L1575: DO
D 1&76:3_. " SBTRL = SETLL 1
b 15(’,? o ?NI}Q S ’ S ‘ ‘
g;.;lﬁ?a‘ END. T ‘ ; TR
L1579 ELSE. hO, ; /« kO wAnD FUNCTION ﬁ, S e _
1500 3 'wu,“ CALL SFT$PAST‘P&{14); o i S
o15B1: o 1F IDYENTEY = FUNCSENTHY THhN ILMPAUDdl APPHADDR * 3,,
inez: o KISE TEMPADDRL = APTRADDR + g, :
1583: 0 TeLL S$P$PA5T¢PN(3M) 5

[@1¢84.4v © o ADDIRTR = ALLOC$ADDe,



1885: " ALLOCS$SADDE = ALLOCSADDR + 2,.

15561 CALL ALTER$PRT$LOC:

1587: . END§ : : ,
15¢8: i'LGPAiMﬂUMLOC(ﬁP) = BASF, ' ,
15891 - SCOFE(SCOPESNUM 3= bFOPL$NUh+1) = SBTBLr‘~.
159@: END ENTrhésvsnTN, ' n o

S1E91:
L 1592: : ~ : ' i,

1593 o frensdokng seskelcals s 56 316 ok e sl e ‘%: EILIA 3R >' R k**:’t* <3, *******/ '

1804 'LOOKUPSONLY - THIS PKOCEDUKE 1S PASSED THE */

~1595: /% "POSITION OF A IDENTIFIER JUST SCANNED IN -#%/
1596:  /*  THE CUKRERT PRODUCTION ( SP,MP,MPP1 ) AND */

15373 /*  RFTURNS TRUE IF THE IDENTLFIER IS FOUND IN */

-.1%94d: - /® TEE SYMROL TPBLU“,, LR
. 1599 :,/**’N‘ >.~=¢~ :.,,a‘x:‘,;‘ IR 3 ‘% :a*a ARl :4.,e.q\.,.,,:,!.;;.ac*!;,,cg:.k),,acx:u:;*g.*::::}:**/ :
L lewo: : | I
o1l IOOKUP$ONLY. PHOC(A) BYTF
cleezgs o PCL B BYPE; -
16053 CaLL SETLOOKUP(A), o
1604: BASE=HASHTABLE (SYMHASH);
16058 DO WHILF BASE <> 0; -
T l6e6 TR CHK$PHT$NAME 6) THEN
, 16%7;’f',- D04
1608 LOOKUP$ADDR—PA5F»
rleugdr ~ RETUKN TRUE;
16183 ENDY -
1€11:  ELSE DO;
16123 CALL SETADDRPTR(@),
1613: . BASE= ADL:{PPR: ‘
1614: END}
C1615% 0 END; o
16163 RETURN FALSE;
1617+ END LOOKUPSONLY;
16165 |
1618:

3oiaole s 3 2eale L RON R 0 3k AR NER NN KONER S NeerR e o /

16205 /RE%



”,5: 16v1’f 2 ?HIS P«OCEDUhL CONVERTS & HEAL - */
162 /* CNUMEER IN THE PROGRAM TC A ECD */
/% . REPRESENTATION. . %/

/ >.<.~::f k‘q >"*>’;>.:;‘: ;n‘,.:(uk; ES (R :‘::z* u,o’z np‘.:’ e, q/

o 1825:

16261 CONVRTBCD' PROC( 2, B). /* A= %P/MP/NPPI, B= POS/NEG */ : 5

1827 DCL (1,J,DFLAG ,EFLAG,SFLAG,A,B,N BASED PRINTNAME; BYTE:
. ueR8: oL (EXPONLOOP EXPaIGNLOOP) LAbLL, ,

 1629: . CALL SETLOCKUP{#); . ~
- 1636: . /% INITIALIZE VAHIABLPS w0 e
St 1631 ~ SFLAG=FALSE; BFLAG=TRUE; DFLAG= TRUE, I=1;
R o .1632: DO J=0 TO 7; BCODNUM(J)=@8; ENDj S
R LU18U3: 0 J=05 FXPON=64; /% E+p@ %/
e . 1634: /% HFMOVE LEADING ZEROS */
e 0 1€35t. DO WHILE ((Nfl) S ; = 2);
;L 1636 1= I+1, ' '
i 18373 O IF I= (N+1) THEN GOTO EXPONLOOP,
. 1638: . ENDj ' !
B 1 1839: /% LOAD “BCDNUM wxrﬁ SIGNIFICANP DIGITS W/ o
o~ . 1642 'jf.no WHILE ((N(1) - Ty &= 9 O N(I) - U’;f)i*‘
C1641: 0 IF N(I) = 77 PHEN : el i
. 1642: . DO; EFLAG=FALSE; R
16438 f,-IF T=N THEN GOTO EXPONLOOP:
1644y 0 T =T+ 1 B
16457 END,A,; '
-~ 1846: ELSE , _ ,
1647: . DpC; : L T e
o 1648: DO VHILE J = ¢ AND DFLAG AND (N(I) -0’y =19
18423 EXPON = axvow~1, SRS A e
Coleve: IR o= N‘THEN "oro FXPONLOOP:

1851 . To=1 4 1 : _ ,

L1842 e‘JEwD,. ‘ : L pe
é~,,1655-“' *:;grv Jo= BCDSIZ“-& ) THEN GO”O E"PONLOOP,
"g,lbﬁq.,»‘;-ﬁ--“IF DFLAG THEN /, FIRST BCD PﬂIR */ : :

16856 DOy

:f7i655;_ SR _bCD&UM\J) HOL{ (NI I)— @ ) 4



1657: . DFLAG= kALS&.,Ie I+1;

S16b8: ;‘“\_ ¥ EFLAG. THEN &xpom LXDONfla
16593 . END} .
1660 FLSE- « ) _
1661: DOy

16623 . . BCDNUM(J)= BCDMUM(J)*\N(I)—'A ),
T1663: 0 o 1 =3 ot 1y L=+ 1 '
1664: DFLAu TRUE; 1¥ EFLAG Tnxu prom sxpou+1.,
16661 IF ! (n~1) PHhN GOTO LXPONLGOP:

1667 »rND, | . KRN

16683 0 END§ St

16693 EXPONLOOP:
16701 IF N(I1) = “E° THEN EFLAG = FALSE;
16?1'-<,_rIF T = (N+1) THEN GOTO EXPSIGNLOOP}
16?2: IF FRLAG THEN .
1673 DO iy

1674 DO-WHILE N(I) <>

4678 - FXPON = EXPON + 1,

1676+ . ol = 1 .+ .15
1877y FMD-‘ i i

1679: CENDF S SUIt Ak
1688 00 WHILP I ¢ (N+1) AND (N(I)—fm';,<=f9‘;.*
1681: -l =T+ 1 R ‘ ~]” .
1682t - E4D; e L
1683 . IR TYPENUM~~ RFALTYPE THLN GOTO EXPSIGNLOOP;:
16843 /% N(1) = m‘4/ 1= I+15
16857 IF. TYPFNUM SI”NhD$FXPQN THFN
16865  DO). : :
1687 o
16893 END‘ S e
1893 IF 1= N+1 THFM B
”1591: L DO: : '
C16b2: CALL “H(OH( BE” ),

ToN(D) —'ZDH QHEN SFLAU = TRUF:.
:,i* =.y .

H‘?\H



Cwer ’7 ;f5§ 5:f’:'5“'-lf” ;'.

1728

%)

oo 1€ess © RETURN;
© o 1694: . ENDj
. 1695¢ - DFLAG :,Q; o
o 1696: - DO J = T TO Nj
“,*169?." L DFLAu (DFLA \ld)+(N(J)~ @ ).-”‘ &
~1698:  END; g ,
1698: LR JFLAG THEN /% EXPQNLVT CALCUL&TION */
1708 . EiPON EXPON-DFLAG; s
*Q;i?ﬁl;“ - ELSE EXPOh < EXPON 1,uzIAu,
o17¢25 0 FXPSIGNLOOP: . R o
>y;17@5->~*~,BCDNUM(BCDSIZE 1) ROL(B 7), /% SIGN QF NUMBER ¥/
R I S IF¥ EXPON > 127 THEN P R
L1785 Do;
S17e8: 0 CALL FKHOR( EE’ ),
*;17@7- - RETURN; . i ‘ :
Lo 17e8: - o ENDG o s : '
17083 ELSE ECDNUM(BCDSIZE 1) ECDNUM(BCDJXZF 1)+EXPON.
"211710~ END CON?RTBCD T ;
»5_;1713.f it L
1?15: : __/*: <5 ),'r. >‘ ‘x,, e 3,:7, 13jE KSR sl st ol sl sl ke s ka‘,.) ke ‘&*a‘**’r’h ***%*n“**/- ;
S 1714 % CONVtHTI - THIS PROPPDURV 15 PASSED THE*®*/
,‘7s1715:;0¢/*;, LOCATIQN OF 4 CONSTANT IN THE PHODUCTION ox/
17163 o /% AND "B” THE “SIGN’ OF THE INPEGEH. THE
S A®17y . /% TUNCTION GENEERATES » STGNED 16 BIT hRPRE-
1718: /% . SENTATIGN OF THE NUM)E& AND. R“TURNS IT IN %/
R & K _f/*.. AN ADDKESS VAWIABLE. w/
5 -’.‘;172_}@,‘, e /«w‘ 2oy nwrf v‘s e o.-f.- nn(zw’:mﬁ :u, A w:-#:.-#«- E8 3 '.u’n #u#*wﬁ =5*M=rs*/
B : . o :
o192 CONVEHTI. Pnoc(a v) ADDh%a): R
1723: . DCL (T,A,%,N BAS 51} PnINPuAME) Byr",;;
S 1%24: 0 DPCL oNUN ADDH, < ; :
L1725 ‘CALL SLTLOOKUP(P\: NUM @
z'1726¢r" DO I=1 T0 N3
‘1727¥ IV (MPXINT/lﬂ) >- NUM THFN
Doy



O o R Iv (MAXIQT/lﬂ) NIM AND (N(I)— ﬂ ) > 7 Tﬂrw
R 17395:‘“~sjv“ DO; ;
5 5257 B S CAIL BRROK ( IL )
Covs2s o WETUKN NUM§ ,
17338 : FND; : :
CTB4r NUM= (NUM*’@)*\N(I)- 4 ),‘*
. 173%: - . . ENDj ! .
1736: . ELSE DO;
1737:  CALL FKROR( Ik )
17388 RE?URN NUM: ~
o 173¢: - END;
1740 ENDj ‘ e T
o 1741 IF B - POS THEN KELURN NUM;
S 1742: 0 IF NUM = MAXINT THE'
1743 ',Do SR
1744 cahL»Erﬁoﬁ( 12 ),,
1748 RETURN Numi o
17463 . ENDG T e
.~ 1747:  KETUEN ( —,NUM);-_.j?.'~
. 1748% END CONVERTI. S
174G
C17s0 e R G : -
C1%e1 /3R A A Aol s SOl R RSOGO R B 3 e3ee 35 **w*;‘znu.‘* wm.‘*/
11752.

TETC L SR e e

/% WITH LYPENUM SET BY THE FALLLR CTHE NUMBER #/
s
Sy

CARET: /% NUMBER IN 1S INTERNAL FORM. Ly
1758 :. ‘ :"/‘,. :,f'}: ,‘:u:n‘:,, ,.: PRI XV E e }c 2 3 4,,4. n::fuk; Jo“,p ey au.u‘:;a :;, :t ) ,:3*:’ :‘x/

176073 PONVPT$C6NST. PAOC(P): /f A Pﬁs NFG s/
S 17EL ‘DCL A BYTE,INTSADDR ADDL,-f; :
S1?e2 7 0 IE TYPENum - INrFuhuiTYPE TH&
R ;1?65?' o DO; L
oo 1vE4y : INT;ADDH c uvswmx JP A),

%L CONVERTSCONSTANT - TH1S PROCEDURE IS CALLED */_ﬁ:

MUST BE POINTED TO Y CIN THE_PLODUC- %/
& /% TION. THE PROCEDURE RETJHNS WITH "cONSTS %/
s /% NUMSTVPET AND "CONSTSVALUR” SLT wITn THP o



o 1769:

o ivge:
L1795

*8@@"

CONSTSNUMSTYPF(CONS T$PT 1NTfGER$TyPF'“

1766: CONST$PTR CONSTSPTH*+1
1787+ “CALL MOVE(: INP‘ADJR, CONST‘VALUE(CONST$INDX) 2),
17681 ‘CONSTSINDX = ?OVST$INDX*<» ‘
FNDj - o .
1770: ELSE DO; ’
17714 CALL CONVHTBCD(SP A): : ‘

1772: wh CONST‘NUV$TYPE(CONJT$PT )= RFPI‘TYPEy ,
17733 CONSTSPTR=CONSTSPTH+1; ' §
C1774% 0 CALL MOV&\.BCDNUM,.LuNST$VALUb(CONST$INDX) BCDSIZE):,K

~v1?75'g'5" CONST$1NDX CONbT‘INDX+BCD51?l: : ; il
1776 ENDj . v R
177275 END uONVRT$CONST;,~
17ege
1780 /ﬁ**#*#:k :;:.. s 2 SRR e oo s ksl sl el sl Ao oo s el R AA AR AR R /L
1781 /*‘.ENTE{$CON§TANY‘VUMBER/— AFTER THE NEXT ENTRY*/
1762: /% . 4AS HAD ITS LINKS ENTEaED INTO THE SYMBOL */ - -
S1Te3r o /%F TAELE, THIS PROCEDUHE ENTHEKS THE CONSTANT = %/
1784 - /% YALUE fN?O THE SYMBOL TABLE AND 5FT‘EHE o/
17853 /* - ENTRY'S FORM TO Th& APPROPRIATE TYPB Ay
17(:6 ’ R /"t)’&.,(;. e R e sleRe s sl e sl el e ol sl el sl s sl lesl sl Seate sie Sl ol sl »‘: x>s>f<>,.>‘t>n'</
1787 | ,
TRESs Fi\Th$(‘0\lb$NUM PROC’ Lo
1789 CONST$PTR <CONSTSPTR-13 D
oo ég C0N5T$NLV‘TYPV(COmST‘PPR)« xNThGFRTYPE THEM S
1791: - DO; , G
Cooyrg2a ;jgf CALL SETADJHPT (4)3 RYTFBTR a8 OP CONS$FNT&Y, e
L1793y CCALL LIMITS(Z)i CONSTLINDK=CONSTSINDX~2;
17948 "CALL MOVE(. CONST VALU&(LONST$IHDX) S}TEL 2),
SHBIBL= SBTBL+2r
17963 END;' .
17973 ELSE DO; - : SO T R e B e e
:jl?BQ CALL SETADDHPTR (4)» BYTEPTR=10H OR. CONS$HNTRY;~ ey
1789 CALL LISITS(BCDSIZE); CONSTSINDX= COMSTSINDK~BCDSIZE;
CALI MOVL( LONST?VAL}E(CON8“$INO¥) SBTPL bCuSIZE): :



t‘@éf,.i ‘ ji:_“1éi;4H1;

1801
1802
A6V
A1BG4A T
18¢5:
lgess
S RRT
1808
. 18093
“.‘181@. .

1812

oo1813:
1814

S 18lEr

: “f1816

R 925 B 1
~~'1&19a
*jleZF‘
S1e2l:
Slgz2as
C15235
16244
,‘31535.'
o 18 \)' .

S 1ERT s

QlBZH. o

1829

1830y
”5183L.,_

18325

18338
‘_’18$4‘
1835
“'1836

 SBTBL=SBTRL+BCDSIZE;
" FND; ‘ ~
END EuTx>cnmb$Nuw,

T /'\ *’0’;" #” 7' q".’!%% ERE E ’\ 'r SRR NA ’r**ﬂr’r‘r”:‘ ¥ % “’ *’r" * %" 3‘7‘0’ c'**’l/ ‘ .
ace ENTPR$5TRINL = AFThH THE "LINKS" AND FORM VA

/% AEE FNTEKED INTC THE SYMBOL TABLE, THIS SELNLV A
/%  PROCEDURE LOADS ANY TDENTIFIER ALONG A
/¥ IS LENGTH. (USED wITH CONSUANT ST]IV o/
/% - AND CONSTANT IDENWIF]VhG BT Y

-/:r>’ e el o A ol el Ao ool K w.-m‘n:t-.t-.t=§0.0r=ctm’ﬁ=.‘$wk¥: »#/ G

ENTFﬁibPRING PHOC(A): o -
DCL (A, N DASED H‘T'\s'r\umh) BYTE;
CALL bFTLUOKUP{ﬁ)r : o

CCALL LIMITS(N+1); : R
CALL MOVE(PRINTNAME, beEL {N41))s
- SBTBL=SBTRLY{N+1)} e S ,
END ?NTFH¢STRINGo

‘ / sl acz s 3’,. s f,’ );:y AR e s B ;‘,7 Es é:: z:;‘;;t SRR r;c- x 2SS 73 )‘3: ;:: Headlss ,. 2338583 ,; 8
% - ENTFESCONSTANTSID = THIS PROCEDUKE ENTEM oo

Co% 0 THE FORM FIELD OF A CONSTAVT bNT%Y INTO' W

, 7* THE ‘SYMBOL TQBLF o R

L ”‘i"r SRR A .> A M < =r>.3.*> AR i(‘ o pz' X3 '.: a‘,a.t;n‘x ;':vm_:.s;,,*;;:.;/" :

ANTECONS §1Ts pROC (s, n), /i "”DS/VLG jB:M?/HPPl/S?Q*“_‘
 DCL (A,E,C) BYTE] =~ IR
C= BOL(A G)r' e ‘ S o
~'*FALL SFT%DDHPTH(Q): BYPEP" =C Od F(NS$FVPHY, L
L CALL RNTERSSTRING(SPY; o

CONS T¢Du$PTh CONSTSPNSPIR-15 . .
-,‘1CONbJ¢INDX CONS?‘INDX Lun%ﬂ$Puéstzp(c0NST$PN$PTd),
ENJ ENT!$LON5$ID, A



S ety
1838:

i 1&;,59; /’u* Rexeas ’:"r <3RS A B YR RS RSN R RN »rﬂ\"q ACHROA NS SR AR ';‘3"*"'- r"”'l‘¢

5<89f{u;4;;?7"43’ {3 S  3;

la4m:~'f'*? ENTFRSCONSTANTSENTRY - THIS PROCELURE *f:
© 1841 o  DRTERMINES WHIGH TYPE OF CONSTANT ENTRY IS * .
~;&1842;*.,v$" TO BE ENTERED IN THE SYMBOL TABLE, AND = %
- 1843: % AND CALLS THFE COKKE SPONDING PKOCLDUKP TO %
01844z % MAKF THE ENTHY. %o
L1845y %-"#***““$¥>4X*‘»%Kk 4ﬂ«*4#*¢f#»~4*xx4f*#a*f*4*#/
co1e846: ' : -
© 18474 LNTh$CONS¢¥TﬂY PROC,
.+ 1848: DCL IXINDEX EYTH;
1849 "VECPTR=VECPTR-13 ’
1850 DO CASE. FXPhEsS$siK(SP), ,
'1sq1.‘”. /% CASE CONSTANT NUMBER */
o1852: 'GC,QQCALL ENTRSCONSSNUMG
S0 18B3: . /% CASE IDENTIFIEL CONSTA ANT %/
Co18B4r CALL ENTR$CONSSID(POS,SP); : el
1885 /% CARE SIGNED IDENTIFLEM cou%ramr /o
C1856% 0 0 CALL ENTR*CONS‘ID(NE&,JP),.
CABRST: o /% DASE CUNSTPNT STRNG %/ :
185:: . DCy : : AT
18590 L CMLL SLTADDhPT“(4),'“YTPPPR 1oH o' CO\S‘ENTAY' o
1sBd ~ CGALL ENTFR$STHRING(SP); _
le6ls - CONSTSPNSPTR=CONSTLPNSPTR-? e G
~,‘}85§= L 14 CONST*INDX CONST*INDX CONST$PN$SIZF(CONST‘PV ’ru):«
C1EA3: . END; o

WfﬁlﬁﬁﬁF‘ o ND; /% OF CAS“ CONS T$TYP5 */  f’

 1aus END a Th‘Cﬁ“S‘NTHY,

tE€6:

x.m f/f.‘

v 18-68 S ’ W XL CENE K PEAR S% ";;;:",' ,é ! e lt:z: ¥
LEEY L /E CENTUSCPLYS TY P ~:Th13,PHOCgIU%k I) e e e

13765 /% 0 CALLED TO ENTRR THx "LINKS™ AND "FORM™ }on s/
o187l /% - THE COMPLEX TYPE™ SYMBOL TABLE ENTRIES. . 4/
S 18722 /% ONOTEX THAT THIS ENTHY HiVER HAS A PLINT- %/



et

15?3&“'
©o1875:

19ty

/ 3%

. NpML AéSIGngr

_TYPE%LOCT stE;

%/

Twp

. ;:;,/ o

: ,1;37&' /\ ;’ AT axqu‘, YR c:,u R 5p s s :‘;":z{:;::,;;:_a;&::.;‘f:@t;;c;;n’,’u:(::c':)::;u{_c;;é*xu::;,‘;/ ;
S 18761t FN‘I‘H$CP7X$TYP PHOC‘A); :
S C38%7 e DEL A RY’IE: : '
S IETE: CALL LIMITS(%);
o lgw9r BASE,APTRADDR= S5BTELS
S 1880 ADDhPTr QreoH;
Jlegl: . CALL SYTADDKPTR(2);
1BB2: 'T,UFDPHPPH PRVSSRYS ENTHY
"1885 : wa‘V$SB'IeFN'-"h! BASES .
1EE4L CCALL b}rADDuPTh{z),
C1EHS: T BYTEPTR=A
L1886 SBTBL= SBTBL+5;
1887: END ENTRSCPLXSTYP;
1859 0 _ : _
189050 />.'~."‘ A R HERE RO A R R AR OE e Rl s ok -.tm <% S ol i PR =‘€>€~*«=/‘
1891 /% ENTRS S‘I‘R$T)’P - 'l‘HI.).r‘iOCFDUIt is. Y
1892 % ‘,CéLLcD BY I'HE “TiPE” Pr((IUCTIO?JS:v
¢ O1EIB: o /F L USET TYPE o .
1894 /% z FILE TYPE B oy
1895 . /% POINTER TYPE o ' ‘
18965 /% -"‘IT CALLS E\ITRSL“LX$TYP U SH’ Up I'I'o s owmy
18875 /% ° "LINKST AND TFOaM”, THEN 11 SETS A °OINPbH =/
1898: /% 70 THE ASSOCIATED COMPLEX TYPE. */
1EQC . Rl M*.w p.iﬁpw’#d ,-«.-.t..-.r# :’<:- <35 54 M*) 3\"5**'\“.‘/
~1309
1 urx$5Th<TYP PhOC(A):
19@2: - DCL A BYTE; - '
i _‘Jﬂﬁ'r 7f»CAL1 ENTRS CPIX$TYP ) o
1904 o CALT LIMITS(2)3 v'
L 139€5: CALL SF‘I‘AL'WH’H“): :
19ees ADDRPTR=TYPYSLOCT} -
19¢7: . SBTRL=SBTRL+2; -



i Qtff ‘

13@3

BES S b
SoAlsils o
“1612;
S 18185
19140
1915
1916
1917
1g18:
1919
“ ' 192@'
Af 19Z1.
S 1e2e
N Lk
1924 4
1925y
1928y
loz7:
-1928}“ e
v 1929:5"F~,
1931~
1932
19331
1934
T 1985h
1936
L 19%T
'*g*,lgi& N
19891
ST '1949.3.:
21941
S 019427
L1943
'g]l&l%._

END“ENTR$STR$TYP;

P

/<*#— sy deskate st Sl el s b SOk ol Sl Rk RSk
S ENPFBQPAdAHFlhiéTYPh - THIS PHCCEDU%F - LA T
% YTILIZES 3 BYTE OF CODE FOK £aCH SURKOUT- % =
'“*Q.INE;?AHKMEfERTTHKT'WAS‘RECOGNIZED AND PURS. %
'* “THF FOLLOWING [NFORMATION IN THF'SYMBOL‘V“'*."
TAELE 1. PYPE OF PARAMETER .~ = A
-*” oy ‘. ~3, RFELATIVE LOCATION OF- DARANEP”H.»*

;,x)‘);*:“)()'.":‘tx K ACaT 2is e S S B RSl el sk Aol sl ok 5 «}(., VPN FXERE ¥ 5 q.x P <3 :;u,g “:'1)"!/

EN1R$PRM$TfP. PHOC - e
APTRADDR = PAKAMNUMLOC b1

- ADDRPTR = SBTBI; |
SBIBL = SRTEL + &% PﬁHAMﬂUM ~ 3%

 BASE = LASTSSEIBLSID; R
DO WHILF PARAMNUM <, 9.

~ CALL SETALDRPIK(4)i
 TEMPBY?E = RYTEPTH;

APTRADDR = SETEL;

© © BYTEPTR = TEMPBYTH;
 SBTBL = SBTBL + 1 -

 CALL SETS$PASTSPN(7);
PEMPADDA = ALLaPIk;

APTEADDK =-bBiPL,

ADDRPTR .

 SRTBL =

= TEMPADDR}
rRlﬁ’ - 4.

. CALL nFTADDhPx:(a);

- RASE = ADDHPTi,;,‘ -
PARAAMNUM PAHAMVUM - },,
FND:» L L
“APTRADDR = PPH#MNUMLOC, i
SETEL = SSFRL + &% (ﬁYF PR + 1),
FND EN%héPfM*WYP; '



1046y . /¢ LR Senda e ;::,‘J ::a:;.(-:;:x;s;;‘*:;c;;‘x:' Sl
1947 x BUIL $1N*PsRAMFTLn - thb PHOCLDURE ENSURES  #
W-fk19%8. ~_* ‘A PROPEK MATCYH UP FETWFEN THE SUBHOUTINE I
©1949: % FORMAL PAHAMLP‘KS ﬁnD THE CALLINu ACTUAL ; ,* 
: 195@.'*: *. PARAMETFKS .- SR L
S 195k AR MR KA AR xc» w,..amswmw =.w».<=:u. .*w/ e
S 19h21 - L e
- 1953 ;- BUILTiiNéPﬁRW PROC: L o
C1984:  APTHADDK = P2UMNUMLOC(SP);
© . 1953: . BASE = APTRADLR; Far
©19863 - IF BYTEPTK = 13H THEN
L 195?:“35"D0,,.’ /% CHECK FOR INTLuuR OR MEAL INPUP s/

I S B RS R AN

-;*195%;;f“}';f(FGIMiFIEID(SP) AND YFH)) ,
19683 - OR ((ROR((BYTRPTR AND ?0H)},1) OR VAh$ENThY)~ :
19€1:  (FORM$FIELD(SP). ANI ?bﬂ))) THEN - R
- 1962: - CALL ERKOR(TIP7); -
. 1963: - FLSE CALL upz,ADnn(PAﬁM PRT$PDD“’SP)),
.- 1964 0 CEND , \ :
J’j1965:,u,V_LLSF Doy . g“ e
L 1966: o o IF B!T‘PTR = GESH THEN
19673 3 ‘ DC’ e 8 ! R : : e -,
1888y IF SHE(FOk M$FIFIJ(5P) 3) = win THEN © /a (AN T RE'*/ 
19630 *,-,;~. .~ CALL ERROR{7IP7)i B N
lgrwsr ELS?'CALL G 3 N$ADLR‘PAHM PﬂP$ADDR o?))t
1971 ENDG o
1972 RLSE DO; - : i L : S
C1973: 0 AP NOT((8B HI&.BYPVPTH AND }OHDWAbY) 3) OR VAxéENTRY), ;
19745 FORMSFIELD(SP)) THkN e
- 1975: 0 CALL ERROR{'IP7)5 T
o lg?s:r . ELSE CALL GbN$AIDH'PAhM PhT‘ADLH(bP)),
;19??£~1HFVFND.‘ -
orgrar ~°PBHPNUMLOL(SP’R) < PARMNUMLOC()P‘ 1; S L e
oles@r o IF suyfvonmifLrLU P),x) THEN GnLL SENPRATE(LODL);

e
S
o

1958 TF NOT(((SHL{(BYTEPTR AND FORNMASK) 3) O? VAR$ENTRY)—'f"



'*i,f.glgel.f

© 1882y
\.1983f_
18R4T

T 1385;
Sro1eses
’”19&?;4”'
18&%:
1a89;
1998:
1891
1992:
1993
f1994"-
19953
S 1996¢
1997:

1899

19993

: 2w@mz'j
C20R1
29023
L2088
CR2ER4
2025:
2006

2007
2006

 ‘.4@9@.
S 2e10:
..hgf2@11'
e “(/‘1\5‘
égl_}.
o zels:
S z016:

4D BUTLT ‘N%?ﬁﬁﬁi;;

/** *& e e.<'.u.~.‘w’r>.~>‘w E 4‘-\ SRR L RO e BORRATRR Ho*«‘*m ﬁ*h’w\" w

u;* ASbIGN*PAR&METFRJ - THIS PROCEDURF ENbdREq ‘v* ;
‘B FHOPER MATCH UP BFTWEEN THE SUBROUTINE’S %

PAhANhT*Ru : e

S "” 7"-‘ W *K‘ﬁ PIE ST ALV A ER RS :{tat-a‘ x}n ,u ;.‘u:unu S ;,uuca(:..n n’u,.:, % a"a,,a,.;;/--:'

ASaIbNSPARMS. PROP: i
“IF SIGN4FLAG THEN
oy
IF FUHM$}IELD(MP é}“— BbIIT$IN$FUNF TH&N
CALL BdILTélNéP»EM. : ; »
¥ND§ e j = :
 ELSE IF FOKMSFIZLD(MP- z) BUJLT$IN$FUNC“TaEN~
CALL BUILTS NfPArM.,Q : : o R
FISE Do; .,
APTRALDR = PAdMVUMLOC(oP).
" BESE = APTKADDK;
IF SHR(PYT»BTR 7) THEN
DCy . ; S o
IF (BYTEPTH AND 7}H) = EOhM$FIELD(SP),THEN
/% THIS IS A VARIAELE PAHAMELTER */ ;
. CALL GEN$AIDH(DARMV rnTsanDa(SP)),
~ FLSE CALL krwor{“IP’ :
'*y»LND.v o i S
CBISE DGj - JE Thxb 1S p VALUE PARAMET}R */,.;’»~
.IF (BYTEPYx = EO!H*thLD(SF)) i
R O{BITEPTP = (FORMSFIELD(SP) AND 7FH) ) THEN
: CALL GENSALDH(PARM PuT$PDDw(SP)): A
PLSE CALL EikOK(“IP’ FA e
- END;. - ‘ RSN
'RPPnMNUMLOC(SPfé) = PARMAUMLQL'°P) + oy
*,%£~D$sz&s = ?vug.. g

. FORMAL PAPﬂMETEKb AND TH“‘?PLLI\P ACTUAL e



S ozetry EwD' oy o

g;;wla. END AbSIGw$eARMb, ‘

Co2e19: T

R0y e . ~ : :
"2®dl' /za&xnf qa‘Xﬁ e ma*‘f ER >=faf:q *ﬂ»v*&au**#/ i
oggers % LUOKUP$IDENIIF!EK - THIS PnQCFDU&E Ib»CALLEDf/'
©2025: /% WITH °SYMHASH ™ AND PHINTNAME SET. IT WILL */

2024: /%  KETURN TRUE IF THE IDENTIFIEN CAN RE FOUND */

ﬂ ; l“2@25,,g,/##a#*k*ﬂ*¢*#f**»fa«*» <o uuua*v*t:f~$a*t&#wuﬁu***/ﬂ »
i '¥7,2927‘ LOOKUP$ DFNT PBOC FYTE : , ‘
Lk "3292br . BASE= HASHP&BLE(SYMHAQH)a i o S Sl
‘1? _ 2@29.‘ ; DO WHTLE (EASE <: ©) &ND (SBTBL,> SCOPE(SCOPE$NUN))?Q
n L 2080: . TF CHKS$PRTS NAMF(B) TFEM : SR T e
L CoRed1s DOgg ; ,
C C 232 ; LOOKUP$ADDK BASF
i 203330 : '.1 QETURN fBUV
i L 2e34s 0 0 END L
g v G R S ELSL DG o ‘
3 . RB36:. ;.. CALL SkTADDkPTH(G)
i 2 S < BASE= PDDRPT*; ‘
Co 2038y UENDY
20391 o PNDY T
. 20425 HETURP FALSES
204 END LQOKUP>IUEN£"»
Sevszr St
 “2¢43;. .;, B - : : ;
2@44": VE 4RO B ] sl bl kel A AR RO st ol T ol A R g;..,n‘munn, ;‘uu,u:n,t:‘,cu/ :

Leasr gL GOFUP$PRINTNAML$OHLY - TUIS PROCEDURE SETS $/.{
32@45?*-*/"5”LTFF 5YMHASH “AND C“LLS LOOKUP$IF*NT PO RS

2047: /%  DETERMINE IF THE ENTRY 15 IN THE SYMBOL %/
CTzp4ar /% TARLE. THE ADRDXFSS OF THE PRINTHAME is .
QQ‘Eﬂéﬂ.v}j/“;f PﬁbSED AS A PAhPVFTb} IF‘THF ENTRY IS 4*/
BN z{/)“;l v ,_.:‘.’:»;:c.:;u;_:’-.};1;5:;_;',:; ») VR P ;*"“ PR, : wia f, 3G u; FaE S z,, T ; ;‘ Atk / B
““yzyszf,, ' : ‘ ¢

-



: 2w54' L

2095

‘, 29“6.»vH
2RuT7
zoBe:

 i?m5J

7-4@63..

2061
°ﬂb2.

v.215)6,4 3
2065
20663
2807y
- o2ee8:
L 2063:
CEO70:
LRe?Y s
S PR
RNTa
2074
L2078
R A STHER W
20Ny o
R A0 SR
-";"80)'?93 i

20e€:
2@57: :
coRes:

35 LOOKUPS BNAME: ROC(H) BYTE;

CL & ADDR; /% ADDR OF PRINT-NAME */ o
“DCL (B,N BASED 3) BYTES
]HASHCODF 73 ;

"~3Do B=1 T0 Nj ' | _
HASHCODE= (HAbHC01b+N B)) AND aasnmasx; |
‘E.ND) '

.*SYMHASF HAShconn,‘,
“PRINTNAME=A} " :
- RETUEN LOOKUP{TD¥NT;
END LOOKUP;PNAME ' »

/ﬂw st* < ReACoN *-.u.::. AR Ao AR A0 M. *.«:v’t* R RS <>.u:w~.- sttt *:ﬁn /' i

/% TORE$CONDTANT IDLNlIFIPR - THIS ROUTIN? Is */

 /“_' CALLED «17Td PRINTNAMF SET TO LOAD AN . . %/
;/“ IDFNTIFIEH IN THE COMST LPOVALUE ‘VAHIABL&.*/’ .
/ pY ’ ,v?::i?‘ SERECEAECE AR R SR EE R SEXE XY ;,z;:u‘,-:;:;:;:3:15'.&214;:\:',:v;:c;r‘! L ‘t SR *§ #:‘ / St

bTOHE$CONST PﬁOC: : o

DCL N BASED PRINTNAME BYT

“CALL SFTLOOEUP{SP); ' :
. CELL MOV“(PRINTNAME?.uON3T$VALUb(CO swsruox) (N+1)),<

lucomsT$1Nbx CONSTSINDX+IN®L )¢ I

~ CONSTYPNSHASH(CONSTSPNSPTE ) =SYMB:SH;
’CUNszPN 5512 E(CONSTSPNSPTR Y=N+1;
“CONSTSPNEPTRE nONST$PNpPTR+1,’
'END ”GIF$CONST, AT

;:‘#;,( ,.,;, < ook R0k R 3 :‘u,.::‘:':‘a'. 44,3 :

3 :,n" .,: ,a;»‘ ;n P .V
SUBRANGRSERROK - THIS HHOLFDURh IS CALLED %
00 INSTHLE CEVENT OF AN IMPROPFK VA’dE IN A S N S
LK SULW&NLF e RN : o
: AHT AT SR AOATIR G B Siaish :;:%:: :::f;::.;:: feai sl :;: Fzile oo i ol AESIRN ‘: PR 38 5 >t S \ / ‘:.




;'fﬁaQ;,SUBréFl"’ ‘5koc, " ,
- 20990: .. - CALL FRROR(‘IS”); B
2091:  SUBRSTYPE(SUBRSPTR)= INPFGER$TYP;, 

20928 SUBKSVALY SUBF‘PTh) vﬂMVH,
20931 END SUPR$FRROR, ot .
2094 Lo
Re95% S N e |
CRBGB ke Rk e o kol Aol ek s M»*k*"m*%#¥¥>nwvvv**”*”V S
297y W ORD$HIGH$LOw$CHECK ~ THIS PROCEDURE IS S
ﬁ2€98. *. . CPLLED TO ENSURY THE bFCOND qUBRPNGE VALUE *f?‘
20993 % IS GHEATER TH@N THE FIRST. . o
21@@ _3:;::1;.';: RTINS RS :H'... ﬁgq A% A8 28 5l o enk s o) ;’l.,:ﬂu:{c.‘ EEas u:c )“g)x, :nu) ;.nc/’,'m
‘21910 ‘v, '
21225 ORD$HI$LOW$C1K. PIOL:H-
lZl@&f'* IF SUBRSPTR=0 THEN RFTUHN: -
2104: IF SUBh4TYPE=SUBRSTYTE(1) THEN -
288y . XF. SUBR$VAL > SUBh$VAL 1) TEFN bETURN,','
©.2106:  CALL EKROR("IS '}
‘21e7: END 0RD$HI*LOW¢CBK» ‘
2128 e
'*21@9. K :
i 21 1‘@ /:;:., ,.;‘ 3ok e dhesie A .\mh ,::;\)}: e B3 3 e A *u:}: S ,‘*m o 3t Sl sl 2T ok el u.'.x—*:;

2111y % 3UBhANGE$INTEGER;HI$LC}CHLCK - THLS PHOF“— #
2112 - % . DURE IS CALLED TO ENSURE THAT BOTH SUB-~ Gk
2113: % . KANGE RLFMENTS A&F OF THE SAME TYPE, AND %
21145 % - THAT THEIR VPIUL; DO ROT PKC?ED_?HF MAX #

2115: % INTEGER V"‘ _ ' o o
RS 16 Dok ;*;‘ n :Po,. e ;: e ,.;,.,:. = u:‘ 3L I3y ,~>,’.;,t.;n;x;ig;j,n::;::::u:u‘,z‘*;;:’f,:‘a;::;t::«’*‘::c-::u{n/' R
2117 : Co i o7
c2llee SUB$INT$HL$CHK PHOL, ‘

219 IF. SUB?‘PLR @ THEN ke TUBN»

L2120 IF SUBR$TYPE < SUBu$TYPL(1) THFN

2121: DO} 3
2122: - CALL bUBﬂ¢FH}ORy
S R123:  RETURN; . :

‘7lﬁéf" : LNDQY



21253

S

T °UB?$VAL {,dz?@- D sunn$vaL(1) 532767 THEN‘

21268 UO; & : e
CRle7s IVFRGFH$DIFF SUBR$VAL+( ~SURR$VAL(1 )fl,
~2128: . RETUWN; » e
CooR129r FND,- S
2130 . IF SUBR$VAL > 55707 AND SUbﬁ>VAL(1) < 62768 THEn,:;*‘~
,'_-2_1,,'51: . i;,DO: L
21321 CALL SUBR;ERRO
o 21383: . RBTURNG
21343 END; f
21355 TF SUEH¢VAL < 6?"6& THEN /* EOLI POSITIVE */
21363 . DO
218y IF(SUE&$VAh (SuuafvaL(1)+1)) < 52705 TﬂrN\
2138 Doy R
oR189% e INTEﬁFR;PzF oUHh}VAL (bUBR$VAL( ))+1,; PG
2140 “RETURNG s
REIRLA ¥ & R “END3 - '
21423 CALL SURR$LRROR,
21433 - WETURN; : : ;
Coo 2144 END: e T N
21458 'ELSE /% BOTH NE"ATIV%;*/»
21467 IF ( - sushivsL(i) - SUBR$VAL 11)) < 62708 THP
21473 . . DO; e
‘21487 © © INTEGERSDIFF= ('-~ SUBR;VAL(I)) (- su9n$an)*1,
2149 CEETURNG o ,
o 2180 END; o o
Co2181; - CAIL SUBRSERKOR}
21520 FND SU?$;NT$HL¢CHK;:""
W *ew”s :
2154 iy ( E i
2155: /*’; L3k # R ‘? S8 %3( EAPARARRS KPR P T S 3 "; AN 3("’ <3 Ao e 3k e Ao 3 "" 12 ”:‘" / it
“*jzxsas:,/f"aUBfANGﬁ$IJEMTI%E SPROCEDURE — THIS FOUTINE :*/,-3
21573 /% IS CALLED TO DETERMINE THE OFFSEY ( NUMBKR [
. 21%8: /¥ OF ENTHIES IN p SUBKANGE ) AND [HE TYPE OF "/_ i
S 2189: /% SUBHANGE, GIVEN THAT THE ‘%UBHANGE_TYPE,IS R

A NAMED TDENT] Fler.



2181
21628 :
2168 SUBs:D$PRoc.. zoc, e ‘ ;
 CONSTLPNLPTH= CONST‘PN‘PTR 1, :
1vCON%T$INDX CONSTSINDY~ LON5T$PN$SIZE(CONST$PN$PTF),
_PRINTNAME= CONST$JALUE(CONST$INT e \
SYMHASH= CuNbT$?N hPSt\CONDT‘PN‘PTR)
. IF NOT LOOKUPSIDENT THEN CALL SU“R;&RFOR,
»kr'ELsa LG /% POGUND LONbP%NP XDFNPIPIFN /o

b4

: 21644 PRANE
4-165:
21663
21685

L R1691

L2170

521710

R MR

2173

S Rl7Ar
~:Hv"2175;;x"'
216y

L RART

"121?5: R

2199

ClRNsBs

AR R V=0 B
2182
S R1B3y

Ceoozie4s

”ﬁ,%“zigﬁ:“%_, “_
RLEG

# ”{?183:

LT 2T1Rd
oe16an L
R 17:.f~‘
+ff21ﬂf

S 2193
'2'2]94. e
o zlgo

.,.-1( e :; ,:;;::‘-7-;;-ng-;:;::.;;:j,:;;:;;;;;;‘;,: 3t e 3 S S R “‘_o e

‘BASE= LOOKUP$ADDH. e - ~ i
"CALL SETADDRPTR(4); /* PO'NTB TO FOKM(BYTEPTH) %/

;VESUBH$?0hm BYTEPTH . G

THEN CALL SUPR$ENROR, e
\ELSF ‘DO§ .
IF SUBKYFORM < e AHEN
D(),-mv
 SUBn$TYPh\SUﬁR:PP ORD$TYPb.-
CALL u@TFDDf'P‘]f(b)’ ‘ ‘ B
SUBR$FORM=BYTEPTR; /% IFNGTH OF p. NAMF */f'
© CALL SEPALTEPTR(7+SUBRSFORM); §
. SUBKSVAL(SUBREPTH)= DUUBLF(BYTEPTH):,::
O CALL ShTADDRPsH(?*SUnR$EOHM},’?v
 SUBATYPSATDR(SURRSOIR )= ADD&PT
'~rnLu unDéH1<L0w$0HV, :
FLQE e v : ' ‘ : -
DO WHILE ((sin(5UBh4f0dM 3) AND 5u) m),vvf"
IF SHRSUERSFURM,5)=N0G THEN e
CCTF SIGNVALU= POS THEN SIGﬂVA]J NPG:
ELSE SIGNVALU=POS;
~ CALL SETAUDDKHPTIR(8);
CSUBRSFOEM= BYTEPTR;
CALL J§1ADDIPTr(v+suxR<L0PM) S
TF NOT LO)KUP?ONLY(APPH#)DR)'TPEN' T
D’I’ . e



8Lt ,fﬁf‘ff'uf7*ff5"'f,';15 7 o

CRlgp.
2198
2169
o e2el s
S R201%
zzeer
22043
ozeps:
2206
2207
2ze8:
S ]
S22l
[
erize ' -
CRRIB:
L zel4:
2215
22161
2217 =
L2218
2219y
Vien - 2228%
L2226

i“ﬁ£224’”tﬂu‘ﬂy
ShRERSY
gwebr oo
Cooozezmy
22280
2229:
S 2230
22381
- 22327

"?ND:

.END) o : ’ : ‘;;v’; 
/% HFRB Wf HAVE XTHER AN INTEGFV Okt CHAF %/
‘.IF SHR(SUpﬁ$FORM 5) BNL OH) I;THEN : SR

CALL SUBKS$EROH} :
SUBESPTH=SUBi$PTh 17
RETURN;

~ ELSE DO}
BASE= LOOKUP$ADDH
CALL SETADDRPF&(%):
SUBKY OBM BYPEPTF:
END; ,

- OEND; . A o
IF (Slh\SU£H$FORN,J)AND ZH) =2 TBEN
DG

'"kLL SUBi ERFOK; -
SUBK4PTH= susa$yrx«1,'
REDURNG

DOS /% INT.GER */
CALL SETADDRPTH(6);

 SUBHSFORM=BYTEPTR; -

S CALL bFTADUhPTﬁ(V*SUH£$POHM),
IF SIGNVALU = NEG “THEY o A
CSUBRSVAL{SUBRSPIR)Y= -~ aDDNPrd’,

. ELSE SUR}$V9L(SUBﬁ‘PTi) “HDDPTE}

CSUBRSTYPE{SUERSPTH )= INTPGER$”YPF,

R 'CﬁlL SUb?INT$HL$CH¥y
CUORNDS i .
. BLSE
"Dby-v

CAaLL SVT“““'xfﬁ(a):»

f- SUERSYORM=BYTEPTR; '
- CRLL akTALD1PPH(7#SUQW$%OnM)

1= PYTPPTn <o Thb“
Do A
‘ CALL :L SRR (GH;



543 éﬂrn uun»ép"irl,"
CRETURNG - S
v BRODE L e ,ENR; e ‘ e
o p23s: . CaALL SPTADDhPIR(a\bUBR’ OKMY ;. o
o R23%s o TP RBYTEPTR <41H OR BYTEPTR > 5AH THEN
S Jezyafg S YCALL uch$rHRUR,r 2 f_«
WL P89 s S ELSE - DO: s ‘ L B
CLUREAGY SUBRzVAL bUBR$°T )= DOUBLE(BYTE?Tn 41H)f,
Coooz24leoo . SUBKSTYPE(SUBRSPTH)= CHAR$TYPS.4',_ w
o242y ;;1*6-~‘\ - CALL anéﬂlénow$CHh, S o
LR 224840 S o LND,j h
L2244 0 Fvn,,
:Qf“‘ZQD?f".‘V. END;
22463 . END;-
2247 ,END; e , R
S 2248y SUBLEPTH= Jueu<Pr(+1, e
-»k»zaqa‘ vND SUP;ID$PROQ: S

i 2‘5.)2 : ‘/’;"‘ (o "t‘«-’(‘«‘ ’- L "”* K“r“/ <42 “H'ﬂa‘; a‘,- w;s TR z.acr E T 5.,. Ve ,n,.**n,,n,;‘;**/ :
L :;'2905. S adBRANGEﬁCASE - THIS PI{O(‘EDUKL s Ubhb 10 RYA
2254 0 /% BFTE#MINE THE \Uf‘iﬁ“( OF ENTRIKS EN- A SUBIANGE?/

G 22;_,5‘ /,.414;;{(:‘::, ;:::’ :, >,~>a~’ :;:a}:; y‘u‘u};,. EAS Y ,. W ,:., A ,n:c:, AROR I >c»;‘,¢*;};a{;*};;:;:n:n‘:z.x;:»;c;;:;;c/ .

22571 bUBRé(AsE. PRQ“’r ‘
22° SIGNVALU=POS; .
DO CASE EXPRLbS$oTK(MP),
Lo22ees o/ CASE CONST NUMBER , e
2281t . DO; CONSTSPTI= CONS{$PTR 1; ; : e
- 2ee2: u,..a‘ 1¥ CONbT$NdM$TfPL CONST$PTR)—N”AL$TYPF Thn¢ e
LooR2E3:. DO ,
CRREAL o CA!L bUBh,ax o“
DU RBS Y “CONS T$1uLx LUMJP INDX- FCLJIZP:
'~‘zzéb,,&=f;:»’i;un; T
L Re2eT: ' LLsF L g_’_
o R R ey /’ INTEGER/TY?S'*/»f.




o ozoear '7"3"004*T<1ubx -CONSTINDX=2} ‘ | ST
22703 CALL MOVE(.CONST; VALUE(CONSTS TNYY ), . susn$van SUBh$PT}) c),_j o

CoR2?l o o SUBRSTYPE { SUBRSPT &)-;uTwobn$TYPp-;v_
2R7Zs 7 CALL SdB‘INF‘HL‘C}K,‘

CpPnds o FND;

2274:  SUBRYPIH= SUBR$DTR+1. /% uwxw TO FiLy-#/;~:;_,“ p;_?*‘“

o 2275: . END;

2276¢ /% CASE IDENT LONSTANT »/
2277t CALL SUBSIDSPROCS

2278 E CASE SIGNED LDLNT.CONbTANT */

VIQSTfl

2279z ‘J;Do, ;
o 2280: bIGNVALU~NEG, :
L 2281: - CALL SUB$ID$PROL:
2282: 0 END; i
22833 /% CASE ﬁouaTﬁnﬁ bTRING %/
22841 DO : i , ,
CeR2BST CON5T$PN:PTH CONST?PﬂapTR 1, o
2RE6: . COMSTSINDX=CONST$INDX- CONST$PM$SILF(CONbT$PV$PTR)
2287: . PHINTNAME=.CONST$VALUE(CONSTSINDX); = -
© 22863 IF CONSTSPNS3 bl&E(LONSTsPN$PT} </_ THEN
2289 . . CALL Sunn EHRGH: : o ,
oace:  msE L , :
@291 DO. L
22¢2:. - . BAS¥= PR!NTNFMY; , ,
CR293: . CALL SETADDEPTR(1): -
L2204 oo R BYTEPTR < 41H OR EYTEPTR > 5Al THEN .
22988 CALL bURR$}h20H,_- O

GO RO e FLSE
- 22‘3(.’%; 1\0’

o Toeogy >UBR$VAL\SUE{$PTH) DOUFLE(BYTPPTR 415),,1;;f
o2299:  SUBH4TYPE(SUBRSPTH)=CHARS TYRES
o 23@8: . CALL ORD$H1$LOW$CHK,»
S 23¢lr . CEND:

Lo 23802 FND, , LR G

2804 mn.



©2305:  END; /% OF CASE EXPtnbb*SPK(HP)
 2306: END SUﬁﬁ;CPSE,'

2307

 " 2"(,‘8. ’ : A : o . R

T 23039 /R :,:qu 250 0 0 2 0 AR St A8 K 3 30 e ot e ol He Al o4 f-aﬂk*’tt 3 Ruole Henty r:"#******/ R
281es /R ENTFR$>UBRAhGF$ENTRY ~ THIS PROCEDURE I§ %/

nﬂw2311:  /% USED TO ENTEx A SUBRANGE TYPE ENTRY INTO 4/1’
23123 /% THE SYMBOL TABLE. THIS SYMEOL TABLE ENTdY w0

2313y ;/*" HAS NO PRINTNAME. FSSOCIATLD WITH IT. : ,4/'7
Geo ‘—514_ - /‘;::;;‘ PR s 5.,.:’:\ \fa‘z PR S x::;u SRS PR PR >,<a,<a SRR ke e ;,‘xa z}::{::o,.z‘ t#**/; 3
23158 B ‘
2318 2NTR$SUb$NTRY' FROG;
23171 TYPRSLOCT=SETEL;
2318: - CALL LIMITS(14);
. 22319: - CVECPIR=VECPTR-1;
2320: - CALL SUBK%CHSE;
23213 VECPTR=VECPTR-1; \ : i
 2322: - CALL SUBRSCASE; 3
2823: . CALL NTR‘CPLX‘TYPQ”HL 5UFn$TYPv D)OR QFF);. S
23243 . CALL SETADDRPIR(5); - ¥ o
023253 1F SUBISTYPE=INTEGERSTI{PE THEN
2326+ . KDDEPTh=.BUILTSINSTBL; . : L
S 23275 1F SUBKSTYRE- cuea$T¥PF THaN ADDRPT& (. EUIL1>IN$TBI+25).,’

2528: - IF SUBRSTYPE=CRDSTYPE. PHFN ADDRPTR= SUB$TYP4ADDH : g
- 2329: (BLL SETADDHPTH(7); o

2330: " ADDRPTR= sUhﬁ$VA1<1);,

23381 - CALL SPTADDHPTR(J)»,w,

o 023325 - ADDHPTR=SURISVAL; L B ,
. 2333: . CALL SETADDRPYR(11); ‘ '

123341 IF SUBRSTYER=INTEGERSTYPE anN /% RANGE @ TO 64K */ i
023353 ADDKPTR= INTFPEh*ﬂI}F, / MAY BE uHEATEn T”AN 3279 /0
23361 - ELSF A S
© 28387 ADDRPTR= ((bUBR>VAL suaw VAL(l))*l)v e
@338 SUBiiPTE=0} : '

23393 SBIBL=SETEL+10;

a].234¢ END EMT145U8$NTur, L



 v;n2”41
4.3::2 ;

o 2Bagr

L2382
2353
[ 2354y
2385
S 23b6
L2857y
CLl e RB5EY
2350
2360
2361
: Q?BGZ'
'}QCESESQ
23681
23661 v
E3ETY
L2368
oo2eTer
2Sey
LR34
LRBTE
23761

";/***x»#<*w# < e S

/% ALLOCATE OFFS
/% - DFTEEMINE TH
/* - STORAGE OF &
JF CCTHE PARAMRTE
FOUAND PLLF«%OH
/$¥a£% SRR N s

4LLC¢O:FS¢T PROC(
DCL A ADDR;
"DPL‘(ALLC$FORM
O BESE=p;
CALL SETADDRPY
fALIC$FORM~ BYT
CIE ATLC$FO(M 4
~~Do e
CALL PYPF LKH
ALLCSOTY=1;
ALOCbAb{LTYP
RkPURN, :
FND: EERE N
DO WHILE(( SHH(
CALI sam‘PA~r

X s wk & é*»*:“»**

THIb PROCLDJRF Ib CALLED IN THE"
IJCOPPATIBLF TYPh %,

RN a‘,,,:cn ;, SEREEE LIS ¥ m: ,a <;<ﬁ<>,> f.: .taac,,&**/ :

PR R 2 x;;-.:.-: (AR 5,.;‘*;:;

1

);

. :/'i'ﬁ':- 3R 1930 39 3 :.:w-%
’5*f23é%,,ﬁx.*‘ PYPF‘EH%OH -
. 2345: % EVENT OF AN

2346 . B SRS W
2347y gty
2348 TYPE$EhiOF' PROCY
:  ALLOCATE=FALSE;
,'235@ : “CALL. ERROK\ 7

123511 END TYPE?EHROR, T

ixx«*#*quq»«qnx¢xaA»4*=aa*xkam**/v_ .
ET = THIS PROCEDURE 1S CALLED TO“/\ 
E NUMBER nF'BYTP CAZQUIKKED FOR - =/
VAHIA}LP OF - THE TYPL GLVEN: IN Wl
R ‘a7, TRE VPRIPBLP'S ALLC?QT L
M ARE. SET UPON RETURN e f'*/ o

g “a<¥aa4aa‘»=rvaﬁwmtu°Xv# =»**/; "
A), /> TYPE$IOCT
B)OBNTE;
n'4) /% POINTS TO: }ORM OF TYPV */
EPTR AND FORMMASK = (T
“1YPP‘hNT:\ AND AIIC‘FOhM \3 TYPEDCLF TFFN i

(”(’

m;_,'

BYTERT ) AND FORMFASK)=7 AWD ALLCSFORM=TYPE$ENTRY)S

$“V(7)z-_-*



r,ﬂg.aa77::.". BASR=ATDR?TK; CALL SPTADDRPTR(4); . e ;
L RB78s ALIC$FORM FYTEPTH AND FORMMASK; Y Lt TRt I DS
- 5225v0.»-~; CIF ALLC$FORM <> TYPESENTHY AND. ALLCSFORM <> TYPEDCLE THEN -
CRBAer 0 DO CALL ‘%P“EPRO#: T AT

©®3613 0 pLLCSQTY=1; g f“:‘ R e
2362:  ALOCBASICTYP=0; asruaw; R
2383: FND, =

"‘-,3594' s FND

23a5: /% Hfua EXI&TS SITHRK A BASIC TYPL OR A TYPV DELLARATION #/
2u80'*.;- 1F ALLCYFOLM = TYPFLFNPHY THEN s L

L2387 DO /% BASIC TYPR #/

. 2388: DO CASE (SHR(RYrkPrt 3) ANF FOHMMASK): T
\~2183', /% INTEGEW ¥/ , 7
2%%0: DO :
O i SRR AIICSQPY 2i L
L 2392: ALUCBA;ICT{P INT&PLh,TYPL,'

2393: . END;

2384+ /% BOD REAL %/

2395 nn;

ZEYBy LLCSQTY=n3 ‘ et
239717 5,> ALOCJASICPYP =UNS 10 N$BXPONS~‘
B -icIeIR A = ,FND.a, S
CR3YI o CHARACTrH ’/
2400 ;-'Dc.

o aagi o aLciorrens ~ i
*w j24ﬁ2}gfu]&:1f "ALOGEASICTYP= LHAB TVPE,' L
CRa@3: o mwDi e

. 24v4: /% BOOLEAN >/'7

ozaesr ooy
2408 ALLL%O%Y 1;

©z4lz: . ALOCBASICTY

247 . ALOCBASICTYP= PooIEﬁN<rYPF'
'24@b.,..»,- END o - o
CR4BI R "LXT,#/ .
oooRales o DOF o ‘ 7
2411 ,"_,ALLC$QTY = 2 ; L '

P STRJNG$T¥PE;



o414 __,~ LND, /v OF c«s& ~‘/
©2415: - ALLOCATE-TRUE;
S z416: ~,; FETUENG : ,
Co2417: 0 ENDy s S : ,
2418 /% HERF FXIbTS A TYPE DFCLAHATION “/ B '
©2419: TEMPBYTE1L, ALLCSFO}M= (SHH(BY EPTh,é)AND FOHMMASK),

24201 IF ALLCSFORN:=0 THEN
24z1:  DO; /% SCALAW */ -

0 2422% . BLLOCATE=TKUE; ; - .
24237 - ALLCSQTY=DOUELE!ALLCYFORMAT);
2424t ALOCBASICTYP o\r$1 PE; ke TUkN 3
oR425: ENDj R
2426 IF AIIC$3QRM 1 TH*N
CR&R7T DO /% SUBRANGE /o
. 2428:  ALLOCATE=THUE; W e
024293 - ALOCEASiLTYP= COMPLFX$F{PL;
2480 7Aﬁ~SHHfBYFEPTH 6)3 :
o.o2431: . IF B.= 1 THEN ALLCYQTY —DOUBIE(A'LC$IORM*1),
SORES2e FLSFE ALLC$QTY DOUEik\ALLC$FQRM): RETUHN" :
o 24381 ENDG e
S 24347 O IF AIIC‘FOhM 2 1Hfﬂ ;
’Z.U. HE D(lr‘/"‘ ARHAY */ :
24863 ALLOCATE=THUK} -

2437: . ALOCBASICTYP=COMPLEXSTYPL;
; - CALL SFTADDHPTR(E);
: ALLC$Qr¥aAﬁnners sarzxa;
CENDY

'2449 _v'i/* RLI OTHER CAst ALLOCPT& AN %\DtFSS ‘ILLU ,/
o 2443:;  ALLCSOTY=DOUELE(B); :
24441 ALOCBASICTYP=COMPLEXSTYPF;
24457 ALLOCADR=THUE;
L 2446: END AIL€¢OFE%F;»
SRR
o ?448:



244G /% ,
LzASRr e g ~ B DURE %y
:t;:?ad1.«;"y,'To DETMRMer THE NUMEFK OF BYTLS RLQUIRF AL

So24b2: /% - BY AN ARRAY O STOKE THE ARRAY’S COMPONRNTS */

.~ 2453: /% CTYPRYLOCT IS SET PFIOK TO CALLING THIS %/
L2454 /% ROUTINE. AN ADDKESS VARIABLE LONTAINING THL ®f00
24553 /% BYTE COUNT I8 atxunutn R ,
o 2450 L R R e e R :;w.w TS e e Al SR R Mas x:‘< *.‘.ux:'.‘mv/; R
:*;52453. AL$NDX$O§FSMT PROC PDDR;
2459 DPL 8 ADDR,B BYTF;
2460t A,EASE=TYPESLOCT; _
’4614':,5xCALL SETADDRPTR(4)s
'482%5”5.VD0 WRILE (SHR(BYTEPTk,%) AND FORMMASK) = 7 AND
S o2eeds © ( BYTEPTR AND FORMMASE ) = TYPESENTRY;
T 2464'f.*/f_CAIL SETSPASTSPN(Y) ST
024651 . BASE= ADDPPTR; CALL SEPADDIPTR(4): ‘ :
. 2486:% END; N e e N
o 24870 /% HEER WE HAVE EITHCR & QCALAN SUBRAN,M,POULBAV OR CHAR TYPE =/

. 2488: B= SHRh(BYTEPTH,3) AND FOKMMASK; ST A s e
;1,T24§9:v11*31F (EYTLvTﬁ AND ronmmasx) = TYPE$?VTRY THEN

248 DO: : ,

SR s R IF B¢ or«s =1 m
. "—   8472‘ T : DO;
2473y o CALL bhi(r\( 1a° Ji
2474 ey =23 .
2475 BETUBN DOUPLE(B)

w 4476""»7 j' LND, : : S S LRl
EH 4477 e 1¥ B= 2 THEN A% cuanacwik SUBKANGE =/ =
'gu2470\':55;_n3; B o= 26} L v
Pabl; HFC;V n*PYP(ﬂF s T) Cuan TYP*‘

ST ARl e e RETURN DOUEI&(*) B
L gAsRro . ENDG
‘Q';'24e5" ﬁ,j- /% BOOLEAN >/«» O A R
. T2aBar HrL$VAQ$TYP(HEC$NoT) BOOLEAN$TYPE;

- 0




et

 "2,489-:' ‘

o vags: R a2 HFTUHN hOUrL?‘E)p
o 2486: . END;
L RART LI COMPLEX TYPE %/

24883 LF [/ BYTEPT AND chmmach) &> TYP $4DCLE 03,7'

(B ) AND (B e S )) - THEN

24903 1;%_ Do; _

. 2491: CALL EdROi( )i ~
a9z oRE2; RLTUPN nouxLF(R),;

249%: . - END;

24841 IF B=0 THEN :

2495 - DO /E SCALAL TYPE %/ A
24361 HKFCSVARSTY{P(RECSNST)= COhPLEX:TYPE. :
L2497 »‘V,. CALL SET$PASTSPN("7); L
2498: . HETUEN DOUBLF(BYTFPTH 4 1), v .

24933 END; : :

2500 /“ SUBKANGE TYPE k) :
2501%  KECSVARSTYP(KECLNST)= 0hD$TYPF.

. 25p2: CALL SETADDRPTR(11);

U 2503: . HETURN ADDKPTR; -

L z5¢4: END AL$ND!$O}FSET,

L 2EOS )

: a&ebe,1‘ ; v : ~ o ‘

S 25&12. ! /> (e f:;:’ Nese **. SRR RS 3 u.n,.: SKRE A AR :.,t) s :x..u-'u“:,. TR TTS A .,."g;,‘ s

2508 0 ® ﬁLIOCATL$JAP!AbLEJ - THIS PROCEDULE IS - %

. 2309: % CALLED TO ASSIGN PRT LOCATIGxS FOR - LALH CE
251¢: ,”%; OF THE. PPOGBAH VAKIABLES. -~ PO
?5211 . i y :};:;;x‘;._a ,4 EEERE SR TP $ 72 <d: “ AR BN NS 4 AL ;n .,;,u; 2 32, pu:), AR k:,u < ¢ / .

S 12513 ALLGC‘VAR Paoc,_,

G 2914wy g FMPPYﬁFl = a5 R

*w[251565'- CALL 51L0$0FrbbT(TYPPiEOCT); S

o E5%16% 0 TEMPBYTE = VAh PTES : :

S L R 110) V9H$PTR 0 T0 TEMPRYT
T kbl gv:,f BASE= VARS AbE{VAn$Pld))
2519t CALL SETADDREPTR(4);

:Q252@a{*‘7“‘ 1¥ sqwlﬁiwbvfn 7) THEN -



CeSzl: o p0y : S R e R s e
2522: . BYTEPTR -'(UYTEPTn) oa ( (A OCBA51CTYP;5)-OR'VAR$ENTRY);'
o 28BSy APT:ADD&,- VPK$:ASE1(VAR$P B)s " RN s
2524 ADDdPrR = ALLOC$ADDR} ~ =
o 2525:c o ATLOCH ADDB & ALLOC‘ﬁDDH v z; -
SCORBR2Es U UENDY , ,
. 2b27: - ELSE DOj e ‘ ‘
2528: . BYTLPTRwSHL(ALOCBASICTY 3) Ok VAd$FNrAv. .
B9293 /% . IF (BYTEPTR «'géﬁ) AND (TLMPBYT Bl ~-z) THEN
2521 ~ APTEADDH = TYPE‘LOCP +*e; g
2R3y ﬁLLC$QT¥v-,AoDR?Tx, e
©2538: 0 ENDF T
2934 . IF TFMPBYTL1,= 3 THEN.
©RB9B&: o DO;
o - 258€: - APTRADDR = T¥8E$LOLT £ 65 '
Iy 25%7s CAPTRADDR = APTHADDH + BYT?DPH + 1.
R @538: v APTHADDR = ALDRPTR + 53
i S 2838 CALLCSQTY #”ADDRzTH,‘
3 - RBAR ?Nn, RV L
e 254t APTRADDK= vau$BA Pl(VAh;PTh),
2542: . ADDEPTR=ALLCCSALDR;

o 2Ba%: . ALLOC4ADDF= pILOLéannh+»LL(60Ty,
Co2%844: 0 END; .
25451 APIRADDE= APWHPLIch,_

~2b548F ADDEPTR=TYPEY LOGCT;
2L47:  END; ;
L 254p: 0 TEMPBYIEL = )
=_w25494_ﬁdn AILoc¢VAhb;;
25"&@ : '
EXBLEX e R EEAT A S A R s s s ek B el ',: 4:‘, RRXT SRR

“:<‘255;: R ,
2556: L3¢ CAdePTf‘PP} - 'IHI( *OCEDU}‘F I) C“LLED TO P
2hndsx SET A VRRIABLETS APPROPAIATS TYPE, ok

>:

) 2555; e S :::au LA SR 8 3 S A 0 S B Al B B GO0 e




opsEn CAQE;PThpih PROC(A);
25581 DCL A BYILK;
. 25891 no CASE A; o
Ao ”‘?se@;=y © /% CASE @ ORD VAH*Ah;s_*/_

'.9;2551:,”‘:~ DOs S
L2582 “‘~._ CPTLPTH < 10H; -

25631 .. CALL SLTAPA5T$PN(4),~» o T e e Sy
28643 LASESLOC(SP) = ADLHPTHG /% ADDn QF PARENT %/
5658 . CENDF [ LTS A S et

- 25663 0 . /% CASE 1 lNTE Pn VAHIAELP */
. 25677 f“’qprwpr = WGH; ' '
o ZBEeBr /% CASE 2 CHAR VAhIABIL»*/
2569 v' »,<pTaPrR = (EH; .
B oL S ‘,/ CASE 3 REAL VAMIFHEh /.
L2571 L PTEPTE = CAH; !
2572y ;/* CALSE 4 COMPLEX VARIABLh B
253 . DO‘ /% ARRAY, SUBRANGE, USER DP}IIED TYDFS ‘/
2574% - TFMPADDK = BASk; /% STORE. VAhIPBLE SBTL LOCATION */
25751 CALL SETSPASTSEN(9);

© 25763 . BASE = ADDkP¥R} o

Lo EBRY: T CALL CFTADD:PTI(&): A B S
S 2b%er o IF BYTEPTR = 17H PREN. /% ARKAY R/

i, dar;c;,"":.‘_ e Duy e o
258@Q; ol e APTRATDE = APTRADDR + 63
£t BREE TrMPbYTBI mueyr}PLR,;_‘ v
SR8 N ‘ ER UL T S e R A
SO 2 ,vL>E Ir (BYTEPP AND C¢FH) = CFH THEN  /* SUSRANGE TYPES %/
o 2EE4: . CTEMPBYTEL = SHR/BYTEPTR, 6); O e R
25851 ELSE I¥ BYTEPTR = 7AH THEN
o 258B: o DO /% USER DEFINED TYPF /o

e RRBy e T TEMPBYPnl =9y v

CokbeBr o CALL SETSPASTSPN(?);

S RB8Ys 0 . U BASE = ADDEPTE; fEe
S R590: - U CALL SPTADDKPIR(1); : :
CRBGLlr o LR BYTRRTR <> 2VH THEN CALL bnRUH( 45 ),

289z /*fTH{S;TS»A]SFT FYRL /0




 2e2s g%

! . 251“1; / u-'n,u £ ><><>:c>g ‘:;':.~

fa:::a

2598: . CALL BETADDABTR{S); =~ = = oo
2564: . BASEILOC(SP) = ~ADDRPTIR; /% ADDR OF PARENT */
. 2585: . END; e o L
©2596: . ELSE IV¥ PYTFP;H = 37H THEN
2587 . DOF /¥ POINPEN Y/ ' - :
Lo 25881 0 . CALL SE™ADDRPTR(S); S e B
C2839y BASE$LOL(SP) # ﬁDERPPR, /% ADDR OF PAKENT 3/
111 R T END, o ~ : R L
Soooeeer: . o WISE ThMPBYFhl = @6H;
. 26@2:. . DU CASE TEMPBYTEL;
. 2603: o PTRPTR = 1uH;
. oe6e4r - PTRPTK = QGH; . -
S .26@5: . PTRPTR = @RH;
C2606% - PTRPTR = 0AaH;
oo26e?. . . PTRPTR = ¢CH; -
26@E: f,-PmRPTn'==neH,;v ‘
eevg: "PTRPTR = YCH3 : e el
261¢: 0 CEND; /% OF . Chbh ’/ S
oeells o BASE. = TEMPADDK; /‘ HESTORF ORIPINAL Bn)k LOCATION “/’jj
26123 SNDn : i D
2613: /* CASE 5 BOOLEGN VARIABLF s
L 2614: - PTRPTR = ¥sH;
26151 END; /% OF VAKIABLE CASF */
T 26163 ‘END CASF*PTﬁPTh,U »
“5261?-, :

3 Ok d‘: < ol 50 #s:, A A R e ) / :

'PEﬁEQ,'g/* SET$VA1IﬁBL}$xYPF - THI:v? FOCEDULE. I8 CALLbD 7
©262l: /% o T0 SET THE VARTABLE TYPE, VKRIFBLE'SIuN AND */Yﬁ*ﬁiffw‘ﬁ
oo 2eR2x ;/” ~KDDHTESS OF THE BASIC TYPF GIVEN. THE PDDhrDS FAEE
LOOKUP??DDP Ib SET PRIOK 10 THE w/

26243 /% CALL.

2627 SnTSVAR$TYPE‘

*fikzoze:_

VARIABLE

“;L“bzs;q-/aw» ‘awﬁmf*&»s;w
S 26263 - R
PkOC;

g/‘ T

.»:;;:;u’.:’:" ..:.u; ,u{ 36985y u,::,n,u’ E A x‘a.: '3 e ¥y >,.).~z./ :



2620
- 2830:
2631:

2632

20338
26541
2885 1
26560
RRBP
L2838
L2639
"':264w~=f
-“2642i;~‘
S 26435
co 2644
2645
e 26467
L2647
2648
RSl
S2eber
2653
L 26EAT
S 265D
2686
2867
. 26581
2obhyr
o 2eB:
S 2eel:

26647

END SLT$TYP;N$LOL,.

’fﬁsaTé vpdméLoc PrOC(A B, c),
DCL (A, B, C) BYTE;

oo CALL FrﬁPAsTéPN(A) R
IF (B=P4H) OR (R= V5H)~0H.(B ?oH) OR (B 11H) PFEN
~ PRTADDR(SP) = APTHADDR, :
ELSL,?HPADDR(S P) = ADDRPTR; " t»-
TYPESTACK(SP) = a Ok ROL c..7>); o

= BASE = 'OOKUPéADIR,'

" CALL SETADDHPTA(t}p
- FORMSFIELN(SP) - BYT‘P“K. : : ‘
"f;no CAaL (FOBM*EIELD(SP) AND Fo&mmasx\

: [* e CONS?PN EN RY , f,' L V4
,>IGN$VAL POQ, > e e A
DO CASE (SHh BYTEPIE . d) END @‘ﬂ); ,

/“ RIND OUT WHAT KIND OF CONSTANT IT. lg wy o
DO WHILE (bHW(PYTEP?R 3) BND @5H) = G, UL
S (SHR(HlPSPTd 5) %VD vilH) = ﬂlH THEN
CIF-STANSVALU THBN SIGN‘VALU “NEGy

~EL b& SIGNSVALY = POb,w Ay
CALL SETADLRPTK(E); =
_ip NOT LOOKU“$PNRNE(FPT(PDDﬁ) THEN .
: pALL FRROKY IC
: ‘ftf!TUl‘N;'" ‘
'CALL §FPADDthF(4)a

- DO; '
‘CelL thobe )»'«
OHETURNG i

FND, o
EVD i

TP (BITEPTH AND vonnha»x) 5, CONSSENIRY THEN



»cbdd e

S 28R4t
26861

et Lf&?I' v
‘gﬁf)“‘ i

-»i(bdﬁ.~ S
w63y
RBYTy
o f_EdQﬁ; -
L2EUS

EEEE D IVES

ey fﬁ‘)etsé' o
R6s6r

/% INTFGRE® OR 90CLEAN CN1NSrnﬁT7:* o/

CIFCRASE < MEMOEY THEN . /% BOOLEEN ¥/
o CRLL sET;rYfanior(g 4, POS); k T e
CFLSE /% INTEGER ﬂ/;;;‘
. CALL b“i:PfP‘N?LbC(? SH, sT6 N;V}IU,,,' L
a0 iRl CONSIANT %/ S
CALL SFTATYPINSLOC(?, H, slcv vuLU),‘;_b‘
R STRING CONSTANT %/
o CALL bLP‘TVP$NeLOC(7 H, D) o
\ END.- /e OF CASE. RS
S UUENDY e e T
N ! r-TYP hnunx A
’~/*',i-_«!_ JAhIAFLh BNT%( L ~-#/ﬁl

lr‘iﬂR(F(Hh,rIELLQbD) 2y TLEN- VARPAdﬂ = THUET
PTHPTR = (bhn\}O'ﬂwFluL (SP),5. AND FOEMMASK):

/'fPAoF‘L{“(QPJ = BASESF - /% SYMBOL TA“IE LOCklION OFVVARIABLE ”/

" CRLL CAvF’ﬁ?th{PT PT«), .
;CALL T$TY9>1 LOC(? PlRfTB @)

g }! A‘ “'

S RA T :"““ROLV UdL ENTRY ‘"&a*/ S R
ey /% NO SUCH THING BXISTS N PACC@L */¢~;‘,in‘tv
g . .uwcr“’ EddgY %/ ,._. ;. 2
B [ - p : 5T E [T
- %f FORﬂ'*IPIu( S bUILT$IN>EUNu QHWN /* BUILT IN PUNC IONX#/,'
1 AR
B o LL SETY Pp>r¢9w(a),_~ :

*”f'}' TYTERTH <3 1.4H T’iFf
AR EYTEPER <) ny SH 13”
ﬁ(n S
CALL LPJEPT

RPT:( FEPTh);
{VP‘g;gQr}A\K(SP =

) iPTR,4
END

‘APTngogf :'A‘;xaunn~+.1;



Lo zusng g
PR S
PR ﬁr' \‘NTFRMEDIAT¥ CODE TO LOAD THE NEXT VARL[ARLE #/

EQ'?'SH' o

(o

Clagst en g oper o So e
S R7@4: 0 CALL SET$PAST¢PM(1D); , ' ; Get
L2es s .i . " CALL CASLPTRPTR (DHH (EYTEPTR, 3) ANJ I“OPNMASK),

C2706: . CALL SETSTYPSNSLOC(10, PPRPTR 0)

v *wz7ﬁ7;,j Sl U CALL anT<PasT$PN(7),

L RTeZs . PARMNUM(SP) = BYTEPTR:
o E7WS: . CALL SEP$PA5T§PN(B)1~' -
SRR P&EMNUMLOC(SP) = ADDEPTI

ot CGALL SETSPASTSEN(14); -
oZ7izs o LABELSTACK(SP) - APDdeR!~ -

.2715_% '}7”,‘ AL o
2714: . IF TOKEN <3 15 THEN READPAKMS = TﬂUE,

;7”<~27}5:«3173;:./* OTHERWISE, THIS WILL PE A FUNCTION ESSILNMLNT STATEMENT,[
*;»1;271b‘a- e PEHMNUMLOC(SP+2) = PARMNUMLOC(:P)» .

';.471c.fn;"“ 'f?-5" © FILE ENTRY : vf_ B/

SR e T bFALP% ENTl{ R
'EO' S
CALL SET$*YP$N$LUC(7 11H a);
o APTRADDR = AP;HAD“H Rt S
*'fﬁg; BASF:LOC(SP) ADDwPrn.j
: CCENDRT L o
: FND.. ~ ’fj*, or»ca;g.~‘*/
FN[ SFT;VAh$rYPE, SRR N S

i ?7 ?9‘. ’:-

::_ﬁ:i ol wacs #*rf m.u.xv*/

~~LUPD$V¢RI i I‘Hlb PROCETUKE GF\‘EHATFS THE- g

i "‘., P ,,( 2 ;, A s 0

0N THE FXECUTION STACK OF THE ORJECT FILE %/

: >‘d .{;,:,.) q& AT R .‘::‘ B4 ;'v"’u:k PR ST E :(a » *- <3 .,nu;u*"n/ﬁ

: LGAD$VAHI' PkOC(PT),

ap



2P
20
2753

FT ?éﬁ;ﬂ;-*
LR

'l Loan

’iTUdLﬁPT”nYTs;*izi Pt éspxrsgwrs A STACK POINTER #/

kxv sTa{‘; PROC;

CEnb; T QR CASK R/

_DCL & BTk} L s
no crs; (PYPL‘bTACY(?”) Avb aeﬂ),_,
= D$TYPV N

%fz‘m,, i

BOOLEPN$mYPE:f,,“
INEEGFRETYPR;
UN%IuN?FXPON:
STUING STYPE;
1EOOL§AN‘fYbeV
INTEGEFRSTYPRE; -
VUN§IGV$EXPQNv5
CHAKifYPF '

:»_:x-::_u v D S es e ‘:»‘.-»

T nwrn“ﬁtin.

&xph§58<51hipf) = A,; .

END FXP ETACK

PROL(ﬁ C),

oy cascx ¥ LOADING b }UNCTION vaxua / -
e (FO“”$*1PLJ‘PT) AND 7FH/ O R NC$PNThY muan

CALL uFAEhATftﬁ),,a S

f,}/-rALL GENFEAPEL s),,*ﬂ'», : ; SR EE L e
LF SHE(TYPESSTACK(PT), o) THEN /* &CCESSINﬂfﬂRﬂAXE#/:ﬁ

CALL GENERATE(SUE);

%2’wL5v CALL GENERATE(C)j

CIF & = LDIB THEN . /% LOAD KEST OF BCD NUMBEH */
DO PTNPT"— 2 10 {(FCDNUM /g),u., : ,
CAPTHADLw = APDIADDR + 27 ;”
CATL GENERETE(BYTEPTH); S
CALL GLQfRATL(HIGH(ADJﬁPTN))» -




tht i '
I¥ SH?(F(HMfiizLD(PTg 7) Thci /* VARIABLE PAR)METER */
O CALL GENFRATE(LODI _ R _ o
END; : -';xt
“FLSE CALL ckN*»nDa(DRn LABFLbPACF(MP)); el
A EXP?JTACK, T P : s
END, LOAD:" --”“

;»1? hLPDSTNT THtN hLPURN /vs GOING TO rFAD THIb VALUE */

.~ 1F READPAKMS THEM : =

o Doy R READIMh s SUBdOUPINL s PARAM Thha RV :

R (TOKEN <> 12) AND (TOKEN <> &) THEN aEADPuums = FALSE'
. 7/ PHIS. MEAVb THIS PARAMETEK IS AN EXPRESSION THAT MUST BE

_;;v_ (FURLUATED.  AFTER tvanuauxon, KEEDPANNS WILL DE SET 0 TRUE.

CATL pSkIcu$PA«M .
CUALL EXP*sTnfx,.-*'

RLTURN, '
-wi'q“rnu, _ ' i '
: Ta]/# I¥ LOADING A }UVLTION dALUF GO TO THF LA)E STATEMENT */
TR \!b?M$FIELH(MP) AND 75&) < ?UNC$£NTﬂY Th N =

‘3 Tf7ﬁG; i : Seid
' "i ((TYPL$5TACF(PT) 7 GEF) AND (TYPvaTAFK(PT) ( 11H)) Oh

. CALL SENFnATF(LITA); /% GOING TO LOAD A PKT ADDH %/ - A
. EISE AP?RADDR & PRTA?DR(PT) % ruzmu TO LUAD A CONSTANT'*/
O EHEG . . SRy - T
Do CasT (TYPF$ IACK(PT‘ AND GVH)n CTa i ‘s
' -;Ma /% ORD VARIALIE wy e
CALL LOAD( Low(Pnranna(Pr)) HIPH(PRTADLA{PT)) LOD;p_{'if;‘

L/ COFD CONSTANT - %/ 0
P wﬂ--CALL LOAD(LWII bYP“PPH hUP)
- a / L‘/ ; :
,n;;g~za¢?:.1*3*/,n S ",,, : "~. a
'c,%eﬁwezgy*iﬁf;:ﬁ'/*~,aBGuLRAN CONSTANT R

f*/:"

((TYP?$STACK(PP) ANL 49H) = 40H) THEN /% IN CASE OF'ARﬁAYs"/_»J“”



'9: . CALL LOAD(LDII,EVTEPTR,NOF);

01 %55/ DO; /% THTEGRK CONSTANT %/ _
FLN CAIL LOAD(LDTL, BYTHETH, HIGH(ADDHPTH)) : e

IR FYP“‘STACr(ET) = asn 1th CALL uLNhnAW~<NLGI)ugg*

ke EERRTPPE 2L END’ s o
- 2sld:/Ee%/ DO /% BCD LUNDTANT */ '
’ eul%,£>*-1[  CALL LOAL(LDLE, RYTEPLr HIFH(ADKRPTH))' sl
S EBIB: e TYPE‘%iAFY(PT) = usu THEN C2 LL GFNERﬂrP(NFGB)r,"**
?:2517:-~»af~,1.-}nn.» : : .

"ﬂ;ﬂgaxa;-

/*7*/“-,gro. /% STRINu—COQSPANT “/ Sl o
P e U EALLL GFN%&AF?(LDSI),"‘» :
CTEMPEYTE = BYTL?TR, VA LhNbTh OF STRING */
“DO PTRPTH = @ .TO IEM?BYTE;
: CALL GFN&% TE(PPTH%DDR + PTRPPh),=
':‘zazﬁ:f/?a*/*' :/* . BQOLFAM VARI#BLr v.*/
261 . CALL LOAD(LOW{PKTADDR(PT))
X ?52?;:/*9 VARV CINTEGER VARIARLE %/

56T

- - N PJ
T D

no
)}

’>ﬁ/* */*;, /%  REAL VAKIAELF = %/

"r‘/>B*/‘;,'/*' CHAKACTEY VAYIARLE */

: © . CALL LOAD’LOW(PPTADDR(PP)),{IbH(rMTADDR(PT)) LOD),
CRNDG o /%GR CESE ,,a ‘ ‘
‘ ~END LOAD‘VARI:,, - :

LI N e .,....:,e .,u()‘ P ::::,‘::‘

' ,,kaIuN$JéxI'4'QiIS PrOF?hUuE Ghd“dﬁT*b'TﬂF R
' ‘,[&1&3& :DIATE COLE TO LOAD THE LEPT SIDE OF *
W AN BSSTSNMENT )‘PH‘}H: NT ON THE EXECUTION .
; 'SI‘A(,K Ai\”) STO% b A HrbUL'I‘ AT THAT LOLA‘PION.’ ;
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2849:  DOG ‘
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2851: . CALL GmNERATF(XCHG):, . _ ,

2652:  END; ; ' | e
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28541 - IF SHR(FORMSFIELD(LS), 7). THEN /% cuacx hOh va& PAPAMETER v/
28553 ' CALL GENERATE(LOLI)} S S AL

28%6: DO CASE EXPHESSSSTE(SP);

28y’ . /% CASE @ - ORD TYPE %/

. TF (TYPESSTACK(LS) <> 113) AND (PY?b$bTACK(Lb) < 1@3) TH&N}
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TF TYPE‘SPACK(L&) =g rﬂﬁd
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CALL GENFKATE acu» ),r,v

‘5 SRANE B
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TYPESSTACK ! Lb) = UBH THEN o
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' ;f“LSL CALL FizOf( AT"
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P IF TYPESS TAFK(LS, = MRH ruwu

R @v R A
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‘"“f/* CASE 4 = STHING TYPR X/



b=z . v :
'/* CASE 5 —'BOOLEAN TYPF ’/ ,'
IF TYPE$5TAPK(L ) @bﬂ THFN '
A ::- 9' -
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: END; AFEOF CASE */. : : o
o TE STORE$TYP£ THLN A _AHw 3;'
b CASE Ay~ e
i —JSTDPr;_-
STDs
STGB.
OTOI' :
AR 51‘0, . ! L
-ﬂjVND‘ /EOF CﬁaE */ :
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hGE e
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o 1F E?PRFSS$5T (5?)-“*5” rl‘
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_ EL35 RLTURN i&LuL;
":;ENDv '
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; v"DO) :
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a SE DO; ;
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. END;
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2 «Qhﬁﬁ?;ﬁib(é)i. .
FASESLOC(R);
STACKSG = o o

"?!O{HéFIfbf( by
o HﬁﬂﬁtzLOL(A).=
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:;::‘: LH st ,‘:a <3l 3! n A neae
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  $623._«  G “ALL malrpbexinu(wdrn).

o026 PETUB@,;
S odee7s o ENDY
LoaeEBs o % BOOLEAN TYPE %/ }
. 3029: . o GALL GENVRAT(WRTT)G o
L3030 %,- SND§ /% CASE R ‘Ess>srx(m°) VRN
CBeE1s o CELL FFNEBAQ}(NhMb,),,‘V O T S R N
S Bas2s IND WRITE$VAR; s R T e R ‘
3033 o
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% o BAsE / R SR sk ok wéw p:** R e #»:u. A 3K * .<i.‘<*"'**»/~
o BRsar : ‘ : SR - :
et ‘f;V5ﬁQP' FVﬂD$VAR PnOC, S R .f- : R
o C3@al: TR (TYPESSTACK(S )" 334 ) on (TYPE ST@LK(aP) > @BH) ”d‘N
o 34z CALL FRROR({ 1K)}
El L 3p43: . ELSE DO CASE (TYPESSTAC Y(SP) - 3),

L3044 CALL GENVRATE(RDVI);

S 30451 0 CALL GENRHATRIEDVE);

L3046 CALL GENFRATR{FDY); . :

;-,>5547."“ FND, LS CAbE (TYPL$5TALK(JP) e 9)

. b04E: BND READSUARG
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‘DC‘Cay (BYIFUP« - 17),‘
CALL "‘h?fATc(PUT).,
CALL GENFRALE(GET)
o CALL CFNPHATE(!FS”T)
~ CALL GENFRATE(REWRYT)
CALL GFNFHRATH(PAGE);
. CALL uEN‘hﬁTE(Niw)n'\~ :
' ?ND.‘. /RO0F CASE (BYTFPTR.~ 17) */

g
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 NEWSTMT =, FALSE; .
v;f;nISPObV$STM£ <OFALSE
;,-HFAD;STMT = FALSF;
HFPD;%?M! = FALSE oo
-'wuxrh$ hr = FA{S?"[’
“DO; :
COWHITESSTMT = FALS
. CALL uhuvhﬁrh(TnMP);‘
FND, 2 N e
e T FND; S A oF,caai {BXLEPTﬁ,+~22)‘*x it
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CALL QFTPDBLPTn( ) S ety
; SETBLSCOPE bAbr = PDDHPTR‘ Eo
FVD: ~ 2 :
‘LSF DO; ' "“
"CALL oPTADDRPTR(S) o
SYVMHASH = BYTFPTR;
. CALL SETADDRPTR(@); : :
. HASHTRBLE(SYMHASK) = annhprﬂ.
“WCALL SETADDEPTE(R);
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CHLL ENTF&$U néxn(e SP, LPBL$E&T&Y), b
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‘JgALLOC$ADDR AILOC$ADDR 1.2; % G
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o UTPMPADDw = BYTEPTR AVD CEFH;

o CELL GENSALDR R(LDI1,T#MPADDR); -
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'~ fﬁLL GENSBUILTSING
EI%E CALL E$I$PROLFDURE»
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