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USA ...!!!L.. Europe
~1
year $10. '6. DM20. M8.

Enter me as a new member for:
2 years $18. 110. DM4S. MIS.

Renew my subscription for:
3 years $25. 115. DM50. A$20.

HAR 2 4 1982

POLICY: PASCAL NEWS

*
PaacalNewa is the official but informal publication of the Ueer'a Group.

* f.!!£!!. News contains all we (the editore) know about Pascal J 118 uae it ..
the vehicle to snswer all inquiries because our physical energy and
resources for answering individual requeata are finite. ,. PUG growe, we
unfortunately succumb to the reality of:

1. Having to insist that people loIho need to know "about Pucu" Join PUG
and read Pascal ~ - that is why we apend tille to produce it!

z. Refusing to return phone calls or answer letters full of queeUone - 118
will pass the questions on to the resdership of Pascal~. Pleass
understand loIhat the collective effect of individual inquiriii""lit8 at the
"concentrators" (our phones and .ailboxea). We ara trying honMtly to 88Y'
"We cannot promise more that we can do."

*
Paacal Newa ia produced J or 4 times during a ysar; usually in March, June,
September, and December.

*
ALL THE NEWSTHAT'S FIT, WE PRINT. Please eend .aterial (brevity ia a

virtue) ror Pascal News aingle-apaced and cemera-ready (uee dark ribbon and
18.5 all Hnean--- -

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

.

. * f.!!£!!. ~ ia divided into flexible aections:

.

POLICY - explains the way we do things (ALL-PURPOSE COUPON, etc.)

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

HERE AND THERE WITH PASCAL - presents news fr08 people, eonference
announcements and reports, new booka and articles (including reviaws),
notices of Pascal in tha newe, history, membership roetera, etc.

APPLICATIONS- presenta and docLlllenta source progr.. written' in' Pascal
for various algorithms, and software tools for a Paacal environUrit; news
of aignificant spplicstiona progrsms. Also cr iUquea regarding
program/algorithM certification, performance, standsrds cOnforlllance,
style, output convenience, and gsnersl design.

ARTICLES - contains formsl, submitted contributions (such 88 Pascal
philosophy, use of Pascal as a teaching tool, use of Psscal at ,different
coaputer installations, how to proaote Pascal, etc.).

OPEN FORUM FOR MEMBERS - contains ahort, inf01'1llal correspondence .ong
members ..hich is of intereat to tha readsrship of !!!!:.!!!!!!!.

IMPLEMENTATION NOTES - reports newsof Pascsl imple8entations. contacta
for maintainers, implementors, distributors, and documentors of various
implementations 88 well 88 where to aend bug reporta. Qualitstiva end
quantitative descriptiona and comparisons of varioua implementatIOn. are
publicized. Sectiona contain information about Portable Paacals, Paacsl
Variants, Feature-Implementation Notea, snd Machine-Dependent
Implementationa.
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- - - - - - ALL-PURPOSE COUPON - - - - - - (lS-Dec-81)

Pascal Users Group
P.O. Box 4406

Allentown, Pa. 18104-4406 USA

**Note**

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.

_T~e_U: ~._p~s~a: ~e:v:c~ ~o~s_n~t_f~r~a:d_pascal News.
_ _ _ _

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:

--CHECK no.

NAME

ADDRESS

PHONE

COMPUTER

DATE



[

JOINING PASCAL USERS GROUP?

Membership is open to anyone: Particularly the Pascal user, teacher,
maintainer, imp1ementor, distributor, or just plain fan.
please enclose the proper prepayment (check payable to .Pascal User's
Jroup.); we wi11 not bill you.
please do not senO-Us purchase orders, we cannot endure the paper workl

When 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 Newsas- ameans toward the end of promoting Pascal and
communicatin~s or events surrounding pascal to persons interested in
Pascal. We are simply interested in the news ourselves and preter to share
it through Pascal News. We desire to minimize paperwork, because we have
other work t~ -
----------------------------------------------------------------------------

American Region (North and South America) Join through PUG(USA).

European Region (Europe, North Africa, Western Asia): Join through PUG (EUR)

Pascal Users Group, c/o Grado Computer Systems , Software,
Weissenburgerstrasse 25, D-8000, Munchen 80, Germany,

unJ~ : join through PUG (UK) : Pascal Users Group, c/o
~tland, ZE2 9PF, United Kingdom.

Australasian Reqion (Australia, East Asia - incl.India , Japan): PUG (AUS) .

Pascal Users G roup, c/o Arthur Sale, Department of Information Science,
university of 'Tasmania, Box 252C GPO, Hobart, Tasmania 7001, Australu.
International telephone: 61-02-202374
---------------------------------------------------------------------------

RENEWING?

please renew early (before November) and please write us a line or two to
tell us what you are doing with Pascal, and tell us what you think of PUG and
pascal~. Renewing for more than one year saves us time.

ORDERiNG BACK ISSUES OR EXTRA ISSUES?

Our unusual policy of automatically sending all is.ue. of Pascal News to
anyone who joins within a year means that we eliminate lIIany-requei"Ei"" for
backissues ahead of time, and we don't have to reprint important information

in every i.sue--especially about Pascal implementations I

Issues 1 .. 8 (January, 1974 - May 1977) are ~ of print.

Issues 9 .. 12. 13 .. 16, , 17 .. 20 are available from PUG (USA) all for
$15.00 a set, and from PUG(AUS) all for $A15.00 a set.

Extra single copies of new issues (current academic year) are: $5.00 each -
PUG (USA); and $A5.00 each - PUG(AUS).

SENDING MATERIAL FOR PUSLICATION?

Your experiences with Pascal (teaching and otherwise), ideas, letters,
opinions, noti ces, news, articles, conference announcements, report.,
implementation information, applications, etc. are welcome. please send
material single-spaced and in camera-ready (use a dark ribbon and lines 18.5
CIII.wide) form.
All letters will be printed unless they contain a request to the contrary.
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APPLICATION FOR LICENSE TO USE VALIDATION SUITE FOR PASCAL

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

Phone Number:

Name and address to which information should

be addressed (write "as above" if the same)

Signature of requestor:

Date:

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 lests, bencbmarklng, 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 sucb documents, reference

sball be made to the original copyrigbt notice and ils source.

Distribution Claarge: $50.00

Make checks payable to ANPA/RI in US dollars drawn on a US bank.

Remittance mUist accompany application.
Mail Request to:

ANPA/RI
P.O. Box 598
Easton, Pa. 18042
USA
Attn: R. J. Cicbelli

Source Code Delivery Medium Specification;
) 800 bpi, 9-track, NRZI, odd parity, 600' magnetic tape
) 1600 bpi, 9-track, PE, odd parity, 600' magnetic tape

) ANSI-STANDARD

a) Select Character Code Set:
( ) ASCII () EBCDIC

b) Each logical record is an 80 cbaracter card image. Select block size in logical records per block.

( ) 40 () 20 () 10

) Special DEC System Alternates:
( ) RSX-IAS PIP Format (requires ANSI MAGtape RSX SYSGEN)
( ) DOS-RSTS FLX Format

Office Use Only
Signed

Date
Richard J. Cichelli

On behalf 01 A.H.J, Sale and R.A.Freak

Editor's Contribution
(jOOFED liG.U II

Yes a. all rou loral Pensrluanlans h~oe nO~IG~d In ~he l.st
Issue Ot PH we Mana~ed to ~e.s UP ~he =IP cooe of HIlentown PA.
.nd of course ~he liSP!'. ha~ COMe down on UI 1\ "">

. ~on Ot IIrl cl' s!
Pl note that the =IP IS 18014 nd\ 1~170. It ha. been
oorrec~.d In the new ~PC.

OR

5peakln9 Ot the new APC we h~ve ~IMPllfj~d iL COMe More. anW
.dded current priG,,, for the UK ana Furopp. an.' h"ut' ..od"', ed th..
revers. ~Ide Ot the cnupon ~o r.tl~ct the new forelsn e~l~or'.
and their curren~ addre..e..

.I.I:f1' ~ EUROPEAN ~~
Sp..kins Ot the Furopean editorl. w'. h.ve ~wo ..ew one.! line for
the UK. .nd nne tor ~he (ontinen". "hot- lIu~h". '.1 II bt' handl'in!!l
.11 bUllnes. for Rrltaln. ~nd HellMut Weher will he In ch.r~. of
the Europe.n Reslon. rl~a.. fee ~he HPC ror thotr .ddro.....

.J2!:f CALLING

PI..se re.trlct Your~rl,f to wrl~~en oorrp.'pono~nce uhen d~~lln~
wIth PUG. This IS .~r,~~ly ~ .chol~rlv F"n~~lon. None of the
cdltor~ !includin~ Mu.pIP) ~et. paid. ~It haul' a r~al job th.~
pays th.lr blll~, and th~y owe their o~fi~ehour~ to ~helr
eMPloyer. HII PUr. uor~ ,. donated on theIr own ti..e. So pl~ase
wrl~e to t'he ~pproprlat." re!'non~1 ..ditor. It 1,,'1"'"a doculllen~.r"
tr.11 that. can be t'nlln,.~d ~nd h~ndh'd IU F..~ .. we can. Honest!

COHBINED~
This IS of eours~ a COIII"I.."d1~~ue. We are dOln~ ~hl' to c.tch UP

and to beat the postal .y."... and th.lrht~h r."... To' thIs
UPs.t. .nron. we ~re ,orry. WI! are dOln8 our be.t.

~ BEING !HE. EDITOR

Anyone who i. Int.r.'ted in bein~ the .ew .dito? of PH should
write \0 ... at the ...In ~ddre'. iAPe).

STANDARDS

Good n.w. Fro.. the standard front! ?t8~.t ws. .pprou.. by tha
Int.rnatlon.l COMMltt.e. Hore next Is.ue FroM JiM HaneT the
St.ndard. F.diter.



I.!:!ll.. J SSU E

The hishl isht of ths issue is the 1011'8 awaited (Fro. last
ISSUe at le.stl) of Andrew Tanenbau.'s EMI oo.~iler. I think
It is really sreat. Tell us what YOU think! In the Here and
There seotion Gress Marshall has sUMMarized the ~ast Few
issues (1~ .. 19) iM~leMentation notes. Thanx. In addition
to the EMI oOM~iler, the A~~lioations seotion include. an
iM~rOVed ~ersion of the subroutine .0~tionsH, as well a. a
tree ~rln~ins routine, and a Set of routines to co.~re.. and
ex~and te~t u.ins HuFF.an oodes. Good workl And Finally the
articles .eotion has SO.e Fine contributions. Many ~eo~le
have asked (on the ~hone ... See above) about how the various
CPIM oo.~jlers staok u~. Now we have an an.wer. Also there
is an artjole of the eX~erienoes of a novice teaohin.
Pasoal. Fro. . seo.ra~hy teaoher no lessl And Finally a
~robin. aTtiole by Jonathan Vavner oonoernin. ~roble.. with
Pascal and lo.e ~ro~osals for their solution.

PASCAL NEWS #22 & #23 SEPTEMBER, 1981

Here and There With Pascal
Summary of Implementations
ALL
BESM-6
Burroughs B5700
Burroughs B6700/B7700 (MCP)
CDC 6000
CDC 6000
Cyber 70 and 170
DEC PDP-11
DEC PDP-11
DEC PDP-11

DEC PDP-11

DEC PDP-ll (RSTS)
DEC PDP-ll (RSX-IIM/IAS)
DEC PDP-ll (RSX-IIM/RT-ll)
DEC PDP-ll (Unix)
DEC PDP-ll (Unix)
DEC PDP-ll (Unix)
DEC PDP-15
DEC VAX
DEC VAX (Unix)

DG Eclipse

DG Eclipse (ADS

DG Eclipse (AOS)
DG Eclipse (RDOS)
DG Nova (AOS
Digico Micro 16E
FacOlD 230-455
General Electric GEC4082
Gol_ B (GOBOS)

HP 1000
Honay_ll 6000 (GCOS lll)

Honey_ll Level 6

IBM 3033

IBM 360/370

IBM 360/370
IBM 370
IBM 370
IBM 370
IBM 370
IBM 370/303x/43xx

IBM Series 1

IBM Series I

ICL 1900

Intel 8080/S085
Intel S080/80S5
Intel 80S0/8085
Intel 8080/8085
Intel 8080/8085
Intel 8080/S085
Intel 8080/8085
Intel 80S0/80S5
Intel 80S6
I n tel 80S6

MOS Tech 6502 (Apple)

Modcomp II and IV

#15:101
#15:107
#15:107
#19:113
#19:115
#15:108
#15110S
#19:115
#15:111
#15:112
#15:124
115:100
117:S6
115:101
115:111
1151100
115:103
#15:124
117:89
119:115
117:106
#15:110
115:109
115:108
115:110
#15:113
115:112
115:113
117:104
119:116
115:113
115:113
119:120
1151114
115:115
117:104
119:117
115:124
117:102
1191117
119:116
115:114
115:116
1151119
115:118
115:119
117:102
115:117
117:105
115:100
#15,100
115:119
#15:103
#15:107
115:120

(CP/M)
(IRS-SO)
(Northetar)

Paeca1 I (Derived frOID Paeca1 S)

UCSD Paecal

UCSD Paecal

Paeca1 S

Coocurreot Paecal

Paeca1 B
Noelula

RDOS,DOS)

RDOS,DOS)

Motorola 6800
Motorola 6800
Motorola 6800
Motorola 6800
Kotoro1a 6800(Flex)
Kotorola 68000
Motorola 6809
Motorola 6809 (KDOS09)
Norel 10 aod 100 (Sintran III)
Ferkio-BI..r 3220
Perk1o-BIMr 7/16

au 1802
au 1802
51_De 7.748
Sperrr-Ua1vac V77
Texae Inetru880te 990
Texae Intruaente 9900
Zllol z-80

Zllol Z-80
Zilo& Z-80
Z1l0& Z-80
Z1l0& Z-80
Z1101 Z-80 (CP/M)
Zllo1 Z-80 (IRS-80)
Z1log Z-80 (TRS-80)
ZllogZ80
ZilOS Z80
Zilog z8000

PAGE 3
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lIS 120
119 120
119 121
117 102
115 123
119 121
115:103
117:102
lIS:121
115:122
1151~21
117:103
115:122
115:124
115:124
117:101
#15:124
115:124
119:123
115:124
117:88
1171104
117:103
#15:124
119:124
115:118
115:119
115:119
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Applications
EM 1 COMPILER

f1nclude .. ./bllocal.b-
l1nc:lucae.../bI_1.b-.5.

7
.
9
'0

( (c) oopyriabt. 1980 by the VriJe Un1v«-s1tett, AIIstel"'d_. The Nether_
1_(111. Elpllc1t. per'818S1on 18 bereby .r.nted to universities t.o us.

or dupl1cat..e thh pl"Ofr8 tor educaUonal or ,.uearcn purposes. All
other 1.88 or duplication by univ"'llt1es, and 811 us. or duplica-tionbJ otheror.8ftlUt1ona 18 npreasly prohibited unleas written
pel'"lll.810n h.. beea obtain..:! trOll the Vrlje Unhers1t.e1t. Requuts
tor '\.IOh penlbalona .., be sentto

51

"59
'0
".Z

"..65

""....
70
7Z

r,

""0'
"

stze of
1"'..18 In wol"da

(2)

controls the n...ber or bits In Intelet" ata (16)

insertcode to keep tr8Cik of sourcelines (.)

opU8tze (.)

Slh ot pointers In IIOrdl (I)

check sUbran,.. (.)

accept only standard P8scsl prolr_a
(_)

trace procedlrl entry and lilt
(_)

tr..t
'_'

.s letter (-) -----
'z13

"15,.

"

Dr. AIHIrew S. Y80...b81.8
Wl.kund~ .s..ln..l...
YriJe Unh"'alt.alt.
Po8t.bot 1161
1001 NC _St..rd_
nae hot.herlmd8

I

{"''''"'''''''"'."."''''.,,,,'''.'''.."'''''''''''''"'==:"'''''''.80:"""'"'"",::."",,,,,,,:.:,,,,.:."""''''':::''''::=''\hfdef STUDARD
1 19999;
'endir -NN

19
20
21
zz
Z3

25
z.
Z7
z.
29

Or...iut.1ona W18hlnc to .od1(y part. ~f t.his soft_r. tor aublequent.
8al. _1I8t. .:rpliolU, 8P9l, tor per:8188ion. ~. ueo:t. 8rrVlIe-
..t.8 W111 be JIIOrQd out. on 8 cue b, case ba.h, but at. a 81n18U8
will require tbot orlMhatton to inclUde t.he tolloWinl noUc. in 811
8Oft.ra 8Dd clocU88:1t.at.1on baNd 011 Olr worll::

na18 product. 18 baQ4 Oft t.he Pascal s,at._
d8'(.lope4 bJ &ndr.w S, Tall.nbaU8. Johan V, .st.sunaon
Mil Hana no !t.Ii'eren ot t.he VrIJ. Unherslt.stt.. AIIst..r-
d_. Tbe .t.berl8lda.

-

3'3Z U~.~::: 11n. 18
si:~~

t.he Ca;~ller 18 wit.ten ill st.end.-d puull

::~~::: line la ~8d. t.hen ~c;ca. 15 prochaced ror ent.ed _.ory}

"75
76

""79

"82
'3
""86
87
..

90
91
9Z
93
9'95
96
91
..
99
100
10'

(powers of t.wo)

t.1 .128;
t.8., .. 255:
t.8 .256;
t.1. . 163~:
t.15.1 .. 32167;

(EM_1shu\
byt.eblt.. ,.8;
vordblt.s ,. 16;

wb81 ,. IS: {wordblta-1}
.1nint. ,. -t.1581;
&Dint. . t1S.1:
auint.,St.rlnl .. '0000032767';
au1onastr"lna .. '21117""'6-\7';

byte.h.
wordalu
8ddrsi:te
prn..a1:te
ahort.ai&e
loncl1ze

'Ud.f SFLO.&T
t10.ta! &e

18tdU.
I1tnd.t SP'LOU

rlo.Uh.

'eadlt

.1;
.2;
.. wordslu;
.. wordaize:

"

wordal:te:

.';

..8;

3'35

37
3'39
'0

"
"'3
..
..

"..'950

"52
53
..
55
..

{&ut.bDr: .80188 St..'.8On
(u- : DO8OurO.

11" auebera)
(&r- : DOIlUbr... obHld.nl)
I : DO rtiOll 01l8e1c1111}
IUd.t STUDiD
f : teat. ooarwa..o, to 8t.Md..d)
lead1t

V.r.ion: 31)

'03,..
,os
,oo
107
,oa
'09110
,n
nZ

I'..eal .18... tor ~ra1:te, r"18i_ _d tha1a Me ba8d1eoptal
I EM-1 requir.s t.n-t objects Ireaur t.h8n . sincle b,w stlrt. at .

word bolmdr,. 80 their addr... 18 .,.. Iorwel1,.. tull word
is 1180 .lloolWd for objects

01' I .1ft.le b1\.. Thl. SZUI byte
il raal1, IUocated to tbe obJeot. DOt. oft1, ak1pped: byaa...ent,
i.8. it the 'n1ya tal. i. ...il_ to. bool... "..iale tben
bott!. b1\.. are ol88l'1Id.

'or .1a&J.e bJte Objects 18 PNbd ..r.,.
or pecDd reoord.a. bel OGl, one b)'t.e 18 .llocated.

.".. it
t.be DUt byt. 18 UllII8Itd. ar1qa a,... peeked ..ra,..

'!'b.
sl_ of

poilllters 18 2 b, d.f.ult. but. 081 be 0~8d at r\8loU" bJ the

~_ peaC1.IIp4..1.er-ro,.s>;
I na18 P8aaal OC8pII.l.. produc.. .1 oods .1 duorlb8d in

-
S.tan...b88. .I.V.Sts"en80D , H. ... St."..n.

''Deecript.108 ot . s.per1a8ltaJ. _.bI.a. ..olriwot.ar. tor of
bloat8t.rwttr811 1 latoNatik8 rlfpOrt.

5'.I d_riptiOI ot
"'81

i. Ihen ...
-1 . ..V1~.NX&L .,..,. ...uaI 8d repoM;.Spr1nl..-V.r1...

S.'''81
optiou .., ... Ihen 18 t.he DOfWal11880011..,. Norto'...

. JI081ti... a ..,. be UHd iD8t.nd ot . 8d -. n.. optiCMUIar.:
.~ laterpret rt1oa. (.)
0: C-'", 8tl'i8Ia allowd

(_)
d:

''''
1.. .., bs ..ad: C-)



m ... klua:idol... at J'] ptrala:intel";]]8 ..... :(): ].. real.he :1nt.8ler:
m ..... :(.,81\,18:lataa")i (tor lote,en t.tw ..1" 18 395 nata. :lntelar: (tile Mader sia)
]OO calputad _ 8t.Or'1IdIn thia thld. ]96 ..,c:1ntAt''''i (ind.. in .rlv)
]" For lIt,.i... sed r.al. 81'1.....bler' COO.t.llt i. J97 lutpfDO :lnt....: h..lqu. pt n...ber" c~ted

."]" datiaed 1meled '.1'. '.2', ]98 copt.: int.,er': tC-t)'p8atriala.1l~ if on)
~'"]'J thia

'.'
_bar 18 t.berI ato,.1Id in .,alus. ].. cSopt:lat.e,er; lloDis .llowd. it 0111 ....

]"
Fo,. r.al. .alUl .., b. n.I8tH to indic.te that

'00 10pt: Inte,.,.: (nl.8ber otblt.inseta with b... tnte,..)~~]49 tbl: oppoalt.e ot tbe .....bler cOIl8t.ant 18 n.eded.
)

'0'
sopt:1nh,.,.: Ishndard option} z

J"
..... :( Ypls:poslt1on); (poaltion of...)

'02 {pointer. polntinl to ahndard t)'J)ul ~..]07 th1d :(totfMt:latet;..) ; {otfa.t to b.,1II. of rltOordl
'OJ

,...lptr. Lntpt.r. tutpt.,. ...ptJHt .boolptr :.P:

'"
].. OIrrbbd :(): Udt)'J)8 polnt. to carr.,..} ... charptr .nllpt,. ..trinapt,. .10nsptr:sPi
].. ,,"oo.r.c : ... (fl...) yO

'"
]50 (088 pI'k1rM1:lI:in40tpl .f '06 11vel1ne:bool.an: {Ih. sow-ee line n\aber .t neat 3htnentl

'"
~, shad..d: (1cIt,.:staDdpt): (Ld..tlno.tion) .07 inolucllll.:boolean: {no LII'. tor Included (lode)]52 fOr'llal.8Ct.ua1.foMIMI..a:t.rn: ... eof.lpectad :boolean: (quit without. .,.Nr if trUl (MItch)

)
yO

m (plpo.:poait1oa; (1'1 11'1.. decl..ation hnl. ... ..In :bool1181D: (OO8pl.tepr'0lr_e or . aodul.)

'"
]54 a, ,i".. 1D8t,.uotion..a-nt or thi. proc 8d "0 1ntypedac :boohan: {Ulle it nested In typedettnlt1on!
~]55 81 i. r.levant. for tONal pt'. .nd for .11 fltused :bool...: (trUl lr floatl!!. polnt inat,.uctiona .r. usedl
]56 haotlO11. (no oonfllctll). .,. "conddot :bool.an: (lndle.te. the MCood dot of ....)

~7 for t\8otiona: ed ia the r.ault edd,..... "] (polnte,..1
]S8 tor to,... pt'.: 8d la the add..." of tM ... tvptr:lp: h.ad of eMln ot to...,.d ,..te,.anoltpoints,..1 j35'

....,.lpbtr ) ... prOIP:ip: {pro,r. lchntift.r-J
]60 pfDo

:18"-1": {_I""
pt D\8berJ

". ow-r"p-oc:lp: (ow-rea'-prooffune 1p <8Mc....t.t_eat»)]61 ,.,."8<1:1,; U'lll8<lof ,.,..et4r l1at} "7 to,:.,: (pointer to tM 808t t'~8I!It.0.. apeee)
]62 .....10 :1a~.. 11. ... ".181 80.....1)

0" lutap:f.lp: (poiDte,.\0 1I..taro 01 laat ....cb8c:l ident. I 1;]6J )
."

(~orcI.)
]64 UO ':blocld.ntD; 1.11 18110to It. .... ot ,rd_l..aUon}
~,as -, U' .:.,,1"''': (81118toreqa1".,... .-or .......)

... ta:attr-; fot'" tor OIllT_tru. .-01 ?JOT 1..S...... UJ (.....,.)
JiB _u.,~.; ("'18 .f 1.el.) ... ......:tll:t".; (... ot "Mal ...... ft.l.)]89 __:bool_: ... Hrbuf':....8J{1..8a) fII ....:

'"
]70 1...81:1.._; (l81M1..... 1.98 "Ut ~) ... iop:wr.,hrooh.) of 1,;~]TI 1.IM.-e:1DhC"; IlIM1.... &198., UII8",-1..) 1127 (hi..:.......... 18,.. V_:8\"'''' out"",']ft laWl.:1...... I.... __ oalr l...U, ..... ... ...:trr.,t.........] of 81_;
m ....... dlltllo.r lM1 ........8t1_) ... I.....".. -.NIsi]70 -, ']1 fnr:......rO..l...] elln",";

0]1 hadl... 18 nil
JI8 I ']2 I"II,:.-rq(nr...J of a,.bol:
3TT - lUIe__ tr---' ... _\8I"'II81a ... doo.1..... nrllt} 0]] (8JIIboltor r......... ......)
]71 .,:a..W: 11... .)8trol) 0]' ..:.....,c...] or ow,''';]79 .:8\tr: (qpo....... .et.bocI.,..1t.l.....h. ot sapr) .~

(""''''
of. obaraoter)]II tN\u.....

"

18.,.1 ']8 ..,:.....,c"..rento........1) ., s,.1:I01.
]81 ...1.....; (18 .....\or) OJ' t8J8ba1 tor al"1l. ......\81' .,....hl
]82 ....,:obDM.". : t,,,. .t olt. .... ., 1..,.) ']8 _*",.,I1U...] 01

=::~'~~a1.,1~:-.;' routi...)]8]
'f81:18\.88-; UI 1_ .,.1101 II .. 00Uhe\

)
']9]II ta:..........: t...._ l...tb} 'oo OfIt.:.....,c'.'.....] at law,..;

385 .l:Mo1..: I~ 11 0",._, ., ,.op1... I ....U..) .., hl"'08OlI\:.....,r'.....a')., 11001..;~- ............:"-1..; Iv. tor -"'1Dp 'a - -) ... (26dift.....t. .....1...)
=]IT .. :.1...: tit 1..

""'1
1. _ ld.Un.,.)

"] ....np:.....,t:1d61...] of 1,;- I... __\81'8) ... I..... 18 ..8I"08d4l)

'"
U..:1a\o8V: tl188...... .. .. ft.l. (t...) ,

0" .......:.....0......'0] of]90 G...:i8\e18r: (.-ber .t 188\&leb81.....) ... r8IICII'II.....:elpb8: 8d:f.8taa.. 8M';,., 1__.:1_\8&"; ...,. tr_ 01..... of h) "7 I... be,.. t"- .atet'salbudtac ....}
!tI 1."1:1'181": 1.....\ .,,\1. Illell ... Im..1

...
226
...
U9
'30
']'']2
']]

']5
']6
']7
']8
']'"0

,......
810"..

0 11..;
0..'88';

(pointer tJPol8)
.,. "8tt'uctIr8.1,. "SdeUner;
1,. "'lalll:..,. DlOCld.nho;
... '".._uto;

I.., t"..)
....
...tand..to, c..
.n."btn...,o:

8et 01 8,001:
8e\.t idel...;
8t\ ot .truettor'll;
_to of .tr\lOtn..:
8et .r 14_t.tl.:

...
"]...

fr...ef t,p..)
alpha 8rT8J'[ idr ) of char;
tnt~ ,.[ tv ]

0'
ohllr;

(~rd '1pu)
"r".r~..110 :hte...:

...:.lJlh8;

...l:bt.q:..;
obDo :11It8...:
l1Do:lDw.r;
11ar:lnte...:
Of't.:1nt

;

t:a_:tntJp8;

-:

...

.".........
'51...
2>]
'542>....
...
........,
...26]
...
...
267
...
26,
'70
27'm
m
27'
'75
'76m

'7''79...

f,,"or D\8berl
lid_Utier P8r.at.er it r..lr.sl
hll...,.10 P81".ete... it I"e-qulredl
{col_n ndlber}
l11na I'".-ber}t,..18th. to shrt

0'
(1nolud8d) nle)

Itd8. but. berore preprocess!n,)
bDlree fih a.e}

poalt!oa_reoord
8d:lnw.r;
h:lnt,q..;

'Uhf SECJtEIrS
.,:..1"....

'edit-:

ItoM 8ddr Il1to of certain ,...lable)
(for 100818 It 18 t.ht byte ott..t!
Ithe Inti of the b...t)

(Oftl, ...el..,.t tor alobllli HuO) )

(~.
0' to". at.tr ... __ to r__beI'" qu8l1t1u ot
1011I*'t. to del8J' tile 10.:11/111ot tbe81.U08. too dal8J t.he lOr.U", of OM wor-ctcoa.~.nt..:

- bowtd cheoldac
-

_to bU:Ud1.aa.
to del., tbe 108diq of d11'eot 8OO...1b18 object.:

....tttdot be8Cltaa of r88dfwr1te

- etn..1eDt a.-d1111& of tbe vit.. .tat8Mlt..

'"
"J...
...
...
'87...
...
>90
...
"J...
'95...
"7
'98
]00

]0'
J02]0]
]04
J05
]06
]07
]..
J09
J10
]11
J12
J1]

]"
J"
J1']11

]"]19
]20
]2']22
]2J
]2'
]2'
]2']27

]2'
329

ft88e1nroar.......
nlink:np:
fn..:lp;

occur :wh.r. of
blok:():
reo:

();
vreo;(wa:stt,.)

-;
bloeldnroal"eoonl

ne.tbp:bp;
1c:ln\:4..,.;
Ubno:lnt.ler:
forvcount :lnt.eler;
lch.lln;lpi

-;

(one fo,. .loCb ..perst.. a.. specs)
(one dHper)
(arat. n.e: root or t.,...1 --
la.. .pace opllaed b)' V1tb at_teII_t.}

(til Il1fo of the curr8ftt proctd )

Ipoll1"" to bloeklafo of .urr"ound1n& proe}
(d.ta. loo.tion oOlmter (fr08 bqin of proc) )

In...ber ot h.t looal lab.l}
In...ber or not pet specif1.d fOl"V8rd proe.}
{firat. label: Iwad.. or ch81n}

{ah. of structur. ia bytu}
Irhl blt.}

(n ,. of r d..crlptor){, of
oonat.nta}

Ilow,. 8WS upper boUDd}

{tJS* ot bo..md.}
Imab8r ot subr descrlptor)

{type of polntH obJect.}
ItJPe ot ..t .l_enta}{typeof fU. .1_8fIoh}

'"
go

atruct"ea,.econI
aiz.:lnteler:
sn..:.n..set:
C&88fo", :structro", of

.eal :(SC81no:lntq.,.;
rC0a.8t:1P);

.ubl"sn'.:(81n :lntsl.,.:
rana.type :ap:
subrno: Ints,..

):
pointer :(eltype:sp):
power :(.l..t:ap):
fUes :(t11t1P8:ap):
.r,.sp,o.rr.)':

(_ltrpe:sp;
1Ju:trpe:.p:
"pos:po.ltlon);

recor-cta :<fatfld:iP:
t...p:.p

):
"...hat :(""'''81:lnt.e,..:

nzh..:.p:
..tap :.p

):
tq :(fah..:s,;

tndap:ap)

{t:rpt or .r,..,.. .1_ental(type of .,.,.a)' hd.11
{po.1Uos of 81"1"8,.desc,.lptor-l
{poUts to fi,..t field)
{polnt. to t.q If pr.Mftt}

ltal .al.. fo,. thia ...l.nt)
(Deat .qullaval ...tant)
{points to tq for .ub-oue}

(n.-at ...1811\ of cue)
It". ot t..1

(t.". of Id_tin.,.)( or id_tln.,.}
(... _te,.id rebid)
{\88dto 8. .,.,..1 ohainsl
{"""a1 n.. blta}

]],

]]2

J3J
]]'
m
]]'

id_tlti.ral'8Or8N
tdt".:ap:
na.:alpha :
Uillk.l"linll::iP:
nut:lp;
In..:lt1.._t:



"9,,...,
'52

.':nl. ot b,t8: (the ., ood.1
rrora:ftle ot err";

(UM o~pi18t1ol1 er!"ora)
I

"' " ,.,."" " ,,"'.}..'
'S'S...
'5''51
'59
'60
'61
'..
,..
'65
'....,
'..
'TOor,

JII"'OMd"8 l~b1t.e.(b:bJt.; 1:1ntqr):... b1.b2:b;rte.
.....

11 1(0
"...I.t Hatalat tb8 Ne1ll b1:.o; b2:.t7 ...

el""-18 1:._1_1;b1:.t.8.,
- 1'" t8: b2:.ta.1 _

1db' t8 ..el.. M&i8 b1:.1 ... t8: b2:
*1 d19 t8 ;

_t\.eC.',b,b1.b2)-:
~ lencst,(1:1nt.e.er);.....

l'
(1)-0) ... <1<ap_nc8t.O)u.e wrlt.e(.'.1.8p tut.G)

el.. ..-2b)'tU(.p cat2,1) -..; -
fJI"OMdur.clb(t:1a"'

':Helll it 1<t8 u.. lte<.'..P_Ub1.0 81.. Ue2bJt.u<.,_1lb2,O 8Dd;

~.leallb(1:1n~...):
Mc1a 11110:,,11_1 i

..;~
1<5JI_nUbO t writ4<.,.t+8p_t11bO) elM l8DClb(t}:

'13'T,
'15,,,

"8"9
",...

JII"OMd IWNllb( 1 :lnt8181").

-'18 it 1<t8 u.. wrtte(.'.8P_dlb1.1J el.. .8ft2bJt..C8P_cllbi2,1> ...;

leaO(b:bpte';
-'18 wtt,e(.',b)i 1111O:_11n0+1.-d;

~ lea1(b:b)'t.8; 1:1nt.q..>;
bIiip8 ,.o(b); .-cateU .t:

~ 18Dd(b:bJ\..: ':lntet;er):
Sa ..aCb) i .endlb(d) ;

'"..,

'"'"
""",...
'93,,,
'95
'"..
"9500,.,
502
...

, .-.l'..U etJPe:bJ\..; ... .:81..);1.J:ll1t.e.er;
M818l:aidlr...;

WdJ.. (.U.' ') _ (1)1) do 1=-1-1:
wrlt.8C.'.D888tJP8 .1);

':'7

J:,,1 &01
'0

trl.teC.'.ord(a(J]})

561 it u,.au \bn toP".t'II..:.np .1_

5" .....
563 r8fHt 11p1:811p:
56' 11 11p" >588 tb88
565 Ml18 Up:.Up".1118k: 1l.~:.tr\l8'"
566 elM
561 btlClII It Up" .D tIIn ...iD:.tr ; {_ coanlct}
561 l1p:.Up".rlink; a.tt;.t.l..:
569 :
510 _t.1l UP-DU:
571 it 11.tt. t.b8II Up'" .1l1DII.:"rtp .1.. Up1" .rl1U::"np
572 ...
573 tip" .111Ak:..1l: tip" .rUnk:".U;
51" it ..81. tMa erl'14(.o2.Da);
515 88IIi

517 )InI04Ihre inU.po.C... p:po.it1on);
518 p.h:"l...li p.8d:.0;
519 lit,.t SEQtUTS
580 ,...:.0
sa1 '_it
SI2 ..;

58" tau..Ct.p:.,; t8ll:1a\.8I");
S85 1.8...~ . .. 18
516 ",:ah,; peollb1t:.tal..; R:.rtzedi po..811:"' ; , 1':.1 1:
58T 'iN., 8GIIII!'S
588 :.0;
519 ...U
590 8811 881:

512 MVlp(Jc:l:ldel...; .;81 ; 1't.:a,; ..t.:l":I,;
593 ,Ii,; t:tn...,,;

""
h .n~

595 _Irlot

"'
\JIIIIU.08Tb8d: (8iaU.. 1ItruRur'.)

591 -.(,.'".a);
5tI :
599 ~ .w(,Jr;OD8t); p"...1\18:.0 _;
600 ...e:
601 Mc1aaev(P..".); t:.CIIMd l.Md]; 1.1t.po8t,"..pDa) ...:
602 n.l. :
603 11I8III8 c,.tield); ,.. .tottM":.o ...:
11M 1\80: I... at"

)
605 Dew{p.proe.80Wel);,.. .,nd":88lDtual:
106 18Upo.C,".IJ!PO.)I ,..

.""':.0; ," ..,., :881.1;,.. .budlc:.o
60T _
601 at;
609 ," :..; ,.. .11:1...:.11:1;,....1I1tJP8;.1dt;,...a...':..';
610 pOI

.111U:"aU: p" .rUDIr::.au; ," .1n..:.t; 1MWi,:..
611 ...
613 "-'1_ ,<.t:.",,*'tto...; n:l.t.q..):.P.
6n yw ,:.,; .n..:.n t.61§ ... en.l.n:616 _ .f.f

505
506
50'508
SO.
510

'"512
513

515
51'

... n:.lpt1.; I.J:lnt..eri

.....
it rtpA .prpo..h(,,' t.bn. n:~f1pA .n8ft .1..

~l::;;>O do
'; J:.1: 1:"'f1p. .pfno:

...:bee18 j:"j+1i n[jJ:"cIr(1 80d 10 + 0,,1('0'»: 1:.1 dh 10-.li

":7"0(b); l8nldent(sPJlft_.n)

prooed". ,enend:
b8a1a Wl"lt.(s1.sp_cendJ ...;

procell". ,.nUn:
beel_ liv.line:"t.l_:

~i
opt['l']Oofr t.beII if ..1n u.. 'etJ1(op_l1n...orl,)

518
51'
520
52'
523

52'525

52'
52'

52'

'"532
533

5"5J5

'"53T

539
5'10

5'12
50,

5'15
50'

5'18
5'1'

::eta ,enre,(ad,u.nr:lnt.ler);
it 'Z<"word.lz. Uwa

tad:
bacl. 'erl1(p_.n r.I): letten(ad); ,eneat(nr): leGend...

{."".."""."."":"..."""'""".."""""."".""""""..""'""",,,,"'..,,.,,."."""':."",,:,,,,}
proe"". puterr(.rr:lntl,el'):
1.8 you will notic.. III error nl8.ber, .re pl'"eo:8dedby'.' 8ftd

'0'
to} e.ae their real,8berlna In eaa.e of n.w errornl&ber,.

bec1D ...rno:...r; wr1\e(error..e):

~; err>O tb8II ~1II 18IIHp serror); sen.net ...

proD_Ir. .rror{ err :!nt.,er):
b881D : pac..: i:. _1: put.rr(..r) :

JII'OMdw-. .rrld<rr:lnt8IW; ... 1d:alph.):
b4t;18 :"14; 1:" -1; put.lrr(err) ...;

prooed". .rrlDt(err:iDle,er: 1:1I:twaer):
b8C18 11:..1; :".P8C<e.; puterr(..r) 8811:

JII"OOtId". ."perrCwr:1Dt.8I");

"'18
It pOat1 tII8II. IM&1JI error(err); p:..11 ... 8811:

JII'OO8IIIIr. tenKeadr':
b8&:18 it aoptOotr UI8 eITOrC-(..o1» 8811:

JI"088f". 8fttArld(rtp: Ip):
(..tel' Id polDtacI. 8t by f1p iDto tbI D~t.bh

Wb.icll oa 88C1I deel...tioa 1..,.81. 18 o 8II1Md ~
.. tmbalmcedbiD..., tl"e.1... ".:.lpba; liP.l1p1:1P; lleft iD:bool.an.
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11 l1p<>.U ....
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IlUttt(...loo1oa.+092>; ..terld( Up);
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Ma18 8llltArld(.,lp): dp" .1n..:.[]:

1t U,.aU ~ hip:..,t, 81_ 11p" .D8St:..,I,; Up:.,,!,:_.
-'U ~onoop( t., [001OO1.1d .paclDtd8r]. [lc1ent.]. o~. ,.095);

(+096)

...\.1t( 001081..091);
18p:.1o,.( 18'1+(_1001_ .1d..c);
tId1. hi,oau ..

bi," .W'Jpe:81..;
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it "81>9999u.. t.ut.tandrd;
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l1p:.ptp:

-,
in..: _in...r Hot];
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tII88Sahp" .ta_.:aaU;
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""el1aMtel-'; \IIto:..,- .11111III::--
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2016 prooedura upra..loIlCra,.:ao.); (or.reI;
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2080
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1.tor direct .ee bl. ,..tabl...

'a'
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1119
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2195
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2211
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11'utoaU ta..
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225>
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2263
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2273
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2283
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228'1
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2290
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..-------.---

2353 ...2]50 ...
2355 1t lopC.PAG)..U u.o errorC.o16]) 81_
2356 ..Hop lae.IU"IY[ordC",'lG»..U;
2351 ...pC.); :aboo1ptl"; (DOt tor PiG)
2358 ... _;
2360 JII'OO8dwe 0811Dd(t,.,8:108; a:l1b8a_);
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2362 .,.. 1ap:,p; 8z.bt.:lf.1w,,,,;
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"'1112364 it 8Ot. to~t(..p.(polnter])u.. ..perrC..o16") 81_
2365 1t "PEstrlnlptr t.b88 '.perr(+0165) el_
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2367 *u. tlnd3(~.t.".+0166) do2368 ....
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2370

.' ..p'" .tot'8*reoorda u.. ..p:...p'" .t 81._
2311 It ..p" ,to...",.,..I.nt UI88up:..sp" ..ubtap d_ 88perl"(+0161);
23T2: 11 up-aU \11II8oonat8ntCt8,. ,lap,lat) el_
2313 "-III ,.t. u," .tOM"t.8i;
2314 lnt.:.08tlllt.8lw(f.' ,.. ,tnd8p..o16~1); lap:...," .fah..;
2315 *11. 18p<>aU40
2316 U 1.," .., 101nt. \b88 18p:81.," ,nah.. 81_
2m 18>8&18up:.la,. __ 1 ;
23T1 ...;
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2311 It' .a>lat Iatt.(...1a\.-1) '19 18t . 18t;
2381 .-IC__108.18d; pC.),. .....;
.. -. 001111&<"'1_>;nil ... 1--.<8); u.. rw.on: P,(ftl..U__ C'0169);
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nil it 8M tol'8Ot( ,CtU..)) ~ 88pM"r(.011O)....
2391 It' , tpt.r u.. ._Hop 100.0)~
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zm ...pe.);
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"
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2298
2299
2300
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2300
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2345
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23..,
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2'09 81_ wror(.o172)
2410 el.. ."ror(+OI13)
21111 0

21113 prooedLr8 oall(ta,.: 8Oa; tip: lP);
211111 .,.. lk.y: standpti l,.r:boolun; bp,hp2:ap;
21115 ~1a vtth . 40 18 rap:.taya+[0C88a];
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2.18 btr8;lIIllta,::orip".k.,:
21119 it 10,18 (pJ)Ut..pblllt,faot..taba,rround..ral'chn] tbH
21120 18D1Cop_..k,O):
20\21 It lkey 111[pput...prelaaae,faba..farct.an] tbeD
2Q2 bee1. If DOt. lper tbeD .l'rorC.oI15};
20\23 11 lkey <: prele... tbn
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21127 811II:
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pput:
21132 Wlpa"UU);
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2'3"
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"
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n..t1fCot.,.+0229); tt.8d::lnl1; 1I8I:...1niDt; .1n:",aazlnt; n:..o;

llboo:.UbIlO+1; 12:.llbno; tl8bel ot ourr.nt oase}, t 1: tcat; lnt.,,,,( taya. (~a .001OD
"

HIIleolon) .1.p. +0230);
it 1>881': tbn. 8u:1:1; It 1<.10 u.. .1n:.1; n:"'D+1:q:.bead; r:.nU; ne.,Cp);
tlld.le q<>a11 do

b8t18 {cb81n all e.ses In .aced1n, order}
It q'" .oalab>at tb88

bella it q" .calab.l tMo error(+0231); aoto 1 end:
1"':841;q:.q'" .n.st-;

1: p n..t:.q; p c.hb:.l; p c..t.8rta12:

1t r.aU u.. bead :ap 1"''''.nnt:.p;

-"1
eodOnoop( taya.(oolon1.a.1001oa}.

(ident. .pluaa,.) ,o(88a.+0232); {+O233}
Dhtlt(ooloe1. .(234); ,enllb{ 12); at8t.e8ent( f.",.(-'1001on]).
I8I1Hop brt.l1);

..u11aat:..1colonCt.,.,[ldent..pluaa,.J..(235); (+O236 ..o237J
,.t n(>O:

d1bao:.d!bDO+1; leodlb(dlbno); pnpn_(pe 1"t8.0tr,.proc); .8tc8t{-1);
It Caa .b 3)

-
(.In .h 3) < n u.. -

"'18
.eocatCaift); 18ftCat.Cau-.1n):

.:aop ON;
1IIaU.-b8ed08U 110-1IIII1l. baed'" .Callb>8ta do

"'18
leDoat(-1); .1D:..1D+1 ....

I8IClbCbaad'".o..wrt:); .1II:1r81a+1;bead:abt_f" .D.at-,-.1_
ICtC8t(8); .:-op oaIt;

au. ba8d08U.. -
1_IIt'be.." .cal.);...llt(baad. .088kr't): bead:.."'" ..nt-,

302S
3026
3001
3028
3<129
3030
30)1
3032
3033
303>
3035
303'
3037
3038
3039
30'0

3'"
3'"
30'>
30"-3..7
30<8
30<9
)050
)051
3052
3053
)OS<
3055
3056
]057
3056
305t-]06'

3063
3060
]065
3066
3067
3068
3069
3070
3071

..Hop_loa..al1
)

-01_
~ ~~;:="::~~op ble.l1b8O) 81_ ,erJ1Cop_bc..UbftC»;

..HOf_bec.-bt:ah.); pD1(op_b,.t.odhb); ,entlbCllbno)

-, .q8t,.uotC p.dap);
oh8olrltm.( lap); pope 10081.1811 .lnt81ze): ...11bC 100p18b);

D81:tUCdo.,..o251); .ht_ent(h,..);
,ub( 10081.1" .int.ize);.
11 oaU'"

,_Hop 100..,.12) el_ 1-1(op 101.110);
...Hop beq..Dd.l8b);-Pua!l(1OCal,hd.lntaUeY: l.nl(op_loo.1);

It to."
._OCop_add) el_ lenO(op_IUb);

p:.dap; obeokbndsC lap); popC100al .lad .1ntsln);
,en1(op_br'b.looplab); ,enUbCendlab):
10: aoldlo

... 8Dd;

JII"OO8d vi th8ht88ent( ra,a :5Oa):
.,.. Inp.o1dtop:np: old1e:lnteler-; pbit:bool..:
b8C1a Idtla b do ""1.11oldlc:.lo; oldtop:.top:

"""'t
y..1ab1.Cf8,.+(~..d08"]);

it 80t fOrwot( P.[,.eoord.J> u.. a.pe,.r{+(252) el..

bCbI pb1t:..~olc 18 a.up'" .athe; ...
..,(1np.""'8O); Inp" .000"':'"'"80; Inp'" .f'n..:aa.aap .fatfid;
it . .ak<> ttud tMI8

bcIC18 loadadd,.: 1a1t.8Collptr .r..."".{
pt,.alae»); .t-or.;

8.ek:.,thed;

..::imu.:-pbn; lnp'" .we:..; lI'P'"
.nUak:.top: top:a1np;

..w :..onoopetap+tclD81]. [ld..a.J.OC8U..0253h 1+0254}
...utt..,..0255); atat88ant(h,.):
to,:ao1dtiop; 1o:aoldlo;

--
,.a.108Cra,.:..);

-.s. tutat8Dl1lrd;
11 opt.[ '.'J.oft u..

IIId.l8 8M (ar Ie ta,.) .. 1..,.

81:'18 1.'Cop 8"'k.0); 1 ,.); r.ro.cllloolpt,..4G2S6);
.-Hop loo:..oriC): pn.pUSS)~

- --;
3073
307'
3OT5
3076
3077
3078
3019-

a.t8Mnt: It.,.: ..a).,.. Up:1,; 11p:1p;Ur:.,.bol;

--':"t {UklQ'. .ca...,..DeI.,] <- b,.;
rt Uct..t.l..toa1 . ,.,. . (];

il t1.1IG([tatoat).ta,..[id..t1..025T) tII8It
MIi8 IIp:.''8I'''Obl8bCb.lObIl10.ul);

1'11,.811 u.. ..ri8tC.o2SI.Y81) 8188

2969 ..;
2910 pnancl; .enllb(lO); lend(op l_.dlbno); .enO(.); l_llbCll)
2911 .. ...; -
2913

m'2975
297'
2917
2978
2979
>980
2981
2982

procech..e repeatat.tft,ent( faya :8Oa);
... Ib1: inteler;

""111
1d. tb b do becia

llbno:=llbno+1; Ib1:allbno; cenllb<lb1>;
~C8p)lmdstat.ealent( fays.[lmtllsy], +(238); (+O239)
n.atit(Wlti18Y.+02110); ,en11n;
eapr'easion(f.ys); to,.ce(boolpt,..+Oi'1I1);

llbno:=llbno+1; ,enO(op teq); lenHop zeq.Ubno);
len1(op brb.lb1): lenllb(llbno) -

end -.t;-
298'
2985
>98_
2987
.,88
2989
299.
2991
>992

prooedw-..ttile.tatMent( fay.s :5Oa);
y.. Ib1.1b2: inteler;
beei. ri tb b do bttc18

Ubno:.Ubno+2; Ib1:=llbno-1; leftllb(l~1); IbZ:=llbno;
lenlln; espr'UJllon(fay (doay});
foree( boolptr .+021Q); len 1(op uq.lb2);
nes tif{ doa)". +0243); stat..untetaya;);
18'11(CIp_brb,lb1 ); .enllb(lb2)

8Dd end:

299'
2995
2996
2997
>998
2999
3000
3001
3002
3003
300<
3005
300'
3007
3008
3009
3010
3011
301>
3013
30111
3015
3016
30'7
3018
3019
3020
3<121
3022
3023
302'

procedure forat8te.entC tsya :soa);
(the upper bOlmd ia enluated once and !Jto,.ed 1n a t_p)rary loo.U

lip:ip; dap.1ap:spi toar-,cst 1.eat2.1ocal :boo1ean;
val1. val2. endl., .looplab ,oldl0.11e ,lad :intel"':

be81.Ja 1d.UI a.b do
"'ialsp:..U; lad;: =0; toa)'tl:.true: loeal:..1ev.l<>1; oldlc;alc;

Ubno:.llbno+1; looplab:.llbno: llbno:"'llbno+1; endl8b:=Ubno;
it .sy<>ident tbeII e,.I"'or(+02U) el..

beia18 l1paMarchld([v..a}); Lna18;
lap:..l1pa .idtype; 181:,,11p" .ypoa.ad;
Itlocal..

(Cl8d<eurl"'proc. .beadle) or (l1p'" .vpoa.}Y<>lenl» u..
.,.,.or{+024S)

81_ l1pa .ifi..:al1P'" .if1...CUMd .a.dlned];
-;

it 80t n1~eacal..(d..~(l.p» u..
"'18

erro,.(+0246); lap:.aU 8tI;
IMst1f(beoC8ea.+0247); dap:aduubC1.8p); ,.t alzeofCclap)."'ordahe;
espre..ion( r.r..[toa, .downto.,..nota,.. .Ipereat .do.y]);
cat1:a.acat; It cat1.t8M yal1:..poa.8d; force(clap.+0248);
It 80t ostl u.. lenHop dUP.1at81U>;
It fiDeI1([toa,. .dOllllotollJ]7ta:ra.(ftC>te,. .lpe,...t .do.,.]. +(249) tb88

18 toa,. ;8;.Y"toa,.. la.,. ...;
..pr.a.loa( ,.,..[do.,]);
cet2:..bcat; It e8t2 tIII88 ,,812:";08.8d; forceCd.p.+02SO);
It _t ut2 u..

18 llo:., ,...(18t.lze);
~l(op_dup.lataiZ8); ..Hop_al.Hc);

lte8tl......-It to.,. u.. I.Hop_blt.end1ab) el_ I.Hop_blt.endlab);

3081
3012
3083

3'"3085
3086
3087
3088
3089
3090
3091
3092
3093
309'
3095
3096
3097
3098
3099
3100
3101
3102
3103

31"
3105
3106
3107
3108
3109
3110
3111
3112
311)
3114
3115
3118
3111
3111

3'"
3''''
3122

312'
3125
3126
3127
3'28
3129
3130
3131
3'32
3133
3'34
3135
3136

~ It lIP'" n u.. erriatC+0259.nl) el_ llpa n:at,.ue:

..Ub(llP'" .18bn..)
-,

In.,.: nestLt(ool()1!;1.+0260);

It ~:.c,2([ ideat .beataa,..o...Jly].f.ra ..(261) ~
lD It li..l1u u.o it .,<>*U..,. \bell lenlln;

It .,..!dent
"*-it lda' rt I tI88a

Mala In.,.; rUoD(rs,.) ...

81::'la 11p:de.rcbid( [yra.field .tunc
.p,.oe]); In.,.:

It IIp'' .kla.aapr'OC tbH eallCf.YI.llp)
81.. auilnaent( fay. .11p)

...
01_

be&iD 18,.:=a,; iu,.;
C888 lay ot

~:~: o08J;1O\8:Idstate8ent(f'aya; .~62); (+0263)
nestlfCenday, +026")

...;
.ot-oay:

lotoatatetlent;
ifa,:

It.utecent( faya).

oa=~~ easeatatft,8I'ItCf'ya;); n..tlf(endsy.+0265)
;

whilea,.:
wh11.st8te8eot(f.ra) ;

,..peatay:
r.peatatate.ent( fa,.,);

to,.a,.:
torat.~t( f.,.);

vttb8r:
wi tbat8t.eMnt( t.:ra>;

--...-,
I.. ... ...

)

ktt7<h78:ao.; t1p:lp):
y.. 1 1.Wlb.nl8dlb.laldlb:1ftt.,..; 11p:1p;

b8CJ8 vUlt
_ _

n88dlb:.o;
(produo. PlO)

(paJW'O.tLp). 18IICM,CN.P'".MadIc);
.-oatCortI(n,'" .ptpo..1.,<.1) J;

Udt1a1U. nle.)
111...1.1 u.. 11totI,. tor ..Ln)
belladlbno:.dlbDO+1; lnlc11b:.dlbno; ,end(pa_f'w.laidlb);

.
...1Cop_8'1c.O):I (op_1_ .dlbDo); ,enHop_l...0); p(lI1>.

-,
t,.eoe(' )IrOCentr' .t1P.n_dlb);
dlbno:.dlbDO+1; l.tdlb:.dlbno;

..

'"'"..
..

'"
....

..
'"....

i~
~

f

t

f

"II
I
I

t

t
I

i



3137
31)8
3139

3'''03Ut
3102
)14)
3144
3145
3146
3147
310'
3149
3150
)151
3152
)153
315<
3155
3156
3157
315B
3159
3160
3161
3162
3163
31"
3165
3166
3167
3161
3169
3110
3171
3172
3113
317"
3175
3171

3171

31.

31"31112
3113

31'"31115

3'.3187
3181
3189
3190
3191
3192

3193 'P"lv(1J.8d:.8d: lop[t.rIM]'".VP08..d:zllCt

3'94 ...;
3195 U ioP(talM]<)DU tbM
3196

"'18
8d: ..8ddrU8C lo,t'halze+burrstze ,t,lae).

3197 arlv(O).8d:o:8d; lop[fa18.J'",vpoI.ad:.8i
3198 ...;
3199 it addr...Clc,O,hlae)<>O t.b8a len1(~_hol.le): {alilD Ie}
3200 Ie: .P"'oap" .he8dlc; level:.'
3201 : f8zt4rnal. are a180 eztern tor the ..In body}
3202 ..u. t'tnd2({proe.'.func.,.].r.' 0215) do prd~lar.tlon(t.ya);
320) it rO~Wl.t<>o thaD error(+C276); (torll proc not .~c1rled)
3204 ...atl(Cbe&luy...o217);
3205 body( r'JS+{nasesy.andIlY], tip);
3206 neJlurC8nd.,.+0278};
)207 ... ;

ItDd(pe_tW: .18t.dlb); ,ea4f OP_MI,l.tdlb);
(UW bod11t..1t)

l~_:.lc; c"rrp-oc:.tlp;
oapound8t.~_t(t.y o266); f+Q267J
1aau:",8ddre..C1aaa,O.f.1..}. (811&n lO8u)

t"8C8C 'proc811t' .f1p,n.dlb).

(~at'1n8d or ,1Ob81 18b018)
IIp:dcbll1n:
811a llP<)D.1l do

btr&ta 11 80t 11p" .aeen tb88 .rrlnt(+0268.11p" .18b.alJ;
if Up" .181>d1b()O tb88

ta ,endlb01p" .18bdlb); aenJI:I.C~ 1"'C8.f1p);
,_clbCllp" .1 ); ,8DcatOaaa); ..8td;
(thisdoeaa't WDrkIf loc81 r.tar. ar. 8t'OWtdJ

-,
11p:811p" .n.a:tlp-,

1~t1a. 110Oalze)
""C~_1.t.l.td1b); ,encstC1Ci8U-Np" .belld10):

It'1nhb and elO8e t'1l.s)
tr 1k(top.. .tn..):
11 huh 1 u..

beta ,8dlb(1nid1b): ,8D1(pa oon,ar,o+1):
tor 1:-0 to ..'c do vitia arlv[l] do

..18 ,.cstCIId):
11 (1Id8_1) 8Dd (1)1) u.. .rridC+0269.a >

-,
pnend; ,.teop ..k.O); ,eft1(op 1oe.O);.-spCRL!)

- - -
ol.

...,.
it flp" .k1...<)t'\mo tbeII 8:1::..0 81_

.....
it _t C"sl,ned 18 t'1p",In.) t.bft

.rrid{-C+0270) ,tip" ,a..);
u: C.U:eofCt'1p...ldtJPe»: pwabCloaal.fip" .pfpos...n);

-,..Hop r.t.n); ,enDCps )i.. - -
;

3211 pI"1)Oedtre pro&r_a{f.Y.:80S};
3212 ... stdin.stdout.:booleu: p:lp;
3213 bel18
3214 ItezUfCp-OISY,..o279'; nntifCident,..o280};
3215 if flnd3 (lpannt ,fsys.[.aloolon]. +0281

)
tbeD

3216 ~18
3217 repe8t
)218 if sy<>1dent UIeD error(+0282} 81M
3219 be818 atd1n:,.1d='input '; .tdout:=ld..'outpl.ll
3220 if .tdirl or stdout tbea
3221

-"18
p::nav1.pCv",s,1d.teztptr.all);

3222 enter ld (p); 10p[ stdout}: .p:
~23 _
3224 aI_
3225 it arlC!<au:ar.C! tb8D
3226 br8r&1aar.o:aar,c+1 ;
3227 8I"lvC..,o}.n..:a1d: a",.[arlC!J.ad:,.-1
322' _,
3229 irl8,.
3230 ...
3231 _tU endofloopCf8,..["parent...laolcm],
3232 [ldent],cc.aa.+0283): {+O28")
3233 If a",c> rlo tM8
3234 -'18

.rrorC+(285): ar,e:.aurlc ;

3235 neat!f( rpal"nt .+0286):
3236 -.I:
3237 MlUfC..loo10n.+0281);
3238 bloctC fST. .proap);
3239 11 opt[,I"]Oott t.a.8
3240 b881a ,_1(,. 11.no); ,.ocatC..oril}: ,_end _:
3241 eof.a:p"Ud:atrg.; n.ltlfCPlr'iod.+02:a8);
~02 _,

block: Ifo"..rd deelrecU
YIr ..:iote,..;

18 VlU. b 410 NI18
,.t [l8Itel.,..W1th8,] <e ra,..;
,.t [W..t.htc8t.o '..bd.'..,..rlod] . taTa . [];

11' "8113Cl_81.,.f.T8...0271) &-. llibald.d.,8tJ08Ch,.);
11'n8113(oout..J'.t.,..+0272) t:ba8 COUWettnit1011Chp):
1t n8d3Ct"..,.t.,..+0213) u.. tJl*1.tt.lti08(h,.>:
1t ttaOCWW'.'.f., 0214)u.. ...rdeel..at1ooCh,.h
11' t1 "JII'OIP' \8188

...,.
It ioP(tr_ ]OUl tM8

~ ..:.addr...e Ie.thll butt.l.. .fal.>;

32'" ,pI"'M8dIre t:KI8.p11.;
3245 18,.:8Oa:
3246 18 la,.:.[prOC.,.lab.lsr..V1th.,J,
3247 , eotalpeot.ed:.fah.;

3248 ..in ;.flnd2e(prO'87 ,labe18"bacln.,. .vi tha,].l.,., +0289):

~--.-

\

. .LM

~109
3250
3251
)252
~53
325<
~55
~56
~57
~58
3259

)261

3263
32"
~65
~66
3267
~6a
~69
327.
~71
~72
3273
~7'
3275
~7I
3271
3218
~79
~.

te oolleetion of option., Hlect8d,b, hclt.8dl or ..clucllna 'dan.n."
8,

,8 ..lect only oneof the roll~na: 8,
,8 Unh lon 7 8,

, d.nn. YT 1 ,I Unh ..,.slon 6
"~: ::~:: ~us 1 ,. Unia..,..ion6 plue

diN' 11etln, I,

~ ..leet on1,.ODeof the fOll~D':
I,

f8 ion 7 c-ccapller .,
, d.nne CT

1 ,I ..,.Ilon 6 C-coaptl...8'
j: : ::~:: ~6 1

,I aoeet.blnlb.t..en C68IKIC7
"

8
9I.
11

Ufdef BOOT, denD. m _OIlLY
,endH

13

"15 ..N

'8 if you'.. hard..,.r. noatin. point 8'
\0001

,I for IntArpre\:.ed pr'OJr-. onl, 8'

"

tor .in,le precUion noat.
.,

belta (..iD bod, of
pcC8pUer)

rewlte(errora)i
1ftlt1;

(~~t~i~n~~:~I~~~~:~1 .\lSt be independent of Opt.I>
t( 1)' It

_t eofe.,) u..'optionaCfalM);
~::1t8(_;); vrlte(.,.M1GICLOW,M1GICHICII);

Ufd.f GEnJQIJIIEDpO(..,..) ,
'~l~t(1"put) tb8a ,enOCPI_eof) 81..

~~:=:; ~~:r:i.llze all opt dependent atuff)
~ptl.

-:
'Ud.' STI..UD
9999: ;

'",IUt
... (pDCI8pUw)

11
18
19
2.
21

'Under BOOT, define RUtvARE"~, define nrr ONLY-
, det'108 SFJ..On
'..dtf
~ v.ra1onnl8berof the EM1object code':"6 bite nl8ber .,, dan.De YEISIOI 223

20

L-

J
,

..
'"N..

...~
=........



'"
..,
."......,

~'"'
~,:

j
i

I
'1

~...

'"

1
2
3
.
5
6
7
8
9
10
11
t2
13

"15
16
17
18
19
20
21

57
58
59
60
61
62
63

6'65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

'"105
106
107
108
109
110
111
112

113

'"115
116
117
118
119
120
121
122
123
120
125
126
127
128
129
130
131
132

'33
13'
135
136
137
138
139

"0141
142

"3,..

"5
"6
1'7

"8"9150

15'152
153

15'
155
156
157
158
159
160
161
162
163
16.
165
166
167
168

169
170
171
172
173
174
175
176
177
178
179
180

23
24
25
26
27
28
29
30
31
32
33

3'35
36
37
38
39

41
42

'3..
'5
'647

'8
'950
51
52
53
54
55
56

1
2
3
.
5
6
7
8
9
10
11
12
13

"15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

3'35
36
37
38
39
40

"42
'3..
'546
'7
'8
'950
51
52
53
5'55
56

lOD-ataad8"d ruture ....
1'.tUter '$.' d8e1... twill.

ot ru. eDOOWIt4red
IIr8du.. .tr_tt...
._11_ rtl81: dicit ot tr8CttiOD..peotM
UD81I_ real: d1&1tot ..poDent ..peoted
.allMid real: too _., dl11tl (>T2)

.ataHlS ..tet..: t.oo ..., 41&lts ()T2)

..1IDed 10"...: o ,.now ()32767)
8tr"ln& 0CMIat.8.t.: _to not "08ed ODe liD.
8t.J"1fta 00DataDt.: at haat ODe obar_ter ..pec~
at.rlq GOUt..t: ~18 cp)tel DOt. aUowed (M. 0 optioa)
8trlft1 oout.aat: t.oo 10ftC (>72 oMra)
_ent: ';

I __ (..stell"te skipped?)
INId oh8raoter
14entif18r

"h' I'JOtd..ell..
locaUon countel" oyernow: err.,.too tl1&
rr.,.he too b1&

l8ble 'S,' UHd
I8bl. ',.' "'1.1_

the tU.. OOIIt.alDed 1D 'S.'
... DOt clOMd aut.oaatleall,

oonetant. upected
oonltant: 0011 tat and real. .., be atlDed
oonata.t: out ot bcHmda
at.ple tJP8 8IpeCt.ed
_Ul..teeI t,.,.: e1 t id_uthl'" ..pect.ed
8I188rltecl t:rpe:

'.'
or ')' upeottld

t.ed t".: I,' upect.ed
..\a ttld \JP8;

,),
npeoted

.Ubr t.".:
''''

8Y8' b. 80.1.., bl& 1IOt.reel.ubr... t.".: '..' _'"tell
...r '''': \". ot lowr 8d up,.r boWI41aoCl8,.t.lble
.lIbr t..,.: 1~ ao...s. upperbcMDd
aru,

'''': 't' _,.teII
OODtol'8l8\ rr8J: 1011 Weat.ltt. apeot8d
ooatorw8' ."..,.: '..' -,..w
_t0nt88' err.,: ~ IMMt4U..LIt1..._,......
ooatol'8_ trrQ: ':

I _peeted
_to , err.,: I".

''''
id_un.. _,.0,,"

""8)' \ftI8: 1.Dd_ \JP8 80\ ~..
arn, t".: 1Dd.. .perator or ']' apeo\M
ern, tJp8: 1Ddn _pernor eapeot.ecl
arT., tJp8: ']'

_pec~
arr.,

to"': 'ot'
_pectoed

reoOM!.nri.\ 118M.:
"'

\ne id8llt.ttier expected
reoord ...I.8D\ part: t8I

''''
1e1_Uti.r eapt'Cted

r«Iord .,..18\ par'; 'JP8
_t be boUrMttd

reoord "..1.' ...,: "ot' 8J.ptOted
r"ord .,..1.,':

''''
ot libel 11tOC18pt1t11tle

reoOM!..,..i..,: .u1Uple den._ 0... 1..1
rMort! ...1..,: ','

..
':'

..peo\tId
~ord .,..I88t: ',' ""0\44reoord ...I80t.: ':

I .,..t8d
~ON ., ,: ,(,

upeoMd
reoonI .,..188&: ')1 upeoted
reoord , ,:

'; 1 or 8Ddof .wieat Ulit upeoted

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

8'85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

'"105
lat
107
108
109
110
111
112

record 181'1t pert:
';'

nptcted
record lant P8rt: .nd of .,...18nt liat expected
reoord .,ariAnt pert: there .ust be . .,..lant for each tq value
neld Uat: reoon:l Mctlon eapeoted
record Mctlon: neld identiner upected
record section: '.' or

':
I eapectAd

record Mctlon: '.' eapected
record MeUon: ':' expected
fbld Uat: ';' Of"end of record aeetion list eapecte-d
fbld 11st: ';'

eapected
field list: .nd of record aect1Qn liat npectAd
tJpe eapected
trPe: si8ple and pointe.. tJPe ..,. not be ~cked
pointe.. type: type identiner npected
pointer t)fp8: type identifier npeeted
..ecord type: 'and' expect..ed
sat type:

'of' expected
set of intele..: the i option dictat.es t.he nl.ftber of blt.s (default 16)
set type:basa type not bOl8'lded
set t.ype: too ..,y el_ents in set (Ma 1 option)
fila type: 'of'

ezpect..ed
fUa type: fnea vit.hin files not allowed
V8l" par.eter: type tdentinal" or confo,..8I'It. array upect.ed
V.I" par..te..: type identifie.. npectAd
label decl..aUon: unsigned integer expected
label decl tion: label '11'

8.lltiple decl ed
labal declaration: '.' or ';

I aaptct.ed

libel decl..ation:
'.'

expected
libel decl..ation:

';'
apeeted

oonat dacl..aUon: aonstant id."tiner ezpected
oonat decl..atioll:

'.'
upeot.ed

OOftR decl..atioD:
';'

expeoted
conn dec1watIon: OODat..t identifier or 'tJPe'. '.,..', 'proeachra'. 'tl8'lotlon' or
tJp8: d801..at1011:

t". identitta" upeot.ed
t". dKl..8tion:

'.'
apected

t.". deo1..atloa;
';'

.,.cted
t}'p8 '801..at10&:

~".
Ld_t.itiar or 'v..'. 'proeechre'. 'f'u8et.1oa' 0" 'belln' expeot

... 'eel iOD: ... ldeotitier axpected
v.. deelrlltl08:

',' or
':'

8I.p"t.ed
... deolratloD:

'.' nptcted
v.. deolret.l08:

':'
upeot.ed

... deel..at.lon:
';'

8SpeO\:.8d
Vir decl..8\loD: .,.. Ident! fie.. or 'proo.ch...'. 'runctlon' or 'belin' ezpected
per..tA.. list:

''''''.'pr''OCechre'.'l'\mctlon' or id."tifh.. expected
par.et4.. 11n: ,.,.88\8r Id«Jtirier expected
par.a r liat:

'.' or
':'

upact"
p.r.etar li.t:

'.' ..pect.d
par_eta.. Uat:

':
t apeotAtd

paraaetar Ult:
t". Identitier a.pactAd

,.,..eter 11.t:
'i '01" ')' upact-ad

per..t.er Ult:
':'

upaet.ed
proc/f'uDo dec1...tioD: pr-oe/l'\mc 1dentinar eapectAd
proo/t'unc decl..Uon: previo... decl..atlon of

'18' .. not forvard
proc/tuno decl...tion: par.atar Uat npeotad
,.r U.t.: ')I expected
fUDe decl..tion:

':'
upeotad

-NN



113

'"
"'116
117
118
119
'20
121
122
123
124

'25
126
127

'28129
130

13'
'32
133

13'

'3''36137
'33
'39
"0

'"142
"3.","
"6
"7
"8"0150

15'
152

'53
'54
155
156
157
156
159
'60

.*'162
163
.A
1~
1M
161
Ii.

f'IInc dec!...Uon: ,...ult type 1488\t1l1.,. expecte<!
rune d~1...t10ft: "..sult tfpot 8U1t be 8081.-, aubr.nc:e or point.,.
Pl"OC/tUtc dttel...t!oa: '; t upec'ted
prl)O/t\lnc d.-cl...Uon: block or directt we UJ:ecte4
proc/tunc deel...Uon:

'18' -Cain (0,...,.,.4 declrtd
proc/tune deel..Uon:

'la' \l')kno"" directive
I"QC/!uDc deel..Uan: ';

t ..~ct:.ed
ind..1Id uriabl.:

,[,only811oW8<1(o11ov1n, ,..y variable,
lad..-s y..table: lnde:! t~ not c4:8patible with d~l...t1on
1Maud ,,"'lable: ',' cr

'J'
..pect.d

1ndallC! yar1able: I.' Q~cted
...11_."t: ..tudrd fwlctlon ftOt aUawd u d..Unation
MIIie_eat: c8nnOt at.ore the t\lnction ,..aul t
...1118_t: tor.~ P8r..ter function not aUowred aa de.tination
...1.__t: r.cttoa ldftltlCbr ..,. not be de-r.rerene.d
"..table: '(I, '.'. ,'" or

_ or vllrlabl. expected
iDddfd tabl.: .). npeotad
fieldd..taNto,.: rield identifier eXplJoted
field de.iID.tor:

'.
I onll.llowed fol1olrdal ..eeord uriab18.,

fi.ld de.1In.tor: DO field
'Ie' 1n th1.s r"-oreS

..et'8r8QCed. ...iable:
'''', not .llowed rollowtnl "r~tef"8.inahd strials

..8Ifer9ftCtId .arlabla:
,..,

OIUl allowed follOflltnl po1et.e..
0"

rUe "ar18bles
¥wi8ble:

Y"
or n.ld identifier expecud

call: .r"., par.eter not contonaeble
C811: tfPe or actual IJId fo",~ "..i.bl. par_eter not ai_U...
call: p.cked el_cnta not .llowed ..

" i.ble

p.r..ter
C8U: trpe of .ctualIftd fo & valua pe,r..ter not Clcap.8tible
oall: proc/tuPc IdtftUfier eXPlcted
call: stllDlS..d Pt'oo/t\m.o -., not be Uted .. par...te,.
call:p.lr..ter I1st. of .ctual 8nd fo...111 Jroc/f\mc inccapatible
call;

',' or ')f ftpeeted
call: t.oo .., actual per_et.era supplied
call: ')' expected
oall: too few actt81 ~r.eur. supplted
~8ISC 1ft): tJPe ...t be int.eler. char or ,..al
wrtt.8ClD): tJ'P8 auat be iate..,., chair, :1. atrio. or bool.an
vrtteCla): ':', ',' or ')' dpectAd
vrit.e(la): tteld V1dt.h 8..t be ioUl"
WI"(l.o): ';'. '.' 01' ')f ftpeoted
vrlteC 1.8): preel.toD 8U8t be tatel_
wrU..< lA): ",ect.ton ..J onlJ be specified tor real.
N8d/vrite: t.oo taw 8C:,tual Jll:r..Ura .\lPpU~

"_'''-1''':
ated8"d .1.Dput/output GOt ..tioDed in proar_ bu6iD&

read/wit.:
'," or ')' ftl*Ct4d

,...I_lk: tJpe or per_~" DOt the ..e .a tbalt ot tbe nle .1__"
J"t'al/vrlt;e: par_etA,. liat. expected,
, 1aI..1t41D:

.tMdard iaput./output DOt _.t10DIId 1.a. ...01 b..dtraa
r4I8IIllI..1td.: 0Dl, a1l~ M teat nl..
.tl.la1 : tne ...1abl. "PlMltM
801a1 : \.eat n18 y..181. upect.a.d
eot/~8/ : 8t8INI8"d tAp&/out.put DOt ._UOMd U prOlr8 ..81111:&&
...,41...: potatter y..l8ble .zptOt4d

r4t..too-: C-\JP8 Artq. 80t allWld bar.
..,,41 : t.' fIr f)' .pM....

""'4i.8pNe: tao .., _\181 888tar. MJppl186
..,~: tft18: ot t.acn.ld nlua 1. 1-aa_p8Itibla with d801..atto.

169
170
m
172
173
174

17'176

'77
178
179
.SO
181
'S<!
183
.80

18'
'86
187
188
180
190
191
192

'93
'9'195
196
197

'98
199
200
201
202
203

2'-205
206
207
208
209
210
211
212

2'3214
215

2'6217
218
219
220
221
222
223
22'

put/C.t; rUe variable .xpect"
r...t/rewrite: rUe

" l.ble

upiaoted
8&l"k/rehase; pointer variable upltctecl
p.ckl~paok: arr.y typu are incC8pctUble
packll.mp8ck: only for .,.,.ays
call: '(' or .nd of call ezp&cted
st.nd d proe/t'u.nc: par.eter list expect.ed
starklard proc/tunc: p.r..ter type InCC8pt1tlbl. with apecific.tion
p.ck:

','
upect.ed

pack:
'.'

expeote4
un~k;

'.'
.xpected

ua~k:
'.

I expected
halt; tnteler expected
QS; inte..,. or real .zpeotAd
aqr: inteaer or real expected
ord: t:fPe _U8t be scalar or aubranl.. but not real
pred/succ: type auat be acalar or aubranle, but. not real
trunc: re.l arl1Jlent reqvtr~
f"O.\IM;;real arl~ent requtred
call: ')' expected
expreuton: len. and rtlht operaM ... Inct8~t1b1e
set: baae type 8uat be boW\Q:ed or or type tnteler-
nt; bas. tyPe upper bO\a'ld exoeeds 8u:ialal set d_ent nl8ber (255)
set: 1ncQl.p8Uble .1elMtlts
set: t]' or el$ent It.t expected
set: '..'. '.'

or ']' ezpeot.ed:
set; el_eats do hOt fit Caee t opt-loll)
Nt:

','
or

'J'
.xpected

set: '.' ezpected
ractor ex pectad
ractar: ')' expected
ractor: typ. or factor aoat be boolean
aet;

'J'
ex.peot.ecl

t.,..: aultiply1.nc operat.or or eDGor te,.. expected
t~: ,.' only defined. ror int.cera, reala .M seta
te,..:

'I' OftlJdenn" ro,. Inul". ~ r.alatera:'diY' ODlyderined ro,. intelW.
toe...: '8I)d' oolJ derined for Intel"....,..;

'ed' Oftl, detined to,. bool...
81aple expresaion: onl)' tnUI". eM ,..al. a., be 8tlD8d
81aple .zpre..ion; addlnl opt-rlltor or Metor 8taple ezprea.toll nr-cted
.18pl. expre..ton: '.' onl7 d8In.1Id tor lnt.q reala a84 _tA
8apI. .xpre.alon:

'-'
O8lJ d.tlaedfor ut 1. Md _\.8

.tapl. e.Jre.doa:
'or' oal, deN.aed to.. bool...

euton: ..elattow opernor 0.. ot exp ioa u.-eted
_pr...lon: Nt ..paot.ed
apraa.1ob: l.n o.-rand ot

'ie' not C8P8t1bl. Idtb tJPot or r1cbt ope s
_pre.u1oe: 0Dl, '.' _

'or 8l1owd GO polst.ttra
ioo: ,<, .., ')' dOt aUOMed._ ..t.

.preal": OC8..,.i808 Or arr8J'8 ottlJ allowd tor 1ItrJ.a&»_pr...lon: c..par111OD of r4lCOr"d8 DOt .11owd
10n: o<8,.ri80n ot t11.. oot aUCIIWd

t t: ':.'
8IpltCUd

...1 t; l.n. aDdrt&~ aide1tto~pl:tt.bl.
8Oto ~t: _d,lM!t lDtq.- ftpeeW
po 8tat<8eDt: la1>ti '11'

_t deol..8f5

225
...
m
m
329
2)0
2)'2)2
233
23'235
2)6
237
238
239
200
241
242
243
2"205
246
241
248
..,
250
251
...
253
...
255
$
251
258
m
260
26'
Hi
Ii)
264
26S
2M
267
268
269
270
tTl
212
273
tT'
2T5
2T6
m
2T6
219
280

28'262
283
28'
285
286
287
288
289
290
291
292
29)
294

..
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'"
'"

'"
....
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TRIIPRIJI'f - A Pact.q. to Print t"r...
on 8ny Ch.ract.r Print.r

hd Pr..d
K.vin Carosso

N8the.aUc. DeJHIrt..nt
larv.y Mudd Colhq.

Clar_ont, CaUf. 91711

One of th. probh.. hcinq a progu..er who dul. vith coaplex
linked dat. structur.. In P..eel 18 the inability to d18pUy such.
structure in a ,uphieal fOnl. Usually it 18 too .ueh to ask .
syat.. debugqing tool to .van und.raund records and pointers, let
a10n. dhp1.y . structur. u8i"9 tha. in the vay it would appur in .good t.xtbook. Lik.wia. very lew oparatinq ay.t... h.ve a p8ekaqe
of routine. to d18phy .tructur.. auto.aUeaUy.. P.scal has a
tre..ndou. ad"anta,. ov.r .any lan9ua9.. in it. abU ity to 8upport

::~f~~:l~ ~~:e::d f:~~:~:~.:h.y I~.~::. .~:~r~::n~.~~u~~C.pabl. of

Tb18 lack beea.. apparent to WI in the proc... of vritin, an
alg.braic u:pu..ion par..r which produced internal )I-aty tu...
'!'h.r. "a. no y at the ti.. under our oparaUft9 .yate. debugCJer
(VAX/YMS)to ,et at the d.te .tructur. we wer. ,.n.raUng. Wh.n the

~;:::~:: :~::~8d
an incorrect te.. we had no "ay of lindinq the

OUrhutratlon led t. the d lopll.nt of TRIIJIRU"'. StarUng
wltb th. alt.rlt" .t .1 Ya~"'r (1), we 4.81,n84 ata..aral-purpo.. t..l capable .t .1.playI09 any ry tra. on any
charact.r oet.pot '..Ic.. tIN: tr... au dlepla,., in a pl nt
"tnal foC81aad In ~. .ennal' In "loh th.y would.appear1t dnwn by

::::;nta~.. f::.. tla8t 'rUuanrt 1. .t
'

rd M.--hence iU

'Ita. 8tructul. .f ft&I"tlin' 1. that .f _n Independant eollectlon
.t lubtoutln.. that a.y ptOtr_ c.an c111. ~tortlM'li.t.ly atandard
'aleal doa. DOt: lupport thl. fol'8, wIIUe our 'a.cal .nvironaent
do... Bovever, bl,lUdlnt ftll..l..,. directly iato a pr09ua .hou!d
pr...nt no dUfleu1 ty.

ftlINI.., requlr.. no knovledt. of the forut ot tbe date
.truetur. It I. prlntlft9. It ha. .v.n b..n U804 to print a tabular
linked .tructer. vlthin a POR'!1tAIIprOfr._ In ord.r to a1lov thi.,
~w rroeadure. IU pe'.ad in the call te 1'RIIPRIIIT. an. 18 Qa.d to

walk the tr.., tb. oth.r to print idantUylnt label. fol' a givennod.. Otber ..,..ter. are .81 .ueh a. tM al.. of the nod..,

:::h:~~: ':a t-:"::q.~ .:~';'l:n..:~.~: a:;8;:::::I:: c::I:.::~i:
dlaplay .ildl, dlff.r.nt Itructur.., ...n .In they u. within the

pr09r_.

On. of the aajor featur.s of TREEPRINT is lu ability to ap.n
pa91.. A tr.. that is too vtd. to fit on one page 18 printed out in
.atripe.8 vhich are taped together edge-to-edg. alter printing. In
addition tre.. ..y optionally be print.d either upside-down or
r.v.rsed fro. l.ft-to-right.

The .ethod used by TREEPRINT 18 detailed in Vaucher' 8 work [1}..
In it. curr.nt iaple.entation additional .upport tor N-ary
.tructur.. has been added, a. well as full connecting-arc printift9
and the re-ver..l fe.tur aasic.Uy, TREEPRINT walks the input
tr.e and constructs an .naloqous structur. of its ovn which
indicate. the positions of .very node. Th. n." structure is link.d
along the left edge and across the page from l.tt-to-right.. Once
this structure is co.pleted, TREEPRINT walks the new structures and
prints it out in ord.r. One. printout 18 finished, the generated
structure is DISPOSE'd of.

Th.r. are only two .inor proble.. in TREEPRINT currently. The
first is that . structure which contains circular loop. will han,
the routin.. '!'his could be detect.d in the POSITION pha.e of
'l'R!EPRINT by cheoking each new node against all of its ance.tors.
Bowever, if us.d in. non-Pascal application, this aiqht tail due- to
problea. In co.parin9 pointers. If this check 18 necess.ry we
sUCJCJ.st it be i.pl...nt.d in the LOWZRNOD£ procedure pa..ed to
'l'RIZPRINT. '!'his proc.dure at le.st understands the type of pointer
it is d..11n, vltb.

'!'h. ..cond probl_ 1.8 a feature of the Po5ITIOil routine "hichc.nt.r. . nod. above its .on.. Thi. t.nd. to .ak. the tr...
,.n.raUd wider than.n.c ry. 'l'h18h hr,.ly a .atter of ta.t.--soae .lnor ohe",.s would rHOV. tb18.

'!'h. HaU,., of t'ltUPRtII'I' wIIieb follo.. sbould aerv. to dOCLblent
tbe ..thod of caUi", the routin.. ft;. functions ot the

r-supplled procedur.s ar. al.o detailed.
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TRIIPRIJIT - A routine toprint11-8ry tre.. on any charact.r
print.r. '!'hi. routine talte. a. input an arbitrary H-ary tr..,
.0.. intertace rouUne.. .nd ...orted print.r p.u..ter. and
vrtt.. a pictorhl repr..entation of that tr.e to .. fU.. 'ft.
tre. 18 nic.ly for.att'" and" divided into vertical .trJpe:.
tbat coin b4t t.pe-d t0getber .ft.r printing. Option. .xbt to
print the tne back"ard. or up.id. down Jf d..ind.

'!'be algoritha for TRllPlUlIT originally appeared in .Pretty-
Printinq; of Tr by Jean G. Vauch.r. Soft".r.-Practice .nd
Ixpui.nc.. Vol. 10. 553-5'1 (1980). '!'b. d90rfth8. u..d h.re
b..a be.n MOditied to aQ9POrt N-ary tr.e atruc:tur.a and to h..v.
.ore .ophi.tic.ted printer tor...t control. id. fro. a co.-on
..tbod of conatrucUng .n ancill..ry daU ,atructun and 80.e
vui..bl. n they ..r. no"

very db.i.Uhr.

TRIIPRt"T va. "rJ tt.n by ..d rreed and ..yin Cuo.so.
S-'eb--81. It .ay b. fr.ely dhtribut.d, copied and .odified
provided th..t thh note and the .bov. referenc. au inc:luded.
'!'RIIPRINT .ay not b. di.tributed for any fee oth.r than coat
of dupJtc.t1on.

INPUT- '!'h. c..ll to !'RIIPftINTi.;
TRIIPADfT (TRII, ,",ltrILE, PAGISIZI, VERTkEYLENGTH,

BORIKIYLIIIGTB, PRnITKIY, LOWERHODE)

TRlI - The root of tb. tree to b. print.d. Th. nod.. of
the tree .r. of .rbi tury typ., .. 't'REEPJUHT
doe. not read tb.. it.elf but call. procedure
LOWERIIODIto do .0. In a .odular .nviro..nt
tbi. .hou1d pn..nt no proble.s. If TA!IPRIHT
18 to be In.talled directly in a prO«ju8 TREE
,,111 have to ba cbanged. to -,n. in type with
th. .ctual tr nod.a.

ftll'ILI - A tU. yariabl. ot type text. ft\. tn. 18
writt.n into th18 fU..

,AGISIZI - '!'be she of the ,... on out.put rapr..anted.
as en int84'ar count of th. n_ber of av.nable
eol_n.. ft. Uxt8U8 pag. .ih 18 512. Any .i..
greater than 512 w111 be chaR98d to 512.

LCllIIUtOM- A u.ar procedur. 'l'RIIPtUMT call. towalk
th. U8.C'. tr... '!he fonat for the call i.de8Crlbedbelow 810119

"i
tb tbe function.

LOWI1UIODI8118t perfor..
PRDft'DY - A u..r pcocttdure ft&1,JUIIT calls to print

out a 81Q111eItn. of a keyword d.aeriptfon of
801M noeS. ht

"-e ...er'. h... fte deac:rJptfon>
..y M ..utl-l1rttt 800d of any width. Th. call
torot I. deKribed below.

"""''fU11GT8 - 'I'It. _.ber of line. of . d.scrlption
prlnt~ b7 ..nway. 'fhf. .ust be a con.tant
ov.r .11 004... If ftltTK&l'LCllGTI fa n.,aUv."
tu abaolut. ..ab.. ta u..d ... tM k.y l."9th and
t.b. 801. tr.. t. In.ert.d on th. "erUeal ad..

60
II
62
63
64
65
66
67
68
59
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
II
87
88
89
90
91
92
93
94
9S
96
97 -)
98
99 C. '!'be d.c:1uation of the u..rl. nod. type. If type checkfnc) is a

100 proble. thh should .,. chancJ~ to .atch the type for the actual
101 nod.. in a tree. .)
102)0] type
104 nodeptr A int~er,
10S
106 procedure
107

10'
lOt
110
111 type

U2
113
114
US
UI
117
U8
U9

HORUIYL!1ICT8 - 'J'h.n..ber of chancteu fn . .inq1e
11n. of a d..cription printed by ,IUlfTICEr. Th18
.u.t be a con.tant. If n0&9atfv. the absolute
val u. of RORIICIYLIIIGTBis us.d and the whol.
tree 18 Inv.rted fro. left to right.

CALLS TO USER PROCEDURIS - The call. to user-suppl iad procedures ~
have the followfng for.at and function: ~

PRINTIC£Y (LINEJi'UMB£R, LINELEJi'GTB,Ji'ODE) 1:-
LINENUM8ER- The 11ne of the node description to print. ~

~~:a::~f:: :r~n~_~:_~:i:Y~:r~~' P:~~~:I;R:~::I:: ~
.ble to break up th. output in a ai.Uhc ta.hion.

LINELENGTB - Th. length of the lin.. PRINTIt'EY .ust
output this .any character. to TREEFIL£ - no .ore. no
1....

NO~~o;.Th. nod. of the user". tree to de-rive infouation
~

..
'"'"

LOWERNODE (NODE, SONNUMBER)
SONNUMBER - The sub-node to return. A general H-ary tre.
w111 have Ji' of the..

NODI - 1'he nod. ot the userla tree to deriy. the
intor.atfon teo..

LOWERNODE.on return ahould equal NIL if that node does
not exi.t, Ji'ODE if the SONNUMBER h illegal, and
otherwi.e a valId 8ub-node. ""te

that circular (,f1

.truetures ,,111 hang tn.print thoroughly. The condition;
that LOWERNODE returns NODI when N 18 exc.eded 8USt be ~
:~~~~t~~ :~:::~~~~II~~E T~:E::;:T t~S~~d~hi:. t~n::~~ac. !
between TREEPRINT and the uSer'. tre. so that no for.at ~
deuiU of the- tree ne.d be resident in TREEPRIHT. -

OUTPUT- All output i. directed to TAEEFILE. There are no error !
conditions or .es.ag.s.

treeprfnt (tree: nodeptr, voir tre.tU. ; text,
pagesiu. verthy1.ngth. horikeylength
integer, proc.dure prlntk.y; function

IO'rl8rnod. : nodeptr),

uflfnk -AUnk,
lInk - ree-ord

n.xt z ren ink,
pnode : nodeptr,
po. ; integer,

l.t_ r boole.n,
ust_ z boole.n,

r
120
121
122
123
124
125
121
127
121 var
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
141
147

H'Ht
150
151
152
153
154
155
151
157
15'
15t
110
111
112
163
114
115
110
117
118
169
170
171
172
173
174
175

l"111
178
179

\

."'"
r.th.ad - Abe",
b.ad- recor:ext

r rethead,
tlut r reflfnlt,

."",

b84f~ha:: ;:u~~~p + I,
I1n.lcharp) ,- e,

end, (* Cout *)

proc8dure cd...P'
t be.e accuaU18U4 in._ Cd_, d.P. .11 ~h.I.. r:C~:t::: are oalttM 8M no

the 11.. buffer.
cr-lf I. 8fPended. *)

b891~f ~;.:~p 0-then for cbarp .. 1 to charp do
write (u..fu.,l1nelcwrpl h

claarp;. 0,
.nd, (* Cd'-P *)

procedure ctrt.,
acter. that ha.e aec.ulate4 fn

(* cuf. duap. aU e~~ tuUlft9 .,..e.. U80Ved.
"~~~~ei:u~~ :. end tH 11M. *)

W9i:"i~: ~~~;~ 0) and l1in.lcbarp) . . ') do
If c::~p>r; :::~Pf:rl~Mrp z- 1 to ch..rp do

wdte (treetUe,line(cbarp».
charp I- O.
wrluln (tr..fUe),

.nd, (- Ctrl. *)
YIr . I r.thudl pol I 1n18glr}

fUftetfon po81tlon (II . no4tptrt
I r.flink,

fu tion that poel tlone aU th.
(* Po.nion 18 . r8Cur.f~~ P~nt p89.. In doing .0, It

nod.. ot the tr.e on

180
111
112
113
184
115
116
117
188
119
190
191
192
193
194
US
190
197
198
199
200
201
202
203
20.
205
201
207
20'20t
218
211
212
211
214
215
211
217
218
219
220
221
222
223
220
225
221
227
228
229
230
231
232
233
234
215

23'237
231
23t

v.,
o".r, la.tov.r, nodecount

; integer,

~~O~~t: ~1::~t~' r.f11nk,
n..dr1qht ; bool.an,



J
I

I

::f t t needrIght then
2U betln
243 right ,- left,

~:: end
n.8dright ,. tU..,

~:; :~:: ~=t:;~~.:.;,
I_ tru.,

2"
end,

2" ::1:. (~r:~t~ hnov8r) O! (nod.count <_ 0);250 end .po. + right .po.} div 21
~:~ al..
253 L'".1n_ :- hl..,
2SC ~:.~. > ".PO.IUon then ...po.tUon :_ po.
:~: L. If PO'

( 81npo81tlon

::; end, (rort'; ~:h *)
then alnpo8it1on,- po.,

25'
end, C* Po.t tion *)

::~
begin (* Tr..prlnt *)

~:~ C*
Inlti.Ulle vllrlou8 varhbl... *)

264 11n.. ,a nU,

::: 81npo81tlon,. 0,
26'

...po-tUon ,-0,
258

charp ,- 0,
269
270
271
272
273
274
275
276
217
278
279
280
281
282
283
28'
285
288
287
288
289
290
211
212
2U
294
215
298
2t7
218

2"

300
301
302
303
30.
305
30.
307
308
309
310
311
312
313
314
315
318
317
318
319
320
321
322
323

32'325
32.
327
328
321
330
331
332
333
334
335
338
337
338
339

3'0341

3'2343
3..
345
340
347
348
349
350
351
352
353
35'
355
358
357
358
359

L
,_ .:~:;OP ,- hI..,

:~i~ ." .tint'" .next
()

n11 do
B f~!.t n.~t...po. ,. ..xpodtion _
Jf a" if:~:! .n8X~".po. + alnpe.tUon,
beogln' .next .uat.. then

~~ r~t andlaop then

:~df~~:t:~n:=~:;u8t.. ,- hI..,
end,

end
81..

it .ndIaop then
beqln

8'".llr.t" .n.xt" .u.t.. I. tru.,.nd,.ndloop I- f.ls.,
oldL :- B".f1rat".n.xt;
8".fir.t" .n.xt I_ L;L :- B".flrst,

.nd, B".f1r.t t_ oldL;
a".fir.t".n.xt :_ L;

.nd,8 I- S".next,
.nd,

(* If the vertical reverse tl
enUre tr.. on the v.rU::l onl Is a.leet.d, r.ver.e th.
head node. along the.d A.X' by flipping all the
the actual arc g.neratl

g.. re r.verul fa h.ndled In
prevlou. Une of Info 1~:t~::t1~.

.s~ They will le.n the
o u. current one. *)

Illne. :- lin.s;
~~;:rtk.Ylength

(
0 th.n

8 :- nil,

:~i: lin .next
<> nil do

D I- 1In.." .n.xt,
Iln .next ;_ H,H:- Iln..,
I1n.s :_ D..nd. .

.nd,un;s" .next :- H;

(* _r..k up .ntire width Into ))ag.. and loopOv.r .ach. *)
8tartpo.I tl on I_ .lnpe.1 tloh,

~i: 8tartpo.lt1on (- .axpo.ltion do
page (tu.fUe),
B I. lln..,
while R (> nil do

begl:ld~*:;o:f.:r~~t:l1 11ne. P088lbl.. *)

,

t

..........

380
381
312
363
384

3"381
387
388
389
370
371
372
373
378
375
378
377
378

3"380
381
382
383
38'385
388
387
3.8
3"3M
3'1381
383
3"HI
1M
3"
3"
3"100
101
"2..3
104
"510_
..,
101
101
no
811
U2
813
IU
USU_

417

U'U9

repe.t (* rind .. nod. on current strip. *)
endloop I- tr...,
if oldL <> nU then

if oldL"apo8
(

lurtpollt1on th.n
beth C* .eject thh node. .)

oldL I- oldL"anext,
endlOOp I_ fall.,

end,
untU .ndloop,
for I S. 1 to yertnodel.ngth do
bet In (* Loop for eacb print Un. In . nod.. *)

L I- oldL,
P I- Itartpo81t1on,
whl h (p ( ItutPOIJ. tlon + pegewldth) .nd

(L ()
n11) do

begin (* SCln for node. V8 need to draw. *)
if L".po8 - P th.n
bet In (* Pound node at current position. .)

Sf (f. (- ate.length) then
b89h (.

Dr." upper It.. put of node. .)

for" I. 1 to ("Idth dly 2) do
cout (' '),

if ((vntkeyhl\9th < 0) .nd
L" .hte.)

or «vertkeylength )- 0) and
(I ()

Illne.» then cout (t

*'

)

el.. cout (' "),
for" I- 1 to ("Idth cUv 2) docout (' '),

end
d..
If (..rtftodele"9tb - I) (

ate.l.l\9th then
b89la (* Dr." lower It.. pert of node. *)

for
"

I. 1 to (width 4.. 2) 40
00Ut (' 'II

Sf (..rttlyle",tb ). 0) and
L" .1It..)

M (( y18'''.b ( 0) .nd
(a ()

811...1» tun coat ('.')
el.. eoat (' ')J
for" I. 1 to (width dh 2) do

cout (' ')J
end
.1..
if (I >- It..teft9t.h + 2)

IDd (I (- It..l.",th . 2) th."bel In (. 'rlnt "oeSeIdentifier. *)cout ('.'),
cout (' ')I
cd."prtnUey (1 - It..le",th - 1,

.ba (horUc.yl8ftttb), L".pnode),
cout (' '),
(tOut ('.'),

end
elle

for" ,- 1 to width do cout ('.'),
L ,. L-an..t,

end
U..

for" .. 1 to vidtb do cout (' '),, I- P + 1,

uo
Ul
422
U3
U.
425
U8
427
'28.29
430
431
432
433
43.
435
43.
'37
438
439
"0HI
U2
"3...
U5
U'..7
H8
H9
no
051
411
053
'MUS
8M
451
058
05'...
481
482
.13
...
US
...
"7
"8
I""0'71
472
.n
"."547_
477
478
47'

ond,
ctrl.,

end, (* for *)

(* Select the proper line to obtain are Info tro.a *)

if V'ertkeylength )- 0 then
begin

if B'" .next <> nU
then L :- S".next".f1rat
.1.e L I. nU,

end
elle L :_

B".firlt,
p t_ 8tartpo81tlon, ~
whUe

(p (
st.rtpo81t1on + paqewldth) .nd (L ()

nU) do N

begin ..
.ndposltlon I- L".pos,
b89lnpo81tlon t- L".pos,
If L".uste. then

while (L" .next
() nU) and L" .U8te. do

begin
L I_ L".next,
.ndposltlon :- L".po.,

end,
L t- L"anlxt;
if (be9lnpo81t1on

( .tartpoa1tlon + poIg.wldth)
and (endpoaltion )- 8tartpo8itlon) then

tMtln (* Pol.&ftdan .rc .. should drew. *)
U, p ( b89lnpolltion do

begllD (. Speceo.er to proper politi on. .)
fol' w I. 1 to wldtb do coat (' '),p I- P + 1,-, -11 J.npo.ltion - 8ftdpolltion ~'n r.o

bett.. (* Ca.. of one noeSedlrectly below. *) ~
for w ,- 1 to (wldtb cSlv 2) 60 coat I' '),
if .

()
11In.. th.n cout('.')

11.. cout(' ')1
for" I. 1 to (width d1v 2) do cout

I'
I),

P I- P + I,
end
el..
bet In (* 1101'..1 aUltf.-a".ent .n:, thin. *)

if P - b891npo81Uon thin
belJln (* h9f.n wltb a half .~.enta .)

for w I- 1 to ("ldth dlV' 2) do
t'out(' I),

for w I- (width cSlV'2) to "tdth-l do
oout (,.,),

P I- P + 1,
end,
wbUe (p

< .ndpolitlon) .nd
Ip (

8UrtpoII tion + ~e"tdth) do
bet!n Ce .connect to the end s"..nt. .)

for" I- 1 to width do cout ('e')J
P I" P . IIond,

if p ( IUrtpo81t1on + pagewldth then
bet In (* Dr." end 1.9.ent of tbe arc. *)

...,.
en...,
,.
~
..,.,

'"
en

.........

...
>
::



,

Ii
,

£ ~i

...
,

... ,

480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
490
497
498
499
500
501
502
503
504
505
500
507
508
509
510
511
512
513
514
515
516
517 ernh
518
519 end.
520

tor" :. (widthd1v 2) to wldth_l doCQl.lt
C'*');for w :- 1 to (width div 2) docout (I I)

1
P:.P+l,

end,
en4,

end,
8nd,
C'trl.,

C*
W. have now finhhed 8n entire 11n. of tree. *)

R I- B".next,
end, C*whUe B<>n11.)
C*Start up on. new P.g8 of ..terhl. .)
8tertpo81tfon :- 8tartpo81t1on + P898Wfdth,end, C*whil. 8tartpo8ltion <_ ..xP08ft!on 'It)

C*All output 18 finished. It 18 now ti.. to clo.. out our extudat. 8tructure. .)
whU. Un.. (> n11 dobe<gin

C* Collect,. line of .tuft and d18po... .)R t. 1In..'" .next,whll. l1n .fhat ()
nU dobecJln (. 1111 . nod.. *)L ,. 1In .flr8t" .next,dhpo.. Uin .that),

I1n .flratr. L,
ond,
dhpo.. (11n..);
I1n.. :_ H,.nd,

C*Tn.print .)

C* Of 80dule TREEPRIHT .)

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

,
2
.
.
5
.,
I.,.
II Th. 8uthor grant,

PU8Ulton to cOPY for non-pratH u.., prOYld1n912 tl\t. C'OIl.fnt re..tn..
l)

"IU PROGR"..C'o.PU"Un.tu., out_Ut.>t,. ,
17 rl\h prOQlr,.

UIe.s
,

t.xt tU. and C'r..t.. 8 C'o.pr d18 .erUon
uatl'll;' Hathln C'Odes. SI.lnq.

...rIO" 10.CO,. Ttl. C'08pr d
19 ll1. Can b. flltored to nor..)

utno the liUer pr09r,.
C'IU'd

20 .IIIE:J.LL..
211
22
2J UK..
24 lJ,
25
..
27
21
2...
..
J2........
"......
f!
f2
U
..
f5
..
f7

'"..5.5,
52
5.
54
55
5.

5'51
5...

L
wrUhn

0" 1'0. Slone
_0" 15, 1'80at Lel\lgh

Ilftherut"
Stehleh'., PA 11015
on a DEe Syu..

20(C)
COPVrlqht 1980

..
'"'"

COIfST
.Inehar 8 1 t1u. Is the ordlna. of the

..'H..t ehar.ct.r not tob. 19nored, I.'. In thl. e... only nUUI .re 19nor.d.l,."depth 8 .. C1'tttl s"oald b. U_n,
whe,. n 11

t". nUlIb,r Of ..ItaPII' eharachr ln U,. C'hauehr nt.l,...1tnqth . .a.d'lttl'll.nlnt - J4)597)I)67,
bit...t!:. . J6 U'U.Ur of bit. per

..ehln. wor4',
rrPE

Dft _ 0.. I,out"-ord. PACJ:EO "RRA, II.. bft-alUJabh.bet . IIlnC'her.. 127,

"'.C'har - R£COttO
..nGth' 0.. d.pU"
ne"an 'ACQ;DARRArCI..£"0,tr'.Pt .. tr",tru . RECORD

n., Inte1.rl
left, "lqhU tr'.ptr:.o,

...
n..-1n-r"ar., n".-out_worda, tnt',.r,'Olt Inte,.u_d, out_.ordl
In..ll1.: teat,
Ollt-t U., rILE or out.word,
hU" aUA, (81pnabltJ

0' R!CORD
'arted.
nu-..of.1:80,

bOOU..U
tntel.,.

tru., III£:O"D
t...rule, 0..

l.noth'

UII alt_', (I.. ..uen9tb' or tre.pt

n'.lfbarl::~' ..."f r'lP"la..U or n'.t""staet. "e.e"."

u
u
u
..

"r. "'II::EOU" eo..,
....
'07J
..
n
~: PftO:CDOIlt!Ul1-tal~r:1t tta. and ,8t . c"auC'ter eoant on1. tic." the flU the

Muu.,n ehuaeUr ..t.)11 wbleb to ..U t"e new
70
70
eo
II
n
U
If
ISI.
n
II..
9.
91
n........
91..........
.ft
'OJ.....,
::; '.OCEDU"Eexe".n,'fUIit a,

"
tnt..er),

...,.,
110
II'112
.n
n: '.OCCOURC..It'.ftew;:~:~:~n

b8.ed on t". ebaraete, ".cru'nele.116 ,If.rt. t". "_U..n e
It1 .f t". flU._
II'n,
120

U.
tounts hUG''''

leG'. uap I. x, . '8
"

12.
112
12.
12.
12.
12.
127
12'12.
no
...
U2
'n
U'US
."U7

""...
"0'41
'42
'f)...
..5
...
If'
""..,
150
15'152
'U.........
"'II.
.".00
.01
102
'U,..
10'U.
.07
...
.19
1"10
'71
172,n
".'70
".'77
""m
110

II pod, C'ollnts lnUG."
::".: Ut, tr21 booUen,

81.1. ,. ..1 r.ID

faR
tOIJnt, .tnl, 81n21 tnt"'lI

I!ItGU tGI!:T_2-HINSI
1 2 ,. tnt,

~~~t e::n;.~~n~~nc:":r nTO 121 00
wtTH ul1v(C'ount) on

"

IIOT..rlted

'"1:;, nu-of < .tn2
fifEIl

.r n".-of < .1nt
,"UI!IIGU

tr2 u trll~1"2 ,- _inti
0081 ,. C'ounU~:~2.:8 f:~:~: alftl.. ftUlI..of

..0
.....

..EG~:.2 ,. eOa"Utr2.. f.1I8'_tn2 ..
"

of
,af! eo..nt ,. I ::D:u...

t:"UII
Or)

III"' tn... Ul(lfountJ . Dn
U' au. < 81n2
THEW

Ir ... < .tnl
THe.

HG~~n2 ,_ 81nl, tr2 ,. trl, PO::n:.,:O:~~pOll'. couftt, trl ,. tru.,
110

£L..

H'~:n2 ,. .u., .tr2 ,. tru., DO.tt- C'o.."t
C8D,

IJ ..nld ,. trll"I' "ClTtrl '",
tI!: ~:n~~:::2J: .aned ,. trot., I:)T tr2 r.

E"D tGCT-2."IU"

5'
.
'"



101
102
10)

...

...
10'107
I.'I.'
"0"I
"2103.........
"7191,.,
200
201
2022.)
2..
2..
2.'2.7
2..
2.'
210
211
212
213
214
215
216
217
2..
219
220
22'222
223
22.
225
226
227
2ill
229 'RilC'EDUR!";..t..n..-C'''U t,
2J0 fhttl' thl' "lIff..,. c"lue-ur nt out of
2JI for.,

'0 II to .at. 8Cc...inQl r.)
232
2"23.
2)5
...
2)7
23.
23,
2'0

BEGIN PUk.C.JIEW-CHARSJ
tr t...nu. I. 0,
R£pnf

~tt_2__tnl(p0I1, POI), trl, t12),
I,. trl AID tr2
'rifE.

WlfH tr... 1)0
"tGHI

IP' poU < pOll 1NII;" nC'h.n~.(po'l, "o.2),~"..,Chap>,
t'lIp.,. IU/I ,. tra(po,I}"

'U8 + trl(pQI2) 8t
'UII't..p Un I. UICpolt)1

t..p.,. rtqht ,. tuCooa2J, trIlPo.l)
'8 teap,

t..nUIi ,. t..nUII .. II
rUR count ,. po,2 TO t-nUIl DO

UICe-Ount) .8 trlCe-Gunt + tJE'.ELSE

'P'
Nor trl "lfn If"T tr2

fHEIf
Wlrlf tru. DO

SCGIN
t_IWII I~ t-nUII + II n..(trl(t_nuII)t

"HH tra (t-nu.) .. DO
BEGIN

IU.
'8

hllr(po.lJ. nU8-of + Ul1y[poI2J.
nUII-of,

nU'(Uft)t n..'(rlqhtH
qround(hft:, POll J, QrountJ(rlqht, pol2)

......
ELSE

"U"
tun DO

8E'CI'f
IF tr2 THY-II .:rt'h.nQ'(Doll, POI2),
"...Ct.8P)1
t..D... lUll ,. trl(po.II" lUll. UIUrtpo.2J.

"u.-ot,t..p",. hit ,. tur!)o.1J, n..Ct..p". r1qht),
;rrourUl(hap". "Oht. p012)1 tU(POIU.. tup

£liD, .
dOne ,. true,
rOR tount ,. _1"Char To 1)7 DOdone ,. 10ne AIIDtel1YIC'ountJ. ..rllted

OIf1'ILdone "'.0 (tr t-nU8 . 1)
END (,II!UI:.MtW":HA"SI,

tree tor. end Into .rr.,

8!GI'

"
tpt.. rslht <>

rHtlf
iliUM shcle DO

8E(;].

!1ft

2..
2<2
243
244
245
...
247
2..
249
...
251
252
2~)
254
'In...
l$1
2"2.....
2.1
202

2'3
204
...
2..
..7
2....,
270
271
272
27)
274
27,

27'277
278
219
210
211
212
21)
214
285
2..
207
24'289
..0
2"292
29)
...
"5
2"297
291
2..
J.O

Ungth U Unqth + I, nChuU.noth} '.0,nnt~ner(ut.. rtqhtH nC'herlhnqth),a II
nut-e:hU(tpt-. un)J length U I.nqth . I...

ELSE newe-har..trtpt... IU.} ,. .tAC'1C
t"D tUXf-CHJR"

BEGI" (~.t-n."-c""r"'ft}
st.e-Ic. UnQtn :.0, nut..c'har(tr.u. tulU)

r.~O fQtt-n t'hlr-l.tH

PJtJCEDIJRE Pllt_word(!! bith
(Add a bit to tDe- output buthr word and print Ifhen full.)

SEGI"
po. u po. t 1: ""(po.) 18 11

[" POI 8 bit.size rHF:"8£I;U
nu"-out.word. U!I nUII.Dut.word. + I, PO. I. 0,
out.tth-. U If(l, put(Out.fUe-)

E'OEND (PUl..OffOII

PRJCE:DUR£ flul~'
(Print out thf' tinal IfOrel, PUctded by Its )tn;th.'

...
con I IU::CORO

ClSE boolnn
0'truer (j, Intequ) (8oU I it f.I a'lu.tel tPl8t

::l::~P~:~1 t:::t.:~d~.actly ont word."

SEGrN con. 18 11 ,8 C'on. wel [NO (COtIVtRT',

BtGIN (rc..USH)
I,. POI <> 0
THE.

KGU
nUII-out.wordl fa nu-.out-worcll + 11 out.ftl..,. _4,put (out.t 11.)

UD
ELSE POI U bU.-Ue,
nUII.Gut.wordl ,8 ~UII..out_.ordl + II con"ertCPol, 1f4)J
out.BU-, U Wdl PQt(out.f1h)

rID
'''LUSH"

PROCEDURE IfrtU..1nUllefC!! lnt.O'.r)J
(Print an lnttJtr bit 0,

bit.'

'AR

po_,.2' tnt.,er,JOI
J02
JOJ
J..
)0'
)0'
)07
)..
J09
JIO
;g

PR:JCEDURE put.n..-C'h8f(VAR ehl newC'huH
)13 (Punt. Huff..n ehauC'ter.)

JI.
)15
JI6
Jl7
)18

J19
UO
UI
U2
UJ

~~.: PROCEDURE 1n1 t..o~:~ Huff.an c".,acur ut Into UtI belll."nln; of
:~; ;~:1~~1:~' I:'~~~: -RECALl.- c.n ruton the tU..'
...
32'130
)Jt
132
JU
u.
US
U'JJ7
JJ.
U'340
JU

~:~ ,:::I:~:I t~~:"':l:~:~ndU.t, onl, eha...,. froe tba standard
... e...n.ettr ,.t to t h.. 0"".)
145
14'147
14'
H'
"0Jot
)52
)U
U.
US
U'U7
...n,
J'O

...

... I, " l...uO'tr,

HG::wrlt8tOUt_Ul.)'
'0. 1 ,. .lne , 1'0 12'7 DO

.CG~: It.-1...t.,,8r(n.-Cl\"ln (1 J_
P.t..n...,eblr (n...eb.,l.t r11

)

..0
rlo (I"I1..DOT"

18nO'thU

'~C:::1t..oau rentC1n-tU.>r

"
.,or .0f(U-IIU)

.....
H'~: or.un_,U..,) .0 1'HCI ,.t.,eha"

WN1L£ -01'
.0tUn_fill) DO

'IG~:t..n,w.c'''.r(n..eh.,..t rord(ln..fl U.)])'

nt.c' r'tllO,

t18'".oo
ElO IUU'~AUI'

..

~:~ PRGCEDUREpr1nt UUI
a I of paqu und. tlotel The D'CC-20)6)

'Prtnt thl nU8btr ",eretnt Il
hleh an 512 .ords luch.').. Itor" Ulu bY unf.tI of pa;u .)05-

J""7.....,
HO
UI
H2
H)
H.
37.
H6
J77
H.
."JlO
nl
"2J8)
)14
J")16
)11
J.'JIt
..0
J9I
"2)n
J94

8EG~:
1 "DO '12 8 0 THE. paw" 18 1 DIY 512

ELSE pa;u" 1 01' 512 . I.
END ,PA::;UI, -'"'"..

..
~

'"m."~m
:a..

?u.nUett'



.
2
J
.
5
.,..
'0tl "n. luthor ~r'"h pn_Ul1on to copy for non-profH use. PfOVld111912 tn.. Co...nt r.'u.",.IJ..,
l~ PIt';U,M UC'11Htn_tth. out_fJlf.),,. «17 rnll Dro'n... r.,d, U,. HUff..,n ('od.. Printed In the
It! btqJ,,,,tno Of . file produC'ldby U,. IJater pr0'111", .COIfPAP.:SS-
." end r..tore. the relt of nt f11e to Ita ortq1nll forll.2. ,
2.
22 LUf:L
2J 0,
24
25 :00"11

2' Itnchar
21
2'2.).
J1
J2))

..
J5
J.
J1
JI
)9
....
42
U..
..
..

"..n
50
5.
5l
5J
50
55
5..,
5'
5'
", PJtCJCEDUtttIn1t,

To'l 51 on.
"ov 15, Iq.O
It L."1:rh University,
eetnhne., PA lion
0"1 . 'DE: 5v.h. 20

fC) COPvrl~ht 19110

. t tThU II th.. _tnt.u8 r.coontZ.b)t character
(nu111 .r. 1I:Jnored)),

..adeptn . 64
(1''''" nUlllbe,.nould C'arn.pond to the one for
"J:d'Pth In .C'O"PRP:SS.),.'lltnQ'th . ."Xdtot''I1.,UI1t . J4H91)-.J611

.U-81z1 . )b flh!. n.ulber Ihould corr.,oor'ld to t",. on8 tor
bJ.t-ltu In -C'()jIIPRF;SS-),

rYPE
olt a 0.. 11
I,,-word. PA=fC:ED.\ARAY(I.. bU-ItzeJ or oHI
8lDhab.t . 'Inchar.. 1271

ol~-C't'!ar . RECORn
l.n;otn. 0.. .a.depthl
nChar: P"~KF:DA'!UtAT(I.. ...depthJ Ojr bitEND,

u,.,t 8 ..tr,.,
tr., . RECORD

CASf: fruit. bOoh.n nr
truel (~'\: alp".b.th
hlul (left, rIQ'ht. tn.pt)

...
In-lU.. rJl,E or In_wordl
out..tUe. tutl
br.ftC'tu treeptllap., 1",21 h...GrdlIt ,t, POll 0.. blt-'he,
b',"OI, dO".. boOlt...,d'pU., J"t'-t.r,

u'n2
.23
124
US

'2'n7
'21
n'UO
U'U2
U)
U4
U5
U,
.n
UI1)9
"0...
"2'4].U
..5..,
.41
IO,
...
150
15'
'52
'U154
155
.56
'51
158
.51
..0
16'
'02
'U.04
'65..,
'61..1
...
170
17'
172
,U
174
.15
17',n
17'.,t
110

,n-tnt'lJer .8 ani
C8D ("'_18T£I:£R)I

nac:IDURE adt...6nl(nu'-ltftl Inh9111 YO leb. 81phablt, VIR tf'
tr..,t) ,

PROCEDUREIt.rtUU U tr,.ptJ,

MG~: t 8 "IL 1Hr.1f

sr:G~:.U)J t.. fruU
'8 hU.' t.. left '8

_IL,
t... rhnt '8 IflL

...
END tSrARt),

He"
UDO_DNP;)

d.,th '8 deptlt . I,
rr d"th ) ...d.pth THEN

leGll
.r!~:~~(:~r; II not co.p.tlole with thh ,r091..t.G'),
f;OrO u

IMO'
~~E:II.~:~~

8
t;... fnlt .. true, tr ch .8 kh ElfO

IILJI.

I' ,.t.olt 8 0
..,.

.eG~:.rt(tr... l.fU'.dd.,on.tn l.ft . 1, tit, u... l1U)
DO

IJ,U
lIal.

:;:~:~:;.~:::)~ I, kb, tr". rl,,"tJ
110,

"'Uk I. .,Ptt'!. 1
PO t&DO..Dlfct,

PAOCCOUU'tr.nu.U'

'II:Ot"EDOIC con'nrU tI
uupt),

KGII

I' ta.. trult
ILII

.......

61
..
OJ
......
67
..
..,.

"72
1J,.
75,.
17

'",.
I'11
t2
IJ
..
IS
..
17
II
..
.0
..
'2OJ
..
.5
..
97....
10.
10'102
IOJ..,
105,.,
107
.01
.09

"'II.
'12
'U114
115

"'117

'"'19120

l
\

HGI"
"_.(br'nC'h), branC'''....
br.nc".. rJVbt ,. MIL,
9ItU"-t'IU)J 1"'2'.".,-dOI .. tru8, doneriD (UlIrt,

fruU t8 '.11., brlnc",-. Uft I. .1',
reutUn-CJleJl Snpl t. In-fU..,in_fUI.., ,.USn-fil'), POI,. 11

.. feU.

,t"'::2'lOI oet-bltr bltr

...
C'on. IIECORO

CAlI: boole.1Ii or
trull Ul\t, Inte9er),
f.UII (., IR-8'Ord)

..
'"'"..
..
'"'"

END,

"'UIr 10' 80f(1n..f11l)
'Ht.

l' '01 < bit-lill
'"E"

BEGIN ,et-btt .. Inpt (POI),
POI'8 '01 + IELSE

SEGUI
91t.b1t .. In,l UtU__Ia8J1 POI I. 1, InplInp2

'8 In-'II1"., "tUn-file)...

DD

ELaE
S£GIIf

IF "'.F..dOI THE"
8f:GU

eon. . la Inp21
b.,..401 '8 f.U.

E"OI
'U...btt .. In,l (POI)'

"
'01 8 n.'-left !'HE'ELaE '01 I. POI + 1...

EIO fGEr.ant,

dOlN.. tr..

,:
PIIOCEDURE Ull..!r..,

'.. I. tnteQ'.r,
1''''_U'e. tn.ph

rU8C'f'I08'.t-tnu,." tlltl.,r,

fA'
'0...2, .nl, eOIAU Int..."

~
:.-KG,_ ,

,0w..2..
d.'t'" ani ,. 01ro. Chat I. I t'O7 DO

IeGII
.n. .8 .n. + '0_-2 8 ..t.bttr

EIOI ,.
N' I

- ""
_'11-~"'!"'..~ 7:""'" i

I

"'112II)
...
115
...
..7
...
II'...
...
...
...,V4
...
'96,91
..I
.99
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Thus we eliminate from consider.tion lev.,..,
"tiny" P.,ca' trlnslata,.., .-.ongoth.rs.

1981 Oct~,.

Ab.tr8Ct
To bett.,. understand the behavior of the three Pucal t,.ansl.ator. ilnd tobett.,. appreciate the performance

".sults, we begin with. brief introductionto translator construction. W. u.e trons/utO,. in the generic
len'.

_
anysoftware system that accepts .a. input. Program in one language (the

SOU"CfI
10l'l9uoge) and that Produce. lIS output .. functionally equiulent prog,..,.
written in .lnother language (the

obl«t languogfl). If the Icure. language i,.. high-Ieve' language such OIlSPnell and the object language
i. a JOW~'eveJlanguage luch U u1embly language or machine languag.,

then the translatoris called a compll~r. If both the source and the object languages

are !ow-I.v.', then the translator is called an aSSemble,..
If the object language isnot the machine langua9. of some real machine, it becomes necuury to

.xecut. the object cod. with an interpreter,
which simulates the objectlanguage on a r.al computer.

Compil.rs that translate sourc. programs
directly into object Programsare called on.-PIUS compilers. Sometimes compil.rs ar. written to ~rlonnone or mo,... intermediate transformations between Source and object;

these areC<ilUed mult/-PtlSS compilers.
Multi-pass compilers generally

take longer thanone-pass compilers, but they often require less
"nain memory, compile long.rsource Programs, provide more complete

diagnostics. and gen.rate
better

object code. To conurv. main
"*OOry (.~nd again to increase the siu ofsource Programs that can be translated),

multi-pa... compil.rs often write outth.ir int.rmediat.
transfonn.tions to temporary disk files.

W. used ,.sion 3.
'9

of the Pascal/M translator. It is patterned afterthe UCSD Pascal system,
comprising two comPOnenh: a compiler thattranslates. Pascal SOurc. progr'm into p-cod. _

object code for. fictitious,P..cal-lik. P-machin.
- .nd an interpr.t.r for the P-machin.. It i. a on.-p... compil.r written in PISCiliL For short .nd moderat.ly-.ized Program. the

compil.r us.s no memory o rl.y.. but tong progr.ms quir. swapping

from
the di.k of segments of the compiler. It runs in 56K of main memory and
F"1tquir.s no temporary fil.s. Th. output from the compil.,.

is a file cont.iningP-COde instruction., which is input to the P-machin. int.rpret.r.
For

comp.ctnes. .nd effici.ncy,
the interpret.r i. writt.n in the .SSemblyl.nguag8 01 the host comput.r
h Zilog zea. in Our cue).

Th. transl.tion-time and run-time performance
of th,... CP/M-bued

P..cal tr.nslators
- Sorci,"'s P.sc.I/M, MT MicroSYSTEMS'PUQI/MT-, andIthKII 'nterSystems' Pucal/Z

- .,.. comp.red. U.ing a benchm.rk of eightPrograms on a 4MHz Z80-based microprocessor,
we find that Pasc.I/M neelsin tran.l.tion titne and th.t P..C<ilI/Z ..cels in run time.

Pa.c.I/MT-'s
tr.nslation time <ilpP~ch.s th.t of Pascal/M for long programs. S eral
transl<iltor 'imitations .re also ilIu.trated by the benchmark.

Introduction

w. recently had the OPPOrtunity to use and Iuat. four
micropro .nor-b.sed Pascal tran"ator.. w. ar.. reporting h.re the re.ults ofone asp...t of this e...aluation (n.mely,

P.rformance) for three of them.
Th. performonce of a piece of .oftw..,.e, such as a programming languag.translator, i. meuur8d in term. of the amount of resOurc.. required by

the
softw to produce

'ome u..ful result. Th. primary
resource we .r.interested in is tim.. W. measured both the time required to tran.l.t. .

.oun:. Program into a machin.-executable form .nd the time required to
.:ucute the tr.nsl.ted Program.

Th. former i. t.rmed tronslatlon
tl". .nd

the latt.r run tl",. (or e.8Cution time).

Th. thr.. Pascal tr.nslato,..
we Iu.t., a,..

Sorcim'. PasCiliI/M.MT MicroSYSTEMS' Pucal/MT-, and Ithaca Intit,.Sy.tems'
Pa.caI/Z. All threerun und.,. Digital

Re".rch's CP/M oper.ting system. W.
.1'0 .v.'uated .

fourth tr.ns'.tor. the UCSD
P.'cal system, which run. under its ownoper.ting system. W. hav.. .xcludtld UCSD Pa.cal from our r.port because w.

do I')Ot;feel a fair COmpari.on of
tr.n"ator performance can be

"'*
across

oper.ting .y.twns. S8p.r.ting the peirfOrm.ance attributabl. to the operatin51'Y'~ from that attributabl. to the trn.l.tor is a difficult ta.k. Oth.r
tran.lators be.id. th... three run und.r CPIW. howe r. W. limited the
.tudy to tren.lato,.. th.t ilCC4tpt nti.lly the full Pascal programrnin51lengu..,. and th" .,.. widely acce..ibl. to the sen mier'OCOtrtputing

public.
We used ver.ion 5.2 of the Pasc.I/MT- translator. It is a true compiler

that g.nerat.. object cod. for any
of S er.' mieroproceuors, including the280. It i. a three-pas. compil.r

writt.n in puc.l: the first pus con rt. a.ource program into. sequence of Jogically
related char.ct.r. Cllled tokens.the 'econd pass build. a .ymbol table. and the third

P"'s
generate. objectcod. and pl.ces it in a Micro.oft-fonnat,

relocat.bl. object file. Th. compil.rrun. in 56K of main memory,using fi memory o...er/.ys,

and it u..s onetempor.ry file for the tok.n..

CopYright 0 ,.,, Mark SCOtt Johnson and Thoma. O. Sidebottom.
Not-for-

profit .-.production i. pennitted;
."

other rights are res.rved.

w. u.8d V."'ton 3.2 of the Pucal/l r:n:~.t;:. oul~~:. alS;hi~=~:r;but It gen.r.~. an ."~IY-Iangu-':r P~t is .uppli8d with the translat~r.I.ngu.ge requu.es . specl.1 a..~
.. Pucal/l i. a on.-pus comPII~rwhich can only generat. l80 .obJec~ cod
of ",.in IMInOry (.Ithough 64~ ..written in P..cal. It requu IK

and it require. no temporary fll...r"8COIWh8nded). using one memory ov.r .y,

"Rut 10'" is u..ful .ine.fOrM); no input/output con ~.ions are performed.
It .xercises "'naked" fil. handltng,

'"
. . ram to lolv. the "'.ight queensTh. fourth benchm~rk"f.. d5~~ln;t~figur.tion. of .ight qu~n. on .roblem The probtem

I' to In e
h ueen The algorithm us..:h.ss~rd .uch that no queen attack. .~ot .r

t
q

all' plausibl. chessboardbacktracking and recursi~. to
:.~~~u:~I:c~yit 'heavily exerci.es. ~t.r:,ti~.

:~~~~~:ts s:~~gh.~ ~~~:ps ~~d uif_then_else st.tements, together Wit limp.
but r.petitiv. arr.y manipulation.

. .. . ram to comput. the first 1000 primeTh. fifth benchmark IS II 47-lIne ~rog
e language f.ature. II Powers ofnumbers. ~Primes" use. euentl~"y t . $1m

Two but involves mor. computation..,
.. am to comput. the .ncestors of .The .ixth benchma~k IS II 2:9-lIn. progr

It uses a 1(X)II{lOQ-element .8ool~.ngroup of individuals, given
d~~~ ~.re:~~. the p.r.nt/offspring relatlonshlP~matrix to repre.ent the

1
~n .IVI

u~:f~1 since it contains d..ply nested tcon~ro.=:t~u~~::.nd ~~~~~~sion~~ array.. .nd thus ..ercises th... ..pee. 0
transl.tor's capacity.

. entation of the previous one, u.ingThe seventh b.nch~arkl::e .o/:Im:~~an matrix. "Ancestor 2" is useful
;o~~:::;:~~ ~~:c~e~;~,.;.,n.:c. of the impl.mentation of ut..

. ram we wrote to compute theTh. Int benchmark i~ . 2~-lln~d Pd~ The program us.s nine realsition of the moon at . given tlm. a
two. record types, t.n inter~al=rays indexed by. .numerated tyP.s,

Most of the functions a~e on.-Itn.functions, .nd five Internal
p~ed,u~:'th. trisronometric functions In d.$Jr~~lon:'C:n"vd.:' ~u::d t~;:' r:~i::.eue:,d d~r--;s.

.;=iC P~~~o~~ei' c:m;i~:r~.~nchmark sin~ it huvily e..!"'CI'.' re. .rl
ce~city to h.ndl. moder.t.ly long progrMn..

Benchmark

.
eeded . ~nchmork- . pointTo .td8quat.ly compa,.. performance

'A w~~ehmark for a translator i. a.of ref.reftC8for our m urernents:
. the I.ngu.ge the tr.nslatorcollection of 'Ource pr:ogram... wrltt.n

c;~ of the tr.nslator's capabilities.und.rsbnds. that e..rClse. ~artOu.
aSP:rt r rams. long program.. ..ndSuch benchmark. g.n.r~"y

r
In.~lu~

::. tr.~sr:tor, .uch as. programs withrogratnS th.t .tretch t e Iml s
d t storage reqUIrements. The~"PIY n..~ed control. .t,;;;cturesr.:-s I:;:t

.": ar.pr...ntati of the program.
~~: ~~. ~r~~~II~~:r ~i"l~nco:n~ in normal. ryd.y us..

h .rk from .cratch, we r.lied ~e.vilyRath.r then develop our own. betC m
... n of the .ight programs In ouron the work of oth.rs. In

P.rtIC:";:;.",:~c: study of the CDC 6400 Pncalbenchm.rk w.,.. adapted from . p

4 rating system, m.de se r.1 y~ar.tran.l.tor running under the S~OPE ~ pO~.al
W. r.stricted our adaptation.ago by Nikl Wirth, th~

~..i~n~nt.t~o~.d.p.ndent feature.,. such ~s
t':;

..elusively to the 1"8tnO p
th COC 6400 and the milltlmum SIZ.

p, n~
of . hardwa,.. c!OCkj on

Man-t to not. th.t we m.de no other.ntege,.. .nd ,...1.. It

"
"'PO I f them would not c:ompile under on.:nooificat80ns to th... progr i Sev~J.

h:v. modified thes.. program. to makeof the transl.tol"l. W. p~.b Y
d
CC:

I.t our ev.luation rat on . tr.nsl.tor-th. COIIIpHabI.. Weopt8d Inst..
independent bench...rk. .

.to CCIIIIput8the fir.t 90 politi....Thefh..t bench...r"i. a 47-lIn.:;::sr.m .
teger .rithmetic. ..clusi ,V..nd negative ~,.. of 2. The ..Igori

No ~:~d'."rd Plical function. (.udI ..including 8Ultiplication .nd divi.tOn:
ion i. 'Hwul.ted by

&to"'"8 each d!gi~ of$QRT) uHd. :;t .~~.ry
eI=~ of en .rray.. "~r. of Two I'.::::'u'ib:c..:k 'in~ It h..vily ...rc.i... integ.r .nthmetlC.

. r to sort . 10,OOO..lementTh. ~d be!'ch...,.k
::10. .:;~~~n:~r. Th. sorting algorithm is.rr.y of arbitr.ry I~t-eel"'l. .

Ion. recursive procedur.. Th..cell8d QuicklOrt. which ~.,,~ 8xt.n
O"OOO

vo Y)
.'0 "'Quicksort'" is useful since Itma.imum depth of recur'lon

I' In.o
'

. .
.xerciaa recursion .nd .rr.y manlpulabon.

. to write and to r..d a fil.Th. third benchm.rk I. .
~~:. t':'~~:'r. .re written out, one ~rcontaining 1000 ,...1 number.:.

d the numbers ar. read back In.record, to . file. Thent~. ~d.
I' ~.t ':.~ (that is, not in human d.bl.Th. numbe,.. .tored In Intern. or

run on NorthStar Horizon.,A.II of OUr benc~tMrk programs
56:-''; main memory, .nd two doubl.-containing 4MHz 180 II'Ilc~roc.$lOrs,

400 floppy di.k drives. Althoughdensity. .ingle.sided S-1/4-lnch .Shugar:t SA
nsl.tors will op.rat. on. .mall.rsome of the ~nufectu,..rs claim.

t~~~ ~~~imum configur.tion reqUired fOr.ystems. we bell our srs,tam;s
t t. All three tr.nslators W.~. run,...sonabl. r.spon.. .~d mln

h
lmal

Nr~~;:.;on~ersion distributed by Lifeboatunder CP/M 2.2. uSIRg t. Or
A.soci.t.s.
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Mltthods code pe~ minute (or the short programs, but rose to 10 lines per minute for
the long program. Total translation time was about 2S lines per minute for
the short programs and 56 lines per minute for Moon P05ition.For each translator ... first verified that each of the benchmark

prograrn. pl"Oduc~ the ,correct re.ults. We then removed all statements that
wrote to the terminal screen, except for a WR,JTElN at the beginning of each
program th..t wrote

"GO" <1Ind . WRITELN at the end of each that wrote
"STOP". W. did not use the.e output messages for our measurements; they
were merely to give us f8edb<1lck that st::Jmething wu happening. To
guarantee comparable run-time .btistic., we ~piled e..ch program with all
error checking, such ..s range chC'Cking and 10 failure detection, diublP<f.

Two of the programs would not compile under Pa.cal/l (Table J). Both
h.1d control .tructures too deeply nest~ (about eight levels) for the compiler
to handle. Pucal/Z's compile time is only about one-third longer tn..n
Pucal/~f. and about twice u fut as PascaI/MT... for .hort programs
(apPI'OICimately 65 lines per minute). But the e"tr.. ..uembly step required
takes Up to twice as long .as the compile time. Table 4 shows th..t the overall
tr..nslation time of POISc.I/Z is th~ to four times slower than Pucal/M ..nd
ranges from about 25\ to 200"0 slower than Pascal/MT.. Translation time for
long programs decreased .Iightly (25 lines per minute ..s opposed to 20 /ines
per minute). Nevertheleu, Pucal/Z consistently produced hster code th..n
did Puc..I/MT., r..nging from about 10"0 to 1m faster.

BIK..use NorthStar Horizon. are not equipP4K! with hardware cIOGks, aU
timing measuremenb were made uSing a stopwatch. We timed each separilto
st.p (cOMpile, usemble, link, and run) by typing the appropriate CP/M
command line, w..iting for the disk drives to stop spinning, and then
simultaneously hitting the RETURN key and the start button on tho
stopwatch. We stepped the watch when the ne.t CP/M command prompt
("A>") appeared. Thus aU of our measurements include the time required by
CP/M to process the command lin., to loute and lo.ad the appropriate software
into memory, and to prompt for the ne.t CCIIfWIIand. This method does not
menuI'. the "b..re bonos" performance of the three Puul tr..nslators and the
obj«.t code that they produce. Nevertheleu, we believe th..t it reflects th_
typical user', interactions, ..nd thus the method accurately mea.ures the
p.rfol"'l1l!..nce that such users can eICpect for thems...v....

Conc:lusiona

For applications that require frequent compilation but infrequent
execution, or wh.re run-time speed is unimport..nt, Pucal/M is a good
choice.

Pucal/Z is the best ..Iternative when run .time perform.nce i. p.r..mount
and your code only n..os to run on ZSOs. But be prep..red for
e.cruciating/y slow translation time, especi..lly on long programs. AI~ be
prep.red to restructure your programs to got them to compile, ospec:iaJly if
your system has leu than 64K of main memory.

PucalIMT. lies somewhere between these ..tremes. Tran.lation time is
slow, but the relative speed (that is, lines of code per minute) improves
signifj~ntly as program size inc,...s.s. Similarly, run ti is much better
th.n Pascal/M. but !"tOt as good as PuullZ for most programs. Run-time
performance for the two recursi.,e benchl'fWlrks, Quicksort and Eight Queens,
was relatively poorer than for the nonrecursive bench"",rks.

Several of the measurements wer. taken twice to ch"k for timing
v.,.ianco. In no case did the times diff.r by more than O.J seconds, which
we ..ttributed to variations in controlling the stopw.Itch. Thus the variance
appeared insignificant.

R..ults

Tables 1 thru 3 show the results of tr.nsl..ting and o..cutinS! the
benchrNrk progr.ms with uch of the three translators. E..ch column in the
t.bles r8Presenh one CP/M rofNNInd. T..bles 4 and 5 summarin the sult..
of the first thrw uble.. In T..ble 4 tr..nsl.tion t.. i. COP\Puted as the sum
of .11 the steps neeesury to make the objeet progr... .xecut.ble.

We conclude with a strong oiIIIdnIonition. We have reported he~ only on.
UP8Ct of c.ornp.rison betw-..n the tb,... tr.nslato,.., namely time performan".
There ..,.. m.ny othe,. upec.t. th.tt st be: considered when deciding on <11
tr.1nllator to suit your own needs. suc.h ., robustness, doc.ument.tion,
.uC»POrt, l.n9u.go exten.ions, errorh..ndling, ,ize of objKt codt, ..nd ....
of un. For ..ample, in appliutJons where rHntr.nt code i, important,
P...cail/Z is the only .'t.rn.tive of tM thr... We decicNd on PascailMT. for
our own appli~tions, p,.iftMlrily becau", of the '..nguage utensKM1' it provid.s
(it is ttae moAt complete sy.teMs impl ,tatiQn language of the three) and its
robustn.., (we seldom have to mauoiIIIgeour code to get it to compile).

Table 1 ..hows thilt Re.' 10 would not ~pile
un'"

Pasc..I/M. PucaVM
doe. not support the READ .nd WRITE procedures Oft the ty~ F'lE OF
REAL. As ..pected with an interpret.r-based systeM, Pase.l/M compil..
qUick.ly, but interpt"$1:.tion of the P-code is slow. Compil. tilM remain-.d
.ppro.i.r.ly eo lin.. of ~rc:e c:o-a per minute, even with long progr..s
such as Melon Po..ibon.

'..caVMi. succeufully c:ompil8d .U the benchfM;rk programs (T.ble 2).
~iI.tions .,.. typically up to th time.. Ionpcr than with P..scaI/M; total
transl.tiofI tilN Is up to four time, tong.r. Hevertha'-.., ,.un time r..ngn
fr'Cllft about 30\ to 200\ fast.r. Compile time was approximately 30 line. of

program Compile Ti Assembly
Time link Time Run Time

~.o
59.J
58.9

1004.0
N/A
N/A

U)3.2
6006.5

46.8
48.6
56.1
49.1

N/A
N/A

46.J
1042.1

8.9
1ore.5

20.9
53.4

N/A
N/A

19.0
10.5

powers of Two ~.~
Quicksort

38' 3RNI 10 48.0
~i~~sQueenA unsucc.~sful

Ancestor 1 unsuccessful

Ancestor .2. 3.~'.:
Moon pOSItion .

Table 3: pucal/l Timing Results
(in minutes and seconds).

Corpo,..tioft, Hewlett-Packard

.cce.. to their
(.Omputers .nd

P1"09r....
Compile T-ime Run Time

P lines pascal/M pascal/MT. pasc..lIl
rogr.m

].I 6 2001.1 20296

powe"s of Two 41 32..3 2:09.7 2:31.2
Quicksort ~ N/A 2:04.7 2:33.3
Re.l 10 36.1 2:03.7 2:41,7
Eight Queens

~~ 33.9 2:01.9 N/A
p,.int8s 32.3 2:04.1 N/A
Ancestor 1 29

31 ~ 1:~.8
2:31.3

~~'~o:si~ion 2: 3:30:3 4:~2. 7 1 '.23.Z

of Transl.tion- Ti,.."
Results {in minutes and s~nds).

ToiIIIble4: Summary
Compile TiI'M Link Tkne Run Tfn\e

Pascal/M
pasc..I/Z

program

Pow." of Two 29.~
g..6

1 :c::~
QUlck.ort 5:23.0 2:;;:~ 20.9

R..I 10 N/A
1 JO ~ 53.4

Eight Queens ~:02.8
:.

N/A
Pr 1:13.~ ~~:: N/A
Ancestor 1 1:~...

23.'
11.0

=s~:'I~ton 17:. 12.8 10.S

$umrnllrv of Run. Time Results
(in minutes .nd sec.ond.).

***********************
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Mr. Rick Shaw

:':O~ ~'8at21
Atlanta. G.orgio 3»38

0..."",._,

~.=-:: :::: t~'
my

NacHo", and tho. of my students to t
and this pcnicul. Nochi'na~",

I om 'airly new to the fi.ld o( c~:Jt ~CllCoI

"

JCP8n8nC8was exciting to 10)' the least. lelenee
hop. this thort piece will PftIW to be

of' teIn rest to you and)"Our I"8'Oden.
Sincerely,

Encl.

--- Ther. \fIereno "no's" ---The int.ria course contained 20 students, ~alr or whOIl had v~:'",i:'lg
deere'. of erperlence V1th OO8I)Uteradance aQdtherestwilhno ""JC~...ie"icl!
Whatner. The tour-week t1_ r, vitI'! two-hour "salons rive days <I ~ek
left Uttle tree U_ for elttMr the students or the instructor. We
oOYered ,11 aspecta of the lanauac:e including a brier introduction to the
u.. ot reoorda, external tn.. aDd the pointe",

!';.eII Mo. 9--Do you tMnk t.hat you vill choose to use PU081 in the future
if you wrl te cOIIpute,. prograu?

flow woul~ you I"3te our gueat lecturer, Professor Schneider?
The studenta produced e1&ht Provau or varying difficulty and took

tour quizzes_ The aa.sJ.arwd readlaas C8.88 fr"Oll Schneider, Weingart., and
Perl8M, Int.roduction to !.~ !!!!. ~l.!! .§:2!!1!!& \I1t!l p!!ca!, a
videl,UHd and tboJ"OlUSh introductioo to the lanlUase. As an added
t.ture, a. MichaelSchneider. OM ot t.he aut.hors of t.he t.ext, .,tsit~d tl'le
clas. and p.. \q a ..at st18UlaUns presentation.

Responsf!.s: good, '!xcellentj interesting: info ttve; ulUsi~j a 8000
pl'Ospect for a Mac prof; uaellent; very knowledgeable; knows his stuff;
sreat tuture: 'ery good; great n too bad we can't be assured ot havIng
hI. herej great teacherj 8 on a scale of 10: exc'!llent: he really \mows
hts stuff: excellent; 10 of 10; great; great guy; really knows What
he's doingj liked hl.i slick and inte1li8ent gUYi rantasHc; sparked IIy
int.erest in c08puter science; the high point ot the claui he is 11ke the
pointer ~~ dYna81c.

1. . rlnal e:r.«rcis. In the cour.., the students were uked to C08pl'!te
a critique ot the e:r.!)4;rieoce. Sc8e or the questions asked and a supling
of the roeSponN.are presented he~:

Final It General c~nts.
Ite8 Ro. 1--D1d you know a pl'O~ l.nauase betore this course?

a. Ir ,e.. how would you co.pare Paacal to the lansuase(s) you dready
know? B8aponse.: Nquirea DeW .Y. ot th1nklns.. .about now or
contl'Olj I80St tlexible l8ncuaIe I know: 8Jch prettier...easy to
u.. and .rrident oao8 tbe b8d habits ot D88dln& the -SO to-
state8ent are broken: ...ler to UDd.rs~ than cOBOL or P'OW'tUH:
8OI"e b1ch-PGIIIt~ thu BASIC aM 80,.. stl'uctured; 8Or. ean be done
with "80&1; 80... -:r. to approacb. 8 probl..; OCJ8IP8.rodto BASIC,
'8801.1 1. 81M 8Ot'8 nm; 01088l, Nt.t.8d to the Eac1Uh
,->.

Jle~ponsu: best intera course ever takeni 80re challengirq than BASIC;
Il1pressive lansuaa:e; I now have sn u.nderstanding and a respect for
cOIIputersj revived., ability to concentrate tor extended periods ot tiM:
oOllpUter, ~. -it's rather 88a%ing. isn't It?-

As the re.ponses clearl, suaest, the .entire olass was .,re than
aaUaf1ed \11ththe course and unan180ua 1ntheir asaeaSMnt of Pascal u a
sound and usable P~b8 lanauase. It would be sheer underatate8ent on
IIJ part to say ttw.t I .. pleased \11th the outc~. I".. ecstatic I The
oour.. is scheduled for the inhr1:a te... ot 1982 and t~ Pucal lan&uaae
orterinc dur1nc the rel\1la.. t.r will be expanded within the exht1na
eour.. t wortt.b. It 80, did rou t1M t.bat ra..l PI"O'f'id8d. 8IM1natul introduction

to It ru,"" U 80,., DOt'lup(\nMa:T..,I
U1ak tM nr.taN 18iJIportMt.;,.a, it prod.. thebaat. tor .
... _, of Ui1*1a1; ,.., pod 1at.ro t.o tile ~te.. 80d hOwit
..-fE.; ,.., Jud&1nI rr. u. ..,.,.1eDo88 of tboM 111 tb8 ~
1'008 \18181 OUter laD8D8P8, it __ \bat Puoal 18 tb8 bNt
1tIItpap tor 1DI8r8taDd1rc~, ,.., 1\ 18 ...,. to Ie
vitali, JU, 1 bu pt'O"I1ded_ vitb . ~ 1Dt~Uoa to
"..,..uDlI 1M, it 18 ..., \0 ,... . procraa...and the tuc-ae
18 iDt8N.tiJtC; ,.., 1 .. . IOOdiDt.rcIducUon1Dtbat I
188J"D8d th8t p~ 18 _tl, ,.pervorlc beLOI"e l!!!!!i.

It. 10. 7-Dc JOU th1M: th8t Puoa1 abou1d be otter8d as . f'la11. replar
...ater oourM? It 7.., pI .tate tIbJ'; it DO, pI stat. vh:r DOt.

~: re.- 1ftt,.,...tlac, powrM; 18port.ant tor OCIIp\Iter stladl..
_jor8., Iood: tor atNCtlU"8d IN'OI1''881D8; it 18 a Nut-hel, DeWlaacuq:e
and OCIIIf'Iter atudi.. _J0r8 8bould ma. It i it 18 tbe dlrect10a u.t
OCIIIpUter 1.aDp8ps tdl1 10; _t tor anaral put"POM 008IpUt11'1C; beooaiJIC

Videl, eooeptecl 8Dd UHd; ..1.b1e oour.. tor leara1n& -.zIT a8J*Cts
of ~teI" acl_08; better tor ~lftD81'8

--
Mat, bMuUf'lal J.an&uap;

t_ DMd" thaD 18 ...U.bl. durille tnteria; tll1t1 aDd USN ot

~~~a_~oa~~.;.,.~:V.~l:::";:l~ -tirst"laDcuace;. .,..

I 00Dc1udewitb . plea to all tIIho are in an acad_le aett1n& to
8D00Uraf;. \be up&DCMd.orr.r1nc or P..cal a. tbe 8I08t appropriat.8 ~.
to tor 1atroduCl1nc p~. I bel1... th18 to be true DOt ooly tor
.tud8GtII, but tor otben ttaoult1 aDd atatt} Who are bel. taeked to ell_
aboard th8 t::rpaMID1 OOIIOUt... appliCl8t10D8 ... that aPP8r_t.l, 18 ~f'8

o t1a&.

***************
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An bt"n8ion tha.t. Sohe. rout' Pcoble..
by Jonathan A.~ 'hvner

1. !'he Dyn4llic Array.

l'he apec:i.ficatlon of dynaalc aru.y. h cuttently.. point c.f heated
di8CQ..ion .8On9 P..cal theorlst8. Pascal R.vs .19 (labelet! ...1.7.)
contains ..l.".n «'ouble-denaity pa9.8 of debolt. on the INri:£ ':)f the
propo..l cont.ained in the DP 718S.1 standard. 7'1:18 .ost t.elli1'!q
ar9uaent 8galn8t the Sale syntax i. the rtlon that 11: Is o<:t
i.ntYlt.hely oDyiou8 and: thereforedoe. not belong in II language 'o/"h03@
p..r. cons idee it the guardian of r.cional progra..inq. The poin...
18 8ubatanUated: by the Sheer proUxity of the be.bast on the .u':)jec:t
tt\at h.. b.en publi8hed in PIt, Shouted acro.. s.tand.cds-comm.it.te.
conf.tenc. tabl.., or otb..erwTie ..d. public. If the dyn..ic array

f::;~rC~~~:l;~ !:::~..~:~ t~: ~~T~s:~~::~~!e w~~~t~~n ,,:~1~:~~~

acle to do everything FORTRAN can and dOn't CAre if PasctIol b~"roR'fJUUlf in the proc:: t.hue has to be a better way.

2. M81IOry-r..ident Polt'lUt .Conv.rsioft.

tln&~1:1°':t~~~b:.be~~n~-::~t ~~~~;.;.cf.to~h::r:b o:.r ~~~~.~~l~:o:.~~:~
an 14..1 lan9u8ge, given ita d.ta ecurity e.phasis. . Bovever, s..:ch
progr_tng requhes cu.tain t..t\,)res QO_only availa.bl. in FORTRAN
and BASIC whicb are difficult to .iaulat. in Pascal. Such a feat.l)r.
18 JM8Ory-r..ident. totl&At conv.r.ion. In .ost bigb-l."el lang"U9t'S.
toca&t (:on".'810n i. perforaed .s an integ.u.l part of I/O. So~,.tiftles
it 18 n~.ss.ry to perfor. 8ucb con".1:810n In ...ory, perhaps to .ad
co before output or to delete the. after input. 1'or thl!'se
occaUon.. POI.'l'AAN provid.. it. ENCODE and DECODE stat4!lu.nts. BJ\S~C
i.pl..entations tend to h... two oc 8O,e sttifig functions (With (Iif-
terent n and fOeNts for ...eh i.pl nt.t1on) to p.r fora the'4!
con"er.ions. I bear 1\0 tanatic-t..lk about 4<14in9 tlt.ea. feattlt@s to
.aacal, y.t tM only w.y to forea Pa8Cal to perlon! non-1/0 con.ereion
ia to declar. aft eat.cnal procedure a.nd. then att8CtJ it. ~o lhe appro-
priate' routine in the cCl.n-ti"e-libnry aeinq so.e 80rt of a.1h.sing
..cb.ai n extre..l, i.pl...nt.t:ion...depen4ent ..t.hod. :'f tbe
i.llpl...nt.atiDn d.oe.n't pport ..t..rn.l proce6ur.. Ot doesft't; li.t
t.J't.e ftaa.. of J.t8 library routin.. or 401:8n't allow t~_ t.0 I)e c.lled
by tho US.r, the prOle. auSt can.ta1ft .. source-code dup:'icau. ot the
cOrt.er810ft rogtJ.M-a.n ..tr...ly inefficient _U.CJd.

l

S-Sep-8l

'thisconvecsion problelll is actu.lly a special c e of . IItOf'-
basic difficulty which h.. reeelve4 occasional m.ention in this. ':'ouro.:
(thoU9h I can't find the references). Pr09rammi.nq gener.l~ty c.at\
be prOIlO~.ed by avoiding an eithec/O[ choic.e for 1b.1n versus p'!t ~phe[.::'
...01"'1 ..tor&98 of f1lt's. tn one of the ref.erences "hic~ I can't !int:t.
IBM's 48-bit unified addres$lf\9 sehe.. i. given a$ an exa!Dp~e of "'!'!I!'!'etn. capAbility t.o cOde storage-location-ir.depenaent.coutiones

'~provideo to th.e .sselltbly pC09cU\lller.
..
N
N
..
..
NAnyone ...1'10uses a version ot BASIC (o118on9othecs) thbt has a

garbage coll@ctor becomes a.dQicted to str iogs and t inds Pasca.l anc
PORTRAN irdtatingly restrictive. Like its close telativ~ UH~ d:ynal'lic
.rray, there see-IDS to be no obvious method of specifying $':rin9 def-
inition and IG4nipulat1on.

Pascal can be lmple1Dente-c1 on any computet ..,it1:l at least a pro-
cessor ana two lIoagtape6. slJcn. coaputel: ia incapable o! ro1noo.ID-access
I/O. For this reason. no. ment.ion of SUCh I/O appears in the ~tar.dard.
POl' this tl!'4S0n eac1:l of the vast. lIIajority of impleftlentations which
cell. supply ranc10m access has ieple1Det'lted incoftlpatitlle extensions to
provi.de t.his capability. The standard would De superior if trtece
were so.e y to apl!'cify the for_at of SUCh operations ..ithout eil:.h.~r
requiring: them of all iftl.ple1Jlentations or layerin9 the sta"lda.rd. Use
of a 14yete-d standard to. define A lan9uege vhictl.incl;Jdes intuitive
obviol.lsf\ess AIDOng its design goals is a paradox. '"

..

s. The Solution.

'l'n.e solution t.o tne proble-tls delin.eated above lies in t.he rea:!.-
iz.ation tnat dyna.ic arrays, strin9S, ,tnd files are but di.f!er"nt.
facets of the data .t:.ructure. 5iaply extl!'nGting sli9r>tly ::ne
definition of the file structure woul~ ~llo'W files t.o p.er fot. the
Qutie8 of st., ioga and: dynamic arra.ys. To avoio ,,"ctuaEy imp:,ementin9
garbage collection,files could be a:'located in seg!fuints on the heapl
eact\ aeg.ent containing x aeque-oCes of t1:le file ana a pointer to tne
n8xt 8e-g8.ent, ...her. x is determined ftOJl t.he- equation

x-
j (nice $etjllent size)- (poinur si.ze») DIV {&equence siz'e).

Deletionsboa the st:.andar.d: All r..terences to cOII.for...nt atr"ys.
CQII,foraant acca)' 5ch..ata, and cOltplianc.e le-vels.

t.M h~:.~~ef!'.en;o,.~=:e:\.anl~~~d ~G:~:i!~~o~:ii:s~~~r~. ~~~e~~\f!. el;~:~;
exists an ele.ent f. Len whose valu!! is the numt.er of sequences in
the file. The notation ffn1d4!notesthentn sequenceof tnI!' !.:.le7
tbe v.lue8 fot n are 0.. (f. L4!n-l). Tne re e-xis ts an eleaeot f. ~os.
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8-S.p-81 Yet Another txtension
8yte -0..255'
::;~:: : 1. .Scr~enRe!9ht;

Seal.Index _
:"

.ScreenWidth:

PieldTy a _ Max.Scale. .MaxScal.;

Tabl.'!'y~8
_

~
~,8l,B2,B4,!),X );

n.te _ p.c~~~r~;~~::ldt»SC ):

year : 1901..2100'
:or'th : 1..12:

.

e:::
: 1..31:

Type<:ros. - packed record {

~:::88tahrry0u.;:,h~~:8
type, thU:l.1is~~~~:~:h ~~~ionr-depend~nt tr iekery

casePieldType-a ot
to a nev procesSOr. } P ograanllng changes

A : (aval : Real):
81 :( blval : Byte) 182 : f b2val : ShOrt) 1
84 : (

bhal : Integer)

~ ~~ :::i : Da te J:
1

end.
. packed arnyrl..MaxFieldJ of Byte),

'J'ableaec - packed record
~ue rectype:TabhTypes at

ontrol : ( {
Control re

n... : packed arr.y(l ~jrc1tfOr .ach data file}
ld : Whole ! Poi t"

a Chu:
.

nent : Short Nua~~r o~o t
~lf.t field descC'iptor }.

Pi~idoesc . ( {
Desc

le d descriptor entries 1,

fx : Short f P~~l~O~u;: eT~h
field in data record

:; ~~~~:~TyP:~i
r

.'

loe : Short_ t Loca~t~ey ~ie;d-tY

E
aatulD 1;

leh9 . 8Yte

!

L
n 0 field ,

p ; Byte ~n9th of field ;

vx,vy : Byte CO.:~e~iPage of fields J:

lUC,ny .: Byte C~O~di~: t
t.e..°ot ulue :~eld 1.

,
:

poc... .rr.tCl l2) / nue ".l.);
,J1 ".

.. . 0 Char;

o.blile ; _

.a;ablePUe -~:-:f f;~~l~~':~te:
lUeon : 'l'ableRec

{ Pil
table : .1'ablePile;

e control record J;

data : Deta.!' tl.'

~:- -; :;:: 7 ~ta-til. nwaber J7
1n10 : leal;

pr=~~~p:~r~~x! ,DlCOD8 ex..ple1 1
1np,l.tt 1 ..a1,

a 80 Showsatr ing usage

S-Sep-81 Yet .\f'lot;j:ot £Xt<!-\f;;.Ott

Sca:'''''1'"1oex;~yte J. ~:Jis sen:icolon is tllegal:
scale
leng
I;

Val
temc
oon::rae,x
~bscale

COllll'aa
begin

~~~~~~~~:~~~!SCale)
{

~umbeC' of implied frac";o'1al di
.

wri.,:e{output;exp(ln abs
.

~- ~::.to;

nonfrac: -l~f!gth !ou':.;Uq ~~~~~~i~:~b~C~le*lnlO} : 1 :abscale"\ .
~~~~~:~~~~frac-l)~OD3;

i on-fractional ~i9.i.';~

See/( (output ,0) ;
for ~:.l to nonfrac 00 begin

wn te (temp,o:ltputt) ;
~et(output) ;
If COftUM:>Otnen

~~~~~~~frac
~~a ~;~:7:;;p7.1~~, ~egin

end: '

if e~~~le<o tnen begin
x:-length(outputl;

Truncate decimal)

repeat
x:-x-l;
see~ (output ,x):
untIl outputi<>'

O'
.

if output;<>'.' then'begin
~eek(output,nonfrac) :
~or ~:-nonfrac to x do begin

wrlte(teIlP,output+J'
get [o,,"tput) J ".nd'

eon~nd;
.

else if scale>Otl'len wh. 1

;~~~~~~::ii~utPuttJ:
1 e

HO'l'
eof(output) 00 begin

i.A~~~utPut) f Space
~;-;~ng-1en9th ~telllp)_~~~~i~p~~<~~~oveC'ed

heore };

if inO
then V:Clte(output,'

':x)'

.

~ileP~Oe~~~~:~;t:~o:p~~,'
-,') ~

':~~~:::~~ut,te.p1),
9

.nd.
if

1*ei
n
t'

9( th (output) >leng then begin
output) :

for x:-l to leng do vriteo(output,';-),

: '!'~xt;
: W'101e;

: O.."taxSca::'e;, O..2,

Yet Another Extension

{ Sy:~:~ must dispose of local files here.
}

.nd,
proceduU lorutDate(var output:Text; input:Date):

begin
inlt(outPut.) :
with input do writ.e(output,day:2,'I' ,lIOnth:2,';-

,year:4);

seek(output,J) ~
if output1~ t then wr i te (output,' 0'

):
end;

procedure ou.p{var output,input:Text);
iGeneralized procedure to tri. trailing blanks. This routine is

c:oapletely device-independent.
Output is assLUted to be open. 1

label 11
va,

t.-p : Text;
x : Whole1

be9in
us.t(lnput)

\

Reset aust perfor. a vritein it necessary},
pa9. (output) Must also vr i teln

)~
wnile NO"1'eot (input) do begin

ini t (teJllp);
wbile NOT eoln(input) dO begin

( 1kIt.e tn. use of the ~nd-of-line

character a. a fla9. slailar u.. of the end-of-page character
fa i.possible becau.e of the lack of the eopO fl.lnction.

}

wr1t.(U".p,lnput!) :
get (input);
.nd,

readln(lnput) 1
if lentth(U8p)-O thee 9oto 11
repeat. ...k(teap,po8(t.etap)-l) unt.il teap!<>'

I oa po8(te.p}-01

if Ullpt-' I taen 9oto I, ..,.
'-'(~i

1;eU.(tDof).

tor xl-l to x 40 begin
J

weite (04.St.9ut, t."pT) 7,.t(t_)1
.nO,

wrll811l(outputJ J
.nOl-,

proce4uu rUlscreen(
{ rocut aM print a record}

..atoutput 1 'text,

..ar tAble I 'l'abl.rUe lPo..lb1y,.rlpb.rIl1J 80 wbat7

},

.ar dllta I 08taP11e 1 Alao.t ceruinly p.ripberal, r.quir..
tbat ...to b. allowed on fil.. whicb ar. ..soclated with an
e.urnal storag. d...lc. and aU 1n In8pection 8Ode.

}

..ar t.ablentey 1 "8blebC 1
p*J. I ayte1
)1

S-Sep-Bl Yet Anotner Exten~i'~n

vor
screen, field
i,j ,~ase
convo:!rt

: Text;
: Whole ~
: TYpeCross;

procedure Posit(var output,input:Text: x:S;nndexi
y:s!,,::"!cex} i

{ Dynamic array exalllple. Inpl.lt's maxi!llum siz~ dt.'~e!1d£- on whether
it is a value or a name. Note that, in co.,tu'.s':. to the "O!'1:-
formant array, a file argument (:an be packec (TF>xt

""

,?acJted

file of char), but it cannot be passedby val'Je, s:''"Ice
al:,ow:.nc;t

files to De assignJllent-compatib:"e wou1c'. creat.e an "1I\b:"<;1".<:':-

~ither of whose resolu;.ions contains a parad"x. 0:-:. W~'-!.. "~oc!'l
ar~ tne breaks . .. 1

beQin
~iI!'ek (output,y*SO+x) t Hate tnat an end-o!-l.:.rle. i!'1:

cor.forlllance

to tne standard, is assumed to
occupy one fequence in the

file. Some ASCII computers use :.ne old-fash:..oned
<:nr(13)-

chr (10) terminator instead of tne AN::l-st.andard
erl;[" (10).

Some computers have weird character sets t~at reC:l.::ire escapes
to enable certair sul:)set.s. Mat'.y E~DIC Comp'.lters derive eoln
frolll (file-position MOD record-:eng~h). Such dif!ic'Jlties
may force some implementations to prOhibit the use of seek!)
on externally-associated textfiles anc to use s!='ecia:-case

Direct-aode-only code in all tne file-han~:in9
9:-ocedl.lres

to prOduce extra-wide
charact~rs ..,i-:.h ~pecial .:;I'.t!'\ to indicate

prelUcea. ogn. AS I have BU9gestec,
my ex:.er...::.on simplifies

tl'le prograDeC" s job at the expe,-:se o~ creat:.nczapu.b::'ethe o,IOl"l(-
108d for t.he rU:1-ti... library. 81..1':

a.,yone a.!raid of a little

ineffiCiency should use en asselDbler--or a bet-:eor
c01rlputecl};

re.et(input) ;

whUe 1101' eof (input) do ~in

write (output, il'tPutt) 1
get (In9Ut) 1
-,.nO,

begin{ pUller.an
inlt(Keeen.;
for 1:-1 to ICr.en8elght do wrlteln(8cceen,'

':ScreenWidth);

ba8e:-po8(data) { , daU fUe alreadY positioned J;

wlth tablentey, OOI\veet do begin
.

..ek(t.ble,fd) 1
for 1 :-1 to nent. do be'gln
with tableT 40 if p-page tben be'9in

...t (d8U,b...+1OC) J
tor jl.1 to leD9 60

ulld(dau,X"val[jJ),

for j:-1en9+1 to Max.rield do
xval[jJ: J

CII" It of
A I roe..t(fleld,ava.l,af ,v1)

81 1 por...t(f1eld,blval,O,vl)
82 ror..t(Held.b2val.O,vl)
84 ror..t(Ueld,b4val,O,vl)

D ror1Nlto.te (field ,dval);
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8-Sep-81
Yet "nother Extel\sion

X : write(field,xval:vl);
end;

Posit (screen, field ,VX,vy);
init(field.) ;

vrite(held,na..e:n1,'
(' ,fx:1,')');Posit (screen,tield,nx ,ny) ;

end;
get (table);
end;

end;
Dump (output, screen) 1end;

begin {NoneyMarkeuu JInlO:-lnClO.O) ;{
Deteraine ~ilnUII J

dread (hble,filnu..,fUcon) r

~~~:~~~~~:falf~~~~;::.;~ndO:~;~":;i~~t;t~::":~~:t;~ :;i:~~:~?J;;
{

Po"!lJ.tion datafileand deterlDine page
1PillScreen (output, table,data, Ulnu. ,page ,ScreenRe 19 h t, Sc reenW id th) ;

{
Other process ing

Jend.

~~~U~_'lCtions.
The 8ain point of this essay (whenever it pretendea to have one)ha, been that Paacal has always had

string-tliandling ability ana tbat
the addition of a few functions could provide enougn

improvement to
Obviate any need for a heavyweight

boxing ..tCb to decide which dynuicarray de8Cription 8ethOd should be used. BeNe9,er,
the example program1. In .any

"'ays redundant, since the sa.e
'inds of code sequences

appear repeatedly. Por this reason the following suggeSted
listof

string functions i. proposed.
htplelllent.ing tne. in asse.bly

WOUld
re.Ove the .cestriction that the files 8Ust t)e

of a specific type.The -type- Pile, II. used below,
reflects this generic

capability,
avaUable only to intrinsic prOCedures.
procedure Append (val' output ,input :P'ile);-.gin

reset (input) 1
whUe IIOT eof (input)

do begin
vrite(output,input1)

1get (iDput);
end;

.nd;

prOCedure Copy (v.u
OUtput,input:Pile);-.gin

tnit (output) 1
Append(outPUt,input)

1Ond,

8-Sep-81 Yet Another Extension
prOCedure Po8it (va.c output, input: Pile, sequence:Integer);

begin
seek (output ,sequence);
Append (OUtput, input);
end;

prOCedure Switch(var
output,input:rUe);

beg:."1

I~~Yt(r~~~~tdn\'Ui~~uallY,
since tno into<na' POinto,.

"0
ooingSwitched, th~ input fUe would be left Undefil'led (clozed).
!end;

procedu.ce Extract
(val' input,output:Pile; loc,leng: Integer);val' x:IntE'ger;

begin
seeJt(input,loc);
init(output) ;
for x:"l to leng do begin

we i te (output, input1) ;
get (input) ;
end;

end;

p.cOCedure Insert(va.c output,input:Pile, sequence:Intege.c) ,var
tellp : Pile;
x : Integer;

begin
Extract (output, telllp,O,sequence)

:Append (temp, input);
while NOT eol (output) do begin

V.cite(temp,outputt) ;
get (output) ;
end;

Copy (outpu.t,teap);
end;

function Co8pa.ce (val' 1eft,right:Pi1e) :1..3,label 1;
be9in

reset (lelt) 1
reset(right) ;

1,
if eof (left) then Coapare;-3-ord (eol (r

ight»els. it' .of (right) then eo.pare :-l+ord (eo! (left»elae it 1eftt<>rigbtf tben
C08pare:-l+2-ord(left1<rig!else begin

get (left) 1get (1'19bt) 1gote 1;
Ond,

ond;

Open Forum For Members

811I11" COUIMBIA HYDO AIID PO'" AUlHO..TY

870 lU'UlARO STREET
VAHCOUV£IIt, ..c.
Vil 1Y1
TlL.lX.....

1961 ~ly 21

Oear PUG

subject: PRETTYflRlNT

us should refo,.t 8lUlti1ine cOIIIents into single:Prettyprin\
Pf'09rTh1s

win he1p detect ul1llltched c~ent del.iters.
~::1~~SOS~ke it c1.r when b1U of Pascal code Ire acbII11)'

c_ts on how to 8Odt'1 tt. progr..

OLD:
(0 TO UI '1M[ IIIT&EaS

for 1:.1110 10010 a)

... ato(l];

-
C. TO UI tHE INTmERS .J

(.
f'er t:- 1 tD 10 do

.)

.:. .to(1];
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Int~iOD

11111. workiJw on our Pascal CXIIpiler for the Intel 8086 (written in
1aJ) Pascal), I h8Ye studied closely several of the User's Group software

tDOls vith an eye tm8n1 COI1Vertine the. to that dialect. I have the

foUowine observatiON. to .ue reaardJ.na: the Iw.ncIliJII of CC88ents by

tI8Dae tools
-'

~ tbe definition of a ~ in the Draft Standard

""""1(1),

ISO Standard c-ent _
this utile enaer.tes the four for.s of ~t peraitted by the

Draft Standard.

StaTtine
~

:~:,

"I""(."
ltrte: Fora 3 , . are prohibited byour 0C5DcOIIpiler.

00iI>Pascal a-m HonoIliIJI
The ~ Pascal ~i1er thalt we use (a 1Udt-..ufiec1 versiQl1 1.5)

peraits Forw 1 , 2 of ~S, with a IIDStuseful twist: 8 ~
boJw>by . curly hncloot C8I\

~ be tanoiNted by . curley bracket, om!
berw> by the

"r~' di.rapi> COD~ be terwinatod by tho "0)" diarapi>,UserslIIhose')"8t_ dontt penn..it both forw an ~fected. but those of
us . have arley bnclcet charat:ters are hcky. By usm, only for. 1
for ___I ~s. .. an able to ~ GUt" our tl!ftpOT8rily delete
bodies of ~ (\8in8 fonI 2) ill a natwal errvr.free .-mer.

, 'shot at...
"1 Tr..oat St.r..t..
Jostoa Ita 02108
. .5.1.

Draft Standard Su2Jl~tion

Since the above of Cab8ent handline is MOSt useful to SC8e of us.

relatively cheap to hplelDCmt for aU of us. and invisible to those .mose

character set.s don't perai.t. it. I s~st. t.hat the Draft St.andard. section
6.1.8 parqraphy 1. $eltt.ent;e 1 be rewrit.ten as follows:

'nIe constJU:ts .' "1"and ..(*' It).. shall be CCIII8eJ1ts if the ..,..
at' "(*" does not occur vithin a charact.er-strina.

'Ibe constnx:ts
"i ...)"and "(ftI'..

."}" are expressly forbidden.
The I'mte in section 6.11 should. be deleted..

Software Tools c:c..entary

It is interestil1l that t.he sofb8re tools published in Pascal News

are not unifota in their handline of CX8IIen:ts. XREF [41.
written by Pascal'sinvent.or. am lD2lDl2J follow the OCSD convention while PREITYPRIHT( 6]

and RF.FaIDcfR( 1.1 follcw the Draft Standard.
~'l"JUL 7.] doesn't reocOIflize curley brackets at aU!

~:

1. A.Addyllan. et d. IS() [F/71IS
-- A craft Proposed Standard for thehOJr_in, !-&nguaae Pascal.

Pascal News . 11 ()lay,
19'0)

2. Andy Nickel. Rec-odina. Pascal Prorr- usina lD21D.Pascal News ,
IS (Septelber, 1979)

3. Sale. A.H.J. User MaJ'l..l81.
Referencer.Pascal Hews ,

17 (March. 1980)

4. Wirth. N.. et.1. CrossRrferencer Geneorat.or for Pascal Proaraas.
Pascal ~ I 17 (March, 1980)

S, Shillinetan I Ackland (ed), OOID(IIW-lliao ~er),Pascal Version 1.5 (JUlJary. 1980)
Not.e: This reference does not discuss the lXSD et:8Dent handline;
it is included for cC8pJeteness aRly.

6.
~-: ~~~~'(=r~~;~rintu. Proer_.

7. Condirt...reus, Mkb1. Pascal Pro,n.8 Fomatter.
Pascal News, 13 (Dee ,.. 191')

h.8 2

TII.all: ,oe.

SlDUr81.,.
1:r:- ~ L1->-

:::y:~s ~:;.~; T.rOD,"OC..putt., a l...,. It.. -s Colle,. I.a'To,.o."., o.'a,.l. IISI
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July 9, 1981

1 DEe 1981
Mr. Rick Shaw
Paacal U.era Group
P.O. 8c)x 88524
Atlanta. GA 30338 RICk SHAW

PASCAL. USER' 8 8RD&.P
DlelTAL-- EQUIPt"EfrfT CCIRP1::RATlDN
577!S P£ACHTfOtEE DlMIDOOY RD.
ATLANTA, 6E0R61A 30342

Dear Mr. Shaw:

I aJII interested in joining the Pascal User. Group.
plea.e send intorJllationand the necessary aaterials.

I .. an independent contractor who ha. recently com-
pleted a Pascal-in-ROM tor the ftockwell ADI 65, I
expect Roc~l1 to release the ROMs this 8Onth. The
noteworthy thing about this software i. that it relates

to the user like BASIC: there is no collpHation phase
requiring external file 8torage~ it talks to the user

8tl:tirelyat the source-language level, including a
source-level trace, source-level aingle-step, and
u.ediate stateJb8nt eXecution~ and execution is possible
right after a source-level change.

'!'heAIM 65 version of the Instant Pascal (ay trademark)
design illplea.ents a substantial subset of the language,
including character, string (an extension), real, enum-
erated, aubrange, array, and record data typoe.s, as

well as all atateJllent forms.

0..,.. RiCk,

I found your .-ddr_. in the back of - Int,.oduc:tion to Pascal for
Bc:i..U.t.- by ..1.,... N. Coop.,. and 80 .. W"iUng to join the PUB.

I MV. for the l..t 80nth o..ned 81'1APPf...EII ../4BK, . PASCAL).-.Qu.Qe
eNd, DO eoIU81 card, tMO disk drivats. an Epaon "1'-80 print nd
a D.C. H.a~.

"i
c,.~ The pu,.~ of .11 thi s .rqui p...,t i. to

allow u.. of the PASCALt..t edi tar- a. . -.ord P"OC:lf8sar and to
c088IUnic.te .y t..t. _ith . 9"ouP of ca.orker. scattered .11 &c,.os.
tM USA. It h.. NOrk8d ...11 .and I no.t fancy ay..lf .. . deeon
editor. hQMltv.,. a. . PASCA1..p"og, r, . nCNice only. A prog,... to
_I8Ct print.,. option.- 8ef'JUSOf""tof thinQs h.. been the ..t.,.t of
8Y progr8".

The n-.d for infcr..tion i. el ly apparent .. I h no oth......
prog, inQ b.ck¥ound to d, f,.08 110 I a. inclo.inQ . f... ext,..
doll n hope, .. I dan.t knOll _actly

""'.t
the f_ for joini"9 i.'for back i.autn of PASCAL.IEMS- p tieularly those i "thich h.v.

inlor...tion about prOljll"'&8&for ...tor~ and ,..t,.i.-val of
fil tar.g. .and r.ui~.) of .deW .and print out of

f..t F04Iri.. t,..".for 8"tdl8D8t lllPcrtant iUn4j a
lettttr tat:. do I pt th. SO print to p.oe?

~k. lor ""atlPY8r U_ you I:&n to haolp _ out.

Now that the product is real I aa ready to atart ta.1king
with people who see other us.a for this technoloqy,
particularly those who are in a position to support

it. developlllent. l'uller versions of this software
for other llicrocolllputers come to aind. as well ..
JDOre .pecific tool., such as microprocessor 80ftware

developlllltnt syst8J118. Your assistance in getting the
word out will be apprec ia ted.

Thanks for your help.

~O/J/7.
I¥iRVIN ~
814 80CA CIE&A 18L£
Sf. ~ ,..
FL 33706

TRW

SeIIt_- 24. 1981
Octobe- 28. 1981

Pasc.l User Group
P. O. 80x 888524
Atlanta. &A 30338

Attn: Rick Shaw

Dear Ri ck.

It ..s good ta1king with you hst night. I would apprec1.te )IOU
p1acing the following text in your news1etter:

t f".
anyone uti1tz1ft9 "1$(:.1 Uft(Ier

",y~.pp~~:;eS::~;~C"1Y tnterested in the ., ~~-:.

:'f1c1...Q of lXeCutab1e (;Ode. ",., othlr CGIIIII'Its WOU:

Ippl"Ktated. P1_" eanUict ~

JI. Corr1,..

~ ~:s "1 Pt. (SuIte 11(6)
ralls QIvr'CIo.VA ZZOCI

(Je3) 931-2011

ThInks I,.in_ Rick.

Yours truly.

JSC/do

l -
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The rle1gh Centre
We11'ield RoM
HATFIELD
Harts. ~10 Oil

r.l: IIItfl.ld 74497

_ilia

elT m~ ~a

=~ for ,our litter of 1~ M)'teIIber. I _ sorry I ~&'fenot repl1ed

A1taougitan ... current JIf"OIr88Ire in BASIC.our fo t WlSintended to

~ ~ of lMfU1~ lilt tOf1d 11ke to dtstrfbuu progrus in other

:rr;~1~u;'~ :"ta :'::toon~O:::~i~~ ~rs:~tion. there appeJr

Ft"C'l,. there UI!. ,.. chlracters used1nPASCAL not covered by our fOl'8lt
~t10ftS. I hope )IOUtaw now received your COp)' of the

:n:;t~
and .. would. of course, be interested in any C08ents fn:.

SIconf1,. .. )IOU , our telesoftwt,,.. syste8 at present 15 only IVlil.ble
f. use wttll tI8I 380Z. Although PASCAL can be obtained for the 380Z it8tH ~, tGrt _ sa ful1 disc 8Kh1nes with 80 character display. .
:~~y~ =-~ ~:=.

f. Co.puter Assisted learning progrl8S have

S. vi.. of this. probl_. it is 1ftely that 1n the ~i.te future only I
,.. peopl. ..lei be

Ibl' to obtlin PASCAlby t.lesoftwere and find it useful.
I tMrtfon do IIOtthfnll PA5CM.C8JIbe one 01 our first priorities and we

=l~~':~"'S8:"'~~ud::,,.W:u~~t::~~tbr'ry
for I few 80fttm until

... ,.., for )'OUrtnt t.

-"_11 ~
OrIs _lei

. (J.:..
T ~. ~ (M:1;).C/O$""-'-(....u:.. ~ JV. 91'1.II%.

r-'~s.rrAlC. "J.~ "rQ: ;" #,,~-"'fI!S ,PU' c~~dI.. ,""(-,;,-
\ 0' SHEr7>""'DTd...

J
.1frUl$rv. ,;,., ... ~/...u.5

"1.'7' ~ SN.i!n~1> . z£:t ~P'. U. K. .
C:OVJIJ.Ct.L... IDCfCATIO..L T.C LO.T FO. Tit. UWITID K'NGDOM

,.ASCM. USEPS GPOUP
CIO RICK SHAW
BOX BB~2"
ATLANTA. GA. 30338

DEAR RICK.

I hay. spok.n with the sill.s pl'ople at Microsoft ir, iln
.tte",pt to porC'h~slt a cop';:! of th.ir r,ew rl!'ll'a~. of Poiscill to ron
on CPI". Th.'.;.! told ,.. that the';:! wl'r. not sl'll i r,g to ..r.d u r 5 .t
this. t1"'. onl'.;.! to OEM. Th.,;:! also would not reveal the n."'.5 of'
an'.;.! of' the-ir OEI"! us.rs but that if I could locat. on. ",a';:lbe or..
wovld 5.11 to ,.,.. WOI.rld

':JO'-"
M,..Shaw. b. atll. to r.t., ,.,. to an'j

...nu1'acturers ...hoar. using Microsott f'.sc,,:;l alld who hop.r'Jll'j
would consider sell i"9 to an .r,d s.r.

The ",air, ,..son I WBr,t l1icrosort Pascal is the co,.,patibil1t':J
of' th.ir object tile 1'or,.,at to Digital R.search's for link .rod
locate with RHAC asslPf"Il:>led fill's. If ';IOU I<.now an';:! oth.r sl'ppli.rs
whose Pascal is cOf'lp.tible to Oi~it.l R"'S.iHCh's for,.,.t pleas.
let ,.,. I<.now.

I also wo,-.ld lik. to reclI'ivll' ~O"'II'
ir,for,.,.ation on the Pascal

Us.rs Group.

Than" ':10'.'
for
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Deer Rick:

Nov. jlk)botlc, I. . ... u.or of the Or-eganSoftware OMSI
'a""I.2.end .. are Interested In t the '.s~1 User'

"'~
h8s to off.,..

V. ~ve the OMSI'nee I on. ,. III,.
",""Int 1t$X-II" V].2. Enclo.edI, our ~hKk fa,. . one.,...,. .-.crlptlon.

We .re also Interested In knawl.., If any I81111berof the Users Group
I. developing a 'aseel COIIpII.,. or cl"Ott-c:Qllpller for Intel', 10"/87.

V. hav. ulk8d to Oregon So1b8re. They currently heve nopt Pd
SUfJ8tted we cont8Ct the Uso,., lroup. Any InfOl'88tlon )"OUcould
s~ly .."..Id be app,..ctat8d.

SIncerely.

IIDWA IIOIDTICS LlMITU 1W111IIDSHI'

I.u:da.J. ~
LIMe J. Phll1lp.,. of .."..,.. 1At1...,._",

LJP/,..~
Enclosures

To tbe e41 tOr:

~ of the "eeal l1.en Croup.,. obta1n8 h.. ~ of our,publication,'ascal "net
, bywrittto. ettbeaUra.. below.

Our publieattoai. e-.rei.811,. slaeud t.,.rd. "ayera .od .lt8n of "8QI
bat"re .Dd IOf~re. Anyo... nqua8tina . fr.. 18 .iIould be .ure to
indiute tbat ...or .be 18 . .. U. C. .-bel'.
b,.Jod8ft
Soutbvater Corp.. 0 '10.5114
lit. 141'881 CT 06518

Rick.

I. P..,c.l""'. c.nUnu.. t. bo out.t.ndin.! 'fou took ov.,.. bi. ta.k
fr-C* AndY. an" h.ve dono a 'UNr- Jeb. Pl ,..n.w 8IY ."b'c"i~ti.n f.,.
th,... y (Any,.o..1"i ISty of PUOoff.,.in. . 'if.U.. ...b.,..hl~ for
an ~o""'i..t. "'e')l

2. aboutt. t" . lu.. ..fh8ial'.".v.I.~nt ~"oJ.ctandhave
choo,." Pascola. tho t...I...nt.Uon 1.n.u 1M a,.. d.v.lo~ln' .
10e.1 ".htorkin. c b11t.ty for Cont,.01 Data. I". .nd Honev_11 ..1nfr....
U.."', .111 H ...1. to t,..n.f.,.. d.t. #11e,. .ub8t,. jot-s. end r-out. out~ut
ft I.. on. tt\,. di..i_t 1.,. ...in#r Th. ,v.t.. .1.0 includ.. a 11lobal
..i 1bo)( f.ci 1i tv f.,. .endtn~ .nd ,..c.i vi n. toll,... oth.,. u..,...

w~ ~ht).. P..cel b.c:&u.. 01 t".n...ort.bi1itv, structu"., .nd ofc04.
..inten.nc.. Exe...t fo,. o...,..tin. 'Vi-t._ int.,.foC.i- .nd ..ehln.-d.~.nd.nt
r-.. . In... the tot.1 i-..,.,t.. wtll b. .,..itt.n tn P..c.l. It wil1 b. d.v.1o d
and ..intain.d a. on. .y.t... conft.,ur.b1. for- .ny of the ..inf,.......

I \Hulet b. int.r..t.d in h.arinll
''''0.

any PUG ...b.,.. ,",,0 hay. wo,..k.4 Oft
.i.i 1.,.. I.,... ..,.oj.et, in Pascal.

Sine.~
...u.::.

Bur-'h.'"928 Wrllht Av.nu. 8903
P1t. Vie.. CA 94043

(d.v) 408-744-!5673
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!!!.£!l ~ Id.ntification
Coaputer: Univ.c 1100/81

proc.s.or: Univ.rsity of Wisconsin p.lcal varsion 3.0 rel..se A

.!!!! ~

Testars: I.t. Johnson, t.N. Ml.ya.

TO: Distribution tMt.: Apr 1.1 U8e

F'ROM: E. N. Miy.

SU8JECT: Suite Report for University of Wisconsin Puul on Univac 1100

validation Suite Version: 2.2

Attached you .111 find the Validation Suite Repor-t for the IN PUCl1
tCJ8pf1er on the Unhac 1100. Sorry we could not get it to you Sooner.
it spent s~ ti. in our docUMntation section getting approval.

Pl.lS. keep us infor"lled about the progress of version 3.0 of tM Suite.

General Introduction ~ the ~ II11Plelientation

The UW P.scal cOllpUer has blun d.veloped by Prof. Charles N.
rischer.

"'e
firat vork vas done using the P4 c08IpUer frOIl!

Trondhe181, then the Nose pa.cal cOIIpl1er written by Mike Ball vas
used, and now all developlent is don. using the OW pascd COII-
pl1er.

Distribution:

'ftIere .re two UW pascd compl1eul on. produces relocatable cod.
and ha. ext.rnal c~pUation features, while the other is .
-load-and-go8 c08lpUiltr, which is chaaper for 11 proqulls.
Most tasts vere run on the 81oad-and-go- version. Both cOllpUers
an I-pass and do local, but not qlobal opti.ization. 'nIe UW
co.piler i. t.nacious .nd will try to .xecute ,. progr.. contain-
ing cOllpl1e-tillle .rrors. This causes proble.s

"""en
running the

Validation Suite, sine. progra.. that au designed to taU at
c08pUe Ullle will apptoar to have .xecuted.

R. J. C1che1li
8. Dietrich
A. H. J. Slle
R. SMW

II""

Confor.ance !!!!.!

Nuaber of Tests P.ssed: 123

NUlllber of Testa raUed: 16

De ta il. !l! Fa I.l..d !!.!!!.

Test 6.4.3.5-1 failed on the dechution of .n external
fill' of pointers (only internal filea of pointeu are
per.itted) .

...

~;:~:t~~' 3~~;~;.6;:;~t~;~_ .~i:h9;~;~r~:i~::r:U:h~~s :~ 5
the end of a line. 1'bh prob]_ 8fhcu EOL" d.tection. ~
T.st 6.!t.l-l failed becau.e the i.pl nt.tion prohibits

7'IIe r_u.rch d_crlb8d in tAt. IMpel" .,... carri-.d out at t..M J.t Propul.ion

.t.IbOratory, C.li(or,d. Ift8tJeue. of f'8cIIDology, UDd'.r .ASA Contract .AS7-100.-- --

fU.. that contain fU...

Te.U 6.6.3.1-5 .nd 6.'.3.4-2 f.iled b.c.use the current
yenlon of this i.pl_ent.tion prohibita pa..i~ .Undard
functions and proCedur.. .s ~r_.ters.

n:ld6. tn 5. :-1 y~:l~:: t~e~:;~~nbU:n tt,:l ~~:'J.r~od~::ll~:
such an as&ignlll.ntl (Irror in tesU)

T.st 6.6.5.4-1 failed to p8Ck Mcause of a subscript out
of range. MACCnotified.

Tut 6.6.6.2-3 failed a nine-di91.t up cOIIparison.
Univac us.s 8 digit floating point.

Test 6.6.6.S-2 failed ust of ODD function (error with
neqatiye n\8beu).

Test 6.8.2.4-1 f.Ued because non-loc.l GOTO stat_enU
are not allowed by this 1.pIeilentatlon.

T.st 6.8.3.4-1 failed to c08pl.1e the 8dangling else8
stat.ent. giving an .rron.ous syntax error.

T.sU 6.9.4-1 and 6.9.4-4 failed do unrecoverable I/O er-
ror. Probl_ r.hrr~ to MCC.

T.st 6.9.4-7 hUed to write bool"n correctly. UW
ri,ht-justUin .acb boohan in its ts.ldJ the proposed
ISO aundard r.quir.. 1.ft-ju.tification.

Test 6.1.7-11 showsthat a null .tring is .cc.pted by
tbis i.pl..entation.

~!! Incorr.ct ~

~~:~:l
6.

~~~~~ 6;~~~n:t:~~;) a~~o~.:~ r::n l~h::;~ as~~~i
definition fol1owsr this should cause . c~pl.1e-ti.eer-
ror.
Tests 6.4.!t-3, 6...S-S and 6.4.S-lJ sho" th.t the illple-
.entation considers types that resolve to the sa.e

type

to b. -equivalent8 and can b. passed Interchangeably to a
procedure.

,...t 6.6.2-5 shows a function declaration without an
signaent to the function id.ntifier.

Te.t 6.8.3.9-4 the for-loep control variable can b. lIodl-
fied by . procedure called vithin the looP. No .rror
found by i.plelhentat1on.

TestS 6.8.3.9-9, 6.8.3.9-1) and 6.P.3.9-14 show that a
non-local variable can be us.d a. e for-loop control
variable.

Test 6.9..-9 shows that a n898t1ve field width paral'letar
in a writ. statement is accepted. Il is

.apped to zero.

Test 6.10-] shows that the illpI_entation substitutes the
dehult f11e OUTpUT in tha progralll huder. No error lIes-
'84)8.

Teet 6.10-4 shows that the i.pl..enhtion subStitutes the
.xl.8tence of the pr09r... stat_.nt. W. know that the
coapUer .earched fir.t but found 8OurC8 text (error
correction) .
'h.t. 6.1.8-5 end 6.6.3.1 appear to ..ecute: this oc-
C'"r~ after the error eorrector .ade the obvious changes.

latension.

8IuaberofTests aun I

Detail. ~ Te.t.
T.st 6.8.3.S-14 .hove tbat an or.E_1SI cla".e bas been
1.pl_ented in tbe cas. .tet.ent.

~ .andllnQ

lIullbar of Errors Correctly Detected:

.u.ber of Er ror 'Not Oatected:

29

17

l)a-vfane. !!.!l!

Muaber of Oavhtl.ons Coructly BandIed:
"

ber of OayllUon. Incorrectly Bandhd: 14

.\dIMr of TestaShovirM) True hunsion.:

~ II txten.lona

T.st 6.l.S-6 .hows tha.t a 10"1" ca... .., be ua.d In
re.l n...ber..

Details !.! Irrors !!tl ~
T.sts 6.2.1-',6.4.3.3"",,6.4.3.3-7, 6.4.3.3-8 and
'.4.3.3-12 show that the u.. of an unlnithlind variable
Ie not det.cted. Vuhnt record fhlds are not

inva] i-
dated vb.n' the taq chang.s. 6.4.3.3-12 incorr.ctly

printed .PASS- when it should hive print8d -ERROR MOT
DlTECTID- .

l IF'

~-

,
;~;f

I
J
~
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Te.t 6.5.2-6 show. the i.pl..entation. do.s not dt'tt'cttbet . function id~t1fi.r bas not b..n '.si9",8d . value
vit:b1a the function. '!b. function should be unddin.d.

~~U8~;I~~ic~:,:~;U:~at
could be i.proved by writing the

"e.t '~'..S~2-2 aq.h run. into the EeLNprobl_.
T..t 6.6.5.2-6 .how th.t the lapls.nUtion hU. to
d.t.ct the ch.nqe in v.lue of . buffer var1abh vb.n used
.a . 910b.l v.rlable

"'He it. dereferenced vdue isp , .. . v.lu. par...ter. Th18.ould not c.uae .n .r-
ror. .nd non. w.a f] MJqed. Hovever, when. the ch.r ......
ch.nged to . v.r p8r.etu no .rror w.. detected, .ither.

T.st 6 3.4 .hows th.t 144 .haents.re .11owed in .
..t, .nd th.t .11 ordln.l. au.t be >_ 0 .nd <_ 14).
Te.t 6.6.6.1-1 .how th.t neither declared nor .tandu~
function. and procedur.. (nor Asse.bler routine.) be
pas'ed a. p.r.eter..

T..t 6.6..6.2-11 d.taU. a n..ber of machine chracterh-
tic. .uch all

XfIIIII. S.alleat 'ositive 'loating Pt, 1.4693679£-39

XMAX-LUgest Positive Flo.tinq Pt . 1.7014118£+38

T..t. 6.7.2.3-2 and 6.7.2.3-3 .ho th.t boole.n expres-
atonll ar. fully evaluated.T.st 6.6.5.2-7 .hows that the impl8lllentation faUs to

d.tect th. change in a file pointer while the fih
point.r 18 in use in a with stat..ent. This is noted in
the i.ple.entation not.s.

T.lltll 6.8.2.2-1 .nd 6.8.2.2-2 ahow th.t eJtpresslons are
.valuated before variable selection In .ssiqr8ent state-
ments.

Te.t 6.'.5.3-5 show the i.pluentation hUed to detect
a dispose .rror; but ~.ain. the panuneter was passed hy
vdue, not by ref.rence! (Irror in test)

Test 6.9.4-5 ahows thtt the output for.at for the eJt-
ponent part of r.al nUllber is 2 digits. Tellt fi.9.4-)}
.hows that the i.plnt.ntatlon detin~ default values are:

integers: 12 characters
bool.an : 12 charactus
reals : 12 characters

T.sta 6.6.5.3-7 and 6.6.5.3-9 show th.t t.he bplernenta-
tlon hiI.d to detect an error in the USe of a pointer
variable that waa allocated with explicit t~ values.

T.sts 6.6.6.3-2 and 6.6.6.3.3 show that trunc or round of
so.e real values. 2--36 does not cause a run tille error
or rnif\9. In those c.ses. the villue returned was nega-
tiv.. Error reported to MCe.

T..tll 6.7.2.2-6 and 6.7.2.2-7 show that the Implemenu-
tion hiled to detect integer overflow.

T..t. 6.8.3.9-5 and 6.8.3.9-6 show that the implementa-
tion do.s not Invalidate the value of a for-loop control
variabl. aft.r the execution of the for-loop. Value of
the varlabl. is equal to the last value in the loop.
Th.se tests could be improved by wrhing the value of III.

IlIpl..nt.tion ~

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

Tests 6.11-1,6.11-2, and 6.11-3 show that the .lterna-
tive comment delimiter s)'IDbols have been hlpleaented;
all other alternative symbols and notations have not been
iJlpiftlented. In addition, it is interesting that the
compiler's error correction correctly substituted -[- for

:~i:u~~~n:~.8
for -,.- as well as a n!.8llber of hulty aub-

~ Measurement

Nuaber of Tests Runs: 23

Nueber of Tests Incorrectly Handled:

~~!.!..!!.!.

T.st 5.2.2-1 .hows tbat the 18pl...",tation w.. unable to
dhtiA9uish very lon9 id.ntifiers (27 ch.ract.u). Test
6.1..3-3 shows that tbe i.pl...ntation 1.1... up to 20 char-
acter. in di.tinguishing identifiers..

Te.t 6.1.8-" show that the i.pl..ntat ion c.n detect the
pre..nc. of po..ible unclosed C088.nts (with. varning).
Stat..nu .nclo.ed by .ucb C0ll.8ent. ar. not c08pl18d.

.u8ber of T..ts Run:

"u.ber of T..t. Incorrectly Randled:

!!!.!!!!.! !! 1.pJ._entat Ion Defini tiona

T.at 6.4.2..2-7 show .uint equals
(2 "35-1)..

Test 6 3 2 ahe.. that a ..t ot char 1. alloved.

]4)!l97Je367

7.8t.s 6..2.t , 6~2.1-9, and 6~5.1-2 abow that llr9.
Ints .f 4eclatatl08.' ..,. be i_ a block (Ty,.., la-
1181a, .nd ..r) .

t: 6 3.2 .tt..pt.. to d.clan .n arny Ind.x l8ncJ.
.f -IAt.,.r-. ft. dechratioa to be accepted, but

"
tbe an., ta acc..aed (AlI(...intJ). an interMl er-

rot occur..

T.st 6.1..4-14 shovs that ucursh. I/O is per.itted Ui.ifMJ
the s_. fne..

ConcllldiDQ ~
Tbe ,eneral br.akdown of .rror. 18 .. follows:

h.t 6.4.3.3-9 above tbat tb. ..,iant fhlda of a record
ocnpy tb. ... .pllce, using the d.cland order.

h.t 6.4.3.4-5 CW.rsball.. aI90ritha} tDOk 0.1156 .econds
CPO U.. and 130 un~chd (]6-bit) word.on. Univac
1100/11.

Th... probl_. an inU..tely tied to the EXEC 1100 operat-
ing .yst_ and its penchant to p8d bl.nk. on the end of a
l1n.. There is no plan to try to corr.ct thh pr obI 811I.
Do.. .n eJtternal file of pointers .ak. ..ns.t

Chang.. in the standard
J.niin-aRd"""'iiriUi(.econd edition) "as used.s the .tandard
for developlent of this cOlipHer. Sinc. there are
dl.cr.penchs bet"..n It and the ISO propos~ .tand,nd,
a.vuill d.viations occured. The coapilu will be brought
into conforeance on .ost of these .rrors when SOlD. .tandard
1. adopted.

Teat'. 6.1-7 .hOd thatprocedu ..y not b. n.sted to .depth 9r.at.r than1 due to i.plu.nt.tion restriction.
AD an08olous .rror ...s89. occurred when the ftft.enth
procedure d.clar.tloD va. .ncount.red, the ..ss8ge -Lo~i-
ca1 end of ,roqu. reached before physical end8 vas is-
aued at that ti.., but a 89. at the end of the pro-
gra. said -par.. atack o..rf1ow-.

T..t.6.6.6..2-6, 6...'.6.2-7, 6.6.6..2-8, 6.6.6.2-9, and
6.6.6.2-10 t..ted! th. .qrt, atan, .Jtp, sln/co., and In
funct.ion.. All t..t. ran, bo v.r. typical i.pl.ent.tion
an8wr. (~lcb ... ths univac .tandard asse.bl~r
rooti_.) were .ligbtly ..Ilhr than SUit. COIIputetf. Er-
ror typically OC'corred around. the 8th d igl t (Unhac
floating-point praclsion U8It).

"'.t '.'.2.2~ ~ Inscrutable et. -hconslst..nt
'..1.10" lato Uv. opera"",- 'ppean. Wethink ittbat J MOD2 18

*"
...aI to J - 1 db 2 . 2.

hobI_ leported W -.ce.

'l88t I.'.J..5-2 abo_ tb.8t: ca.. COA8t8nU .Ut be in tb.
...

"
as the c IDd... .

"'..t 1.'.3.5'" t.ta.t. .01'7Jal9Sca.. .Ut_ent ia
aot perata.lblo ()-2Sf ..lectlons). A ntic lUck

'flow ocean" .ftar lOt hb.l..

'fe8t
'

].5-1. 8Itow tbe undefined nate 18 tb. puvioul
8t.,. at the .nd of u.. f.r-loop. '!b. ra",.. is cbecked.

Talt f~'.3.1-2D .bow for-100,. .'Y ... .ested to. d.ptb
.f .1..
hit 3.1.-7 .bo_ wltb...loopll.ay be n.ated to . d.pth.t 7.

t 1.1..4-11 .bows tbn tt.. output buffer is Uuhed at
," .NIof . progr...

Reltr ictions
So.e restrictions will b. k.pt, .ven aft.r a standard Is
adopted. GOTO's out of proc~dures wi11 probably never he
implne-nted. but STOP and "80AT stat..ents have been added
to the l.nquage to .lleviate the prob1_.

!!!i!
S.v.ra1 previously unknown bugs were found by runninq the
validation .uite. Prof...or Fischer has b.en notified, and
cornctlons .hould b. inclr.aded 1ft the neJtt rel.a.e of the
coapl18u.

On. aua tb.t .howd bs ..phui.sd is tb. clarity of the diagnos-
tic. produced by tho c08lpl1.r. All dia9no.Uc. au ..1f-
apI.nator}', even to th. .xt.nt of .ayln1) -JIOT YOUR 'AULT- when
aft int.rnal cOll.pller error 18 d.tected. A c08lplat. scalar w.lk-
back 18 produced nft"f.r . htal .rror Occuu. The coapUer .t-t_pta arror eorrec1:ion and .onerally '0.. . very good jOb oftet:UftIIJ tb. pl'09r. ilrto .xecution.

ft. UIKot8bl. e8pU.r h.. ..t I". ..t.ru1 eoapUatfon
f.atur.s. A prOtr. coapUIId using tbe.. fadl iU.. r.c.tv.. the
a.. CMpU.-U.. 41..aoatiea a. 11 it wra c08,i184 in one
pi8<'..

I
~.

-~~



+ F.tw. 'l.n.:. SUPtMN'trull Swnurd 'uul. Option.l (1."t.." DrUH or Hft-.talu~.,.dr..tur.... S.t. of any.ize (prohbly144-.1 t uta 't,..t). CtW eota. r,.. ..te. tel '}'.
. Met.tII. , . r,.l ,.
- Z tt.,. tOll.
. A ..,... frt_dl,. interfac.: I.-ov..."ts

i"
the

HIMIOttIr,."., .Itd b.ner uUItt,. progr IICM'.
..sur_..t tools; ben.,. .rror g8$.

DEC"I'. .c.n (LOtS)
..............-..-... 'ASCAL/'ASSCO

., LOTS

I. IUTlIIUTC8/IJU'lOIOTOIIMIITAI..:

l"v'''terlKf'.ut...:
J. Q. .10M...
lOTS CollIN''''

Factlt,,. Arp.".t:
StlAf... Unt ,'>' Ad8t..JO.JIS.'.SCOllf
Stellf..,. CA"385 (415)4'7-JZI4

_l_torlRe,.wl...:
Ar8udo.. I'..z
Co8INt8rSct8K.o.,.r..,S,..forllUnl "y
Stuf...d. CA 94315

2. MCMIIE: ",1\.11 E..' ' Cor,. DEC.I...d D£C-Z'.

3. SYSTDICC8'ICI&\TlOI: DEeTOrS.)'. Ton-2'; UNU."d WAITS"Uor..

"'"
c.ct.. c-d lUlU'" (eel). U... 0-1' tnst.rlK.tlOft,,1..

lIM'rlcau rer 1([.1'18IPf'0Yedt..t. Nt. uAd.rH..'., t.
4. DISTlIlUTJOI:

. IOttdlaclosur. .., , requtracl. Set ace.'''ytng ror..
(.."" r..-tr. Ult. .tUl M

, :
.) T, bow h_

"'11)'CCl9I..
"'''''''.

and__0 has tl'l_.
') T.

" t '"
u.. ., our 1...V8MfI', bJ profU.ort.nhd

Izett I.. products Utat wouldlater IN so1c1.*)
. ,.. 111,,"cwlltet8lotn..aport Melt.. "-t!Jod. us.d u"t t 1 n_:

. TIu' tM Ar,...,.. Yo. ._d .. t . track up' (.. 1... Ula" 11.. r..t,..1 ). Specify ...lty .nd for..' deslr.d.
t.,..1t:

I'"
bpi, 1MJPIPE1/1ACJ:U'INURCHMG£ or..t).

- To. c-. by .114eat It ... , ,. t.po.
. .tatrl"toll _ ... -.. I.- ..,...

""
r8SMM'ts.,.. encourag.. .nd

... will \ry \0 ftx UI_ Mt.tf,.)'eN as .001I.. possibl..
. n.o C08PU.. I. 101_, tIIr . CORtt...,. .lthouoh .1_.

I..,...,_t ".ec U M. .111 .. ..."fled of ..Jor.. ,..1 crltlu1.....
I. IOCIIEIITATIOI:. A t,," t...f till.MCltt,..t.rt..,ab1. 1rr_ u.

..t.l...l pec .. . C8IIl_t to I Vlrtl!.. A ,.. fn. ,... _11.. ecc... ... tII..at ,..l..-t ""tc... .. .to ,n. wttlt~ts 884III." ,,.. '.ul ....... ,. .'_tatt.. uec"I.,.
. A a.crl,tl...r t.., tt.. ,..rts .r Ute t.t l poHcl..

('8Ctlq t... 118Ue1CiIft tt... u..
'''''1

\.M;).. e
C811111."list ., . clteetl1.tto .dd
"

"1IOd
"

).
+ An th __tau.. ..o1..-r.trtllYll.l..

.. MI81DMCE"'IC':. We... ow _ _t. : _t.taN8ce rtts .. fin'.
. .. tMrIII,..,1y-"",
. OM

'-
,... ,..1 , 1'8W.,.. &lie..t tw , .1. l..st.

7. STAlRWtO:
. It .u t. tile .tandard as deft"a' t.. Jensan I Vi...t". .xc.,t:

. a.cord.. Array.
M'

Ft1.. of Fllei not su~\o'.
. Read

'M
Vrlt. to \oxt FOas .re not supported.

. Set ,xlN"...t... Utat conte", . ran.. d811."e' b,. "'Arlabl..
or .xprau too. .r. not .upportect.

. Th. Map wor as a .hc". !'roc DISPOS£'pOp,' 1.1'1.91....
11._ .nd ...ryUlI.., .1.. tl'lat wa, cr..t.d afterw8rd,.

. Set .tu t. 7Z .1 h. ..t ori,l.. tl z.r..
+ Typo CtIM Inc lucio' on1,. fr_ sp.ce to un'.rb8r. 10 1...,. cu... EXT£MSIOIS:TY918 ASCII; f,",ctlon. FIRST. LAST. UPI'fUOUttD.

lOWEalOUNDfor ,cA1er, tlld .,.r.y., r.specttv.l,.; MIN and MAX:
..,..r.t.ly cOllOl1ad proc.dur..; a .trlng ..nt",laUOtI

'"'c
9D;

lOOP.UIT een.trvct; OTHUWISE t. CASE ,t,t888ftts;

t.ttt,1tzaUCNI proc..,,; DATE, TDIE,REAlTDIE.

a. NEASUAEMENTS:
lZ 11"" of 'ASCAl cocM. 50 char. tnclu.tng c~"u.COHPIlATIOIISPEED: aroundIS ch.rl/uc .r CPU1.1..011a Z.~.
EXECUTIOIIS'EEO: u fOOd as tiI.t of the "CNI-op't.1zed rOATkAJI

<=..,11....
«IIPIlATIOI S'AC£: tlli. cOllOt1ar U"III $It of upper I8g1Mnt. end

can wor" vtttl l61t lower t.
You ,..c.t.. two cOllPU.r. (lI.nc. the ). Th.,. SIJPItOI"\...uct1y
Ut. 1...OU'" and fa.turtS. tMlt on. of tfl_ ('ASSGO) ~ oducu
the code tllC.,... tct. JA"'8I III CP'Utt.. and. 10t or I/O 1n "I.,
C_n.-l08d..",d-eo 'aquwH:.. 11IIs t. td..1 for d...10p...,.,. end
pert1cvlarl)' Mlpfu1 tn . .Wthftt ...vtrOflll8flt.

t. R£lIAllIlITY: V.ry tOOcI. It

"

..,.,. 1II...n,. Itud .t lOTS (tfl.. ,..,.Olj,:M
th.t rvn, tM I8Ost. .rt... the eelltor). 1.,1 .t 31. att...

1.. DfVElOPft£NT "THOD: V. .tertocl .lth the KaoIburlil.71i c_nar.
distrtbuted by DECUS. ...~ctI 11

A""'"

tOOd cOllOn.,. tts.1r. W.

"... bhn cl I.. bII,S,addtng.Ult., part. .r the .""dard. .1Ht.ddla, r..'.r.. I. till.1..t
I' ...u.s.

11. LIIIMT SU'I'W:T AID OTHE' FEATUI£S:
. Onl,. till. tt.l r""tl_ row"... wrltL.. t. llACao:_,t .f tM l1br.,.y ta witt.. t. PASCAl.
+ Acc... t. tII. FORTIWIIt ,.,. MPHI't.
. Acces. to .xt 1 fORTIAIIMIdIIACIO

r.'"
t...s.

. s...r.,. c_UaU08.

. S)'fIIIb01tc rolt t_ ......

. I.toreett.. r..t1. SOIIrc..l0Y81 ~., pac......

. P'CaU.. cr..I.,.er c:erwtntl rr_ ~.'. caoss.

. PfOM. . tt"..t..tw.

. Sut.-t ce.ltu..

..
'"'"

Rational Data Systems Rational Data Systems

PASCAL VALlDA!'IOH SUITE REPORT

'roce8sor Identification

C08puter:
P..cal O..ra Group
c/o Rick Sbav

DigitalIquipaent Corporation
5775 Pe.chtree. Dunwoody Road
Atlanta, Georgia 3.342

Cat. General Eclipse
ADS operating .y.tu

Rational Data Syate.. Paacal
ACtS veuion, release 2.11

(I.pl..entation. for lova and .1croHova under ROOS DO
operating .y.te.. are functionally equivalent but were n~t te:t:~?) MP/OS

'roc...or f

Test Condition.
Dear Rid:,

Bnclo.edi. . copy of the report of the V.Udation Suite (2.2)
for our P8acal iapl...ntaUon. on D8ta G.neral ..chin...

Pl let.. 'now if you n.ed .ny furtber infor..Uon for
pu:bUca~lOD of t.bi8 report 1n P..cal .ew._

T.ater f Ration.l Data Sy.te..

Validation Suit. Vu.ion. 2.2

General Rot...........-..

DQ/Dec

...e10.v.
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'1'.a~a p8s..d

".at. faU84
12.

12 Tests in whieb deviations wen correctly detected
Test. 8hOllfin9 true exten.iona
Teat. in whieb 8rroneOU8 deviation. were not detected

64
3

26 (13 cau...)

(1 c.u...)

DetaUa of f.1184 tut..

1.1.2-3. fte .i9ftificance 11ait 18 eight cbaracten
forbothidentifi.r. and r..ened "OrUeI.2.I-S 3r..~~r::;::

~ ..~=:.i:r~n~~:~I~th
laUr in N8e acope and enUer in outer 8COpe.

1...3.)-1, 1 3.3-3, 6.8.2.1-1. bptJ record8 and ..pty
fieldI18t. wltb1arecord .arianU an ['ejected.

1...1.3-4. 'f8gfleld .ca.e wbich: boolean. 18 r.jected
when ."hich. iaa kllown type identifier.

1.5.1-11 &.f11a ...y Jlot be an ele.ent of a record or
oC 8ft arnYe

1.'.3.1-5, 1.'.3."-1, '.'.3."-2,1.6.3.5-1: Procedural
and fUDctional par...ten are not .upported.

'.1.5.3-2: Stuclard procedure .di.po... 18 not .upported.
(Iapl..enhUoo planned for releue 2.2').

Detdl. of te.u &bowing true ..ten.iona:

1.1.1-11, 6.4.3.2-5, 6 5-llr ~pe c~tibility rulea tor:
conatant .trin,.. weakened to acoolUlOdate
atrin,.-handlin,. extensions.

DetaU. of failed testa;

6.1.2-1: Redechntion of 8nil. peC1litted.
6.2.1-5: Ro enor a.s..ge whenlabel18 declared but

not utilized.
6.2.2-", 6.3-6, 6.4.1-3: If an identifier 18 declared in

two neated scopes, and there is an erroneous u88ge
of the identifier in the inner scope preceding the
definition in the inner scope, the compiler does not
detect the error. (COItIpare conforaance teet 6.2.2-3.)

6.2.2-71 Rested function. with same naae cause erroneous
coapiletiae error message.

6 3.3-111 h.pty record rejected at c08pile time.
6 5-2: Subrange8 of aa.. base typetreatedas identical

in paraaeter/argU8ent case.
1.6.2-5: Function .ay lack assignaent atateaent.
6.6.3.5-2, 6.6.3.6-2, 6.6.3.6-3, 6.6.3.6-", 6.6.3.6-5:

6.6.1 .3_:~oc~~~~~r a:~g~~~~~O~l.h~:~:t:~: ~~u~~~ported.
accepted.

6.8.2.4-2, 6.8.2.4-3, 6.8.2..-4: Tolerates illegal jWD.pS
(to nonacthated state.ent, within structured
.tatement) .

6.8.3.9-2, 6.8.3.9-3, 6.8.3,9-., 6.8.3.9-16: A8signcent
to control variable of 8for8 staleent allowed.

6.8.3.9-9, 6.8.3.9-14, 6.8.3.9-19: Nonlocal control
variable in -for. statement allowede

6.9."-9: Nonpo8itive field width in .write8 to tuttlle
allowed.

DetaU. of erroneous teat.:

'.1.8-3, t..t draft .tandard eSeflne. -(.. aa exactly
8tfUi..lent to .{., ..). .xactly equinlent to 8}..

'.'.5.2-3: S08e opentinf} ay.t.. di.Un9Ui.h .eapty.
fUe. (1eDCJtb . ') boa 8noned.t.nt. fUe.
(aue not tnovn), whU. others do not.

'.'.4-41 Draft .tandard r8Ciluire8.write (f, '.':6). toproduce fIoatinea-point fora ( e+...
or aillilar),

8uite is t..ting for find-point foea ( ).
,.. .t-7.

~:::8~n:r~~:1:::n:r~e!~P~~c~;&Er~~t~FALSE.
whenBoolean.arewritten to textfU...

Details of erroneouli test.:

6.1.5-6: Laten duft rtandard peraita botb 8r. and
... in real conatant..

-

~ _I811-----. IIII'L&II8II'1'A'tIOII ..PI.'II).-----------
'feat.18 wbich enora .en oorrecur aetected 11
!'e.t. 8bowl", tr.. .l:t iOM 1

t. 1. wbleb.rrora ..r. ROt48tect8l1 2f (11cau...)
8uaber at t..t. rUD 15

Datail_ of te.t .howlnv tC'08 uten81OD.1

'.'.5.2-~th A!;:~_ a
..~l:pu~ :::~a:r=' .~~t:1~:::~.,

~r~a«~~e:r~tt: t:;e fr:~~::-:.::.~~
'fhh .xten.lon i. provided to penit con.,enientrand08 proce..ing. RD8Paacal provide. tbe
abl1itr to repoaltion fil.. witb the pcedec:lared
f~~::~:l;:::k f~~f~ii::a~;, ~~t::~t~fre.slon»..

Detail. ot erron.oua teat81

1.11-11 Alternate COIUtent delia1tera no 10ftger belong
to Qt8cJory 8iapleaentation-deflned., ex.plicitly
required by lateat draft atandard.

'.11-21 Iquival.nt ayllbol for ut:8uow no longer belong.
to catef}Ory .i.pl..entaUon-def Ined., expl iei tly
required. by latest draft standard. Equivalent
ey8lb018 for colon, se.icolon, 88siglUlent symbol,
and equare brackets no longer def inedr deleted
frea latest draft standard.

6.11-3: BQuivalent 8)'"lDboll for c01lpar1son symbol. not
listed in draft standard.

Detail. of failed teat.:

6.2.1-1, '.4.3.3"', 6...3.3-8, 6.S.4-1, '.5."-2,
'.8.3.t-5, 6.8.3.t-':.0 checki. done at runti_ for ".uiable. witb

.undefin.d. (uninitia1hed, .tc.) value..

::::~ :~:~2:'.".3 .:-~:.co~~o~:J:c~::e:~D~~I~s
tr~itted.

6.6.'-7, ,...~ '.7.2.6-11 .0 runti. check for ill.,.al
..t as.l9D8enta.

'.'.2-11 80 rutiM <:beckfor funettoD u.at fails to
e.ecute ...19ft8ent 8tat.eDt.

'.'.5.2-4, '.'.5.2-1. Pileaar be fllp08itioned .hUebaffer 1. -".r- ..r...ter or 18 record "ari.ble
01 ..itlll- But_eat.

1.1.5.3-3, 1.1.5.)-1, 1.1.5.3-5, 1.1.5.3-4. Sta_cd

'.'.5.3_~~=3:~8r::;.;~. 8'tf:=-:" ...dable
'.'.3.5-::-:~~J~~r1=t r::~_CIl.;=.~ t::~~~1:

8&pE'..aion...tcb.. of Ua8 caae-coutant..
'.'.3.t-17. ".ted 8for- .t.teant. .., t!ae ....coat.rol ...dabla.

Detailsof other te.ts:

6.4.2.2-71 The value of ..axint. is 32167. (But the
value -32768 can be created by ",riting xlnt-1.
and i. not rejected a. erroneou8.)

6...3.4-2 r Declaration .set of char8 i. per.i tted.
6...3.4-4: I.ple.entation peC1lits set. to contain al manya. .tI8' el...nts. No !let aay contain negative eleaentsf

e.9. ...t of 7'. is acoeptable, ..et of -1 ,8.
1. not. 'rhia t..t brou9ht to U,.ht . coapUer error,
the unacceptable declaration ..et of -1..+1. ",as
accepted tIf the coapller. 1000...r, an att_pt toIn...rt. n.pU.. et_ent into a .et (any .et) will
e.u.. a runti. .rror. (Pixed 1ft rel 2.11).

'.1.'.1-1: Procedural and fUDctional pera..tee. not .upporte4.

..
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'.'..6.2-111 R..l1 au illlpleaented using Data Genenl'.
.tandard 81ngle-preci.ion floatin9Po1nt for8at:

.19n: one bit
axponent: 7 bit., ..c..~64 noUtion
fractions 24 bit. (6 hexadeci..l digiti)

All ra.wtl are nor..Hzed (l.e. 18ft8ost. heucSec:1ul
d1git of fraction il alwaYI > I). Bowever, t.ha range

of .alua. that can be r..d frca or .ritten onto
testfile. 18 ..11er tban tbe range of value. that
can be repre.ent.d internally: conv.nion to/frC8
ASCII 1. .upported only for valua. in the range
1 75. .1.'e+75. 8ecaule thll t..t relie. on
non-detection of undernOllf at runti., it could not
be executed .ithout es.tenllve aodification. Dltiute
r..ult. were:

beta 16
t 6
rnd .
ngreS 1
..chep -5
negep -6
les.p 7
.ina.p -64
...sexp 63
ep. 9.53674e-7
ep..g 5.96'Ue-8
uin 5.39761e-79
.aax 7.237"8+75

6.7.2.3-2, Boolean esprel.lon .a and b. il fully evaluated.
6.7.2.3-3: Boolean esprel.lon .. or b- 1. fully eveluated.

t::~:~:~: ::t:~~~~: ~~:: :::~::~t~: ~~~
::!1~.::~~~-.

6.9.4-5: '!'vo 41gitl written 1n an exponent.
6.9.4-11: Default field width. for -wrlte- to textf11e8:

Integer. variable
Bool..n8 variable
reall 8 character.

QOALI'r'l

Buaber of te.t. run 23

Detan. of erroneou. te.t.:

6.7.2.2-41 're.t of -.od- operator not 1n conforaance
with late.t draft .tandard. Cauled runUM enor

ge -.on-po8it1ge Dlvi80r in MODOperation-.

'.'.4-141 Recur.ive 10 uaing .a.. fUe allowed. 'ftr,i.
t..t conta1n. a .u:perfluou. prOCjr_ parueter
wblch cau.ed tbe error ge .proqr_ par...ter
not declared a. f Ue in outer.oR block-. After
correction of the error, it ran .ucce..fally.

i -

T.. ~..c.I ct. Rick.....
,., Davi4Int.,..18Oh.- DeM&,.co-ShatzCo,.~.

YaUde.thn of AI~h&PASCN.. c..~11.r

He,.. h a co".., .f . yaUdaUon .f tho AlphaPASCAL co~i h,..

ha" 81"n a fM c nt. .n the c..,II.,. and tho yalUaUon .uUe in tho

val ide.Uon r ,.t.

I haye ..nt a co of the , ort to P"of. Sa.a.

David Int.,..i.one

't\~~
De ",,.co-ShaU Cor...
31.2 18 Av..
Torrance. Ct.. ~
(213) S33-soeo

i

j

Details of other teaU;

5.2.2-1, 6.1.3-31 Significence H.it for identifiers
i. .ight cbancteu.

6.1.8-4; No warning 8.8sag. generated when coaMnt ex.tend.
aero.' .everal .ource linel.

6.2.1-8: Accepted S. type c1ecluaUona.
6.2.1-91 Accepted declaraUon and .iUng of 5' label'.
6.4.3.2-4: Declaration -array (lntegerJ of Integer-

produced error ae.88ge -array index .ay not be
of type INTEGER-.

6.4.3.3-91 Reverse eorrelaUon of field. in record.
6.4.3.4-5: Thi. teltwa. revised to use the RDS 8ti.8

.:lten.ion, which is accurate onIy to the lecond.
Procedure 8tfarlhallsalgorith.- required 184 byte8
of object code. and appr-o:r:i..tely 5 leconda of
e18paed execution tillle (on a 8ulti-Uler

aylt8ll).

6.5.1-2: Long declarationl aUOIIfed.
".6.1-7 I Procedure/function nesting 1 hait il eight.
6.6.6.2-6 (aqrt), 6.6.6.2-7 (arctan), 6.6.6.2-8 (exp),

6.6.6.2-9 (81n' C08), 6.6.6.2-11 (In)1

RDB perlonnel not tralned 1n nuaerical analYlls,
unable to interpret result. of the.e telts.

6.8.3.5-2: 10 ..rn1ng aessage when a -case8 Itatsent
contains .n unreachable patb.

'.8.3.5-8: Accepted large -ca.e- stataent.
6.8.3.9-18: After noraa! ter.ination (i.e. no -goto-)

of . -for- loop, the control variable bas the

::l~:o~f i t~= ~~di~Oe~i~:s~o~~, i~;t:~l~:e~t~r~
ia .pink-.)

6.8.3.9-2': Accepted 8for8 statements nested15 deep.
6.8.3.1'-7: ResUng 11.1tof -with- statements 18 12.
6.9.4-1', Textflle output i. flushed at end of job

wben lin..arker is DIlUted. (Note that no
lin..arker 11 inserted, bowever.)

EXTENSIONS

I.ber of teste run

Detail. :

6.8.3.5-14: '!"be .otherwise- clau.. 1n I 8ca.e- st.atement
i. not .upported. (Refer to enorbandling tests
6.8.3.5-5 and 6.8.3.5-6.)

ALPHA "ICRQSYSTEIS M-100/T

-------------

~~~ VaUdation SuU. R.~or_t
---------

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

Co.~ut.r_. A1..ha"iero'T,t.., AH-IOO/T

Proc...or_' AI~h~ASCAl.V2.0

In.tallation: De ""r_co Shatz Cor..oraUon. Torrance. Ca.. USA.

T..t Conclitiona
-------

T..teet BY' Daylcf Int.r'i.on.

Date. F.bt"u.ry I March 1981

Y8.1idaUon Suit. V.""lon' 2.2

It...ort Sent T..
-----

AI~"" "ier..v.t Soft..,... De"-rt88nt. Irvine. Ca..

~".ca. NIttI.. c/o Rid: Sh... Atlanta. 0&.. UIA.

p,.~tv~:~~~ ::';~.:::~:~-:::.~:. I;:::::~~~n ,:~::~~~.

.-.

Not..

..
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"":a
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.".
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Det_t" .1 F.tl.eI C~nf~~~~'

t..b ..1..2-3. 6.3-1. 8-ch.r.ct.,. shnific.neo for iHnUH.rs.

Tut. 6.1..6-1.. '.1..6-2. '.2.1.-1.. '.2.1.-2. 6.2.2-5; :;~~~t::~'6.8.3.7-3. 6.8.3.9-8 OOTO.tat...nts eoI'. no
.I.thout th.. (80+) c i lor .pUon.

t..t
"

2.2-3 TN .10'.1 t~. for the varl..'1. 'noH' ...~ U;.d
C~"'1M a .i._tche4 tyPO t.. tho ...i., t of ~t,. .- rU.1

T..t. 6.4.3.3-1. 6.4.3.3-3 ~tv r.cor.. a"'. ..ot .I1o..et.

T..t 6.4.31.5-1. On1vh~. Of"co tant t~f'ltifhr. ar. a110IHei
1.,- '11. tVH-S.

T..t. 6.4.3.5-2. 6."-.1.-1 EOLNan4 ECF.re not cor,..ctlv 1~1...nt.d.

T..t 6.5..1-1. The tv of ...c.,.4 H.U. a8'14...rav. cannot b. a
"ILE tVH.

T..ts 6 a.I-S. 6.6.3.4-1. 3.4-2 3.5-1. c.d\lr.. .nd
'uactl H...d r...t .r. n.t .11..d.

T..t 6.6.e.2-3 f.1104 at "uftU" wit" '!ftv.1hl 111.n&88 11'1RESET'.

T..t 6 5.2-5" NEWRITI:.. t... fl.10 ..ts EOF f.I....

't..t 6 5.3-2 DISPOSE is not I...1 nt.d. A1~ U...
&n4IREL.EM£ t. ,..oc.""", ,.v .Ihcat..

"'V
NEW.

T..t 5..4-1 JI8CI( ud I.8II'fIICI(are ftOt I..., t.d. A1~haPASCAL..t..tlcally 0. ..ek.. ftt. .truetu.....
T..t '.7.1-1 a t.,. ""'.C"DC. ... ch&ft114t4f.,.. c~t.bI11ty

.-it.. .1 Mero I c........

T..-t 3..5-4 er t e~II.,..
TeAt 11 1 81... in . '1=08' .tat t .r. n.t

1.t.. i nt .....

T...t 3 7 oa4M .., la ...
'''''''aU.

10., powh. that tMo
...e ..t t lut ,~t c 4 "'-'''Mnd(.yorfl..)
., t8MoFOR ..,.,.1.1..

--- - --- --~..._..._.._-_.-

T..t. a..,...". 3..-14. 3..-&. ",,-I.c.1 v&I'i I..
c.,. ,. u..d a. FORc.nt,.ol v.,.tebl...

T..t 3.9-&6u ...dl... , ,.Oftcontrol vui.".'CUll b. READ.

T..t 4-9'"i.ld wi4th ..., t.,... c.n ,. z.ro .n4 n...Uv..
,.t.U .Idth. :10..0and -I. H'int.d the .. fi.U width 1~

T..t '.1.0-3 8h... that tho .t.nd...d It I. OUTPUTc.n ... "'.dofin.d.
c 11.. and c.u..d a ..unti.. 0,..,..0,...

---------------
T..t 6.1..7-1.1 nul1 .trln.. .,.. .11o..d.

T..t 6.10-1. Default fi 10 doc1.".Uon. in tho ""0.,." h..din..,.. iWllo,..d.

not.11. .f T..t. Incorr.ctlv Hand1.dl
----------------

To.t .~2.1-4 c.u..d . ~.d ..oin." r.f...onc. ., 0.. In tho eo.,.,.1.....

T..t ..4.3.3-11 EaPty ...c.,..d. .r. not .110.t0d.
T..t ..4.5-5 li.ht(8) ch ct... td.ntlfi.r .i.nifle.neo.

T..t 6.6.1-6 Th. ,.,.oc.dur. e.11 ono(c) did not hav.. ...icolon(J) at the .nd of .t.t...nt. An .,..,..0" fo,.. the
U".. f., c.d",... _. not in"4.

T..t. 6.6.3.S-Z. 3..-2. '.6.3.6-3. '...3.6-4. 6.6~3..-S
",..c.dur.. ."iIIfunctt d .. t.,.. not
..II.....

T..t. "...2.4-2. 6. e. 2. 4-3. 6.8.2.4-4 OOTO.t.t...nt. .1'. not
"'NUt.. wUhout the (tQ.t., eo-.t I... o~tt.".

------
Tot..' ,...f £,...0,. dUn. T.U.' ...

,. .f E...,.o,.. CO,..,...ct1v Dot.ct.dl I.,. of E...,.o,.. not Dot.ct..1 27 (16 0".)
r .f T..t, l"co"".ct1y Handl.d' 5 C2

, 01'1.)

ro.t 6.9.3-1 Tho R£ArI...Nfunction i. not eO"'roet1Yi.~1...nt.d.
T.,t. 6.9.4-3.6.9.4-.4:. 6.'.5-1. It i. iI1...1 to READinto .

Hck.d ch.,...ct.,. fi.1d.

T..t 6.9.4-1 "UTE .nd ~IT£LN do not .cc...t . 8001..n ya,.iablo
a. .n ." nt. AI.o... with t..t. '.9.4-3 .t al. it u
it 10..1 to r.ad into. clt.d ch.,..et.r fieU.

----------

T..t 4.1.2-1. 1'111can ~. u..d with ty,... oth... th.n ~oi"t.,...
T..t 6.1.1-6 Strin.. can v. bound. oth... that C1.. n).

T..t 4. 1..7-9 ea... 1-4 ...,.. .cc.,.t.d. ea... 5-7 r.J.et.d.

T..t. 6.2.2-4. 6.3-6. 6.4.1-3 S... ICO...
.""0'"

not d.t.et.d.

T..t ..3-5 SI.nod con.t.nt, a... .llowed in ..,.c.. oth.,. than
con.t.nt dect.,...tions.

T..t 6.4.3.2-5 St,.in.. c.n . .u,,..n.. of oth." than Int...,..
.. ..n Index tYH.

T..t 6.4.5-2. 6.4.5-3. ..4.5-4. 6.4.5-13 Tv,.. e08PaUbi'itv
I. u..d Fo,..y..,.ta~'...

T..t 6.4.5-11 0 ,..t10n. on .t..I,... with diff.r.nt nuab.,...
.F C~on.nt. v. .'1 d.

T..t 6.6.2-S Function d.el.,...tlo.. w1th fto ...I nt fo,. tb.
fUl\ct1.n 1d.ntlf1.,. .1'. .11 d.

T..t 6.6.6.3-4 TNJNC'&Ad wi11 aee.,.t 1ftt...,. P., t.,...

T.,t 6.1.2.2-9' Th. un&I"Y ,...tor plu.C.) ca,. ,. ~11.d to
..on-fll.,..,..lc ."",."eI..

T..ts 6 3.9-2. 6.8.3..9-3. 6.8.3.9-4 ...i nt can b. ...de
to tho FQR cNtr.1 va..I..1..

Dot.i ,. of E..,..,.. not Dot.et.ell
----------

T..t 6.2.1-7 loe.1 v...i...~I.. have v.a'u.. .wn thou.h th.y

"1'0
n.y.r ...1.n.eI.

T ..4.3.3-5. 6.4~3.3-6. 6.4.3.~1. 6.4.3.3-8 No eh.ekin.
I. don. 01'1tho t.. f1.1d of v6f>i.nt "ec:o,.IIIII...

T..ts 6.4.6-7. 6.4.6--8 loun" cfteockin8 18 not 410,.0 on
..t tyP...

T..t 6.'.2-6 Ex.cution of . function wtthout ...1.ra..nt of
. yalu. to the Functiora vvl.bl. i. .'1...4.

T..t 6.6.:5.2-2 OET wh.n the 111. 1. at .of do.. not cau..
a ,..untt.. .r,.or.

T..t. 6.6.5.2-6. 6.6.5.2-7 41d not c.u.. . runU.. .",..0,.. wtt.n
tho ft 1. ~o.1t1on ... chano.od

""i
1. tho fi 1e y...1.b1e

11"1U...

Tuts '.6.5.3-7. 6.6.5.3-8. 6.6.5.3-9 No ch.cks .,... ..d. on
..oint.,... when th.y a,.. ...ion.d u.ino the va,..i.nt Fo,...
of NEW.

T..t 6.6.'.4-4 SUCCon tho 1..t v.lue of .1'1 0,..d1n.1 ty~. do..
not c.u.. . ,.untl.. .,..,.0,...

To.t 6.6.6.4-' PRED on the fi,..t v.h. of
&1'1o,.din.' tv... do..not e.u.. . ,..untl..

."''''01'.
T..t 6 4-7 Oft on . v., t the It.th .f 0tIIIrtv do..

not e.u.. . ,..unti.. ., 0,..
T..t 6.7.2.2--6. 6.7.2.2-7"

"'''0''
clo.. not .ecu,.. whontho "..ultof . bin.,..y int...r ...,...tt." t. not ~Int <_ 0 <_ int.

T..t 6.7.2.4-1 Ov.""a~~I.. ..t. do
"ot caUH "unti.. .,..,.0,....

T..t. 6.8.3.5-5. 6.8.3.5-6 A "unti.. .""0,.. do.. not oecu,. wh.n
a CASE.tat...nt doe.n't c...tain . con.t."t fo,.. tho Y.lue
of the c... .)(~, i .n.

r 6.8.3.9-5. 6.8.3.9-6 A FOft COAtI'. I v."i.~h can b. d
,..thout .n int.rv.nin. ...i.,...nt.

T,ut 6.8.3.9-17 Twone.ted Ftit .t.t.8Ont. e.n
'I.. tho ....control y.ri.bl..

T..t. 6.9.2-4. '~9.2-5 No '''''''01'
.ecu,... wh.n , din. eha,.act.,...th.t don't f .. v.lid tnt...r 0,.. ,...,.

...
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To.t 6.4.3.3-12 £altty ".COl'll" .". not .,10..4.

T..h 8.3-3. 8.3-4. 6.6.5.3-8. 6.6.5.3-6 DISPOSE
is "ot 1...I...nt04.

Tot.1
""'0"

of I~J"'nt.thn Definod T..ts. 1.8
Nu8b.,. of T..h Iltc-o,.,..ctlv n41.4. 4 (4 , on.)

To.t '.4.2.2-7 MAUNT18 d.fin.d .. 32767.

T..t '.4.3.4-4 Set bound. ar. O..~

T..t. '.7.2.3-2. 6.7.2.3-3 8001..n , io". .r. ful1y ."alu.t.d.
T..h 6.8.2.2-1. 6.8.2.2-2 'hri.bl.. ar. ","cUd th.n .".Iuahd.
To.t 6.10-2" REWRITEon tho nanda,.d out~ut fil. 18 .1Iowd.

To.t. '.11-2. '.11-3 E..ui".1.nt sV8boh ."0 not 1...10..nt.d.

Oota118 of T..t. IncO,.,..ctly Handhd'

To.t 6.1-1 FuncUo". a,.o not a110..4 to bo ~a.sod a. ~a, t.,...

To.t 2-11 ,...ult.d 1ft. f1.aUn. ...lnt ,.untt.. .r,..".
To.t ..9.4-5 .)(ocutod In an ond"" Ioo~. Out~t It 10 f,.ota

tM WRITa.JriIst.t...nt cont.lft.d 1A8C.

T..t 6.9.4-11 WRlTELNdo.. not ..1 low e.ol.an "..,.1.1101...

T.ah 6.2-4. 6.6.6.2-1. 6.6.6.2-e. 6.6.6.2-9. 6.6.6.2-10
F.11.4 to c~il. b.cau.. iftt...,. coft.tant. 8U.t b. in
tM , -321.7.

'
is not .cc.~t.4 .s . .ub.tltut.

fo,.
"'E'"

1n ,...1 con.t.nt.. tho ~"o.".. .10ck. wh.,.. too
,.,... fo,. tho c~1 1.,. to h."d1.. a"d tho co.~i ,.,. thou.ht
It M.d hit tho ond .f tho ~,.o.,

"
It hadn't.

Noto. tho COaPtI.,. ..nuel steto. thet tho obJ.ct cod. fo,.
anT "oc.du". .,. f..nction c..nn.t b. 1.,...,. theft 2000 byt...

Ton 6.8.3.$-8 fat 1.4 to c i 1. eft.,. 121 c stat...nt ~."h
..ceu.. tho ..,.0.,." ItI ocll: too ,..,....

--
T.t.1 . .f Ext.n.ton T..t..

Dotel18 .f Exton. ton TOIU'

T..t 6.8.3.5-14 Th. .xt.n81on 'OT1£RWlSE'"t. not 1...1...nt.d.
"'ELSE:'"11 ..cc...t.d to ..andl. tho function.

...t.. _H..t tho "'..~ c~i I.r'

~iMl' y.,.al.". of ".~~ ,.. tho UC8D"..c.1..,...,._i... t... The "'~ IV.t.. co".hh
.f . c~i1.,.. 11,,11:.",.)(t 1 IU.ru... ...4 . ru_ti..
Hcll: T..t .4I1t.,.s u..' t. c,...t. '."rce ~,.o.r"'.n.o c ,. ..,..,..t.. i"t., ,..I.to It I.. f.,. Illytho
U..r. TM Unll:.,.t tho tnt.,...41.t. fll.. .n4 ...., 1 It ,.v t. cr..to . ,."n,..1III1oP'-c." Iii..

"t., 1 ~".c.'ur.. U4 .u..ct ca.. H .."",.t.lv c~11.cf
aM ~I.c.' i.. aft .xt., lib,..,.v f.,. futuro Unktn. .ith, ""ch1... 1 ."IIII...outl can .180 b. .,.ttt.n
U4 U"II:.. 1nh "'........

AI~ run-U.. a vi,.t".. rv 1.". av.t.. 10
tMr. is ... .tz. U.1t .11IP'-c:."'eIt I... Tho n-U.. Nek...
""."1'"

f... .H,..t.,. 1.t.,.,."..t. .f ~ ,... .)(.cuthn .11<*{n.,... t.rel...tl.". ..,...,... ,...~thft .n4 . b.cktr.c. .f all
..,..c..",... ..41 '''lIIcti.n. C""".ntlv .cti"..

-------
Total Nu.b.,. .f Du.lity T..tl' 23
Hueb." of T..t. Incor,..ct1y Handl.d' 1 (3 ,..a.on.)

Det.111 of Qual!tv To.h'
--------

T..t. ~.2.2-1.. 6.1.3-3 EI8ht(8) charact.,. ld.ntHIo,. .hnUlcanc..

T..t 6.1.8-4 Unclo..d co...nt. .r. not d.t.ct.d.

T..t 6.2.1-8 F!ftv(SO) Ty~.. ,.. accopt.d.

T..t 6.2.1-9 Flftv(SO) LABELS ,.. acc.phd.

T..t 6.4.3.2-4 0&". tho co.~1 I.-tl.. ......._
'Ar,.av 1. too 1.,.......

T..t 6.4.3.3-9 Exact cor,..1ation b.t...n va,.iant ".cord fi.lds.

T..t 6.S.1-2 Lon. d.clar.tion lilt, .,.. allowed.

T.at 6.6.1.-1 Sov.n(1) ~roc.du,../functlon d_cla,..tten. cou1d
b. n..t.d. Hot.. the co.pll.,. ..nu.1 .t.t.. that th.
_x n..Un. lev.1 11 12.

T..t 6.1.2.2-4 DIY by n..attve o...,.and. 18 iephll.need and
consiat.nt. DIY Into n..att". o~.".nd. iI incons..t.nt.
OuoU.nt-TRlIC(A/8) for

" U o...,..nds.
I'tOD(A.8)

11.. in (0.8-1).

T..t 6.8.3.9-18 Ran.. c".ckin. 18 don. on a CASE .tate..nt
aft.,. a FOR loo~.

T..t 6.8.3.9-20 FCR .t.t...nts can be n..hd to
> fin..nUS) L.v.h.

Te.t ..8.3.1~1 Ele".n(ll) WITH .tat...nt. can be n..to4.
Th. c~il." ..nual .tato. that tho ..xl.u. n.xtine of
1I'f'0c.dur... with-do. .nd r.cord tyPO d...cri~tion. i. t..lv.(12).

Tut 0.9.4-10 Output 11 flu.hod at .nd-o'-Job.

T..t 6.'.4-14 Rocur.t". I/O 11 .llo..d.

Det.ils of Te.t. Incorr.ctly nd1.d.

C nt. on tho YaU4aUon Suit..
------------------

I.) S... t..t. aro too 1ar.. (o,.l.ntod to...,.d. ..tnfr ?).
SQ,n. ARCTAN.LN. .tc. t..t. (6 6.2-6.1.8.9.10) ..hou1d
b. b,.o..ft u~. Th..o c.u.. ~rob1... .1th a co...II.,. on
...11.,. ..chin... COI",..ctn... of function .hou14 u..
t..t. acc...teblo to ,.,... .nd ...,1 co.~utor..

2) How.bout . n.w valid.tion a.cUon cen.d .p.rfo, nc..?
Would .howln' tho ~.rfor..nco of co.pi1ation an4 .x.cutlon
(could b. P.,.t of tho QUALITY h.h). Cou1d ch.ck to
..0 ."at(tf any) o..U.ization i. dono.

3) Wh.t .ood 11 tho EXTENSIONt..t .nd o)(to".1on to.h a. ~a,.t
of DEVIANC£? "o.t d."taUon. a,.. .xten.1on.. hn...t the
obJ.ct of tho suUo to t..t l.n..u .t.n4.,.4.? All
"roduction c i ,.,.. a,.o .oln.. to havo .xton..!on.. So..
.xten.lon. wi11 b. ..tandard. in the industry .hi1. oth.r.
.1.11 lb. .t,.lct1y cU.toe.

..

'"'"


