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* Pescal News is the official but informal publication of the User's Group.

POLICY: PASCAL NEWS

* Pascal News contains all we (the editors) know about Pascal; we use it ss
the vehicle to answer all inquiries because our physicel energy and
resources for answering individual requests are finite. As PUG grows, we
unfortunately succumb to the reality of:

1. Having to insist that people who need to know “about Pascal® join PUG
and read Pascal News - that is why we spend time to produce it!

2. Refusing to return phone calls or answer letters full of qulations - we

will pass the questions on to the reedership of Pascal . Please
undéerstand what the collective effect of individual “Inquiries st the

"concentrators” (our phones and mailboxes). We are trying honestly to say:
"We cannot promise more that we can do."

* Pascal News is produced 3 or 4 times during a year; usually in March, June,
§3ptember, and December.

ALL . THE NEWS THAT'S FIT, WE PRINT. Please send material (brevity is @
virtue) for Pescel News single-spaced and camera-ready (use dark ribbon and
18.5 cm lines

»

* Remember: ALL LETTERS TO US WILL BE PRINTED UNLESS THEY CONTAIN A REQUEST
T0 THE CONTRARY.

* Pagscal News is divided into flexible gectlons:
POLICY - explains the way we do things (ALL-PURPOSE COUPON, etc.)

EDITOR'S CONTRIBUTION - passes along the opinion and point of view of the
editor together with changes in the mechanics of PUG operation, etc.

HERE AND THERE WITH PASCAL - presents news from people, conference
announcements and reports, new books and articles (including reviaws),
notices of Pascael in the news, history, membership rosters, etc. . .

o

APPLICATIONS - presents and documents source programe written’ in PIICll
for various algorithms, and software tools for a Pascal environment; news
of significant applications programs. Also critiques regarding
progrem/algorithm certification, performence, stenderds conformance,
style, output convenience, and general design.

ARTICLES - contains formal, submitted contributions (such as Psecal
philasophy, use of Pascal as a teaching tool, use of Pascal st different
compuyter installations, how to promote Pascal, etc.). )

OPEN FORUM FOR MEMBERS - contains short, informal correspondence among
members which is of interest to the readership of Pascal News.

IMPLEMENTATION NOTES - reports news of Pascel implementations: contacts
for maintainers, implementors, distributors, and documentors of  various
implementations as well as where to send bug reports. Qualitative and
quentitative descriptions and comparisons of various implementations are
publicized. Sections contain information about Porteble Pescale, Pascal
Variants, Ffeature-Implementation Notes, and Machine-Dependent
Implementations.
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—————— ALL-PURPOSE COUPON - - - - - - (15-Dec-81)

Pascal Users Group
P.O. Box 4406
Allentown, Pa. 18104-4406 USA

*ANoter*

We will not accept purchase orders.

Make checks payable to: "Pascal Users Group", drawn on a U.S. bank in
U.S. dollars.

Note the discounts below, for multi-year subscription and renewal.

The U. S. Postal Service does not forward Pascal News.

USA UK Europe Aust.

[ 11 year $10. #6. DM20. ASS8.
Enter me as a new member for:

[ 1 2 years $18. #10. DM45. AS$15.
Renew my subscription for:

{1 3 years $25, #15. DM50. AS$20.

1 !
Send Back Issue(s) ! ]

My new address/phone is listed below

Enclosed please find a contribution, idea, article or opinion which is
submitted for publication in the Pascal News.

Comments:

! ENCLOSED PLEASE FIND:

H .
! CHECK no.

!

b e b

NAME

ADDRESS

PHONE

COMPUTER .

DATE
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JOINING PASCAL USERS GROUP?

Membership is open to anyone: Particularly the Pascal user, teacher,
naintainer, implementor, distributor, or just plain fan,

Please enclose the proper prepayment (check payable to "Pascal User's
Sroup®); we will not bill you.

Please do not send us purchase orders; we cannot endure the paper work!

Wwhen you join PUG any time within a year: January 1 to December 31, you will
receive all issues of Pascal News for that year.

We produce Pascal News as a means toward the end of promoting Pascal and , Pascal Hews #22 & 23 Sertember 1881 Tndex
communicating news of events surrounding Pascal to persons interested in ’
pascal, We are simply interested in the news ourselves and prefer to share
it through pascal News. We desire to minimize paperwork, because we have 0 POI TCY, COUPONS, TNDEX, FTC.
other work to do.
R FDITORS CONTRIBUTION
American Region (North and South America) Join through PUG(USA).
European Region (Europe, North Africa, Western Asia): Join through PUG(EUR) . 3 HERF AND THFRE WITH Pascal
Pascal Users Group, c/o Grado Computer Systems & Software, '

Weissenburgerstrasse 25, D-8000, Munchen 80, Germany, 3 Summary of Jmplementations . Marshal)

for PN 18..18
United Kingdom Redion : join through PUG(UK) : Pascal Users Group, c/o
Shetlandtel, Walls, Shetland, ZE2 9PF, United Kingdom.

4 APPI TCATINNS
Australasian Region (Australia, East Asia - incl.India & Japan): PUG(AUS).
Pascal Users Group, c/o Arthur Sale, Department of Information Science, - . . T b
University of ‘Tasmania, Box 252C GPO, Hobart, Tasmania 700}, Australia. 4 The FMI Comeiler (code) A. Tanenbaum
Enternational telephone: 61-02-202374 38 Ort.ions —— Control ftatement 6. l.eonard

Oeption Settins

RENEWING? 39 Treeprrint —— Prints Trees Freed & Carosso
on A Character Printer
Please renew early (before November) and please write us a line or two to R
tell us what you are doing with Pascal, and tell us what you think of PUG and 44 fomeress & Recall -- Text T. Slone
rascal News. Renewing for more than one year saves us time. compression usina Huffman codes

ORDERING BACK ISSUES OR EXTRA ISBUES?

. 50 ARTICI ES

Our unusual policy of automatically sending all issues of Pascal News to

anyone who joins within a year means that we eliminate many requests for ' %0 “The Performance of three CP/M hased Johnson &
backissues ahead of time, and we don't have to reprint important information Trane)ators® Sidebottom
in every issue-—especially about Pascal implementations!

%4 *A Geoararher Teaches Pascal -- Jo. Pitzl

Issues 1 .. 8 (January, 1974 - May 1977) are out of print. Peflectione on vhe Exeerience”

Issues 9 .. 12, 13 .. 16, & 17 .. 20 are available from PUG(USA) all for " . F J. Yavner
$15.00 a set, and from PUG(AUS) all for $A15.00 a set. 36 A Eyvenuien That Solves Four

Extra single copies of new issues (current academic year) are: §$5.00 each -

PUG (USA) and SA5.00 each - PUG(AUS). 61 OPEN FORUM FOR MEMBERS

SENDING MATERIAL PFOR PUBLICATION?

Your experiences with Ppascal (teaching and otherwise), ideas, letters, 68 IMPLEMENTATION NOTES

opinions, notices, news, articles, conference announcements, reports,
implementation Iinformation, applications, etc. are welconme. Please send

material single—spaced and in camera-ready (use a dark ribbon and lines 18.5 ; a1 ONE PURPOSE COUPON., POLICY

cm. wide) form.
All letters will be printed unless they contain a request to the contrary.




APPLICATION FOR LICENSE TO USE VALIDATION SUITE FOR PASCAL

Name and address of reqestor:
(Company name if req is a company):

Phone Number :
Name and addr ess to which information should
be afidressed (write ‘‘as above’’ if the same)

Signature of r :
Date:

4

In making this application, which should be signed by a responsible person in the case of a company, the re-
questor agrees that:
a) The Validation Suite is recognized as being the copyrighted, proprietary property
of R. A. Freak and A. H. J. Sale, and
b) The requestor will not distribute or otherwise make available machine-readable
copies of the Validation Suite, modified or unmodified, to any third party
without written permission of the copyright holders.

In return, the copyright holders grant full permission to use the programs and documentation contained in the
Validation Suite for the purpose of compiler validation, acceptance tests, benchmarking, preparation of com-
parative reports and similar purposes, and to make available the listings of the results of compilation and ex-
ecution of the programs to third parties in the course of the above activities. In such documents, reference
shall be made to the original copyright notice and its source.

Distribution Charge: $50.00

Make checks payable to ANPA/RI in US doilars drawn on a US bank. Mail Request to:
Remittance must accompany application. ANPA/RI
Source Code Delivery Medium Specification; Eagm?,;’:”xw
( ) 800 bpi, 9-track, NRZI, odd parity, 600’ magnetic tape USA
() 1600 bpi, 9-track, PE, odd parity, 600’ magnetic tape Attn: R. J. Cichelli
( ) ANSI-STANDARD
a) Select Character Code Set:
( ) ASCH ( ) EBCDIC
b) Each logical record is an 80 character card image. Select block size in logical records per block.
() 40 () 2 () 10

() Special DEC System Alternates:

( ) RSX-1AS PIP Format (requires ANSI MAGtape RSX SYSGEN)
( ) DOS-RSTS FLX Format

Office Use Only
Signed
Date

Richard J. Cichelli
On behalf of A.H.J. Sale and R.A.Freak

Editor's Contribution

GOOFED AGATN

Yes as all :ou loral Pensrlvanians have noticed 1n the last
15sue of PN we manamed to mess ur the z1P coae of Allentoun PA,
and of course the USPS has come down on us lilc & ton ofF bricks!
Please note that the =zip 3s 185014 nat 18170, Tt has been
oorrecved 1n the new APC, ,

THE NEW APC

Sreakins of the new APL. we have si1mplifiaed it spuwe more: and
added current prices ror the UK ana Furore. ano hsve modiricd the
reverse side oF the couron to reflect the neu Forexsn carvors.
and their current addresses.

JIHF LATEST EURQPEAN SOLUTION

Smreakina of the Furorean editors. We have tuo nheu ones! fine for
the UK, and one for the Continent. Niek Hu=mhes wi1]}) be handlina
all business vor Rritain, and Hellwut Neher will)l he an charse of
the Eurorean Remion., Please see vthe APC for their wsddrosses.

AN CALLING

Please restrict voursclf to uritten oorvesponocnce uhen dealins
with PUG. This is stryctly a scholarly funetion. None or the
editors (includina mv=elf) aets paad. N1l have a real Jjob that
pays their bills. and they owe thear arfice hours to their
emrlover. A1l PUG work 1s donated on their oun time. So rlcase
write to the aperopriate vesiona) cditor. ft lesves @ documentar>
trax1l that can be rollowed and handled As Ffast as ue can. iHonest!

COMBINED ISSUE

This 15 of course a comhined i1xsue. We a&re doinm this to catch up
and to beat the postrRl svetem and their hish rates. 1F this
ursets ENvOne We are sOrry. Wo are doinm our best.

(ON BEING THE EDIT

Anvone who is interested in heins the mew editor of PN should
Wwrite to me st the main address (APC).

STANDARDS

Good news from the standard Front! 7H85.1 wae arproved by the
international committee. More next rssue From Jim Miner the
Standards Fditor.
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PASCAL NEWS #22 & #23 SEPTEMBER, 1981

Here and There With Pascal

summary of Implementations

THIS_ ISSUE

The hishl isht of ths issue is the lons awaited (From last

: Pascal S
1ssue at least!) of Andrew Tanenbaum’s EM1 comeiler. I think ALL :;gig# Pascal I (Derived from )
it is really areat. Tell us what vou think! In the Here and BESM—6 '15:107
There section Gress Marshall has summarized the rast few ] ! Burroughs B5700 71700 cCp +9.113
issues (15 .. 19) imelementation notes. Thanx. In addition ‘ B“"g(‘)“gg' 16700/8 (MCP) £9:115
to the EM1 comriler, the Arrlications section includes an : ggg 6000 #15:108
imProved version of the subroutine “ortions“, as well as a X Cyber 70 and 170 #15:108
tree Printing routine, and a set of routines to comrress and i D:c PDP-11 #19:115% UCSD Pascal
exrand text usina Huffman codes. Good worki And finally the ; DEC PDP-11 #15:111
articles section has some fine contributions. Many mecele i DEC PDP-11 #15:112  UCSD Pascal
have asked (on the mhone ... see above) about how the various ) DEC PDP-11 #15:124
CP/m comrilers stack ur. Now We have an answer. Also thers | DEC PDP-11 (RSTS) #15:100 Pascal §
hesan ariiole of the exreriences of a novice teachina ' DEC PDP-11 (RSX-11M/IAS) #17:86
Pascal. From a seoararshy teacher no less! And Finally a ' DEC PDP-11 (RSX-11M/RT-11) #15:101  Concurrent Pascal
rrobins avticle by Jonathan Yavner concernins rroblems with ' DEC PDP-11 (Unix) #15:111
Pascal and some rrorosals for their solution. ; DEC PDP-11 (Unix) #15:100 Pascal E
' ! DEC PDP-11 (Unix) #15:103 Modula
Hore vou 1ike it. DEC PDP-15 #15:124
DEC VAX #17:89
DEC VAX (Unix) #19:115
DG Eclipse #17:106 )
DG Eclipse (AOS #15:110 RDOS,DOS)
DG Eclipse (A0S) #15:109
‘ DG Eclipse (RDOS) #15:108
; DG Nova (A0S :1:.]1.3 RDOS,DOS)
! o 16E 15: .
\@ | Pacom 230458 #15:112  yotorola 6800 #15:120
! General Electric GEC4082 £15:113  yoror e 6800 419:120
. Golem B (GOBOS) #17:104  yocorola 6800 #19:121
; HP 1000 #19:116  yotorola 6800 #7:102
| Honeywell 6000 (GCOS III) #15:113  wororols 6800 (Flex) #15:123
! Honeywell Level 6 #15:113  Movorola 68000 #19:121
: IBM 3033 #19:120 o cor 014 6809 #15:103
{ IBM 360/370 #15:114  jor0r01a 6809 (MDOSO9) #17:102
i IBM 360/370 #15:115  yord 10 and 100 (Sintran I11) #15:121
' 1BM 370 #17:106  porkgn-plmer 3220 #15:122
! 1BM 370 119:117  porgin-Fimer 7/16 #15:121
i 1M 370 - #M15:126  gep 1802 #17:103
§ IBM 370 #17:102  pey 1802 #15:122
} IBM 370/303x/43xx #19:117 Slemens 7.748 #15:124
i IBM Series 1 #19:116 Sperry-Univac V77 #15:124
! IBM Series 1 #15:114 Texas Instruments 990 #17:101
| IcL 1900 #15:116  rexag Intruments 9900 £15:124
: Intel 8080/808S% #15:119 Zilog Z~80 ‘153124
; Intel 8080/8085 #15:118 74300 7-80 #19:123
! Intel 8080/8085 N5:119 2400 7.80 £15:126
i Intel 8080/8085 #17:102  703,¢ 7-80 :17:3&
' Intel 8080/8085 $5:117 24750 780 :17:1 ‘
. Intel 8080/8085 (CP/M) , #17:105  Z4)o0 780 (CP/M) 17:1(2;‘
Intel 8080/8085 (TRS-80) #15:100  7434g z-80 (TRS-80) #15:1
Intel 8080/8085 (Northstar) #15:100 Zilog Z-80 (TRS-80) .19,.124
Iantel 8086 #15:119 737, 280 ns:ug
Intel 8086 #15:103 74104 280 01.5:119
MOS Tech 6502 (Apple) #15:107 Z1log Z8000 #15:11

Modcomp II and IV #15:120




Applications

EM1 COMPILER

#include *../Nlocal.n"
#include *../0/emt n*

{ (o) copyright 1380 by the Vrije Universiteit, Amsterdam, The Nether-
lands. Explicit perwission iz heraby granted to universities to use
or duplicate this program for educationsl or research purposes. All
other use or duplication by universities, and all use or duplica-
tion by other organizations is expressly prohibited unless written
permisaion has been obtained frow the Vrije Univeraiteit. Requests
for such permissions may be sent to

Dr. Andrew S, Tanenbsus
Wiskundig Seminarium
Vrije Universiteit
Postbox 7161

1007 NC dmsterdam

The Betherlands

Organizations wishing to modify part f this software for subsequent
sale wust explicitly epply for permission. The exact arrange-
Ments will be worked out on & case by case basis, but at a Aainimum
will require the organization to include the following notice in all
software and documentation based on our work:

This product 1is based on the Pascal systes
developed by Andrew S. Tanenbaum, Johan W. Stevanson
and Hans van Staveren of the Vrije Universiteit, Amster-

) dam, The Retherlands.

{1f next line 1a 1§
51

ncluded the compiler {s written in standard pascal)
{#detine ANDA] 11

{if next line is inciuded. then code is produced for segmented memoryl
{#define SEQNENTS "

{Author: Johan Stevenson Yersion: 3t}
{31~ : no source line numbers)

{87~ : no subramge checking}

$a- : po assertion cheeking}

#ifdef STANDARD

{83+ : test conformancy to standerd)

fendif

program pen{ input ,.eml,errors);
{ Thia Pasoal campiler produces DN oode as desoribed in
= A.3.Tanenbaus, J.W.3tevenson & H. van Staveren,
"Descriptios of & experimentsl machine srchitecture for use of
block structured languages® Informatiks ragport 5%,
A desoription of Pascal is given 1n
= K.Jensen & N.Wirth,PASCAL user manual and report,Springer-Verlag.
Sevarsl optioas may be given in the normal pascal way. Moreover,
8 positive number may de used instead of + and -. The options are:
'} insterpret assertions (e)
C~type strings allowed (-)

H type lomg asy be uaed {-)

ize 4
p-option. Floating point aumbers in EM-1 aurrestly have s .
tut this might chasge in the future to 8. The default can be
averwritten by tbe f-option. The routines involved with align-
mant sre ‘even', ‘sddress’ and 'srraysize’.

}

bool size * dytesize;
charsize L
intsize
buffsize
mazsetaize = 2096;

{15 div bytebital

{maximal indices}

1dmax A
fomax =
max s 72
ress 723
imax = 105
{opt values}
oft
on .

sichal = faloe;
local s troe;
(et bounds} N
niasetint = 0;
ampetint  » 15 (detaurt}
{ocestasts descriving the compeot i1 ocode}
RagICLOM .17
MAGECEION = 0;
meserror = 93
mesoptolf 1
mesvirtusl » 2
meareg [ H
waslino . &
masfloats =5
{ASCII adaractars)
tab .9
»ewline Y
dorvad a
formfeed .
carret .
miscellmeous}
¢ —: E} {maxtmal segnent mumber}
saxcharord ® {maximal ordinal ousber of ohers)
nexarge = {mexima) indez in srgv)
rdis ) {mmber of reserved words}
Spaces - "
-pylom * %
1
t

£ stze of reels in words (2)
H controls the number of bits in integer sets (16)
H insert code to keep track of source lines (o)

CH optimize (+)

[H stze of pointers in words (1)

r: check subranges (+)

LH accept only standard pescsl prograss (-}

t: trace procedure entry and exit (-

u: treat '_' as letter (-)

}
{ }
#ifdef STANDARD

label 9999;

fendit

const

{powera of twol
t7 = 128
t8a = 255;
] = 256;
1313 * 16384;
ti5al = 32767;

{EM-1 sizes}
bytebits x8;
wordbits . 165
wba1 = 15; {wordbits-1}
ainint = -t15m1;
maxint = t15m1;
mayintstring = '0000032767°;
waxlongstring = '21RTARIGAT';
bytesize 13
wordsize *2;
»ddralze = wordsize;
poumsize = wordsize;
shortsize = wordsize;
longaize =8

#ifdef SFLOAT
flostaize = N

femadsif-

fifndef SFLOAT
flostsize = 8;

end {f

{Pascal sizes. for ptrsize, realsize and fhaize see hesdisopts}

{ EX-1 requires that objects greater than s single byte start st a
word boundary, 80 their sddress is even. Normally, s full word
is alsc allocated for objects of a single byte. This estra byte
is really sllocsted to the object, not only skipped by sligment,
i.e. 1f the value falss i3 sssignmd to @ boolean varisble then
both bytes are cleared. For slugle byte objects in packed arrays
or packed records, howsver, only one byte 13 allocated, even 1f
the pext byte is unused. Striags are pecked srrays. The size of
pointers is 2 by defsult, but omn be changed st runtime by the

type )
[scalar types
lylbollm {comma,semioolon,colonl,colon2, notsy,1brack,tdent,,
{ntost ,charcst ,realest ,longest ,stringest allest minsy,
plussy,lparent arTow,arraysy,recordsy, setay.filesy,
packeday ,progsy,lebel sy, constay,Lypesy,varsy,procsy,
funcay,beginsy, gotosy,ifay, whilesy,repestsy.foray,
withsy.casesy,becomes starsy,divsy,modsy,slashay,
andsy,orsy,eqsy nesy,gLay,gesy,l ]
lesy.inay,enday,elsesy,untilsy.ofsy dosy,
downtosy,toay,thensy,rorack.rparent period
) (the order is important}
(lower ,upper ,digit ,layout ,tabch,
quotech,dquotech,colonch,periodeh,lessch,
terch,lparentch,lbracech,
grastereh.tpe [different entriea}
rparentch,lbrackeh,rbrackeh ,comsach,semich,.arrowch,
lusch,minch,slash,star equal,
’ falso symbols}

chartypes

others

%
stendpfs {pread .prandln,purite puriteln pput .o
preset ,prewrite .pnew,pdispose .ppeck punpeck,
puark prelesss ppage.phalt,

{all procedures}
feof,feoln,fab .fw.ford.reh',!v:odn.hr\ne.md.
ownd »f1n, farc
freumo tr B 1! .folp.h::u Je farotes
1 - {the ordar 1s iaportast}
1ibaness ns oL 08 VN, (ioput snd output)
oFy ,GRTX,RDT ,RDC RDE DL . RLK ,

S MUTI,WRI (¥SI ,WEC ,USC ,WRS WSS WM ,
. :'Il SR :II.. WSL, VIF WK ,¥SZ VLN PG,
{en sutputfiles, order importent}

ABS MND ,SIN ,COS ,KXPX 5QF ,1OC ATH ,
{ficsting point}

ABI ABL ,BCP ,BTS ,MEVX SAV ,BST ,INT (ALY ,

ASS ,GT0 ,PaC ,UNP, DIS, ASZ, MDI, MDL
{utscellansous}

|4
struoiforms  {sosler,subrangs,.poiater power files arreys oarray,
reoords, variant tagh; {order important}
ssructflags  (speck,withfile):

tflags {refer used ,assigned soreg, samesect);
:::l‘uu‘ (types, konst .vers,field, carrbnd proc,func);
kindofpfe {menderd formal ,20tusl ,extre,forwrd) ]
uberes {nlak,rec,wrec);
sttrkinds (est fixed,pfized losded ,plonded ,indexed);
twostruots (eq.oubeq,1r,r1,11,14,1r,rl 08 notaq!

3
{order important]

\ {subrange types}

sgrang 0..meng:
1dren 1..idmar:

faraages 1. Mt -

1861 “¥39W3143S £2# 3 2Z¢  SMIN WISV
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23
226
228
229
230
231
23
233
25
23
237

23

239

280
x

283
ELl)

286
247
28
289
251
253
258
255
256
258
260
261
262
263
261
266
267
269
270
n
212
an
b1l
275
275
217
278
27
280

FE]

SEECEYRUBRYERSREERER RS REY

WIZSRAENESRERIITI FINIIEEY

Pwranges O..rlin;
bytes 0..t8a1;

{pointer types)
®r “structure;
ip=  “ideotifter;
lp=  “lab1;
bpr  “bloekinfo;
Bpe Basetnfo;

{set types)
088
etofidss
formseta
aflagoets
1flageete

et of structflag:
st of jdentflag:

{array types)
alpha zpacked array( idrange] of char;
fatypespacked seayl fursmge] of char;

{record types)
orecarecord
{error aumber}
{identifier parameter if requires}
{nuseric parsmeter 1f required}

chno :integer; {coluwn nueber}
1ino:integer; {line number}
lUnr:iateger: irelative to start of (included) file}

{idem, but bafore preprocessing}
{source file name}

Ppositionsrecord {the addr info of certsin varisblel
ad:integ, {for locals 1t is the byte offset)
1v:ioteger; ithe level of the beast}

#ifdef SEGMEWTS
ag:sgrange {only relevant for globals {lvs0) }

endif

-d;

{recards of type attr are used to renember qualities of
expression parts to delay the loading of them,
Reasons to dalay the losding of one word constants:
- bound checking
- set dullding,
Reasons to delay the loading of direct socessidle odjects:
~ efficient bandling of read/wite
= officient handling of the with statement ,

]
attraresord
.piap; {type of expression}
packbit :baolesn {true for packed elewents}
ak:attridng; {accass method}
pos:position; {sg, 1v and od}

(If aimost then the value is stored in ad)

omse Xlasa:idolass of
types )
lo’::t :(v;lu:lntqr): {for integers the value ia
ocmputed and stored in this field.
For strings asd reals an assemdler constant 1s
defined labaled '.1', '.2°, ...
This '.' mmber fs then stored in value
For reals value may be negated to indic
the opposite of the assembler constant is needed. }
{vposiposition); {position of var}
foffset:integer); {offset to begin of record}
iH {idtype points to carrey}

vars
field
carrbnd
proc,func: ndKindofpr of
tkindofpl o
(u:l:.:"dz(by:anndp( H {identification}
wextrns
h'(‘;::::};{:r‘ o (1v gives declarstion level.
sg gives instruction segment of this proc amd
ad 1s relevant for formal pf's and for
fumotions (mo conflictll),
for fusctions: ad is the result sddress.
for formal pf ad ts the address of the
desariptor }
ptno:integer;
parbaad:ip;
od

{wmique pf number}
{hesd of parameter list]}
{1¢ when hesding soanned)

lehain of Lsdels)

{label mumber given by the gregrumser)

{1abel mmber given by the compiler)}

{3erc means oaly 10eally veed,
othervise dlbso of lebel information)

labamme:intager;
1abdlbiintager

var (the most frequest used sxternsls are declared first)
{lest symdol}
{type ,n0sens method ,position, valus of expr}

1
{17 last syubdol 18 ss ideatiffer}

{1ine svaber on oode file {1,.a) }
fosuber of last glodsl umber)
lamex :integer; fweeps traek of maximum of le}
lovalintege! {owrrent static leval}

2 ond;
283 nameinfozrecord {one for esch separate name space)
288 nlink:np; {one despar
285 fname:ip; {first name: root of tree}
286 case occur iwhers of
28 blaik:(
288 rec:
289 wreo:{wa:attr) {name apace opeped by with statement}
230 w-d;
blockinforrecord {all 1afo of the current procedure}
(poiater to blockinfo of surrounding proc}
294 leiinteger; {dats’ location counter (from degin of proc) )
295 ilbno:integer; {number of last locsl label}
i (number of not yet specified forward procs}
{ftrst label: neader of chain}
298 H
300 structurezrecord
301 size: {size of structure in bytes}
302 sflag:sflagset; {flag bita}
303 case forw:structfors of
300 scalar :(scalno:integer; {mmber of range descriptor)
305 )reouv.:xp {names of constants)
307 subrange:(min max:intager; {lower and upper bound}
308 rangetype:sp; {type of bounds}
309 aubrno:integer {mumber of subr descriptor}
%
{type of pointed object}
{type of set elements)
{type of file slemants)
3n srrays,carray:
315 (seltype: (type of array elements)
inztype {type of array index}
{position of array descriptor}
319 records :(fatfld:ip: lpoints to first field)
320 )tuu:'p {points to tag 1f present}
322 varisnt :(varval:icteger; {tag value for this veriant}
{pext squilevel variant}
{polnts to tag for sub-case}
326 tag ifirst vartent of case)
{type of tag} .
329 -d;
n 1dentifiersrecord
332 idtype:sp; itype of 1dentifier}
333 Dame:slpha; {nase of identifier}
33 llink,rlink:p; {see enterid,searchid}
335 next;ip; {used to make several chains}
336 1flag:iflaget; (severa) flag bits}
ptraize:integer;
realsize:integer;
hsize:integer; (f1le beader size}
arge:integer (1ndex in argvl
lastpfuo:integer; {unique pf number counter}
oopt ;Lnteger {C-type strings allowed 1f on}
dopt :intege: {longs allowed 1if on}
1optiinteger {pumber of bits in sets with dase integer}
sopt:integer; {standard option}

(pointers pointing to standard types)
reslptr,intptr tertptr emptyset boolptr:sp:
charptr,nilptr stringptr longptr:sp;

{flegs}
g:v.ullne:boohn: {glve source line number st next statement}
including:boolean? {mo LIN's for included code}
eofexpacted :boolesn; {quit without error if true (mextch) }
main:boolesn; {complete progrmmme or a module}
intypedec:booclean; {true if nested in typedefinition}
fltused :boolean; {true if floating point imstructions sre used}

iboolean; the second dot of *,.'}

inters)

[whlp::::p.' {head of chain of forward reference pointers)
progp:iip; {program identifier}
ourrproo:ip: {ourrent proc/func ip (see cesestatement)}

{pointer to the wost recent name spece}
{gointer to nmmeinfo of last sesrcned fdeat |

(a1l 1afo to be stacked at pfdeclaration)
{all info required for error messages}
{attr for current file name}

{ssme of pasosl source file}
strouf:acrey{i..onax] of oher;
lop:arrayiboolemn) of ip:
false istandard faput, true:standerd ovtput)
rvzarray{rwenge) of slphe;
{reserved words)
frviarray{O, .idnax) of lnteger;
{indices tn rw}
! 0] of symbol;
revierrarirureg fae i For reserved worda}
opiarvay{ohar] of chartyps:
{chartype of & charscter)
iwrvayirpereatoh. .eqal) of symbol:
d ot N for single character smbols}
1mnen) of wray(t..8) of char;
arerat rh‘—n-u .:(r pescal Hvru:y roucines}
opt:array('e’..'s') of integer;
forosoptarraste’..'2'] of buolesn;
126 different options)
wadefipiarrayl idelses) of 1p;
{used in swarohid}

argviarray(0..amarge) of
rocord name:alphs; od:integer end;
(smve here the external hesding wames}
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a9
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age

613

@1:file of byte; fthe BM1 oode)

errors:file of errec; x
{the campilstion errors} 507
L )

508
procedurs gen2bytes(bibyte; 1:integer); ;‘I'Z
var bi,b2:byte; 51

Y 512
1f 14D thes 3
1f 1<ninint them begim bi:s0; b2:¢t7 ond
oloe Bagin 1:s-1-1; bl:st8nl - { mod t3; B2:st8mt - { div tA ewd 515
alae degin bi:zl mod t8; B2:xi div t§ emd; 516
write(em!,b,b1,b2)
o-ud; 518
t
Procedure gencst(1:{nteger); §z§
in
Af (1>30) and (1<sp_ncst0) then write(emi,lesp_fest0) 521
eloe genlbytes(sp_cst2,1) 523
ond; 524

25
procedure genclb(i:integer); ;zs
begla if $<t§ them write(em!,op_11b1,1} alse gen2bytes(sp 11b2,1) end; 527
procedure geallb(i:integer); 529
begia 1ino:zlinost;

1f 1<3p nilb0 them write(em,i+sp_f11b0) else gencldb(i}: 531
; 532
procedure gendlb(1:integer); :;2
Begia 1f 1<t8 then write(eml,sp dIb1,1) else gen2bytes(sp dib2,1) esd; 535
procedure gend(bibyte); z;f;
bagin wite(ew!,b); 11n0:x1fnoe? ond;
prossdurs geni(bibyte; i:integer); gg
begin geod(b); gencst(1) amd:
Proowbure gend(b:byte; d:integer); ;:;
begin gen0(d); gend1d(d) emd;
prosedurs genident(nmmetype dyte; var a:alphs); ;:z
var 1,4tinteger;
begin i:sidam; _ 08
while (al1ls! ') amd {1>1) do 1:xi-13 ag
write(em), nametype,i); ~
for 3:s1 to 1 do wite(emt,ord(s{1)) 551
¢ 552
prevedure gensp( .
var fiioteger; 25
bagia gead{op_oel); write{mi,sp g et
for 1::1 to & do write(en),ord{inolml(1])) 557
-d; - 358
preceture genpan(bibyte; fip:ip); :23
607
1f lipeall then top”.fnmse:sfip else HH
degin 619
repeat 1ipi:«lip; 620
1f 11p".name>nan thea 621
begin 1ip:slip”.llink; lleft:strue eed 622
sise : + 623
begin If 11p”.namesnsn then again:strue; [amee cooflic s
Mp:xitp”.riink; 1left;sfalse; o
H 626
t11 1{pentl; . &
i-r 1left thes 11p1-.114sk:=fip alse 1ip1-.riink:=fip 621
-d; N 529
£1p”.114nk;anil; f1p”.rlink:=sil; 10
1f sgain them errid(+02,nm); 61
-d; 632
633
prooedurs initpos(var piposition); 63
bagin p.lvizlevel; p.ad:x0; 6s
Hidat 636
P.2g:10 67
fendit
ond; 639
680
prosedurs inita{fsp:sp; fad:integer); o
with & do begin N
'1.’:=.n.;'m.:22;.m..; akiafized; pos.ad:sfad; pos.lv:islevel: ::23
#30det SEGMENTS 6y
poa.sg:w0; [ 1]
fondtt povs
oud end; o1
fumetioe nevip(kl:idelass; nialphai idtisp; matiip):ip: m
3 Ciiflegoet} 50
51
hed 2
types,carrdnd: (similar strusture) pod
wew(p.typas); R rerd
koast
bagin new(p.konst); alue:s end; 2
begia new(p,vers); rix{used .assigned): (nitpos(p™.vpos) emd; g:
field:
degis new(p,field); p°.foffest:s0 emd; a
proe.func: [sese structurs) pro
Segin new(p.proe actusl): .‘.ymu‘:-mm): . i podd
initpos(p* .pfpos)] p".pfno:sd; p".parhesd :safl; p“.hendlc:s0 b
od 660
. . R 65
P k) asasekl; P-.1dLype i eid next:ast: poi
LY rlink:asil; p-.ifl 3 newipisp oo
668
stryotfora; stiinteger):sp; b
e aflag:sflegset; M
begin #flagts(]: 3]

osse af of

var n:alpha; 1,3:integer;
beagin

1f f1p°.pfpos.1v<s) them n:zfip™.name slse
begin n:z’ '3 il d:iefip” pfno;
while 5<50 do

begin jizgei; nl)ischr(i mod 10 o ord(*0')); 1:21 div 10 end;

£en0(b); gentdent(sp pam.n)
od;

procsdure genlin;
begin giveline::false:
1f opt['1'JOOft Lhen 1f wain thew genl{op ln,e.orig)

procedurs genreg{ead,sz,nr:integer);
degin

1f sz<zwordstize then

begin genl(pa_mes mesreg); gencst(ad); gencst{nr); geanend end

t

procedure puterr(err:integer);

}

{88 you will notice, all error nubers are preceded by '«' and '0' to

ease their renumbering in case of new errornumbers.
}

begin e.erno:serr; write(errors,e);
if err>0 them begin genl(ps_mes,
L

eserror); genend end

procedure srror{err:{
begin 233 zapaces

» puterr{err) sod;

procedure errid(err:integer; var 1d:alpha);
begin e.mess:zid; e.mesiix -1; puterrlerr) end;

procedurs erriot{err:integer;

sinteger);
Dagin e.mesiici; e.mesa:zspace:

puterr(err) ead;

procedure asperr(err:integer);
begin 1f 2.a8pCOnil thea begin error(err); 2.08p:rnil end end;

procedure teststandard;
bagin if soptCOoff thes error(-(s01)) ead;

proosdure enterid(fip: 1p);

tenter 1d poioted st by fip into the name-table,
which on each declarstion level is organised as
an unbalmnced binary tree)

var nas:slpha; 11p,11p1:g)

begin nas:xfip”.n
11pietop™.fn

Left again:boolean;
sxfalse;

u:::l.; new(p,scalar); p~.scalaoix0; p°.fconst:xnil esd;
subrange:

new(p,subrange);
pointer:

begin rew(p.pointer); p”.eltype:zall end;
pover:
new(p,power);
files:

bagin newl(p,files); sflag:s{withfile] sad;
arrays,oarray: {same structure}
new(p.arrays};
records:

new(p,records);
verient:

new(p,variant);
tag:
new(p,tag)

JSorm:asf; pT.size:esz; p".aflag:=sflag; newsplep
-d;

proocedurs initt;
var ciobar;

bagia
tislize the first name spece} .
lm-:o(hop.hx-l): top”.ocour :sblek: top”.nlink:wall; top”.fname:snil;
leve)

{30} donmto

re(33):='function';
{oorresponding sywbolsi

rayl 0l:=ifay;

royl 3):xtosy;

rayl §]:sendsy;

rayl $):eversy:

ray{12]: asetsy;

ray{15]: nthensy;

ray(18): scasesy;

s t

lrly[n]:-mun ot .‘ T st
{008 {nto v to resary. s fas!

Nﬁ'u:o]:t o 'f:w(n:- 0; fruf2):x 6 fref31:a15; fre(8)ie22;
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& ervl5); a28; 1e32;
:;'; lohar ‘”::)8. frui6):«32; frvl71:233; rrut8): a3s;
for o:sohr(0) to ohr 729 -
:-# o S0 1o ,,,°“‘:=:m::::. aslc):nothery; 730 _::-mr -foonst 1ap;
' 5 120 g ogf :
578 f slel:isupper;
a' to '2' ag gaf. 732
[ esla 1 R .
s oalabr (newline) ): slayous O T3 e imeetdi '
681 aalohr (hortab) ]: «layout ; 3 ’“:."’(-':-ip. q:np;
it oalobr(formfeed) ]: aleyoue ; 735 Fyperarractiropf] of alpha;
683 (,,".,"""Wﬂt)]:.um; T3 pegin T MTAILTeof. rarctan] of 4p; >
s ol (o V1th correapondiag chartype ta ASCIT org ) 737 (nemes of stangard a
ses )1: stavoh; or ;g: Pfalores: 1~x?:::¢“'"/meu°“) 2
esl**): . fal : .
pred PMreaton; aaftye ) soioteeh 750 Palpar T Jorite ; 5
688 : m Pfolppage 12.{‘.". i PInlpget Jiztger b3
889 782 Palprerite i L e o Pfulpreset Jis'reset
690 73 Pfulpdispose ):orgiorit® |3 Pfalpnew )2 'new -
551 7:' prolpunpack N
652 1 ns Pralprelease -
693 3 1o chartype order e pfalfeor
698 cay[ Ibrackch]: slvrack; 7:7 pfaltabs ]
695 asy[ ccmmact: : 78 Pfaf ford o -
69 eaylarrouchl: %9 pinl fpred "
:;‘1 cay{minchl: ruiney; Lo pfal fodd v
. : ol :
B QSiswallinessy: Stristerl:sstaray; ™2 frivri i
B 753 pnlfagre .
T ressdure insez; Y e A i
Ty L Peaiipi kildolams; 756 ol raot ™" 21 Standard fumctsona)
708 fundefined s 77 ftypel fabs ol ftypel feoin [
705 Tor ki ety ottifler polters used by sesrchid) 758 ftypel ford Ttypel faqr =
706 .....;;::r-_u func do 759 Pypel forad PUypel fons =
107 (stangany Tik):snewtplk, apaces a1l ut1); 760 Ptypel food ftypel fauoc =
708 Iatpte  raercliters. some aize e filled 1n by handy 161 ftype! frouna H ftype( frrunc =
09 reatpor DEWAD(acel wr, intaize); eopts) 762 fiypelfoos  I:apen) ftype(fain <
no loogptr  emeaPlscaler,0); 763 Pirpelfagre  1:orcoiBri ftype{ferp Yierealper; —
;,:; charotr : ;:; (“nm(nrcu- Jisrealptr ) firpelfin Jierealper; £
v and. ’ -
ne ::x," Sx0enap(aoal e oot ey 766 for ;‘:P::-d:o/nm:xon tdestifiers)
P oiptr  :enewsp(pointer,0); 767 begin nevp . halt do
75 -:“P":'-u.p(pllkr.o): 768 ’-_n-‘,:;::‘("’i?'-lgdrd): p”.klasa:aproc;
ns tater Z:":-:f:ﬁ:’é’;,‘uu); oMptyaet”.elnet:eni); _"n;g d; oL BT pftn:ctandrd; pikeyieg; enterid(p);
17:;1 “:::.-" trpe vamas) )t PR L1l type sacharpr ; 111 ’-:.:;r::(urmn.. P
ne -w—::::’:lm" Intager ', intper at1)); Ir2 {idtype 14 ::q"::‘:‘“i P°-Klesa:efunc: p".1dtype:syypel %
720 wwtarid(ongn(n> T irealpr eal)); m D" name:epfal3); e pouing il LIPS Ut for parmeter type i’
1 e mep(types, b lcharper ail)): i} P PT-pOKiBdIastandard; Bt ikey:ng; enterigipy; |
722 Star et b g s | 2O L); ™ tdstitier) ;
Ter  lotesaes constent namee] stertprr ah))y; m eveon o mia allaw;
125 : s Pixmewip(ionst,'falsg ¢ oo . 778 SO blok): o L, T eXternaly)
72D} pranevip(kongt, o! W.q).‘nuru(,); *w(q.blek); q 000U ;xblek: g, A .
.,7:: 'Nlnr‘(.loon-z:.,; U Tboolptr i p*.ealuesel: saterid(p); ™ e 97-0ltK:2t0p; 9" name:entl; top:aq; ;
Pi=bewip(konat,'marint KA "
728 o . t fintotr a11); p*.value: Prosedure injca;
enewdp{ionat ,u; ;oL P .valusismaxint; enterid(p); ™ - ¢
Peces.charitr atl)i p* .valve: smazcharoed; » T8 pegis s
T8
(Pascal 1ibrary aoemonycs)
ki 1an{EFL ):s'_en’; lan(CLS 1:x'_cla'; ::; -:ruul.od:--l:
86 d
b 1ma(ROI 3z 175
Kiod tmn{ROL J:a'"pdl’; 8an procedure handleopts;
89 - a5 begtn -
190 n(PUTX): =" _put?; 1N(VAT Jie'_wei'; Lnd ocopt 1soptl 'a'); >
91 ia{URC J:e'Ture 1an(VSC }ix"Tuso'} "y dopt :opti '} 3
52 1an(WRB J:a'_wrd'; e toptixopt{*1']; =
19 1an{¥S2 1:s' wer'; aid ot ixopt(‘a']; i
798 - 850 realsize:zoptl'f'] ¥ wordaize; realptr-.size:=realsize; m
7% 1mnlUSZ J:a' wez'; 851 ptrstze:zopt('p'] ¥ wordsize; nilptr®.size:zptreize; =
796 - 52 fhatze:s6Pintsize o 2¥%ptrsize;
Eid 853 textptr .afze:sfhalzesbuffsize] stringptr” . size:xptraize; -
9 t 858 1f 80pt-Ooff them begin copt:xoff; dopt:zoff end ]
9 1mnlABT Jia' abi': 855 los 1f opt['u'JOoff then osl' ')izlower; -
%00 - 856 if copt<off thes enterid(newip{types,’string ',stringptr,mil));
801 0{NEVX )z =" _new's 857 1f dopLOoff thes enterid(newip(types,'long  ',longptr,mil)); Rl
02 1an(INI ) {ni'; 858 if opt[fo'Jaoff them begin gen!(ps_mes,mesoptoff); genend end: -
803 1mafGTO J:a' gto's 859 1f ptraizeCOwordsize theo bogin genl(ps mes,mesvirtusl); genend end;
08 imn[DIS 1:2'"dis’; 80 1f doptO>off thee fltused:strue: (temporary kludge}
%5 anfMIL J:x' mdd'; 861 ;
%06
807 ! e '2' o begis optlsl:s0; forceoptle):sfalme emd; L }
08 H
208 fostsize diy wordsize; {default real size in words} 865 proosdrs trace(tosme:sipha; Fip:ip; var namdibiinteger):
e vor i:integer; w
nt 861 begin 1]
n2 [ 1f opt{ 1 JO0lr then 3
03 {¢efault pointer sise in words) »y =]
" 870 4 2endided them =
"ns m begin dlbno:sdlboos!; nemdib:sdideo; gendlb(€lbmo): =
ne ”m gea0(ps_rom}; vrite(wsl,sp_scon, ~ N
"7 :112 for 1ie1 te 8 do wite(eml,ord(f1p" .ameli])); genand; 4 b
"ne : 2 :
ne ms snd(op_lee aemdld); -
2e¢ smident(sp_paam taeme);
3] Liad
”2 e L]
"3
" 880 fumotioe foreof{fup:ap: forws:formset):boolean;
=5 281 Segin 1f fapenil them ferwof:sfelee else formof:sfep”.form ia forms emd:
26
"1} 883 famotion sizecf{fspiap):isteger; N
[.3] L ood var s:isteger; §
2y .l Sagia 3 e
[ % r 5
81 887 1f 5O1 thea 1f 0dd(s) thes sissel: .
m Lo sinecf:as - o
g: L] -s; 3 i
B 91 fmetion even(iziateger):integer " ;
o [ begln 1f 04d(1) them 1:31+1; evem:ei and; =
57
08 [ iod proseders e
" L) var 41,
” wge(0).adin-1; . b g bogts ¢




Loid 3 (4100) wd (©260) thee

399 -‘;"h §e01(pe_exc,d1); gancat(d2) eng gs fized:
with pos do
21 proceture b e 1v<
setop(m:byte); ¥<20 thea
902 : 956 #1rdes SE
BO6La gent(u.even(siteot(a.a8p))) end; 557 T e X
908 Procesur 958 ““" :
oo Viiategery o TrH Tapiep); % e e ¥t 8en110p_112,90): gan1(0p_md1.aq) ewd 2
%07 .‘f: 1:2 to %1 o sen 1 (op_1 §
H op_lae,ad)
908 oat; #12e0f(fap) Alv wordsize 4o gen1{op_loc,0); s.aspistap :i oloe — [
1f lvxlevel then gent( =
$10  provedur p 964 1n gon1( 09_lal,a¢) else ]
m begtn “:.mu:::(‘::}.m; sd:integer; az:integer); :: Pixed: begin geni(op_lex,level-1v); sentlop adi,ad) end; P
:;a 1f s> wordetze thes %7 losdpoa(pos,ptratze); -
3 Bagin if local thea gani(ap la1 % Plosded: 3
94 poth op_lal,ad) alae geni(op 1ae,ad); :
915 s P01 a2) - ; %9 tndexed: -
:I: olse ;,7:’ gen0(op_apa); ~
N 1 1 . {case}
HH .t ool thes gent(op lol,ad) else £001(0p_loe, aa) gi :eploaded: ¥y
820 procedure P
%21 begin n“:’r::":r“-' sd:integer: sz:integer); zz procedure 1osd;
- "..‘m,:"""" thes N hegtn e S
4 1f loca) thes gont(op_lal,ed) else geni( 978 u:ulm;(“ begia
928 o or_stt 22) = §entlop_lae,a0); o719 IF asponiy aD)i 1 ot packblt thes sr:seven(ss);
;:_7 “;; ;’:‘: on:‘lk of §
local thew gent( :
[ — §01op_at1,00) elee gen1(op_ste,nq) ;’:ﬁ £ 5821008 100.pos.0);  lonly oneword scaters) 2
xed: -3
930 precesurs leric o losdpos( . =
al (m: 4 1vs . pos(pos,s2),
21 begts .-uo,_x.f:c:ﬁ:x'v}'f",::?" 2d:integer: sx:integer); st Prized: kad
- : 06_81,04); genllm,sz) sd: o7 LonsSie 1080p08(pos,ptraize); gentiop_lot,s2) ead; I3
38 ‘:‘::“‘"‘ Piposttion; sr:integer); :: s - =
938 Plosded:
936 990 : .
937 91 h::d(?p_lel B T5H
:;: a1 (op_adl,ad) ;’3§ - l'ﬂ‘?w]_ln):
_8dl.8d); geni{op_loi,sx) i {case]
s’:: - - g ak:xloaded; 1
s Poshi(global a1} st :
997 .
B I e i ) i et i
"s . _lo1,1v,ad,02); 99 bagin wii o begt !
- 1000 u:ul::a:(:p): 17 0t packbit them s f !
v 1Z: x@V. .
y  [rovedws dsscrasdr(vee prposstion; 1062 1f a2pOnil ties s
Deg1s 1f p.1vz0 thee 2084 (0p_l12e,p.a 1o0: case ak of b
- -180.p.8d) else 1oadpes(p.ptraize) end; Toos fized: -
Bl legin wita s e eri 1005 A 5
952 oeme aic af *0 D 1006 #1fger sEGMENTS ~
::.’ 12 5200 thee
begia geailop_lsa ag);
i
1009 gon1{op_sdi,ad); geni(op_sti,ex) 1066 procedurs gete; §
1010 ::: var bibytel
133 else bagle
::12 dendif 1069 1f norwat thes 2
1013 pop(global ,8d ,81) 1o degin nextoh; c:izch ead 3 N
1012 atsa 1071 ™ o g
1015 1f levelxlv then pop(local,sd,sxz) slme 1072 begis read{emt,b}; cixchr(d) emd - H
1016 lexical (op_sti,lv.ad 82)} 1073 et = :
1017 pfized: ]
1018 bagin Yosdpos(pos,ptraizel: genllop sti.sx) end; :m begin . ©
londed : repeat gete;
:2: ¢ :-'(op IR H 1077 1f (o>z'a') and (c<z'z') then =
1021 indexed: 1078 begin ciinc; geta; Lixd ~
1022 . sen0(op_sas); 1079 1f ox's! thew Degis i:x1; getc end alse - .
1023 oud; (oesel 1080 i c:[’-; thes getc else = .
108 - 1081 1f cslolsdigit them !
= - 1082 repeat 1:x1910 + ord(s) - ord('0'); gete; -
1026 proosdure flaldaddr{off:integer); 1083 ustil e:[e)oai;u
07 in with s do 1084 olae j:z-1; .
1028 b‘u (aksfized) and not peckdit c.:: ;::.ad:-po-..coorr else 1085 it D:'.m . :
102 s loadaddr; gea'l(op_adi,o 1006 17 mot. norm:
|032 -':M ¢ 1087 d:;x. forceoptlcil:strue: optleili=i esd
1032 procedure losdcheap; . 1089 4f mot forceoptici] thes opt[clli=i; :
1033 Vegin if formof(s.asp.{arrays..records]) thes loadeddr slse losd esd :::', ,u-'i,. , @ 4
- < Wi - N
w3 i -~ I
1037  prosedure mextoh: 1090 procedurs linedirective; =
w3 begin seslenl; 1095 var 1,jiinteger; =
1039 ool t3sala(input); reed(iagut ,oh); ¢.0hnosse.obnoel; ahay: : 109 bagin 2907 J:u0; —
1000 e 1091 B
1058 =
o presedure oexting 1099
1083 begis " 108 while {obz’ *Y and met ¢ol de mextoh;
00 > 1f sof{inpet) them ::: 1t (O '™*) or (10} thew error(+0d) else
1085
1008 1 set sofezpscted them error{«03) else 13 ) wd 2ot ool de
1087 . 1108 begia
1008 i rtwuaﬂn- bagis geal(pe_mes ncsflosts); geasnd wed; ::: it ch'/;’I:: $:00 :1:-. Jtom;
1089 a0 (ps_eo begin then e.faum:sempt :
1050 ond} 1107 xjel; 1f j<efnmax them o fomal $):ech;
1051 #irdef STARDARD 1108
082 9999 1109
1053 hendir 110 ;
W54 #ifadel STANDARD nn 1P sourceremptyfasm thew source:se.foam;
1055 halt me iscluding:esouroeCe.faam; -
1056 dendit . m3 L1011} ¢ limriet} H
1087 -t; ni 1f Bot tncluding them e.orig:st -
wse o.8hno130; e.11{n0:se.1100+11 8.2l se.dinre); "ts -e; -
w059 f wet including thes e while a0t eol o mextch; -
1060 bagin s.orig:rze.origel; giveline:strue emd; "7 -d;
1061 3
o 1119 prosedurs putdis:
1063  presedure options{nsoreal :boolsmn)i 1o bagin fx:zizel; 1f ixcarmar thes strouf{ixl:sch; nextoh end:

1068 var o,0f:eher; 1i:lnteger: .




123
12
128 "
1126 i
12y 1¢ obays then
128 aged ohzaohr (ord(ch)-ord('A* Jeord(*a’)};
129 18 Clns” i bagts Kok T: TalkTroen andy o+
::: wtil ohsy>asgit;
#0,upperst, digitsz 1
1132 . - ugly but fase)
hE i et
::; :"‘_‘:"v"r-y(u: ote ! end;
1136 ;
1137
1139
ey JSodure s, toumber;
1151 comst tmam s 10;
e s
1s:pauiosd arvay(l..imax] of char;
::: "“'_:;:"n-uuu val :a0; har 3
1108 I (aher ,,‘! -(“l'ﬂ"ﬂyougm
187 Nl!l. o (ohs'e') or (ohz'T') them
M 12 ohe’.' them
1189 [l ™t
nse 1f obe’, thea
151 begin ot .
1 Seconddot:strue; (x:xix-1; gote 9
':g 1 cheyOaiait the seror(o05) soe’ o |
1158 - T PRl i) cheyOaggie;
115 1f (ohe'e’) or
(abe 'L’} tiew
s s
ad -*) thee potd ig;
159 if ShayOdigit thes arror(s06) etey
1180 TOPeAt putdig wetil chayOdigit:
e 1 1Dt
162 . e bagis error(W7); fxiarmar emd;
1163 z;"'ﬂmnt)flmrmu: Qom0 d1bnoe1; val :adibno;
ne for 101 o s; 058 rom); write(emt,sp_room,1x);
1165 - o wits (it ord(stroat{1]7); gemene;
166 g
ey prd :;'.‘:.’::""" o (shey=wpper) thas testotsmdary:
168 if 1D e thes
148 . orror(+08) alse
e Iﬁ‘:. 10000000000 °; 1 : ximanet;
"n e
bogin 1:x1~1: 1a{1): .
nmn i Sastrbuflfx]; ta2:ety-t o
nn el ine e -
e vagin v:'-v:l‘lm ore(*o*
" : - )+ arel s 4:
e oloe 17 (1aCamarlongstring) ead (hno(,hﬂ(-)”)' 1:nie) oud
s7:slongost | dlbao:adldece!; val:adibno;
1233 quotech dquotecht
129 1astringlen)i
1285 volonob:
Rextoh;
‘:3’1 "L‘floh'-' ‘i— begls sy:zbeccmes; nexteh wad else sy:acoion?
" 3
1239 periodan:
1280 bagin nextoh;
Ll ir ma;t thea begin seconddot:sfulse; 3y:scolon2 end else
e 1F ohe'.' them begim sy:woolon2; nextch amd else sy:=period
1288 3
1208
1208
1246 nextoh emd else
1297 aextch end else sy:rltsy
1288
28
X
lg nettch end slse ay:sgtsy
1252
1253
1254 begia nextoh;
1255 1f chO '3' then sy:zlparent slse
1256 begis teststandard; incomment: gote 1 esd:
1257 -d;
1258 Ibrscesh:
1299 begin ineommsat; goto 1 emd;
1260 rparentab,idrackoh,rbrackol,oonmach, seulch,arrovoh,
1260 plumsh mineh.slach atar,equal !
.2 dagis ay:veaylohsy); seztoh endi
!;3 sthers:
1
1285 Cobe's') wad (o.chmes?) tham 1lnedirective slse
1266 bofie errer{s015); mezted ead;
1201 1
1248 -l
il nl {ense}
2N e
wn S sextif(foyisymbol: or 3 3
3 )qhu.nhy\-hmd-m-m)ﬂ:
s find! (apal R orr:iateger)iboolem;
e {zysbol of sys? sxpected. retura trwm If 8y I8 (5313
m
"nrs if msed (ay 1a sys?) them
uee Segis erver(ers); while ast (a7 1n spstivaysd) do laspm -t
1200 fiadt:esy in 3yt
L) -ty
Lid [ 1, oreiatoger
i {aymbol of sysissye? eapseted. return trwe if 37 1% sy}
]
1206 52 wet (ay I sysieayal} thea )
e arror(erv); ragest fusys Wmtil a3 in sysdeays? amdi

ey I» ays

» . .

swnd1i :::bm). gond (pa_oon); write(eml,ap_loon,imaxe1-1);
bagin write(eml,ord(1al1])); 1 4
15 Linte? emd:

o1se error(«09)
s
-d;

Wrocedurs inatring(qe:char);

var tiinteger: b onar)

begin {2:x0; rerostring:sqes'er;
repeat

TEpeat nextch; ix:zixel;
Tl ehage) or oliT1 A trma tma atebuttin):xan;
ohago thes nextod .
-ti1 oh<>qe; t18e error(+010);
11 wot zerostr

thes
‘:.qu 1x:812-15 £f 12¢0 thes error(s011) eat

begin servuf{iz)ischr(0); 12 then
if (ixe1) and mot zerostring G;m“" errorieai) wmd:
begis sy:scharcet: val:
e val :xord{strbuf(1)) ead
begis sy:sstringest; d1bao : 2d1bnoe I
i : + valiadldmo;
i 1;)-: them bogls error(«013); 1 :-nm-i;
h'w‘.b(.:).::n:: sm0(ps_rom); write(em!,sp soon,iz1);
gt X do write(am!,ord(strbuf{1]7); genend;

prososdurs incomment ;
var stope:oher;
begis sexteh; stopo:s’)e;
if ohx'$' them options(true);
Wlle (hOTH) mmd (abi<stope) de
Megle sope:s')'; 1f ohe'®' them stope:is)'s
Af che';' them srror(-(+014)); o
if sol them sextin; mextcn

-

18 ehO ' tamm tostatandard:

nexteh rd:
-d;

rocsdare insym;

{read aext bastc symbol of source
Program md retwrn ity
M::ulﬂu in the global varisbles 37, op, 1d, val and 1x})
begia
1:e0me chey of
tabeh:

L \‘1- *.cho:se.chno - e.chno mod 8 o 8; nexteh: gote 1 -d;
bagis 1f eol thum mext), t H '
! el : Ri nextoh; gote 1 emd;
digit: {anumber;

fumotios r1nd3(syl:aymbol; sys2:sos: err:integer):boolemn;
{symbol 3y1 or one of sys2 expected. return true if sy! found and skipl}
begin find3:sctrue;
1f sot (sy in {syllesys2) thea
bagim error{err); repsst insym umtil sy in [oy!l+sys2 wod;
1f ayesy) thea insym alse lind3:sfalase
and;

funation endofloop(sysl,sys2:803; 3¥3:symbolS erriinteger):boolean;
endofloopisfalse;
§f find2(sys2+lay3l,sysi,err) them nextif{sy3,err+i)
alse endofloop: strue;
nd;

fumotion 1astsemicolon(ays),sys2:308; arrilaoteger):boolesn:
bagin lastsemicolon:strue;
1f wot endofloop(aysi,sys2,semicolon,err) thes
AP ind2(sys2,sysi,err+2) theo lastsemicolon::false

fusction searchid{fidela: setofids):ip:
{searah for ourrent identifier symbol in the name table}

label 1;
var 24piipi fo:ldolans;

A2 A p" .ammerid them
A 11p” .xlass i fidels them
bagis

Af 149" kisssavars thew If 11)°.vpos.lvCOlevel them
1p".1f1eg:2119" . 1f1age [moreag)s
e t

-t
alse 11p:218p°.riinx
ol

-
Af 119" .omae< 34 them 1ip:elip”.riiak slee l1ip:=11p”.111mk;
lastap:slastnp”.nlink; .

orrid{e016,14);

Af Sypes s fidals thes lo:wtypes elow
if vars ia fidols thea foi=vars slse
if henst ta fldals them 10:ekonst slse
if proe ia fidols them is:*proo elass

if fume  in fidcls them fe:xfunc alse io:=field:
Up:rmmderipl 0];

L
searchid:=lip
-d;

funstisa sesrchasotion(fip: ip)iipi
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138 {to find record £y
elds
i —procedure prdectaration <o (0010red procedure 1a°a
138 ->w‘?ndw' selector)
1349 begin
:;ss"’ ‘::. flpOail o
1352 ,:‘a;‘!'::ﬁ :— %oto 1 else
:355.3 & Teerohsactionz=rip fipiafip®.ritnk else f1p:rip®.11tnk;
3
135 fume
1357 l..:“r Besrchleb{flp:1p: val:integer):lp:
1358 begin ’
"’323 while flpO>nil ¢o
if £1p”. 140
e .':'-m::-n;'l"“ thes goto 1 else N1p:an1p*.nertip;
1364 prooedure opoonvert
{ta:twost, .
:m var opiinteger; struct);
1367
1368
1369 3 aspiarealptr; fltused:ctrue eed;
1370 ¥ 35pisintptr; fltused:ztrue end;
137 ASpixlongptr end;
13712 intptr emd;
1373 fltused:=true end;
137% P fltused:ztrue ead;
1375
1376 wod;
1378 procedur
o T a1t atager;
1380 pegim :
138 if a.a8psint
- ptr thea gend
1382 Dagin 12:x11n0; gao' (op o5 oL, L%
1383 Af & J op_loc,0);
1388 -8sp=longptr thes
opconvaert. H .
:ﬁ lae (reaiper) CCHL7F e7ohange(21,12); gandiop_dab) emd
degin o) :
- FRoRTATRUE): erchange(11,12); (o fob) et
1
o Pometion desub(tupisp):ap;
1382 Af forwof(fs
1393 ona; Pelmbrange]) taea 3p:sfap”.rangetype; desud:ursp
1 Lumets
|;§’: begin bloescalar(fup:sp):boolemn;
1397
T et sl
139 : cforussoalar) amd (fapOrealptr) wmd (fap>longpir)
ey s e
1457 fumction compet(p.q:isp)itwostruct;
1858 begin oompat:anoteq
1859 1f egstruct{p,q) them compat:6zeq else
1850 begia pizdesub(p); g:sdesub(q
1381 if eqetruct{p.q) them compat::subeq slse
1862 if p".form=q".fora thew
W63 oase p°.form of
1864 scaler:
1865 if (peintptr) and {qsrealptr) them compet:=zir else
1466 Af (psrealpir) and (qsintptr) thes compat:eri else
1867 if (peintptr) and (qzlongptr) then compat:xil else
1868 if (p=longptr) mnd (qrintptr) them compat:zli else
1869 if (psiongptr) snd (gqzrealptr) thwo compat::zlr else
1870 Af (psrealptr) and (qslongptr) them compat:srl else
1871 ;
1%72 pointer:
1473 1f (psnilptr) or (qenilptr) thea cowpat:@zeq:
1478 power:
1875 1f psemptyset them compat:zes else
1476 1f qsemptysst them compat:6zse else
NT7 if ocmpat(p”.elset ,q".elset) <z subeq them
1878 1f p".8flagsq" .sflag thes compat:zeq;
1079 arrays: .
1380 1f string(p) snd string(q) and (p“.sizesq”.size) them
ALY 1 ocompat ;=eq;
1882 files,carray,records: ;
1483
A58
185
AL 1] procedurs oheckasp(fepiap; erriinteger);
1488 var ta:twostruot;
1389
1390
191
1892 [ 1]
1493 Lf fapOail them 1f withfile in fup”.sflag thes ssparr(err);
1098 subeq:
1795 cheelbads(fep);
1496 1u:
1w bagin opoonvert(ts); obeckasp(fsp,err) ead;
1498 41,r1,1r,1r:
1499 opoocavert(ts);
1500 .
1501 szpendemptysetifep);
1502 noteq.ri,se:
1503 asperr{ers);
1508 -d
1505 -d;
1507 prosedure foroe{fapisp; erriinteger);
1508 begis losd; oheoikasp(fsp,err) emd;
1510 fwmetios nevidemt(kl:idolass; 1dt:isp; nxt:lp; err:integer)iip;
1511 begin sevideat:snil;
"2 17 syOident them error(err) alse

fumction bounds(rap:sp;
P:3p; var fuin,fmex: : 5
{compute bounds 17 poasible, else r::,;:c;:l.r)ib““m‘
begin bonds:zfalse; fatn:ao; fmax:s0; -
1f fapOntl then T
1¢ £3p".forwssubran,
§e then
degiD fuin:srsp” min; H "~
if fap”.formsgcalar o
1f £3p°.roonst <>nil thew
fn

s o0, etan” -
et in:e0; fmax:zfep”.foonst +value; bounds:rtrue emd

bounds:strue end aloe

::u:w genrck(ftap:ap);

uin,max,3n0:. H

egtn 0 integer;
if opti'r']o.

Nl JOofr thea 1 boumnds(fsp,uin,maxf theo
if £3p°.forwzscal then : -
if 3n0:0 then - Hoerep

begin d1bno:xdibnosi; N0 =
: H Zxdlbno;
&end1b(dibno); §en1(ps_row,min); gencst(mex); Senend;
1se

1f £3p™.forasscaler then
- f3p”~, N
r8p” .aubrno : zano 07 -8calno: 2no e

«scalno else 8n0:+f5p" . aubrno ;

&e0d (0p_rok,sno);
-ad
-d

:r:o:u'-- ch:ckbndu( fap:ap);
21, : B
nax .-mz..uz.lnuur. b001 :doolean;

1f dounds(rsp ®inl,max1) thee
lq“h(m:..;b;mdi( p.a1n2, aar2);
=false) !

by or (min2<aminl) or (max2>max1) thes

f8p;

fumetion egatruct(p,q :3p):boolean;
begin *®Btruct:s(paq) or {peafl) ar (qea1il) emd;
i

Pumotion string(fap:gp): H
blugpaodh 8§{73p:3p) :boolean;
begin String:=false;
ir tomor(f-p.(-rm]) thes
4 eqatruct(rep” 1type charptr) thes
thes

1f 3pack fa fsp~.sf],
g
begin 1sp:efap”.inztype;
1 1spenil then string:strue alse
1f 18p”.formesubrange thes
if lap’ -raNgetype: intptr then
if lap® .miner thes
stringistrue

begim newident:epewip(kl,.id.1dt,nxt); insym end

fumction stringstruct:sp:
var 1spisp;
begin {only used when ix and zerostring are stil} valid}
if zerostring them lsp:sstringptr else
begim lsp:znewsp(arrays,ixfcharsize); lsp”.sflag:xlspackl;
1sp” .aeltype:zcharptr; lsp”.inxtype:xzail;

ond;
stringstructizlsp;

funotion address(var lc:integer; sz:integer; packiboolean):integer;
begin
if lc >» maxint-sz then begin error(+017); le:s0 end;
if (not pack) or (s2>1) them if odd(1lc) thes le:slesl;
address:zle;
lotzlossz
end;

fumction reserve{s:integer):integer;

var riinteger;

bagis r::address(b.lc,s,falne); genreg(r,s,100); reserve:asr;
if b.la>lomax then lomax:sb.lc

pack:boolean):integer;
nteger;
aeltype);
1f mot peck them sx:seven(sz};
1f bownda(fap”.laxtype.nin ) then; {we obecked before}
4d1bno:=dlbaoel’ fop”.srpoa.lvis0; f3p”.arpos.ad:=dlbno;
gend1b(dibac); genl(ps_rom,min); gencst(mmx-ain);
moat{sz); gemend;
a:mas-ainel; tot:sa
1f 3300 then 1f tot 41v 33 <> p then bagis error(+018); tot:a=0 ead;
arraysizs;stot
nd;

i

procedure treevali(fip:ip);
var 1sp:isp; 1:integer;

1f fipouil thea
begis treewalk{fip~,11ink}; treewali{fip*.ritnk);
if fip” klsssavars them
degia Lf mot (used 1a fip“.iflag) them errid(-(+019),f1p" .0
4f wet (assigned 1a fip°.1f1eg) them errid(-(+020),fip".s:
lep:isfip” . tdtype;
Af sot (noreg 1a f1p°.i1flag) thea
geareg(fip”.vpos.ad,sizeof(1sp) ord(foruof(1sp,{potnter])));
Af 18p<>ail thes Af withfile is 1sp”.sflag theo
if 1ap” formsfiles thes
Af leveln) tham

begin
for 1:22 to argo do with argv(i] do
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;;61: 1f ameafip” .name thes ad:afip”.vpos.ad
571 else
1572
1573 1f mot (refer in 13p".1f1ag) them
1578 degin gen{op_mrk,0);
157% seai(op 1al,fip* vpos.ad): senap(CLS)
1576 -d -
1577 -t
1578
l;z 17 level©>1 them errid{-(+021) 1p"..
t
1581 -d
1582 oad;
1588 Prooedure constant(fays:sos; var fap:ap: var fval:integer);
1585 var a1gned min:boolean; 11p: pi
1586 begin Signed:s(sysplussy) or (sy=minsy);
1587 Af sigoed thea Segin atn:ssysmingy; insys end else mia:sfalse;
1588 1f find1 ((umt..lllotl.l‘ln.toi’z) then
1509 begin fyal:aval;
1590 ase gy of
1591 stringast; fap:sstringstruct ;
1592 ost: £8pischarptr;
1593 intost: fap:eintptr;
1594 reslest: fap:arealptr;
1595 longost: fap. slongptr ;
1596 Pllost: fsp:aatlptr;
1597 ident:
1598 dagin lly:-a.u-umc((lwnnl):
1599 f3pielip® . 1dtype; fval:alip”.valye;
1600 -d
1601 3 {ossa)
1602 1f signed thea
1603 1f (fap<>intptr) amd (tapOreaiptr) amd {f3pO longptr) them
1604 arror(«023)
1605 olse $f min them fval:s ~fval; ’
1606 {note: negating the v-number for reals and longs)
1607 insym;
1608 -t
1809 else Degin fap:aufd; fval:s0 -d;
1610 -d;
%12 funetien catinteger(fayy:sos; Iap:isp; err:integer):isteger;
%13 var lepiep; lvn.-h.--:ilmr:
114 ooastant(fays,lsp,1vel);
1618 1f Fap<Olep thes
:::: 1f smtruot(desubifsp),lap) theam
bagis
1618 1f Dounds(fsp,ais.nem) thea
‘1:;: if (lval<aia) or (lval>war) them arror(st24)
1621 ol
1622 begin error(err); lval:sd -d;
1623 atisteger:aival
1623 -d;
1681 fumsties element(fsys:scs):sp
yiaps . . zapmbol; 1ip:ip:
::c.i var 13p.16p1,hapisp; Min.naxiinteger; okiboolesa; sepey

olsys ;9083 .
Sogin insym; nextif(1brack,+030); hep:ienil; R
repost lap:znewsp(artyp,0); twitpos{lsp’ .nrpo-;.
1lap”.ae)ltype :zhap; hepivlap: {link reversed
zoarrey thea
"-qx."".:;y?!_mu-: ohy-:-[m-nt}:
xu:mua-z(mu.ln.-u:mss).
1f 11p<H>nil them enterid(1ip):
mext1P(oolon2, +036); "
11pienewident (oarrbnd,1uep,11p,+037);
1f 11p<Onil them enterid(11p); .
weatif(colon, +038); lapi:stypld(+039);
skisatoescal ar( desud(1lsp?));
-t

wlae n
aocmma; olsys:z(ident..lparent]} .
“l:l:::;lnn(n;»{:—-.nmk ,ofay,1demt . peckeduy]);
ale:zbounds( 1ap), min max)
u‘:i ok them begin error(+080); lspi:enil amg;
p” . Anxtype telopl ot pocmde)s .
-kl -un-.ﬁm(m.-::;::.‘ ):“(.olz) okxys
Bl P{rbreck, +s003); sextif{efny,«083);
’:;:Oﬂ.l ?—”:}'lq:nn‘ + lap*.aflag ¥ (witafilel:
regest  (reverse links .! “.ﬁ;, o™ SLag 1A
xu.zt’-;"::- _znh'o::.:;rrq;l-(-’.l-l s sfleg):
1apsohmp: hapislap)

entil Wepeafl: (lsp peimts %0 wrray with Mighest éimemsion}
1oy

fumstien typ{Teys Taus) sep .
»ar 1up,lapiisp; oo, uz.min mminteger;
sflsg:sflagaet; lapinpi

fldlist(foyu:nos)iap;
m(un\ 2: << )
o fipaip,A1piip; lapiap;

1o98) 18p3
""""m""';f"&' Ndline << tyyp} |
var tip2ipiip; X'.lldn.b..v..tlt.t”‘lztmm.

sheoe Mmoo, 108 Wvar:integer; 15d alpha;
ugin twey u':;;uz prenil;
snounp( teg , 031
?E !l-:‘. en error{0¥5) else
ugin lu:.l‘; 1nsym;
"m ;::r-m.pm-u.m.-u.-m; enterid(tiy); isspm;
10 syOldent tham ervor(+088) d?.

{ ¥
fusotion typidierr:integer)
var 1ip:ip; lep H
begin lap:znfl;
$f 87Cident thes error(ecr) else
begin 11p:ssesrahid([typesl); lapielip”.sdtype; tnaym ond;
typid:slep
ir ﬂndl([xdmt..lnrmt).fa”.’ozs) thes
1f syslparent thes
in {nsym; lnp:stop;  (decl. comsts local to innermost block)
uhile top”.occur<>blek do top:*top”.nlink;
l-p:-nmy(anur.-ordnu): hip:znil; max:s0;
repaat up:-unddant(konst.hp.Mp.mZG):
if 1ipOail thea
begis enterid(1(p);
Pp:slip; 11p”.value:smax; maz:rmars]
od;
antil mdonoop(rsuo[rnrmt].[M-nt.].c--.aazﬂ; {+028}
1f maz<zt8 them 13p°.si2e::bytesize;
.:lp“.fconn sahip; top:slap; nextif{rparent,«029);
else
begia BewsLbrange: strug;
if sysident thea
begin 1lp:xuuroh(d([tms,konn]): inayn;
1f 1ip” klassstypes thea
bagim l8p:slip®. tdtype; DewSubrange::false emd
else
begia lapl:ialip® . tdtype; min:zlip®.value end
ond
olse emtu:(f-no[mouz,iaout..px-n-y],llpl.nn):
1f nevsubrange thea
Degin llp::m-p(mr-ul,lomnu); 18p® .subrno: x0;
1f mot viceacalar(lsp!) thea
bagia error(+030); lapt:=all; min:e0 -d;
1»‘.ru‘nm:xup|;
ultlf(mlonZ.tOBl); ln:-eltinul"(flyl,llp|,0032):
1f mim>nax thew begin error(+033); max:smin eod,
1f (min>=0) amd (maz<ts) thes 18p” .size:sbytesize;
lep” min:smin; lop” .max:cmm
-d
i
stmpletyp:slap
-d;
fusctioa arraytyp(fsys:acs;
artyp:atructfora;
$flag: 3 agaet ;

bagis 1id:xid; insys eod;

14}
them {otherwiss you may dntroy.
u.::;:f::“u‘: 11p:asearchid({types]) end;

> H 2x11p" . 4dtypes
il them tfspisall else Lfsp:s:
:: bo\nd“’. 3(tfsp,int nvar) them nvar:anvar-intsl else

i t;::o-l.i then begin arror(+0AT); tfap:sail ead

d:l tfep:
tap*.tfldap:e :
1f’§lp(>lll then {explicit tag)
- setfap;
h:t‘;“t:’:(}:::m;nu(w.uuaf(v.hp).:mk in sflag)

=nil;

ey :rminoc; heads;
,+088); minoc:soc; maxoc:=minoc;
“‘ur(:::':uu: " lfor esch caselabel 1ist}
. =
repest aver: saver-1; t cotont, Lperent,
H ident..plussy,couma, p
u'“.mlnu‘.:(-r:o”o;on.o-uny,rprnd,tnp.ool9).
1sp:shesdsp; feach lsbel may ccour ouly oncel
spOail do N
.=:1: 1f lap”.varvalzint thes error(+050);
lsp:slsp”.nxtyar

-d; . ) )
: soews +0); vap”.varval:sint;
:‘lutv:(-:;:::p: huzp:-n;; {chain of case lsbels)
3 :ahap; hapisvap;
bt '“::'v'.u- ;n:= ta-gnl laels with seme v.xnzlr o
atil eadofloop( fuys«(coloni,lpareat 100los ,088esy, rparent].
(uat..umyl.o?n.w?!): {s052}
1,4053); naxtif{lperent,+058); "
::::::::t;hmimr—t..—m—.“-t,.pluu]).

hgp;rvap” .subtep;
-y
-:‘ﬂmhiﬂs)&
00 : vminoo]

il lastsemicclon(fsys.[ident . .plusay),+058); (4057 053}
thee error{-(+059)); . |
a:t::?.:-hun:(m‘.lln:-hw: ot:mmaxoa; varpartistap;

.?l indlis)
? M(tun:l.uw[:n).w) then
repast il hip: 3 A
M;‘;lp:-n“:n(ﬂ;u ail,n11,4061);
if fipOMil _(ﬂ )
ir H-;::;rn-' ;dp:-ﬁp alae 11p”.next:sfip; lip:sfipi
-ud;

-til oap{ 1
. 1, 1dent . .packedsy,senioolod casesyl,
oo nm(ut:‘tl.m-.oosz); {+063}
suztif(oolont, s068);
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1793 lnp'.:typ(!uu[cnuly.unleolm]):

1794 Af 16pOail thee 1f Withfile in 1sp*.sfleg thes

1795 sflag:=sflag+iwithrilel;

1796 while hip<>nil do

1797 begin hip".1dtype:slsp;

1798 Mp‘.foffut:xddrcu(oe.su-of(up).!pack in aflag);
i Rip:ship” next

1800 sod;

::; watil lastsemicolon(fsyselcasesy],{1dent), +065); {4066 +067}

1805 -:f Syscasesy than fldlist:svarpart(fsys) else fldlist:aail;

1806 begla {typ)

::z aflag:s(}; 1sp:ensl;
Af sy=packedsy them begin sf1ag:=[spack]; inaym ead;
1509 1f f1ndY([1dent..filesy), fays,s068) then
1310 1f sy ia [1dent..arrou] then
1811 bagin if spack in sflag them arror(+069);
1812 1f ayxarrow them
1813 begin 1ap:znewsp(pointer,ptraize); insym;
1818 1f ®mot intypedec them 13p~.eltype:stypid(+070) else
1815 1f syC>ideat them error(«071) else
1816 begin Mtr'.-mlp(tml.id,lsp.ﬁlptr): inays end
17 -d
1818 ¢13¢ lap:zsimpletyp(rays);
1819 -d
1820 slse
1821 osse sy of
1822 {€€€eeeceeee<)
1823 arraysy:
1824 1»:-rrmyp(hy-.u-nn,lf1u,tn):
1825 recordsy:
1826 begie insym;
1827 pev(lnp,rec); 1np".occur:srec; Inp”.nlink:etop;
1828 1np®.fmame:znil; top:alnp;
1829 00 pI =f1d11st(foys+{endsy)); {fidiist uwpdatas oc)
1830 18p: snnvmp(records,oe); 1sp™ . tag: wpt;
1831 18p”.faefid:xtop” . fname; lap”.aflag:esting;
1832 top:stop”.nlink; oextif{endgy, «072)
1833 and;
1834
1835 tif(ofsy,«073): lapi: ssimplet: :
. H yp(fayn):
1836 if bounds(1sp1,ain .aex) thew 1spl:sdemid(lapl) ¢lae
:g"l if laplsintptr thea
begia error(-(+078)); s
10 an T8)); max:ziopt-1 emd

DI error(+075); lept:xail end;
Af 1spisiatptr them iaiopt~1 eleg
1842 if vouds(lapi,uin mmx) thes {mothing}; sz:smas emd;

1843 1f (n1n<0) or (max>az) ar (ax div bytebits >» maxsetsize) then
1044 begin error(s076); lspl:safl; az:sd -d;

1845 Lop:snewsp{power .ot aiv bytedits +1); lap”.elset:slept;

1846 -d

1847 fileay:

1848 begin tneym;

Bextif(ofay,+077); lapi:styp(fays);

1905 repast 11p:snewident(types a1l ,mil,+090);
1906 1f 11pOntl :-l-" wo1)

bagia nextif(eqay, H
::z 14p*.1dtype : styp( hn;[u-holon.u-?t]);
1909 nextif(semicolon,+092); enterid(lip);
1910 ond3 .
1911 mtil -'t find2 ({1dent],fays,+093);
1912 while M'.r()lu'::“ .

in sssert 3 ent ;

‘::: iyl Hp.:-aolrohld([tmﬂ): .
1915 type:alip®.idtype; fwptr:isfuptr”.next
mé -d;
1917 intypedec:zfalse;
1913 -d}

1920 procedurs vardeclaration{fays:sos):
151 var 11p,hip,vip:ip; lspisp:

1922 bagin with b do begin

1923 repast hip:sail; lip:i=ail;

1928 repest vip:zaevident{vars,sil,nil, «094)};
1925 1f vipOnll tws

begin enterid(vip); vip".iflag:s(); A .
::: ft 4 lr;n:.l v.'u: hiptsvip elas n’p'.non:-vip: lip:svip:
1928 -d; N
lgz wtil -uonoop(nyu(eolou.u-n..p.em-yl.uaonr.l.e_-.ﬁ:z.)
193¢
. nextif{oolonl, +097);
1932 1spistyp( fayselseaioolon, idant));
1933 uisile Mﬁ)rl:.? 10

vegls sulop} R
:g; np‘.v:e-.n::ﬂdrn;(le.l seof{1sp) ,false); hipiship”.nert
1936 -d;
1937 neatif(semiselon, 098 );
193 Al et find2((tdent).fays,«099);
1939 -l;
19
1982
193
988
1936 fumetion parlist(fsys:sos; var hlo:iateger) . K
1937 var lastiphip,lip.pipiip; 18p.tsp. ain:boolean;
1948 n:uut::r; Lestt
1949 in parlist:eaid; pisail;
|=o - {omce for essh formal-parssster-section} 100), 401003
195 £ tind) ([ 1dent,versy,proosy, funesy),fays+(semicolon), then
1952 begin
1953 A2 (sy:procey) or (aysfunasy) thea
o in
:gS Prhend(fayses(semicolon,iéemt .varsy procay,funcey),
b ain,trus); .

181 Mip” 2 pos ek i naddresa(Rle, paunaiteoptraise, fal se);
1958 Mp".pfkind:sformal; 1ip:=hip:

1959 topiatop® alink; level:slevel-t
-d

1849 if 1sp1Ontl then if withfile ia l3p1°.aflag thea error(~(+078));
1850 8z:s=alzeof(1sp1); 1f 3z<buffsize them sz:zbuffsize;
1851 1sp:anewsp(files,szefhsize); 1ap™,filtype:zlspl;
1852 3

1853 35355553555}

1854 ead; (case}

1855 typ:slep;

1856 end:

1858 function vpartyp(fays:sos):sp;

1859 in

1860 if find2{larraysy], fays+[ident), +079) then

1861 vpartyp:sarraytyp(fsys,carray,[],vpartyp)

1862 olse

1863 vpartyp:stypid(+080)

1864 H

1866 t

1868 procedure block(fsys:sos; fip:ip); forward;
{pfdeciaration calls block. With a more obscure lexical
1870 structure this forward declarstion can be svoided}

1872 procedure labeldeclaration(fays:sos);
1873 var 11p:1p;
1878 begin with b do begin

1875 repasat

1876 1f sy<>intcst them error(+081) else
1877 begtn

1878

£f searchlab(lchein,val )il thew errint(+082,val) else
begim new(llp); L1p“.lsbval:zval;
1880 1f val>9999 thea teststandard;

1881 1lbno:zilbno+1: 11p~.labname:={lbro; 11p*.1abdlb:a0;
1882 11p" .seen:sfalse; 11p”.nextlp:slchain; lohain:allp;
1883 -d;

1884 insym

1885 -d

1886

until endofloop(fsys+[semicolon],[intest],conma,+083); {+0BA}
1887 pextif(semicolon,+085)
1888 -d end;

1890 procedure corstdefinition(fsys:sos);
1891 var 1ip:ip;
begin

1892

1893 repest 1ip:zaewident(ionst,mil e1l,+086);

1894 1f 1pOBL] them

1895 begis nextif(eqsy,«087);

1896 oconstant(feys+(semicolon,ident],11p™.sdtype ,11p" .value);
1897 Bextif(semicolon,+083); enterid(lip);

1898 -d;

1899 wmti} aot find2([ideot],fays,+089);

1900 od;

1902 procedurs typedefinition(fuys:sos);
1903 var 1ip:ip;
1904 bagis fwptr:znil; intypedec:@strue;

::; d:;u hipiznil; lipisail; 111 ag:2{assigned ,noregl’
thes .
‘”z “’b‘q”l:-;g.:-(rcfor.Auuned,und.norl!]: insym eod;
:3‘&5 Pepeat pip:snevident(vars,ail,ail,«0101);
1966 if pipOail then . N
1967 begin enterid(ptp); pip .iflegiziflag R
1968 if 1ipsnil thes hip:spip else 1ip”.next:zpipi
1969 lip:eplp;
:g? iﬂ-:::-tnndu-uont]; Lont]
fays+[semicolon,colonll],
||g17§ vatil endofioop( (Zm:].c-.,mozn {+0103}
1974 nextif(colont,+0104);
1975 if refer ia 1flag thes e
1976 begin 1sp:avpartyp(fayse{seaicolonl);
1977 szizptrsize; up:zhp: 1 d
s{carray. R
:97: ‘::L:“::f(.::o:nd sasddress(hlc,ptraize false}]
|g:o tap:atap” .aeltype
1981 end;
1982 1-
::i * ;h 13p:=typid(+0105); sz:ssizeof(1lsp) end;
1985 pipiship;
1pOail do . i
::: -::x: ::)p“.vpl.u:-ddun([uu.u.hlu)v
1988 pip”.idtype:elap; pip:=pip’ .next
1989 ~;-l;
:m i h;u,-nu thes parlist:skip else lastip”.aext:=hip;
1992 Lastipsellp:
1993 ond} )
fays,{ ident ,varsy prossy,finceyl,
o g et e ittt
199%  w-d;

1998 grocedure pfhead; (fervard declared} X
1993 var 14piip;: 1spisp; lopimp: kltidalass:
2000 begin 1ip:snil; againisfalse:

il syxproesy them ki:sproc else X
:::‘2 bq’;.l il:efumel faysistuyssloolonl ident] end;
x ::‘l"i)“-l‘ thea Bagia srror(+0108); 16 e3paos 3
2005 1P wot pares them 1ip:=sesraheectica{top”.fu
2006 if 11pOsil thea .
2007 1F (119" klassOkl) e (11p” pAind<> forurd) thew
2008 arrid(+0109,1¢
zzm .‘:.qh b.forwsount : =b.forwcount~1; again:strue ead;
2011 1f again tham iny: d; 1m0t

szpavip(kl 14 » 1 .

gg:; D%I'X’::‘:; u—p degin n'uru(up); tny-_ od;
2018 lastpfnosslsstpfoost; 1ip" .pfuotslestpino
2015 H
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tewl1np,blok); 1np”.caour:stlek; 18p”.nlinkistop; top:zlnp;
1f sgaia thea lap .famme:slip” .parhead else
agia 1mp° . Mmmme:ianild;
1f finsd3{1parent,fsys,«0110) them
begin 11p*.parhesd:zperiist(feyss[rpsrent],11p” .headlc);
nestif(rparent,«0t11)
wd;

and;
AP (kizfunc) end not agaln Chem

bagin cestif{colont,«0112); lap:stypid(+0113);
12 torwof(1sp,lpover..ceg)) them

bagin error(+0114); lsp:enil end:
11p*.16typetaisy;

provedure pldeclaration(feys:sca);
var 11p:ip; again:boolesn; warkp:” integer; lbp:idp;
wagin with b
proesd{fayss[ident ,semicolon,label sy..Deginayl,lip again,false);
mextif(samisolon, ¥0115);
£f fiadi({ident, labelsy, .baginsy],
1f ay=idemt thes
$f 1d="forward ' them
degia

se[samicolon], +0116) thea

insym;
1 11p° .plpos.1v>1 then genpnan(pe_Owp,11p):
1f again thwm errid(+0117,11p" .nme) else
beginm 11p* .pfXind:2forwd; forwcount :sforwcounts! end;
and alse
If {de’extern ‘' them
bugis 11p” . pfiind;wextra;
11p” .pfpos.lviel; insmm; testatandard
elos arvid(+0118,1d)
olss
bagin 11p”.pfxind :zaotunl;
Oitndet STANDARD
aerk{merip);
bendir
1f set again thes 1f 11p° pfpos.lv>! thes genpnes(ps_fup,lip)i
wew(ibp); 10p”: nexth 1
lo:eaddress(11p” .beadle ,0,false); {alige headlc)
11bae:a0; forwoownt;a0; lohels:=mil;

segtgrens{le stoacf{iip™ . Lotype) Fulse);
‘ioskl fuysslsemioolonl, 11p);

-
47 ok sxin Umn Wlespeoted : sfervoomt=0;
i (aeniseion, «B119);

lovelinlavel-1; top:step™.altnk;
-t i

sestif{rorack,0129); 1f1ag: 1M age{noregli

-d “.‘
i, "-wl:u-; 1M ag:eiflagenoregli
1f syOMent them error(+0130) alse

if Wt fomf(up.[nwrdl]) w-“:.’mr(omm alse
3 Son{esp” . 3
YAty e eia, errid(s0132,1d); aspianil ead sloe
kpit ieupack in 88 £ 128
fiel1dndar(11p” foffaet)s

o
aspislip” .ddtype

begis iasyw; 1flegislusedl

uil thes
1P aapestringptr them asperr(+0133) alae
1f asy™.formspolioter then
3 wd slee
A skafized thea ak:upfix 1
vegis losdi ak:splosded -l
ssp:zasp” S18TP
el files Lhew
umm‘.r-m © exomange(11,12): losdaddrs
1(op_wrk,0); ex '
-.(u;l(#:‘::-:".miﬁ: ak:eploaded: packd

-t
ko aspert(+01 )1

-ty
PO TP TR L TR L)
-dt

verioni el foys :00a)$
r 1191 193

1P sysident then -
begin 1 :uaserebidl[vors field1) yoi
-lngr(nn.lu.(uu‘.-ulu-l \moreg]}

n:.w- arrer(+0135)8 1nita(ngl 0) wadi
L]

fmerian .lma.l(p!.pt:ip):mh-:
';:nm:::x.:mum‘.u:m.pr.xumn
primpt® perhend; pRivpl” parhend;
wdle ()Ioﬁ!:l) wd (phOaid) ¢
12 91 Klestmpl™ laer than ) oo
* X1 eeed> thea okt splistagal(pl.pd -
“h:;n‘nquq!!::tm: qRiep2” AdEYO okietrus}

1tiatrues

t

procedure expresaion(fays:scs); forwrd;
{this forward declaration cannot be avolded}

prooedure selectarrgyelement(fays:sos);
var i8p,lspisp;
in

ail;
ays .carray]) them fap:za.asp”.inxtype else

tea.08p;
expression(fayseoammal); Porce(desub(iap),+0121);
{0 range check}
1f 13pOail thew
begin a.packbit:zapeck im lsp”.afleg:
desarsddr{1lsp® .arpos); 1sp:=lsp”.aeltype

-d;
a.08pialep; 8.ak:zindexed;

mtil endofloop(fays,(notsy..lparent],canms,+0122); [+0123}
-d;

procedure aelector(fays: s0s; £ipilp: 1flag:iflagset);
{selector ocmputes the address of any kind of variable,

ble varishles, 'a' oontains offset and level,
2.for indirect accessable variables, the address ia on the stack.
3.for srray elements, the top of stack gives the index {(one word).
The address of the array is bemeath ft.
A, for varisbles with address in direct sccessible pointer varisble,
the offaet and level of the pointer is stored in 's’.
If a.aspsnil then an error occurred else a.asp gives
) the type of the varisble.
var 11p:ip; 11,12:intager;
bagin x|'.-psv: intta(fip”.1dtype,0);
case fip .klaas of
vara: with s do
begis pos:afip™.vpos; If refer fa fip“.1flag thew sk:=pfixed ead;
fleld:
begis aixlsstop” .vas
fieldwddr{fip” .fofteet): a.aspixfip”.1dtype

func: with a do
if fip".plindsstandard thew asperr(+0128) slse
bagin pos:sfip” .prpos; pus.lvispos.lvel;
£f pos.iv>=level thew 1if FipCOcurrproc thes error(+0125);
12 £1p° .pfiindOactinl them arror(+0126);
if sy=errov tham srror(«0127);

ond; {vese}
while fiad2(librack,period arrov],fays . +0128) do with o de
1f sy=lbrack thas
vegin lnsym;
selecterrayel ssent(Fsys«[rbrack,lbrack,period arrowl);

while ok sed formot(ql,[cerray)) snd hmr(q?.[crny]) do
begin ok:-w&rmt(q!‘.in!tm.qz Jdnztype)s
qlisql.aeltype; q2:392" .eeltypei

- tiqt.q2) and
1 7:!5‘?:’!::”‘[,:(;: .mcmt]-pz‘.in"h-chr.s—ouot!))
thea ok:=false;

ond;
1t mot ok thes pu.t’gm:-m“;
pl:epl”.oext; p2:ap2”.next

i oionil) or (p2OmIL) the plistequalisfalse
»d;

e callponstandard(fays:s0si moreargs:boolesn; rip:tp)i
var nxt,lip:ips 1pos:positioni 11,12:integ!
llD.oldll;:!N“ vegi
begin with z,1p03 . i
B ~.parhead; lpos:=fip” .pfpos:
Tr‘f:;ifpr::nd()ﬁ;r-n them 5-\!(09_.&.1".1-11) -1;.
bagin lniul(up__lnl.lv.-d.ptrun): gen0 (op_ura) H
while (art<>nil) sd moreargs do
begia isp:anrt” .Mt”:;-
ul:x:-:::- in :x.r::.xn-; then {call bY rofar.-ma)
Pegin it:elino: yarisble(fsys); loadaddri @
17 ssmaseot ia nxt®.ifleg thea 1ap:=oldasp elie
bagin oldaspisesp; 12:ali00;
while formof(lsp,(esrrayl) and
romr(up.(.rrm.utr:y]:;) > mmeq) o
t{1sp" .1axtyps .iax
o o e rLagO M- a710g) than ssparr(s0136) alse
begis desoraddr(asp”.arpos);
sepieanp” .oeltype; lep:slep”.aeltype

-d;
axchange(11,12);

u.:i'.uwm».xq) thes esperr{+0137):
12 peainit them asperr(+0138);

d
se {osll dy valwl}
db‘n atpresaion(feys); force(1sp,+0139) end
e
if sy<rident thes srror(s0130) alse !
vagia 1tpiesenrchid({ast” klasal); 1nayai
Af 11p° pfrindastondard Sham srror(+0131) u?-:‘
1¢ net plistequal(mat, l1p) tws ervor(+0tA2 .
ir u.l..guu.ml al g.m "
al loi,. - Jde,
Jouin ”Iu‘.nl:n..-a poussizespiraize)

a1

o . X
bagin gooi(op 1ex,1evel-11p’ pryos.1v)i
ganpaan(op_Yoo 119)

mexti soreargs:afing3(ocmma.fays,«0143):
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2n oad;
2282 while Soreargs do
2243 bagin error(+0148); Sxpression(fays); load;
2248 -onvu::ﬁnd}(ma.hn,.oiﬁ)
2245 3
246 Af axtoOn1) thes error(s0186);
2247 ir £1p”.pfiind<> forma) then Senpnan(op_cal,f1p) else
2248 begin uleu(op_loi.lv.ad‘ptnlu.pm-aiu): sen0(op_cas) ond;
2249 23p:2£1p" . 1dtype;
2250 -d;
2252 Procedure f1lesddr;
2253 var la:ate,
2254 begin la:xy; #:2fs; loadaddr; izla end;
roaedure elllr(l!.l?:lnu‘-r):
2257 var 1 B
2258 begln with a do begin
2259 laiaa; 3p:2desub(asp); sent{op wrk,0); filesddr;
2260 if aspintper then gen DI) else
2261 1 asprcharptr then 8en3p(RDC) gl ag
2262 1r Asparealptr then Eensp(RDR) olge
2263 1r 82p=longptr then CIp(RIL) glae 2asperr{+0147);
2264 if 28p<la.asp then checkbnds(1s,asp) ;
azal; Ichange(11,12); store;
2266 od ead;
2268 Procedure callw(fays:sos; 11,12 1nteger);
2269 var u:1idenes;
2270 begin with 5 go begia & 1(op mrk,0);
2n fileaddr; exchange(11,12); loadcheap; a3piadesub(asp);
272 1f 3tring(asp) then
2273 begin ;m!(up_loe.np".uu)'. B:2WRS eng
278 elae
2275 begin m:winy;
2275 ir A8pOintptr they
2217 i Aspecharptr thea m: e else
2278 1f asperealptr thes a. AR ¢lse
2279 If aspxboolptr thes u WED alse
2280 1 PESLringptr thes W:cAZ qlag
228 1f aspelongptr thea 8k qlse a3perr(+0108);
2282 oud;
2283 ir fiMB(“l”'.flyl.*o";) thea
2284 upruuon(rayao[coxonﬂ):
2285 foron(tntpt.r.oolso): issuoe(m)
2286 H
287 ir HndB(nlon!,f.n,'O'Sl) thes
2288 begin CEpression(fays); force{ intper 01523
289 1f mOVSR then error(e0153) else ®IRE;
291 Sensp(m,
»R -d ent;
208 Procedure OAllrw(fays:scs; lper,v,1n:b00lean);
2295 ver 11,12,01dle,err, nteger; ftype,la, 2H
296 with b 4o begin oldleisle; Ttype:stextper;
2353 -=d
2354 Lt 163) alew
235 “.t:%‘(;"ﬁl’:ii.m Reibvarint ,
_Lae, A G
§§$ gemaplu): adp:sboolptr: (oot for PA
2358 od end;
2360 dure callnd(fsys:sos; m:libanem);
label 1; .
e vedeien: sz, int integer;
23 T s Toraatc sy pototar]) thes ssprr(4016R) sl
20! .
§£ Af aspestriogptr thes #3perr(+0165) else
2366 aspizasp”.eltype; 0166 6o
2367 while find3(oomms,fsys, )
2%8 begin {asp of form record or variant
if asp<Opil thes {asp .t alae .
im 1t .lp:.foﬂ"‘“:":: them a8 Tamp” suntep else aaperr(s0167);
il u‘:-::df::';n:nnz(hy' dsp.int) else
2372 " .formstag; - H
in assert ssp”. 3 i lspizasp.fetvar;
:;3 "nz:-m"“"’g""“’ \tf1dsp,+0168); lap:x
13p<Onil -
23715 ‘:"'1.:?:-_'.10‘“ thes 1spixlap”.nztver else
:33;75 begia aspislsp; gote ! esd;
2318 , -_-:
2379 : : . iaintsizesptrsize;
2380 sz:izsizeof(asp); int:aial » ingg
230 1f so>int thes intis(szeint-1) div int

swmilop_loe,int): gensp(m)
3

-d e
prosedurs aallpg(a:l busen);

begia geosp(ad; 1f set

formof(s.asp,(files])) them saperr(+0169) ead;

prossture salirr(n:lidesm);
170) alse
1f sot formof(a.ssp,(files]) them m:{:

0)
o textptr thea |-'Sw_1u. .
".‘-‘!::_lu.nunf(u.up Jiltyped);

genspin);
-d;

procedure callar(a:libanem);

PO et Fermotlactey. Cmtater]) them epperr(a0171)
L N
prosedur: B i zep,anp,1apisp);
s f';:::::zl(‘:::r:ﬁ-:rul) aad forwof(asp,{arrays,carray]) thea
"xﬂ:.'::'f; [£] !.nnn - -!‘:ﬁ;:; :
:;:::t::b:::{’:ntm;.:n; :
l‘i‘?:o‘:::::::l-pg.;:::rd;l::mr(l-p".-rplu); gonsp(a) end

1nn.n(hxtpt.r,ur;v[orq(u)l.nd); 2.poB.1vied; fa:sa;
1f lpar then

Degin 21:x1ino;
if v then expression(fayse{oolont]) elae varisble(fsys);
12:214ng;
ir ror-or(a.up.[rﬂu]) then
begin ftype:ze.asp;
ir (l.lkoﬂx.d) 4 (a.3k<>pfixed) then
begin loadaddr; znu-(nupzr,rn-rvc(pcrnu));
3tore; a.ak:spfized
ond;

fa:z, {store doesn't change a}
1f (syOcomna) ama ot 1n then error(+0154);
ead

olse
begin ir 10plwlznil then error(+0155);
if w then callw(fsys,11,12) elge callr(11,12)
-d;
while ﬂnd3(ﬂcl--.rsn.-ovi6) do with a do
Degis 11:211no;
if w then exu-uuxon(f:yao[eolon'l) else variable(fsys);
12:214no;
ir ftypelkxtptr then
if v thea culu(hy:,ll,l?) ¢lse callr(11,12)
else
begin errno:ze0157;
if v thea rorce(nm‘.rutype.crrm) else
begin store; 12::1in0 end;
genl(op ark,0); fileagdr; genap(WDw) ;
ak:zplosded; Packbit:xtrue;
if v then store lae
begia lspizasp: up:xnype‘.fxleype: rorcefup.errno):
exchange(11,12)

;-nl(::a_lrk,o): f1)eaddr;
1if v thee 8e03p(PUTY) qlae &ensp(GETX)
ond

else

Procedure Cl.llﬂp(f.’.:.o';
begin with a do begis
Par thes

1f mot 1n then rror{+0158) elpe
1f ioplwlzni) thew error(«+0159);
£ in thee

begim 1pr ftm()hnnr thes error(+0160);
senliop mri,0); f1l eaddr;
1f ¥ them Eenap(WLN) g)ay Sensp(RLX)
3

izoldle

ond;

lpar:doolean; =:1ibanes);
begin varisble(fsys); loadaddr;

1f mot formof(asp,{£11ea]) Ehew a3perr(+0161) e1se
1f (wOEFL) -d (np()hntptr) then error(+0162);

elee error{+0172)

elee error{+0173)

proc : 5 : 4p)3
edure call(fsys: sos; fip i
var lkey: standpf; lp-r:bcoi;:n.’}.lp.l: .
pa: : . : rparent];
lpar -ﬂ.n:j(lyartnl £2y3,+0174); Af lpar then fsys:=fsys+(rpa
: '

i 1) it 1 Jlpar,fi 15e
ir priind<>standard then callmonstandard(fsys,lpa p)
P

h’;nli:;’;:rt:n:..{;mlt.tcof..hbu Jfround..farctan) theo
1 wrk,0);
if‘lmke;o:; lpput..vrelnu.hbl..rut;san] then
begin if pot lpar then error{+0175);
Af lkey <= prelease theo
begin varisble(fsys
'l:‘h ezpression(fsys); force(fip”.idtype,+0176) eod;

loadaddr end

el : {0,1,2,3 respl
ite,puriteln: »1.2, .
w::xdi:;:::;::lp:r.1hy>xpvrlu.odd(ord(lhy))).

pput :
callpg(PUTX);
131
p‘:al).u(ﬁ!fl):
{ H .
”::unp( fsys 1par PAG):

oset;
wndlrr(oﬂ):

ourite!
’aurr(m)x

puew: 5
oallnd(fays  MEWX);
pdisposs:
osllnd{feys ,DIS ); 1+ o
.t 177); expression{fsys); loal:
: : tif(comma 0 H f ¢
mf:‘;x&:g(m..mm: veriable(fsys); loadsddr
calipu(PAC,asp . 15p," -2}

M‘::cl::hr-up- Bext:f camms,+0179); varisble(fsys); loadaddr;

lsp2:sasp; aextif(ocmma,+0130); sxpression(fays); load:
oallpu(UNP,18p,19p2, a8p)

puark:
oallar(8av);
prelease:
sallnr(RST);
phalt: i
begin teststandard; Hop 100.0) alse
thee gent{op_looc, .
“b:i.lz:'runo:(nn): force(intptr ,«0181) ead
goasp(HLY):
-d;
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2068 feof:
e Foggay RUTOTE Jpar EELY; 2521
25 ranp L Ap(fars Lpar ELNY; 2523
v bewis asp:edesubasp); 2525
an §5 deonintptr them gensp(ABI) elee 2526
273 §p Jbmreaiptr thew geusp(ARR) elee 2627
270 ! asprlongptr them gensp(ABL) alse asperr(+0182); 2528
75 tage: 2529
276 begla Asp:adesud(asp)s 2530
a1 12 depeint aub(asp}; 2531
2 begis :m':'(‘o:h;:v 1ntstze) 0 gg
:nn 1P asperealptr T . ze); gmO(op mul) end alse 2531
281 bagin gent(op dup,realsize); 235
28 ulﬁa(w_ﬂuy: fltused:strue 235
2 37
2 e it sorionaptr thwe 2%
genilop_dup,longatze); 39
208 loe anparr(s0iBary S H)F 4en0(op_deu) ent a0
2888 wod;
2a87 ford: 2:2’
:."’g beain 1f Mot nioescalar(desud(usp)) them ssperr(s0188): 2543
2490 -lfp--lntpcr 3 2504
i o e
a5 .
2093 fores t.::f"ﬂrptr): g:z
209 H N
2095 DoEin Lapisdesih(sap); genl(op_loc,1); 2589
249 1f afemeined De 400(0p_sib) elee gend (op_sdd); 2550
2897 ats ar{asp) them genrck(asp) else asperr(+0135) 2552
249 fodd:
2199 begis geat(op_1oo,1); geni( 22222
zses:o ftrumo: -39 77i ge01(op amd,intsize); asp:sboolptr end; 2655
1
2502 h-:.::? 1f sapOrsalptr thea aaperr(+0186); opoonvert(ri) ead; 2223_7
250 . *
2308 bagia Lf eap>realptr e asperr(+0187); 2558
2508 Jf”(ln): anp:aintptr 2559
2507 tata: Py
2508 fuo‘:”('"" 2562
2503
2510 h::»(nmn gssg
21 smsrn; 220
F4H ot 2567
13 : .,
21 n::-u(w). :;::
2515 ,
216 P irinatantd 270
z= sensplam); 27
2518 -t; 2572
B an
17 1per then nextif(rparent,+0188); 25
2576
2633
2634
2578 procedure setexpr(fuys:sos; var o:boolemn; var viinteger); 2635
boitd {leve} 2: << buildset} 236
2500 {update 13p and sz varisbles of buildset snd set o and v parmmeters} 2637
il var ain aiiateger; srraciinteger; 2638
-3 begin with s do begin a:xfalse; 2639
=03 expression{fsys); aspiadesud(ssp); 2680
28 12 aspOsil then 2681
2585
2586 if lapssil thew 2603
587 Sagin errno::0; 2688
2588 if wot bounds(ssp min max) thes 2645
2589 1f espaintpir them axx:sjopt-! else .nms-‘om; 2688
29 1f max ze-1)"bytebits o ( ) thes 2647
2591 errno: 01913 2648
3% 1 errno>0 thea begis asperr(errac); mem -d; 2629
93 s1:veven{max div bytebits » 1); lapizasp; 2650
259 od 2651
259 olse faspOnil and Lapnil} 2652
2596 1f espOlap thim asperr{+0192); 2653
2597 1f sksost Chem 2654
259 10 pos.ad<naswworddita thes 2655
2599 Degis c:strue; vispos.ad emd; 2656
2600 -t 2657
2601 17 sot ¢ tham losd 2658
2602 LK 2659
2004 degin with 2 do Pegin (Pwildeet) ;‘“"
1a . 4
2605 Iafulse; wost:e0; st:mmmxsetsize; lapiwmil; 2662
2606 for 321 te Bosw de ost £} i 2643
2607 1f £ind2([ootsy..lpsreot], fays ,+0197) then 2668
2608 repat 11:eline} 2063
2009 setexpr{foyaeloclon?, eamtal, eot f,vall1); estidssesk i 2666
0 1f flad3(0olon2, fuyss[samme Motay. . perent], «0198) thes 67
2611 Yegtn setexrgr(fsyss(ooms aetay. .1perent] o2, vai2); 283
2412 oot 12 sesk 12 wnd om2} 2469
%13 Af est2 snd mot ot T thee lead; 270
2618 1f estt amd wot sst2 them i
215 Sagin 12:21in0; genl(op_loo,vall); exchemge{11,12) emd: 2672
2616 1 w0t ast12 thes 273
2017 vagin 12::1in0; gen)(op_ark,0); exchange(11,12); 2674
%18 o 1(op_leu,01); genap(N3) 275
2619 2676
2620 - pths
a2 aAse 2678
w22 1f ot 12 thes val2:svall elsw geul(op_set s} 2679
2623 1f est 12 thwa 2%
2624 12 (val10) or (vlZ>enoswtwerddits) them error{e0195) slse 2681
2025 for f1avall to val2 do 2882
2826 bogin J:si div vordbits ¢ 1 mestismostel] 26483
€27 cstpart] §): sostpart()) « [1 med wordvits) 2684
2628 . 2685
2629 e 2686
%30 1€ varpert thie genl{op_lor.sz) ¢lse varpert:xtroe; 2687
23 wstil endofloop(feys . lnotay,.perent],cama, s0196); {+0197) Pt
R axislosded;

ond end;
{

procedurs convert(fap:ap;: 11:inte,
taps 11: ger);
(C;hn:o::.:r.:stto :lkg the operands of some operator of the ssme type
T popere ’..:: are given by fap snd a.asp. the resulting type
11 giv
' §lves the lino of the first instruction of the right operand.

var 12:integer;
b~l;n:tmltrmt:
with a do in asp:=d :
n:-ao-pnt(np?:y)'. pixdescblasp):
oass ty of
Q. subeq:
rl,,rd:

opoon:
1r, 41,1

‘bqh 12:=lino; Opconvert(ts); exchange(11,12) L H

t{compat(asp,fap)); { ri->yr ete.)

sxpandemptyset(fap);
L2 H

1a 12:21ino; ;
m:::. =lino; asp); 11,12) end;

asperr(+0189);
:

if aspzrealptr then f1t, :
o used: strue

M(Tnxmx ® buildset(fsys:sos);
8 13 a bat construot In pascal. Twe ob,
h . tions:
eXpr..expr very difficult to 1mplem o
- ent on most machines
this construct makes it hard 1o implement aets of different size

neaw =16  {tun

tYpe  wordset s met of o..:::g

var l.J.Vll!.vuz.vm:l,li.lz.u:lnbutr'
ost1, est. cat 12, varpert :bool ean: '
catpart:mrray(l..ncsw]l of wordset;
1spisp; ’

procedure enwordaet(a:wordset);
{level 2: « buildaet}

Yar b.l,w:integer;

begis

l: #:() then v:s0 else
if sx[womi) thew wis-tiSmiot
bagin wisz.l; bdratily; o
for i:avtmi~1 dowsto 0 do
bth!xh-thnv:-nb; bisb d. H
LF Meal a o then wine-tisad log imn’

3
gen1(op_loc,w)
od;

4f (nost=C) smd not varpart thea
begin asp:zemptysat; geni(op loc,0) emd
else
begla asp:znevsp{pover 51); 83p”.elset:slap:
1f ncst>0 thes
for 1:e! to sz div wordsize do genwordset{cstpart(i]);
1f varpart and (bcst>0) thes genl{op_ior.sz); .

ot
ad end;

procedure factor{fsys: sos)i
var Lip:ip: 11,1:integer; lsp:sp;
bagin with a do dagin
asp:=nil; packbil 'alse; ak:aloaded;
{f find)([notsy..nilcst,lparent], f3ys,+0198) then
case sy of
1dent:
begin 1ip:asesrchid({[konst ,vars,field,func,carrbndl); lasym;
osse 11p" .klass of
func: (call moves result to top stack}
begin call(fsys,11p): ak:zloaded; packbit::false end;
koust :
begia aspislip*.idtype:
1f nicescaler{asp) thes {including ssperil}
begin sik:zcst; pos.sd:zlip”.value end
else
begin ak:xplosded;
1tzelimo; W(Q_ln.m(u".vﬂm)):
if ssp” .formzscalar
begin load; if 11p".value<O thes negste(11) end

alae
1F sopstringts W ak:xlosted

-
field,vars:
seleotor(fays,11p,(ueed]));
Lol H
bagis lsp:slip”.1dtype: sasert formof(lsp,lcarrayl);
descreddr(lsp”.arpos); 18p:slap”.inxtypes
asp:sdesub{lsp);
if 11p° .neztenil them sk:splosded {low bound) else
bagin gent(op_loi,2%atsize); gend{op_add) ead;
loed; checkbnds{lsp);
-t {ease}
-d;
{ntast:
Dogin aspiaintpir; akizcst; pos.sd:aval] insys sod;
realost :
bagin aspisreslptr: skisplosded; gmd(op_lae,vel): insym end;
longost :
Sagin aspialongptr; ak:sploaded; w(op_ln.ul); insym end;
oharost :
bagia sapischarptr: akisost; pos.adivval; (nsys ead;
#tringost;
bagin asp:astringstruct; gend(op_lae,val); insym;

€20 7 220 s WISYd

1861 "¥3AW31d3S

9z 39vg

€2# ¥ TL¥  SHIN WISYE

1861 ‘¥3WIL43S

1T 19vg

v e c—

e AORE S




2689 1f aspOstringpir them akizplosded; 2786
2690 -d; 2787
2691 nileat: 2748
2692 bagin insys; sspianilptr; 2749
2:93 for 1:e1 to ptraize div wordsiza do genl(op_loc,0); 2750
2698 -=d;
. 2751
2695 lparent:
269 begia insya; §g§
2:;10 sxpression{fays+[rparent]); nextif(rparent,+0199) 2754
2 nd; 2755
2699 notsy:
21% begin insym; factor{fays); losd; genO(op_teq): ZZ?:
:;:; 1f aspOdoolptr then asperr(+0200) 2758
; 2159
2703 1brack:
2704 begin insym; buildset(fsys+{rdrack)); nextif(rbrack,+0201) end: 32“’
2705 -l 2762
2706 ond sod;
g 2763
2708 procedure terw(fsys:ses); g;:;
2709 var lsy:syabol; lspisp; 10,11,12:integer; first:bool, 2766
2710 bagin with a,b 40 begis first:strue; 11:zlino; 10:=11; 2767
2m factor(fsys+[starsy..andayl); 2768
2ne while find2([starsy..andsy),fays,+0202) do 2769
N3 begiu if first then begis load; first:sfalse end; 27170
2718 lay:ssy: insym; 11:=lino; lsp:=asp; 217
ans factor(fsys+{starsy..andsy]); load; convert(lsp,11); 2772
§17:_6, if aspnil thes 2773
cane 1sy of
2718 starsy: g;;;
79 1f aspzintptr theo genO{op_wul) else 2176
2720 1f aspsrealptr then gen0(op_fmu) else 2777
27121 ir alp:lon‘ptl’ then genO(op_dmu) else 2778
g‘_’,g 11;-:; .formspower then setop(op_and) else asperr(+0203): 2179
slashay:
2724 1f aspsrealptr tbem genO(op fdv) else
g;g: 1f (asp=intptr) or (asprlongptr) thes 5;:;
bagin 13p:casp;
2727 oonvert(realptr,11); {make real of right operand} :Z,:i
;7:: aonv:n(hp.ll): {make real of left operand} 2785
gen0(op_fav)
2730 -t - 2786
213 else aaperr(+0208); 37,31
2732 divay: 2789
2733 if asp=intptr thew genO(op_div) else 2790
g;; £f aspelongptr then genO(op_ddv) elee asperr(+0205); 2191
axdey:
2736 bagia 12:alino; genl(op_mrk,0); exchange(10,12); Z:g
2137 1f sspeintpir thes geaap(MDI) else 2794
227733: 1€ aspslongpir them gensp(MIL) else asperr(+0206); 2795
-
279
2780 ads;
2781 1f aspeboolptr thes setop(op_md) else asperr(+0207}; g;g
:’_;:2 T' {oase 2799
3 and {snile}
e : 2800
205;
285
2001 2859
802
2203 O iperealptr thwn geod(op_mf) else ' %1
% IF aspelongptr then gend{op_cwd) else gend(op_owi)s §:§
206 POLBLer: ey} or (lsyanesy) thes gen0(op_cmp) alse 2064
2007 1 et (s0216) 2865
rr H
= - =
2810 aase 18y of toplop_omu)i
equy nesy: 3¢ 521713
a8 May.groy: asperr(B2172 . 2869
2812 lesy: {'acab’ squivalent to *a-0=11') 2870
Z’lli begin setop(op_oom); setoplop_snd)i 2an
zz:| gon1(op_loc 003 expandemptyset{eap)} 2872
a1 setop(op_caudi lay:sewsy ikt
nd;
07 Y ey taxdea'} 875
: » ivalent to 'asl . 287"
2818 '"‘h‘.:’:',m:‘(‘"uwﬂ.,,m gon 1 (op_dup,2%827: 2876
2819 IU'(W_"‘-‘"“ sevoplop_ior): 2877
;g"’ setop(op_omu); lsy:seqsy ggg
oad 2880
2o oud; {ousel 831
2628 .".”é 1ng{asp) thes gm
e Rty  atino; geni{op ark,0)i exchange(11,13)% 2883
;g: goa ) (op_leo,asp” 81247} geosp(BCP) %
d
gg: alse aaperr(»0218) ;‘:
proid records: appert(s0219); 208
2631 files: asperr(+0220) 2009
282 ont; { ossal 2690
2813 enge 12y of 2m
P nay: gendlop tatd: e
2638 lesy: geablop_tiel: posed
3% gtay: gedlop_tet)s Py
2031 gesy: gend(op_tee); sy
238 oesy: gend(op_tae): pries
9 ony: genbiop_teq) priod
‘a0 ool
201 - 2899
:::33 boolptr: akislosded wm
1
! 2903
284 {
qure tonan 108)i forwerds 29038
i:“: e “;g?”mu:ﬂ'doelrut;on can be avolded} z’"m
19083 BY 4 298
1 sasigmment(faysisosi fid
::3 mﬁr: 11,12:4ntegers 22::
A TN s
:g: h’ slino; sslector (fayss (beacwes). £17 Lasatgmdd)s 12: x1in0d g:;
255 1 naxtif(becomss,+0221); (1a.08p, <0222}
E- sression(fays); lostoheap; checiasp 1a-88p, i

procedure simplecxpression{fsys:sos);
var lay:syabol; lsp:sp; l1:integer; signed,min.first:boolean;
begin with a do begin 11:s1ino; first:strue;
signed:z(syzplussy) or (sysminsy); ';
if signed then bagin min:zayzminsy; inayn end elae min:=falae; %3
ters(fsys + [minsy,plussy,orsyl): 1sp:=desub(asp); ;
1f signed then -~
1f (lspO>intptr) and (lapC>realptr) and (1lsp<>longptr) them x
asperr (+0208) T
alae if min then (54
begln load; firat:=false; asp:zlsp: negate(11) eod:
while 1nd2([plussy,minsy orayl,fays,+0209) do ]
begis if first then begin load; first:=false eod; ~
lsy:=sy; losym; li:zlino; lsp:izasp: [
tern(fsyss{minsy,plussy,orsyl); load; convert{lsp,11); -
if asp<>nil thea ﬁ
zase lsy of
pluasy:
1f asp=intptr them genO(op_add) else
if asp=realptr then genG{op_ fad) else
1f aspzlongptr then gead{op_dad) else
1f asp”.forms=power then setop(op_ior) else asperr(+0210);
minsy:
if asp=intptr them genO{op_sub) elas
1f aspzrealptr then genO(op _fsb) else 4
if asp=longptr them genO(op_dsb) elae o
1r asp”.formspower thes -
begln setop(op_com), setop(op_sd) end g
elae asparr(+0211); g
aray: kad
if aspzboolptr thes setop(op_for) else asperr(+0212)%
end {case} >
ond (wnile} =
ad eod;
procedure expression; { fays:sos }
vor 1sy:symbol: lsp:sp; 11,12,13,sz2iinteger;
begio with a do begin 11:=1ino;
simpleexpreasion(fays+{aqsy..insyl};
1t rinda2({eqsy..insy),fsys,+0213) then
begin 13y:z3y; inaym; lapizasp; lomécheap; 12:slino;
sispleexpression(fays); loadcheap:
1f lzy=inay then
begin
1f wot formof(asp,[power]) then asperr(+0213) elae
if aspremptyset them setop(op_smd) alae
{this effectively replaces the word on top Lhe -
stack by the result of the 'in' operator; : se } 2
£f mot (oompat(lsp,asp”.elset) <z subeq) them m
asperr(+0215) ~
» »
begis exchange(11,12); setop(op_inn) wad
-ud
wlae
begis coovert(lap,12);
. e e e T AR
=la; el
p.[urrny:..rccordl]) then stors else
1n losdeddr;
b‘;f 1a.23p" . forslroarray thea ~
‘.,|(g,_u..nvm(umr(u.up))) =
- . H o
d:.u gent(op_urk,0); descreddr{la.asp .arpos); gensp(ASL)i =
gan0{op_bls =
aod; =
-d; »
od
kY]
edure gotostatement; . I
mw o syroctured stateweots cao give strange results. } >
1sbel 1:
var 11p:1p; lbpibp; diffiinteger: ~
begin o w
10 syl>intost thes error(+0223) else
begin 11p:=eearchlad(b. lebatn,val)i
£ 11p<Onil then .
it ﬁp‘.ntn then gen1{op_brb,11p”.lebnwme)
eloe genilop_bef,11p" .1abnmme)
else .
Degln 1bp:sb.nextbp; aiffi=13
while 15pCOnil do . .
begin 11p: saearchi sb(1bp’ 1chatn,val}: b]
17 11p<>n1) thea goto 1i R =
-:?p:rup‘.nnwp: diffrzaiffels s
1 of 1lpeai) then errist(s0224,val) alse &
degin . <
11p~.18bd1be0 thew . )
uu‘;- dlbmo:sdlboort; 11p°.1ebd1b:edlbno; ) ‘..;
..d(p_m.dlbno); {forvard dets reference >
ond; - . i
Vop_mrk dif0); gend(op_lee,11p7.1abd10): sonsp(GTO);
'
ingym;
-t
ud;
procedurs oomposndstatesemt(fsys:sos; orr:integer):
repeat statensot(fays+({ssmicolon)
wmtil sndofioopl ’l’!.(b.lﬂly..clul!‘v.‘M1°ﬂ"rr)
omd; by
itstatementireys :s08); 3
var 1b1,1b2:10teger; m
begia with b do begia ) 2
upmto-(r-y»[muy.uusy])-

foroe{ ool ptr ,#0225); 11bno:vildnoets 1b1:eflbmos ;-ﬂ(op_-nq.lb!)'.
pextif(thensy,«0226); lhu--nt(hynhhun):

nd3 {ad: rays,+0227) thes .
“b‘:nailb:':!ilbzl: 2 =f1bnot gent(op_brf 162):

R
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s e

2012 genilb(1b1); statement(fays); geallb(1b2) 2969
2915 alse genilb(1b1); 2970
2916 and end; 29Mm
2918 procedure casestates. s08): 2973
2919 et ent(fsys:sos); 2978 =
2920  type cip=“caseinfo, 2975 k4
2521 caseinfosrecord 2976 11bno:=1lbnoe1; 1b1:=11bno; genilb(1b1); =
2@2 next: oip; 2977 compound statement(fsys+[untilsy], +0238); ({+0239} -
2923 csstart: Integer; 2078 nextif{untilsy,+0240); genlin; )
2528 oslab: Lnteger 2979 expreasion(fsys); force(boolptr,+0241); x
2925 - 2980 11bno:=1lbnos1; genO(op_teq): gen(op_zeq.ilbno); @
2926 var lsp:sp; hesd.p.q.ricip; 2981 gen(op_brb,161); genilB(11bno) = ' -
2527 10.11,12,1,n,8,min,8ax : integer ; 2982 end end; ~
ggg begin with b do begin 2088 ™~
expresaton(fays+[ofsy,semicolon,ident.,. . . . . proosdure whileatatement(fays:sos); ~
2930 1f mot numu'(‘e:mup” m-::“:l::gl():a;zs:;'ui:s?. :;m. . 2985  var 1b1,1b2: integer; 4 »
2931 Lbaoteilbnout; 10:s1lbno; gent(op bred0y: —Lmp to 37D 2986 begin with b do begin =
2932 11boo:=11bnost; 11:=1lbno; = 2987 11bno:silbnos2; 1b1:=ilbno-17 genflb(1p1): 162:=1lbmo:
23: nextif(ofsy,+0229); hesd:snil; max:zainint: afn:cmazint; n:=0; 2988 genlin; expression(fsys+[dosyl); '
29§s 11bnoteilbnosts 12:2110mo;  (1sbel of ourrent cese} i Zzggg force{boolptr,«02k2); genl(op_zeq,1b2);
" repest 1::ostinteger(fsyss{comma,colonl,semfcolon),1ap,+0230); nextif(dosy,+0283); statementlfsys):
293 If 1>maz then max:zi; 4f {<min thew min:si: nisnel; : 2991 gen1(op_brb,1b1); genilb(1b2)
2937 q:zhesd; rixnil; new(p); ¢ nimeld 2992 end end;
g;g while qOnil do 2090
begin (chain all cases in ancendin procedure forstatement(f3ys:sos):
g::"’ 1f q*.calab>at thes g order} 2995 (the upper bowd i3 evalusted once aad stored in 3 teaporary Jocel] a
ol begia If 9 .calabs! thea error(+0231); goto 1 end; 2997 var 11p:1p; dap,lsp:sp; tosym,cst?,cst2, local :boolean; 3
o risq; qieq”.next 99 vali,val2,endlab,looplab,oldle,ll¢c,1ad: integer m
29.2 X Kl 2998 begin with a.b do begin =
2045 1: pt.nextizqi pt.cslabizi; pt.castart:il?; §g9°90 lsp:anil; lad:=0; tosym:strue; local:slevel<>1; oldlcizle: o
s 12 ranfl then hesd:zp else r~.next:sp; 11bno:eilbnos1; looplab:=ilbno; 11bnoizilbnos1; endlab:=zilbno; N
pios wmtil endofloop(fays+[colon?,semicolon], 3001 1f sy<>ident them error(+0253) else —
it ractt Foatons, L0 PLUSST L comma. £232); (402331 Yoo - Lipizsearchid(lvaral)s Losym: 2
colon : N 1x R B : -~ .
A et floslon), 20 30); genilb(12); statement(fayse[semicolonl); 001 1P ddtupes 1adieltpT vos.ads -
22:; :-:;mtl:::;:-uolon(fln.[Mcnt..pluny!.-ozls); {40236 +0237} 3006 -rlfc(vrl'(.ﬂ‘;;z;w“ headlc) or (11p°.vpos.ivCOlevel)) then
1xdlbnoet; : 3007 alse 1ip°. sxlap* .
351 A0 (am die 30 -t i 3y ¢ N e Pe T CTROOS) gmesk (1) 300 ol 157401 UB” ) g Lumed sanadgoaa);
223; begis geoost(ain); gencat(aax-mia); 3:?: 1f mot nicescalar(desub(1sp)) them begim error(+0246); lsp:=nil eed;
s n:2op_caa; ;OI nextif{becomes,«0287); dap:zdesub(lsp}: assert sizeof{dsp)swordsize;
Jcad shile hesdOnil do 1; expression(fays+[tosy,downtosy notsy. .lparent dosyl); '
2058 ¥ cstlizakecst; 1f cat] thea vall:=pos.sd; force(dsp,+0248);
2538 vhile bead.colabdnin do ot if mot cst them genl(op_dup,intsize); ! '
290 begia gencst(-1); win:sminel end; s 1t findi{(tosy downtosy],fays+[notsy. .lparent dosy], +0249) them
2961 gemclb{head” .costart); min:=mine); bead:zhead”.next begla tosym:zsyrtosy; insym emd;
962 -t -d; - ;81'2 expression(fayse(dosyl);
2963 ey 3018 S#t2:eakcont: 17 cst2 them val2:=pos.adi foroe(dsp,«0250); P4
m begin gencet(n); w:sop_osb; e begis llo:sreserve(intsize); ~
fierd While headOnil do 3020 gen1(op_dup,1otsize); genl(op_stl,llec); z
258 beatn g (ead” cslm); oot v - S
- : . - e
pied] QS lbthend” cantart); basd:chend” est 3023 then
28 if tosyn thes genl(op_bgt,endlad) else gent(op blt,endlsb):
3025 goni(op_loc,vall) 3081 1f 11p".seen then errint(+0259,val) else 11p" .seeniztrue;
3026 -d 3082 genilb(11p~.labname)
3027 olse 3083 end;
3028 dagin 11bno:=ilbnoel; 3084 insym; nextif{oolonil,+0260);
3029 If tosys thes genl(op ble,il1bno) else genl(op_bge.ilbmo); 3085 ond; >
3030 gen1(op_beg,-intsize); gon1(op_brf,endlsb}; genilb(11bno) 3086 1P find2([1dent ,beginsy..casesyl,rsys ,+0261) thes I3
3031 3 = 3087 begin 1f giveline thes if syOuhilesy then genlin; >
3032 assert eqstruct(a.asp,dsp); 3088 1¢ sysident tban -
3033 aheoidnds(1sp); pop(local 1ad,intsize); genilb{looplab); 308% Af td="assert ' thea =
3034 nextif(dosy,+«0251); statement(fsys); 3090 begin inaym; assertion(fsys) end =
303% push(local ,lad ,intsize}; 300 olos L
3036 1f 0at2 them gent(op_loc,val2) else genil{op lol.lia); 3082 begin 11p:zsesrchid{{vars,field,func,procl); insymi -
3037 genl{op_beq.endlad); push(local,1sd,intsize); genll{op_loc,1): 3093 1f 11p” klasszproc them call(fsys,lip) ~
3038 1f tosym them genO(op_add} else gend(op_sud); - 3094 else assigmment(fays,lip) ~N
3039 a.amp:xdsp; checkbnds{lap); pop(local lad intsize): 3095 ed L]
3040 gon 3 (op_brd,looplab); genilb{endlab); 3096 alse -
30m1 le:soldle 3097 begin 1ay:=sy; insym; a
3042 ond ond; 3098 oase lay of
3099 beginsy:
3048 procedure withstatement(fsys:sos); 3100 begin compoundstatemant(fsys,+0262); {+02631
3005  var lnp,oldtopinp; oldle:integer; pbitiboolesn; no nextif{endsy,+026%)
30%  begin with b do begin 3102 end:
0T oldlg:=le; 0ldtol : 3103 gotoay:
3088 repest variadble{ o [comms,dosy])s 3108 gotostatement |
3089 if mot formof{a.asp,lrecords]) thea asperr(+0252) else 3105 ifsy:
3050 begin poit:aspeck im sp”.aflag; 3t06 ifstatement{fays); 14
3051 new(1lnp,wrec); lnp".ocour:swrec; 1np~.fneme:za.asp” .faLl1d; 3107 casesy: -
3052 1f a.akOfized them 3108 Degin caseststement(fsys): nextif(endsy,0265) end: -
3053 begin loadaddr; inita(allptr Jreservelptrsize)); store; 3108 whilesy: =
3054 3110 whilestatement{fsys); -
3055 -d; 3 repeatsy: Fed
3056 peckbittapbit; Inp*.wa:sa; lup”.nllnk:stop; top:=lnpi ez repeststatement{fays);
3057 nd; 313 forsy: >
3058 watil endofloop(fayss{dosy),(1dent],camms,+0253); (+0258} 3118 forstatement(fsys); ®
3059 sextifidosy,+0255); statement{fsys): s withay: -
3060 top:saldtop; lo:soldle; 3116 withststewsnt(fsys):
3061 -d; g -
3118 i
3063 ¢ 3 ne -d
3068 testatandard; 3120 esd;
3065 1t optl'a'Juoff them
3066 while ot (sy in fsys) ée lnswm na2 }
3067 lse
3068 begia gentlop mrk,0); expressionlfsys); Perce(boolptr,+0256); 3128 procedwrs Sody(fuys:sos; fip:ip);
3069 gee1{op_loo,e.0orig)s senap(ASS); 325 var {,52,1etdlb,nemdlb,1nid1b:integer; 1lp:lp}
3070 3126 bagin with b o begin namdlb: 0}
307t esd; 3127 (produoe PO}
3128 gmpnm(ps_yro,fip); gencst{fip”.besdlc): ©
073 procedure statement; {fsys: sos} n2y gooast{ord(fip” .prpos.Lvcs1)); >
3078 var 1ipitp; l1pilp; layisymbol: 3130 {initisiite files} 1
3075 begin 313t 1f levele! thes {body for wain} -
3076 sssert {labelsy..cssesy,sndsy) = f3ys; 3132 bagim dlbno:sdlbnoel; tnldlb:edlboo; gend(ps_fwa,101d1b); -
3017 sssert (ident,intost) * fays » (13 3 Son1(op_ark,0); gend(op_lse dlboo)i geni(op_lee,0); genap(INI);
3078 Af find2([1intost], fays+[ident), +0257) then 3 -d; e
3079 bagis 11p:ssesrchlsb(d.lchain,val); 3135 trace('procentr' ,f1p,namdld);
3080 Af 11peatl thes errint(+0258,val) slse 3136 dlbno:sdlbroet; letdlb:adlboo;
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gend(pe_fuc,letdlb); gend .
3138 (the body itselr) semdlop bep. letale); 3193 argvl1l.ad:xad; -
;:23 lamax:sle; ourrprocisfip; 3100 reviil.ad:ead: lopltruel”.vpos.ad:zad
oampoundst . :
312 x-:um:f::?i:ﬁ:’;‘;ffﬁ;: :oozsn ;::z 1f fop{false]lnil thes
31e2 trace(’ ’ ‘ne 3 lalign lomax) begin ad::zaddress(lc,fhsizesbuffsize false);
procezit’ f1p,namdlb) 3197 [ Sfalse);
3 (mderiond or globdl 1dele) ' 3198 argv0l.ad:=ad; ioplfalse]l”.vpos.ad:zad
11p:=lchain; 3199 .
3188 while 11p<>nil do 3200 if_ ress(1c.0,fal5e) >0 then genl(ps_hol,lc); (align lc}
3146 begin {f mot 1lp~.seen . 3201 f~'r°¢p .headlc; level:s?
3147 b 11p 1epd1bco0 thes errint(+0258,11p".1sbval); 3202 ‘;:-nh;urnu; are also extern for the main body}
g::g begia gendlb(11p”.1abd1d}; genpnam(pe_rom.f1p); 3203 1 romz't’n&%"i:i;".':i:%;%;?‘”ﬁ’ do pfdeclaration!fays):
3150 m::u:np ;labname); goocst{lomaz)? gemend; 3208 extif(beglnzy,+0277)5 i lforw proc not specified}
ftted ottats doam’s wrk 1f losal generators are sround) gg: body(fayss(casesy, endsyl, £1p);
3152 11prallp”.nertlp 3207 _"‘".::f(-d-v.‘ozn):
3153 -d; ' 3
3158 {define BUG
3158 gond(ps lt:‘::dlb)‘ encst (1 - e )
3156 (finish and close !’ﬂ’u} oot {lemar-01p” headle); 321
3157 treevalk(top”.fname) ; P12 procedure programe( f3ys:sos);
3158 if levels) them ' foitd ;:;%d&n.udo\n.:boolem: pip:
3% begin gendld(inidlb
): geni{ps_oo : 3214 nextif( .
360 for 1: _oon argos1); progsy,+0279); nextif(ident,0280);
3161 or 1120 o wrgo do vith argr(1) do 2 :';:3<19-r-nt.rsysolmxcoxenl..ozat))um'
3162 :
363 -:r (ad3-1) snd (1>1) then errid(s0269,neme) ?2:; repeat
3168 ond; A 1if 3y<>ident then error(+0282) else
3165 mend; sentlop ark,0); genilop_loc,0); gensp(ALT) 2 begin stdin:stdsinpat  ': stdoutizids'outpst i
3166 olse 3221 if stdin or stdout thea :
e begla 322 begtn p:enewip(vars,id,textptr,ail);
;::: 1f £1p”.k1a850 fime 22330 eloe 223 enterid(p); loplatdout}:=p;
begin ’ 3228
3170 3 . else
LTS Pl = % wpscaets o
372 sziaev fp .4 begin argcizargeel;
3172 - =even(sizeof (fip~.1dtype)); push(local ,fip”.pfpoa.ad,sz); ﬁg;’ -.-gv[.-u],,,-,..,“.. argviarge].ad:s-1
I att (o ret a0 gend(pe_smd): 3229 neym
ol o
232 uatil endofloop(fsyselrparent, samicolon]
nm 3233 [sdent],comma,~0283);  (+0284)
10 prosst ’ 2 et erroroet)
H o : : N
3181 v "=1:=:i::' {forvard declared} g;g mmr(mnt..ozas):“u maxaee sadi
3182 begta vith b do j
BB TS o o B ki o
t : ys,progp);
3185 :;';;:';3:::;":-:.ea:z;“.u-y.p-rml * toys = 1 T "p‘.’:“'l'Jo"" "
» » 1 " .
8% 10 f1nd3(constay foye. 0272) them bdd-!r:-mo-(nn?. 20 "r"“ :::f"'.-,!-lulihﬁ). gwncst(e.orig); genend sad;
k1l 14 12 Pind3(typesy,foys ,+02' them constdefinition{fsys); a2 pected:strue; nextif(pariod,+0288);
38 16 Cind ey iy zir) thee vere ettt ey o
31 if ipprogp thes thes vardeclaretion(feya); 3200 pil
1 degla provsdure com) B
g': 1f lop{truslOutl i:: var lays:sos; *
s thes
3R : begin lays::{progsy.labelsy..withsyl;
dagin ad:spddress(lc,fhyizesbuffasze falne); 3;:: repeat sofespected:afalse: rl;
®ain:=find2([progay, Label sy, beginsy. .withsy],lays,+0289);
28 1¢ wain thes programue(lsys) else with b do 1 /% ocllection of options, selected by including or excluding 'defines’ L7
3250 begla
3251 1f find3(constsy,13ya,+0290) thea oonstdefinition{lsys); 3 /% select only one of the following: s . .
252 bt e ﬂM}(tmly.l.n,o&ﬂ) *heo typodeﬂnntol(un): L) 0' define YT 1 /. Unix version Z ./
3253 i £ind3 (varsy,1sys ,+0292) thes verdeclaration(lsys)i 5 "y define V6 1 ;. 3:.11 veraion H { atrt Listing ¥
3251 p‘(u_rol.mrou(ln.o.rlln)): lo:=l; level:sli y ] Vol define YPLUS 1 nix version 6 plus ng
5 while find2((procsy,n 1sys,+0293) do pfdeclaration! 1sys);
ggé -d; * Crocey, fmony). 18y 3 o 2l 8 /% select only one of the following: A4
3257 arror(+0294)% 9 L] define C7 1 /: vors:on ‘g g—eapiier :;
8 watil false: { the 13 the halt 1 tln on eof } 1] /% ¢  define C6 1 /% version 6 C—compiler
§§9 H s omly vy ot 12 " ner o 1" AN define K6 1 /% pomething between C6 and cT ¥
2t ! ﬁ :u«r define INT_OMLY 1
efive i
3263 begin (main body of peompiler} 15 #endif
3264 rewrite(errors);
3265 inttl; dnit2; initd; initk; 1 2ifnder BOOT . , .
3266 {a11 this initializing must be independent of opts} :: ,‘ ‘ :c;in: ::0:::5_" ; ;. gf?'.‘.d:,:’.(:;";oﬁ:ﬁ’ﬁﬁx‘fﬁ?t /
3267 reset(wal); 1f mot cof(emi) them O lona(false); efin: i
3263 rewite ‘); vriu(-!.uAGICI.W.H:'éICHIGI): 20 Ld define SFLOAT 1 /% tor single precision floats L7
3269  #ifdef GETREQUIRED 21 fendif
70 (inpr) s
33211 hn.::r it 23 /* Version nusber of the BNl cbject code */
27 1f eof(input) then gen0{pa_sof) else 28 L define VERSION 2 /7% 16 bits mumber */
3273 bagin nextch; insym:
3278 handleopts; linitislize all opt dependent sturt)
32‘7!56 oomplle
32 -d;
3277 #ifaer STANDARD
3278 9999: 3
3279 Semdif
3280 ond. {poompiler}
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] #define ap_funes 1
2 #detine 35 omnen 1%
! 9 57 Hdeti
H #define sp_fpseu 150 . 58 Hefine orore 11 N3 fdefine op 3y
5 foefine sp npseu 30 . 59 taerine ooont 10 M sdetine opTiee 14 15y Aderine op ¢
6 o fine -fi150 120 60 #aetine opcas 29 Ne #efing oping 7 170 ddefine op et 129
efine ap_nilbo 60 61 #dery e 1 #define op~ 171 #deti N
7 Mefine sp_festo 0 62 ne op odi 21 117 op_loc 76 17 ne op zos 131
p_: #define #define op7], 2 ¥defin
5. taarine poesto 2 8 e S e Mermesmiinm T s ol 1S 5
_11b1 280 e o Hdefine op " - =
10 #detine sp 1162 209 & saaries it A 120 sgerine o108 1T daerine D8 130 a
12 beerine bt 20 66 bdefine or—ste o 121 Mdefing opies 81 176 fdefine opais 132 z
Be sp_dlb2 24 67 1 - 122 #def: - 7 # o
n {etine sp_tnem s 8 Tastine crmt 2 123 sderine orion 2 178 daatine obere 13 g
15 Foattng oo 245 4 #define op"amy 29 :5; fdefine op 15s 81 19 #define op ar1 135 b
16 Fdeting P_:::n ::: ;? #define op emp 30 156 ::.rnn. op_mod 85 180 fdefine ap_lunes 139
17 #define sy cor 24 #define op ms 31 127 efine op mon 86 = x
b 8 2 #define op cm fdefine op mri g7 ~
19 “:;::: op_csta 249 73 fderine opoon 3 128 tdefine op s g -
20 erine spieen ooy I daetine opeea 30 Yo Jderine opary 8 Y
21 - 'define op efine op mul
#define sp cend 255 ;_7 #define o:':: 332 :g :“""‘ °::l" ;? &
23 #define pa bas 1 #define op aad 37 define op neg 92
_bss 150 78 K > 133 gger: -
g; ::mn- pa_con 15 79 l::;::: ::'::: gg 134 n:n‘:: ::‘::f 32
2% Haatine re=ef 103 8 #detine opgee 10 13 jderine o5 ag g5
2; fderine pe exc .2.3 4 :::g:ne op del 81 137 :::; :ﬂe op_pab 96
2 44 v ne op diy 42 ne op rek 97
29 M,‘g": :.:: 155 83 #define op g 43 ;;g #deftne op res gp
30 #de 'ine ps_fwc ol o #define op_amy a4 146 ¥define op res 99 o
3 e ne Po w157 8 Fdefine op am 45 ' #define op 100 m
32 Harine ba-py 158 b #define op_aup 16 :,2' #define op_ro1 101 3
33 #deting o ton 1o o $define op gus a7 a3 fdefine op_ror 102 P
3 fdefine ps”inc 161 89 racrine op_azg 48 1% gqerine oplree 103 £
35 #define ps_let 162 % ddefine op rad 49 135 M’”"' op_sa1 104 =
36 #define ps_wes 163 o yaetine op_fdv 50 136 paerine op aar 105
7 #de = ¢ 0p_fef 51 e Op sas 106 -
38 “.g:: :_j:-o :6! 3 #define op fir 52 ::;’ #define op_sge 107 £
39 #define sp 1 o :2 fdefine op fuy 53 148 #define op sar 108 -
P_lpsey 165 2 ::-:mc op_fab 54 150 :::;‘:M op_sdl 109
b #define o efine op nit 55 ne op ses 110
p_amr 1 9 = 15 -
2 fdefine op sas 2 o ::';m op_ine 56 152 ::*“ne op_set 111
a3 #define op add 3 % lefine op_ine 57 193 ; efine op sn] 112
e ddefine op adi 4 9 #define op 1n] 58 150 define op snr 113
as #define op md 5 HA #define op tnn 59 158 #define op_sig 11a
45 #define op ans 6 ' #define op_ins 60 136 #define op ste 115
a7 #3efine op beg 7 ,‘" #define op tor 61 157 #define op gtr 11
8 #define op ) 12 faefine op_1os 62 158 fdefine op ety 117
ay tdetine o:..::: : “0“3 fdefine op leb 63 125 Aderine op st 11
50 #define op_bge 10 108 #define op_lae 64 180 'dtﬂ.n- op_stp 119
51 #define op bet 1 106 sonrine op la 65 161 define op str 120
52 Sdefine opbie 13 1oy faefine opTiar 66 16 fdefine opsts 12y -
53 Mefine op tis 13 108 #define op lar 67 163 $deline op suy 122 >
2 #define op bis 12 100 paerine op_1a 68 16 fderine opteq 123 2
#define op op_lde 69 ne op_tge 124
56 Mon:: ::‘:: :z ::? #define op_lar 70 ::2 #define op gy 125 b
X " #define op 141 71 16 fdefine op tie 126
#define op lex 72 . 6;’ ::Cfxno op_tit 127
efine op_tne 128
e i tian oo T R -

CHANORNEDN -

won-standerd feature used
identifier '$a' declared twice
end of file eacountered

bad line directive
wasigned resl: digit of fraction expected
unsigned real: digit of exponent sxpected
wosigned real: too mamy digits (>T2)
unsigned integer: too mamy digits (>72)
wnsigned lotsger: overflow (>32767)
string ooastant: must not exceed one line
string oonstant: st least one character expected
string oonstant: doudble quotes not allowed (see o option)
string constant: too long (>72 chars)
comment: ';' seen (statements skipped?)
bad character
identifier '$s' mot declared
location counter overflow: arrays too big
arraysize too big
variable '33' never used
varisble '$a never assigned
the files contained in '$s’ ars not closed sutomatically
oconstant expected
constant: only integers and reals say be signed
constant: owt of bounda
simple typs expscted
enumerated type: slement identifier expected

subrange type: type of lower and upper bound incompatible
subrenge type: lower bound excesds upper bound
array type: '’ aupected
conformamt array: low beund identifier expectad
conformat array: '..' e
conformemt erray: high bound fdentifier sspeated
conformant array: ':' expected
conforemt erray: isdex type identifier expeoted
erray type: index type mot bounded
array type: index ssperator or ']’ expscted
array type: index separator espected
array type: '}’ expected
array type: 'of’ expected
record variamt part: tag type idemtifier expscted
record varisnt part: tag type identifier expectad
record variant part: type must de dounded
record varisat part: ‘of' expected
record varispt: type of case label end tag incompetidle
record varisat: multiple defined case lsbel
record verfast: ',* or ':' expected
record variant: ',' expected
record varisnt: *:' expected
record varisat: ‘(' expected
record variant: ')' expected
record variant pert: ';’ or end of variant list eapsoted

57 record varisnt part: ';' expected
58 record variant part: end of varisnt list expected
59 record variant part: there must be s variant for each tag valuve
60 field 1ist: record section expected
61 record section: fisld identifier expectad >
62 record section: ', or ':' expected a
63 record section: ',' expected g
(13 record section: ':' expected -
65 fleld 1liat: ;' or end of record section list expected =
66 fleld 1ist ! expected =
67 field list: end of record section 1ist expected ©
68 type expected
69 type: simple and pointer type may not be packed ~
70 pointer type: type identifier expected ~
ke pointer type: type ident{fler expected »
T2 record type: 'end' expected -
73 aet type: 'of' expected ~
™ set of integer: the i option dictates the number of bits (default 16) Al
5 set type: base type not bounded
76 set type: toc many elements in set (see i option)
77 file type: 'of' expected
78 file type: files within files not allowed
79 var parameter: type identifier or conformant array expected
80 var parsmeter: type identifier expected
8 label declaration: unsigned integer expected
82 label declaration: label '51i' multiple declared o
83 label declaration ' or ';' expectad m
I label declaration: '.' expected =2
85 expected =
86 const declaration: constant identifier expscted =
87 expected =
38 H cted M
89 const declaration: copstsnt identifter or 'type', 'var', 'procedure’, 'fumction' or =
90 type decleration: type identifier sxpected el
L] type declerstion: '=' expscted -
92 type declarstion: ';' expected
93 type declarstion: type ideatifier or "var', 'procedure’, ‘function' or 'begin' expect
99 ver declarstion: ver identifier expected
95
96
97
98
99 var declarstion: var ideatifier or 'procedure’, 'function' or 'begin' expected
100 permmeter 1ist: 'var','procedure’,’function’ or identifier expected
108 parametar 11st: parameter identifier expected
102 parsmeter 1ist: ',' or *:' sxpected
103 parametar 1ist: ',' sxpected
108 parameter list: ':' expected
105 parsmeter 1ist: t tdentifier expected ;
10€ parsmeter List: *;' or ')’ expected H
=
W

107 parameter list: ':' expected
108 proc/func declaration: proc/func tdentifier expected
proo/func declarstion: previous declaration of ‘Sa' wes not forward
110 proc/func declaration: parameter 1ist expected

" parameterlist: x5 pected

12 func declarstion: ':' expected




func declaration:

sult type identifier expected

169 put/get: file variable expected
1na func declaration: result type must be scalar, subrange or pointer 170 reset/rewrite: file variable expected
115 proc/func declaration: ';' expected m wark/release: pointer variable expected
16 proc/func declaration: dlock or directive expected 172 pack/unpack: array types are incompatible
17 proc/func decluration: '$3' again forward declared 173 pack/unpack: only for arrays -
1s proc/func declaratfon: 'Sa’ winown directive 7 call: '(' or end of call expected =
19 proc/func decleration: ';' ex 175 standard proc/func: parameter 1ist expected &
120 indexed variedle: '{' only sllowed following array variables 176 standard proc/func: parameter type incompatible with speciffcation r)'
121 indexed variable: index type not compatible with declaration :;g '»: "D"::: . =
122 indexed variable or ')' expected expec o
123 indexed variable: ',' expectad 179 exrpected z
124 assigment: standard function not allowed as destination 180 »! expected 2
125 s3sigrment: cannot stare the function result 18 halt: integer expected »
126 assigmment: formal perameter function not allowed az destination 182 #ba: Integer or real expected N
127 asgigmment: function identiffer may not be de-~referenced 183 3qr: {nteger or real expected
128 veriable: '[?, ‘.7, '*' or end of variable expected 184 ord: type must be scalar or subrange, but not real -
129 indexed varfable: '}' expectad 185 pred/suce: type must be scalar or subrange, but not real :5
130 fleld designator: fleld identifier expscted 186 trunc: real argument required w
:; field designstor: '.' only allowed following record variables :gg N;“d',;f‘l argument required
fleld designator: no field '$s' in this record call: expacted
133 *“¢ ot allowed following zero-terminated strings 189 expression: left and right operand are incompatible
130 **" only allowed following pointer or file varisbles 1% set: base type must be bounded or of type integer
135 varisble: ver or field identifisr expected 191 set: base type upper bound exceeds maximum set element number (255)
136 rray parsmetar not conformable 192 set: incompatible elements
:g;l type of actual and formal variable parsmeter not similar :33 “:‘ :]"‘" E}S'ﬂf]}“‘ expected
packed elements not allowed as variable parmmeter 3¢ or expecved
:iz type of actual and formal value parameter not compatible :: ": "1'-‘“?)"'0 not fit {see 1 option) @
proc/func identifier expected set: '.' or expected =
14 standard proc/func may not be used as parameter 197 expected E
::i parameter lists of actusl and formal proc/func fncompatible :: factor l’ﬁehﬂ =
or ')' expected expected
l:l too many actual perssetera supplied 230 type of factor must be boolean r
A5 ')* expactad 20 expected -
186 call: too few actual psrameters supplisd 202 term: multiplying operater or end of term expected g
147 read(1n): type must be integer, char or real 203 terw ' only defined for integers, reals and sets -
148 writa(1n): type must e integer, char, real, string or boolean 204 term: /' only define¢ for integers and reals
1;3 write(ln): ', ' ' or ')' expected 2 ters: 'div’ only defined for integers
1 write(ln): field width must be integer ters: 'mod’ only defined for integers
15t write(ln}: *:', *,' or ')’ expected 207 term: 'and' ouly defined for booleans
%2 writa(ln): precision must be integer 208 simple expression: only integers and reals may be signad
153 write(1n): preciafon may only be speciliad for reals 209 siaple sxpression: adding operator or and of simple expression expected
158 resd/urite: too few sctual perameters supplied 210 simple expression: '+' only defined for integers, reals and sets
155 resd/write: stendard ‘input/output not mentioned in program hesding 21 simple expression: ‘' only defined for integers, reals and sets
156 resd/write: '," or '}’ expected 212 simple expreazion: ‘or' only defined for booleans
::z n:;w:u: type of perameter not the same os that of the file elements ::3 oxpm:on: re:atiou:‘:prmr or eod of expresaion expected
Tead/write: parametar list expected expression: set expec!
159 readln/writeln: standard Input/owpA wot mentionsd in program heading 215 expression: left opersnd of 'in' not campatible with base type of right opersad
160 resdla/uritela: only allowd on text files 216 wpression: coly ‘s’ wnd 'O* allowed ou poisters
10 wof/eoln/page: file variable expected 17 apression: '<' and "' mot allowed om aets ®
192 eola/puge: taxt file varisble expected 218 expression: comparison of arrays only allowed for strings o
%3 aaf/eoln/page; standard iapuk/output not meationed in program heading 219 wpression: comparisos of records not ailowed m
:: new/diaposs: poiater variable expected g? exfression: oomperison of files not sllowed o
oew/disposs: C-type sirings aot sllowsd here assignment: ':z' expected
186 am/dispose: ',' or ')’ expeoted 222 astigmeant: left and right hamd aide incampatible
1®Y mew/dispose: tos meny actusl persmeters supplisd 23 wto : wasigned iateger
164 mew/dispose: type of tagfield valus {s incompatible with declaration L3 #oto statemant: label '$1° mot declared
tad
: file ideatifier 1ist expac
281 proprm ::t‘;: | File 1dentifier expected
¢ sxproasion west be boolean §g ook +or ') axpeoted s -
2% 1f statement: typs o ' expected aments exoeeded (12 »
o ¢ axpec! 28 mber of file orgs ©
o 1f staveweot: ‘then tatement expected oximus B a
] i statement: 'else’ or esd of i‘: b or subrange, but not resl 285 1 axpected =
Th ot st e kb B M e -
o s : x:cup-tnh aase 1abel 288 program: f.' expec , ne 5
2% case statement: f1aed case 1sbel ‘grograa’ expected . odure’ or 'function' expec &
statesent: sultiple de 289 LA T teype’, ‘var', 'proc . ced
231 case “: t: 1, or ':' expeoted 29% module: 'oonst’. ype', ocedure’ or 'function’ eIpec
2R cas satesetl o pected 291 module: 'type’. TVAT'. (BRECENC tion espected 2
533 i ved 222 woduler (v e function® expected N
or tend' eKpes! module: 'procedure -
2 T R S 2
axpec! ~
23 ' ..-“'\mtu' wpeotad e
:: ' expected
until' expected
A TiRet statesent: type of exprassion ettt pr
:u wnile statament: typa' of c:muiun wus!
t: 'do’ expe
23 ::l:t.::::: sontrol verisble “mwmo-l
2% for sustesemt: oontrol Z';:".::;:’:::wrmh but oot real "
atement: type mus ™
28 o e vemmt: 'a! expeoted | viiue and ontral vartasle incospetible )
288 for ""“"‘:’. '2',:'- :: "::::o"ﬂﬂ'"" 1sble incompetible 2
4 B vememt: type of fioal valus aad oostrol vAF E
140" expected kel
2% arisble sxpected
252 with statemsut: record \Iv“' pidb -
253 expeated -
258 et eapected -
2 aseriion: type of expressicn must be booless
257 statement expeoted
258 1wal 'Si' wt deslered
258 1sbe) 31’ wiiple defined
260 statemmmt: 'i' expeoted
26t ualaeled :.:‘-u-: !.?:,“‘...- apectod
262 cmpound e d
" po
::2 ecugound stateect: 'esd’ c'::ﬂ-'ﬂ
265 oese statament: ‘wnd' axped
266 boty: i) or d expected
0t axpeo
M N e bostared, b o detined o
ogrm parameter ‘58' 00 2
:g’ﬂ 'f:-ft.su Ite' never assigoed - , s -
m Slock: declaration or'bﬁg! 05”'. ure’, 'fusstion' ar ‘begin sxpes -
n woak: ' . -',yr : r .y tion' or 'begin' expeoted ~
. tewrt, prosed : ’.. " in' expeoted
13 1 peoosdure!, ‘fusotion’ or 'beg
E3l T funotion’ or ‘begin’ expected
A atiafind forward rve/fme daslaretion(s)
un,
:;1. Toagin' aspeoted
27 bloek .m.!“::‘w-' poted
T U eaing: prosrsm ddmtifier expeotst
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TREEPRINT - A Package to Print Trees 4
on any Character Printer One of the major features of TREEPRINT ia {ts ability to span ;
Pages. A tree that is too wide to fit on one page is printed out in 2 ’
¥ed Freed “stripes® which sre taped together edge-to-edge after printing. In 2 :
Kevin Caroszo addition trees may optionally be printed either upside-down or & ;
Ha .t:c;dbzp;{u.nt revaraed fron Serstorelon k [1} :
Y Mu oilege The method used by TREEPRINT is detalled In Vaucher's wor . ™
Claremont, Calif. 91711 In its [ ent l:ple-enntlon additional support for N-ary 5
structures has been added, as well as full connecting-arc printing
and the reversal features. Basically, T’R!EPRI:‘I‘ ‘1“1“ the I:};u; =
analogous structure o ts own whic r~
One of the problems facing a programmer who deals with complex ::::a-::‘: i::';::i::on:nof -:.:3 node. The new structure is linked oo
linked data structures f{n Pascal is the inability to display such a along the left edge and across the page from left-to-right. Once
strocture in a graphical form. Usuelly it is too much to ask a th:lg structure 13 completed, TREEPRINT walks the new structures and 3
jystem debugging tool to even understand records and pointe let rints it out in order. Once printout is finished, the generated
alone display a structure ng them in the way it would appear in a :tructurl is DISPOSE'd of.
goeod textbook. Likewi very f operating systems have & package
of routines to display structures automatically. Pagcal haz a two minor problems in TREEPRINT currently. The
tremendous advantiage over many languages in its ability to support Hrltm::. :;:tonzyltruc:u:: v:ich contains circular loops will hang
definable types and structures. If the environment is incapable of the routine. This could be detected in the POSITION phase of
dealing with thess festures, they bacome far less useful. TREEPRINT by checking each new node against all of its ancestors.
in a non-Pascal application, this might fail due to
This lack became apparent to us in the process of writing an :::;‘1'::; ‘fnu.::.p:xinso polnnu.PP 1f thl; check is neceasary we .,
algedbraic expression parser which produced internal N-ary tr it be impl in the LOWERNODE procedure passed to ™M
Thers was no way at the t under our operating ey debugger TREEZPRINT TM: rocedure at least understands the type of pointer =
{VAX/VME) to get at the 4 structure we were generating. When the it 1s aoaiin vlthp ;‘
routines produced an incorrect tree we had no way of finding the 9 * =
specific error. second problea is ture of the POSITION routine which 53
b a ce“‘p ve sons. This tends to make the trees *
ce n abo:
Our frustration led to the development of TREEPRINT. Starting generated wider than ne ry. This is largely a matter of taste 3
o
=

algorithe of Jean Vaucher [1), we designed a
general-purpose tosl cepable ef displaying sny N-ary tree on any
character output device. The tress are displayed in a p1 t
visual form and in the manner in which they would appear if & by
hand. We feel that TREEPRINT {8 of general use -- hence its
Presentation here.

The structure of TREEPRINT is that of an independant collection
of subroutines that any program can call, Unfortunately standard
Pascal does not support this form, while our Pascal environment
L] Bowever, bullding TREEPRINT directly into a program should

ons.
present no difficulty.

TREEPRINT requires no knowledge of the formst of the dats
structure it is printing. It M ven been used to print a tabular
linked structure within a FORTRAN programl In order to allow this,
two procedures are passed in the cell te TREERPRINT. One is used to
“walk® the tree, the other to print identifying labels for & given
aode. ~Other parametsrs 4re values such as the size of the nodes,
the width of the page, etc. One of the advantages of this calling
mechanisa 16 that a single veraion of TREEPRINT can be used to
display wildly different structur ¢« sven when they are within the

same program.

with the

==~ some minor changes would remove this.

The listing of TREEPRINT which follows should serve to document
the aethod of calling the routine, The functions of the

user-supplied procedures are alsc detailed,
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moduls TREZEPRINT (input,output);

TREEPRINT - A routine to print N-ary tr
printer. This routine ta as input an arbitrary N-ary tree,
some interface routine. and assorted printer parameters and
writes a pictorifal representation of that tree tc a file. The
tree is nicely formattad and is divided into vertical stripes
that can be taped together after printing. Options axist to
print the tree backwards or upside down if desired.

e8 on any character

The algorithm for TREEPRINT originally appearsd in *Pretty-
printing of Trees®, by Jean G. Vaucher, Software-Practice and
Experience, Vol. 10, 553-561 (1980). The algorithm used here
has baen modified to support N-ary tree structures and to have
more sophisticated printer format control. Aside from a coemon
method of constructing an ancillary data structure and some
variable names, they are now very dissimiliar.

TREEPRINT was written by Ned Freed and Kevin Carosso,
5-Peb~81. It may be freely distributed, copied and modified
provided th this note and the above reference are included.

TREEPRINT may Dot be distributed for any fee other than cost
of duplication.

INPUT - The call to TREEPRIRY is:
TREEPRINT (TREE,TREEPILE,PAGESIZE,VERTKEYLENGTH,
HORIKEYLENGTH, PRINTKEY, LOWERNODE)

whers the para

ters are:

TREE - The root of the tree to be printed. The nodes of
the tree are of arbitrary type, as TREEPRINT
does hot read them {tself but calls procedure
LOWERNODE to do so. In a modular enviroment
this should present no problems. If TREEPRINT
is to be inatalled directly in a program TREE
will have to ba changed to agree in type with
the actual tree's nodes.
- A file varisble of type text. The tree is
written into this file.
- The size of the page On output represented
as an integer count of the number of available
columns. The maximum page size is 512. Any size
greater than 512 will be changed to 512.
LOWERNMODE - A user procedure TREEPRINT calls to walk
the user’'s tree. The format for the call is
described below along with the functions

TREEFILE
PAGESIZE

98

HORIKEYLENGTH - The number of characters in a single
1ine of a description printed by PRINTKEY. This
must be a constant. If negative the absolute
value of BORIKEYLENGTHE 15 used and the whole
tree is Inverted from left to right.

CALLS TO USER PROCEDURES - The calls to user-supplied procedures
have the following format and function:

PRINTKEY (LINENUMBER,LINELENGTH,NODE)

LINENUMBER - The line of the node description to print.
This varies from 1 to VERTKEYLENGTH. Since TREEPRINT
operates oh a line-at-a-time basis, PRINTKEZY must be
able to break up the output in a similiar fashion.

LINELENGTH - The length of the line. PRINTKEY must
output this many characters to TREEFILE - no more, no
less.

NODE - The node of the user's tree to derive information
from.

4
will have N of them.

NODE -~ The node of the user's tree to derive the
information froa.

LOMERNODE, on return should equal NIL If that node does
not exist, NODE if the SONNUMBER is Illegal, and
ctherwise a valid sub-node. Note that circular
structures will hang treeprint thoroughly. The condition
that LOWERNODE returns NODE when N {8 exceeded must be
strictly adhered to, as TREEPRINT uses this to know
where to stop. LOWERNODE is used to hide the interface
between TREEPRINT and the user's tree sc that no format
details of the tree need be resident {n TREEPRINT.

LOWERNODE (NODE, SONNUMBER)
BER - The b to return. A general N-ary tree

QUTPUT - All output is directed to TREEFILE. There are no error
conditions or messages,

99 (* The declaration of the user's node type. If type checking is &

100 problem this should be changed to match the type for the actual
101 nodes in & tree. ¢}

102

103 ¢t

104

105

106 procedure treeprint (t
107

nodeptr = “finteger;

ree : nodeptr; var treefile : text;
pagesize, vertkeylength, horikeylength :

1861 “Y3qWILdIS

€TH T LU SAIN WISVY

108 integer; procedure printkey; function )
LOWERMODE must perform. 109 lowernode : nodeptr}; ®
PRINTXSY - A user procedure TREEPRINT calls to print 110 @
out # single 1ine of s keyword description of 111 type
some node in the user’'s tree. The deacription 12 - s
may be multi-line and of any width. The call 13 reflink = “link;
format descr ", 114 link = record
is described below,
VERTERYLENCTE - The number of lines of a description 118 next : reflink;
printed by PRINTERY. This must be a constant 116 pnode : nodeptr;
over all nod If VERTRKEYLENGTH is negative, 117 pos : integer;
its absclute value is used as the key length and 118 lstem : boolean;
the whole tree is inverted on the vertical axis. 119 ustem : boolean;
s
that is connected
auxilfary date structure left to
180 :ont:::c.t:‘;:" along the edge and :01'1':1“’:'52‘;:.1 tres
endy 181 B ghto In sddition, it stores seme
11:23 connections for sT¢ printing.
refhead = “bead; 183 s
head = ncor:." s rethesd; 185 var stover, nodecount @ integer: a
over, la >
firat : reflink; 186 Iu“;r : nodeptrs =
end; }:; L, left, right ; reflink; =
boolean;
189 needright 3 =
harp : integer; 0 . &
tion, minposition, width, v, € teger 19 s position %) {1legal nodes. *)
pri et T b.qxnpodil;:éh'"gg‘;:;;;‘ﬁ.gqt: S hieger s 191 begin L POt than (* Be defensive sbout 11143 -
temle . o nil 4
pagewidth, P, i, 3. 8 193 position t
dloop : booleany 1ae tree. *} -
;l;n. le‘ckod array [1..512) of chary !i:; ;"‘n (* Create a new node in our -
L, oldL xl"“u:kln t refhead; 196 "“1{'1.“ 1w Ly ke
lines s on
lines, slines, H, 197 f.?.pnod- 1 Ny
procedure cout (¢ : char)i 199; L~ ustes = :ulur
in the line buffer at the if B = nil the bhas been reached. (3]
« c:::oglz.:!.x:r:c:::r;::::ien. The pgin:-:h:“::,fn;: o 0 bagin (8 pev line
¢© flec .
by this action to re 202 - t = nil;
incremented by 205 :'_:::t it
204
beqin (¥ Cout ¢} o5 ond @
charp 1= charP * 1s 20 else it posttion it cenflicting. ®) &
1inefcharpl 3= €} begin_ ( pe 4 P-]
* Cout *) 207 L-.next v B .flrsts n m
end; 208 e B .tirst” .pos ¢ pos * 2 gbo i
209 o8 1= B .first .pos - 2i
procedure cdump) { 210 PO e
that have sccumuleted in endy
(¢ Coump duaps all °h":::::uu are omitted amnd no ﬂ; »-.tirst = Li —
butfer. ¥o t 1= Of ]
the line DOC ded. ) 213 nodscount 1 - 3
cr-1f 1a appe 214 ::or.;- t: Count the nuaber of lover nodes. *}
in (* cdusp *) charp 8o ns Pulover 1+ lowernode (M:998C}l 1))y then
beg 1f charp > 0 then for charp 1= 1 to 216 1t {(niower <> W} and (Mlowe '
write (tresfile,linelchsrPl)s 217 nodecorit 1+ nodecount ¢ 12
charp 1% 07 'ﬁ: over 1= ovel + 1§
¢ Ccdump *) until Wlower =
N igg it “d.“m-;; . .::.'!\.o\nr nodes, loop to position. ¢
* ore
procsdure etrie harscters that have accumulated in ;:g b“h'.;uu = t;:’l t -1
s all charscte 1= nodecount -
(+ Ceria duap tfer with traill spaces removed. A 224 lastover T overs
the line bu: the 1ine. ) s nodscount
T L S e e ] Ry seions.
drigl lower Pos N
227 ne . ursively evaluste -
Mi:m{: ‘(::;::p')) 0y and_(linelcharp) = * ') do 228 I.P.::p‘:t "(i 7ind one :n;z is non-nil. *} E
-1 229 ecount > 0 then
£ ;:"’;; i:::’lor Lmn 1= 1 to charp do 230 1t n::o'n 1= lowernode (N, nodecount) H4
! cutg:- (treetile,linefcharpidy 2;; s .
2 - By
rp 1= 03 Nlower -
CM‘:ln (tresfile)s 233 nedecount v nedecount i
! 234
end; (* Ctrim *) integer) 218 until Mlowsr <> :ui
ntege if Mlower <> W then
deptry ver 8 1 refhead; pos !
function posttion sur:i’;‘:nlg ! ;;"7 bq“;o(t - pos + over))
3 n (Nlower, B .next, 8
sive function that positions all the g” position (
« ”'u“: ‘; .tr:c.u:n the print page. In doing so, it
nodes of the tr

P
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1z heedright then
begin

right 1w left,
Needright :m false;
nd

®lse left*.ustem := true;
over := over + 2,
end;
until (over > lestover) or {nodecount ¢= 0};

POs := (left*.pog + right” .pos) div 2
end

else
L .1sten := false;
lf Pos > maxposition then maxposition := pos
else
if pos ¢ =inposition then minpos{tion ;= Pos;
L .pos = pos;
end; (* {f § = pf) )
end; (* Position *)

begin (* Tresprint =)

(* Initialize various variables. *)

lines := py1;
ainposition :s 0;
Baxposition 1= 0;
charp := o,

(* Do various widen and length calculations. )

1f pagesize > 512 then Pagesize := 513,

width := abs (horlhyltnqth) + 4;

Stemlength := abs {vertk, length) + 1;
vertnodelength :a 3 » abs (vtrtkoylong:h) + 45
if (width mod 2) = 0 then width := wideh + 1;
Pagewidth :m Pagesize diy width;

(* Construct our data structure and compute positions. *)
0ldL :a position (tut,llnu,o);

(% 1f the horizontal reverse option g selected, reverse
every node on every line of the data structure. It is
also Recessary to switch 2Tound the states of the USTEN
flags that tell who connects above a given node. *)

if horiklyl.nqth < 0 then
begin

B := )ines;
while B ¢ nil do
begin
B .C1ir8t".pos := »axposition -
B.firet".pos + »inposition;
ir B . first . usten then
begin
Bo.first" . usten := false;
nd endloop i true;

else

repeat (* Pind 2 node on current strip, *)
endloop 1= t:;.'.::bcn
i 0}‘:"0;:;:.”- < startposition th-r.\
begin (* Reject this node, *)
0ldL := oldL".next;
andloop := false;
end;
until endloop;
odelength do
;::i: "('ll.::pv;::nc.cb :glnt line in a node. *)
L 1= oldL; Leion
tpos 1
:h;;o.?;r<P:tlrtpollﬂon + pagewldth) and
11) do
bogh:" :: :cn:: for nodes we need to draw. *)

ition. *)
* pound node at current pos
b.thlf :S <= stemlength) then

begin {* Draw upper stem part of node, *)

for ¥ = 1 to (width div 2) do
out (' ')y .

if (7vortkcy1¢ngth < 0) snd L .;nto-)
ot {{vertkeylsngth >= 0) II;I.‘
(B <> slines)) then cout ( )

t (')
:t:.vc‘:‘-’ 1 to (width aiv 2) do

eout (* ');
end

i taod length then
length -~ 1) < stealeng
;:'{;"(’ D:l:ngmr atem part of nods. *)

for w = ] to (width div 2) do
[t

i ({vertkeylength >= 0) and 'l;;.ll:u)

theylength ¢ 0) »
?: g':glMZ) ).’.:Mn cout ('*')
t (' ')y
;::c'eo’: 1 to {width div 2) do
ecout (' ')y
ond
slse
it (1 >= stemlength + 2)
1 th * 2) then
.;;; ‘:";::n:n:edo identifier. *)
cout ('*'),
cout {* ')y
:ﬁ:t;ny (i - steslength - 1,

abs (horikeylength), L“.pnode);

cout (' ')y
cout ('*'),
ond
.1”!" % 1= 1 te width do cout ('*'),
L 1= L*.next;

ond
llll!" w 1= 1 to width do cout (' '),
p 1= P l;

endloop :w false;
L :e nf},
while B".first".next ¢ nil do
begin
!“Jlr.t‘.noxt'.pol = maxposftion -
!“.Hut“.noxt‘.po. + minposition;
if ’u‘.ﬂut‘.n-n“.unn then
n

if not endloop then

begin
B".firse”.next* . ustem := false;
endloop :w true;

end;

else
if endlcop then
begin

B‘.Hut“.nut‘bultn i= true;
endloop := false;

end;
oldL :e 8. first".next;
B . Eirst”.next := L;
L 1= B firse;
B".Eirat t= ol4L;
end;
B*.first" .next :e L
8 1= g°.next;

(* If the vertical reverse option i{s se
entire trae on the v tical axis by tllpp!ng all the
head nodes along th edge. Arc reversal is handled in
the actual arc generation routines. They w{ll scan the
Previous line of infe instead of the current one, #)

lected, reverse the

slines := lines;

if vertkeylength < o then
begin
B := nil;
while linea".next <> ni do
begin

D i= iines*.next;
lines*.next ;= H;
H := lines;
lines := p;

end;

lines®.next := n;

end;

(* Break up entire width inte Pages and loop over each, )

startposition ;w minposi tion;

while startposition ¢= maxposition do
begin

Page (treefile);

B o= lines;

while B <> nfl go

begin (¢ Loop over al} lines Possible. )
oldL := H*.firgt;

ond;
ctrim;
end; (* for )

*
{* Belect the proper line to obtain arc info from. %)

it vertkeylength >= 0 then
in
beI 1€ B%.next <> nfl
then L :» H" .next”,.first
sise L 1= nil;
d
:?u L := B  first;

p t= startposition;

while (p < startposition + pagewidth) and (L <> nil) do

in .
endposition := L .}zol,
bnglnpoutionh:- L®.pos;
. then .
1 LII‘:T;:“(L‘.nut <> nil) and L°.ustem do
begin
*9 L := L .next; .
endposition := L*.pos;

end;
L = L".next; . eviaen)
ition < startposition pag:
i ::?::t‘::;cutlon >= startposition) t?cn
begin (¢ Pound en arc v; -hguld drav, *)
< inpostition do
::;}: I’(' :;geo over to proper poflflon. *)
for w 1= 1 to width do cout (* ')y

Pi=p+ 1y

ond;
tion = endposition then
:’?:gh(\r:;:':o“ one hode directly bc!ov: :)
for w 1= 1 to (width aiv 2).40 cout (* ')y
if ¥ © slines then cout('*’)
)
;::.vﬂx“-“l( to ;vidth div 2) do cout (* '),
pi=p+ ]y
end
;:;:n {* Normal multi-segment arc, then, ¢)
if p = beginposition tl o
begin (* Bagin with a half segment,
for w 1 1 to (width div 2) do
t (' ')
for :N:- ((\vldth div 2) to width~1 do
cout ('#1))
Pi=p + 1
end;
< endposition) and
vhite :: < ln::pocltlon + pagevidth) ge
bagin (* Connect to the end seg . s. )
for v 1= 1 to width do cout ( R
. piepe ]y
Y h then
tposition + pagewidt|
;:qfn( :E.ll;r:: and segment of the arc. *)
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480
o for w := (wig
i . i ((‘.')th div 2) ¢o width-1 do
P Or w = ] ¢
i cout 11 ?“(vidth div 2) do
- P i=pa+,;
péd end;
s end;
i end;
prod end;
4 ctrim;
491 .
o (% We have now finished an entire line of tree, »
::i B i= B*.next; -
o e¢d; (* while BOnil »)
496 *
:97 (* Start up on a new Page of material, »)
98 startposi
i . Position := startposition +
359 nd; (¢ while startposition < nxpo:;gl.::‘:d:?'
501 {* All out
20 PUt is finighed., It
sog e atructere o) i now time to close out our extra
504 while lne,
204 begin 110 ;°<) nil do

llect a 1
g:g :M’; 152 ".nut:ln. of stuff and dispose. *)

e lines”.fir
H st <
sg: begin (* kj13 o r\ode.n:)1 de
HH L= llnu“.tint“.nnt;
B ;l:-poft (lines".tiree),
e and; nes”.first :ar;
:}‘3 dispose (lines);
lines := &,

518 end;
516
5
SH end; (¢ Treeprint *)

S19 .
ot4 end (* Of module TREEPRINT *)

**************************

(2 trst ARRAT [1.. sanlength) OF treept

82 [ L])

(2] neveharsets ARRAY l[alphadet] OF nevchars
(1} stacky newchars

(3]

[ 3
67 PROCEDURE get.char;
L3

1

*»” sEGIn

70 REPEAT AUN.IN_CARrS v num.in.chars + 1) qet{in_tilie)
71 UNTIL eof(in.file) OR (ord(in.file*) <> 0)

17 END tGET.ONARY)

73

74
75 PROCEDURE fill_tallys
76 {Scan the file the £1rst time and get 2 character count on

77 which to aske the nev Huffaan character set,}

kil
79 FAR
0 counts integery
13
02 seGIn }
L L] reset(in.tile}’ . Lo
" FOR count 3= mincher IO 127 DO
" ¥ITH tallylcount} DO .
”n SEGIN smarked ts false; nuR.of iz 0 END}
.7 IF NOT eof{in.file)
” THEN
9 BECIN
”° get.chars
” WHILE NOT eof(in.tile) DO
”? sEGIN
”” 1Ir ord{in.file®) < minchar THEW
bé) sgeIN
” eriteln{tty, °Bad character in Inputi<C®, ord(
*% in.ti1e°))2
” <OT0 1)
e £003 .
” tallyterd(in.£11e")], nun ot te tallylordtin.eile)
10¢ 1. nus.ot ¢ 33
108 get.chers
102 (11
10} o
104 ZuD (FILL.TALLT) S
108
196
107 PROCEDURE exchange(YAR x, ¥i Integer)s
108
109 VAR
110 tesp: integers
1
112 BEGIN  temp 32 X} [ IRL AN £} ¥ te temp Eud (EACHANGE))
113
114

118 PROCEDURE sake.nev.charsy
tMaxe the Huffaan characters based on the character freauéncies

117 of the tile,)

"y YAR
120 tempt treept:

T

1
2 {
3
‘. ¥ritten py; Toa Sione
S ":'LIS. 1990
3 at Lenigh unjye
? Bethlenen, pa ,';,u"
: o0 8 DEC Systea 20 =
9 (€} Copyrignt >
10 gnt 1980 4
11 The autnor gra S
Nts persgssy
12 ¢ on to
hH his comaent ns, copy for foneprotit Use, broviding =
14 ) b
15 PROGRAM
16 ¢ colprul(ln-tlh, out.file); :.’
1': v'ru::“ Progras takes a yext file ana g
19 f11e c.n"::":.:‘t‘:::;ﬂt:oz Savings lv:::;:';o:qu."::"d :
20 *“pgo orsa) ug M ¢ Compres:
29 ) oAb ing the sister orogram caireg ' 0 O
22
23 Lasel
24 133
23
;: consTt
=inchar = {Thi
29 tgnored, 1 $ 18 the ordinay of the s»
29 e ¢ 1.¢. in thls cese on) Allest character not to
30 depth x 64 i10ls should e 2ovn, wharas fanered.); ]
31 T charace ¢ number 2
B tamienaet x el T 00 00 QUL TR, e oot 3
33 oit.s 677 =
3 ize = 3¢ tXuader o¢ bits per machine » ;
33 rree ordiy <
3‘; st = 0., 1y >
out_word = papk il
% alonavet » u,c,c::,""“l',;'l-- bit_size) or by, =
.
© neYChar = l::o:z .
4 rgtns o,, saxdeptn;
.2 nChar: PACKED ARRAY [
43 treept » t:::t fre maxdevens or bi
:; tree = RECORD
s Jund tntesers
¢ Tignes ¢t
:: ENno; reept
49 van .
M nes.in_chers
51 087 integers | oCt-YOTds: integer;
:1 d: out_wordy >
s: ln:!lh: texty -
outatile: r
ss tallrs ARRAT ¢ qongoUt=vOrds :
s6 alphavet} of mecorp
21 masoes Toeeeee’
nte
:z trees: Recomp £Noy aer
tonuss 0,, maxiengen;
- R Ay - -
1 pest, pos2, count: integery
122 done, trl, tr2: vooleang
123
124
128 PROCEDURE jround{t: treept; vali integer);
126 (Ground the character tree vith NiL‘s) >
127 @
128 BEGIN >
129 4ITH t* 0D -
130 BEGLN left 3im NILj right t= ¥ILy sue t» val END =
131 END {GROUND) 3 =
132 @
133 -
134 PROCEDNRE Get.2.mInB(VAR posl, Pos2: intejers VAR tri, tr2: ~
135 voolean}) ~
136 (Find the two characters of character trees vith the seallest -
137 frequencies.) -
3 S
VAR
count, minl, min2: integer;
BEGIN {GET_2.MINS)
eint 3= eaxinty uin2 = maxint;
FOR count i= sinchar TO 127 OO
wiTH tallvicount) DN
1F NOT sarked
THEN P
IF num_of < min2 ]
THEN =
IF aum_st < ainy F
rHEN =
sECIN g
sin2 t= aini’ tr2 s tri;
2082 t® posl)  Dosi 3 county s
tri gs falses minl ts nue.of =
END
ELsSE
L1144}
pos? 1= counts tr2 is false;
#in2 1% nua.of
50y
FOR count ts 1 YO trees. t.num ON
12000 4 s, trslcount]) * DO
< win?
IFf sum < mint
THES
seGIn
N2 1= winl;  Lr2 1% tri;  pos?2 i= posil
POS1 = counts  tri 1w traer mint 1= sua >
~
sg
secin &
ain2 3= sum} tr2 te truey Dos2 t® count
cupy
IF %OT trl  THEV tallvicosi). sarked ts truej
IF WOT tr2  PHEN tally(pes2). marked t= true

END {GET.2.9INS})

?

R AR

R




::; a:a:n IMAKE_NEW_CHARS }
183 nr:::;:; tunue 1= 0g 261
length te jengt
194 etz 242 ngth ¢ 13 ncharllength) s» oy
185 r ""'::;‘::;" pos2, try, tr2); 243 ::':"""(”":- riqht)s  ncharilengthl ts 17
146 HEN 244 £nd XU-ChAr(tpt™. left);  length i= length = |
187 WITH trees DO 243 ELSE newchars
] . -
1oe nEGTe , 246 D INEXT_CRRRS, I TPETe suml ik stack
19 IF Pos2 < posi  THEN exchangel [+ =
130 new(tean); d andelpost, pos?)h e sEGIn ¢ 2
teaps, sum 1x trsip - - IN {get.nev.char.set) o
193 Tenple deet gx tretpesyy, *on T traeos2) 2, sumy ™ END et onearnoth B2 01 next.cher(trees. trsfil) a
194 z:::.".:i:::“:' !::loos?)l trsipost] ix tesps 252 wchar_set); =
195 - 253 =
FOR ¢
344 tr:?::u;:)p::zg:(:(:-;::: ®u 234 (SRICEDURE put_woradit nit)s <
anit t
xl:: ELSE ::; 0 the output buffer vord and print when full,) E
IF NOT tr1 AND BEGIN
;:‘l’ THENW ¥oT tra 258 POS 1= pos + 17  wAlpos) 1z 13 g
4] WITH trees DO ::: 14 bt bitosize THEN E
sEGIN I
203 261
tonum za ¢ Ruw,out_ words ta pul
204 ~NuR ¢ 12 nev(trs{t. 262 . num_out_vords + 1; Iy
208 ®ITH tra(tonum) ~ DO ftanum1); 202 O t-EIET 11 ¥ putcout stie) o8 1% 0
206 ““:" 264 END (PUT_WORD} Y
207 ":“::o::uvtnosn. nus_of + tally(pos2]. 265
208 206
209 new(lett); new(rightls 267 PRICEDURE ¢
lushy
210 ground(lett, posi);  ground(rignt 268 (Print out th
211 e O ht, pos2) 269 e final word, preceded by its length.} @
HH euse B emo z
SEDUR
M nr:ﬂ;::,, o0 4 EDURE convert(i: integer; VAR wi out-vordls =
218 2713 v m
IF tr2 e AR o
::: n"u“p):u N exchanae(post, pos2); ;;: eon: RECORD N
tesp” - CASE bool =
218 + SUM = trs{po ean OF
219 toapa=ofs Postl . suw + tailriposzi, ns Lroet (41 integer) (Noter 1t Ls assumes thst g
220 Lesor. JEft 1e crslostis new(temor, right)s 278 ; fulba;toer takep up eractly one vord.hs
g; eno? eRD . Tight, POs2):  tralposl) = tesp ;79 enp; wdi outdword)
done 1z trye; o !
223 21 b
22¢ '°la:::n:'r;°:xn::n 10 127 no 262 BEGIN con. 3 1= 17 v yx con, wd END (COMVERT);
228 THPIL done A¥D (traen. somon coyntr BeTKed 44 ‘
226 END (MAKEMEW.CHARS); H e SEGIN {rLush)
3 IF pos <>
228 2906 THER ° f
444 J:g‘:‘zz:%:::.m-.nu_”(, ;:;’ seGIN
Ban charact nuRLout .
333 forrs 8o a5 o nake o etsing cagiep ) tree fora and (nto array 44 Bationteiiey [T MuR-out_mords ¢ 1y out_file* is w4y
. 20 (2]
233 29 FLSE R
POS 1% Dit.sizey >
234 PROCEDURE 292 i &
238 i neXtchartpt: treept)s 293 atoeiesliof by nus-out.rords 4 15 convert(pos, wd)s b
238 secre 294 END (FLUSH; pat(eut.tile) 4
i A i
239 wITH st 297 erocEOURE
ack bo vrite_ integerci: 1
20 SEGIN ;:: {(Print an intezer »ft oy blt.;‘“””'
300 VAR
301 powa2t tntegery 301
302 362 PROCEDURE printostatss
30l BEGIR 363 (Print the number percentage of pages saved, Note: The DEC~20
304 pow.2 :s maxdeptn} 364 stores files by units of pages which are 512 words each.)
308 REPEAT 365
308 pot.vord(1 DIV pow.2); 1 tx 1 = (1 DIV pow.2) * pown2s 366 -
307 pov.2 3= pow.2 DIV 2 367 FUNCTION pages(i: integer): integers b
308 UNTIL pow_2 * O Ise &>
309 END (WRITE_INTEGER) 369 BEGIN -
310 370 IF 1 MOD 512 = 0 THEW pages i= t DIV 512 =
11 3 €LSE pages t= § DIV 812 ¢ § o
312 PROCEDURE P\It-ﬂ.'_chll‘(vkﬂ cht newchar)/ 3712 END (PAGES): 173
313 (Print a Hutfman character,) 3713
24 374 b
s VAR 378 BEGIN (PRINISTATS) N
EI) countt integery 376 Aum.in_chars ss nus.in.chars DIV 27 P
3ty mn IF num.in.chars NOD 5 = O
319 BEGIN 378 THEN nus.in-chars i® num_in_chars OIV § I
s NITH ch 00 379 ELSE nUR_IN.CASES 1% nus.in.chars DIV 5 ¢ 1g w
320 PFOR count ¢x 1 TO length DO 380 eriteln(tty, ‘Tnere has been a °, ((pages(nus_in.chars) = pages
32 BEGIN pn!--ord(nchl!tccun!l) END E1 3] {nuR_out . vords)) / Plvtl(nul-lh.‘h.l’l)) * J003 23 1,
22 END (PUT.NEW.CHAR}} 382 *% saving on your file,’)
323 . 383 END (PRINT_STATS}}
378 ive
328 PROCEOURE inft.out? 385
326 (Print the generated Huffsan character set into the beginning ot 346 BEGIN (MAIN}
327 the file. so that °RECALL™ can restore the tile.} W writsinttty, P
328 3ue *Yersfon 2.02 of Compress®)s m
329 VAR 399 pos i3 01 nus.in.chars 1x 03 nus.outvords 33 03 =
330 1, 11 iategery 390 writela(tty, °‘Scanning.’)’ £ll1.tallyr ';
o 39 writeln(tty, °Calculating,’)s saxe_nev.chars? =
332 BEGIN 92 getuner_Char.set; eriteln(tty, ‘Compressing,’)’ translate? =
L] rewrite(outofile)) 39 printstats: i3t M
134 FOR 1 t® sincher 10 127 DO 3194 END (MAIND, —
335 LGN b3
336 writeainteger{newch ti{il, lengthl}r b
37 put.nev.char (nevcharset(l])
330 (1)
338 TND {INIT_OUTI)
340
341
342 PROCEDURE translate;
343 (Scan the flle & second tise, only change froa the standard .
344 character set to the new one,}
s
340 SEGIN
347 1nit_out; reset(in_tile);
F1i) 1F ¥OT sof(in.file)
e tHER
3%0 sEc1S ®
1 IF ord(in.tile*) = 0  THEN get.char? I
382 WHILE #OT eot{in.file) DO ~
382 BECIN b
354 putnew.charinevcharsetiord(in.tile®)})y
338 setochars
56 1]
337 tlush
(1] (3] .
399 END {TRANBLATE)}
»o
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1
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3 #ritten oy:
e’ s ! vor f;?n:uo b sccIn
at tent nev(branch)s  brench* ¥

| : ekt TR B St (UMD Ml e e

on 2 DEC & get(in.tile)s 1in - ’ :

? M vstem 20 66 Rarodos 15 trues v:o:‘: ::.:l 3 get(in.file); pos s 43 i

i % (e} Copyriant 1980 :: XD (INIT); s1se 3

! 11 The a

§ SUthor 3rants persission to id »

' :; tals comment rewains, €OPY fOr non«profit use, providing ;N; FUNCTION getobits bits ~ :
14 72 VAR = ¥
13 PRIGRAM recall(in_file, oot.fi} . 73 cons RECORD & 3
:: t : ~titeds 14 CASE boolman OF §

This orogras read 1s » g
:= begtantng of o e11n :r:a:::a":;':;: :r::- printed in the ;t :::::'(:::'1::::::;” N ;
and restores t er program, "COMPRESS® 7
20 ) ne rest of tne tile to fts original forme o 7 Ewo: -
2 s o e 3
IF NDT @ hal
:: e o L ot(inatile)
2 1F pos < it
25 zoust 3 THER BECIN ~gent
EGIN
26 efnchar = 1 (This fs the ainte o £LsE getobit 1s {npilpos)s  pos 1m pos ¢ 1 EWD
g: (nulls are 1qn:re::):.c°mtl'°l! character :: secin
saxdepth & 64 (This numpe oet.bit sw 1
29 T should correspond to the one .7 1% inpilbitostizel? opos 3= 1; 1
30 wsxlength = ",;::::;un In “cONPRESS®); for b4 l.olnpz % Anatilesy getiinttle) el e= dnod [
i raxint = 3433573536177 ”» eLse 5
dit_si12e = 36 (Ih{s n . BEGIN -~
3 umber should c. m
H oitosive in _cm';":s;l.';':lnond to the one tor ° tr hav-dos TuEw §
3 rree 93 "
con, v 1= »
;'; oft x 0., 17 9 n“;‘ﬂ‘"l::::. hum_left 1% con. nt + pos = 1y
in_vord = PACKED ARRA b o —
38 Y [t., bit_size) oF 4 @
3o Slohabet x aincnar ., 127 oty 4] Jptsolt 1w lapllposly =
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The Performance of Three CP/M-Based Pascal Translators

Mark Scott Johnson and Thomas O. Sidebottom
106 Mission Drive
Palo Alto, California 94303
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Abstract

The transiation-time a d i
b . and_ run-time performa
It.h‘::' :;:::;ato'rs ~ Sorcim's Pascal/M, MT Micrvsnch!T;:ds"h;::u?/’l’wlr:Mud
promamter 1’4:1"!:1 ;;:’2!/2 ~— are compared. Using a benchmark ol’ei"l'\‘:
in translation time and (:l::d P’:’:g’:,l;;“*“"',’ n foa that Fascam .lcsah
translation time approaches that of Pn:.:lja.lm ong Bragram SCAMT- s

translator limitations are also illustrated by the b:;d:;"ngrk programs.  Several

introduction

We recently had the .

i opportunit
:::N:l:ro -u?r-baud Pascal translators. wy. ar': . u’:tin mbde evaluate four
Pe-t of this evaiuation (namely, p.rfo,.,“n“)";’w “?r“f; the r

The pe

The three Pascal transl
MT »o P nslators we evaluated im"
WT MicroSYSTEMS pascal/MT<, and Ithaca InterSystems® parcans,  oaci/M.
o (l'lnlll’tbr, &s.nrsgslbczruz:penting system.  We also ;valuat::r‘:
::e:;‘mfg.;ynuq. We have excluded UC;gtmur?;;: r report acnsse
t a fair comparison of translator performance can be

to the transiator is 5 difficult task. Other
. however. We limited the

; y b
angudge and that are widely accessible to the general mi:r:-z,‘.pupt;:grml’izg
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Thus we eliminate from consideration several

others. “tiny" Pascal translators, among

Transiators

To be .
better a»:::'i'a:l.nc:;:xhnd the behavior of the thres Pascal translators d to
0 translator constracin® aTCE Fesults, we begin with a brief et
software system ('h Qucnon, We use transiator in the generic sense duction
language) and that prodeces i CUt 3 PTOSFAM in one language (the sovreh
written in another I Produces a5 output a functionally equivalent e
e in ano! er language (the object fanguoge ). If the source | npmg".'"
h nNguage such as Pascal and the object | ce language is
; g such as bly | or hia o) anguage is 2 low-fevel
s C N .
level, then ct‘;\':p,t,::r;:Ia'tsz(i’:hc:ﬂ:d“"rn and the object p::;Za:‘:. t;::“.:,:’f
:::c:th: 'r;ach:: language of some 'r"eafm""l'-"' o the obiject language is

. ject code with i
language on a rea| computer, " interpreter,
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it
. it bec to
which simulates the otyajtc(

Compilers that tra )
are called ome-pans nll?le'sou:cl programs q:rtctly into object programs

one i i e

c‘".;r R’E»L’l&mﬂ. 7 transform_nion: between sourc: :n:’;g:gr“;h::ed:r:
one pars camass bz; -{; Multi-pass _compilers generally take l‘onger than
sourca prambile 'provid ey often require less nain memory, compile longer
cbject coacdrems. conurv: m";o'r. complete diagnostics, and generate beg.r
source programs that can be tI:anmdr} (-Nd' o oo ers' shehe vize of
their int.nnediﬂl lrinsformahons to lﬂl&o’ F,::)"";lpl‘k“ﬁlc:“p”‘r' often write oot

the zccslg-dp:on'ion 3.19 of the Pascal/m transiator,
scal  system, comprising two components: » compiler that
¢ : »

e for a fictitious,
~machine. It is 2 one-
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Pass compiler written in Pascal F
} - For short a

cocnpn[.r uses no memory overlays, but Iongn:r
S6K of main memo
Prcode " inpteampora i T ¢ outout from the compiler is a file conr;:in‘I:d
compactness et ) is PUt to the P-machine interprete, F9
< ot hort iciency, the .intnrprct-r is  written in the r’nmb‘l’r

9 (a Zitog 280, in our case). “ 4

We u i
sed version 5.2 a: :hl Pascal/MT+ transiator, It is a true compiier
or any of several mieroproeenor:, including the

runs in 56K of main memo i 4
temporary file for the tokun?." using five memory
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We used version 3.2 of the Pascal/Z translator. It is also a compiler,
but it generates an assembly-language program as its output. This assembly
language requires a special assembler that is supplied with the transiator
which can only generste 280 object code. Pascal/Z is a one-pass compil
written in Pascal. It requires 56K of main memory (although 64K is
recommended), using one memory overlay, and it requires no temporary files.

Benchmark

To adequately compare performance, we nesded a benchmork — a point
of referenca for our measursments. A benchmark for s translator is a
collection of source programs, written in the language the translator
understands, that exsrcises various aspects of the transiator's capabilities.
Such benchmarks generally include short programs, long programs, and
programs that stretch the limits of the translator, such as programs with
deeply nested control structures or large data storage requirements. The
ides is to include » mix of programs that are representative of the programs
that the translator will encounter in normal, everyday use.

Rather than deveiop our own benchmark from scratch, we relied heavily
on the work of others. In particular, seven of the eight programs in our
benchmark were adapted from a performance study of the CDC 6400 Pascal
transtator running under the SCOPE 3.4 aperating system, made several years
ago by Niklaus Wirth, the designer of Pascal. We restricted our adaptations
exclusively to the removal of implementation-dependent features, such as the
presence of a hardware clock on the CDC 6400 and the maximum size of
integers and reals. It is important to note that we made no other
modifications to these programs. Several of them would not compile under one
of the translators. We probably coul ave modified these programs to make
them compilable. We opted instead to let our evalustion rest on a translator-
indepsndent banchmark.

The first benchmark is 8 47-line program to computs the first 90 positive
and negative powers of 2. The algorithm uses integer arithmetic exclusively,
including multiplication and division. No standard Pascal functions (such as
SQRT) wsre used, and arbitrary pracision is simulated by storing sach digit of
the result separstely in the elements of an array. “Powers of Two" is a
useful benchmark since it heavily sxercises integer arithmaetic.

The second benchmark is a 43-line program to sort a 10,000-slement
array of arbitrary integers into ascending order. The sorting algorithm is
called Quicksort, which relies extensively on a recursive procedurs. The
maximum depth of recursion is /n(10,000)210. “Quicksort” is useful since it
exercises recursion and arrsy manipulation.

The third benchmark is a 32-line program to write and to read a file
containing 1000 real numbers First the numbers are written out, one per
record, to & file. Then the file is reset and the numbers are read back in.
The numbers are storsd in internal format (that is, not in human readable

form); no input/output conversions are performed. “Real 10" is useful since

it exercises "naked” file handling.

The fourth benchmark is a 51-line program to solve the “eight queens”
problem. The problem is to find the 82 configurations of sight Gueens on a
chessboard such that no queen attacks another queen. The aigorithm uses
backtracking and recursion to h ively try all plausibl ‘_ b .-‘.
positions. “"Eight Queens” is useful since it heavily exercises iterative
constructs such as for-loops and if-then-else statements, together with simple

but repetitive array manipulation.

The fifth benchmark is a 47-line program to compute the first 1000 prime
numbers. "Primes” uses essentially the same language features as Powers of
Two, but involves more computations.

TN R ILH SMIK WISV

The sixth benchmark is a 29-line program to compute the ancestors of a
group of individuals, given their parents. it uses a 100x100-element Boolean
matrix to represent the individuals and the parent/offspring relationships
among them. “Ancestor 1" is useful since it contains deeply nested control
constructs and two-dimensional arrays, and thus exercises these aspects of a
transiator's capacity.

The seventh b k is a reimpl ion of the previous one, using
a 100-element Pascal set in place of a Boolean matrix. “Ancestor 2" is useful
for comparing the performance of the implementation of sets.

The last benchmark is a 280-line program we wrote to compute the
position of the moon at a given time and date. The program uses nine real
arrays indexed by enumerated types, two record types, ten internal
functions, and five internal procedures. Most of the functions are one-line
fong., and do such things as the tri ric fi i in degrees
and convart to and from radians snd degrees. “"Moon Position" is a useful
benchmark since it hsavily exercises real ari ic and the iter’s
capacity to handle moderatsly long programs.

g6 "439W3143S

Hardware

All of our benchmerk programs were run on NorthStar Horizons,
containing 4MHz 780 microprocessors, 56K of main memory, and two double-
density, single-sided 5-1/4-inch Shugart SA400 floppy disk drives. Although
some of the manufacturers claim their translators will operate on smaller
systems, we believe our system is the minimum configuration required for
reasonable response and minimal frustration. All three translators were run
under CP/M 2.2, using the NorthStar version distributed by Lifeboat
Associates.
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Methods

For each translator we first verified that each of the benchmark
programs produced the correct results. We then removed all statements that
wrote to the terminal screen, axcept for a WRITELN at the beginning of each
program that wrote "GO" and & WRITELN at the end of each that wrote
"STOP". We did not use these output messages for our measurements; they
were merely to give us faedback that h was To
Quarantee comparable run-time statistics, we compiied each program with all
error checking, such as range checking and IO failure detection, disabled.

Because NorthStar Horizons are not equipped with hardware clocks, all
timing measurements were made using a stopwatch. We timed each separate
step (compile, azsemble, link, and run) by typing the appropriate CP/M
command line, waiting for the disk drives to stop spinning, and then
simultansously hitting the RETURN key and the start button on the
stopwatch. We stopped the watch when the next CP/M command prompt
("A>") appeared. Thus all of our measurements include the time requirad by
CP/M to process the command line, to locate and load the appropriate software
into memory, and to prompt for the next command. This method does not
measure the "bare bones”™ performance of the three Pascal translators and the
object tode that they produce. Nevertheless, we believe that it reflects the
typical user's interactions, and thus the method accurately measures the
performance that such users can expect for themselves.

Several of the measurements were taken twice to check for timing
variance. In no case did the times differ by mare than 0.3 seconds, which
we attributed to variations in controlling the stopwatch. Thus the variance
appeared insignificant.

Results

Tables 1 thru 3 show the results of translating and executing the
benchmark programs with each of the three transiators. Each column in the
tables represents one CP/M command. Tables 4 and 5 summarize the results
of the first thees tables. In Table 4 transiation time is computed as the sum
of all the steps necessary to make the object programs executable.

Table 1 shows that Real 10 would not compile under Pascal/M. Pascal/M
does not support the READ and WRITE procedures on the type FILE OF
REAL. As expected with an intcr-pn!nr»hnod system, Pascal/’M compiles
quickly, but interpeetation of the P-code is slow. Compile time remained
approximately 80 lines of source code per minute, even with long programs
such as Moon Position.

Pascal/MT+ ly ilad all the benchmark programs (Table 2).
Compilations are typically up to three times longer than with Pascal/M; total
transiation time is up to four times longer. Neverthaless, run time ranges
from about 308 to 200% faster, Compile time was approximately 30 lines of

code per minute for the short programs, but rose to 70 lines per minute for
the long program. Total transtation time was about 25 lines per minute for
the short programs and % lines per minute for Moon Position.

Two of the programs would not compile under Pascal/Z (Table 3). Both
had control structures too deeply nested {abaut eight levels} for the compiler
to handle. Pascal/Z's compile time is only about one-third longer than
Pascal/M’s and about twice as fast as Pascal/MT*'s for short programs
{approximately 65 lines per minute). But the extra assembly step required
takes up to twice as long as the compile time. Table 4 shows that the overall
translation time of Pascal/Z is three to four times slower than Pascal/M and
ranges from about 25% to 200% slower than Pascal/MT*. Translation time for
long programs decreased slightly (25 lines per minute as opposed to 20 lines
per minute}. Nevertheless, Pascal/Z consistently produced faster code than
did Pascal/MT*, ranging from about 10% to 150% faster.

Canclusions

For applications that require freguent compilation but infrequent
execution, or where run-time speed is unimportant, Pascal/M is a
choice.

Pascai/Z is the best alternative when run-time performance is paramount
and your code only needs to run on 280s . But be prepared for
exce ty siow tr time, fly on long programs. Alsc be
prepared to restructure your programs to get them to compile, especially if
your system has less than 64K of main memory.

Pascal/MT* lies somewhere between these extremes. Transiation time is
siow, but the relative speed (that is, lines of code per minute) improves
significantly as program size increases. Similarly, run time is much better
than Pascal/M, but not as good as Pascal/Z for most programs. Run-time
performance for the two recursive benchmarks, Quicksort and Eight Queens,
was relatively poorer than for the nonrecursive benchmarks.

We conclude with a strong admonition. We have reported hers only one
aspact of comparison betwesn the three translators, namely time performance.
There are many other aspects that must be considered when deciding on a
translator to suit your own needs, such a3 robustness, documentation,
support, | . srvor handii size of object cods, and ease
of uss. For example, in applications where reentrant code is important,
Pascal/Z is the only alternative of the thres. We decided on Pascal/MY+ for
our own prmur--ly of the I it provides
(it is the most of the three} and its
robustness (we seidom hnvc to massage our code to get it to compile).
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October 7, 1981

Mr. Rick Show

Pascal Users Gro

P.O. dox 38852?

Atlanta, Georgia 20338

Dear Mr. Show:

The encl i studes

pw:m;:ﬂ-'&po’m My reactions and thoss of my nts to the first P

G his peass o that | 'md'at.. 1 am fairly new fo the field of cm.l Poved
aching experience was exciting 1o say the jeast " iclence

] - . . )

hop.'hulboﬁpuu mllprmtoboofinhr-nfoywmdyownod-n

Sincerely,

C;éfﬁﬂjﬁf;“ﬂ

Associate Profy
GRP:ba aror

Encl.,

A Geogra,
pher Tesches Pascal -- Reflections on the Experience
Jerry Pieg)
Macalester College
St. Paul, Minnesota

Macalester Col},
located in St. Fau), Nimmesmms: (o100, Studenta)

to keep pace i
ecessitated this signiziemer change 1917 Srowing 1s1d of compter aermie

As a further
n 199" the‘mnu«:?;nt to the COmputer program, Macalest
e “:oun.m ooy rp ent of a Mationgl Selence !"oun on Erany teve;
of computers within science hb::::::ys"n: g
settings,

departments of geo, three Dzc ;‘"C'” computers
Magnavox SN Onton seang ol Pi0h T an a menber, and pioy 91t100, the
digitizer, and a 300 L;'1°n- 8raphics systes, a son x!’gzgn recaived 5
M Printronix Printer/Plotter, The P ::lua 8622

. phics systes

13 used primril,
¥ within the
course, 8eography department in
computer mapping

During the acaden;
irt ¢ year 1979.80
ually a1l wy time at the Dninr.l:y_o; )ol?nr..e:::
a

intel
ellactual shock gt first  exposu, ;3 Placed (n a mylg form of

condition re compy
Persisted for at least the rirst vew woek? " operations, and thia

and  teg
Fegular curricular offering. t A toplc or theme Wiich may later become a
a

CAMDUS;  1E 1y ey,
nE taught al
: However, I fely that mmx’fn:a::;:::ﬁm‘""” In

f a full semester, It

’

The interim course contained 20 students, half of whom had varying
degrees of experience with computer sclence and the rest with no axperiencs
whatever, The four-week time frame with two-hour sessions five days a week
left little free time for either the students or the instructor. We
coverad all aspects of the language including a brief introduction to the
use of records, sxternal files and the pointer.

The studenta produced eight programs of varying difficulty and took
four quizzes. The assigned readings came from Schneider, Weingart, and
Perlman, Introduction to Programming and Problem Solving with Pascal, a
widely used and thorough introduction teo the language. As an added
feature, G. Michael Schnelder, one of the authors of the text, visitsd the

clasa and gave us a most stimulating presentation.

Aa a final exercise in the course, the students were asked to complete
a critique of the experience. Some of the questions asked and a sampling
of the responses ars presented here:

Ites No. 1--Did you know a prograsming language before this course?

8. If yes, how would you compare Pascal to the language(s) you already
know? 3¢8: requires new ways of thinking...about flow of
control; wmost flexible language I know; much prettier...easy to
use and efficient ooce the bad hadits of needing the "go to*
statement are broken; easier to understand than COBOL or PORTRAN;
sore high-powsred than BASIC and more structured;
with Pascal; more ways to spproach a problem; ocmpared to BASIC,
Pascal 1s much more fim; more olosely related to the English

If mo, did you find that Pasosl provided a meaningful introduction
te 1f yes, why? If no, wiy not? Besponse: Tes, I
think the struoture is importast; yes, it provides the basis for a
bev wy of thinking; yes, good intro to the computer and how it
works; yes, judging from the sxperiences of thoss in the tarminel
room using other languages, it seems that Pascal s the best
1 for wnder ng programming; Yyes, it iz easy to work
with; yes, Pascal has provided me with a meaningful introduction to

the language
Pascal was a good introduction in that I

learned that programming is mostly papervork before hand.

Te-Do you think that Pasoml should de offersd as a full, regular
if no, please state why not.

Item Xo.
ammester course? If yes, plesss state wiy;

Besponses: Yes— interesting, powerful; isportant for ocomputer studies
mjors; good for structured programming; it {s s relstively new language
and computer studies majors should know it; 4t 1s the direction thet
computer languages Will go; best for genaral purposs ocomputing; becoming
wore widely socepted and used; valumble course for learning many aspects
of computer science; better for beginners -- nest, beautiful languags;
more time needsd than is available during interim; versatility and uses of
the e __are t; better to learn o "firet® H *fun®
umuhzf"f "logical® hconp' i very po\nr.h‘ll. language; o “fm
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=-« There were nc "no's" —--

future

Item No. 9--Do you think that you will choose to use Pascal in the
if you write cosputer programs?

w=~ Al]l yes's -—
Yow would you rate our guast lecturer, Professor Schneider?

Responses: good, excellent; interesting; informative; amusing; a good
prospect Tor a Mac prof; excellent; very knowledgeable; knows his stuff;
great future; very good; great -- too dad we can't be assured of having
him here; great teacher; 8 on a scale of 10; excallent; he really knows
his stuff; excellent; 10 of 10; great; great guy; really knows what
he's doing; 1liked him; slick and intelligent guy; fantastic; sparked ay
interest in computer science; the high point of the claas; he is like the

pointer -~ dynamic.

Final Item--General cosments.
best interim course ever taken; more challenging than BASIC;

Responses:
impressive language; I now have an understanding and a respect for
computers; revived my ability to concentrate for extended periods of time;

computers -~ "it's rather amazing, isn't 1t?"

A3 the responses clearly suggest, the .entire class was more than
satisfied with the course and in thelr of Pascal as a
sound and usable prograsming language. It would be sheer understatement on
wy part to say that I was pleased with the outcome. I was ecstatic! The
course is scheduled for the interim term of 1982 and the Pascal language
offering during the regular semester will bde expanded within the existing

course framework.

lea to all who are in an academic setting to
enoourag offering of Pascal as the most appropriate language
to use for introducing programaing. 1 believe this to be trus not only for
atudeats, but for others {faculty and staff} who are being tasked to climb
aboard the axpanding computer applications wave that apparently i3 powhere

near oresting.

1 oonclude with a p.
¢ the expanded
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An Extension that Solves Four Problems
by Jonathan A. Yavner

1.  The Dynamic Array.

The specification of dynamic arrays is curtently a point of heatea
discussion asong Pascal theorists. Pascal Mews $19 (labeled -i7%})
contains eleven double-denslty pages o ate on the aeritz 3f the
proposal contained in the DP 7185.1 standard. The most relling
aArgument againkt the Sale syntax is the assertion that i is nct
intuirively obvious and therefore does not belong in a language who3e
users consider {t the guardian of rational programming. The poin:
is substantiated by the sheer prolixity of the bombast on the suhject
that has been published in PN, shouted across standards-committee
conference tables, or otherwise made public. If the dynamic array
teally belongs in Pascal--and is not present because certain vociferous
fanatics chanting "Stamp out the PORTRAN dincsaurl®™ want to make Pascali
adble to do everything FORTRAN can and don't care if Pascal becomen
FORTRAN in the process~-~there has to be a better way.

2. Memory-resident Pormat-Conversign.

1 wonder about those fanatics, though. Ny company produces
financial database-management systems, for which one woulda think Pascal
an ideal language, given its data-security emphasis. ' Bowever, such
programming requires certain features commonly available in FORTRAN
and BASIC which are difficule to gimulate in Pascal. Such a feature
is memory-resident format conversion. In most high-level languages,
format conversion is performed as an integral part of /0. Soretimes
it is necessary to pecform such conversion in ReACry, perbaps to aad
comaas before output or to delete them after input, Por these
occasions FORTRARN provides its ENCODE and DECODE statements. BASIC
implementations tend to have two orf more string functions (with ajif=
ferent names and formats for each implementation) to perform these
conversions. I hear no fanatic-talk about sdding these features to
Pascal, yet the only way to forca Pascal to perform non-I/0 conversion
is to declare an sxternsl procedure and then attach it %o the appro-
priate routine (n the run-time-library using some sort of aliasing
sechaniss-~an extremely implementation-dependent method. *f the
implementation doesn't sSuppPOrt external procedures or doeshn’t list
the hames of ivs library routines or doesn’' t allow them to be called
by the user, the Program must contain a source~code duplicate of the
conversion routine-—an extremsly inefficient mernod.

8-Sep-81 Yet Another Bxtension

This conversion problem ls actually a special case of a more
basic difficulty which has ceceivea occasional mention in this journal
{though I can‘'t find the references). Programming genera
be promoted by aveiding an ejther/or choice for main versus patipheral
memory storage of f{les. In one of the references which 1 can’ % fing,
IBM' 5 48-bit unified addressing scheme is given as an example of where
the capabjlity te code storage-location-indepensent routines <
provided to the assembly programmer.

3. The String.

Anyone who uses a version of BASIC (among others) that has a
garbage collector hecomes addicted to strings and finds Pascal ane
FPORTRAN irritatingly restrictive. Like its close relative the gynamic
array, there seems to be no chvious methon of specifying string def-
inition and manipulation.

4. Random-sccess 1/0.

Pascal can be implemented on any computey with at least & pro-
Ce8800 and two magtapes. Such a computer is incapable of rancom-access
1/0. Por this reason no mention of such 1/0 appears in the standardg.
Por this reason each of the vast majority of implementations which
can supply random access has implemented incompatible extensions to
provide this capability. The standard would be superjor if thece
were some way to specify the format of such operations without either
requiring them of all implementations or layering the standard. Use
of a layered standard to define a2 language which includes intuitive
obviousness amang its design goals is a paradox.

S. The Solution,

The solution to the problems delineated above lies in the real-
ization that dynamic arrays, strings, and files are but differeont
facets of the sawe data structure. Simply extending sligntly tne
definition of the file structure would allow files to perform the
auties of stringz and Oynamic arrays., To avoic actually implementing
garbage collection, files could be allocated in segwmeénts on the heap,
each segment containing x sequences of the file sna a pointer to tne
next segment, where x is determined from the equation

x»{ (nice segment size)-(pointer size)) DIV (sequence sirze).

Deletions from the standard: All references to comformant acrays,
comtoTmant attay SChemata, and compliance levels.

Changes to the 5tandatdi 6.4.3.5 (file types): The file element
£.M has the enumerat: vaiues eneration, Inspection, Direct). There
exists an element f.Len whose value is the numder of sequences in

tne file., The notation f{n}] denotes the nth sequence of the file;
the values for n are 0..{f.Len~l)}. There exists an element f.Pos,
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st-assertions:
Pot.ﬂ-fo.n
t.Len=f0.Len
£.pos*p . ——
Lu=flo]Tf(d) 532) . 1
g.::f(p]'f(wu e E{ELLeN 1
if £.Re>S{)
grufgR.first

rwise
oS e undefined

=8 () if p=0)
((g.n-s() if P-f.Len)
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6. [Example Progiss: extension outlines
Is no processd

of agsca."<
0f genferdli~

facets of the
ment uses many s che €
Tais 9(?‘;::: :::: parsed, since cu‘r(;::}zat“az .
-nsc‘l; .Ltc:;“ the uv.ensi_c;_:.a "Lit; :3 eie thisllélr;‘: 2 st
M ties in 1 B 3 o ; s,
cotem oo N wem b Pascal pfo
hirbrghy easonaply POL’ - 5 T e ? ot
oot 18 S er c in a sed
vk {vable that I may e upon thl ewne
L eien jon unless eit 3
ity XLENSLON.
co'lo-r".;i::n :hha*‘propo:ul ceages to De ab L
hate

progran mneyﬂntkctlu(input,ontpn) H
i 13
cogm'nn!eight = 243
scresnWiarn  * 79;
RaxField = 32;
MaxScale -9
hed = D..MaxInt;
mﬁ: . -32768..32767;
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SHIndex e 1..Scre * Yet Anctaer Extens:
. enHeignt; tension
g:lndex = 1H-30f¢‘n‘ﬂdth; ?cale i Scalalnaex:;
= -MaxScale..Max eng : Byte | Tais : .
= A.BI,BZ.BI,D%(:‘}:’ )i { This semicolon is illegal! -» }; ®
= { Control,FieldDesc ); g
;B e :
: . : temc 1 Text;
: 1..12; nonirac,x : Whole; -
+ 1..31; abscale’ : 0..MaxScale; i
- comma : 0..2; o @
packed record | A1l begin ’
goes through this t implenentation-de abscale: ]
Ype, thus is i pendent tricker scale:=abs(scale) { impl i N
n olat A 3 4 e t Numb i :
Dece ;::l{a;;p:v;gw I e pmce“ora' ing the programming changes ::}:e(?szp;:é; er of implied fractional dieits :’
. : e tput,exp(ln(abs (i - )
4 e e nesfeleiI e a0 (npus oreateninio) s amecates :
82 i baval | ohesy)! coma - inentrac-1) %00 3; { Non-fractional cigits !: w
Bé :{ baval lnt' ! seek {
. eger }; eek {output,0) ;
X i(ma e oL X iateam nontrac g0 begin
h;;’“;.c ¢ packed array[l..MaxField)] of Byte ); qet(out;':l;;?utput?);
e - ; ;
Packed record if comma>0 th .
gase cectype:TableTypes of if x<rnonfrae 22’2‘3’;:&”2* else degin
nase : p:ékidc:::mh“z?" for each data file | Z:':"“’zf emp.t .ty -
. ay(l..8] of Char; : : ~
fa  : Whole { Po. ar: end;
nent : Short 1 Nuig:e‘ to ficrst field descriptor }; if scaleco ; P
)i r of field descriptor entries ; X:-length?g::pl::?m { Truncate aecimal ! =
Pielabesc :( { pescri : ' ’ &
- ptor fi repeat ”m
£x : Shore | Pieid nun:: e.;?h field in data record ! x:wx~1; g
:: % ;ield pes; £ ’ seek(oc‘xtput,x). -
: Short ] Auxillar . entil outputt<s’ 0° 3 by
foo ¢ smort | tacation’of hea' ]y o I t£°0utpuct <> then’ begin 2
P Dprve | Lengeh  of fiela : . seek foutput ,nonfrac) ;
vx,vy : Byte reen page of fields }; for x:=nonfrac to x do begin
nx.ny B Co-ordinates of value ‘ield !; write (temp,output?);
Xy : yte Co-ordinates of name field }: get [output) ; i
., «Dame’ : packed arragil..12] of Char; ; end;
. N B ’ end;
and; ! :
> , )
Datatile / = pack o s
ed file of Byte; else if scale>0 then whi
“:nbleru. = file of Tablenec: "f1§eltemp,outputf)‘.' ile NOT eof (output) do begin
get {output}; ‘
filcon : TableRec | ’
Pil end;
table  ; Tablerites Li® control record }; tait (output) |
qata Du-rth; x=~xenq-1emn(:§:§T-§2§“§° be recovered nere };
p::'.'"‘.f :;:: Data-file number }; ig ’;’0 then write(output,(' n'pu;;o), hy
: . n b ° 1x);
inio  : kaal; while NOT eof (tenp) o bepte’ T’ &
rwrite (output,temp?); 91in 4

Procedure Pormat( ENC!

{o] et (te 3
var output : hx{, DE example; also snows string usage golltenp);
input 1 Realy ? if length(out,

output)>leng then b
init (output) ; egin

for x:=l to leng do write {output,' /" ) ;

e - ame—
‘ e— w ~
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{ en var =
{ f‘ysion must dispose of local files here. } T eenfield ¢ Text: z
i,j.dase wWhole; Zz
procedure FormatDate(var output:Text; input:Date); convert : TypeCross; -
et . s yesriatexts g
init{output); procedure P_osit(vaz output,input:'rex‘t; x.SﬁyIndex( y:SFIncex}; =
with input do write{output,day:2,'/ ,month:2,' /" ,year:d); ! pDynamiec array example. Input's maximum cize de _er:.ds on whether
seek (output,3); it is a value or a name. Note tha%, in contrast to the ton- =
if outputf=t ' then write(outpus,’ 0'}: cormant array, a file argument can ve packec (Text = pacxed I
end; file of char), but it cannot be passed by value., since allowing -
files to de assignment-compatib;e would create an ambl W
procedure Dump{var output,input:rext); 2jither of whose xesolu;ions contains a paradoXx. On well, =
{ Generalized procedure to trim trailing blanks. This routine is be:!: the breaks . . . w 3
CORp. - . i d to . air
label i:tely device-independent outpuc is assumed ¢ be open } seek(out_put,y'80+x) { Note that an end-of-line, in confqunance i
var to the standard, is assumed to occupy one seguence in the
temp : Text; file. Some ASCII computers use -he old-fashioned enr(13)
x : Whole; ehr (10) terminator instead of tne ANS!-standard' chr{10).
begin ) Some colnputersihave weira ﬁharacteEvzetsomha:er:q:zz{eiveesc:‘;::
to enable certair subsets. any EICDIC comp T e
;:;:t(ét::::; { ::::t,;:t.x::?;. . vriteln if necessary b from (file-position MOD recorg-lengthl. such difficulties ws
wnile ROT eof (input) do begin ‘ may force some implementations t? prohibit the use og seek{) r_:
init(temp); on externally-associated textfiles anc to use special-case =
while NOT eoln(input) do begin { Wote the use of the end-of-line Direct-mode-only code in all the _{ile-ha_nd-:na procedures )
character as a flag. Similar use of the end-of-page chacacter to produce extra-wide characters with spec;_a). s to inaicate =
is {ble because of the lack of the eop{) function. 1 prefixes. Ugh. As 1 have Suggested, My extens:on .szlxplifies =
l:lt-(telp,inputf : the prognner' s job at the expe:Se of creating qpub-e the work- ~
get(input); load for the run-time library. Buz anyone afraig of a little o
ondz innt({ichr):cy should use an assembler--or a bet-er :ompur.en}; b
readln(input reset (input): —
if lcn;thl::e)-::)-o then goto 13 while NOT eof (input) do begin
repeat seek(temp,pos (tesp)-1) unti) tesp’<>' ' OR pos(temp)=0; werite (output,inputt);
1f templ= * then goto 13 xee pon(tenp); tenp); get (input);
for xi=l ta x 40 in n;ndv
write (output,tesp]) s endi M
!;:,‘""“ begin { FPillScreen }
init(screen);
1: for i:sl to ScresnBeight do writeln(screen,' ' :ScreenWidth);
writeln{output)} base:=pos (data) { Assume data file already positioned ;:
end; witn tablentry, convert do begin M
end; seek(table,fd);
for i:»1 to nent do begin o
procedure Fillscreen( { Pormat and print a record } with tablel do if p=page then begin z
war output : Text; seek (data,bage+loc) s H
var table ! wablerile | Possibly peripheral; so what? I for jisl to leng 6o read(data,xvallil); -
var data : batarile Almost certainly peripheral; requires Eor j:=leng+l to MaxField do xval{)l: ¥ 3
that x() be allowed on files which are a sociated with an case ft of . o
external storage device and are in Inspection mode. :l s Pormat(f eld,.:. '.0"'1 :
var tablentry ¢ leRec; : Pormat(field,blval,0,vl):
page 1 Bytes 82 : Porwat (field,b2val,0,vl}:
): Bd roru:(“ﬂd,blvul,o,vl)y
D 1 PormatDate{field,dval):
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X
nal write (field,xval tvl),
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procedure Posit(var o i tPi
begin ( utput,input:Pile; Sequence:Integer);

TN 0

{* for 4:« 1 to 10 do *)
a:=andil;

it e,
ield); ’
vrite(fiela,name:n1,' (t seek (outpyt
i ne:nl, HExsl,0 : +Sequence) ; ;
::;;.t(sctten,fxeld,nx,ny); e :sgfnd(outpuc,mpu:), z
get (table); 2
ng ; rocead i
ena; P begi:" Switch (var output,input:pile); =
g“n:P(outPut,screen); ;:ogy(?ggput,h, ut) ; =
; nit(inpue) Actually, sinc i
switched, th ’ e the internal Pointersg -
oegin [ Moneysarkerrr; | ena; * Ehe InPut Elle would be left undefined (eresest. S0 N
nl0:=1n{10.0); . !
. Determine ©ilnym procedure Extract(y i { -
g;:::c(::gle’f“““":gucon); var x:lnteger; o LMPULIOUtPUE:File; loc,leng: Integer) ; S
ata,tilcon.name) | . begin w
reset (a : i external is stang
oo ol BERTEE Fandod S I SO 1 0 comect ) et aestyteer
PiliScreen (output, tanye, ey mine Pge | 7o envizonment }; £or x:*1'to leng do begi
rtable,data,filnum e o g do degin
eng.m" processing } ’ ,paqe.ScreenHeight,Scteenwiacn); ;:::;;g:sf\.n,mpur);
end;
7 end;
ZL._Optional String punctions »
¢ Punctions, procedure Insert(var output,input:piy, o
has b:h. main point of enis essay (wh var Pile; sequence:Integer); 2
e . gy
the .ded"“t‘h:: :;l:llf::szaluaxs had str in:;-e;.f,;ﬁ':;e;‘gfglio have one) ;.enp : ;rx‘i:‘; F
obviate any need for a nemno OP8 €0uld provide enough improven that begin ers m
array 4 i eavyweight boxin, t 90 lmprovement to 3
I fh din LAt shend b Y SO, crrias which Gy e caerat tomp.0.sequence) <
n since th . e program & . : -y
appear ; e sam i
sffing :::cet-lt::.ly{ FOr this reason tne :ofli::;n“ code sequences “:::t:?f mordoutput) do begin =
temove tn % Proposed. Implementin, t 9. Suggested list of emp,outputt) ;
The *types Pile., 2 0i00 EMRE the files musy me ae | 2550EDly would ona;utRuth
€, as used below B® of a specific type. ena;
procedure Append '
begin (var output,input:File); function Compare (var left,right:
reset (input); label 1; /right:File):1..3,
while BOT eof (input) go begin
b
vrite(output,inpuq), e9in reset (left);
g;:unpug), N reset(right),
end; .
i :flrftu:::)(!::;:)Conmpare:-.?-ord teof (rignt))
Procedur en are:=l4ord (eof (1 >
begin’® COPY(var output,input:rile), Gae pegisttlorignt] taen Compa .-1*2-«‘1((;::3«;9. . H
init (output), get(left); i -
A:g:m {output, {npue) ; ;:gr{ghe) N R4
H
end;
end;
~
r 'm, — ' ) T, e
— e st peneion Open Forum For Members
Function Locate(var parent,search:Pile}:Integer; N
Pre-assertions: parent.M=Direct; parent.Pos is starting point, ! -
: Post-assertions: pacent.Pos=Locate+length{search’ - . 5
{ Locate is assignecd the parent seguence number of the firse element 14
of search (starting the search from tnhe inpu%t valoe of ,!
parent.Pos). If the search file cannot be found ir parent, Lcca -
is returned as length(parent). This definition avo soacl ]
case hanaling both within Locate and in the callinc coce. Conpare x
this simplicity to the definition and use of DBC's BASIC instr/pos BRITISH COLUMBIA HYDRO AND POWER AUTHORITY
function!? A
label 1,2; ~
var localroot:Integer; 970 SURRARD STREET -
begin VANCOUVER, 8.C. -
localroot:=pos (parent); V8Z Y3 :
while localroot<length{parent) do begin TELEX 0484208
N reset (search);
: 1981 July 21
if eof (search) then goto 2: y
if eof (parent} then begin
localroot:=length{parent); Dear PUG
goto 2;:
end;
1t patenti-searchf then besin subject: PRETTYARINT @
]
get (search); r_n‘
2:;'? i Prettyprint programs should reformat multi)ine camments fnto single g
locnx"ooez-localroozﬁ.; Tine comments. This will help detect unmatched comment deltmiters. :;;
:;;I;(P‘"“'l“'h“‘)' It will 8150 make 1t clear when bits of Pascal code are actually -
2 comments on how to sodify the program. &
Locate:=localroot; -
ondy
One final question: B8hould the first f{le argument of thece oo:
string procedures be optional, as it is for the other intrinsic file :
procedures? Personslly, 1 belleve that the ecigimal file-oaission {* TO SUN THE INTEGERS
was a mistake, 80 I Dever use it. Allowing first-argument
option for 1:¢ 1 t0 10 do *)
omission for the string-nandling procedures woula be difficult, since i
the second argument is often also a file. Por these reasons, I vote o= andi);
no.*
\
NEW:
g
&
{* TO SUN THE INTEGERS *) -
o
-
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Draft Standard estion

"A Commert on Comments"

o . Since the sbove marmer of cowment handling is most useful

- i . to some of us

2 cl . relatively cheap to implement for all of us, and invisible to those whose ’

GenRed/Puturedas character sets don't permit it, I suggest that the Draft Standard, section
3

Irvine, A 92714
6.1.8 paragraphy 1, sentence 1 be rewritten as follows:

-
»
a
. The constructs "*. " and MR e B
Introduction or "(™ does mot o (*"..."*)" shall be comsents if the -~
T . ™t occur within a character-string, The constructs "y, v s
e working on our Pascal compiler for the Intel 8086 {written in and "(*..."}" are expressly forbidden. 3
‘muh'sc‘l), I have studied closely several of the User's Group software The mote in section 6.11 should be deleted, -
‘W “Hh an eye toward comverting them to that dialect. I have the N
allowing observations to make regarding the handling of coments by Software Tools Commentary -
those tools and upon the definition of & comment in the Draft Standard It is interesting that the software tools published in Pascal E
proposal 11]. are not uniform in thei i News
. ir handling of comsents. XREF L 42, written by Pascal’
inventor, and IDZID £2J follow the UCSD convention whil :
150 Standard Coment Forms and REFERENCER { 32 follow the Draft Standsrd s RN
. . FORMATTERL 7, 1 -
This tsble emmerates the four forms of comment permitted by the Cognize curley brackets at all! 177 doesn't re
Draft Standard.
Starting Endi L4
Forws Delimiter Iklil;,t‘;r References: E
Re— [aal
1 o . 1. A.Mddyman, et a1 z
" : .1 -
: e 8 Programming g Panei 88 - A Draft Proposed Standard for the =
‘ e by Puscal News 118 0day, 1980) :
. . 2. Andy Mickel. Recoding a i s
Note: Forms 3 & 4 are prohibited by our UCSD compiler, Pascal News ¢ 15 (sé'fmp:,xﬁw:;”"' using 10210 =
3. Sale, ALH.J. Us
UCSD Pascal » AT, er Manual - Referencer,
T&% Puscal News # 17 (March, 1980)
'um Pascal compiler that we use (a such-modified version 1.5) 4. Wirth, N., et al. ¢Cn Ref
perai b’Fw- ;yibz of comments, with a most useful twist: a comsent Pascal News # 17 (March, 1980) Generator for Pascal Programs.
begun a o rachtunmlzbet:nimtedb,.ml .
. ey bracket, and 5. Shillington & Ackland (ed s o
ane :elﬂ! by the “(* digraph can only be terminated by the "*)" digraph. }P;i:u ¥;¥5i"‘f1~5 (Jlr(lux)-):_ 'ﬁg) (Nini-Micro Computer).
e 't t i M <
Users whose systaws don't permit both forms are unaffected, but those of it 15 included for e &;): moviscuss the UCSD coment handing;
us who have curley bracket characters are tucky. By using only form 1 owpleteness only. ’ :“’
for norma]l comment: 6. Heuras § Pasca e
S, W are able to "Comeent out” our temporarily delete Pascal News ﬂ{?-(hc-b:rl’rle;;zgymtu‘ Program. -
bndinafm(mlufonl)inammlcdmw-ﬁeemr. 7 ict. 4 ~
- Condict, rcus § Mickel. Pasc-l?ro‘r..ﬁ,
Pascal News # 13 (December, 1978) TRAtter,
5 LU0°E ALFERENCE NovELR
H Page 2
g we s
H] Pinslly, your stat at that the insccessabiiity to sachime
g langvage im some P als (most provi. it sither
& vis EXITEBNAL rostises) prevents ~“tds Pascal >
ES effeotively programming his aioroprocessor® 1le :
believe that you are equatiag wachine programsing with ‘;
effective programming. 1 tehiak 1f you consider the -
mer’s tims im coding ané dedugging, you will fimd =
- 5 a p-code implementation - to be the mors =
“effective”. ©
1 am dringing these problems to your attention to halp ,3
prevent 8 situation in which people using your prodect think X3
they are using Pascal, and try to sove progrsss to a Pascal ”
Hewanvay Associates, eompiler sné blass Pascal for mot being your language. Te -
1071 Tramont Streest, be bonest with your customers currest end potential, you a
Bostos MA 02108 sight choose to refer to HA-PASCAL/I as ®a Pascal derivative
9.5.%. for micrecoay systeas progr ng* = which 1%t s -
rather than version of Pascs - whick I dom’t think 1t ;
is.
4s a longtims wuser of the languags ¢ al I was ’:
iaterestsd to ses a description ef your language Thank you. N
BA-PASCAL/I. A3 T read the description, however, 1 Dbescaie
comceraed, and finally skeptical. Wnile you have produced
what will elearly be s geod product and a very wusefal tool Sinceraly, g 1
fer the 1iatended applications, I 4 that yos are h bl .
selliag a product ass a Pascal l;l;u 1ly =not :(:..~7~_~ L} - -
ame, 80 Ian F. Darwim = A
1 Motors, University of Torooto Computing Sarvices E .
Washiagtes or Sas Diego.) 10 King s College Road > 4
Toronts, Gotarie N5S 1A% — :
I3 seems te me - after reading Just gyosr asldvertisiag w
Tiyer .« that yowr prodset RA-PASCAL/1 19 more scowratsaly /uaxlet/tik = E
descrived as PL/I with some of the syatax of Pasesl. Towr ;
senery refaresces KEN and NINE in partiocslar use the concapt
o sende-variable® whish 18 wmerasl to PL/T et
- 7 alies Pascal. @11 Paseals that I kaow of w Yeer Oroup Newsletter
{ t-in or 1ibrary) FOBCTIONS and PROCEDURERs for 1this
» a PUNCTION te retur vslwe; 8 PROCEDIRE Lo send

.r
ona. This 19 the spirit of Pescel; ‘“pasude-rvariadles” ars
aot. slse, your CfLL statenest fer extersal reutines is
PL/Y, mot Pasenl. ALl Pascels that I bave used eor seen
declars exterail routiaes se 3 PUSCTION or PROCEDURR, as

appropriste, with the asbprogras dedy replaced By the h
Regword LITERNAL (or EXTERE a few cases). 4

€9 Iovq

Perhaps sore impert #. your advertising sskes e
reference te the existencs of the RECOND oconstruct. The
A8CORD coscept 19 one of the kay contepts of Pascal; one of
the thisgs that mekes Pasca) Pascal. 4 Pascal vithout
RECORBs i3 iike a computer without a CPE, liks a car withowt

vhesls.
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July 9, 1981

Mr, Rick Shaw
Pagcal Users Group
P.O. Box 88524
Atlanta, GA 30338

Dear Mr. Shaw:

I am interested in joining the Pascal Users Group.
Please send information and the necessary materials.

1 am an independent contractor who has recently com-
pleted a Pascal-in-ROM for the Rockwell AIM 65; T
expact Rockwell to release the ROMs this month. The
noteworthy thing about this software is that it relates
to the user like BASIC: there is no compilation phase
requiring external file storage:; it talks to the user
entirely at the source-language level, including a
source-level trace, source-level single-step, and
immediate statement execution; and execution is possible
right after a source-level change.

The AIM 65 version of the Instant Pascal (wy trademark)
design implements a substantial subset of the language,
including character, string {(an extension), real, enum-
erated, subrange, array, and record data types, as
well as all statement forms.

Now that the product is real 1 am ready to start talking
with people who see other uses for this technology,
particularly those who are in a position to support

its development. Fuller versions of this software

for other microcomputers come to mind, as well as

more specific tools, such as microprocessor software
development systems. Your assistance in getting the
word out will be appreciated.

Thanks for your help,

v.w yours,

Melvin E. Conwi

e 8 BROCK HEAD AVE Y. MASS D1M5USA  PHONE (617)922-5042

TRW

Septesber 24, 1981

Pascal User Sroup
p. 0. Box 888524
Atlanta, A 30338

Attn:  Rick Shaw

Dear Rick,

It was good talking with you Tast nlqht;. 1 would appreciate you
placing the following text in your newsletter:

ing Pascal under
te contact from anyone utitiz

:.V‘w“ fwrl::spoclﬁcnly {nterested in tl\:swgi‘-h
efficioncy of executable code. Any other comsen

apprectated. Pimase Contact:

tg e

-, , Inc.

5205 Leetburg P. (Sulte 1106)
Falls Church, YA 22081

(703) 931-2017

Thanks again, Rick.

Yours truly.

et

TR, Inmc.

JSC/dm

RO O T R
:::’a”:ﬂ‘:;lw” AL, SUITE 1104, FALLE CMUACK. ViRaIIA 2041+ (M3} 491- M1, 891.0012

1 DEC 1981

DIBITAL EQUIPHENT CORPORATION
5773 PEACHTREE OUNWOODY RD.
ATLANTA, GEORGIA 30342

Dear Rick,

I found your address in the back of " Introduction to Pascal for
Scientists” by James W. Cooper and 30 aa writing to join the PUB.

I have for the last sonth owned an APPLE 1! w/48K, a PASCAL language
card, an BO column card, two disk drives, an Epson MX-80 printer,and
a D.C. Hayes Micromodea. The purpose of all this wquipsent is to
allow use of the PASCAL text sditor as a word processor and to
comsunicate sy texts with a group aof coworkers scattered all across
the USA. It has worked well and I now fancy sysalf aw a demon
wditor, however as a PASCAL programmer, a novice only. A program to
select printer options— aenu sort of things has been the axtent of
|y prograns.

The nesed for eore information is clearly apparent as | have no other
programaing background to draw from so I am inclosing a few extra
dollars(l hope, as I don’t know exactly what the fee for joining is)
for back imsues of PASCAL NEWS- particularly those issues which have
inforsation about prograss for ..storage and retrieval of
files..storage and retrieval of addresses and print out of
same. . fast Fourier transforms..and aost important when writing a
letter how do I get the 80 printer to page?

Thanks for whatever tise you can spare to help aw out.

Regards,

&WM

814 POCA CIEGA ISLE
ST. PETERSBURS
FL 33706

€2y ¥ 22 SHIN WISYd
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Trews Rvent
Cormputes Comorafon
196 Saprringion Mvenus
Farmngeon,
20%674-8367

October 28, 1981

Pascal User's Group
p.0. Box #4406
Allentown, PA 18170

RE: Rush Request for Software Package Information
Dear Sir or Madame:

I have the responsibility of Iden;gwg ':ll;wof‘t"m‘::::huissﬁb:a:r’

written 1n . :
g:‘“&cgs:':dnmd;‘t:e a very short time to acquire as wuch information as
possible--about two weeks.

ontact. There
help, and the help of as many pegple as you can C
T T et R e
e oy % e tract, OEN, third party and
wachine. We are looking for purchase, con ' e tomare.

14c domain applications and any other Pasca
c::::u:d-:;nmum distribution and license agreements fumediately
with quelified software sources.

: 1) forwarding any present cwﬂuflms
?r.xl::::.y:‘ns‘-cl.:unuh softwre, to se fmediately; zzbg‘nuhg
on this request to any other appropriate parties, by phone, 1f possible.

ruA PPTEC feel free to
1) fate any informstion you can provide. Please
::uuac: L.wﬁ- at (203) 674-3367. Thank you. I shatl look forward to
haaring from you.

K 0

sales Support st
GEB/ca0

1861 ‘¥3TW3LdIS cZ# 3 28 SHIN WISYE
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W N Hughes The Burlet €
gh Centre
aﬂ'“l Wellfield Road &
Tand HATFIELD =
Shetland ZE2 9% Herts. AL10 082 =z
Tel: Hatfield 74497 PASCAL USEPS GROUP © ;
¢ Decamber 1581 C/0 RICK SHAR - ¥
BOX 88524 N £
ATLANTA, GA. 30338 ~ 3
Dear Rick ”» £
DEAR RICK, »
CET TELESOFTMARE Z
SET TERESOPFTVARE PROJECT I have spoken with the sales people at Microsoft in an =
Thank attempt to purchase a copy of their new release of Fascal to run
-r".f' for your latter of 19th Novesber. 1 am sorry I have not replied on CP/M. Thes told me that they were rot selling to end users at .
this, time only to OEM. Thes also would not revesl the names of W
Although all rren any of their DEM users but that if I could locate ane maybe ore 3
be ':fal‘mgu: m;’: {?k:kgca‘:‘t‘:i:::t s '"t:medth“ . would sell to me. Would you, Mr.Shaw, be sble to refer me to any g‘
Tanguages, including PAS&, dut on Tooking into the qucsmnt-in n other manufacturers who are using Microsoft Pasczl and who hopefully H
to be 4 few problems which need to be sorted out first. P vould consider selling to an end user. @ ?
% i
: : 4
Firstl The main reason I want Microsoft Fascal is the compatibilaty = :
nm_!;‘d’""‘"m“"l";: :‘:L‘""':;‘:cg‘ve’d‘“"-rm‘ covered by our format of their object file format to Digital Research’s for link and m i
recommniations and w eouid. o coowece! ‘“{:stzp{ of the . locate with RMAC assembled files. If uou know any other suppliers = E
mebers of PUG. : : n any cosments from whase FPascal is compatible to Dicital Research’'s format plesse i §
let me know. N ¢
Secondly, a5 you know, our telesoftware system at present is onl i g
y available i 5 i .
for use with the 380Z. Alth PASCAL can be obtained for the 3807, it u§"slc“:i:o would like to receive some information on the Pascal E
will only wort oa 56X full disc machines with B0 character display. :
Thirdly, it appears that fow ter Assisted Learnin Thark you for dour tise. Any help will be appreciated.
30 far bees writtsn in PASCAL. 9 programs have
in view of these problems, it is likely that in the immediate future only a Sincere) B
few people wuld be able to obtain PASCAL by telesoftware and Find it useful. :
Luld no':r::1:: m'r*m by hxm u"?ur first priorities, and we Ted Eratton :
Ag prograss in our 1idrary for a few months unt{) :
our telesoftware sarvice fs fully established. Y i
Thesk you for your interest. 2
Tours stncersly
a
Owis Knowles
Tehuptine pldvegelty NG (UX), C/0 Shetianiital, o
Lond, 222 977, UX. e
L had 1
f[gwys. ramasE 7o Mok Yuimes S (saa . OFPICES: ATLANTA © BOSTON » CHICAGO ¢ CICINNAT! & CLEVELAND & DALLAS » DETROIT o NOUSTON
oK P on " y RANEASCITY o LOS ANGELES o NEW ORLEANE o NEW YORK © ORLANDO o §T. LOUSS & RAN FRANCISCO ¢ BEATTLE
' “('2 » 547 SHETAAND TCA, WASHINGTON, D.C. » TORONTO, CANADA.
. Tes . JALAS, .
L. eTVTI 350 b TaayD . TEZ FPE . LK o
COUNCEL FOR EDUCATIONAL TECENOLOGY FOR THE UNITED RINGDOM ~
i
Nova RODOHCS 262 Precige park Rood, Bt Hortforc, CT 04108 (203) 528-7433 t
To the editor: i
Members of the Pascal Users Group may obtain s free copy of cur 2 §
new publication, Pascal Market Naws, by writing to me st the addr below. “» K
September 24, 1981 Our publication is commercislly slanted towards buyers aod makers of Pasesl Y ¢
hardware and software. Anyone raquesting s free 1ssue should be sure to ~ X
indicate that he or she is a P. U. G. member. =
=
Rick Shew Ray Jordan 3 )
Southwater Corp- ks
Pn:: Uursfrw P O Box 3314 ] .
Mlmn‘.““sz 2338 Mt. Carmel CT 06518 :‘
Dear Rick: i)
"
Nova Robotics is a new user of the Oregon Softwsre OMSI Pascal-2,
and we sra interestad in what the Pascal Users Group has to offer.
We have the OMS| Pascal on a POP 11/30 running RSX-11M ¥3.2. Enclosed
Is our check for & one-year subscription.
Ve are 2i30 interested In knowing if any member of the Users G
is developing a Pascal compller or cross-compiler for inte)'s 8086/87.
We have talked to Oregon Softwars. They currently have no pltens and
suggested we contect the Users Group. Any informetion you could g
suwply would be apprecisted. Rick, 3
m
Sincarely, A coumrle of items: g
NOVA ROBOTICS LIKITED PARTNERSHIP 1. Pascal News continues te be outstanding’ You took over & bid task Fad
from Andy, and have done & surer Jjsb. Flease renew mav subscrirtion fer —
{Any rossibility of PUG offering a lifetime membershir for 8
=3

W\J Y/ three veers
N an arsrorriate fee?)

Linds J. Phitlips
We are about to besin a large seftware develorment sroject and have

Menager of Softwers Enginsering 2.
choosen Pascal as the implementation lansuase. We are develorine a
LP/rsh local networking casability for Control Duta. IBM, and Honevwel) mainframes
Enclosures Users will be able to transfer data files, submit Jjobs. and route outrut
- files amony the dissimilar mainframes. The svstem also includes g glodal

es to/from other users.

maitbox facility for sendind and receiving mess

W: ~hose Pascal because of transportability, structure. and ease of code
meintenance. Excemrt for omerating svystem interfaces and mechine~derendent
r “anes. the total svstem will be written in cal. It will be develored
and meintained as one system. configurable for any of the mainframes.

1 would be interested in hearing from any PUG members who have worked on
similar larse projects in Pascal.

Sincerely,

Mike Bursgher

P28 Wrisht Avenue #903
Mt. View: CA 94043
(day) 408-744-5473

EOI ENCOUNTERED.
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JET PROPULSION LABORATORY  Californie fnstitute of Tecknology » 4800 Guk Grace Drive. Passdena. California 91103

To: Distribution
FROM: E. M. Miya

SUBJECT: Suite Report for University of Wiscomsin Pascal on Univac 1100

Attached you will find the Yalidation Suite Report for the N Pascal
compiler on the Univac 1100. Sorry we could not get it to you so::er,
it spent some time in our documentation section getting approval.

Please keep us informed about the progress of version 3.0 of the Suite.

Distribution:

R. J, Cichellt
8. Dietrich
A. H.J. Sale

Tolaphene (213} 24-0321 Tz 916-000-2000 Tz $10-808.320¢

Authored by:
I.E. Johnson, E.N. Miya, S.K. Skadzieleweski

Pascal Processor Identifjcation

Computer: Univac 1100/81

Processor: Unjversity of Wisconsin Pascal version 3.0 relsase A

Test Conditions

Testers: I.E. Johnson, E.N. Miya.
Date: April 198¢C
Validation Suite Version: 2.2

General Introduction to the UW lmplementation

The W Pascal compiler has been developed by Prof. Charles N,

Fischer. The first work was done using the P4 compiler from

Trondheim, then the NOSC Pascal compiler written by Mike Ball was

:T;d, and now all development is done using the UW Pascal com-
er.

There are two UW Pascal compilers; one produces relocatable code
:nd has externsl compilation features, while the other is a
load-and-go" compiler, which is cheaper for small programs,
Most tests were run on the "load-and-go® version. Both compilers
are )-pass and do local, but not global optimization. The
compiler is tenacious and will try to execute & program contain-
ing compile-time errors. This causes problems when running the
validation Suite, since programs that are designed to fall at
compile time will appear to have executed.

Conformance Tests

Humber of Tests Passed: 123

Number of Tests Failed: 16
Details of Failed Tests
Test 6.4.3,5-1 failed on the declaration of 4an external
file of pointers (only internal files of pointers are
persitted) .
Tests 6.4.3.5-2, 6.4.3.5-3 and 6.9.1-1 fafled due to an

operating system "featu which returns extra blanks at
the end of a line. This problem affects EOLN detection.

Test 6§.5.1-1 failed because the implementation prohibits

The research described in this paper was carried out at the Jet Propulsion
Laboratory, California Institute of gy, under NASA NAS7-100.

SNIN WISYd
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tfiles that contain files.

Tests 6.6.3.1-5 and 6.6.3.4-2 failed becsuse the current
version of this implementation prohibits passing standard
tfunctions and procedures as parameters.

Test 6.6.5.3-]1 failed to assign an alread locked tag
field in a variant record, but the standard disallows

such an assignment! (Error in test?)

Test 6.6.5.4-1 failed to pack becsuse of a subscript out
of range. MACC notified.

Test 6.6.6.2-3 failed & nine-digit exp comparison.
Univac uses 8 digit floating point.

Test 6.6.6.5-2 failed test of ODD function (ertor with
negative numbers) .

Test 6.8.2.4-1 failed because non-local GOTO statements
are not allowed by this implementation.

Test 6.8.3.4-) failed to compile the *“dangling else®
statement, giving an erroneous syntax error.

Tests 6.9.4~] and 6.9.4-4 falled do unrecoverable 1/0 er-
for. Problem referred to MACC.

Test 6.9.4-7 failed to write boolean correctly. w

right-j jfies each boolean in its field; the proposed
180 stai td requires left-justification.

Extensions

Mumber of Tests Run: 1

Details of Tests

Test 6.8.3.5-14 sbows that an OTRERWISE clause has been
implemented in the case stetement.

Deviance Tests

Nusber of Davistions Correctly Bandled: ”
Wumber of Deviations Incorrectly Handled: 4
Number of Tests Showing True Extensions: 2

Details of Extensions

Test 6.1.5-6 shows that & lower case ¢ may be used in
ceal numbers.

Test 6,1.7-11 shows that a null string is accepted by
this implementation.

Details of Incorrect Deviations

Tests 6.2.2-4, 6.3-6, 6.4.1-3 ghow errors in name scope.
Global values of constants are used even though a local
definition follows; this should cause a complle-time @1~
ror.

Tests 6.4.5-3, 6.4.5-5 and 6.4.5-13 shov that the imple-
mentation considers types that resolve to the same type
to be *equivelent® and can be passed {nterchangeably to »
procedure.

Test 6.6.2-5 shows a function declaration without an as-
signment to the function {dentifier.

Test 6.8.3.9-4 the for-loop control variable can be modi~
fisd by 8 procedure called within the loop. No error
found by implementation.

Tests 6.8.3.9-9, 6.8.3.9-13 and 6.£.3.9-14 show that a
non-local variable can be used as & for-loop control
variable.

Test 6.9.4-9 shows that 8 negative field width parameter
in a write statsment is accepted. It is mapped to zero.

Test 6.10-] shows that the implementation substitutes the
Adefault file OUTPUT in the program header., No error mes-
sage.

Test 6.10-4 shows that the implementation substitutes the
existence of the program statement. We know that the
compiler searched first but found source text (error
correction).

Tests 6.1.8-5 and 6.6.3.1-4 appear to execute; this oc-
cured sfter the error corrector made the obvious changes.

Zrrog Bandling
Number of Errors Correctly Detected: 29

Number of Error Wot Detected: 17

Details of Errors Not Detected
Tests 6.2.1-7, 6.4.3.3-6, 6.4.3.3-7, 6.4.3.3-8 and
6.4.3.3-12 show that the use of an uninitialized variable
is not detected, Variant not invali-
dated when the tag changes. 6.4.3.3-12 incorrectly
printed *PASS® when it should have printed ®ERROR NOT
DETECTED" .

SZH B 724 SMIN T¥ISVd
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Test 6.6.2-6 shows the implementation does not detect
that & function identifier bas not been assigned a value
within the function. The function should be undefined.
The quality of the test could be improved by writing the
value of CIRCIERADIUS.

Test 6.6.5.2-2 again runs into the ZOLN problem.

Test 6.6.5.2-6 shows that the implementation fails to
detect the change in value of a buffer variable when used
43 2 global variadble while 1its dereferenced value is
passed as 2 value parameter. This sould not cause an er-
ror, and none was tlagged. However, when the char was
changed to a var parameter no error was detected, either.

Test 6.6.5.2-7 shows that the implementation fafls to
detect the change in 8 file pointer while the file
pointer is in use in a with statement., This is noted in
the implementation notes.

Test 6.6.5.3-5 shows the implementation fafled to detect
a dispose error; but again, the parameter was passed by
value, not by reference! (Error in test)

Tests 6.6.5.3-7 and 6.6.5.3-9 show that the implementa-
tion failed to detect an error in the use of 2 pointer
variable that was allocated with explicit tag values.

Tests 6.6.6.3-2 and 6.6.6.3-3 show that trunc or round of
some real values. 2%¢36 does not casuse a run time error
or warning., In those cases, the value returned was nega-
tive, Error reported to MACC,

Tests 6.7.2.2-6 and 6.7.2.2-7 show that the implementa-
tion failed to detect integer overflow.

Tests €.8.3.9-5 and 6.8.3.9-6 show that the implementa-
tion does not invalidate the value of a for-loop contrel
varjable after the execution of the for-loop. Value of
the variable is equal to the last value in the loop.
These tests could be improved by writing the value of m.

Inplementation Defined
Wumber of Tests Run: 15
d¥umber of Tests Incorrectly Handled: ]

Detalls of Impiementation Definitions

Test 6.4.2.2-7 shows maxint equals 34359738367
(2#%35-1)

Test 6.4.3.4-2 shows that & set of char is allowed,

Test 6.4.3.44 shows that 144 elements are allowed in »
set, and that all ordinsls sust be >= 0 and <= 143.

Test 6.6.6.1- shows that nefther declared nor
functions and procedures (nor Assembler routin
passed as parameters.

Test 6.6.6.2-11 details a number of machine characteris-
tics such as
XMI¥ = Smallest Positive Floating Pt 4 = 1,4693679£-39

XMAX = Latgest Positive Floating Pt 4§ = 1,7014118E+38

Tests 6.7.2.3-2 and 6.7.2,3-3 show that boolean expres-
sions are fully evaluated,

Tests 6.8.2.2-1 and 6.8.2,2-2 show that expressions are
evaluated before variable selection in assignment state-
ments.

Test 6.9.4-5 shows that the output formst for the ex-
ponent part of resl number is 2 digirs. Test £.9,4-11
shows that the implementation defined default values are:

integers : 12 characters

boolean : 12 characters

reals t 12 characters

Test 6.10-2 shows that a rewrite to the standard file
output {s not permitted.

Tests 6.11-1, 6.11-2, and 6.11-3 show that the alterna-
tive comment delimiter symbols have been implemented;
41l other alternative symbols and notations have not been
hnplgnentcd. In addition, it is interesting that the
compiler's error correction correctly substituted "{(* for
*(.* and ":=" for *3=" as well as a number of faulty sub-
stitutions.

Quality Measurement
Number of Tests Runs: 23
Number of Tests Incorrectly Randled: 2

Results of Tests

Test 5.2.2-1 shows that the isplementation was unable to
distinguish very long identiflers (27 characters). Test
6.1.3-3 shows that the implementation uses up to 20 char-
acters in distinguishing identifiers.

Test 6.1.6-4 ghows that the implementation can detect the
presence of possible unclosed comments (with a warning) .
Statements enclosed by such comments are not compiled,

€24 3 I8 SMIN WISV
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Yests 6.2.1-8, 6.2.1-9 , end §.5.1-2 show that large
Iists of declatations say be made in a block (Types, la-
bels, and var).

Test €.4.3.2-4 attempts to declare an array index range
ef Tinteger”. The declarstion seems to De accepted, but
when the tay is accessed (All[maxint]), an internal er-
roL occw

Test 6.4.3.3-9 shows that the variant fields of 2 record
occupy the same space, using the declared order.

Test 6.4.3.4-5 (Warshall®s algorithm) took 0.1356 seconds
Mt and 730 wunpacked (36-bit) words on a Univac
1100/81.

Test 6.6.1-7 shows that procedures may not be nested to a
depth greater than 7 due to implementation restriction.
An snomolous error message occurred when the fifteenth
procedure decl tion was encountered; the sage "Logi-
csl end of progr reached before physical end was  is-
sued at that time, but » message 2t the end of the pro-
gram sald *parse stack overflow".

Tests 6.6.6.2-6, 6.6.6.2-7, 6.6.6.2-8, 6.6.6.2-5, oand
6.6.6.2-10 tested the aqrt, atan, exp, sin/cos, and 1n
functions. All tests tan, however, typical implmentation
answvers {(which wse the Univac standard assembler
routines) were slightly smaller than Suite computed., Er-
ror typically occurred around the 8th digit (Univac
floating-point precision limit),

Test §.7.2.2-4 The 1inscrutable age “inconsistent
division into negative operands® appears. We think it
mesns that 1 MOD 2 is WOT equal to 3 - 1 div 2 * 2.
Problem reported to MACC. .

Test 6.8.3.5-2 showe that case coastants must be in the
ssne range as the case-index.

Test $.8.3.5-¢ shows that s very large case statesent is
mot permissible (>=25¢ sslections). A semantic stack
everflow occurred after 109 labdels.

Test 6.8.3.5-18 shows the undefined state is tbe previous
state at the end of the fer-Ioop. The range is checked.

Test 6.5.3.9-20 shows for-loops may be nested to & depth
of 6.

Test 6.8.3.10-7 shows with-loops may be nested to a depth
L]

Test 6.9.4-10 shows that the output buffer is flushed ot
the end of a program.

Test 6.9.4-14 shows that recursive 1/0 is persitted using
the same file,

Concluding Comments
The genersal breakdown of errors is as follows:

170
- These problems are intimately tied to the EXEC 1100 operat-
ing system and its penchant to pad blanks on the end of a
line. There is no plan to try to correct this problem.
Does an external file of pointers make sense!

. Changes in the standard

Jensen and WITth (second edition) was used as the standard
for development of this compiler. Since there are
discrepencies between it and the 150 proposed standard,
several deviations occured. The compiler will be brought
into conformance on most of these errors when some standard
is asdopted.

Restrictions
Some restrictions will be kept, even after 2 standard is
adopted. GOTO's out of procedures will protably never be
implemented, but STOP and ABORT statements have been added
to the language to alleviate the problem.

Several previcusly unknown bugs were found by rfunning the
validation suite. Professar Fischer has been notified, and
corrections should be included in the next release of the
compilers,

One ares that should be emphasized {s the clarity of the diagnos-
tics produced by the compiler. All diesgrostics are self-
explanatory, even to the extent of saying "MOT YOUR FAULT" when
an internal compiler ertor is detected. A complete scalar walk-
back is produced whenever a fatal ror occurs The compiler at-
tempts error corcection and generally does & very good job of
getting the program into execution.

The relocstable ecompiler has extensive externsl compilation
festures. A program compiled using these facilities receives the
same compile-time diagnostics as if it were compiled in one
plece.
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INPLEMENTATION DESCRIPTION.
PASCAL/PASSGO st LOTS

1. / IRPLENES

Pistributer Matatainer:
J. Q. Joha

. Q. son
LOTS Computer Facility Arpanat:
Stoaford University Admin.. N)'S 1-SCORE
Staaferd, CA 94385 (415)497-3214

Inpleseator Maintsiner:
Arsands R.

Compu'
Staaford University
Stanferd, CA 94308

2. MACHIME: 1g1ta) Equipment Corp. DEC-19 and DEC-28.

3. SYSTEW CORFIGURATION:  DEC TOPS-10, TOPS-20; TENEX and WAITS aitors,
using Conctse Commend Language (CCL). Usas KA-18 instruction set.
llodlnuuon: for KI-10 tmproved tast. set, uader development.

4. DISI'IIIUTIH'
+ Nondisclosurs sgressent required. Sn accompanying form.
(£ v. re this with two purposs:
know how many copies are lr.llnd and who has them
h) Te preveat the use of our tmprovements by wol|t~or|onud
organizations 1 products that would later be sold.»)
* You showld provide the transport medium. Methods used uvatil now:
- Through the Arpaset.
- You send s & # track tape (n- l-n tnan 1268 feet,
blease).  Specify density for, desired.
(‘l'nlt. l“l bpl, WEIIIACIII' IlTERCWGﬁ ormat).
o8 Cone ad get 1t on your t
3 .uu—tutn on an 'u 13* basts. Sug rwu are encouraged and
will try to fix them and stify you as soon #s possible.
. m compiler i3 niu through a contimma), aithough slow,
imprevement process. Usars, aad MG, will be motified of major
aow relsases and critical bugs.

$. DOCUMENTATION:
* A -cmu version of the

~retrievable manssl from the
couplement to Jenses b Wirth.

* A -n cess to the mest relevant topics.
+ A WOTES 71le with compeats and hiats from lecel users.
.

.

An tuplameatation checklist.

A description of iaterestiag parts ef the tinternal polictes
(Packing mechenisa, Vinkage convestions, the symbol table, »
complete 115t of error messages, oad & checkitst te add
prodef 1hed precedures).

+ A} the docmmentation maching-retrisvable.

. BAINTENAICE 'G.IC'.
Vo are owr & main 3or: saintenance bemefits us firsr.
+ Ho guaraateed reply-time.
+ One to Tour relessss 3 yoor, for the Baxt two ysars, ot least.

.

+ Futwre Plans:
Support ful) Standerd Pascal
Optional flagging of use of non-standard features.
San of any size (wmu\y 144-slement sets first)
HAR going from space to '}'.
Mlo the heap a rez) hesp.
= 20-native varsion.
= A @ore friendly user tinterface: Improvements in the
dubugger, more and bDetter utility programs, more
messurement tools; better ercor messages.

7. STANDARD:
+ It supports the standard as defined tm Jensen & Wirth, sxcept:
= Records, Arrays and Files of Files are not supwt-
- Read and Write to mon-text Files are not supporte
- Set expressions that contain & range delimited by variables
oF expresisions are not supporied.
- The heap works as a stack. Procedure DISPOSE ‘pops’ the given
item and sverything else that was created afterwards.
4 Set 5126 1s 72 alements, set origin 15 zere.
+ Type CHAR includes only from space to underbar. No Vower case.
+ EXTEMSIONS: Type ASCII; functions FIRST, LAST, UPPERBOUND,
LOVERSOUND for scalars and arrays, rupntlvny; RIN and RAX;
separately compiled prno lnu manipulation package;
LOOP-EXIT  censtruct; statemants;
taitisitzation wocmuul. DAIE. m(.

8. MEASUREMENTS:
12088+ 1ines of PASCAL code, 500,880+ chars including commsents.
COMPILATION SPEED: around 13,008 chars/sec of CPU time on a 2050
EXECUTION SPEED: as good a3 that of the non-optimized FOR'

conpiler.
COMPILATION SPACE: the compiler takeas 58k of upper segment, and
can work with 18k lowsr segment.
You receive two compilars (Nemce the name). They suppori exactly
the same language and features, but one of them (PASSGO) | oduces
the code incore, which saves 25X CPU time and a lot of 1/0 in the
compile-load-and-9o sequance. This 15 idea) for developmrt, and
particularly belpful ia a student savironment

9. RELIABLILITY: Very good. It ts very heavily used st LOTS (the ,ro6f s
that runs the most, after the sditor). Implemsnted at 38+ sites.

10. DEVELOPMENT METHOD: Vs started with the Hemburg-76 compiler,
distributed by DECUS, which ts a very compiler itzalf. Ve
have been cleaning bugs, adding missing parts of the standard. and
adding festures ta the last 18 woaths.

11. LIBRARY SUPPORT AND OTHER FEATURES:
+ Only the assential runtime routines are written in MACRO:
mast of the tbrary 15 written in
+ Access to the FORTRAN 11brary swppor!
+ Access to externa) FORTRAN and IACIO Foutines.
+ Separate compilation.
+ Symbolic Post-mortem dump.
+ Interactive runtime sowrce-leve) debugging package.
.
.
.

PCREF, 8 cross-refersacer darived from Hamburg's CROSS
PFORN, & .rlttnrhhr
Stateseat cowats.
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Rational Data Systems

Pascal Users Group
c/o Rick Shaw

Digital Bquipment Corporation
$775 Peachtreee Dunwvoody Road
Atlanta, Georgia 39342

Dear Rick,

Enclosed is a copy of the report of the Validation Suite (2.2)
for our Pascal implementations on Data General machines.

let me know if you need any further information for
pubucaueu of this report in Pascal Mews.

ely,

R, Kaye

DRE/nec

enclosure

205 West 35 Street New York Cy 1009 20-75-008 TWX 710- 58608

Rational Data Systems

PASCAL VALIDATION SUITE REPORT

Processor ldentification

Computer: Data General Eclipse
AOB operating system

Processor: Rational Data Systems Pascal

MOS version, release 2.1%
(Implementations for Nova and microNova under RDOS DOS and MP/OS
operating systems are functionally equivalent but were nc'n: tested.) /
Test Conditions
Teater: Rational Data Systems
Validation Suite Version: 2.2

General Notes
-m

Several tests contained lnt-mtl of the form *read (f, a[i})®, where

"f" is a textfile and "a® is & cked ar 1.. o *.

Pascal, the rule that Tpacke il 21 of chat Tn RS
components of vatriables of an- t;pe designsted

packed shall not be used »- .u;l variable
parameters T
is applied to "read” 2nd “readi-' : .AL\ a8 to user-written procedures

and functions. Statements reject: the compiler were changed to the
form °read (f, xx); ali] 1= x2xP, vh;r;"n' is of type "char” .q

Some tests were not valid because they used *structural’ type
compatibility, These were revised accordingl ' .
compatibility before running. raingly for fname’ type
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Tests passed §94{)

Tests in which deviations were correctly detected 4
Tests failed 12 (7 causes) Tests showing true extensions ¥ dete 63
Tests in which erroneous deviations were not detected 26 (13 causes) =
Detalls of failed testm: 5
Details of tests showing true extensions
€.1.2-3: The significance limit is eight characters " ! :
for both identifiers and reserved words. 6.1.7-11, 6.4.3.2-5, 6.4.5-11: Type compatibility rules for )
0.2.!—!:.“ .‘d::lu:;ion *p = Eo:;:_ll m“"‘c:lgoch con:nn: strings weakened to accommodate ]
on pPes named "n are presen string-handling extensions.
later in same scope and earlier in outer scope. 9 9 ex e - 5
6.4.3.3-1, 6.4.3.3-3, 6.8.2.1-1: Empty records and empty R §
£1¢14 lists within record variants are rejected. Details of fajled tests: ¥i
6.4.3.3-4: Tagfield ®case which: boolean® is rejected - ¥
when *which” is a known type identifier. 6.1.2-1: Redeclaration of "nil"™ permitted. i )
‘-5-1'1!0 l.:li:r:;y not be an element of a record or 6.2.1-5: No error message when label is declared but -
. not utilized.
6.6.3.1-5, 6.6.3.4~1, 6.6.3.4-2, 6.6.3.5-1: Procedural 6.2.2-4, 6.3-6, 6.4,1-3: If an identifier is declared in
and functional pan.-eusl are nc_)t supported. two nested scopes, and there is an erronecus usage
6.6.5.3-2: Standard procedure "dispose” is not supported, of the identifier in the inner scope preceding the
(Implementation planned for release 2.28). definition in the inner scope, the compiler does not
6.2.2-7 de:ec: ;hte etr:r. ((i:ogpue conformance test 6.2.2-3.,)
kbl est e unctions wit same name cause erroneous
Details of erroneous tests: 3 ﬁmpileu-e error messzage. v
6.4.3.3-11: Empty record rejected at compile time. m
§.1.8-31 Latest draft standard defines "(** as exactly 6.4.5-2: Subranges of same base type treated as identical p
oqu. nt to "{", "*)" exactly equi lfnt to "}, in parameter/argument case, jay
€.6.5.2-3: Some operating systems distinguish “empty” 6.6.2-5: Punction may lack assignment statement. =
files (length = 8) from "nonexistent® files 6.6.3.5-2, 6.6,3.6-2, 6,6.3.6~3, 6.6,3.6-4, 6,6.3,6-5: =
_ (name not known), while ot!:er- do not. - Procedural and functional parameters not supported, M .
€.9.4-4; Draft standard requires “write (f :6)" to 6.6.6.3-4: Integer arguments to "trunc® and *round = {
produce floating-point form (*8.9e+88° or similar); accepted. ] :
suite is testing for fixed-point form ( ). 6.8.2.4-2, 6.8.2.4-3, 6.8.2.4~4: Tolerates illegal jumps g
€.9.4-7¢  Latest draft standard explicitly permits {to nonactivated statement, within structured
. M - . . ’
ue® and "ralse® as well as "TRUE® and "FALSE statement).
when Booleans are written to textfiles. 6.8.3.9-2, 6.8,3.9-3, 6.8.3.9-4, 6.8.3.9~16: Agsignment .
to control variable of "for”® statement allowed, H
6.8.3.9-9, 6.8.3.9-14, 6.8.3.9-19: Nonlocal control N
variable in "for® statement allowed.
6.9.4-9: Nonpositive field width in "write® to textfile
allowed,
Details of erroneocus tests: .
6.1.5-6: Latest draft standard permits both "E® and h
“e® in real constants. > H
S H
z
K«
ERROR HRANDL ING INPLENERTATION DEPINED :
I S R S AESTaASESRE SEREAS BSOS kg
Tests in which errora wers correctly detected 19 Number of tests run 15 .
Tes showing true extensions B
Tests in which ercors were not detected 2% {19 causes) = P
Details of erronecus tests: b ‘
> ¢
Details of test showing true extension: . §.11-12 t:l:u"t:::ym'i-pi‘:-:t:a:g;.::nzger:x:igﬁly - i
. :
!
€.6.5.2-1t After a file has been with "reset”, required by latest draft standard. T i

both ®get® and “put® operations are allowed. 6.11-2: Bquivaleant symbol for uparrow no longer belongs v

{In fact, both operations are nnltm at all to category “implementation-defined®; explicitly -

times, regardiess of how the file was opened.) required by latest draft standard. Equivalent il s

This extension is provided to permit convenient IY:boll f°‘b°°1§"€ !enl:olon, ;:flii'amsens ;Z:beglr ~ ;

random processing. RDS Pascal provides the 4nd square brackets no longer ned; de L

ability to reposition files with the predeclared from latest draft standard. - !

procedure “seek (<filename>, <integer expression>)”. €.11-3: lsqus;nien: S}f'nbolu g:rdcolwﬂlon symbols not N

(Mot permitted for files of type °text®. sted i{n draft standard.

Details of falled tests: Details of other tests:
6.2.1-%, 6.4.3.3-6, 6.4.3.3-8, 6.5.4~1, 6.5.4-2, 6.4.2.2-7: The value of "maxint® is 32767. (But the
6.8.3.9-5, 6.8.3,9-6: value -32768 can be created by writing "-maxint-1®

No check is done at runtime for variables with and is not rejected as erroneous.)

*undefined” (uninitialized, etc.) valu 6.4.3.4-2: Declaration "set of char” is permitted. o
6.4.3.3-5, 6.4,3,3-7: Storage redefinition is permitted, 6.4.3.4-4: Implementation permits sets to contain as many sy
6.4.3.3-12; y record rejected at compile time. as 4000 elements. No set may contain negative ele-ensl; -
6.4.6-7, 6. ¢ §.7.2.4-1t WNo runtime check for illegal e.9., "set of §.,.4079" is acceptable, “"set of -1..4978 =

set assignments. is not. This test brought to light a compller errors =
6.6,2-61 Wo runtime check for function that fails to the umcceh;:::le deci;utio: “set of -1.;:1' :a: kil

execute assignment statement. accepted e compiler, However, an attempt to
€.6.5.2-6, 6.6.5,2-71 Pile may be repositioned while insert a noq:un ulucn:'inb: : u:l(any ;e{.)l)vul s

fer is "var® parameter or is record variable cause & runtime error. zed in release 2.11). *
5.3 of *w t:',lnt-::;.‘ s 5.3 s ndnvrd 6.6.6.1-1: Procedural and functional parameters not supported. =
6.6.5.3-3, 6.6.5.3-4, 6,6.5.3-3, 6.6.5.3-6: ta.
oceduce "disposs” aot supported
66,530, BeBe3.3-8, Bo8.5.0-91" Hiouse of variable :

created variant fora of “mew" is tolerated. 1
6.8.3.5-3, 6.8.3.5-6: Mo runtime srror vhen cese-index !

expresaion aatches none of the case-constants, !
6$.8.3.9-17: Nested “for" statmments may have the same i

control variable.
- ;
»
-
~
~
g



6.6.6.2-11: Reals are implemented using Data General's

standard single~precision floatingpoint format:

sign: one bit

exponent: 7 bits, excess—64 notation

fraction: 24 bits (6 hexadecimal digits)
All results are normalized (i. leftmost hexadecimal
digit of fraction is always > ). Bowever, the range
of values that can be read from or written onte
textfiles is smaller than the range of values that
can be represented internally: conversion to/from
ASCII is supported only for values in the range
1.0e-75..1.0¢+75, Because this test relies on
non-detection of underflow at runtime, it could not
be executed without extensive modification. Ultimate
results vere:

bets 16
t &
nd L4
ngrd 3
machep -5
negep -6
iexp 7
sinexp =64
maxexp

63
eps $.53674e-7
epseg 5.96046e-8
min 5.39768e-79
max 7.23788e+75

6.7.2.3-23 Boolean expression "a and b® is fully evaluvated.
6.7.2.3-3; Boolean expression “a or b" is fully evaluated,
6.8.2.2-1: Selection then evaluation for "a{i] 1= &
6.8.2.2-2: Selection then evaluation for "p- 1= expr’.
6.9.4-5: Two digits written in an exponent.
6.9.4-11: Defauit field widths for *write® to textfiles:
integers variable
Booleans variable
reals 8 characters
QUALITY
e meu——
Humber of tests run 23

Details of erroneous tests:

6.7.2.2-4: Test of "mod" operator not in conformance
with latest draft standard. Caused runtime errer
sessage "Non-positive Divisor in MOD Operation®.

6.9.4-14: Recursive IO using same file allowed, This
test contains a superfluous program parameter
which caused the error message "program parameter
not declared as file in outermost block®". After
correction of the error, it ran successfully.

Details of other tests:

§,2,2-1, 6.1.3-3: Significance 1imit for identifiers
is eigbt characters.

6.1,8-4: No warning message generated when comment extends

across several source lines.

6.2.1-8: Accepted 58 type declarations,

6.2.1-9: Accepted declaration and siting of 5§ labels.

.3,2-41 Declaration "array [integer] of integer®
produced error message ®srray index may not be
of type INTEGER®.

3-9: Reverse correlation of filelds in record.

4-5: This test was revised to use the RDS "time”
extension, which is accurate only to the second.
Procedure *Warshallsalgorithm® required 184 bytes
of object code, and approximately 5 seconds of
elapsed execution time {on a multi-user system).

-2: Long declarations allowed.

~7: Procedure/function nesting limit is eight.

.2-6 (sqrt), 6.6.6.2-7 (arctan), 6.6.6.2-8 (exp),

72-9 (sin & cos), 6.6.6,2-10 (ln):

RDS personnel not trained in numerical analysis,
unable to interpret results of these tests.
6.8.3,5-2: No warning message when a "case® statement

contains an unreachable path.

6.8.3.5-8: Accepted large ®"case” statement.

6.8.3.9-18: After normal termination (i.e. no "goto®)
of & "for™ loop, the control variable has the
value of the limit expression, (After execution
of "for i := red to pink do ;%, the value of *i*
is *pink®.)

3.9-2¢: Accepted "for" statements nested 15 deep.

3.10-7: Nesting limit of *yith® statements is 12,

4-18: Textfile output is flushed at end of job
when linemarker is omitted, (Note that no
linemarker is inserted, however.)

EXTENSIONS

Muaber of tests run 1

Details:

6.8.3.5-14: The "otherwise” clause in & *case® statement

is not supported. (Refer to errorhandling tests
6.8.3.5-5 and 6.8.3.5-6.)

Tet Pascal News: c/¢ Rick Shaw
Fromt David Intersimone — De Marco-Shatz Corp.
Ret Validatien of AIPhaPASCAL compiler

Here is & corv of a validation of the AIPhaPASCAL comeiler 1
have siven a few comments on the comriler and the validation suite in the
validation rerort.

I have sent a cory of the rerort to Prof. Sale.

David Intersimone

323/83
De Marco-Shatz Core.
312 Marle Ave.

ALPHA MICROSYSTEMS AM-100/T

Pascal Validation Suite Rerort

Pascal Processor ldentification

Computert Alrha Microsvstems AM-100/T
Processort AlrhaPASCAL V2.0

Installationt De Marco Shatz Coreoration. Torrance, Ca.» USA

Tost Conditions

Tested Byt David Intersimone
Date:r February / March 1981

Vatidation Suite Versiomt 2.2

Rerort Sent Te

Alrha Micresvstems, Software Derartment. Irvine, Ca.., USA
Pascal News. c/o0 Rick Shaw. Atlanta. Ga.. UBA.

Prof. Arthur Sale: Derartaent of In
format
University of Tasmanias Hobart, Tun::l::nA::‘!::ﬁ;

Netesr
‘AVrhaPRECAL* and ‘AM-100/T* are
Alrhe Micresrste Irvine, C:’.’?‘l’l;’:“ -
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Confermance Tastst
e e

Test 6.9.3-1 The READLN function is net correctly imrlemented.

Tests 6.6.3.5-2. 6.6.3.6~2, 4.6.2.6-3: 6.6.3.6-4, 6.54.3.6-5
Procedures and functiens rassed as marameters are not
allowed.

Tests 6$.0.2.4-2, 6.6.2.4-3, 6.8.2.4-4 0OTO statements are not
rermitted without the (80+) comeiler ortien.

Error Handline Tests!

Test 6.7.2.2-6, 6.7.2.2-7 An error does net occur when the result
of & binary inteser ereration is not —maxint <= O Cw +maxint,

Test 6.7.2.4-1 Overlarring sets de not cause runtime errors.
3.5-3: 6.8.3.5-6 A runtime error does not occur when

tatement dowsn’t centain a constant for the vatue
of the case exmression.

Tests &.
a

Tests 6.8.3.9-5, 6.8.3.9-6 A FOR control varjadle can be used
without an intervenins a sneent.

Test 6.8.3.9-517 Two nested FOR statements can use the same

Tests 6.9.4-3, 6.9.4-4, 6.92.%51 1t is i1lesal to READ into a -
YTatal Muaber of Conforsance Testst 139 racked character field. §
Nusber of Tests Passedt 103 . 2
Numher $4 ns ) Test 6.9.4~7 WRITE and WRITELN do not accert a Boolean variable =
of Tests Falleds 38 €19 Fesso as an arpument. Also: as with tests 4.9.4-3 et al, it is =
illesal to read into 8 packed character field. ]
Details of Failed Conformance Tests: g
»x
» 6. t isnificance for identifiers. Iy g
Tests 6.1.2-3: 6.3-1 @-character s Deviance Testst : ;
1.6=1s 6.1.6~2, 6,2.1-1, 6.2.1-2, $.2.2-5, 6.8.2.4-1. e etn. M
Tests 4o 3.7’—3- 6.0.3:9—0 00TO statements are not rermitted : B
;thout the (90+) compiler ertion. Total Number of Deviance Tests: 94 o S
- Number of Deviations Correctly Detected! 55 2 , £
§ the variable ‘node’ was used Number of Tests Not Detectins Erronecus Deviationst (16 reasons i
Tost "2‘:;: :":A:::::..:";:n';n the assisnment of ptr iwtrue’ Number of Tests Showine True Extensionst 2 (2 reascns)
b Number of Tests Incorrectly Handledt 12 (6 reasons) g
Tests 6.4.3.3-1, 6.4.3.3-3 Earty records &re not allowed. 3_
Test 6.4.3.5-1 Only tvee or constant identifiers are allowed Details of Tests Not Detectins Erroneous Deviationst &
for ¢1le tvres. @ g
Tests $.4.3.5-2, 6.9.1-1 EOLN and EOF are not correctly imrlemented. Test 6.1.2-1 ni) can be used with tyres other than sointers. r:.; *
Test 6.5.1-1 The tyme of recerd fields and arravs cannot be a Test 4.1.7-6 Strinss can have bounds other that (1..n), ';;‘ H
FILE tvre. Test 6.1.7-9 Cases 1—4 were accesrted. Cases 3-7 rejected. >z
6. 3.1-8, 6.6.3.8~1. 6.6.3.4-2 6.6.3.5-1 procedures and .
Tests :u:czhnl'unic‘ as parameters are net allowsd. Tests 6.2.2-4, &.3~4, 6.4.1-3 Some 3corPe errors are not detected. «g
-
“invalid filename in RESEY”. Test &.3-3 Sisned constants are allowed in rlaces other than
Test 6.4.5.2-3 failed at runtise with constant declarations.
. REWR. of the file sets EOF false.
Test 6.4.9.2-3 4 1T Test 6.4.3.2-5 Strines can a subranse of other than intesers
Test 6.6.5.3-2 DISPOSE is not imriemented. AlshaPASCAL uses as an index tyme. .
MARK and RELEASE t cover memery allocated by NEW.
e e Test 6.4.3~2, 6.4.5-3, 6.4.5-4, 6.4,5-13 Trre comratibility
Test 4.6.5.4-1 PACK and UNPACK are not inrlemented. AIPhaPASCAL is used for variables.
Ol racked data steuctures.
aut theally unsacks Test $.4.5-11 Operations on strinss with different numbers
Test 6.7.1-1 Qrerater srecedence was chansed for comrutability of commonents are allowed.
her #1pha Micro lansuase processers. ‘
wah ot ! m Test 6.6.2-5 Function declarations with no assisnment for the b
Test 6£.8.3.5~4 Crashad the conriler. functien tdentifier are allowed. g ,
Toat $.8.3.91 Beth axrressions in & "FOR’ statement are not Yost 6.6.6.3-4 TRUNC and ROUND will accert inteser rarameaters. m E
aval # isnment i3 done. > o
luated Batfore ans Test 6.7.2.2-9 The unary emerstor rlus(+) can be arriied teo = ¢
Tost 4.8.3.9-7 ended w» in an infinite leor showins that the non—aumeric oserands.
ont increment caused wrasaround(everflow)
:! th:":‘v::::ﬂo. Tests 6.8.3.9-2. 6.8.3.9-3. 4.8.3.9-4 Assisnment can be made
to the FOR contrel variasble.
~
Tests :;:.:;"—':;‘6;:.3.9—::;':;:.3;:;::‘::0--!0:.! variables Details of Errors not Detectedt
Tast 6. 9~ .
(1) :.: :. 16 -CIU..I endless leor. FOR control variables Test 6.2.1-7 Local variables have values even thoush theyr
were never assisned. -
Test 6.9.4-9 Field width warameters can be zero and nesative. Tests 6.4.3.3-5, 6.4 >
- . 4.3.3- .4.3.3-6, 6.4.3.3~7, 6.4.3.3-8 No checkine a
Fleld widths zero and -1 srinted the same as field width 1. i3 done on the tas field of variant records. Z
Test 6. ouTPUT B
4t 41003 Shows that the standard file can be redefined Tests 6.4.6-7, 6.4.6-8 Bounds checkins is not done on =
hd . set tymes. =
Test 6.6.2-6 Execution of a function without assisnment of
Details of Tests Showine True Extensions? a value to the function vartable is allowed. §
Test 6.6.5.2-2 - '
Test 6.1.7-11 null strines sre allowsd. S Runtine error " the FiTe is 4t eof does not cause - P
~
. o i
Test :r:o;:ng:::un file declarations in the srowram headins Tests 6.6.5.2-6, 6.6.5.2~7 did not cause & runtime error when |
* the file Position was chansed while the file variable i
was in use, :
i
i
Details of Tests Incorrectly Mandled: Tests 6.6.5.3-7. 6.6.5.3-8, 6.4.5.3-9 No checks are made on
P:ln(crl when they are assisned usins the variant form ¢
Test 6.2,1-4 caused & bad Poiner reference arcor in the comriler. ° ) :
Test £.6.56.4-4 SUCC on the 1ast value of an ordinal t &
Test 4.4.3.3~11 Emrty records are not a)lowed. aot cause a runtime error. rdtes Yre does S
m
Test 6.4.5-3 EiehtiB) character fdentifier siwnificance. Test 6.4.56.4-5 PRED on the first value of an erdinal tyre does H
Test 6.56.1-6 The procedure call one(c) did not have a semicolon not cause & runtime error. o
(3) at the end of statement. An error messase for the Test 6.6.6.4-7 CHR on .
0606, 4= 4 value past the limits of CHAR tv
undefined forwerd mprecedure was not printed. Not cause & runtime error, e does E
-

Total Number of Error Handline Tests: 46

Muaber of Errors Correctly Detectedt 14

Number of Errers not Detectedt 27 (14 reasons)
Nuaber of Tests Incerrectly Handled? S (2 reasons)

control variadle.

Tests 6.9.2-4, 8.9.2-S No error eccurs when readins chareacters
that don’t form a valid inteser or reai.

(Y 11 7]




Detafls of Tests Incorrectly Mandleds Quality Testst ,

Test 6.4.3.3-12 Emrty records are not allowed. Tota)l Number of Quality Testst 23 =
Number of Tests Incorrectiy Handled: 7 (3 reasons) [ 7]
Tests 6.6.5.3~3 6.6.5.3-4, 6.6.5.3-5, 8.6.5.3-6 DISPOSE ad .
is net tmrlemented. ~ ¥
Details of Quality Testss = e
=
“v
Tests 3.2.2-1, 6.1.3~3 Eisht(8) character identifier sisnificance.
Inslenentation Defined Tests: Y] :
Tast &.1.8-4 Unclosed comments are not detected. ~ H
Ld
Total Nusber of Immrlementation Defined Testst 13 Test 6.2.1-8 Fiftv(50) Tyres were accerted. »
Numbar of Tests Incorrectiy Handledt 4 (4 reasons) [
Test 4.2.1-9 F1ftv(30) LADELS were accerted.
Details of Imsrlementation Defined Testss Test 6.4.3.2-4 Gave the comrile-time messawe!
“Array is too larse’.
Test 6.4.2.2-7 MAXINT is defined as 32767. Test 6.4.3.3-9 Exact correlation between variant record fields.
Test 4.4.3.4~2 Bets of characters are allowed. Test 6.3.1-2 Lonw declaration lists are allowed.
%)
Test 4$.4.3.4-4 Set bounds are 0..4093 Test 6.6.1~7 Seven(7) mrocedure/function declaratiens could By
be nested. Notel the comeiler manual states that the =
Tests 6.7.2.3-2, $.7.2.3-3 Boolean expressions are fully evaluated. max nesting leve! is 12. x
m
Tosts 6.9.2.2-1, $.9.2,2-2 Variables are selected then evaluated. Test 6.7.2.2-4 DIV by nesative orerands is imrlemented and =
consistent. DIV into nesative orerands is inconsistent,
Test 4.10-2 A REWRITE on the standard outrut file i3 allowed. Quotient=TRUNC(A/B) for nesative omrerands. MOD(A.B) °
lies in (0.B-f). =
Test 6.11-1 Alternate comment delimiters are imrlemented.
Test 4.8.3.5-2 Impossible CASE paths are not detected.
Tests 4.11-2: 4.11-3 Evuivalent svmdols are not tmrlemented.
Test 6.8.3.9-18 Ranse checkins is done on & CASE statement
after a FOR loor.
Details of Tests Incorrectly Handled:
Test 4.8.3.9-20 FOR stat nts can be nested to
> fiftean(13) Levels.
Test 6.6.6.1-1 Functions are not allowed to be rassed as rarameters.
Test 6.8.3.10-7 Eleven(ll) WITH statements can be nested.
Test 6.4.46.2-11 resulted in a floatine roint runtime error. The commiler manual states that the maximum nextins of S
procedures, with~do, and recoerd tvyre descrirtions is twelve(1i2),
Test 6.9.4-5 executed in an endless loor, Outrut file from
the WRITELN statesment contained 1ABC. Test 6.9.4-10 Outrut is flushed at end-of-Job. P
»
Test 6.9.4~11 WRITELN does not &llow Beclean variables. Test 6.9.4-14 Recursive 1/0 15 allowed. e
oe
=)
Details of Tests Incorrectlvy Handled:
Test 6.4.3.4-3 “processtime’ i3 not imPlemented.

Tests 6.6.6.2-%, 6.6.6.2-7, 6.6.6.2-6. &.8.6.2-9, $.6.5.2-10 Comments on the Validation Suitet Y
Failed to comrile because inteser constants must be in H
the ranse +-32767. ‘e’ is not accerted as a substitute 2 ;
for ‘E’ in real constants, the srosram blocks where too 1) Some tests are too larse (oriented towards mainframes?). 4 i
larse for the comeiler to handle, and the compiler thousht SQRT, ARCTAN, LN. etc. tests (6.6.6.2-6,7,8.9,10) should 2 ¢
it had hit the end of the rrovres when it hadn’t, be broken ur. These cause sroblems with a comriler on -~ :
Notet the comriler manua! states that the obiect code for smaller machines. Correctness of function should use =
any Procedure er function cannot be larser than 2000 brtes. tests accertable to )arse and small comsuters. ';.’

v
Test 6.9.3.3-8 failed to comrile after 121 case statement rarts 2) How about a new validation section called “performance”?
because the rrosram block was too larse. Would showinw the rerformance of comrilation and execution ,3
{could be mart of the QUALITY tests). Could check to ~
see what(if anv} ortimization is done. o~
=
3) What sood is the EXTENSION test and extension tests as rart o
Extension Tests! of DEVIANCE? Most deviations are extensions. Isn’t the
obiect of the suite to st lansu standards? Al}
rroduction comrilers are ®oins to have extensions. Some
Total) # of Extension Tests! extensions will be “standard® in the industry while others
will be strictly custom.
Details of Extension Testst
©
Test 6.8.3.5-14 The extension "OTHERWISE’ is not imrlemented. ]
“ELSE’ i3 accemrted to handle the same function. -
2
m
o
-
"3
=
-
Neotes abeut the AlrhePASCAL compilers
Previeus verstens of AIPhaPABCAL vsed the UCSD Pascal
Presranaing systen. The new AlrhaPASCAL tem consists
of a conrilers linker, external library and & run—time
Packave. Text editers are used te create seurce Prosraas,
The cempiler senerates intermediate files for use by the
tinker. The linker takes the intermediate files and an
extornal 1ibrary te create a runnable P-code fil
External precedures and functions can de serarately comriled
and rlaced in an externa) Yibrarv for future tinkine with -
sresreas. Machine lanvuase subroutines can also be written »
and linked inte presrams. -4
ALPMaPASCAL run~time ws irtus) memory masins syste et
there 18 ne aize 1imit en P—code files., The run-time reack:
Brevides for omerator interrurts of erosraa execution a)lowins
Presran teraination: sresram resumstiona and & backtrace of ald
rrocedures and functiens currently active,




