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ABSTEACT

Tke ins<ruction set 2f the TI-59 Prog-ammable Calculator
bears a clsse siailarity to that 2f an assemblar, Though
mos= ¢f +hs calculatcr instructions parform orimitiva data
rovemen+< and/or sequence ccentrol, soa= can do the werk of
small aigh 1lavel language crocedurces. Regz-dlzss £ &
fact, +tc design and debug TI-59 drograms 2I moderat2 siz
can Fke mcre ifficult than doing =he ccmputatiors “‘hea-
selveas. Prcgramaing in a  higher eocder language such as
EASIC cffers aany advartages ovarc calculazor cod2. This

i
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repcrt zresents the design and iapleaentaticn ¢f 2 cross-
compilsr which +ranslates correct BEASIC zrcgrams Ir=o
equivalen* TI-59 programs. This scf=<vare package includes 2
linker +which maps calcula+or iastructions =0 a s=a%* of
magnetic cards. The cazds are then used *c igplzm=nt a
manually cperated virzual memory syszea for the calculazcr.
This expands prog-am s*ep capaci:iy, and permits more complsx
Frograms tc be written ip EASIC laaguage fcr translation

intc TI-E9 irnstructicros.
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I. INTBODUCTION

Hand-keld prograsezable calculators provide arn sx:-emely
portakle means of ccmputazion. Designed primarcily foc
small-scal:s auaectical computa2<iosn, tha2se devices are lipiied
ty “keir small m2mory capacity, slow processing spesd, and

1 to par fora syabol manipula<iorn. Thes?
constraints, howaver, cannot hids =he prograamatle calcula-

b
ke

S
il
-t

tos's usefulness and power as a computational tocl. The
ins*-uc+icn s=ts of +theses macaines r2aseamble those of assem-~
blecs. Most instruction words are g:iiitivg and perfcra
siaple da%a movements or seguaence cenizol. Y=+, scas
specialized iastruciicns 49 the worX of small higkh

—der

(4]

languags pooceduares. Typical sxamples include pola L0

1

rectapngular coordinate cenversion, trigonomsiric furctions,
and lcgarithmic functions. I= most asssably languages thsss
cpe-aticnes aust be ccenstructed f£roa priamitive irstouctiors.
Even wizh thes2 added features, ztas designing and debugging
cf «calculazcr programs €cr nop-trivial p-oblems c¢ften
r3guires an =xpendi«uzie of efrfor: which conceals +he useful-
nsss c¢f the final product as well as the calculatcr.

|
W
=W

Thece aTe a nuaber of reascas £or- tals difficalzy.
lzck cf a s=ophisticated display mechanism such zs 2
pravents *he us2: frecm viewipg morz <han a single da=a I+ta

&

¢z ipstzuction at any given +ime. Printing dsvices can len
assistance, 72t a20st provide li<<le 3ore +than a 32ars of
dumping aemcrty c=at2ants. Fur<hssscce, prograa debugging can
ke vary difficulrt if the only e-ror diagnestic is & single
flashing diszplay or an iacoz-ecs rasult,

Maxipum memorIy torage capacity conssrains sven maia-
frame ccEputers. One sclu+ion has bsen <he ifmplemen<aticn
of virtual @asmory, wherebyv a2 -elazivaly limi+less on=-call

10



secondacy s*or2 is usad o back up the primazy s=coso3cs.

Frog-ammakls calcula<crs usually have secondary stcIag2 in

the fcra of magnetic cards. Normaily, <hesz cards azs used
as archival rcather than om-call s:toCag<. Thaa faztsuctien

ssts of calculators are generally 13 cross batweern asssghlar
ins=r-ucticne and 2 wmath function library. Compared t¢ an
assanklsx, the calculazor inst-uction se*t is spall and
iacludes ¢aly <he most basic segquancs contrais. Though i+
i5 possible +to build more sosaisticatszd coatiol censtructs
from the rrimi<ives, such endsavors aze often cons<trained by
storace capaci+y. Bs a resul%, If cO@RDlsX pProg-ams ars e
fit ipto memory, it beccmes n3cessary to lzarn or iznven®
pmachire dependant "tricks."

Ths programmsr's irmability tTo use meaningful =cames for
variakiss «can crzate aore difficulties éduring calculator
Frogramsaing. VYumer-ical Eagiszer indigces (2 £crm of abscluate
addr=2ssing) must be used to referencs vac-iables. One of the
major advantages of assemkbliers 2135 +hat they provide for
variakls raaing. While comoosiag ais code, th2 calculator
E-ogrammer must sither remember the r2gistar indices of kis
variaklass or continuously refar %3 0nis own writien symbol
table while compesing codz. 2otk mezthods become mora =z=rror
ptcne as zTh< numbsrs cf variablaes in us2 grows. 2rograas of
any substan<ial conmruting pewae:s usually .=zgquice lazge
cunabers c¢f variables.

The protlems asscciated with calculazer g
many cf th2 same prcblem= which plagued sxperiencsd prcocaram=-
mers of large scale computers in <he past. How can a
beginner k= expected %o design good, sophisticz=ed gprocrams
for a tocket ca2lculator if it carn D& so difficult for
scneore with sxpariance? One concludes “hat ths majcrizy cof
users writa small, relatively stzaight fcrtward programs and
never fully utilize 4ha power of such calcuia=ors.

1



The Texas Instruments TI-59 Programmable Calcuelz=ecr i
one cf +*he more popular ao0dals. Its vaiu2 as 2 tecs

Ll

LN

£y
=

=
b=

=t

ergineezing tool is indicated by izs use az the U.S. lNava
Postgraduats School and In the U0.5. Aray Piald Ac+illeczy.
Yet, sophisticated programming of the TI-59 suffers from the
vary weaknessas zenticned earlier. Why, *hen, should there
be such intsrest in this devica? Pachaps, <he bast answer
to this guestion is provided by Haamirng ([Ref. 1]. He feels
tha< such =& prizitive programming machine offers +h:z usar
valuakls experience because It 1s 2asy to operate and allows
+he teginner direct access to vary basic computing kazdwars.
Bat, hes waras that attenpting mastery of the TI-59 languag=
iz a wvasts cf tise2. Cne who must do sopnisticat=d or sx=en-
sive prcgragming for this calculator should, instsad, us2 a
ccoss~ccapiler +o auvutoma*te and reducz his effor=. This
report presents tha desica and iaplsmentaticn of cna such
c-ess-ccopiler fer tke TI-59.

12



II. SOFTWARE BEQUIREMENTS

A systematic apprecach to software development begins
with the defining of general requireaents. In +his case,
tha Lkasic design gecal is <the production of an effective
sof+ware tocl which will simplify orogtam devalopmernt and
increasce MmEemOry cagaciz for tha TI-59 Prcgrammable
Calcula=zor. Achievement of <this goal shculd razsult in
saveral enharcemants to the utilis and capabilizy of *he
cazlculator, Thare will be an ZIacrease ir its abilizy tc
exacute larger and mcre sophisticated sofiware. MoOst ccapu-
taticns which can be programmed in BASIC arnd scme existirng
BASIC software (which may raguire miInor mcdifications %o be
explained later) will become as portable as the TI-59.

Impcr*ant requirements for 31 user-criented landguage
translaticn system shculd include tha< it be easy to use and
easy *c¢ lsarz. The EASIC programming languags is an obvicus
choice fcxr the scurcs language: i: i3 populaz, simple, =2ad
easily learned. More importancly, many BASIC cons*ructs and
key werds aze similar tc those of TI-53. This similarity
and <th=2 fact <hat toth languages ace line-orianted aad
saqueptial in na<ur= greatly facilizazes =rarsia<ion bztveen
then.

Many wvsrsions o tha BASIC language curren*tly exist.
Bscause cf its availabili<y at =hs Naval Postgraduaats Schcol
and its kaving wmany structursd contsol flov constructs,
Waterloo EASIC Versicn 2.0 (WBASIC) ([ Ref. 2], was chosen as
*he =specific source language <o be aplemented by <his
compiler. The powver of “he TI-59 compared to +he WEASIC
language places testricticas ugon the se* of WBASIC ccmmands
vhich cacr be translated. The specific WBASIC subset imple-
gen+:sd is d:zferrsd tc +he discussion of design issues in the

13



next chagter. #while WBASIC is easy =o learr, i+ =shoculd b=
appareat tha+t subsetzting the language will Intzoduce =
tions and rastricticns which will <erd +o complica
leazning £cr <%h2 novice and confuse <%h2 vetezar. It is
desirable tc maintair as fewv excep:sions as pessibls, azi tec
raquire tha* res+rictions be clean and obvious. A cens+4-uct
should tLte ipplemented as completely as possibla (within
cbvicus limitaticns, such as the £ils handlinc o: alphani-
meric £zatures) or net a= all.

Provisicn for eczror deteczion and debuggirg is asnctiher
important requirement o€ a language systan. Th2 iatendad

use cf <tlkis inizial systea will bz as a sucplsment <0 2n
existing WEASIC intecpretar or compilar. As such, the
cross-ccafpiler will assume error-free source prograr input.
The only zrequiremen* for error detec=ion will be <£for thae
compilar tc ra2cognize words/constIiucts which ars net iapla-
mented, but which ars ordipa-ily 1l=zgal WBASIC <ccamands.
Debugging c¢f TI-59 pprograms is so nuck more difiiculs
debugging <¢f higher 1levsl languags prograass <kat itz is
reasonakble =c assume <that a user would prefa:- <o debug his
WBASIC frcgiam using *he W@BASIC ia*tarpreter/compiler avail-
abl=. Cace the prcgraa is logically correc=, it aay b=
croses-ccapiled %0 TI-59 cecde, axz whick tize it will be
chacked £cr subset and calculator capacity errors.

The TI-59's 3designers have provided it witkh capabili+ies
wnich can Le roughly equated to <th2 powsr 2f higher lavel
larguage rcutines. Intsrchangeable 50113 Statsz Sof+wwars
(zrademack c¢€ Texas Instrumenzs, Iac.) moduizs 2llov orn-line
access tc u+tili4y pregram librariss. Pr-ogram sizps reguirsd
*0 call <hem and the exclusive =casarvazion of par:ticular
Tegisters are usvally the only storag?2 costs paid fecr use of
these likrary prograss. I+ is r2quized thas *“he pcwer of
these pcdules be harnessed by the traaslater undsr desiagn.
Additionally, other scphisticated feaziures of <hs calculator

14



should te =xploited wkenever pecssibla2 in orasr =0 raxicizs
and enhance advantages gaired by hnigh level lz2aguage
programming.

The liznker will sta*icalily 1iizk <he sSteps cf TI-59
programs so +tha* it will ro* De nrnecassary fcr a coafplete
Frogram tc reside im calculazor step storage during execu-
+ion. €ince the ssapping ia and cut of @epcry aodules in
+he form of magnetic cards can beccwa quite complica<sd for
a running procass, it will be nscassary o ksep this ganunal
system as transparen® to the uss- as caax be rsesonakbly
expacted. The fac* that the calculator has a single i+2a
display window and associazed regiszer will certairly
restrict tka degree cf transparancy which might otherwise be
possikls.

A system must perfora static linkizg If 1t exceeds
program stczage available <o it durzing exscuticn. This
Frogram will be segzeated into overlays accordiag to ke
size cf memcry availabls to i+ and the portions of code it
needs %0 execute at any given time. That a progcam bse
segmented sc as to gminiaize overlay svapping, must bEes an
additional sxplici+ requiremsnt ¢f a linker whess oveslay
svapping will be supe:zvised zanually. It is assumed <ha*t we
cannct significanzly affect +¢h=2 execution speed of the
calcula=cr. Thus, <he Znzsnt of tha miniaization Caquire-
ment should b2 cbvious--supprass »>srcgfam saegmerntaticn wnich
will tend 4c invelve humar +hsashing.

The system souarce code aust be pocrtable. In the
simplest case, it is desiced +thaz ths unmodified scurce ccde
te carpable ¢f utilization or any machine which possesses ths
r2sourcss %tc stors, compile, and =xecute i-=. Becauss of
cperating systen variaticns in 3such conventicnsg as file
naming and handling, <=ransfer and processiag of +he souzce
code in urmcdified f£crm cn ancther machine (with operating
systenm different £zom thaz o2 which iI% is devsloped) will He

15



very unliksly. However, the n2ad for chacges should b= xsp=
*0 a pinigum and shculd be localizad.

Pirally, 2s with most all majeor software proiec=s, amain-
tanence and readability are considered pvaraaount. Svaz
aftar its coapletion, the systea will certaialy contain
undiscovered bugs, areas =o iaprovs, and zcom for aidi<ions.
Purthsracre, develcrment o¢f a lacga prototype sof<wara
system requirss a great deal of cazeful planning fer addi-
tion and =n2odificaticr. Adherencs o0 =<he pragramming
principles which supccrt both raadability and azinternance is
absolnutely necessary. Addiziorally, detailsd dccuazentation
c¢f zhe scusce code will supplement and assist in achlieving
these goals.

16



III. PRELIMINARY DESIGH

Aftar requiroments dafini<ion =he next step irn =he sof:-
vare engireering process is *he formulaticn cf a prelisminary
desigr. Scund software design pripciples are applied to
rrevicusly statad requirzments to cons<ruct <he framewcck
for a softwars soluticn. It is during <=his phase of design
that many ¢f th2 mos< critical dscisions are nade. These
dacisions ma2y be based upon a vaciety cf corsideratiosns,
esacn ¢f which directly impacts “he sofivare organizaticn.
These dacisiorns and the resulting organizatiIon ar2 explored
in this charpter.

A. PBELIMINARY DESIGN DECISIONS

Befcre a design can be formalized +he 2n2gineer nuss
investigate all design options and tools available. The
following =<sec:tion summarizes <hs mnpajor dscisions whiech
strongly influenced and censtrainad many aspects of the
project. 4ith 1=2ost largs softwvate projects, =ime is an
extregely critical ra2source. As such, izs impact ufon
prelimipary design ccnsiderations is usually quite s+-ong.
Kaepirg ¢a schedule is generally cost affective. I+ will be
readily apparant that time playad 3 key Zol2 in this design
also.

1. Czoss-Coppile:

The fundamental considarations which mos+ izfluencad
design o£f +hs BAXS59 (EAsic X-compiler for the TI-59) cross-
coapile:z were the =2ethod of parsirg in wculd use, ané the
language (s) in waich it would be writzan. The availabpilisy
¢f several versions of Pascal at <hs Naval Pcs=graduaze

17



School and the workizg experisncse of <he autbors 32 =i

In

ra2port with Pascal wvers, parhaps, the ovarriding rsascas for
its =arly selection as *he design lazguage. Ir adiisicn,
*he extensibility, strong =yping, aad bklock struc=uze of
Fascal supvcrt acdulaczity, rceadabili<y, &nd aaintairapility.
I+ was a+t “hkis point that the parsing technijue Dbecage an
issue. The da2cisions ws=re rsduced to a seleczion ketween
two alterra*te approaches. Berkelay Pascal wvas avallabls on
a Digi<al Squipmert Corpeoration VAX-11/780 with Bell
Laboratories' Unix o¢operating sys:=en. The Unix systen
included =cf+ware tccls LEX and YACC which are capabls of
automatically generatirg a lexical scacner and LALR(1)
parser frcm an dinpu*t g-amamar. YACC allows the user +to
specify ccde generating actions which will be ex=cuted as
the prcducticens c¢f “he gramszar ace processed. Tk2 al“erna-
tivs system vas entirely Internationzl Business Machines
Corpcraticn. IBM Pascal VS was available on an IBM-3033AP
with V¥/370 operating systea. This syst2m deces not have the
tools fcr automatic generation c£ a compiler front end.
Inrstead, a scanner, Trscurisive dJascent parser, and ccds
genaratsr would have to be dev2lopad Zrom scratch.

While +he prespec+ of automazing the development of
BAXS9 scemed more tipme 2f£ficient and lass trouble, it turns
cut that =subtle proltlems iavolved ac-2 3any. A compilar
constructed using 1IPX and YACC is generated in tha C
language, a kind of structur:d assambly language. while i<
is possible %0 link ckject ceda2 compiisd from Bsrkley Pascal
t0 object ccde compilad froa the T language, “he 3nixing of
scu-ce code tends ¢c desz-oy th2 portability and maintain-
ability required cf the systen. Modifications or
isprcvements to the finished systsm could orly be made if
the programmer wvere familiar with Pascal, C, and +heir
interface. Likevise, a machiae wa>uld be r<quired =o hava
both C and Pascal ccempilsrs in order to procass the scurca
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coda fcr use. Thus, a rcC2cucsiva dascert coapile- in

i

ez
Pascal VS was the al+ernative selzcted. It guiczkly S=cam

T

a

apparent that a recursive descent compiler would b2
gasier *“¢c develof in pure Pascal. Usiag a block s<rzuctursed
language vhich suppecrts recursion, explicit use of parss
tables and stacks is unnecessarcy. The activa*icn reccrd
stack rasulting £from the recursiv2 procedurs ca2lls iaplic-
izly hclds +hke same information szorad in a parsing s+tack.
The advantage of using Pascal VS Is <he powerful debugging
tcols which this lanquags syst=m proviizs. While BAXS9 was
wcizten in Fascal VS, =¢ <the greatest sxtent possilbkle cnly
those ccnstructs and fesatures wiich ace stardard Pascal
[Bef. 3] vere us=zd.

Another majcr consideration iavolved zthe identifica-
tion cf the particular WBASIC language subset which could be
transla<ed to TI-S59. Both fsasiblility and <ime const-ained
this selec+ion. Ccomands and furcticons whichk primacily
cerfcrm charfacter string and <£ils aaalpulaticn wers quickly
elimina<ed. The TI-59 is wsak in alphanumerics and iis
gs=orage capacity 4is 420 small to consider any ccrcep: cf
fils kandling.

Tke WBASIC language is tich wizh matrix and ac:ay
functions and constructs. The overhsad and difficul<y cf
isplesen*ing these orpera+ions wouli ouzwsigh zany prcg-aam:ing
bsnafi%s <hey could frovide. As a casalt, sunc*icnes and
constructs iavolviang all composize dataz types were rulad
out. #ith only slight overhead , it 1s possibls =¢ iapis-
sent limited size, single-dimensioral ar-ays. Hcwever, <ime
zestricticns requized =zhat this concaept remain 2 suggesiad
improvemernt.

In crdar +to simplify the t-aaslation of a WEASIC
source program, it was decidad <o allow *hs 3AX59 scanrsr to
cecognize =211 WBASIC keyvords as cessrved words. This
fcovidel a clear distinction pe+ween real =ro=g and
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cccurrzeacds of lszgal kayvords which had passed <h-cugh =zhe
WBASIC interpreter but which had pot been igplement=d in <hs
subset. Othezwise, legitima+e WBASIC keywords, 2ot iazple-
mented in BAXS9, would be =r2a+el and <rarslatad as
iden+tifiers. This cbvious incomnsistency wmight ks vary
difficult fcr the user to detect as an ercrcr. I+ should bs
noted that WBASIC function razes ar? nact handled in this
wavy. The reason is +hat the user can ex=end tae FBAXS9
kuilt-in function litracv. Fuzthar discussicn of +this idsa
is defsrred to Chapter IV.

Appendix A is a summary of ths WBASIC keywerds and
func+ione which have Feen igplementedéd i1 BAXS59 versicr 1.0.
There ace three gen2ral categories 2f keywords r=cognized by
this crecss-compiler. Command -eserved words ace iaplamented
WBASIC kxeywcrds which indicate <the start of a par=icular
WBASIC ccnstruct or stateément. Supplemental -sssrzved words
are iwsplemernted WBASIC YXeywords which «cannot be used +o
begin a coastruct cI tassment, buz wvhich can be used
(cpticnally at “+imes) within same %*c guide the Interprezsr.
Unimplesent=d eserved words ace all WBASIC keywoz-ds which
have no<« keen igpl2mented irn BAXS9. Th=s use of zhis last
catsgcry cf reserved words will ce2sult 3ia a <fatal subset
error during translation.

2. Liaker

Ir designing the linker <hrse najor problems a:toss.
This Zfirst problem involved ¢he fact <hat +*the linker is
mainly a rccstprecesscr 0f compilad data. As such, Lhs
linker is Fkighly d=cendent on +the coapiler por+iorn c¢f =<2
groject. If <bis depsndancy wzar=2 allowed, th=a aocst work on
the linker would have to be deferzed un<il =<he compilar was
forpalizeé ard ir the iaplementatisn phase of design. The
second prerlem involved settling on 2 sirategy <C segment
compiled ccde according <o the sofitvwace :seguizeman: =o
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ainimize magne+tic carzd reads. Ivo courses cf acticr Wsts
disccvsrsed, sach of which had advantagss over the ozasc,
The +hizd prcblea iavclvad hew prozptiang procedures wessz %o
be used 4¢ ensure prcper sxecution of <he segaen+ted poegraw.
Fzroceduzes ware required to be wusaz-friendly and =asily
urndarstccd.

In the first problasm it was dscided +*o make tha
coupling ke*vween <+he linker and the coampiler as 1lons2 as
possible thereby ceducing th2 dependeacy. This was achieved
by defining a sgpecific "third parzy" intacfacs bstween ths
compiler and 1linker, This interface was ief:ned ¢ be a
tax* file ccn%aining *hz four coled pieces of infcraaticn
requized by the linker to accoamplish i1ts task.

This arrangement had several advantages ard disad-
vantages. Oae advantage was that it allowad £2r <he
parallel developasnt cf +he linker and the coapiler. Since
the interfacse was well defined, o other inZormation needad
to pass tstween the linker and the cress-coampiler. By using
this systea, int rfacing considazasions such a naming
conventicns wez2 nil since each process was %otally iIndepen-
dans, Aaczhar aﬂvantaq& concarned future izpieasntations.
I vas ervisioned <that futuce versions of th: systsm would
b= imfpl=gented cn microcomputacs. 3y havircgy thae projsct
divided Zn kalf both logically and physically i+t weuld be
easily acdapzable +o the more constricticg amemory c-squizs-
ments of the aicrccomputer envizonment. Thes=2 =90
advantages alone ou“weighed +hs caly najor disadvanzags o

(o]

+he decision. The disadvantage is that the linker nesdsd =o
Ees able *c regenzrate ths caup:lid iiaked TI-59 cgde s%Tuc-
ture which was criginally produced by the compile:. As it

turned out, this peralty wvas small whern compazed +¢ zhe
overall size 92f the finished liake:.

21



The s2cond prcbleaa was a very difficul: pockler =2
solve., LCue %5 the lisited size of the calculator aemo:ry and
the cumbersc»e nature c¢f <ha pagrnezzic card Pracking stcrags
system, ths sof=ware requirements dictate %h2 miaimizasicn
cf wmagnetic card reads. This reguicement mandaztad <che
following decision: a code segment-break cannct ccecur
withir a backward locrp. It would be preposterous *c read a
aagnetic card every time a prcgram 2nccuntsred a ssgment
break wi<hir a “housand iteration backwa=-d lcop. This lead
to the fcllewiang hierarchy c¢f sejaentation <rilss. Fizs:
priority, segmen=zaticn may no*t occur within a backwari locp.
Second cricrity, gaintain invok2d subrcutines wizh the
invoking code. Third priorizy, ke2p -adjacent s=quential
coda togetker. To implement <thssa decisions i+ Dbecame
necessary to axamine the control f£flow s<sucture of ar incu*
Erogran.

Tke decision as %o hkew 30 acso2mpiish this cennrol

lov exaziration is <ths foundation 92f 1linker Adesigqn.

Pasically, “vw> options vere dezecmined. One deal* with <he
input p-cgram as a whole and *he othar 3eals wi<zh i+ as a
gser.2as o2f sequertial parts.

Ir dealing with <he input progzam as a whola, <he
desigr algerithm would check =0 s2e if =32z gpoocgram mes the
remory lizi<ations. IZ it di3 nor then the algerithm would
examine *he contrcl s=<ructure and detezamirnz whers tec make an
cptimal treak, “hat is, a br2ak in a seguen=ial psreich of
the program. It would then chack each new segment *C snesurs

“hat they ccoplisd with *he mamory csst=ic*iom. The alge-
ritca wculd continue until all segmexts mat tha remcry
reguireasnts.

In 4*ke other method “he program vas Jdecoaposed into

a s2ries of sequential segments (a seguential sa2gaent is
defized a: a segment which dcas Dot contalnm 23 backwazd lcop
ssfarence +%c any 4ias=cuction o+*her <haa possibly =o <he



£irss instruction of +the segments) . The algeri<hm £i:-s<

determinéd <thé sequential segasnzs. Next the algcrizan
combinaed adjacenat sagmernts until “he aeamacry limi=z was
erccuntsred. At zhis point a sejmeztaticn cccurrad. The

memory lizits were reset and the cocabiaizng process ccentinued
gntil ancther limi= was encoun%*eéced or the whecle sequen-
=ially secaented iaput program vas oracessszd.

Th2a second ma*hod vas selec=ed for two rzasons. The
€irst reason is that «hke first mechod =ven=zually regquircsd
*he evalvaticn < ccde cn a small s2gament ls=vel =uch like
tk2 ssccnd %o determina a suizabl2 ssegmentations point.
Rather tkan do this and wmore, it was decided %¢ just eval-
uzte the small segments ard build up rather zhar down. Tha
sacend reascn was =hat the second wmothod lept itself %o a
recursive sclutic duriag the -ecombinzzien process. The
racursive sclutica greatly rzduced the la2ngth and complexity
cf ~he segmentation ccda.

Tke third prechlem invelved decidiing upoa a aethed
for acccrgrlishing the prompiing ¢f <the user. ore me:hod
dealt wish assigning cod2d prcap% nuabzrs 2f shert leag+h =¢
te built ip*c *he codsa. The other m2thod invclved buildiag
larger self-explanatcry preoapss Iazo the +he cols. Tas
szcond chcice was selected. This was dspz to =tadiace ke
nuaber cf instzucticn =z2ferences that a user aigk+ khave s
maka du-ing +he execu+ion of <the ageneratsd calculazor
ETOgTram. This wvas in keeping wizh %the requiremen®t to make
tha sys*em user-£riendly.

B. PRELIMINARY TCESIGN ORGANIZATION

Thus far the system design spacs has basn rarrowed %o
the design laanguage, sourc2 languags siubssi, 2and <he gene:zal
techniques fcr ccapila+:zen and linkicg. Organizaczicn of the

b

sof<wars In=o <£uncticnal categoriss 1@ay nov egiz. This
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rzxt phasze of develsopment is chacactazizad Eky & ocrs

spacialized, vy2t still prelininary consideraticn ¢f sys=sa

B

coapcrents. I+« shculd be apoareas DY naovw thaz a rna<ura

divisicn into %wo rajor fuac=isazal coampon2nts, CogoEg=-
compiler anéd lirpker, has besn assum2d4 since concagticn of
<he systenm. Fer a “vo—-pan design team, this partitioning

appeared to hava the greatest potsrtial for success,. It
allowed thke simultaneous devzlopm2nt of =wo indecanden+
systém ccagpcnants of lcw ccupliag [Ref. 4: p. B85] aad aiqgh
cokesicn [Ref. 4: p. 106]. Tha -asulz of zais sscaczazion

iaizazior

]

was a2 minimizaticn cf programmer interaction, @ma

of work time efficiency, and siaplification 3£ imtarfacing.
The remainder of <this secticn outlines =zthe gpoeliasizacy
desigr and organiza*icn of “ks cross-compiler, 1iinksz, and

tha dirsc* Interface tetvwesrn them.

The comaon fcra of all vscsions ¢f BASIC languzags
can Lt2 characteziz2d as impearativs, line-oriented, and
saquenzial. The da2sign of BAXS59 Is based upon this fac:.
Each WEBASIC line is parsed, beginaning To &nd, by recuzsive
descent. Equivalent TI-S9 code is generated for esach iine
concurrently with +he pac-sing operazioi. This means “hac
2AX59 will succassiully trazslate a ssquance of syntaczi-
cally eccrrect ye< meaaiaglsss WBASIC stateaents izto

equivalent TI-59 cede. dovever, *the TI-39 cod=z will k= as
meaninglsss as the scurce cods. For =his c-zasoa, - HR A

recommended that the user sucrcessfully csxecute his WEASIC
source prograa using a WBASIC intespretar (or cecapilar/
loader) pricr “o translation with BAXSY.

A linre=-oriented view of zhe source coédz ¢
sevaral advanrtages =0 tnh2 desiga. Pirst, *th2ce is a d
seguertial cerrelaticn betwean <he cziginal sousce oragranm
2and +ke 4+ranslatad TI=59 code. A will b2 ssen later, =his
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a_.lows zasy managemsrn*t -Z “he

"

3
ated data. Sscond, the pacse drivsr -ouziae can
simple laep, sinc2 linss ars o
+ipe until the 2ad of the source fil=. Thiz- 1,
source as a sequances of independent pieces grea

tatss an iterative e&nhancemant approach ([Ref. 5] =o <h=2

p-ogressive development of EAXS9. This approach vizsually
gquacantees & Jorking preototype cthooughout the coding phass,
anqg Suprocts both rzliabilisy apd mainzainabilicy.
Modificaticns can be quickly tas==d within the cenzext of
“ha entire compiler svstex to dateo. Joorn complazicn, =ha

pcogranges t2nds to have grea+er confidence in his rroduce
b2cause a great dsal cf tsstirg has already besn conductesl.
EAXS9 was temporally srganized Into <4ho2e 32 jos
fanctioral secticns: iaiszialiization, <raasla=isn, 2n3i saso-
letion. The primacy opera<icns parformed by inizialization
irvclve se=ting up daza structures anld iaitializing variacls
valaes., There are threa2 azdor dzta structures manipulaczed
ty the t-ansla*iecn section: the =r2sarvad word zalkle, the
syabocl =akle, and ths code data sTrucsurs. Conceptual sub-
divisicne of this sec¢tion, =nz23ely the scanns>, <ha ocaTss:r,
and the ccds gensratc:o, manage eich daztabass respectively.
Wkile <+bke scanner is a sepacatz Toutine by istsszlE, *he
parss: and code generator acs 5Ot AS sepacataly cdefinsd.
These functicas arz actually pesriorasd concursntly by 2 sa=
of mutuzily zecuc-sive procedures uwadss <thz dirzcticn cf the
main driver. This drivsr calls tas cor-ect subprograz inte
executicn s 1its corzresponding WBASIC comstrzuct is recog-
nized. Chce translation has teern coapletsd, “<he r=s
sacticn ctocesses <=<he gesnerat=d c2de iznto 2 fora s
for final outpu=. This iacludes labsi inssz+icna, ¢
coptizizaticn, and abscluts addzess r=soluzion.



2. Linker

The linker was organized into =hr=e phases. The
design c¢f thess phases were <the direct re2sulzs 2£  4he
cceceeding design decisions zade iz th2 preliazinacy cthass.

Tte firs+ phase is the direct result of <+he locse
coupling tetween the linker and coapiler ard <he dacisizen te
combipa =mzll sequential sega=ants to form aamcIiy-size
constraired segments. I+ is th2 pr:processor phase. This
phase prccesses the intscface Inmpus £ile 2and zacens<zucis
the ccmpiled linked ccde s+ructurs. Irn =24diticr =<h2 prepro-
csssor deterainss the sequential s3gmen%ts of ccds 2nd
cons*ructs ac iaternal data zable called th: s=zgment +%akle
which is us=sd by ¢t+he s2cond phase, the segmsentatior phasa,
The segmentation phase utilizes tha Isacucsive 2lgorithm ¢
recomkine sequential code. The postprocessor bhacse is the
resulit of cutpu+ design dzcisions. This phase iaser<s the
fcompting ccde and deveslops tha sagaanted cods ists %o b=
cutput tc +the user. It ther produces the code in a +ex+
foraat together with specific Instructions as =c its use.

3. Dirscs Interfac

Ths design crganizazion is buil+® around <he locsely
counled ccmpiler a
through the rigid definiticn of the irsterface tax:t ZLile,

nd linkar. This ccupling is made fossiktle

Tha crgaciza*ion of this tex= file is cricical *o the design
and will te described in ao0re Zetail.

The t2x% f£ile is <he corly dirzct transmittal ¢f data
tetwaen ccmpilar and linksr. Four pieces cf da*a are trans-
pitted. They aze tke follcoving: A nuabe:r sigrifying ths
nex+< r=zgister availatle £for usa; genarated code 1list iop a
rumeric fcrrattaed form; text contalning DATA/READ infcroma-
tion; =2nd +ex* containiag +<ha mappizg of TI¥I-59 c-egissars to
EASIC varibles. Zach piece of infecraa<ion is preceeded by 2



£XXX in the firs+ coluan where XXX is a ruamber. This siagle
format enables +he linksr +o easily locat2 <the
informaticr and process it accordiagly. Since *hkis is the
enly exrlicit in%erface, the compiler and linker are act as
dependent on eack o her as they would hava been in a clcsely
coupled system.
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IV. DETAILED DESIGN

The scurce code contained in Appendica2s C aznd D prcvides
high rescluzior understanding of the systenm. However, in
order to crovide rationale behiad design ZIssugs fer a
languages systaas coaprised of almost 10,000 liras cf cods and
ccaaent, discussions cf some dztail are in order.

It i= nct our intertion +c explain everythiag. wha=s w2
wish ¢¢ do in this chapter is %o intrcduce dAssign details
and stratsgies of the acre iaportant concepts and comporents
in the system. This will sezve to fllus<rate software engi-
neering and hov it is used ia this projact.

Upon <he comgleticn of preliminary design, =the dstailed

design is begurn. It is during this phasa that the aczual
details c¢f full <ZIgplementation are d2fined and laid ou=
pzior %o¢ coding. Catzgorized under cross-compilsr and

linkar, ths genezal format for the sub=-sectiorns ¢f +his
chapter will 4include an informal solu*ion stirategy fcr a
specific d2sign problem, followed by 2 discussicr of %he
major data cbjects and procadures wnich maaipulate *hose
cbjects. Whece appropriate, izta--procedurs intesrfacing
cziteria are osutlined. In several casss, significaat prob-
lams, their solutions, and possible systza IZazprovements ac2
discuss<d. The 1last ssction vpraseats Zaplicit inzerfacs
design which iapacts greatly on th: system.

A. CBOSS-CCHPILER

The fundamental design of 2AX53 is a finite state
machine driven by a main loop. Cace values and da+a st-uc-
tures have been initializad, program contzol enters +he nmain
loop which scans, parses, and generazes TI-59 cods £:or cns
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WBASIC scurce line. A+ ~he end of lins, the loop checks £o=
end cf scucce file. As long as thé end of file 1= not
detactzd, the 3maia lcop repeats 1+ts processing ¢ =sach
succeeding line cf scurce code. When end of file is fcurd,
conzrcl exits <%he main loop and post-prccessing begins on
the ogenerated TI-59 cecde. This includes insertica of
suspended code data, optimization, address resoluzicrn, and
final cutprut of code and associated daza.

The sntire cross-compila*icn process is broksr down into
15 fancticnal areas. These ars ouzlined by *he contcur
diagram in Figure 4.1 No*e that solid lines Indicate actual
rrocedures (B/) or functions (F/). while dotted lires only
indicate logical asscciation. Although these 2arecas often
depend ugcn one anotker, the parzicular services perfcreed
by cach differ enough to alliow ipdapandent analysis. dezz2
i« nct fcr limitations imposed by the Pascal language, 3any
pore procsdurss and furctione would have been +ightly pack-
aged in crder to hide implementation dstails LEetwean
functional areas. Wha*t follows is 23 suzvey of th2 zajor
functicnal arsas of EAXS59 and the dzsign details f£o9r zaca.

1. Ipitializatic:n
In *thz interest of execuzica time sfficisncy all
runa-time actiors which =requized cecaplaticn prier +o <the
stact of rarsing are incorporatsd into pzoceduse IVNITIALIZZ.

i

3 resuylt, some variables and databases which would othez-
wise have been local %o <=h2ir =zs:spective procsdures,
requirsd glcbaliza+icn. Ons paTticulaz s2xample is the
rasarved word table. This data structure is buil+ of Jata
supplied frcwm ou+<side the prog=zam in fils RATELF. Since zhe
seserved words ocontained in this £file nsed only be lcaded
cnce (&t *he start of exsacutxion), ~hare was nc cood reason
*0 nlac2 <hem in*o prccadure SCAN, which is called cf“en by
fars& rcutines, While i~ wculd have bean possible %3 use a
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toolean switch tc detect the Initial call to SCAN and subea-
guently getnerate tha reserved word zanl2 at this ficst cz2il,
this would have increased <+he <coupling between nodulss,
Loading tke reserved word *able from ou*side *ks rrcoram
cifers several advantages. First, changas to the resecved
word takle can be made easily (this process will be
discussed whar the scanner is considera2d). S=cond, th= user
can check c¢ne2 file (RWTBLF) ian ordar to sze <th2 ressrtved
words raccgrizad by EAXS9. Third, the lcadiag rTou+ine ices
net need *c Xnow the words <=hamselves, oply =he nzaze and
forzat of the file ip which *hey -=sids.

Built-in furctions are alsc loaded by proceduare
INITIALIZE. This cperation actually c-equires <“wo crdsred
staps. Fiz=st, *“he syabsl *able aust be cr=zated. Secornd,
function recognition and geparation daza is ceadi from
cutside £iles (BIFNCF and BIFNLF) and +the syabol “atls
management routizes are used to put this daza in the tatble.
Loading tke built-in functions by wusing *he saas rcu+ines
wkich <the parser will use <0 aanage the syabol table,
ensures table cchasistancy and prcmotas readability. This
approach has been +taken as cften as possible in designing
*he cross-ccmpiler.

The complexity of the abowve iai<ializatior prcocesses
as well as +the th2 TI-59 kayccds zex:t (CT2ATF) lgading
process required <tha% these operations be abs=racted iato
individual suboiograms. Howaver, pzocadurs INITIALIZE
paerfcrms gany other pre=-compillaticn activities which could

ke performed sequentially. F-obably =ns most iampcr=an+t of
these activities is the simpls ini<ialization c¢f wariacle
values. The iaportance o©0£f <this task is 2levated by a

sericus hcle in the EFascal VS iapliem=2atation. The Pascal Vs
coapiler will pot detect the fallure to initialize a vari-
able walue prior to i%ts use. whas is worse, zandom valges
which exis* in pecints- refersnces o othar variable stcrage
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acsas will ke used as is, vhethes they were 2ut =hs-e 0y zthe
user or not. As a result, failuc-2 zo inizialize values was
a majcr source of errcr during deva2lopmert of BAXSH9. Tacse
types of errors tended *o be sxtramely difficult +c dshug,
since ttey cften surfaced ia*s and usually iz amciulss leng
thougkt t¢ ke robusct,

In sunmary, procedurs INITIALIZE loads all informa-
tion which will re ne2ded by *he translation and resolution
stages, ccasiructs ccnveniances data such as charac<+er sets,
assigns statting values to all variablss acd pointars.

2. Sganne:

At the lowest level of abstraction wi*nin the trans-
laticn ccaponent of EAA59 is the scarmner, procedurs SCAN.
This sincle, sszlf-corntained subprcgran is basically designed
on thrse impertant ccncepts. Pirst, zhe scanner is izse2lf a
finite s*a*s machine. Second, with the exception cf procez-
dur= INITIALIZE and some systan constants, itz
igplesentaticn is +transparent o th2 rest of the c¢ross-
compiler. Third, +he database which It uses for +tokan
recogpiticn is simple, tine efficiap+, and gareral.

Th2 stat= 2acain2 logic cf£ proc=adurs SCAN Frovides

knowledge cf token streams in frse fo-amzt and nctaning aore.
ts primarcy 9Job is %o read <he source f£fila character by
charactsr iz ordar tc isolaze and racognize 3ingle tokens.
Bowever, prccedure SCAN Z= designed to do auch acre. PFirst,
i< reads and cenverts line numbers. t also fillls as nsces-
gary <hke line buffer and accumulat2r, +he da*ta struc=ures
vhich =stcre the 1line and <tokea cucrently bDeing scannaed
rsspectively. The scannss also dstectis the =2nd of a scurce
fils which Bhas 10 explicit WBASIC "END" =sta2tenmsxnt. This
allows 4 more graceful conclusicn %2 wha*t might ostherwise be
an abrupt exit.
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Iwc cther fuactisas parformed by the scaarnsr will
illustratz i+s <cransgarsncy %0 <he =est o0f +*tihe <cross-
compiler. These are recognizion 2f <he 2nd of a lire 224 of
contipuation lines. Frocedure SCAN -=ads ard lczés %he line
tuffer (LINEUP) with a new iine cf source text each tige th=2
end of line character ("a") r continuation line character
("&") is fcund. The c¢nly difference is that the end of line
token nusker wmust be passed up tTo “the parsin Tcutines so
<ha* *hs pain loop will knew when it has parsed crne entire
line. Co tha <¢ther haui, the continuation chacacter can
remain invisible to <the parser, vhich visws only whclsz
scurce lines,

As mentisned Lefoze, +h2 databass used by procedurs
SCAN is the rsserved wecrd table. Although rof=s=red %¢c as a
+able, “ks iptmernal reprssentaticn of this da<sabazse iz actu-
ally three coordina+ed arrays ccastiructed fzz@m ths RWTELF
file by precceduce TNITIALIZE. These a-rays are usedéd =

8]

compare the charactess of a token 1in the accumulatcs =¢ th
characters ¢f reserved wcrds. The siamplicity and efficisncy
of +this ccmparison is illustrated In Figu=~ 4.2, vhich
depicts a ccndensed scheazsatic of =he a-cays. ¥cts that the

(17

characters in <he RWCHAR array arce arcangeé in crisc-c of
increasing word leagth. A resarved word look up is tased
upon the length cf thke wezd ia *he accumula%ors. Coaparison
begins at ke first charactar c¢2 <the £irs+t world iz 4ha
RACHAR array which matches the length of th2 scken in the
accumsulator. Ccmparison ends when eithsr all characiers in
the accusulator zatch a string ia th2 RWCHAR array, o vhen
the characters <¢f all words of a givea 1leagth have Dbesn
compared to the accumulator without succass.

The EWWORD array references the s+ar% index cf =ach
word in the RWCHAR array, while tne RWLENG ac-ay ra2ferences
the s*a-*t index for the first word ia the RWWORD arzay for
tha* length index. The indexes of the RWWORD acray are used
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RWCHAR |+ |- |+ |I |F |T JO |L |E |T |F |O |R

(INOEX) 10 11 12 13 14 15 16 17 18 19 20 21 22

O O T ) ].

RWWORD 101111211315 |17 |20

(INDEX) 10 11 12 13 14 15 16 (= TOKEN NUMBERS)
| I
t ]

RWLENG 1 11315

( INDEX) 1 2 3 4 5 & (= RW WORD LENGTHS)

RUCHAR STORES AESERVED WORD CMARS [N ORDER OF TWCREASING WORD LEMCTH.
RAWORD STORES IMNDIXES OF RWCHAR CORRESPOMDING TO FIRST CHAR OF EACH WORD.
PLENG STORES THDEDTS OF RVWORD CORRESPOMDING TO FIRST WORD OF NEW LENCTM,

MOTE: ARROVE TMDICATE RELATIVE AARAY REFERENCIS, MOT ARSOLUTE POIMTERS.

— . c—— i R o S o S St

e e S S S e o S L — —— S

Figqure 4,2 Reserved Word Table Arrcays.



as <=he *oken numbezs retuc-ned by +the scannsr alfzse- a
successful look up. Should a lcok wup copera<ior <£2il =o
racognize the accupsulator “oken, =<hen the =cken is zssumed
*0 be a waziable identiZier. Other token +ypes, =uck az
numerics, are recognized prior %o table look up. This mech-
arism and the fact that the scarner is indeperdent {-cm the
Farser require +that WBASIC keywords be reserved. 1f
keyvwerds sare ovarloaded as variablzs identifisrcs, the parse:s
would have tc communicate its <tokern type expscta*icr %¢ <he
scanrer. Tokern cverloading would g-eazly hampsz
r2adakility.

Cna scarnar related pr-obliam which -=quized 2 zela-
rively ccmplex =olution concerned “ha conversien of WEASIC
to TI-59 numeric values. The calculator display window
rest=ricts the number of sigrnificant figuzes which can b=
éntared frcm the keykcard. Pcr nuabers withcut 2xponentis, a
paximum c£ zer digits (with decimal point) can bs entered.
Nuabers wizth expcnents are allowed s maxiaum cf =2:ight digits
in the mantissa and two in “he =axponent. Because c¢f z<his
Tas+riczicn, a ra*her coamplicated procedure was dssigned %o
convert WEASIC aumeric values 4o TI-59 compatipls wvaluss
withoutr los=ing sgquivalerce. Fzocadu-e ADJUST performs
decizal pcirt shifting and exporent aodificazion on WEASIC
numsrics which con%ain too mary significarnt figures fo:z the
TI-59. 1The coazatior caz, ¢f course, c-educe significance by
+-uncaticr of excess digits. Zxcept for this loss of
digits, equivalence is maintained.

3. Ezzcy Hapdling

At this podint it 4is appropriaza to discuss erro:
recegni<icn and rcTeccvery. As impliad eariisr, the ercror
detecticr carability in B3AX59 is =z=latively w2ak arnd incem-
pla~e as ccoparted to full languags compilers. Tk= cCeascn is
<hkat +the =systen requirenmenis spacified ec-zor-free inzut
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scurce files. Tha primacy wuse sz this systsa iz as =
supplemsrt *5 aa existir gASIC language interdrze=er oI
compilez. [ebugging cf TI-59 progrzams Is a hard eacugh task
without adding <he ccmplexity imposed Dby absence c¢I EASIC
language run-+iae diagrostics. Therefor-sz, users c¢Z EAX59
are strcngly advised tc 2psure that a WBASIC program is
corTsct syatactically, semaasically, zaad logically by
zuaning i% in the WBASIC savironment, before =saasla+icn to
TI-59 code. Brror handliag in BaX59 is restricted +¢c detec-
zion of =subsst rela+tsd excep:ions, calculator capacity
its, and ercozs of coportuanity.

The cross-compiler is designsed for cecogaitior of
two major <types of erzcrs: faztal =rrots and wvwacning
B&sSsages. Fatal erxzcrs are furtaer categotized as scanrne:s
or pazssr dstactad.

Warrning messages are gensctally unczelated <o WEASIC
syntactic or semantic p-oblams. Thaey cefer +t¢ pcterzial
difficul+ics wi*th *he TI-59 run-time ervi-onaen<, acst
comacnly (bu* no* always) calcula<zor capaci=y. Such ccrdi-
“icns as toc many registers in use, t20 amany labels i1 use,
Cr eXxcassively nestad subrou=ins calls, will t-igger warn-
ings. Each messags is explici:z and cau=iors the user of a
situaticn which is censiderad akacrazl to =he calculator.
Since =hese errocs a:zs unrelatzed <25 th2a WBASIC scucce code,
varning messages do nct hal+t the pars-ig or coda2 genera*ichn
f-ocessss. Howsver, TI-59 code generated Z-om a WEASIC
sou=ce f£il= tha+t prcduced waraipgs 3is not guarcanteed *o
axacute prcgerly, if at all.

The warning ressage is siailaz “¢ non-£fa%tal errercs
in £ull language comcilers. Th2 reason £or coatinuazicn of
code genera<ion is slightly 41 2nt. A use:r of BAXS59 will
most likely need to acdify and tailcr his WBASIC pc-cgram %o
fi+ calculater ccnstraints and capacitiss. darnirgs are 2

nchn-fazal acans <f providing n=2az equivalent code data Zfor
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use in ccmparison of efficianciaes, capacitiss, 0z cecnsis-
*sncy. Even though the ccde may not succsssfully sxecu=e on
the calculazor, it s311] represepts a direct Trarslatz:ion
f-oa WEASIC and 1s a Tairly accu-azas icdicaticn of o=-cgzraa
eiza, regiszer/label use, ec=c.

Uplixe a warning, one £3<al ecror will flag ths main
loop agairst fur*her pacsing and code generazion. However,
scanning for tokers continues uatil th2 ernd cf +the scusce
file is rzeached. Thus, orly a single £a%al syn=ax sr-o:- can
ave:r ke detec=ed i:- ozn2 BAXS9 sxscutien, although =<he
scannreér will cca*inve <to dstec: any anumber cf lexical
errores. Fatal errcrs ar2 also catzgecrized as sukset orf
non-subse= r=latad. Noz-subset sr-crs are thoss previcusly
refzrrzd to as srrors of opportunity. Du=ing +he cecding
phass of develcpaens, simple syntax checks wsze cftarn
irserted in%*o the logic of the parsing rcu<inas. Thesa wvers
usually cae-lina IF-THEN-ELSE coastiuc:s which cost vary
li==le sut were highly protective. Por exanmple, +ke main
lcep c¢a2lls rrecsduss PGOTC whenever +the GOTO command is
racognized. Since errcor-free input is requiced, <his procs-
ducs cculd tave been written %40 assume *hat +“he nsxt toksn
mas< ke a numarsic line rsfsrencs. Ias tead, it was a siaggle
aztter tc check the nex:t token's <=ype and call a syntax
erccr (EEBRCE) if i+ wer=2 no* num=ric. Hotz2, however, “ha+

cf PGOTO will not «call an srror £c¢r a pumeric

'.h

*oken which contalins a fzactional part, clearly a syntax
8TTOr. In fact. the cross-ccopiler is not likaly <o detec*
an a2rror a+ all. Exscution may =2sult in a Pascal VS cun-
~imes e:zror. The season is sthat <he numeric s+tc-iag will be
converteéd tc an integsr value based on ordinal valiues of the
charactars. The decimal poin+t will appear to BAXS9 as any
czh=2r character. Hcwever, i*s o-dinal value will be add=d
during cenversion resultiag in an incoasistent integser valus
for +*he line reference. The rouzine wusei <o se+ Jjumo
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pointers will orobably 929t be ablz <o fipd <ke line neakss
since it is already in error.

Although oftzn incomplsssz, ~hese €EZTCT =IzDS
providzd nuch assistance ic t-acking systém bugs., Tha <=ech-
n-gue used was to *translate =impls soursce przgraams known %o
ke cerrect., 3=rrcrs, tripped at th2se check peinis by sys=<em
bugs, usually indica*ed <+he likzly <=rcuble spcts. The
faulty zcutinre had tkelped@ in parsing ei<her *he s*tatement
which causad <he erzcr or +he szatemsn* hich iarmediazsly
preceded it. Since the token wvhica =ripped =he =Tror was
also kncwr, the exact rcoutine and =the specific kug wsre
csasily £fcund.

Subsst related ec-rors vwere definzd in <he sofiware
reguirements. The user aust be =213 where zrd hcw he has
nisused the systen. BAX59 incorporatss all WBASIC ksywvo:xds
(Versicn 2.0) im its resezved wccd zable. Thke main lccp
logic ccntains the informatiosn +o distinguish be+«wean lzple-
zanted keywcrds and unimplenmsnted keywords. This technique
allcvs “tke reserved wcrd tablz anéd implementaé subset %o be
easily expanded (o- contrac+zad). Such a “echnigue s~rcnaly
supgcrts the cequirement for maizsainanle source code.

There is more roca £or iaprovemsant In th area o=
€zror dstec=ion and handling *haa Ia aay cthe: aspect of the
cross-ccapiler. The capability could cer<tai:zly be extsnded
=C pProtect against all possibls syataciic and semantic
€Z-0rs sc¢ that pzior compilation 3S- Interprstation would be

unaacessary. Hcvaver, <ths benefitz ¢ be gained ars ques-
tionakle, since run-tiae and logical <2abuggiag ¢£ 7TI-59
frograms is 1o easy task. A spscizl £ile f¢ hecld erzccs

pEssage itex* might help %o r=zduce some of *he awvkwardnasss in
pcr«icns c¢£ <the code which issue “h2se mes=zages. Wizhin
*his file the messagss could be index=d by nuaber, thershy
2lloving mcre verbose and possibly cl2arer =xplana%icns cf
errors. Gene-ally speakiag, +he cfitical zesourc2 of +ime
£aozced the design of error handling to bz barely adequa*=.
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4. Syskcl Tabls Managamen:

Crne of the mcre important duzias of zhe parcses Is <c
3anage the symbol takle. The BAX59 symbol table is a varzi-
atle Lkucket hash takle similar %o one described by Aho acnd
Ullman [Bef. 6]. The data s+ructure used is an acray of
pointers. The indices +o this array of bass pcirters are
hash values compu*ed by taking the wmcdulc 99 sum of +he
ordinal values of identifiar chac-acters. This cperaticn is
perfcrmed ty precedurs HASHVAL. Figure 4.3 depic*ts =h
structare of the tabls i+s2lf and its fcur types of idernti-
Zier entries. Three of the four typas c¢f identifiere ars
fanctions. These will be discusssd later In this chacter
The imprortarnt structural feature =c rotlice new is tha=z gach
rcede has a SIOTP £ield regardless of varisrnt %*aq., The SLOTP
£ield 3is each entry's link in the wvariable length chain
waick fcrzs a bucket. In order %o insuze that po unipitial-
ized pcirver references or variablss occur, rew ncéas are
created as neecded by the separate function GETSLOT. Th=2 iob
¢f <his function Is to create the nod2 and 0o insute that
all of its fields have been initializad <o default values.
This saze approach to data siructure ccnstruction is used
throughou*t 2AX59 in czder to protect &gainst randcam initial-
izaticr b7 the Pascal VS coapilar.

Tre look ugp operation of procedure IDLOGKUP is
siaply ¢ hagh the characters of the iderntifier “ckern in the
accumulatecs to the ccrrect base pointer bucket ir the symboi
“2ble. Tke IDENT £field of each slot node is comparesd to the
accumuiatcs token un+“il either & match or a nil peinter is
found. If a match is found, a poipter to that slct is
rezurred. If no match is found, *hen a slct for “he accuau-
latcrs identifier +*oken is automatically added <o the symbtol
table in “he bucket just searched. A pointer %o this pew

slot Is +hen return=d. This 1is ia accordarce wizth +he
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SLOT RECORD ENTRIES
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Figure 4.3 Symbal Table.
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separn+ic rules of the BASIC language which =allows ZI:plicis
declarazicn ¢f wvarialble ramss by using them in sta<a2msn=s.

Tte inserticn of ne&v idszazifiers Iinto the symbol
table is vpezformed ty procaduze ENTERID. This pccesdurs
crea<~es <he nevw slot, £ills all £:21ds which are Knewn, 2cd
links the =slot into the symbol <=able. It is alsc dusing
this procsss that identifiers are assignsd TI-59 registers
for ccde gensration furposes. Punction NEWREG handles the
register gcel, which 4is actually nothing mcre <+thar an
implicit stack of integers. Ar inpocr+ant fsature regazding
the assigrment ocf registers o wvariable names is <hat +he
us2r has =scee contrecl over <thése assignments £-cm oustsids
the program. Includzsd in the LABELF file is a placs to liss
register numkers which the ussr wants to resezve for his own
use. Function NEWHEG will not assign these nuakers =<2
WBASIC variable names. The significance and power of this
contrcl fea*ture becores more apparsnt during the discussiorn
of functicas. The user is cautioned against rasecviag tae
last assignable regis+er numbez (Sys=en pazametaer in
constant declaration blsck: REG3ASE). dessrving this
zsgister will shert cizcui+ the logic which reports a TI-59
menccy overflow warning message, the situaticn in which too
many registers are iz usa.

As a firal ncte, there aze zwo foras of cuzput which
th

ai
La=

]

¢l

ars closely associatzd wizh “h2 symbol =able. One i

2]
ri

WBASIC variable name %o TI-59 regiszar mappizg which ¢
lates vaziables <o register assignmsats. Th: ozhe:

(]
]

a
cptionally available syabol *able imaga, which 1lists sach
table en4zy in tucket order with zyove and register assign-
ment. Ecth outputs aée discussad In +the last secticn of
this chagter.

e}
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5. [Expzsssicns

The m»»st fundameatal 2nd @aost comacon CONSTTUZTT S&er

He )

10

by the rpars»s coutines is +he arishmetic expression. Th
many sipilaritiss between EASIC laagjuage expressicns and
TI-59 expressions make them relatively easy =0 parss and
generats. However, a few subtle differences cause &abncrmal
sityations requirzing careful dasign. If thers is one lesson
“«0 learn from this discussion, it is this: in compiler
design, when in doul+ revert to ths grammar spacifica<ics.

TABLE I
Production Rules for Expressions

CEXPRESSION> ::= <PRIMARY> ({<BINARIOP> <PRINARYD)
<EFINAFY> 1= f41-] <PRINARY>
UNSIGNED Ny 4B2R>
{InEwT
<EX®R 51uu> )

Table I lists the ograamatical spscificaticn f£or a dEASIC
expressicn. The <+=wo production rules in Table I are
abstc-acted by ths two BAX59 »parse proceduzes PEXPR and
PPRIMARY. They are designed <to parsa &nd generate code
th-ough mutuzl zecursion. Careful axamina<ion of +he cass
statements withir +these prceduses will revz2al =ha differ-
ences betwesn WBASIC and TI-59 =sxgressions. dhile both use
ipfix nctatien fecr birary cperaterss, unlike WBASIC, TI-59
unacy coerazers and furction applications are pestfix. This
minor +¢twist in notaticn adds a lit+le complexity to the
logic of +the axpression carsiag routines. Hcwever, once
desianad, the code fcr t“ranslation of exdressicns becaae the
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fundagzental bases upsn which assignmen<s statsmsnts, ccnéi-
tional expressions, functiorns, and =2any othsr cecntruc:s
could be Ebuil:.

6. ELnsiructured Juaps

Scse cf the easiest cons:truc:s +o undecszapd ani
implament wers the unstructured con%rol statemsnts GOTC and
GOSUE. Tc zealize their simplicity it is necesssary at *kis
point =c¢ introduce +he cods data st=-uczure wkick is
constructed by the generation routines.

Illustrazed ty Figure 4.4, <h2 ccde data st-uctuce
is, perhars, ths aost unigue design coacept of +his crcss~
compiler. Thare are two tyoes of nodss: WBASIC line number
nodas and TI-59 keycode nodss. Since  uns*Tuctured
construc*s in WBASIC are dependsnt apon sourc= line zumbars,
there Fad tc be a me*hed of associating the TI-59 ccd=z with
tnose same line numkers. Figure 4.4 shows how lins ncdzs
and ccde nodes are linked to duplicate this asscciation. It
is impcrtant to note that the TI-59 code chair is completely
independent (and =2ay be =ravers2d as such) ocf +he WEASIC
line puster chain. The line nrodas mec-2ly provide a frams of
refarence fcr the TI-59 code.

Frocedure SETLINE, called at the begianing of ths
#zin driving loog, is responsibla for insuring that nswv line
ncd2s are cr2ated and insertad inzo proper order. As =2ach
line is parssd, special nolding poinzecs (PIRSTLP, LASTLZ,
EEGINCPF, ENCCP, LPLEAC, LPTRAIL, LPCUR, CPCUR) keesp track cf
all key 1locations in tke strtucture. As Figuze 4.4 ingi-
catas, i+ is possibls to have lin: nodss created and linksi
pcior to thasir encountar in <h2 source code. This ccours
vhenever a fcrvard jump (GOTD) is parsed. S<nce ths lirs
ceference of a Sorvard jump has not been parsed, its lins
ncde wculd net exist. Howevar, th: jump pointer (JMNPP) mus=
ke anchered to a node. So <he lize node and an anchering
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code ncde are inserted iz ccrrect order ahead 2f the cursens
line. Erocedure SETJMPIIT sats forward as v211 as backward
juap <rsfererces. Cf cocurse, sattiag backwac-d jumps is
easier kecause the line aumbar node has already been c-eated
and is it place. It should be noted that procedur2 SEILINE
always ctecks its forward line number chain before creating
a new lire nrode. If 2 line node exists wvhose line cumbsr
field (LINO) <is equal to the nex+ WBASIC lia= numter, <hen
it will e used instead.

The technique £for handliz GOSUB s+ta*2ments Iis
similar tc bu:z slightly acre involved =han the GOTO. Since
the GCSUEB is ac=ually ana uns<cuczured subrou*tins c¢all, iz
¥aSs necsssary to maizntain consistency in coda2 generaticn so
that <the linker cculd recognize the difference between
subroutines and unconditional iFumps. All TI-59 subroutires
are prefaced with and called by a 1label name. Therafore,
while initially the GCSUB can be treated as a GOT0, a%t scae
tim2 later 2 1label must be insert=2d at the aead cf <he
subroutipe bedy, which is the ncd2 raferenced by the juap
poizter. This is done ducing the rssolution phase cf compi-
laticn Lty rcrocedure FINDGOSUBLBL. This £aizly t=icky
inserticn is one reason <Zor +tha existence of <he back
pointer field (BAKP) in code nodes. This opsra<isan will be
explored in the sub-section on resolutiorn.

7. Lecping and Ezanching

Osers of BAXS9 ars strongly urged to practice s*ruc-
tured prcgramaming when writing WBASIC codz2. Traaslatizcn to
and execu*ion on the TI-59 are £fa- more regular znd pred:ic-
table wher “be inpu% soucce code is struc-ursd and readable.
Juch of +the design of the entire system is based upcz th2
assumfpticn that the scurce program will bes strucsured. You
will wuaderstand vhy more +hcsoughliy z2a ~“he =ection
describing linker design.
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We begia discussien of struc=urad lecpianz 2124
tranching by introducing procedurs PCONDITION. This proca-
dure is fuadaasn<al +3 the parsinpg and code gsnera<icr 2Zor
simple Ekcclean expressicns (compound bool2an 3XEIES
have nct keen implemented). While WBASIC has a £=2I:-ly
comacr se€t cf boclean cperators, tha TI-=59 doss nct, Thers
vas a need to ceonstruct afficient sagquances of TI-59 ccde
which ace ecuivalert %o zhe WBASIC boolear opsraz<ors. Thsse

equivalsnces, shown iz Tabls 1II, izs Zimplsasn==2d in
TABLE II
TI-59 Keycode Sequences BEquival=znt to Boolean
Operators
A = B A<>B A >= B A<= B A>8B A<EBE |
RCL A aCL A RCL A RCL A dCL A RCL A
x=->T =2>T -2 L=>T k=2 X=->T
RCL E RCL E RCL B RCL B 8CL B RCL E
INV X=T I=->T INV 1= L=>T
X=1 INV X>»=T X>=T
i>=T
I
. ]

proceduze ECCNDITION. Whils i+« wouli have beer possibla =0
implement ccapourd Ecolean exgzessions (AND and OFE), <=hs=
lack cf tiame and the fact that their logic could be dupli-
czted using IPF statements prevern=3d this enhancemnent. 1%
was, hcvwever, a very simpl:s extension of logic =o Tsccarize
and translate 2 negation (NOT).

In “he isplementatior of a block s<ructured lancuage
wvhich allcws nesting, +he use of stacks is an important
tecanique. And =0 it was with loopiang in BAXS59. By aature
lcops involve backvward jumps. As with anstructurad jumgs,
there existed a ne2d to anchor poin<ars on code rnodss whose
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souzce csde had yet tc be tramnslated. Iz the cass c¢f lccrs,
the irverse of this ccncept is also true. There was 31 nead
to c-eat< pcinters frem code nodes whose souzce code had ya=
to ba <ranslatesd. 2ince structured nss=ing of loops is=
checked ty =he WEASIC in%tergreta2r, it was possible <o pre-
create tkese nodes ard push them ontc a stack until zheir
place of irsertion is sncountered. This is exactly how
lcops azte “ransiated using LOOPSTACK and ENDPLOOPSTACK. dhen
the LCOP statement is erncountered, a NOF keycodz rncde is
created and pushed ccto the ZHDLOOPSTACK. In th= case of
“he WHILE s*atsasnt, a boolean expression is p-ocessad, =2
fcrvard referspce node is created, a jump pecinzer is set %o
the nede (£for the false branch to =nd cf lsep), and tais
node is pushed onto the LOOPSTACK. dhan the ENLLOCP or
UNTIL is f£cund, <he stacks are popped and the HOP ncdes are
insertad. The nature of cozrect n2sting guarantees that NOP
coda ncdes popped from *he stack will have juap peirters
referencing or will ke refersnced by the aporopriate ccde
nodzs,

Iterative locps are wri<tsm by usiag =he FOR-NEXT
construct. The stack iaplsmentation is similaz- to <thaz
described akove. The main diffarence is ia +h2 additional
calculatcr resources caguired for such a loop. Unlike crdi-
cary va-lakle napmes, “he POR loop variable tequires from %wo
o three registar assignments. The2 £ields AUXREG1 ard
AUXREG2Z in +he VARIL tagged slct =record are used £or <his
Furpcse. AUXREGT holds the TI-S59 register number which will
store the upper (lower) limit of <he FOR index wvariabla.
The PCR index wvarialtle iancremant will always defaul:t *o +1
unlass the STEP optica is used. If STEP is used, <hen
AUXREG2 will hold the ra2gister zuab2r which stecres <zths
increment valus. The user shculd undec-stand that use of a
FOR lccz carries a fairly heavy overhsad in terms cf beth
register and piogram st use. A sizgle s=irple FOR
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sta=emant in ABASIZ <cTransiates =2 uss of +wo registsrs =zx4
cvar 20 program steps. Most 2£ <this ove2rhe2d is caused by
the run-time checking of the POR ipdex wvarizbls walue
against its limit for each iteration zhrough zhe locr.

Branching is another cons<ruct implemen<ed with
stacks. There are actually two foras of bracching: the
uns=ructured or line-oriented IF sta<sment and the blcck
st=ructured IF statapenz. The unstructucsd IF is actually
cnly partially isplemented. WSASIC allcws 2ither a2 jump to
a lipe rpumkter or execution of any singls statemernt within
each of +he IF branckes. Because th2 structured IF can be
wristen tc perfecrm the saae way, it was decided to restrics
the urstructured IP <to allcv line juamaps ¢r +he QUIT staze-
pens. The Ipplementation of line-orientsd juaps has already
been discusssad. An IF-THEN-QUIT or IF-THEN-ZLSE-CUIT is
handled ky set+«ing a jump peinta2r =o =the ENDLOOPSTACK. The
effact is tc force prcgram control %o exit ths current locp.
If ccntzcl is not within a loop (i.2. ENDLOOPSTACK is ril),
then an srrer cendition is raissd. FOR loops ara not
conside-ed lcops in this corntex<.

The m0re powerful of the <wwo IF statements is <he
Elock structured IF-ELSEIF-ELSE-ENDIF. This form disallews
the use cf keyword THEN, since it is Zaplied. Once again,
stacks are vused to igplement the structured IF. Tke logic
and ites correspcnderce to the marioulation of stacks is
roughly similar to that of loopits. Iastead of directing
jump gcintezs to the end of lcops, they are directed “c %<he
rext ELSEIF or ELSE. n unusual sizuation occurs, howvever,
in =he case of the IF statement. S+%ack azaipula+ion for +hs
IF-ENLCIZ? is slightly differen: f£Zom that fcr the
IF-ELSE-ENDIF or +the IF-ELSEIF-ELSE-ZNDIF. To andecstaad
tha prcblem, asstme the viewpoint of a parser which has just
evaluated tke condition of a s+<ructuced IP. At this poiaz
you dc not kacw waether or not aa ELSZ/ELSEIF oz an
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immediate ENDIF will follow the trus branrnch. To whick =ztack
will the juasp pointer of the false branch be set? In crdsc
to ccver both possibilities, a pointe:r t0 a node puskedi znto
each stack is reguired. Hcwever, therz is only onz juap
tointer field (JMPP) for the cod= node which resp-esents the
jumo address to the false branch. Our solution uses ths
tack pcinter field (EAKP) to referncsz a rnode in the IPSTACK,
waile the jump pcinter £i2ld (JMPP) r2f2rz=ncss a node in the
ENDIFSTACK. Procedure ELS EADJUST peszfcras :tis2 resa2tting of
gointers required vhen an ELSE/ELSZIF 1s srccuntared. @hen
the ENDIF is 2ncounterad, the BAK? is +es%sd feor a il
poinzer. A nil BAKF at the top o0f the ENDIFSTACK indicazes
that an ELSE/ELSEIF has besa scern. This is because proce-
dure ELSEADJUST is tke only rouszin2 which can clsar the BAKP
refarence tefore the ENDIF is sncounctarad.

The causa Zfcr all the for-agoing complexity is the
fact tha<t IF-ENDIF has a singls fz.se brarch which must be a
jump past thke ENDIF. The <2il of <aé& trus branch meZely
falls through the ENDIF. on the Ccther hand,
IF-2LSEIF-ELSE-ENDIF can have sa2veral false Pranches, only
cne of which may Jjuer tc =he EZNDIF. Th2 tails of the all
true kranches waust ke Jjumps to the ZNDIF. The lcgic of
BAX59 i1s designed %o receognize and gensrate sgquivalent TI-59
code for any of zhese possitilizes.

8. Functions

The most pcwerful feazure of the BAX59 cross-
compiler is the translation of Zunctions. Bo%h buil%-in and
user~-defined functions are handled. In order zo *aks full
advantace of the calculator's capabilitiss, i< vwas necessary
to design three distinctly different <ypes of functiors.
The first typ2, referrzd to as "guick"™ functions, are the
common arithmetics/trignometric fuactions such as LOG, SIN,
C0S. The saconrnd type of function ha-nesses tThe pcecwer of the
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Sclid sStats Sof«ware module. Thess are cefsczczed zc as
"long" functions. Both oI thesa first <*wo <%ypss are
buil+-in furcticas. The *hizd type is user-3efirned "param-
eter"™ functicns, vhich are +¢rarnslassd £from WEASIC scuzce
code specificaticns.

The difference between "quick" and "long" functions
is btasically the numker of TI-S59 program steps genesrated for
€ach. "Cuick" functions gensrally Lransla<e %2 a che 2T *“we
step TI-59 keycode sequence. Howevar, thay may have as aany
as four s=eps. Because *hsy are short, "guick" functicns
are inserted as in-line macros. On the other haad, "long"
functiors may translate £ as maay 2s 15 steps, Thersfoze,
their length =zequires that <“hay be <callad as subrocutines
rather than 4ranslated in-line.

Fead from the BIFNQF and SIFHLF Zfiles respsctively,
the ccde fcr both "guick" and "loag" functions Is entared
into ths symbol table during Isiszializa<tion. BIFNQF and
BIPNLF »ay te revised by the user from outside the cross-
compile:s. 8y knowing the TI-S59 k2y strcke segquence, a use:s
may add his cwn functions to either file. As a special user
note, <+hs fcrmat for additiens <o these files is critical.
Th2 rumber of k2y strokes in 2 <furncticr sequence 31y not
exceed +he paximum liwit for tae type of Iunc<icn. £ less
than that liait, then the ernd of the sequence must be padded
with NOP (68) key strokes <o <the paxigum lini<, Thase
limits 32y te altered by adjusting +ths system Darametecs
FNQLEN and FNLLEN in the constant declacation bicck 0f “ha
BAX59 scurce code.

®cs< all functions +hat <c¢ould be ipplepentad as
"Juick" *ave been and are liszsd in the BIPHNQF £fil=s.
However, cnly <h=e RND({X) (randome numb=2r gesnez2+or) function
has been implemented as "long." To illustra“e +the concept
cf "long" function, ve will walk tarouch +*he design of
END (X) .
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Suppcse vou Jdssice *o write a TI-59 program wkhich
uses a randca rpumber generator. You aight Write your cwn
pseudo-=andca number generator subsoutine, but the TI-59 has
such a rcu+inre buil® inso its read-osnly Solid State Softvare
module. Use of +his built-in facility would clearly ke acre
space efficient. WEASIC also has such a functior, RYD(X).
If it had nct, it wculd be possible to writzs one in WEASIC
using the DEF FY_RND (X) statemant. Before trarsiaticn i+
would be necessary tc r2move the fulction Jdefiniticn bklcck
and -eplace the PN_RND(X) calls wizh RiID(X). Hcwever, %*his
is not ceguired ia cur exaaple. You must ensure *hat the
TI-59 registers used by the Sclid Stat2 Software medule t¢
run the ERND@) <f£unction aze reserved in the LABELF file.
This infcrmztion can be found in “*he Master Library Manual
[Ref. 7], w#hich is <he Master Solid State Scfiware acduls
reference guida. RND(X) uses ==2gist2zs 01, 02, 03, 04, 05,
06, and 09. "Long" functions alvays *“ake a single parametsr
(even £€ it is a dummy). R2gist2r nuaber 10 has besn dssig-
nated to store this parameter and should also appear cn *h=2
resarved list, This parametar ragister assignmenst =aay be
changed in systsm parame*ers of the BAXSY9 scurce code if
dssired. Eath <tinmes it 4is encountecad within +he WEASIC
source prcgram, 88D (X) will translate as & call to a subrcu-
*in2 whose single parame<er iIs stered in cZegister 10. The
£irst +ige =een, the END symbcl “abls ncde will be linked “o
a special 1ist (FNLLIST). A* %he conclusion of cocde genara-
“ion, FNLLIST will ke traversed 22d the key sequeace which
€xecutes ENLC(X) as well as any <thar "leag" €uncticrs cn the
list, will ke added to the code data structurse as subroutine
todies.

The real pover of this faciliis lies in its ussar-
contrelled flexibility. The usaer may convert alpcst any
grograa function in the Sclid State Sofiware module into a
single parapetar "long" function. All he must do is -2secsve
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sequence in the BIFNLF €file, and, 4if nrnecsssary, =IZix ths
valuss of all but cne of the Zunctica input paramstec-s (or
reate a dueay). If *he functinn doszs a0t exist in W2ASTC,
then ha must write the DEP block £for it im ozdsr <o check
E-ogram ccrrectness prior to translation.

Having s-rayed frcm iaplameazazicon dssigrn “cward
system utility, wvwe ncw retura to implementztiorn discussior
¢t so-called "pacamzter" functicis. The naxe given *hsss
user~-defired furnctions appliss @mere to howvw they ars lmplie-
zented rather than tc zheir rnaturs. The parsing routizas
always €Xfect paraaetars but do not raquica +henm.
Parametarless functiens are, indzed, c=cogaizad.

Although the cross-compiler will cecr-sc=ly *rancslate
a functica defiaiticn (DEP statemsnt or block) vhether i+
cccurs Lbefera or af*er its raspactive call, <+hke linke:
cequires that all sutroutine/functica bodies be placed after
tke maia pregraam.

Wkan a nev function Zdentiflier is recognizad (by *he
"PN_"™ orefix), a new PNPIC taggad slot is c-eated £cor the
symbcl takle. Procedurs GENFARM :is then callad upcn o
parse actual parameter exprassions, generate c¢2de which
psrferas theiz rum-tize avalua+icn, and coastruct tha fermal
Farameter list. Paczamaters, if found, are linked in crder
*5 =he FNF field of +the symbol =able slcz for the functica.
While registers are assigned to thase paramezsss, the corre-
spending formal parameter names canncs Y2t be entered since
they are nct krown until +h2 func+<ion DE? stazement Is
found. U¥cte that Zorrals are assumed to matchk actual rar=za-
eters by tctk order and gquantizy. There are 10 checks in
BAXS59 *o insure this correciasss. only a =cut tkrcugh the
WBASIC interpretsr will verify paraae<sr cocrssponisnce.
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Wker the furction defini+ion 1is found 12 =ha (EF
staTement, 2 process siailar ¢¢ parsing <he ¢
glace. 7The formal paraaetar naass 2re ncw inse

k1

parametar list attached to the fuaction slot ir =ke svabol
table. Esfcre the function body is procsssed, <ths slct is
pushed cnto the FNSTACK. This stack siaulates an activasien
record stack. Each iden<ifier lcck up that is pezformed by
procedure ICLOJKUP requires that the PNSTACK Lbe examined feor
active functionas. If a formal parame=2r name is fourd in ar
active fupceion paramater list vwhich matches the idezeifiar
being scught, <hen its -egister assignaent is used fcr ccde
generaticr. As a result, stapdarzd rules of vaciable visi-
bility and scoping apply. When tke 2nd of 2 functicn bedy
(FNEND =statem=en*) is exccuntared, the function slot is
popped Zrcm +tha PNSTACK and its formal paramsters are< no
longer visitls tc the run-tiae anvirorment.

As a £inal nc*te, the user. should krov that "param-
€zez-" fuznction rpames rec2ive +heir cwn ragis<ter assigrnment.
This register is the place :ir which the final wvalue cf tha
function is returced. This registisc i< zercsd during zun-
time juset prisr to <he 2x=acution 2£ <the funcrion call.
Howaver, aZfter execution the value ir zthis registsr psrsists
until the nsxs call cn ths function. This corresponds =o an
idantical situation in the WBASIC -ua-+ime enviccnmen=.

If «he physical 2nd of +ha WBASIC source prcgrzam is
reached, = if a W3ASIC END statzemen+~ is founéd, parsing is
stopped, the bodies fcr any "lecang" functions used are gener-

ated and +he code data structurz is cleosed cu* wi<h ail

in

L
pointers, At *his pecint, th: code resoluction phase of

compilaticn bagins.
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The first ster in resclutior is5 =0 locate ard Iirnsars
labels at the destinaticns of all auaxstructured sab

(SB®) calls. These, of coucse, Wara generat b
stategents. 3Sicce GCSUB s a line-srisn<ed jump, “hen zhere

il
bl

is a pecinter 4in the cecde data structure rsfecencing the
destina+icn of that Hump. Procsdure PINDGOSUBLBL traverses
the ccde data ncdes searching for SBR keycodes which are
follcwed by a node with a noa-nil juap fpointer (JNPP). A
vary corplicated check is made to =ernsurs tha* the SBR label
h2s rnct alrecady lbeen inssrted by ar identical SBR call. z i -
not, <than +tha back pointer (BAKP) is used by procedure
PUTGCSUBLEL %o assist in the insertion of tas label at =he
jump destination. Once th2 inssc+*icon has been completed,
*he address £i214 (ALCR) of the JMPP target is set from zsro
to negativa one and tze juamp pointer (JHPP) is set to ail.
This signifies <to other rcutinss that this jump kzs be=n
rasolved. The precess continuss un+i =he ond of +hg ccde
data is reached.

The rext s*tefp in resolutiecn is to perfecrm a special
trand of TI-59 "peechkole" cprimization. The @most ccmaon
forms of excess patantheses pairs ar= removed. Sucah fozras
as " (BCL rn)"™ and " (Z.3332-12)" will pave bzen gecnerated as
a resul: of parsing evan =simple assigzaent sta<aments and
expressicns. Siace the parentheses in “hese 2xprescsions are
unnsc<ssary and us2 up valuable progrem s==eps, thsy are
temoved, ptcvided they ace2 not referenced by 2 jump pcinter.
If referencsd by a duamap pointsr, <h2 node's address fi:zld
(ADDR) wvalue will te 0 insiead 9% =1 oz =-2. Removal of
these will cause dangliny jump refsrences.

looping and trarnching generatée aany place holding
NOP keycodss. Thess are also an unnecassary use of prcgram
steps. Hosever, r2aember that a2lmost all ¢f <these vere
genera+:d tc anchor c¢r project jump pointars. Thus, befcre
ramoval their jusp pecintars mus:t b2 reset. Po-ocedure OSQNOP
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Fasses cver the code data twice, once to reset all jumrs %c
ard frcm HCP's, apd +hs seccnd o locats and =cemcve =hs
NOP'=, It is important %*o Tealize that theres is a distirnc-
tion ketweer a useless NOP and one which is acting as a
label identifier or a jump address place holder. Bacause
the TI-59 requires +hat particulas kaycodes be fcllowed DY
labels, rtegister numkers, or addresses it 1s easy tc chseck
keyccde usace. This information is actually lcaded during
ini<ializatica into the UNIT £i21d of the CODETEXT record.
I+ is an integer 0..3 which Indicates whether the TI-59 ccde
nocde is a one, *wo, *hree, or four xeystroke Irnstructicn.
This infermaticn is used +to pass over keyccdes which ar2
requirsd pacsts of a larger instruc=ion.

Tha €final stage of tasoclution is ¢ cenver+ relative
jump (pcinter refererced) addraesses in4c absolute (numer-
ical) addresses, This wmust be <the last stef because
previcus ccde insertica/dsleticen =c-cutines constantly charge

absclute addresses. At this point 210 ceode ipssrticn or
deletion cccucs. Froecsdure RESOLVE_ADDR passes over the
ccde data +twice. The first pass £ills +the address Iieids

(ADDR) of all code rodas in sequential crder =starting a+
000. Ncw “hat each exact absolute addrsss is knowa, zall
jump fpcinters which ar2 still amarkiang address spaca and
ref2-encing a2 dsstipation node can be resolvad. A TI-59
codad address consists of two parts. During <he second pass
proceduse INSERT _JMPADDR Is called a+< non=-nil juap pointers
#c¢ rTe€ad +ke destipation addrass, split i

integer parts, and insert the pacts ia=0o %2 address space

into its two

it

ncdes. Cnce all durps have been r=solved, the ccde data
structure is ready £¢r cutput and lisnking.

55



10. Izput/Output

In this suksecticn we discuss *twe input/cuncus=
rala+ed 1
messages %o *hs compiler. Tke limizad capabili<*:es cI *ae
calculatecr required that file hardling and stzing hapdling
aspects c¢f WBASIC ke elinirated €£rom our subse=. For

ssves: Implementazicn of I/0 constructs ard CETICN

similar reasons *he I/0 construc*s whick cculd be <«ransla=sd
from WEASIC requiresd rest-ic+ioms.

While the WEASIC I/0 =atensn<c INPOT and CERINT
rormally precvide for file mazageaent, <th2 BAXS59 irpleaenza-
tion cannct. The crcss-compiler =-=2cognizes PRINT followed
bty any cumkter c¢cf simple expressions ssparated Ly commas.
The TI-S5S ccds gesnerazed will evaluatza zhese expressions and
print their wvalues (fto 2ither <hs display tegister or <hs
Texas Ianstzuaents PC-100 Printe: Cradle). Cn *ke cther
hand, the INPUT sta*temen* takes arny nuaber cf variable Iian-
+*+ifiers separzted by conmaas. Por =ach identifisr iz zha
INPUT list, the TI-5S program halts exscution, displays the
register assignaent for <+ha+t iden+ifier, and s4cres the
inpu= value entered by the user In the Cegistar &ssigned.

' Many pzcgrams <cequice the realdizng of lacge aacunts
¢cf data, cftepn a*= thsz star:t ¢f execu=isan. In =zhis sizuz+tion
tha INEUT statemen®t tends to gensrate an 2xcsssive amount ol
program step overhead. 0Unless the program is dasigned %o be
interaczive, this cverhead unnecsssarily increases TI-S59
crogram size. In <¢zder to provide a 12ore space 2fficient
means of data entry, a lizized zranslation of <+he WEASIC
CATA and READ statemernts was designed. In soae sense, %hsse
stategaants provide a substitute for file anandliang. The DATA
statzpents are placed at the beginning <f the W3ASIC scucscs
Fzogranm. Zach sta“ement may be followad by numeric da=a
izems segparated by ccmmas. The <=5tal number of data itzams
ir one gprogram is limited <0 <he aumbsr of unrzserved
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regis<ecs availapble in the calculazor (based upon the sys:zz
rarameter REGBASZI). If «his limit is exceeded, a warning
message will be issued. READ statements zaks variapls iden-
tifiers and may be wo-itten with <he DATA stazsasenis,
novaver, the number of variables input =o READ s:tazeaaats
should never exceed the numbar of data itsws provided by
DATA sta‘emsents. This ccndi%ion will also czuse a warcning
Ezssage and further CATA/READ stateamsnts will be ignored.
The pacse€ zcu=ines gake register assignments % the vari-
ables iz <he READ statem=ntes, 2and ccncur-en<ly build a list
wvhick maps the data items 4o thei:- -espsctive regis+sr-s and
variakls nanes. This list is o222 foza c¢f ccapiler cutpu:.
Using <ha 1ist the user caa pre-load TI-59 registers with
rumeric values ard ke assured taaz thay will be in cecre-
sgpoadence with zhe traanslaticn of wariable names. ¥coe
imporctantiy, no TI-59 pregram staps are used fer <«his
inisial input. In face, thz daza could bs r=ad E£fzoco
magnetic cazd into a gemory bLaak prior <o exscuticr.

As wve have previously imolisd, <here ars many Zozims
cf ecu*put ¥hich can be gener2ted Dby the cross-ccmpiler.
Additionally, +the user will orcbhabiy have tc do some de<hug-
ging. We have chosen %¢c provide a primitivs sez cf tocls
and cog=icns which caa e toggled on c:- off from outside tha
2AX59 scuczce program. The toggles ars set or -eset by using
tha CETICKN statepent in the WBASIZ progranm. Cautiorn! De
not cenfuse +his stazemenzt, which ZIs uniqus %o +he BAXS59
ccoss~ccmpiler, with the 7BASIC OPTION s+tatemen*. Tk
not <ke sams. BARX59 does not -ecognize WBASIC OPTION pacam-
eters and WZASIC does not recognizs 35AXS59 OPTION paramcsters.
Table III li=ts +he possible opzions available tc 2axs9
usecs. To +oggle *+he optiors, sinply include an OFTION
statement as the fisst line of the program to2 be translated.
Cesired parameter se+tings should follow the OPTION reservad

T

word ssgaratad by staces. Poasitiva paramaters set the
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TABLE III
BAX59 OQOPTION S5tatemant Parameters

Paramete: Opticn Defaul*
+0 Generate lipker interface fils false
+1 Generate code for PC-100 pripter true
+2 Grtimize out unaecessary parantheses true
+3 Cptimize out unnecessary 30P's “rue
+4 Translated 7TI-59 cecde o list file trus
+3 Image of symkol table =0 lis: file _ false
+6 Cernfents of ccde structuza to_list file false
+7 Each lexical *oksn tc¢ ftsrminal ftalse
+8 Each lexical token *o lisz file false

tcggle true; negative parameters reset the toggle false. 1In
the cass of the zero parametar, the sign has no affece:.

As a firnal ncte, an CPTION steteasnt may nct bhe
claced in +the WEASIC scurce program until it is ready for
translaticn. Also, rplacing an OPTION statement in any line
bus the £irst may prcduce unpradictabla sesul<+s.

E. LINKER

The linker's purpose is to produce a segmen+ed versioro
of the compiled code and presant ths cods in a3 forma+t *ha<
is user friemdly. The infecrmal strategy used to accomplish
this wvas discussed i3 the opora2liminazy dasign phass of
Chapter III. The detailed design <that zupoortted +he solu-
tion strategy called for the 1linker %o cperaze sequentially
thrcugh thzee @major phases. In Pigure 4.5, the centour
diagram £cr th2 linker is presented. The prep-ocesscr thase
of the linker includes actions from scme of the SYSTEN
UTILITY frccedures and +*he BLD_S=3TBL p-ocedure. The
r2am2ipniang two procedures, COALESCE and INSIRUCTIONS,
accomplish the segmenting and postprocsssing ac<ivities.
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Eaca c¢f tlese @major actions wer?2 described iIn ths poeligi-
nary design phase in Chapter III. The dezailed design of
these specific cperatiorns will bz presented in the nex:
sec*ions. Cnly <hose major design consideraticns required
for understanding +the operation of zhe =major operative
phases will be presented.

V. EIzserocessor

As was menticned in the pra2liaizarcy desigr, the
primary purpose of <the preprocessor is %o reproduce <he
compiled lirked coda ist and generate a table +hat Cep-e-
sents the ssquertial segments of the compiled ccde.

The informal strategy called for a two s*“ep opera-
+ion. In +he first step, <textual integer pvairs are read
from an input file into a data record. Each record 1is
linked tc the preceding recerd forming a 1lizked list which
reprcduces the linked list of <code generated by the
compiler. The next step avaluatas the linked list to deter=-
mine where tha sequential segmants are locatad. Informazion
coacerning e=ach sequsntial szagment 1is s+*czad in ancther
record ard 1linked to the pr2ceding sequsntial segment
r2cord, <hus forming 2 linked 1lis= cf sequential ssgment
descrip<icn reccrds. Evaluatioa for ssqu3atial ssegments
weuld occur by TI-59 labeled subroutinaes. - Zach list of
sequential segment records would be pointad To by a header
reacord which contains the subroutine name. Each of these
sabrcutine nampe hsader :ecords would be 1linked 20 ciner
subroutine name haader records i th2 sage crder 4in wvanich
<hsy wece detacted in to2 generatad code.

Tvo data st-uctuces wezs needed =c suppor:

ok

hi
s~rategy. The first structuzs comprises a linked list o

W

records. Each tecoid ceontains all the infermation that 1is
contained in one [pregraa step in the TI-S3 calculator,
includizg the address of +*he izost-uczion and the insiruczion
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integer ccde. Zach rscosd is linkad %o the followizg -=ccoi
by a dynamic pointer, waich caprtires ths ssqoential n2zuss
¢f the ccrpiled coda. Anotkser dynaaic link is provided fo
+those re2cerds containing keycodes =ha* may cause <he Ilcw of

5

contrcl tc¢ change frcm a sequential Zlow. Tae genera«ed
linked list of records is a complete intsrnal represenza+ion
cf the ccaspiled cods.

A second data structurz is nesded <tc represent a
sequen+tial s=segment cf code. Vital ©program contfcl <£flow
infermaticn aus:t be captuced by =zhe structurs sc  that
segaentaticn rules may be applisd during linkar procsssiag.
To accoaplish <his a saguantial =sa2gasn%t tabls vas develorfed
utilizing a re2cord fcrmat to describe each segment. This
table record holds data such as segment s=art addc-ass, szop
add-ess, whether the segmsnt 3is coverzé by an iterative
backlcop, a lis* of forward jumps and a lis*t of subrou+ine

invocaticns that origipmats within zhe segment. Each orns of
these <rTecords is 1linksed =0 +the following =sequential
segment's record. In addition, the sequential sagment

records are grouped according to subroutine. That is *o
say, crly those seguential segman+s residing within cne
TI-59 sukroutine definition arce connact2d4 <together in
saquential crier.

Tke linked sequential segments acs< tied together by
thar rscords of the same basic “ype but different variants.
Each subrcutine grouring of =sequential segmsnt <ceccrds is
pcinted tc ty a linked list of header nodes. These ncdes
contain the rame of the subrouzine 2nd <ke subroutine deii-
nition address. Each headar is linkad <o ancther subrcutine
header in +ka sama c¢zder in wvhich subroutine defini*icns
cccur within the gensrated TI-S59 coda.
T¢ capture ipforamation relat*iag =o forwvard juamps, a
variant cf “he ssquantial segment -ecord is used tc tuild a
forwvard Jump list. This 1list contairs the originating
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address cf the fcrvazd jump and zthe add-ess of the Zast-uc-
tion to which contrcl is trarnsfacced. Because +the aczual
juap address is usad, =he link <0 the Juap lccatizsn is

termed rela+ive. Each juap rode is dynamiczlly linksd <o
fcllcwing jusp ncdes to form a jump list. This lisgt is, in
turn, dynamically pcinted %o by the sequential sagament in

which tte jumps criginate.

To capture information regarding subrcutine icpveca-
+ions, *he same %*ype of structures s used as fcc +he Jump
rodz lists. The only differance is <+hat the subscu=irn2
lists pcint to the irpvokad subrouzing in a dynaaic mannar.
That is ¢to say, <hat a dyazmic 2o0int2r is set =0 *ha first
sequential segment of the invoked routins in the sequszn=ial
sagment +akle. This 1is basically <+he only diffsrcence
tetween <he subrzoutine invoka list aad +he feorward juamp
lis<=,

Tigure 4.6 is the contour diag=am of a conczretual
grecuping ¢f procedurss cteferrsd tc as the SYSTEM UIILITIES
group. These precceduzes are no* explici+ly g-ouped together
by code; ra*her, <~keo grouping Iis to facilitaze discussion
ard urderstanding. There ars saveral opsraticns within <%his
group which mnipulate the data objescts.

Ir creating *he linked compilad code list of recocmis
+*Wwo separat: procedures 2re< usad. The Zicst procedure is
callesd IN20T. This p-cceduze builds +he inizial 1linked
structure. It utilizes aa ZInpuz file containing the in+ege:
pairs ceprasenting TI-S59 code steps. Esssrtially it creatas
cre reccrd for sach pair apnd 1lirks <he previous <record %o
the new feccrd. The only *hiag 1ot dcne is the setting of
pointers tc represent anr indiractisn ia <he Zlow of centczl.

This is the job of the procedure SET_JHUPS. It =kis
procedure, the major activity is <he datectics in +the actual
keyccde pcriior cof the coapiled code of an fastruc=zica that
Tspressnts a pessible change in conirol flow. dhen cne is
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detected, 2 jump pointer (the Iindircection pecinter) Lis ss=
pointing %o +he reccrd con=zaining ta2 =zex:z TI-59 prcgras
step to Le zxecuzad.

The opera*iors which czz2aze ths secord data cbjsc=
are a lit*le more ccmplicated arnd ars contained in Pigure
4.7 1The action of tuilding the sequential segment taktl
data structura is bicken down into *hree stsps. The firs+
stev tegins the formation of the tablz while the s2cond step
completzs segmen+t datection. The last step captuces cther
informaticn and ensures tha*t intsrnal dinterfacing reguice-
BENtE are met,

The f£firzst part 92f +his proec=zdure is acccamplished
+hrough the BLD_FRIMSEGTBL procedure. This operaticn passes
over *h2 corpiled codelis: strucsuse and desermines vhere a
subrcutine s*ac-+s, sicps, or issues a back juzp command, and
locates +ka2 terminal points of the back jump commamnds. Zack
Of *hese foints is called a critical point. Wher detected,
each cri*ical point is inser*ed in =he segaent <akle data
tructure under the header node ccntaining the TI-59 subrcu-
tine code name which is bsing procassad. In additicn, zach
of the jusp commands with their ini<iaticr and teraination
pcints are inserted into the structurs. This coapletes =h=
fizst major step.

The seccad operation £is acconmplished <hrougan <=h2
BLD_ALVSEGTEL procedure. In this procedure the initialized
data structure is fleshed out. Up to now only cri+ical
points have bsen inserted. As thasa are points and are not
double ended, segments have not been delineated, This
pcocedure exanzinas the segment 1ata structure and adds
Fointes 4¢c delincate where a segmsnt stac-ts and ends. It
dces this by sub¢racting one £rom the pecint following i+ and
taking this o b2 izes end point. This r2sults in a series
of recozds waich are all covered by aa iterztive backlocp,
wvi<h the excepticn <cf the first rescord. This is nozed i=n
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the r=sccrd. Naxt, th2 procedurs axaminzs the ra3disisd
structure and detersines by examiting the add-esses whers
thers ate holes in the =able, These holes cozrT3sgori %o
segquen<ial segments =hat are not covarad by as itscazive
cacklccE. These reccrds are then iaserted into *he st
tura., Lastly, adjacent segments that are covered are aerged
%¢c fcrm cre reccerd rTepresenting a sequantial s=gnmsn®t that is
cocvered by the largest ita2raiive bzckloop.

Thke ssgnment tabls stIiuctur: is complesed in *tha last
crocedure, called ELD_FINSEGTBL. In =kis operation =woO
t-imary t¢hirags happer. Pirst, FROCESS_SERSEGTBL evaluazas
the ccapiled code list aad deterainas where Iorwazd juaps
and subrcutine invocatioas occur. I+ inser«s <zaess loca-
+ions in*c the proper sequertial segment that ccvess the
araa whera zhe <call o92r invacatzion CCCUTCS. Secord,
SETT_LENGIH checks that each sequential segmen+t dces not
violate +he memory =size limit of the «cal lator. I+ dces
+his ty chkecking each sequential segment zscozd and calcu-
lating a size. If the size is too g-=a%, ther <he sagment
is divided in half and a nev segment is inssrted irnto the
vable. 1Tltis is not dcne for sagman“s tha+t ace ceveared by an
iterative lcop as this weculd —spresenzt a brsak c¢f an i<era-
tive locp. Cther acticns that must occur inciude r=sadjusting
forvard HJump lists and subrouzine invocation 1lis<zs 3if a
divieicn dcss occur. one intecesting point wert+th noting is
tha< when thke length check is =2ade sddi“icnal s:teps aust be
allccated tc the actuyal length <¢ ccapensate for +he pessi-
Eili«y of prompting cocde being addad £for ar inveca+<ion *c a
subrouzine that does not curzently <ceside it memory. This
is *he purpcse of L_FCSSBRK ir Pigure 4.7.

The data structure cperational fprocedu:as access the
data s*ryctures *hrough pointars which point ¢ ths s“ruc-
*yres., The pointer tc¢ the compiled code list is referred to
as BUILT_CODE. The pointer to the saquential seagment <akle
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structure is callad E=EGTBL. Thess arce the only dazz which
aZe passed among proceduras. One point to ctemember is <hat
SEGTBL pcints to the header node list cortairirg “he rames
of +the subrcatinas, The actual segquertial s=2gmsnt lisis
reside underreath the header nodas.

Since unders+anding tae data structuce and iz

(1]

construction is essen+ial to unde-standing the remainder of
+4e linker, an exaaple will be =xaamined to d2mons=rat< the
Freceding ssctions.

In Figure 4.8 a sampls topology of a TI-59 pregram
is given. It includes four subroutinaes of varzious sizes and
with varicus control flow irdizectiosrs. In lcoking at <he
diagram it is iagportant to note the absolute address loca-
tions given, for these will be critical <o undsrs+tzndiag the
develcrment of the sequential *ablss.

As was pen*iomn=zd, the first operaticn 3is +he
rastructuring of the generated TI-59 coda. Figure 4.8
rapresents appreoximately *his st-ucturing. The actual ccde
line is rebuilt intezaally in the machine and is pointed to
Eky pecinter EODILT_CODE.

Figuza 4.9 is =he comple=ed sequsntial segasn=
tzable, without *he link=sd header node list. Tc understand
th2 ccncept ©of sequential segament a coamparazive lcok as
Figures 4.8 and 4.9 must be mada. In Figure 4.9 the £irs=«
sequestial segment is defined as baing bezwesen addressas 900
and 049, 1This is reflaectad ZIn Pigurs 4.8, when locking a=
the sequertial record one sees that =<he forvard jumg infeor-
matior is captursd in the fcrward Jump list nede which, in
this case, is only one node long. When lcoking at zhe
second sequential segmernt one nctes that there is a nestad

Eack Jjump. The sequential s2gaent is defined o be <ha+*
segaent which is covered complataly by back jumps. Ia =<kis
cas2 it extends froms 050 to 199. If for some rceasca =he

tack jumcs shown in Figure 4.8 did notx fuliy con*ain each
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¢ther, that is *o say, one jump stactted at 199 and s<coced
at 090 and the other started at 150 and stcppad at 050, <hex
the ccver weculd still ex=end from 050 to 199. The rc-&ascn is
that this region 0f ccde is probably caught iz ar iterative
loop and cannot under any circumstances sustain & brszak
withir this cover.

Ancthar point to be made is the marnsr in which =ach
subrecutine's sequential segments &re racorded zecgsther. In
addition each invocation is racorded as s 2ach forward
jump. Curing the ccmplstion of <he table, invocations to
the same zTcutirss freca different invocation loca*icns are
deleted, thus leavirg only one link £o +he callad -outine
for tha* segqusntial segment.

A final point concerns ths recursive natura of the
structure. By assuming that thg first subroutine Is the
pain rcutine and that sll other 1lowar level =coutinas ac

in

bzlow it (in the sense shat they a2 pointed <o from invoca-
tion neodes) oné c2n s2e that any rcutire used <o ccabina
segments can ke wu©sed on any subroutine's sequential
segmen*s. This cpens the decor for recursion =0 be used ZIn a
Eottcm up recombinaticn scheae %0 be discussad la<er.

Many protlems wer:z encountared in +the devslcpment of
the rreprccessor phase of ths linker. Only the most diffi-
cult or annoying will be discussed.

Cne of the first problems concerned the =mul*igle
meaning ¢f f[rogram s+eps in +he genera*ed TI-59 code. A
szparatse TI-59 program step may b2 either 2 command,
register cumber, £flag number, or part of an address. The
geaning is depandent on the last valid ccamand. Commands
can affsct the interpretation of a program st2p as far as
three ster positions away (aralogcus to tha concept cf cre-
byte, twc-Lyte, and three-byts instructions in assembly
code) . This had tc be <aken ipto account when decing any
operaticn requiring an interpretazion of the code. Thkis
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resulted in special ccde sets being iInitialized and spscial
routines being written to print out labels ané =mcvse zhe
compiled ccde 1list pcinters. All of <hes2 are shown in
Figure 4.6.

Inp:icvements in this cperative ophass cculd be rsal-
ized. In the early stages it was dscided <=0 =eparate the
compiled code lists from the segment zable lists. This was
<0 avcid accidental tamparing with the coapiled code, since
*he integrity of the compiled code was “he paramount consid-
eraticn. It wculd ke possible <2 maxe the compileéd ccde
lists a wvariant of the segment tabls. Ther, ins+t22’ of
havirg zelative pointer indexes 2 compiled code addresses,
an absolute poinp%er could be used. This may rzsducs *hs size
cf the prograa significantly in <that types would ncw be
compatikle and a reduction in <the cumber of output rouzirtes
due tc “bke different types would bz resalized.

2. Segpentor

After the input file has been preprocessed then thes
linker passss intc th2 segaentirg phase of *he opera*ice.
The <rcutirces that support this phas=2 are built into *he
Fascal crcceduce called COALESCE dzpicted in Figure 4.10.

Tte irformal strategy called for +he segu=2ntial
sagments c¢f a subrcutiae <o bte combined <to form lacger
saquential segments. This recombina“ion would be allowed as
long as zemory limits were nct violatsd. This raquired that
invoked subrocutizes te ccabined first befora the calles so
as =o make rcm for +he invoked rouzine's code. If the
invcked rcutine could not reside zhen a break was placed in
the dynaasic link to *he invokad routine and prompting code
added =¢ <he <caller's leng«h for 21aemory size checking
FUCECses.
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This strateqy has one amajor rTsquicsmen=: tha
invoked rcutine must e recoambined bsfore the caller can bs
reccakined. Fer this reason a rcacursive soluzion was
adoo*ed. In this sclution, zthe =ma2ia subrcu+ine ig recca-
Einzd. The £first part cf the cecombination p-ccese is to
ensure that invoked subrou*tinss will -eside with ths calling
saquential segment. If a subrcutias i1s encounterd +hat is
not ccmbined or coalesced, <thsn the p-ogram will :s=curss on
the nev rcu+ine. Recursion will close out upon complezion
c¢f ccalsscing of a particular routine. #hen all the sequern-
tial seqgments have Eeaen checked thzn adjacent segments ars

combinzd.
Aacther par%t cf the stratesgqy <alls for “‘he ccaktina-
tion procsss to stop when a size limit is epcounterd. dhen

this harrens then scme sort o2 brszak notation aust be used
to mark where the 1limi+ wvas exceeded =0 as to prevenz
produc*icn cf code sesqments that excsad the :memory capatili-
+ies ¢f the calculator. Aftsr the bra2ak has been szt then
the prccess of reconkbination begins o2 the cother side c¢f the
treak with the neca-ccmbined segments, stasting again with a
mamory ligit of zero.

This procsss cf breaxking and checking limits results
in <he =equential =scqaent table con=airiag break points.
Tohese break points delineate tha sxact locaticns whers
E-ogram segmentaticn will cccur. These points will mark
those pcctions ¢f «ccde which can it 4in *the calcalazor
memory accozding to the Ttules of segmantatizn <cu+tlined in
the prelisinary desian.

The data stiucture +<hat suppor<s this s4-iategy is
the sequential segment table. No cther stouc=use is used.
The crly additior tc the structurs s the ncde -2fsrred +o
as a sukroutine invocatricn break node. This 1ncde is
inserted tetween a subroutine Invocation 1lis< z0od¢ and <he
invoked sutryutine sequantial segmen+ zable. All cther
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changes <o the structure involve r=moving nodes ané
combining adjacert irformatior into one node.

Thkere aze twc 12¢ajor activities <hat supgpcr= the
above strateqgy. Tte £icst activity is the checking of a
segment and the second activity is the ccmbining of adj=zcent
segments. Overseeing these activitias is a single driver.
This tcpclogy was suggested by the recursive nature of the
scluticen. Ths procedures which suppor:t these activitias are
shown in Figure 4.10.

The driver is represented by the Pascal proceduce
COALESCE. This routine is called wha2never a nsw subroutine
is 2acountered that has nct been combined or coalesced. The
interior Pascal procedure CHK_SEGSIZE werifias tlat che
specific segment it is lcoking a%, together wish 2ll called
subroutines on the subroutine ianvocation 1list fer =hat
s:égment, will reside in calculator aemory. This rcutine
uses SBRSUM and SBESUMLINK +*c determine the 1lengtks of
invoked routines. I* Tecurses mutually by calling COAILZSCE
in +he event that an iavcked =rcutine has not yet besn cszl-
escad. It determines this by looking at a boclean £iel3 in
the segment table. This fleld is sot t-ue if the subzoutine
has been coalesced. Th2 other prscedure, COMRINE, acczmm-
plishes the actual combination of adjacent sequential
segmernts. It uses <=he length p-edictor rcutices
MOD_SUMTCTF _JMP and MOD_SUMTOTSBER *o pradict a comkbired
length whichk takss into acccunt any changes that might cccur
in “he subroutine invccation or forward jump lists, Tf tke
combined lerng<h is within 1limizs <+<hen a recoabinacion
cccurs; if not, fpointers are advancad. This means that any
sequential segment records which fcllow the initial saquen-
tial segment records are part of = new memory calcula=ien.
Ia cther words, any sequential sagmsnt links +tha+t are rot
nil represert a Lkreak between the linked sequential
sagaents. Upon exiting COALESCE, the subroutine tha+t has
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just b=en coalesced 1is marked as such in the segusrzial
racord's kecclean fleld resarved for that iaforaation.

To visualize the result of the segmen=ing thase
another lcck a+t the example is provided. Figure 4.11 Ispre-
sents a segmentation based on a m2mory limit of 550 stegs.
Note that each of the irvoked subroutines has been coalescad
into a single sequantial segmant. Also notz +tha*t a Lreak
wvas mades ir the main subroutine. This is showr by the fact
<hat the main routins is not a siagls: segmen:z T=2cord. BY
examining <the %able it <can bee seen <hat <he routine
labelled "C" will be copisd twice when the <wo memory sized
ssgments are produced.

Tc interface Lbetween modules in *his zecursive envi-
ronment several <hings wera assumed or used. The fi-st was
that the data structure would secve as <hs repositcry of
global data. In addition, a wvariabls would b= used %o ksep
track of <*“he current size of the combinirg memcIy prcgram
s-eps. This variable vas passed as a pazamezaer in crder %o
preserv2 its value thrcughout +the recursion. All peiatars
wer2 passed as lccal parameters. This preserved lccations
in “he data structure as ths algorithm orogressed thocugh
+he differzent levels cf recursion.

These ogperations did requice some other work in

=

czder o ottain valid data <=hat vould cor-ectly calculate
code lengths to iaclude mul<iple copies of subrcitires. The
problem cccurred when there were mul“iplses invecations tc the
same subrcutine from differen* segmenzs (or =2ven differen*
subroutines) that up t2 310w were all includ=d ir “hs same
memory limit calculation. To solve <+his another £icldi was
tlaced in tke segment reccrd to indicats whather or no%t the
particular routine had been included or act in length calcu-
laticos. Whenever a sum was calculated and a =:ccutine
included ther the field was set =rue. Wheoever a new a3smcry
limit was reset back tec zero follovwing the iaplantation of a
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treak pcint, a SYSTEM UTILITY pracedurs wvas used t3 r3set
all the included fields back to false. This meaans +ha= only
one ccfpy ¢f a subrcutine would be consids-ed for each calcu-
lator sized meamocry ccmputation.

Futurs implementations should devalop a bem=zer
pethecd £eor recording wkhkether a segment is coalssced or
included. Tha inclusion of *his €field iz *the sesgm=snt *atle
record was a "quick £ix." This fix resulss in wasted
storage as it is oply used in the first zecord for eack
subroutins. An improveaert would be to use apothe: varian*
record tc record all current daza, wizk the 2xcegzicn of
coalesced and included information, £for alIl othsr sequenzial
segment ncdes other than the £first sequerntial segaent node,
This would save memory.

3. [Egs: Brogcesscr

After the segmentatior phase, the linker passes intc
+he pestprccessor phase. It is this phase that preovides “he
raquirad outpat for +the usar.

The informal strategy divides this phase into zthzee
distirpct operaticas. The first opecation designz*tes *he
start of sach calculator sized sagment of cola. Thess
segments, which meet the memory <Teguirements of the calcu-
lator, ares refsrred *o as @©pexocy aodules. The seccnd
gperaticn ccpies the required ccde intzc each segaernt ani
inse2r4s any segmentaticn prompticg instruczions *ha%t are
reeded fcr successful ccde execution. The last cparation
consists cf oupu*ting the segmented - code in 2 user frienily
ins<ructicn sheet fcraa+. This completss all 1linker
actionms.

In crder to support +he iafcrmal strategy, sSeveral
data siructures are used, tvo of which were described
earlier. They are +he segaent table and ths compilzd code
list. At this point the s2gment table has beer ccalesced

77



ard contains the locations c¢f the segmanzaticn breaks =has
will picipize card rsads. The compilad code will be ccoiad
by segmant as delireated in the segment table. A third
structule is built in this phase and a four<h structure l=
provided with the prcgran.

The &%hird structure 15 -afersed <%0 as the nmemory
sodule da%a structure. It is 2 Pascal variant of <=he
segment table, which allovws compatible pointer references
tetween tke two cbjects. The s+*ructure ccnsists of a linked
list of head nodes, which are namaed by r=spective memc:y
sodule nusbsr. They represent one calcula<or's werozk cf
available nmemory prcarazming sSteps as dezerminsd by <he
calculatcr parti<ion. Zach node of this linked list pcists
*o twc lccations. Cne location is to0 the £i-st sequerntial
segmen* table Te2cord node fcllowing 3 segaan*aticr braak.
Thke seccnd licrk is tc the copied coda that will make upr ths
pcogramsirg steps of the aemory module. In Figure 4.11,
there would ke +*wo pemory mcdule headsr nodas. The fizst
header ncde always pecints to the £irst seguen+ial seamsnt of
+he mnmain subroutine. In the example <this first aemcry
module weculd be poiating to the nods beginning with addcess
000. The second mepcry amaodule noi2 would point %*¢ a rzecexd
zhat £fcllcws a Dbreak. This would be =tc the sequantial
segmert ncde beginnirng with address 290. Just as thare ars
o cther breaks, there are 0o cther memory moduls necdss.
The other pcintezs wculd point %o a linked list cf ccds.

The copied ccmpiled code 1list is a parct of +he
mzmory acdule data s<ructure, I+ is ano*her Pascal variant
cf “he same recozd tyre. This list is similar in stzuctuce
¢c the cceopilad coede list reproduced during the preaprocessor
phase. 1Ttke cnly differance is in type=. Anc=hzss differenca
is tha* <hare ar2 no djuap pointers or dyanamic pointess indi-
cating a change in f£lcvw eof corntrol. The structure i
linked list of sequential code. This s=ruc=are is gcin+ed
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tc by tie wmemocy moduls header node. Azothar ©polnt =
pades is +“hat the lirked cecde lisz, when complszed, dz2s
contain cthar code tha*t is needed for prcampting. As such i=

is rc

a ona for cne copy 2f th2 compiled code liszt.
lastly, a look a% Figure 4.11 will show exactly th2 sagmernts
cf ccde that can be expacted o form the two memory mcdule
tructures. BY lookirg 2t th2 seguen=ial segmant ncdes and
fcllowing thkeir dynarmic point2rs of =h2 subrcusias lists =211
raquired ccde start and sztop addr2ssss are Jivan. *t is
this "leck down™ facility of <he sequsntial s=a2gma2r+ takle
that make it so useful.

Tke fourth data cbjec= is providad wi<k the linksar
p-ogram. It is a *extual £ils whichk contains tex:t messagas
which azs used by the linker. Each a=sssage is dslineated by
a $XXX whers (XX is anp intege:. The lianker, when gprovided
+the number portion c¢f a wmessage, can easily locats <zhe
message. Cnce locatad it can either 2a2x%ract values or ccpy
tha message wverbatia %to 2n output Zils. This is what occuzs
during “he fcrmatting of the iastruction messages.

The operations <hat build and manipulate +the data
structures function in three phases. Figure 4.12 is zhe
contour diagraa of the subroutine +hat =supports these
cperaticns,

The Zirst operazion is the construction of *he
header mesory mcdule nodses. This 1s accomplished by +he
Fascal prccedure BLD_MEMODULENODES depicted in Pigure 4.12.
This gzccedurs +raverses the segmant table and lcoks for
break peints, Whaa it f£finds one, =zt checks *5 s=e if the

c2ak has already keen de+teczed. If it has nct Deer
detscted then it builds +he header node and assigns i% a
memory acdule nuszber. The reason for- the chsck is that zhe
tzaversing mechanisa is based on recursion. In

s-rategy, traversing is begun with th2 main subrcu+ine. In
Figure 4.11 this would correspond %5 subroutine LBL A, ncide
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start address 000. It then searcha2s righnt alorng <hz saas
subrcutine tc detact all brezks of that subroutine. Thesn =
resets tack to the start of L3L A and begins to check the
subroutine list of each rode that comprises LEL A.
Recursion is ipplemented at this point when +the subrcutine
lipk is traversed and ancther zubroutine is discovered. IE
a break is disccvered in the subroutine list then ancther
gemcry headsr ncde is buouilt and <the program byrasses ths
treak ard recurses on tha next subrouzins. This tzaversal
mechanisz lsads to multiple discovaries of the same breaks.
Cons=2qgusatly, the check is made t92 ensurs aeltiple ccples
are nct placed in the memery module haader 1lis-.

The next oparation consists of copying code f-cm the
ccmpiled list, resetting address key codes for Jjumps and
addirg prempting code to each spacific nemory module code
list. Figure 4.12 contains the Pascal procedurs
BLD_MEMODULECODE which accomplishes the above tasks. This
iz donr2 Lty moving dcwn the memory modale haader list i1 2
sequertial fashicn. At each header, “he link %o %he s=agmen=
table is traversed tc detsrmin: exactly wia* segnents of ths
compiled ccd2 are to be copied. This Is +*ha duty of
BLD_A_MEMCRY in Figure 4.12. Once the star: and s=cp peints
are determined and copied ther =c-ecursion is utilized o
traverse tlke subroutine 1links of <the sequential segment
table to cbtain the required copiss of resident subroutires
to support the functicniag c¢f higher lavel sagments. During
this cpsraticn the ssgqman* table is 1ased as a "check pad,"
that is, ccpies ars parked iacluded 2£+er being copisd and
are reset upon comgletion of <copyiag. Arother fanction
acconsfplished durirng the processirg of a memory mcdule
sagaent is the addition of prompting code. Lastly,
addressass are reset and dustifisd “o include <+the resetting
¢f jump address key ccdes to reflect new Juaps to intecral

romgting messages and the absolute address of the crigi-
rzally ccepiled ccde 1list.
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Cnce “he memcry module data structu-e 1s ccapls<ed
s

*her th2 structure is preserted o «he user in an inszzuc-
*ion +*ype «c¢f format. This is the purpose of <he 2=zscal
procedure QUTPUT_INSTRE. This pr-ocedure utilizes +<we data

structures. It uses ths prcvided message fil=z structure and
+*he memory acdule structurs. The first acticn is ¢ outirut
the instructiorn iantroduction. This +the procedurs does
through the use of the massage fils and +h2 SYSTZM UTILITITY
Frograms FIND_MSG, PFINTLN_MSG and PRINT_LINENSG. These ars
dspic*ed in Figure 4.6. These proc=2durss allow ths linxesr
o copy vertatia messages in preforamattad fcrm. Oncs *his
is dcce the procedure ccpies the codelis+t f-oca each of %h2
mepory module lists cf£ code. Ornce a specific ocdule is
copied tre driver routine, CUTEUT_M5GPF1, prin<s cu* speciiic
ipformatica to delineate 2ach aemorIy mcduls. After this
acticr is accomplished, <the prccedure traverses the ssgment
table and prints cut additional user inforzation that will
aid the user in %tne execution of his precgranm.

Interfaces be=ween modules are accomplished as usual
with gointers. These pointers point ¢ <zheir respective
data st-uctur2s. Gleckal Znformation Is cecorded iz <h2 da*a
structures or in special glcbal wvaciables which 2-e passed
as paramcters duciag racursive cpera=ions.

Cne majcr prcklem that was s=ncounterad and sclved in
an Ilntec-ssting manner conceras “he Zormatting of *ths cutout.
The vas+t amount c¢f iastructioral iInfoc-mation that was
r=sgquizsd %o be output nade iaclusicn in <he source ccde
ridiculcus. To solva <kis, the message £ile system was
dsvalcpsld. This system consists of a =ext Iils ccntainiag
preformatted m»essages 3nd a several procedures leccatsd in
the SYSTEM UTILITIZES cortour in Pigure 4.6, Fach message is
delineazed by a "$" and a number. Two types of messages can
be prccessed. One kind of message -2sults in a comgplete
copy frcm thke <£irs+ line following =he 2aessage ccde (SXXX)



dewn t2 the line preceding *he na2x+ "$" encoutrsred. Th=
ther pessages are ore-line messages which ccpied until <h=

3" a+ *he end cf the message. This gives the p-cgramamer
the capability to write out blocks of text and to write ocut
+ext and computer generatsd information oz ths same line.

Arcther capatility providsd by <=he package 3is the
ability to sea-ch out messages from other files. Ths proce-
dure PINC_MSG takes as parazeters a file a2s well as 2
message puaker. This facility allowed the 1l1linker tc¢ b2
loosely ccupled with the cross-coapilar by Zatezfacing with
2 m=ssage number coded fil2 produced by the cross-ccmpilsr.
All tha*t the linksr peeded to know was under which nuekter =2
required piece c¢f information was coded and %+he interfacs
file pame tc affect an interface.

An igpprovement wmight be realized 3Ia the output 2£
th2 generated code list. Currently <here are two sapacat2
sets ¢f rfrccedures c¢sed to outpur code lists. Thies was
primarily dve to typing differencss. However, *“he secend
set cf prin* procedurss loca%ed in INSTRUCTIONS (see Figuce
4.12) 3is [probably scre effician:. Furtheraors, if <he
recorstructsd code were changed <o be a variaat of <ha
ssgment table structure then a rcediaction Ian Pascal ccdsz
lin2s would be realized through <he <limina*ica of a ccde
iis: grcuf c¢f printing procedures. A furthsr increase in
ef€ficiency may be realizsd ir any ocperations =r©=2quiziag use
¢ the reccnstructad compiled cod=s list.

C. INTERFACE ENGINEERING

In any detailed design, carzful consideration mus= bs
given to interfacing criteria. Interfacing criteria shoulid
be as explicit as pcesible, however this is not always
pecssikls. Sometimes, design dacisions or sngiaesrirng intsrc-
pretations have implications that affect other mcdules or
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subacdules. These are gansrally 2f an Zadicect 2azurze iz
+hat the interface is implied in tne system structucze and Is
not exrlicitly passed from mcduls =2 module.

Thesz =ypes of Interfaces surfzce in the detailzd jesign
phass. Decisicns regardiang TI-59 add-sss labelling and
structure c¢f the TI-59 subroutine greatly =zffsc=ed <h2

design. In addition, assumptions about the use of struc-
tured programming and *hs prchibiticn of r=cu v
programs facilitatsd system desigrm. Simple rede
the use cf WBASIC commands SREAD/DATA preovided =z
cf IsC, but again was an iaplizd iatec-facs. Th=z
iaplied irnterfaces will Dbe axaminad imn tae fecl
sections since thay are critical to undec-stazding the
cperaticrs and to future mairntapance.

1. Addressing II-59 SBR

Cr2 implied intsrfacs ressulted £-om a decisicrn on
the mecharis=p of subroutins invocation which would b=z used
by the systenm. This decisior arose {rom the fact that tha
TI-59 calculater may iInvoke zubrou=ine ccde ia saveral
different ways.

Tc undarstand vhy a decisiorn was required a lock at
“he subrcutine naming convernzicns ard prccedure Zor invecca-
+ion ars iIn ord=r. A subrout*ine rname is composed o€ zwe
Frogram steps. The first step is the keycods 76. This is
the LEL ccde. It *ells the calculator that *he next kay is
a subrcutine anape. The next prag-am 3tep is the aczual
subroutine name. The keys which m2y sarve as actual sukrou-
+*ine rages may be one of two %ypes. Tas fi-st type ccmes
from keys which are undefined, That is tc say the kzys are
nct used by the calculater <o perfara calculator func+ioans;
“hey =2are strictly =reserved for naaiag subrouzirnes. The
cthar “ype cf name ccmes frem definad keys. By “his we mean

he

tha:t ¢ calculator uses <the ksys in some fashiorn in
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additicn %o nmamirg svubroutines. Thess ksys are ovariload:di:
they can have “wo meanings.
=

ik
i

Tc define which meaning is to be interprezzi
5

s

2

(L

calculatecr re=quires that a sub:c-cutine defiznition bs prscs
with a special key callad the lapsl Kkay. This alezts ths
calculator <o thke fact that <the next program step is a
subrcutine ramse. Tc invoks a subroutine, the calculator
requires double meaning labels to be prscaded with a special
key called the invocation key. This alerts the calculazor
to the double meanaing much as tte label key. Por ucdésfinped
keys, this alart key is not raguired though i<s uss will net
altsr any transfers. Ther2 exists arother methed of
invoking sukrsutires. This calls for the invocaticn aler:
key to be follewed by an absoclute address. It is th=
duality ¢f meanings which presented problsas.

Tc overcome these problems <wo decisions were mr2de.
The first decision ztequired +that all undefined keys bs
t=cated as if they were defined keys. This resul=ed in cnly
cne cass *Cc be develcped +tc hardl? subroutine raming. The
penalty for this decision is that an added step was gensr-
ated whenever an undefined ke2y was usad as a label and a
call to tkat labesl was made. Thke othar decision disallcwed
the use of z2bsolute addresses in “he subroutine invocatzica.
all invccaticns would usa2 labels. This decision carzizgd 2
peralty ir terms of execu+tion spezd. The calculatcr must
s2arch cfreogram sStep memory to locate named subroutines
whereas address refsrences can be reachad dicectly. On the
oth2r hard *here are sevaral benefits. One pr-ograa stef was
saved siacs a lakel requires cnly orn2 st:zp whercsas an abso-
lute add=ess requires three. Tha other benefi+ permiited
“he definition of the inveccation alert key as a *vo sStep
ins=rcucticn and rot a twe or *hres s+2p iastruc+ion. This
vas the primary reascn £for this implemerntaticn. All of zhe
systen vas designed with this decision in mind.
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2. Structuresd Sukroutipes

4 prcblens arcse witk the defining of subroutinss.
The calculator permi+s subzcu%ines %o be defined wizkhirn
cther suktroutines. Though <his in Ztself is nct extracrdi-
nary, +*ke fact that rested defizitions may be clesed cus
with +the =ame sukroctine <rsturn Kkey 1is not usually
psrmitted. This type of structure made subroutine detasction
for segsertation purpcses very diificult.

T¢ solve this p-oblem it was decided tc¢ allow oxliv
structured subroutine definizions. That is =o say, c¢rly cn2
return was teraitted for sach lab=zl. In addition, i« was
decided to disallow nested definitions. In fact, the &=ci-
sion was @made to reguire tha+% thée programmer positionr his
main program first in WBASIC source c¢ods and <o have all of
his subrcutines follcw in the manrer described above.

This interface design decision tforced a specific
Fcogram structure. This structur2 was easy to deiz2ct, easy
to compile =nd @asy to segmant. These benrsfits were zsal-
ized at a cost cf nct beirng abls to generazse efficient or
"tricky” code and of reducing *he programmer's lseway in
develcring his WEASIC source cod2 prog-am sStructuce.

3. BRecursion

Although TI-59 calcula%or instructions <*end t¢ bHe
evasive or +the subject, <cecursive pIograms can be executed
in a few spscial situations. Soaa BASIC langjuages sucpor:
recursicn, cthess dc not. Al<houdh tze WBASIC languajs
supperts tacursicee, lipitacions laposad by the calculators
forced us 4o disallcw the ¢translation of recursive scurss
programs. C+ther reascns for this decision involved complex-
ities which such programs would pr2sent %o the linkaer.
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4. ZInprz/Output

The development o©f the input/ou=~put structuze was
designed arcund the threz sajor 1liamizaziops of <:the calcu-
latcr: prcyrasming stsps available, storage =cegistsrs
available, and the calculator nuameric display. In ezder to
develcp an efficient system to allow for input and cu<put,
restrictions were placed on scme WBASIC commands.

Since the calculator display allows only aumeric
input ard cutput, then any information passsd between a
human operator and the calculator must be in numeric form.
Prompts usad to communicate with <the ahuman aust be imbedadsd
in *he coapiled code, In “he case o0f inpuz and ou*pu%,
these prceopts have an cverhead In that they uses up valuatle
p-ogramming steps. For example, with esach INPUT ccmmard in
#BASIC, a total of seven sieps ace gens-at:d to prcduce a
promgt and store a value in the calcula=or. The rcrcblenm
with this cccurs whern larzge naumbec-s of variables need =9 be
input. If 60 variables are required for input then the
INPUT ccrmand will generats 420 steps. This is clearly
unacceptakls.

Tc sclve this problem «hs semantics 0f +the WEASIC
commands READ and DATA were mcdifisd. Us=2 of +thess ccmaanis
within a scurce prcgzam dces o= incr2ase <+h2 numbar of
Ecograa stefps in the translation. A Table of WBASIC wvari-
akle names assigned o TI-59 =cegistecss is preducad and
rlaced In the irterface €£ils. This allows the human to
input all of his data psior %o exscution wiithout haviag <o
pay the penalty cf generating extra proapting codea,

Ancther decision corncerns tha location ¢£ the DATA
and REAL statements: All DATA/READ pairs must cccur
togsther at the beginning ¢f the prograam. The reascn for
this should be clear. I+ would be iapossible to place +he
commands in *he middle of *he program beécause <=hey would
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have no effzct. Wizh the exception of a single Y¥OF (shich
iz elimipa+sd during p2erphole op%tiaization), thess cocmaands
generate no csde. As a result, ao Tun~time modificaticz of
variakless can occur. Purthermoze, DATA/READ statexsents
placed within loops would invalidate <+he DATA to READ
sapping, a static takble.

The whole rurpcse of the rcadefinitien cf +hese
commands was to give the user an optional fcrm of I/C. This
was expscted +o increase the efficisacy of “he gensratad
code. These decisiens influenced much 9f the desiagr cf the
EYystem.
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V. TESTING

The test program and its generated cutput are grovided
in Appercdices K through P of this zzport. The test prcgranm
vas chcser for several rsasons. Tha first rsason wvas %o
test the actual ability of +tke system =to produce a usalls
TI-59 coded progran. The second reason was +o attsmgt <o
cbtaic an idea as to ths efficiarcy of the system-generated
code. The following secticns pressat a description of the
test progran ard coamment on the 2fficiency of the gensrated
code.

A. TEST ERCGEANM DESCRIPTION

In develeping a test program saveral considerations had
to be taken in%o acccunt. The first considsratior requirad
that th= generated ccde be verifiabls. To varify the gener-
ated code, i* vas decided to program a solution to a probiem
for which verifiabla solutioss existed. Verifica<ica would
Ee achieved if the system-gerzratsd solutions matched thcss
of the 2xis*ting solutions for <+he same inputs. The =econd
consideraticn was to attempt %o 2rrive at scme sort cf =£fi-
ciency ccsparison batweepr the system generated TI-S59 p-cgranm
ard an cp*igized harnéd coded TI-S59 prograa.

The +e=st probleama which was s2l2ct2d £it <he abeve
criteria. First of all, sclutions to kaown input values
axisted. This ensured proper verification of the generated
cods. €scerdly, a2 kighly optimized hand coded solutica to
the problem existed fcr comparison. The problem selectsd is
called tke "Gurnery Proklem.”
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The gunrery prcblem is to deteraine firing datez fcr a
howitzer cannon. It consists of inputting the fcllcwirg

hcwitzer tallistic coefficients. The output which is gener-
ated ccnsists of time to target, elavazion to ackieve targst
hit ard the lateral deflection (a2an angular measuI2mernt +o
align with the target.

Tke sclu*ion invclves calculating a Tangs tc +targe= as
wall as an aziamuth *c tke target. The azimuth is *then
ccnverted to a lateral deflection, which is urdsrs<ocd by
the riece t¢c be the ccrsrect =zzimuzh on which to align.
Naxt, three quadratic egquations ar2 solvzd to de<eraine
elevation, tim2 of flight and shell dricz. These are
applied tc +he lateral deflectior and o the picsce sleva-
tion. A decision based or the calculated raage to tazge~ is
needed tc ensure correct ballis<ic coefficients are used in
the ccemputation. These cosfficisnts are baszsd on the charge
vhich is to be fired to achieva th2 range.

The hand coded versicn sclatiorn has been in us2 since
1976. Ttke accuracy c¢f this version was checked by ar<illery
taliistic tables and ty the Pield Ar+illery D:igi<al Computer
(FADAC), *<h2 recognized source of all correct firing data.
By using this scluticn, vast guanti<iss of <est irput and
cutput were available for program verification runs.

The nand developg=d versicr is highly optimized. For
example, the haad version stores esight numbars in £our
storage registers. This is accoamplised by storing the
aumbers c¢n either side of the decimal poizt in a rs=al
number. <This real nuaber is then decomposed ia a subroutine
*o ok*ain the cecrrect number. In addition, +his version
sakes use c¢cf calculater commands that wer2 not igplemerted
by the EAXIS9. For example, tbher2 is great use of the indi-
rect sicra, decrevent and =kip on zsro and polar to
rectangular commands., All of these <features made tha kand
codad versicn a highly optimized program.
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BE. TEST COMHENTS

The WEASIC soluticn was codsd using basically <=hs sanme
rrogram structure as the hand coded solution. This scucce
ccde 1s presented in Appendix K. The interface rile yener-
ated by the cross-compiler is presanted in Apoendix OQ. The
final ou%tput gecerated by the 1liaker is presanted in
Apperdix E.

In verifying ~he accuracy of the gensratzed ccde, many
runs wers made using input data Zor which known sclutiens
existed. Thers were no deviations £rom the known scluticns
in any of the test rTuns. The conclusion is that the gener-
ated ccde vas accurate.

In ccoparing efficiency a common unit of measursment was
needed fcr ccaparzison. Thie common uait waz chosen %o be
thke TI-59 gprogram step. The —eaascn for this is siospls.
Botk registers and precgram steps reside in the same aemory.
Registers ccaupy eight progriraing staps. To measure how
much memc:iy a prcgram uses i+ was only necessary %to mul+iply
the numkber of storace registers tizes eight and add it to
the numker ¢ program steps T0 arcive a+« 2 figus-e which
pmsasursd mescry usage wi<tkin <he calcula=cr.

This was dones with the BAXS59 gsneratsd cods aad +he hacd
coded grcgraes, The hand codzd soluticn used 441 steps and
60 -egisters for a totzl step c¢ount of 921. The EBARXS59
genseratsd ccde used €52 steps and 85 registers <for a %o*al
step ccunt cf 1340, This —rapresesntad an increase over the
hand ccded sclution cf 419 steps or a 45X incrsase.

A time to solu*ticn comparisorn was made next since tThe
primary purpose of the BAX59 system is *o allow an indi-
vidual “c¢ gquickly cbtain a prcgram capable of zunrning on the
TI-59 calculator. Tc begin with, the hand coded versior was
developed by three individuals over a periocd cf sevenl
vzeks., The BASIC prcgram used as Znput for the BAXS59 system

21



tcok «c¢rly cne perscn one day o writs and debug. The
utility ¢£ a hicher lsvel language greatly simplifisd <hse
programzicg Dprocess. It is this savings in precgramming
development which makes the desirapility of the BAXE9 sve<en
r2adily aprarmarnt.

In looking at +thke system-generatad program scam€ acre
comments can be made about where the relative cvarhead
CCCUIrEs. 0f the total 652 programaing steps it was noted
that 84 steps were due tc prompti: coda, Six sterage
registers were used as wmanual rszarz =c-sgis+srs whils cne
ragister was used as a =emporary display storage regisster.
Another register was used in <+h2 manual subrcu%ine returr
prompting scheme. This *otals for the Linker an cvsrhead of
148 proaramsing steps. This Linker ovarhead Zspresents 117
cf the total gererated steps indicating that the compiler
generatzsd a+ least 34% more code than “he hand sptiaizad
coded prearanm.

One last comment corcarniag the acitual zuraire cf the
BAX59 generatad program needs <o be mada, In running <zhe
BAX59 cocde i+ wvas determined that tima of sxecution becane
tctally dependart orn %he amount of cards requirad <o be
read in and out. If the nhead =-=2adar in the calculator furnc-
+tioned properly, then this required smail amounts of %ime 2o
accomgplish. If however, the head czader malrfunctlozed, then
the reading of cards became an ccieal. In additien, <+he
user had “c pay clcse attentioa to the prcgram grompting
sch2me ot he vould become lost be:iween caszd rsads.
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VI. CONCLUSION

In +*he fcllowing discussicons, tha test prograa is evalu-
ated togetker with the actual design. Pased on +this
evalua*icn several ccnclusions are drawn and -eccammendatioas
presented.

A. EVALUATION OF TEST RESULTS

In examining the %*est da%a, it 1s Zmportant to rsalize
that this is only a =ingle tsst. As such, it does not
represent +“he whola set of BASIC programs which may be

exgacutsd by the BAXS59 scftvars syst=a. However, th2 test
does give ar insight into “he actual efficienciss which
might be expectad. While actual rmumec-ical data 3is given

*these data should rno%* be viewed as a statistical analysis of
the s=ystem. Rather, the data is mzan<t to previde scazs frzme
cf referznce for the discussicn oi systeam efficiency.

In zxamining the test preogram, itz is no=ed that a2xcess
code generated azounts to roughly 451%. Of *his, approxi-
mat2ly 11% can be attributed <o the linke-, while 34% can be
attributed *o the cress-coapiler. Alzhough <he =otal cver-
hEad ss2ems c—ather larga, the reason for builiding the systanm
must ka recalled. Tke p=isary reason is to facilitate zhe
rapid desigr and ipplemsntation of programs on ths TI-59
cazlcula%or. In viev of this, it bacomes clear <+hat <hs
cvezheéad i=s secordary *“o the problen. Our =ceal yacdstick
fcr success is vwvhether or not TI-59 prog-ams can be devel-
cped mcre rapidly than hand coded prograams. The <“est
Fcogram provides an 1insight iato this side of +hs proklen.
Dsvalcpasnt *tize wvas about 'sne ocder of @magnizude faster
coapared to the hand codad solu+iea.
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This rafpid dsvelcgmernt time aore =than justiflies ths :higa
overhead. This is true in most acadsmic applicatzicrns, as
most frogrzaa 2xecuticns are limi<ad in rature. TZ on <h=s
o=her hard, a procgras is to be #xecuta2d 3any =imes, <=<h3aL an
cptimized hand coded prog-am might ke Dbe+ter <kan <hLe
sachine generated version. The £final decision lies wi<sk =he
usar. His program execution reguirem:ants, and the amcurt cf
time be has availabls %o design ard build his scluticn, will
driva his selection.

E. CCNCLUSICNS

In view of the <arget 1machine limitaticis, iz is rprck-
ably safe t¢ concluded that the systea is & valid fizs4-cus
prototyre. The protctype proved the desisabili=-y and feacsi-
bPility of the concept, that guick calcula*tor prog-amaing can
ke realized with the pinimum of 2fforz. The followizng pacza-
graphz dJdiscuss +the prototypes's 1liaitations 2213 suggest
reasons why ¢the current syszem is not yet us2ful &s a gcod
t-oductic: systean,

The czlculator is ssverly 1limizad iz 2emory capacity.
The TI-59 calculator has only 959 prograa stesps for prcgranm
usage. The ovsrhead in code genscation and segmentation
Froapts use up 45% of <h=sse stsps. Together with the fac+
*ha= cnly three zemcry partitions betwéen program s=2ps and
storage rLsgisters are available, =he 457 becomes a sigrifi-
can* driving figure in calcula%*or use.

The memcry problem resirticts =he varistias of progranms
which may ke w-itten for <=ranslation. Progzass may no: ba
writ+*en wkich require a maip routine haviag 2 long back juap
that covers a vast pcrtion cf a@emory. This i=s becauss thsa
linker segmentation =ctules will be violat=sd undsrneath the
covered di<ezative segaen=. Ths ==2gmecter will £ail =<c
sagment. Thus, only programs yhich ara sequsn=ial in na
ate suizakle for the sys=zea.
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Anctler ralated fprcblem is tha: <=h2 smaller ths aercrcy,
the more seqmentation breaks will occur in +*he cods. The
EOoré sagmentaticn breaks, the aore2 card reads will bs
ragquired to achieve a successful prog-am =2xecuticn. often,
a problem will arise with the card reader c¢f the calculazor.
Like any riece cf equipmsnt with a motor and magnetic *ape
head, it is fai:cly sensitive and prone to failure. If the
card reader fails just once in thes sxecution sequence, <hen
there is a high probability that +tha program will £fail %o
terainate succassfully. The miniaizazion oI magretic cari
reade i= desirabla fcr this -=2ason as wa2ll as £or reduct=ion
of user thrashing.

Arother restricticn occurs in <he language sutkset.
Arrays were rot iegplemented 1a ths first prototype design.
This limitation iapacts directly on <the types of prograns
which can be developed for and =ranslated by BAX59.

Arrays a2re used frimacily for its-ative work. dithcut
arrays, iterative werk, whila still possible, is very
limited. Much compu<*sr povwer lies ir th=2 ability %o axecute

h

izeraticn rarpidly. As noted in pr-eceading parcagraphks, +his
liaitazicn cccurs as a zesul= of Zhe small msydIy capacisy
of ~he machins. Because of this, it is 2
man~aticn c¢f acceys should occusz when tha protctype is
ra<ched vwish a mcre capable calculator.

We have sugges.2d major limitaticns of <he sys+=m as i+

i

currently stands. Por ¢these -oasons it i3 felt +hat %he

system should be wvicwad only as 2 £irs* worXkinag pre=o*yiz.
Howaver, we fesl that <his prototype successtfully d=smca-
gscates <he conceptr <that +the powar and sfficiency of

calculascr p-ogtanmming can be grea+l extended <h:c-ough
higher level language programming.
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C. RECCHMENDATIONS

If the concept of BAX59 is useiul, then the next lecgical
step is to develcp the second prototyps. The seccnd orceo-
type should no+* ts hinderad by <he current TI-59's
limita%icns. O*herwise, the next machine shculd be a more
practical one, allowing sasy hand held calculater prcgram=-
ming. Many firas nrnov aarket machinas which have built-in
BASIC language int=rrreters.

1. Bardwere Related Suggasticns

In order to avoid the majcr restriction, naaely
memory, the BAXS9 sys+ea aust <targetr a larger capacity
calculaxcr. This calcula<er sheuld have about 10,000
program s+ters and appreximatly 400 tc 500 storage registers,
A memory partitioning capability should be available *o
maximizs memory usage.

As a follow ¢cn %¢ irncreassd maemory capacity, <he
next trotetypa should have a hardvare device availabla which
will enable the host computer to dJdownload the gensrated
calculatcr program intc the %*argst @machine. This wculd
climinate hand fpunching program sta2ps, which would Le be
crohibi<ive on a calculator prograa cf 10,000 or more stecs.

Trte linksr algoritham examinas the dynamic siructurs
¢f the rregram to facilitate segamenting the progran. This
alogorizhm segments sequential coda that is not coverzd by a
back lect. It may k2 possible to us2 this algerithm in the
devalcpment of a single page swapping azechanisa/system fcr a
saall sicrccomputer. The purpose of the algorithm ip such a
system would be to segment a program “cc large faor <tha2
picrccomputer, in such a manner so as to ainizize the numkar
of single page swaps with the systea's disk storage unit.
Sach a sys*en wmight ke desirable Zor a small micrccoapu<er
in which memory is a problam.
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2. MAzzay Imolemsntasiaon

A very us2ful extansicn cf the2 language sudbset would
te =he inclusion of arrays. Coupl2d with memory =
the capakility t0 prccess arrays would make it possibls %0
do acre iterative precgrazaing.

A sipple bu+ costly ismplementation of single diaszn-
sional arrays is, perthaps, the mos: fe2asible approach. Foz
each array declared, <th-ee registars will be requized *o
s=ore indexing 2né access iaformation. Call +the WEAZIC
record f£ields which will stcre the assigned register zunmbers
EASE, HOLD, and CALL. BASE storss tha ruamber of the 2z:ay
tase register (array index 0). Dicing assignaent sta=easct
+-ansla«ica, HOLD stores the index for an array identifiar
cn *the lef+t hard side of thz assignasct s=a2ts2pent =gual
gign. CALL stor2s “he index 92f any array idenzifier
curzently being evalvyatad in sispls =xpression. Of ccurse,
registasrs vwill be necessacy fo:f storage o0 ths arrcay itsslf,
simples* <“echzique is to rTequire tha<t all ac-ray indax

nges start at 2ero. Addi«ionally, <hece will ks no run-
tims checking of ranga liaizs. Wizh *he <£cr=geing
restricticns, estimated TI-S59 progsaa stap raquiraments o=
translaticn 9% aven simple assigraents Iavelving siagls
dimacsicral arrays ace very high. Svaluation o0f one arcay
tefecence such as "A(X)" <ranslatses =0 13 trfograa ste:s.
The assigament stateaent "A(X)=A(Y)" transliates o 26 =z=egs.
A mcre cceplex reference succ as "A(A(X))"™ requices about 24
s+ aps. Together with zthe rnumber of regis<ers reeded o0
stors values 221 access da<a, usag: cf calculato: memory zay
tapidly appreach capacity levels with ar-ay zanipula<icn.

Farticular ac-ray values are accessed wiz the IND

iadirsct) instructicn. Cur basic s=ratsqgy is zc 242 <he
evaluatzd array subsecript %0 =he registar auaber ia BAZE,
arnd gtce it ic HOLD (for i2ft s_.de of assignasr*
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statements) or CALL (for 2ll o%hers). Whan a value is %o be
assigned to an array elsment on =th2 left of an assigra=ns
stategen*t, <than the «right side 1s evaluated and "STO IND®
HOLD =tores *hae value a= the correct lccation. If I35 ts
cnly necessary tc evaluate an array item wizthin an sx
sion, tker "RCL IND"™ CALL recalls +the value of <h2
approgriate itenm, Mcra sfiilcient translation scheaes 3igh=s
bz possitle; howaver, our <echnijue has been +tested on the
TI-59 calculator, and works well.

The most difficult aspect of ipplemesntatior is the
the task of iastalling the =zTranslation scheme aznd a parcsiag
schene. Pcrtunately, the BASIC language requires 2xplicit
acrray declarations using <he DIN stata2aent. Proceduze PDIY
must ke sritten +to parse thes2 declarations, create symiol
tabls entriess, and psake register assignmernts. The SLCTECD
record wculd naed ap additional variant tag <type for acray
types, <call it ARRIL. A slot with this tag would ca:cry
fields EMSE, HOLD, and CALL in Z:s varizant par=. Finally,
we wculd have to adjust the siapls 2xpression parsing aad
code gensratiag grocsdures PEXPR and PPRIMARY so <+hat they
could reccgnize array references and act accordingly. of
ccurse, *+here are other source code adjustm2mts that would
ke necassary to €ine 4un2 “he sys=a2m. However, +his discus-
sion has suggested cur outliaa c¢f maj.r steps invelved in
array isgpismenta<ion.
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ARBENDIX A
WBASIC SOUBSET BECOGNIZED BY BAXSY

CATA ENDIF NEXT dEM

DEF ENDLOOE PAUSE REZETORE
ELSE PNEND INPUT PAINT S ZTURN
ELSEIF FOR LET sHIT 3TOP
ENL GOSUB LOOE EAD gg%%%

- S S W S ——— i —— - — -

NCT < < - (

STIEP <= > - )

THEW > = * 5

1C * ! /! .

& ecjal--recsgnized scanner direczl]

N fggec%ai--:eca nized B; scanaer irecti{]
Uaizplapeptsd Reserved Words:

CHAIN LINECT RANDOMIZZ= SLEEP

CLOSE LOCK REMOQVE SORT

DIN AT RENAMNE TAGSORT

ENDGUESS (o)) RESUMZ UNLOCK

GUESS OPEHN SCRATCH Os5=

QFTICN (special=--syntax of WBASIC not iaplemented)

AND OR

£ L]

- S S
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Descripticn ¢f ccmmarnd Beserved Hczds:

DATA: Cr-ea%e an interrnal data list (s=22 READ, RESIORE)
CATA <integ=sr|real> [, <ianteger|c2al>)

DEP: LCefine a2 single or msulti-line function (see FNEND).

gle_line: DEP <fn_name? <{parameter-list> = <exgr>
u%'llﬂﬂ : ;u “name> g!{par&n cer-1ist> i BE
«ssDOdy o2 fipiti
FNENC

ZLSE: Indicate iastructions %o axecuts if no IF/ELSZIF
ccrditions vere satisfied (sse IF, ELSEIF, ENDIP).

ELSE

s<ateasn*s derpending

ELSEIF: Cause axecution aF a number -
ELSE, ENDIF).

of
cn *he given ccndition (ses IF,
ELSEIF <bool=an-expr>

END: Mark the @nd-of-source in the program (las* lins).
END
ENDIF: Indicate the eénd of an IF-ZLSEIPFP-ELSE structure
(see IF, ELSEIF, ELSE).
ENDIF

ENDLCCP: Mark the end of a loop (sse UNTIL, WHILZE, LOOP).
ENCLICCE

FMEND: Mark the end ¢f a fanction definizion (se=2 DEF).
FNENL

FOR: Mark tEke star+ ¢f a locp (s=2e NELT).
FOR <fcr-var> = <expr> T0O {exur} QSTE? <axpr>]

~.s-STa*ements to executz ii
WEXT <fer-war>

GOSUE: T.ans‘ar contrcl to the lice specified, until a
RETUEN is reached (se= EETURN).
GCSUE <line#> (No+e: GO SUB is znot reccgnized)

GOTO: Tr-ansfer centrcl tec the line specified (s2e ON).
GOIC <lins#> (Sote: GO TO is not recognized)
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IF: (1) Cause =ransfer of ccntrol <o 2ither of Tvwo )
statements or QUIT a lcop lspending orn 2 ccrdi=ic:n.
IF <tcc1ea=-e => THEN <lin2e#>|QUIT [ELSE <1lip=#>|CUIT
NOTE: ﬁgs is an exce :;o? =0 EBLSIC HF&CE fenaTy
nt aftsrc THEY

al cVs a"g single sta<tsma
/0r

{2) Cauce axecuticrt ¢f 2ither of a_g*oug cf
a*Elents ﬂe 2nding on_ 23 coxdition
{=e= ELSE LSEIP, ENDIF).

IF <tnclean—exur> 3 .
.« Statemrsnts to 2xecute i sxpression TRUE
[‘L‘EIE ch¢01Ea“-exp:> i
«sesSta*tements *0 execut2 if 22d expression TRUE)

(ELSE _
'HDi .Etateren*ts %0 execut2 1f nona are ’IEIIE]
E

L L

INPUT: Transmit data frcm the =erainral to a aumber cf
variables (see PRINT). Yo variables stops axecu*icn.

INPUT (<a2xpcz> (, <expr>}]

L2T: Assign the value cf an expraession to a varizble.
[(LET] <var> = <expr>
LO0OP: Mark the bzaginning »f a lcop
(see WHLILE, ENLCI1OOP, ONTIL).
IGCE .
«ssStatements to execute in lcop
ENDICOE
NEXT: Mark *he e2nd of a FOR loop (see FOR).
Fas {fur*?a"} B aaa
s STat2ments to execute in loop
HEIi <“nf-va">
FAUSE: Suspsnd executior of <he pregrai.
FAUSE
BRINT: L-ansFﬂr a series of wvalyuas to pricter or,
E ne Q:E'asslcn is found, a line spaca w
{eeﬂ CPTION)
FRINT [<exor> (, <expr>}]

QUIT: Leave the cur-ant block (WHILE, UNTIL, LOO?).
CUIT

2AD: T-arsier data from +<he list of itsas specified in DATA
sta“ements (see DATA, BRESTORE).
REALC <wvariable> [, <variablel}
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EEM: Indicate that the line is a comamaent.  The exclamazion
charac=er (!} may also be used to indicaze a ccra=ct=.
RENM [<ccament> ]
RESTCEE: Cause the next READ statemant to gst datz valuyss
starting at the fizst itenm in +the DATA 1lisz*
(sze READ, [CATA).
FEESTCERE

RETURN: Transfer ccntrcl to the statemszat following +tha las<

GCSUB exscutsd (see GOSUB).
RETURN

STOP: Terminate crograa <xacution.

STOE
UNTIL: Mark the =nd of a locp to b=
ccrdi+ion is true (see WHILE,

LICCFE

sssStatepents to sxecuts in
UNTIL <kcolean-expr>

WHILE: Mark *he beginning of a lcop
iven conditicn 1= no longer
£c¢e LOOP, ENCIOOP, UNTIL).

WHILE <Ibole<an-expr> )
sssStatenents o exscute in
ENDLCOE

CPTICN: Setsrase®t boclean taqglgs v
Egneratzcn of cutput filies,
AUTION: This is no* the #

constructad an
CETICH <opt-parm> (<cpt-parad}

vhere <cgt-pacza>
arn ange er
sign s
posits
sign

rate 1i hﬁg

rate ccde for PC-100
imize cut unnecessary
Ftimize cut unnecessarcy
translated TI-59 code_ =0
contents cf symbol “able

e
e
-5

each lexical =oken to

DI E b=

LN
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interface filS..eessssnas
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LOOQP, ENDLOCP) .

givan
loop
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zrue

loop
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Descriptior of Supplepental Ressrvai Hords:

NOT: Negate a2 Ltoclean sxprassiocx (ses IF, WHILE, UNTIIIL).
NOT <tcclean-exg=>
ST2P: Dasignate the increment (decremant) value cf a FCR
vaziables (see FOR). (d=fauls = +1)
FOR <fcr=-var> = <expor> TC <2xpr> STEP <z2xpr>
THEN: Mark the Fkeginning of the *-ue bzanch cf 2 line-
crientsd IF state@asnt (see IF).
IF <Icoclear-expr> THEN <line#>|QUIT [ELSZ <iine#>|CUIT]
TO: Mark the expression which rspresents the liasitiag
value of a fozr=-variable (sza FOR)
FOR <fcr-var> = <axpr> TO <expr> [STEP <2xpz>]

Syabcls ard Operators:

<> nct equal

= less has ¢r equal

>= greater than of equal
*=* raise %0 thke power

< Iess than

greater than

a -
d of line cmt

sukbtzaciica

multiplica<ion

divisica :

Cpen exXprassion

closz sxpressicn
liss item sepaca<or
decimal point

L L

rt
mp

served woerds--c=cognized
anner v ithout cefesfence 0
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4

*ri

- i ]

M B0
R

B e
ol
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LU ol =T
b

»2n+ lina is cozzinu
inuation of <«he las=

l1in

o =
L]

w e
ik
o
il

n
%]
I.I.-
is
ca

g To loag for on
¢ on The ' asxt 11

o

This ccmment i .

v
£ aus+t be con%inu

X

a

tifilar names to

Underscors; used within variszbd
s esignate a user

aesist in readability: alsc a
defired functicn iﬂegiifizr.

ET FINAL SUM_VALUE = FIRST_VALUZ + SECOND_VALUE
EF FN_FACTORIAL... -

il

la %
ed =

L
L
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Euilxz=-ip Functions:

AES ATN CSC IP PI SIN
ACCS €35 EXE LOG RND SQR
ASIH coT FP LGG10 SEC TAN
ABS: iEE?i?ﬁ the aksclute value (magani<ude) ¢f paramete:
ACOS: FGHeturns the arccesine (in radians) cf pacameter
ACCS (x)
ASIN: Retuzns the arcsine (ir radizans) of parametacs
ASIN (%)
ATY: Rgturps the arctangen< (in -adians) of parameter
ATH (%)
COT: Re*turns the cctangent of pacamster angle in cadians
CCT (x)
C5C: Returns tha ccsecanat of paramet=ar angle in radia:ns
C5C(x)
EXP: Returas +he value of 2 raisasd =92 “tha power x
EXE(x)
FP: ggiufns the fractional pa2rt and sign of parameter
FE(x
IP: %E??f“ﬁ the ipteger par= and sign of —eal paramsa“e:
LOG: Retuczas “he natural logarithm (basa e) of patameter
LCG (x)
LOG1J: Re*uzns the lcgarithm (base 10) of pacametsT
LCG10 (x
ET: Re*urns th? value of “he ccas=<ant pi
EEL = 3.141593 WBASIC ==> pi = 3.13159265359 TI-59)
nxD: Re+urrs a psacdo-randem naumbes in the range (0,1)
RNL (x)
SEC: Re<urns the secarn* of paramets:s aangle in radians
SEC(X)
SIN: Re*urns the sire of parametar angle in cadiarts
SIN(x)
SQR: REtUrns tha square rcot of paraseter
SCH ()
TAN: %EE?:fs the tangent of parzaeter angle in radians
X
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APPENDIX B
CONDENSED BAX59 USER"S GOUIDE

This guide is iIntended to b2 a usaful compendium of

impcrtant pcints +the user should coasider when preparing,
ccoss-ccafpiling, and linkizg a WBASIC source program wics

the EAXS59 systen. Included are suggest2d praograaming =sch-
niques which will op*imize ané improva Tesuiiizg TI-59 code.

soms ¢Z the infecrmaticn contained in thes design document is

repaatad bkere for +*he saks c©f consistency. Thez=s azts 2 f=w

c
Frevicusly urmen*ioneéd iteas, many ¢ which azs =assential €2

successful use of *the systenm.

1.

2.

3.

Whetler you are translating a prawri<+en @BASIC precgran
cr one which ycu are wri<iag younrself, review i< Zor
corssructs and functions which are not isplemenzed iz
BAXS5S. Use Aprendix A as & guick «referencs for =his
FUCECS=. Pindirg and =2liminating unimplemented func-

ticns is mere iaportant tharn coastructs. BAXSY9 will
de2tect and rspcrt coastruct subset errcrs, hovevsz,
ucisglssented functions are assumed <¢ be variakbls

idsntifiars and will e gn+=r2
such. ARl SITOI 3ay Or pay ncT b2 Cepers

mkol takle ag
4 as a resul*
o

(&
j*
< ]
il
¥ [=s
1]
[14]
[

cf faul+y syatzx; +this depends upon the ¢
uniggplemented function.

Every 1line ¢f the socurce prograa aust have a line
rumbter, including blank linss. Svery line numbsr mussz
ke iz <chrenolcegical order betveea 00000 arnd 499999
exclusive.

[~
-
"
i
t
=
i)
m
=
=

The snd of the souarce file does 1ot reg
statedent; hosever, vhenever an END s+atement 1is
epccuntered, ths end of the source program is assuned

105



6.

and =tTranslation halzs. Tha ZKD stateoment will oz
generate a TI-59 program Stop. If you ades
TI-59 program halt gracefully, you must use the SICP
statemers (s) ia the WBASIC sourc: code.
There is ro overhead inveclived in using blank linses or
COmMEN TS, Althcugh a NOP is generated for each, it is
subsequently oftimized outr during resoluticn. This
also allows unccnditional jumps <o such constriucts
withcut cause fcr ccocrcern. Howaver, such practice is
not rsccamended and will hamper debugging.
Ycu are strongly uarged +to practice structuted pregram-
ming. While an urs+tructured progzaa will he
translated, its physical ccrrisspoadsnce to the ctiginpal
WEASIC source ccde is likely tc be lass reccanizabla.
Also, such =2 tranmslation will vec-y probably coniuse tke
linker. Ensure that your subroucines have cnly cne
en<ry point and one RETURN, otherwise you will defi-
citely confuse the linker! In order “o iamprove <ie
thysical correspondence betwesrn source and trarsla<ion,
ycu are encouraged to use blank lires and ccamments.
This will usually assis< ia debugging, 1£f requirad.
The structured crder of WEBASIT ©program pac<s should be
as fcilcws:

A. OFTION statement (£2r BAX59 caly)

B. DATA/READ s=atements

C. Main Pody (inclading & at l=2as%t cne STOP)

D. PFurnction DEP's acd Subrouzines

E. END statema2nt

Sote: The linker sxpec%ts =0 £ind +*hke label =repre-
senting the mair body (L2L A) 2as the Zirst two TI-S59
k:ycecdes.

There is only one +type oI nuaeric daza: rzal.

Integess and reals are both cciasicdared resals in the
TI-59 sun-<tize enviconment. Numeric entries without
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S.

10.

1.

12.

13.

exponens will always k2 <tcuncatad to0 <ten sigrnificant
digisa, I£ the entry con%ains an exponant orf i£ zis
entry must ke ccnvarted to expcaent notaticnr in crziss
tc mainstain aquivaisnce, thea onrly eight sigrificans
digits will be saved (plus two in the exporent). The
ruies can have a profound effzct upen precisisn errccs
in numerical cocputatioans.

Avcid prelifsra<icn c¢f variabls names. Variables names
usa registers, Yyour mOsS%t Precious regscucce! Wheneve:

pcssible Teuse variabl2 names o prevent new Tegister

assignmsnts.

Cc nc* forget %0 reserva ragisters Zor your cwn
regquizemsnts. Tha "lcng" Zunction £facility alvays
raquires one ipn ths rang2 10-99. The Zinker always

requirss two in zhe rtange 00-09. An additiconal %wc pac
sagment in <he rangz 10-99 will be taken dynamically
by <he linksc after the cross-coapiler has made 2ll iI:s

assignmen<s. The inzsarfac2 Info-mazion is passed
thzcugh the SCEATCH file. Never —reserve ths lasz
availakls register, cthecwiss a mamory coverflow will

neaver be rsported in a warning asssags.
Cozimizs sxcressions using ::e standazd rules cf cpez-
a*cr grecedence. Failurz <=0 40 soO aay =c=ssul: 3in
unrnecessary genecation 2f parsenthasss.
Aveid usz of the STEP cotion in PFOR loops. PRely on the
deZaul% inczamen+ (+1) whenevsr possiblse.
If a usar-dafined function is %2 be appii=zd £or its
side 2ffac%s only, then use one varizble nane +c invckes
all such fuzcticn calls. Feo- exaapls:

00120 INVOKE = FY¥_ALPHA

Q0130 IHNVOKE = 7N_BETA (X,Y)

0G0 INVGKE = FHN_GANMMA
Alzkcugh centrary <to principlas of good s+tzuctured

rrogramaing, dc aot pass =zay Facam2ters unless
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14.

15.

16.

17

18.

aksclutely ascessary. Parameter passing uses 2 g-e2t
dsal <¢f precgram steps. Fuctasraore, since 3zctural
parame%ers may ke simple axp-assions, nesting of sarsn-
theses can beccpe arbitrarily d2ep very guickly in a
functicn call. The TI-59 places a limit of zire on the
degth c¢f parentbeses nests.

Remember that the TI-59 allows subroutine (SBR) nesz=in

to 2 maxipum of six levels. This restricts +the depth
of recursion. However, if =he recursive call always
Ie€Turns to2 the =ame address, Th2 fscuc-sion wiil prcbh-
ably verk., This is because tae subzcutine retur:z stack
vill alvays maiptaln the corsact retura address, even
if i+ cverflowvs.

BAX59 distinguishes between upper and lower case char-
acters in varialkle identifiers. Excepticns are the "E®
in an exponent, <ths "FN_" preface of a functicn, and
reserved words. Built=in func=ions aust be wrcittar as
*hey appear in the BIPNQF or BIFNLF files (currerntly,
all upper case) .

W3ASIC trignometric functions compute i radians. By
defauls, TI-59 +“rignome=tric Sunctionrs compu*e irn
degrees, If tr-groastric functions ace +ranslazsd,
then prior %o exscution <hs TI-59 aust be reset tc the
radian mode by entering "2¥D RAD.™ _

If ycu vlan to mwodifvy TI-59 code tha+t has been genec-
a==d Ly BaX59, remember t+hat only subscutires have
relative addresses. a1l other addresses are absclute
Justified. Cecde ipnser<ions eor dalztions dc ro*
zefustify absolute addrasses! Unless you ars familia:z
enough with the calcula=or %o know what you are dcing,
ycu will create more prchlems than you fix.

The special cecns=ruct, cAUSE, is provided <Zor
assistance in debuggirng. This is somevhat liks a
message to the ccmpiler. It +“ranslatss to +the TI-59
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19.

20.

21.

22.

keyccdes 82 and 31, which 2z a void ksy aad the mLzj"
key. Thess Kkeycodes cannot be sntered directly into
the calculator. 1Instead, enter "STO 31" followed by
th2 e€diting sequence "BST BST NKOP SST." The cziginal
“sTC 31" will have been changed to "NOP 31." dnen
enccuntered during run=-time, thasa keys will ZIrterrupt
exscution armd cause the calcula%or “c enter its lLearn
Mcde. Othar than stopping execution, rno other haraful
effects result. To resume processing, simply hit WLRN"
¢ shov tke contents of +=he currzent display regis*er,
and "R/S" <o comtinue exscution. This facility
provides a convenisnt mathed of process suspension
vhich oorresponds physically and logically %o +*he
WEASIC source ccde.

The PBAXS59 CPTICHN stateoment aay provide other  useful
facili«ies for dsbugging. However, most of these were
designed for debugging duz-iag installaticn of
enhancements te¢ the BAX59 Cross-Compiler Beware of
CPTICN parameters 6, 7, and 8. These tend to produce a
great deal cf cutpu*!

Th2 EAXS9 system wiil not axecute properly unless all
asscciated data £iles are availablz t¢ thke host
cperating system on which BAX59 will =zun. fou may
aodify the ZInfcrma+ion ccntained irp them, howvever, you
should nact change the formats. (Thase f€files ars
Appendices D, E, P, G, H, and J.)

Co not design excessively long iteratzive loops or back
jumpss +<he linker cannot handle =hem. If iteraticn is
required, desian loops which translate to back jusps
that 2ace well withia the TI-53 memozy cons:taiats.

The key %o successful us2 of the linker is +*o break
very large programs in*to smaller pac-ts whkich can be
preccessed sequerntially without much repe<«ition.
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ABRERDIX C

CROSS-COMPILER SOURCE CODE
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Ill*tt**!*t‘*!*#*#!*lt!t**it#*t*!*#t*tl!*!ttt*#!*t**##t#tit

* =
: PRIMITIVE CHAR R00TINZS :
xR REEI R AR R R R R R kR kR PRk kb Ak Ak kR g A p ek E ke R
'-31 ——————————————————————————————————————————————————— &
* UPBCASE CCNVERTS ANY LOWER CASE EZBCDIC (OR ASCII) CHAR *
: TC UPEFER CASE EQUIVALZENT. 2
FUNCTICN UECASE (VAR CH : CHAR) : CHAR;:
BEGIN )
IF CH IN {.'a'..'i'.k TEEN
OECASE := CHR(ORD(Cd) - ORD("a") + ORD('A"))
PLSE IF CH IN g.'a'..'r'.j TH
UECASE := CHE(ORC(CH) = ORD('j") # ORD(*J"))
ELSE IF CH IN ﬁ"s""z"‘ THE
UECASE := CHE(ORLC(CH) - ORD("'s') + ORD("'S"))
BLSE
UECASE := CH
END; (* UPPZRCASE ¥)

I#li!iii‘iti*‘*lt‘t#‘****t*ttt#ttttti*l**tt*it#tt#itt##ttit]

] - -

'-'ﬂz ---------------------------------------------------- *
** TEANSCIGIT RETURNS THZE INTEGER VALUZ 70R NUMERIC CHARS =
FUNCTICN TRANSDIGIT (CH : CHAR) : INTEGER;

BEEGIN
TRANSDIGIT := ORD (CH) - CRD ('0')

END; (* TRANSDIGIT ¥*)
(FEEEXEXFITETATRIRERREE I SRR AERIXRR IR R RER SR RN TR RTR T RE %)
N I e p— *
!*-EEEEEEE-EEEEEEE-EEEEEEE-EEEEE-EE-&-EEEEEEE-EEEE-EEEEEE_‘t
FUNCTION XNUMBER (ACCUOM:TESTRING; ACCINX:ACCAENG) : INTEGES;
VAR I, TEMENE : INTEGEZR;

BEGIN
TEMENE := O0:
FOR I := 1 tO ACCINX DO
TEMENE := TEMPNR * 10 # TRANSDIGIT (ACCUM (-I.)):
XNOMBZR := TEMENR

END; (* XHUUHBIR %)
(*EFEEEEX XX XTE XX EREXERRX AT SR TAEARXX LRI RRT A XX AR XX XXX XXX XX )
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*"ﬂl'-l- -------------------------------------------- -

b ZEEﬂPLB WRITES INTEGERS TO AN OUTFILE WITH LZADING 0°'S "

T s o o — ——

EROCELURE ZEROPAL (VAR WFILE : TEXT?; N, ECT : INTZGEs):
VAR I, TK : INTEGER;

BEGIY
™S = N:
RZEEAT
TH := TN DIV 10;
ZCT := ZCT = 1
ONTIL 1IN = 0;
POR I := 1TH zZcT rO
RITE JHFILE, 0
IF N 5= 0 T4EY
WEITE (WFILE, N: 1)
ELSE
WRITE (WFILE, -N:1, '-')
END: (* ZERO2AD #)
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(* GETCHAR *)
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(* PUTCHAR =*)

(* GETNOELANK *)

EOFPZR INLEX
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LINSUF INDEX.
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NCED
T o o e  — T —— 2 o o

=

(« LNBINX.)
CHAR) ;

.%==

IN THE ACCUM ARRAY.

REFER
CHAR;
NBINXK.)

CHAR

LYBINX + 1;
LINBUOF(.L
(ACCINX >= MAXTOKLEN)

CUREENT CHAR

E
GETCHAR GHETURNS THE CHAR FOLLOWING LIN

* ANL INCREMENTS THE LINE BUFFER INDEX.
* FUICHAE INCREMENTS THE ACCUNM INDEX AND PLACES A CHAR

#2005 =05 === == mm o m e e
* INTO THAT P0SITION

* GETNOELANK RETURNS FIRST NON-BLANK CHAR STARTING WITH
#=05=0l === === = = mm i m e et mmm o m = e e e ok

® TH

*
[ o o e e e S W - o )

e e e e
e e T

FUNCTICHN GETNOBLANK
FUNCTIION GEICHAR
FROCEPURE FUTCHAR (CH

END;
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% PUTANDGET PUTS A CURRZNT CHAR INTO ACCUM AND GZTS TH: *
* NEXT CHAR FROM THE LINE BUFFER. .
FUNCTICHN EUTANFGET (CH : CHAR) : CHAR:
EEGIN
PUTCHAR 4CH};
PUTANDGET :- GETCHAR
END: (* PUTANDGET *)
(mmmm e m e e e e e mmm e m e m e ——————————— *)
e S m() T e cnn e o oo ceme - - - —— - *
* NUFSECCL EEADS ALL DIGITS WHICH CONPRISE ONE UNSIGNEL =*
* INTEGER AND PUTS THEM INTO THE ACCUM IN SEQUENCE: *
g: THE NUMBER OF DIGITS SPOCLED IS RETURNED. >
FUNCTICH NUMSPOOL : INTEGER:
VAR I : INTEGER;
B2GIN )
IF TCHAS IN DIGITS THEYN
BEGIN
I := 0:
WHILE TCHA® IN CIGITS DO
EEGIN
TCHAR := PCGTANDGET (TCHAR):
I :=1I+ 1
END:
NUMSECCL := I
END
BLSE
_ NUMSECOL := 0
END; (* NUMSPOCL *)
i *)
‘-ﬂE-HB--____--_-_--------T ————————————————————————————— *
* EXECNENT READS THE CHARS WHICH COMDRISE AN EXDONENT *
: PART, COUNTS THEM, AND PUTS THEM INTO THE accuM. *
EROCELCURE EXCONENT;
E2GIN
IF éUFChSE{TCHhE] = 'E') THEN
EEGIN
TCHAR := PUT&#EELIJTCHER];
IF TCHAR IN SIGNS T
TCHAR == PDTAHEGE*{TCH!H]
ELSE
ECTCHAR ('+') ;
ECCUNT := nU¥SEcoL
END
END: (* SXDONENT #)
(B m e e e e e e e e e e e e e - —————————————— *)
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= PUTANLGET (TCHAR);

RCCCNT := NUMSECOL

END

CHAE = PERIOD TREEN

1
EGIN
TCHAR

DECIMALET REALCS AMNLC COUNTS THE DIGITS IN THE
B

* FRACTICNAL PART OF A NUMBER AND PUTS THENM INTO

**---.ﬂ.-ﬂ._ﬁ.—.—. —— — — S —— - — — - ——
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ELSE IF (ICHAR = PERIOD) THEN
EEGIN
DECINALDT:
EXECNENT;
ADJEST:
TCKNUM':= NUMBERTOK
END
ELSE IF (TCHAR IN [CUBLE1) THEN
TCHAR := PUTlHEGETiTCHARL
1F L(TEH!R IN DCOBL !a
TCHAR := PUTAHEGLT[TCHAR
TOKNOM := RWLOCKUP
END
BLSE IF (TCHAR I¥ SEECIALS) TEEN
"TCHAR := PUTANLGET (TCHAR);
TCKEUM := BRWLOCKUD:
IF TOKNUM = CHICKEXC THEN (* LOOK FOR EXCLAM CMT *)
CHTSEOOL
END
BLSE IF (TCHAR IN SUBERROR) THEN
WRITE LISTF, "**P** SCAN ZRROX FOUND AT "', TCHAR):
43TT2IN (LISTP, *"...CHAR NOT IN THIS SUBSET'] :
EFFCBCT z= EBaRCRcT & 1:
RECCVER
END
ELSE
BEGIN
WRITE !LISTF, '**Px* SCAN ERROR FOUND AT "', TCHAR):
WRITELN (LISTF. '"...UNRECOGNIZABLE CHAR') :
ERFCACT := ERRORCT + 1:
SECCVER
END;
FOR T := (ACCINX ¢ 1) TO MAXTOKLEN
nccuut.f.: == BLANK;  (* BLANK OUT REMAINDER OF ACCUM *)
N0 e i A i o e st i i s #
* DEEUGGING TOOL: LISTS TOKNUN AND TOKZN AS IT IS REAL. *!
IF TOXCLT THEN CPTION 7 *
WELTELY (©JTeILE, ':6, TCKNUM:2, * (', ccun 19 ¢
IF TCKLIS THEN * opf1oN B'¥)
F WRITELN (LISTP, ' ':6, TOKNUN:2, ' |', ACCUN, 'I:l___*]
END: (* SCAN *)
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(FEESSRFIRRIIE R IR ERRIRR AR XX B SREXAR A ESER AR IRRE KRR TH AR B 48

(* *
: ZEROR/LINE ZND HANDLING ROUTINES :
FEEERF IR IR A RR R AR R A IRR R R R AR R AR AR AR AR R R AR AR AR AR AR RS &S
(R J i m e me o - *
= PRECOVER SCANS A IINE AND DISREGARDS TOKENS UNTIL IT L
3* FINDS A COMMENT, AN END OF LINE, OR AN END OF FILE. :
EROCELCUSE FFECOVER;
BEGIN

WHILE NCT &TUKHUH IN TRAILTOEKS) DO

SCAN (ICRNU

D3 (* PRECOVER =*)
(RFF XXX RRFXRERAEEFIRRRRE R IXRAXX KRR AR XA R RR IR RR AR SRR AR &%)
*-
éRGCEEUh: GENKEY (OPCCDE : INTEGER) ; FORWAEKD;
(FEF R IRABRIERR R IIIRRAEE SERAEX AR IR B NI AR AR BR A R R R R AR ® 25
B () T e *
* DERROE IS THE GEZENERAL FURPCSE EBRROR HANDLER WHICH: ®
* GENERATES SPACE FCHR REGISTER OR ADDRESS INSERTION IN *
* ORDER TIC PREVENT THE CODEDUXP ROUTINE FRCM CAUSING A =
* SYSTEN ERROR DUE TC INVALID TI-59 CODE GENZRATION: *
* ANNOTATES THE LISTING PILE WITH THE ERROR LOCATION; -
: INCREMENTS THE SRECR COUNT; RECOVERS TO END OF LINE. :
EROCELURE PERROR:
BEGIN

GENKEY 1—1 - * GENERATE REG/ADDR SPACE TO PROTECT CODE *;

GENKEY (-1): (= DUMEF EOQUTINE FEOM CPERATING SYS EREOR. *

WRITELH (LISTF_, *==*F** PATAL ERROR FOUND AT "', ,ACCUN,'™").:

ERRCECT := ERRORCT + 1:

PRECQVER
END; (* PERECR *)

B e e e e s e e s s s m s = - *
* PSUBESECHE DISTINGUISHES AN =RROR WHICH IS A RESULT OF =
* USING A WEASIC COFMAND NOT IN THIS I®PLZMEZNTATION. *
FROCEDURF PSUBERROR:
BEGIN
WREITELN (LISTF,'**F#** SUBSET ZRROR FOUND AT "', ACCUM,"M7);
ERRCECT := B8 563 +1;
PRECOVER

END; (* PSUBERRCR #)
(2R R EIFE AT AR R ERRARERE FA B AR AN A RE N AT AR R R Rk k)
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EEXEXREAEEFEA A ERE XN XETAREE PEXRIEAAAIAEXBIARAN XXX R RNk 3 2k kK

* *
; SYXEOL TABLE MANAGEMENT R0OUTINES :
EEEEF R R AR S AR IR R IR AR AR TR AR R AR AR R Sk A R R Ak
o T s s gt S

* HASHYAL EETURNS TEE HASH VALUE OF THE STRING C
* IN THE ACCUM (SUM CFP ORD VALUES OF CHARS MOD H

-]

FUNCTION HASHVAL (ACCUM:TKSTRING; ACCINX:INTEGEE) : HASHRNG;
VAR HASHSUN, I : INTEGER;

PEGIN
HASHSUM == 0;
POF I := 1 IO ACCINX DO
HASHSUM := HASHSUNM + ORD (ACCUH(.I.));
HASHYAL := HASHSUM ¥XOD (HASREASE + 1)
END; (* HASHVAL *)

e e L |

B e e T T T »
* GETISLCT HASHES ID STRING IN ACCUM INTO SYMBOL TABLE; *
* INSERIS MEW SLOT INTO CORRECT HASH SUCKET AND ENTERS *
* IDENTIFIER NAME INTO IDENT FIELD; RETURNS SLOT POINTER =
: TG THE NZW SLOT BU0T VARIANT TAG TYP IS UNDECLARED. :

VAR CURHASH : HASHENG:
IDSLCT : SLOTPTH:
BEGIN )
CURHASH == HASHVAL (ACCUM, ACCINX):
NEW_(ICSLcT) ;
IDSIOTZ.IDEND == ACCUM:
IDSICT2.SLOT == BDEEETé.CUHHISH.].
BUCEEI{.EURHASH. += IDSLCT:
GETSLCT := IDSLO
END: (* GETISLCT *)
(*FEXXXFFAXARR EXXXXRAFERAE R IR AER AR ER B BXRRBR ARSI XX IRRR RN KR
t—‘l] ———————————————————————————————————————————————————— *
* PN CHK RETURNS TRHE{F&LSE AS TO WHETHZR OR NOT AN *
: ACTOM STPING DESIGNATES A USER DEFINED FOUNCTION OR HOT *
PUNCTION FY_CHK (ACCUM : TKSTRING) BOOLZAN:
EEGIN
F¥ CHK := PALSE:
IF~ (UPCASE (ACCON (.1. ‘ = 'F ND
[UPCASE (ACCUM{(.2. = "H') AND
ACCUM {.3. Usc
THEYX
FN_CHK := TRUE
END: (* FN_CHK %)

(ki dn b dn R AR RRE X I kAR R R R AR AR R R R AR R R RE XX)
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(*=1 =)
* PNSTACKLCOK SEARCEFES THE FNE ACTIVATION STACK FOE TH: =
* ICENTIFIER IN ACCUM AND RETURMS A POINTER TO ITS SLOT =
* TF IT IS A FORMAL EARAMETER IN AN ACTIVE FNP, OTHER-  +
!: WISE THE POINTER RETUBRNEC IS NIL. .
FUNCTION FNSTACKLOOK (ACCUM : TKSTRING) : SLOTPTA:
VAR FLOCK, FARMETR, TEARMPTR : SLOTPTR:
FOUNC' : BOOLEAN:
BEGIN
FLCCK := FHSTACK:
POUND := FALSE:
PAEFPTR 2= NIL:
TEARMBTIR := NIL:
?H%%£I$ELCDH <>'N¥IL) AND (NOT POUND) DO
PAFMPTR := PLOCK®.FNP:
IF EAEMPTR <> NIL THERN
REFEAT i
TEARMPTR == FAGMPTA:
FCUND := (EARMPTRQ.IDZNT = ACCUM);
EARMPTR := EARMPTR3.SLOT
UNTIL (FOUND) OR (PASMETR = NIL);
EH;;ctx += PLOOK2Z.FNPLINK
FNSTACKLCCK := PARMBTR:
IF EFCONL THEN
FNSTACKLCOK := TEARMPTR
ZND: (* FNSTACKLOCK ¥%)

e e e s )
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BEGIN (* IDLOOKUP MAIN *)
TLCCK := ENSTACKLOCK (ACCUHN):
I?E%éggﬁ = NIL THEN
HLCCK := BUCKET é' ASHVAL (ACCUM, ACCINX).):
IF HLCCK <> NIL THEN
BEGIN
TLOOK := HLOOK:
HIOOK := HICOKD.SLOT:
HEE&EIJHLOGK{bﬂIL] AfD (TLOOK®.IDENT<>ACCUMN) DO
HLOOK := HLOOK®.SLOT:
EHELDGE t= TLOOK®. SLOT
IF TLOCK®@.IDENT = ACCUM THEN
EIIDLDGK“F .= TLOOK
Eip IDLOCKUP == ENTERID (ACZUM, ACCINY)
ELSE
- ICLCOKUP := ENTERID (ACCUM, ACCINX)
LSE
ITLCCKUE := TLOOK
END;

(* IDLOCOKUP ¥)
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AEREREE DR IRR AR AR A R IR R SRR RN AR R R R R IR SN AR AR SRR Bk

# *
: CCDE DATA STRUCTURE MANAGEMENT EOUTINES :
REREREKB R ER R R ER SR AR ER AR R Rk Rk Ak kR Rk R R A AR kR &k
$m B m *
* NEWCCLE RETURNS A EFOINTER TO A NEW CODE DATA NODE: *
: FIELDS ARE INITIALIZED TO A DEFAULT VALUE (EXCEPT KZY) :

FUNCTICH NEWCODE (OPCCDE : INTEGER) : CODEPTR:
vVa’@ CP : CODEPTR;

BEEGIN

HEWw éCE%:

CPa.5ECE := NIL:

CPZ.JMEEF := NIIL;

CPA.EAKF := NIL:

CPEZ.ADCR = -1

CPa.KEY := OPCODE:;

NZWCODE t= CP:
END: (* NEWCOLE =)
e b e e e s et ]
M ) b i e s el i i S Sl i *
* PUOTKEY INSESTS A CGDE DATA NODE INTO THE COGE CATA =
®* STRUCTURE IN FRONT OF CPCUR EBUT AFTER =NDCP? WHICH IS *
: TO SAY THAT THE NCDE IS THE NEW EMD CODE DATA NODE. :

FROCELCURE FUTKEZY (VAR HOLDP : CODEPTR);

ESGIN

I7 HOLCE = NIL THEW

HCLLCE == NEWCODE 5-11:

ENDCP2.SEQP := HOLDE:

HOLLCEd.SECE := CPCOUR:

EYDCP := :MDCPR2.SECE
END: (* PUTKEY *%)
{‘# EE TR EERE RS2 R SRR ERETEEEREER S t#*#tﬂ##tti#tt#it#l*##l
*-—20 --------------------------------------------------- ‘
* GENKEY PILLS THE CECUR REFERENCED YODE WITH THE OECODE *'
# DASSED 70 IT, AND ATTACHZS ANOTHER EMBTY ¥ODE T0 THE  #
* COTZ LATA STRUCTURE AFTER THE ONE JUST PILLED. :‘
FEOCELURE GENKEY: * FORWARD DECLARATION WITH r;

*+ EREOR HANDLING ROUTINES =

VAR CZ2 : CCDEPTE;
EEGIN

CPCURI.KEY := CPCODE:

crcnaa.szgp = NEWCODE (-1);

CPCUR == CzCUR2.SECE:

CNDCE := IHDCPa.SECP
END: (* GENKEY *)

[**#***#1#**“ EE R R 2t Rt RS EE P 22 R R P 2 Rt R R R RS L R L **)

134



B e

I E b |
| S DSUIE 0
PpI D
I bLnunis H )

e

TN )
1 |

LA = B

St St S S it o e g

CODZETH) ;

INTZGER; VAR LOCUS

-
-

(CECODE

EROCECURE INSERTKEY

CCCEPTR;

-
ol

CE

VAR

INSERTKEY *)

{#

(FEEEAEEFIEXIR X TR R RIERAREE FRR XXX SRR KR T o X TR bk Rk E R r kR kk ¥E)

QPCOLE) :
= Lnéus: e

¥4 CCDE
cp

IEL
(4} ] o |

A
I
D

TO HE

PIZLDS OF BOTH NO
IS USED
PARTICULAR WEBAS

NODES
R

ALL
GENEFATZD FOR

OF
NEWCODE INITIALIZES CODE NO

NODE PAIR;
THIS EAIR
THAT

L LR S IS T |
I I

LE A EE X E.
S

e e s i

TR;

LINEP

BASLINRIG)

FUNCTICN CGETNEWHCR (LINUY

(* GETNEWHIR ¥)

(AR REAFPERRR AR IR AR RR IR AR KRR RRE R R R R R IR SRR R R SRR R kk 45

e
1
gt
8]
Dil
iees Ox
oo =N
[ FPRTIY
=10 1] el L I
il TS Bt
=0 n
HO nwn e
LY LR
- ix
. 0
g O i TS
[STT 8 TR 6 P fa Tl 4
T S T
L ¥ -]
=M e
DG L] e
M AR08
ey ] ]
= mw ]

ZHE
HE
RT

<z LINE.
—— o o o

T =

LINZ/CCDE DATA NODE PAIR)
LPCUR.

{
E

. HE CODE DATA STRUCTUREZ AT THE POSITION OF

MARKING POINTER
D HERE TO 4ARK _TH

o
ESPONDING TO A NZIW SOUR

WEWHDS INSERTS A HEADER
L
d
R

CHM LT |
|

1
HEREREE

LINEPTR)

LP 2

FROCELURE PUTINEZWHDE (VAR LPCUR,

P2.CPTR

k4 #8808
[0 B - B -
1 5 £ Oy 3
(==l =] =]
F=mOuauy
T 0 1y P Oy #
GLLLECC

H

(* PUTHEWHDR *)

.I*’.* PR R RS R RS 2R SR 2t R R R E SRR R R L R R T #it*l'tt#*t#!tl

=]
._-__

135



e e s e g, —— ———

ﬂ*:##t#ﬂ % w8

] =] [l r =

] i 1 T ST

] o [l ey o0

I = ) ) g

] 75 o W7 TR | Uy L)

) o ORI I had [1+]

I ool (=T PR -]

[ = PP = < (P | Qo Dk

[ =) I =h =

R T =T- 17 =T L1 0]

P apIRIEy ) - nl

L] [S1=18}"4 ! | mOo

| Pl et I =0

=115 =T |

1OREED 1| - [T

POE RD ) o P g

I Mg 1 E+¢ I e

LT EL TS TER S8 - UM

I mEps | m = AL

PHRE = | = et 0 0 8

[] (= f=TaF 1 b= Py (AT S il v

] WWHHE ] | = oD e

I b 1 = F~ o

1 (75 R e TR | " L B=T1 3 N 7]

Ll O ] S L ]} el

I D20=A= | (=T [ | 3 m )

[ ] w10 LN ] =] v - o —
(WLl N Sy =iy o
§ By L ) - HoERL - | M
(R e L T T I R - WO I | m
[] = Ome) = [ LN I o RS L - bl -
[l = . - B - e o] 14 oy
bR El D v [ O T . T = me el
I1BHO=ERMZE 1 a9 & W o E e DK =1
[] Tl b= U RN e = [ - | P D m —
| Ui LR | g QDeeH @ L Q) = [
[ - o & R W ey g = wme
FE eIy 310 = H =D B -0k - (=18
1 mEOR « | = ] A [ [T o
= R E4 w DY ] nm = e 1 ]
_ T_TH cw" o B Tw .:..___.m.: # Gm j -
[ N=T:-1e] -1 NI = m EESm M m m = =

1 EHOUVVIERim i -1 HE_ B oE oo ([Nl W_..—R
I 1.7 = T n = = T
18™uHRE| H W U=0808 ="F T}
[N e L T R Y -1 n P T [T LT (ST =] =
1 mr M v wDmE S0 OWne [N
Nt =1 T m DORjiE  way =y = (-
| MEEwey M o ox EmEbE W g U el = H
IHUO®ESEED @ D 7l s %3 Mt =1 (]
LI =T B | D = MO ] 8 O=liuE
1 s T o oG ) = | D) AL I =

SIQEHM=ETZO 1 W FD - m wnm b

NN EeEL Y D TR by =3

L] L] O E DA [

EEERERER G e B

(* SETLINE *)

(FEEEFIE IR TR AR R X I REXTAE AT E XXX ER IR RE X EE R R R X X E)
136

END;



o e e e e *
* SEZTJIJNEEXT SETS THE EXTZRNAL JMP PTR FROY CECUR®.J¥PP *‘
* TO THE WEASIC LINUW INDICATED BY THZ GOTO OR_GOSUE 3

FROCECURE SETJMPEXT (LINUM : BASLIJRNG) ;

EEGIN
IF LINUM > LPCUR®.LINC THEN
BEGIN (* FORWARD JUME *)
LPLEAD := LPCURd.LETR;
L2TEAIL := LPCUR; )
HH%%EI LPTRAILZ.LINO < LINUM A4D (LPLZAD <> WIL) DO
LEIEAD := LPLEAD@.LPTR:
_H%FTﬂhIL := IPTRAIL2.LPTR
IEZ%E%E&ILE.LIHG = LINUM THEN
CFCUR?.JMPE := LPTRAIL®.C2TR: = SET JMPE 27R #;
EH%Fmanx 3.CETR@.ADDR s:= 0 (* MARR JYPP TEEMINAL *
ZLSE
EEGIN
IETRAIL2.LETR := GETNEWHDR (LINUM):
LASTLP := LPTRAIL3.LPTR:
CECUR®?.JMPE := LASTLP2,COTR: é* SET JMPP PTR -]
EH%&ETLPE.EPTRE.EDDH f= 0 (% MARR JNPP TEEBNINAL *
END
ELSE
EEGIN (* BACKWARD JUN2 *)
LELEAD := FIRSTLP:
WAILE {%PLEIDE.LIﬁU <> LINUM) AND (LPLEAD <> NIL) DC
LELEAD := LPLEAD®.LPTE:
IFE%E%ﬁlﬂa.LIHG = LINUM THEN
CECUR®.JMPE := LPLEAD®.CPTR: ﬁ* SET JMPE PTR *
- LFLEADA. C2TRA. ADDR 20 (* MARR JMPP TERMINAL #
END = (* ASSUMES THAT A LINO = LINUM ALWAYS EXISTS ! #%)
END; (* SETINREXT *)
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* b
: FONCTION CALL ROUIINES :
XERERFRFI IR IR R RRE KR PRR R R R R AR I RR AR R A AR AR R AR R R SRR R AT RK

(*=40 -*L
EROCELURE PEXPR; FORWARD;
* =l 1

ROCEDU E FFRINARY; FORWARD;

[(FEX XXX XX REF R R AR ER XA ERF R EX RN FEASF R EFEERNE AR RE K F S HH AFE kk)

ﬁ%ﬁfﬂ GENERATES TEE CODEZ_FOR SHDRTiGSIEPLE CALCULATCR =

:
* ARITHEETIC FUNCTICNS ("QUICK"™ FUNCTIORNS) .

#
[
i
i
i
i
[}
i
i
[]
i
i
i
]
i
i
]
i
I
[]
[]
i
I
[}
i
i
i
|
I
i
|
i
i
I
I
I
1
I
i
I
1
|
|
I
1
I
1
1
|
I
I
I
I
* W

EROCELURE GENFNQ (OPNC : SLOTPTR);
VAR I : 1..FPNQLEN;

o

) ;
' bearzrtok THEN (% 1 (0 %)

e
e

HOACH .

N EY (PECET)

L (T >= FNQLEN) OR (FNQ(.I.) = K_NOP)

END; (* GENFYNQ ¥)
{l“ tF PR PR PR R - PRSI R TR E R R PR R R R SRR R R R R E R E *i*t#***ﬂ}

LIST TO DETERMINE I
PORE; IF NOT, THEN I

LE =K E

EROCELCURE CHKPNLLIST (VAR IDSLOT : SLOTPIR);

VAR LISIFTIR, HCLDPIR : SLOTPTR:
USET : BOOLEAN:

EEGIN
LISTPTE == PNLLIST: * THE LONG FN LIST =
IrﬂgggigTa <> NIL tEEN * TRAVERSE THE PNLLIGST =
USEC := (IDSLOT2.IDENT = LISTPTR®.IDENT):
LISTPTIR := LISIETR®.FNLLINK:
NTIL Jusanb OR JLISTFTR ="u1l);
IP LISTPTR = NIL THEN (* IF 4OT FOUND ON LIST, THEN *
EGIN ;* ACD THIS LONG FUNCTION TO THE FULLIST =
HCLCETR := PNLIIST:
FNLLIST := IDSICT;
EH%DS&OTH.PHLLIHH := HOLDPTR
END; (* CHKPNLLIST *)

[*!##t##i AR E "R R E R E S S RESEEEE A E R R EE S EEREL E S EL R L ###t#}
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BODY AMD THEN
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ir

SEE

TO

(VAE IDSLOT : SLOTPTR)

* GENFNL GENERAIES TEE SER CALL TO A FPNL

* CALLIS CN FROCEDURE CHEFNLLIST

* BEEN OSED BEFORE.

PROCEDURE GENFNL
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L | T —— *
* GENPARM GENERATES THE FORMAL PARAMETER LIST FOR *
« DARAMETES FUNCTIONS; IT ALSC GENERATES THE CODE_WHICH =
« WILL EVALUATE AN ACTUAL PARAMETER AND STORE IT IN TH: *
s: FCRMAL FARAMETIER STORAGE LOCATION PRICR TO FN EXECUTE. :

PROCECURE GENPARM (VAR IDSLOT : SLOTPTR) ;
VAR FARMETIR : SLOTPIR;

BEGIN
SCAN éinmnuag-
IF TCXNUM = OPARENTICK THEN
BEGIN
FARMPTR := IDSLCT@.FNP:
IF EARMPTR = NIL THEN
EEGIN
EARMETR := NEWPARM:
ICSLOT?.PNE := PARHPTR
END:
REEEAT
SCAN (TOKNUM):
EEXER; (* STO2 AT EACH ',' AND LAST ")' %)
. GENKEY (K STc&-
GENKEY (EXRME ﬁa.azsunk-
IEEEE%E M = CCMMATOK THEN
IF PARMPTR®.SLOT = NIL THEN
PARNPTF2.SLOT := NSWPARN:
Hgnnuprn := DARMPTR®.5LOT (* NEXT PARAMETER %)
UNTIL STDKHEH = C?iREHTGH} (* PEXPR WILL FPIND ')' *
- R (TOKNOM IN TRAILTOKS) (* OR WILL FINC END *
END: (* GENPARM #*)

(¥* XXX IRETE XX R XXX EXEE FF X XXX EXF XXX RS *#*#*II#*#!*I#]

: GENFNF GENERATES CCDE SECUENCE WHICH CALLS A PABRM FNF. :l

PROCECURE GENFNP (VAR IDSLOT : SLOTPTR) ;

EEGIN
GENEARHM IDSLOTL;
GENKEY (K_CPAREN) ;
GENKEY (K SERk'
GENEEY {IESLD éﬁLEII:
GENREY (K_CPAREN)
END; (* GENZNP ¥)
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(EEXEAI I ARE TR T FER TR B RARXRE SRR EX XL R TR AT IR IR F F 20 4k

(* =
: PUNCTICHN DEFINITICN ROQUTINES :
{'t EFEREEFFERIEE R R EEEERRERRARE AR R EE RN R R R R AR AR R e Rk Rl ok ik gk

EEGIN
PNSI0T2.FNPLINK := ENSTACK:
PNSTACK := FNSLOT:
PNSTACKCT := PNSTACKcT + 1
IF FHSTACKCT > FNSTACKLIN THEN
BEGIN
EWARN:
YRITE LISTF, "***%* SER STACK OVERFLOW...> ');:
EHEEIIEIH LISTF, FNSTACKLIX:1, ' REZTURN ADDRESSES.")
END; (* PUSHEN *)

ltt't#t###‘*#‘t'i!!#**#t'*t**ttlt!*t*ttltlt**‘!*tt**#!t****}

FROCELCURE FCEFFN;
VAR HOLLCETR : SLOTPTIR;
BE

GIN
HOLCETE := PNSTACK;
PNSTACK := PNSTACKZ.FNPLI NK
HOLLFTE@. FNPLINK := NIL;
PYSTACKCT := FNSTACKCT - 1;
IF ENSTACKCT < 0 THEN
BEGIN
EWAEN:
WRITE LISTP, '"****% ATTEMPT TO DPOP RETURN ADDR ');
WRITELN (LISTP, "PRO¥ EMPTY STACK...RESET CT = 07);
< S YSTACKCT 3= 0
END; (* EOPFN *)

{*ttl!l*l*lII‘I!*'*!‘*!*H**'*‘IitI*'i‘#*!l#‘!i!tﬂ!*‘ltlt*t#]
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(¥ FILLPARMNICTS %)
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(* SCAN TOKEN AFTER ')

SLOTPTR);

-

= ACCUHM

-
-

i
= Eéﬂﬂliﬂﬁ THEN

DENTCK THEN
ID
KN
-

SLCTPTR;
EGKHUH <> CPERENTOK DO

ENPAEY

-
L

EROCELCURE FILLPASMIDS (VAR FNSLOT
(FREXREFEAEIIE SR IR R A RER AR FRR AR RE R AR ERT R AR AR AR R R TR R N

VAR
END

*
=
*
#

QUIRED TO

THE END OF A FUNCTION EODY
COEC AND VISIBLILITY OF VARIABLE NAMES IN

FOR
EFINITICN; IT INCLUDES THE HOUSE-KZEPING RE

§
= TH2 SYMBEOL TAELE THROUGH THE FN ACTIVATION STACK.

ENEND GENERATES CCDE
THE
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*
E
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|

FROCECURE PFNEND;
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FROCEDURE ELET;
VAR FNSICI : SLCTPTE;

A — - o

36~

2LEF GENFRATES THE CODE WHICH DEFPINZES THE SCOPE AND
VISIBILITY FOR VARIABLE NAMES; RESETS THE VALUE OF THE *
REGISTER IN WHICH THE FUXNCTION VALUZ IS SETURNED.

*

s

i

L 8 kK

*)

BEGIN
SCAN 41::1-:!4!::1*;
IF NOT FN_CHK' (ACCUM) THEN
PERRCR
ELSE
BEGIY
FPNSICT := IDLOCKUP (ACCUM, ACCINX):;
GENKEY (K LHL&' B
GENKEY (PWSLOT&.L5L);
GEMREY (K_ZERO); * MUST ZERO THE VALUE OF THE
GENKEY (K sru&- * REGISTER IN WHICH THE EN
GESKEY (FNSLOT&.FNIEGNO) ; (* JALUE IS RETURNED.
PUSHEN (PNSLOT):
SCAN é xuuub-
IF TCKNUM = OPARENTOK THEN (* LOOKING PCR PARMNS
FILLEARMIDS (FNSLOT);
IFB£E§E"H = EQUALTOK THEN (* LOOK POR ONE LINE PN
SCAN (TOKNOUM):
TEXPR;
Eugruanb (* GENERATE THE RETURN FROM ONE LINE FN
CLCSELINE
END
END; (* BDEF
(FEEE R R RS R R R R IR AR SRR RS E IR R TR IR RRIRRA SRR AR & E)
*""'31 ---------------- - SR -
* GETFNLIS IS CALLED AFTER ALL OTHER CODE HAS BEEN
* GENERATED: IT GZNERATES THE CODE FOR THE BODIES OF ALL
* BUILT-IN lONG FUNCTIONS WHICH EHAVE BEEN CALLED AT
* LEAST CNCE ANC ARE, THUS, CN THZ FNLLIST.
EROCELURE GETFNLS:
VAR 1IISTETR : SLOTPTS:
I : 1..9¥NLLEN + 1}
BEGIN
LISTPTE := FNLLIST: (* GET LONG FN LIST
WHILE LISTPTR <> N1 Do
2EGIN (* INSERT CODE FOR NZXT LONG FN ON FNLLIST
GZXKEY (K LEL&'
%E‘EE}. LTSTPTA2.LBL) ;
WHILE <= PNIIEHL AND
—_— ISTPTR2.FNL(. I.) <> K_NOP) DO
GENKEY (LISTPTR®.FNL(.I.)):
I =1+ 1
END 2
GEXKEY (K Iuvsrak-
=H%IEIPTE = LISTZTRa3. PNLLINK (* MEXT LONG FN ON LIST
END; (* GETFNLS
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* *
: EXPRESSION GENERATOR ROUTINES :

ERE R B RN E R AR R R AR PR R IR IR E R R AR EP ER R R N R

* GENID GENERATES CCCE FOR A VAEIABLE OR FUNCTION ILCENT. :i

S

!*-38 -------------------------------------------------- *

PROCEDURE GENID;
VAR CENC : SLOTPTR;

BEGIN
OPNC := IDLOOKUP (ACCUM, ACCINX):
CASE CEND2.TYP OF
VARIL : EEGIN
IF OPNLCZ.2EGNO = =314 THEN (* REGNO POR PI *)
GENKEY (K_PI)
ELSE :
EEGIN ;
GENKEY iu RCL) ;.
GENKEY (OPNDa@.REGNO)
END
END:
rug:n : GEH%HE CEND) ;
FNEIC : cGENFPNL (CEND):
FNPIL : GENFNP (CEND
END (* CASE *)
END; (* GENID *)
(FE TSR R R AR AR RR R R R SRR R AR R R SRR R R SRR R E R RN R R )
*-39---—----‘- ---------------------------------------- -*
* GENNUM GENERAI2S 1I-5 gﬂIFﬁLEHT CODE FOR A LITERAL *
* NUNERIC (EOTH IHTEEER L) »

EROCECURE GENNUN;
VAR I, CECETLOC, ESIGNLOC : INTEGER;

=HhgH
[ - -1
=
) =
e hes

ACCUHn(.I.))) s

OO

Gymiy =d Hmo oOnstEches

1) _TO (DECPTLOC + RCOUNT) DO
(ACCUN (. I.)))

HoOo Huord

Lt T B B T |
mﬂ ﬁnun mn wmm Tong
i

Ko
H+

GI

- -3
5]

o

0

m

i i o I
HG Hmano w=waan=H

1 + RCOUNT + 2:
<> PERIJOD THEN
BC = 13
"= THEN

% ’SIGHLOC + ECOUNT) DO
23b IT (ACCUM )

END; (* GENNCH *)
e

o w2 =g
= l=]
a5

3 =
&

. s
He =~

B 5 e )
ZH=OmMHO=

O M MmO
= =mOEAMAE

]
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* PEXPE EARSES AND GENEZRATES CODZ POR EXPRESSIONS. )
FROCELUBE PEXPR; * FORWARD DECLARATION WITH ¥%)
*+ PFUNCTION CALL ROUTINES =)
3EGIN
GENKEY (K_OPAREN) ;
PERINAEY;
WHILE TCKNUM IN BINCPTCKS DO
BEEGIN
CASE TCKNOM OF
EIUSTOK : GENKEY (K_ADDOP);: * 14t @
MINUSTOK : GENKZY (K-SUBCP) £ 1o
YULTCK : GENKEY (K_MOULTOP): LI
DIVICK : GENKEY (K-DIVO?®) ; AT
EXFTIOR = GZNKEY (K_EOWR) * 1axr o
END; (% CASE %
IF HOT (TCKNUM IN TRAILTOKS) THE¥ BEGIN
SCAN (TOKNUN) ;
PPRINARY END
END:
GENKEY (K_CPAREN)
END; (* EEXER *)

(FRERRRRRIRI IR RS IR R AR IRRRRR PR AR IR R R AR ER PR R R A SRR K

B ] ] e *
= DPFIMAFY PARSES ANC GENERATES CODE POR A PRIMARY ITEN #
* EXPECTED AS PART CF EXPRESSIONS. .
EROCEDURE EERIMARY: * FORWARD DECLARATION WITH *
* PUNCTION CALL ROUTINES =
BEGIN
CASE TCKXUM OP
EIOSTCK : BEGIN (* v4v %)
SCAN {ruxuuai;
PPEIMARY
END:
MINUSICK : EEGIN (% 1-1 %)
SCAN (TOKNUE);
PPRIMARY:
'"EEEKEY (k_nzg)
OPARENTCK : BEGIN (* ' ¥
SCAN (TOKNUM);
PEXER:
SCAN (TOK NUN)
END;
ICENTCK : E=GIwn
GENID:
IF dréxﬂun=luzuraxh OR (TOKNUM=CPARENTOK)
EﬂD-T EN SCAN (TOKNU
NUMEEBTCK : BEGiwm
GENNUM:
SCAN (Tokxuy)
END

END  (* CASE
IND; (* PPRIMARY %)

(PR AEXEIRARREFRR R RARRRRE R KRR RS XX T AR AR RN R AR XN S K 2 %)

3
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* PCCNDITICN 2ARSES AND GENZFAIES CODZ FOR BOOLEZAN

FROCELURE FCCNDITION;

|

(* PCONDITICY ¥*)
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*x #*
: LOOPING EOQUTINES :
EEEEI A IR AIEBR IS FR R R AR R R R AR I R R R AR R AR R R SRRk kR 2k

* STACK LESIGNATED EY STACK.

*——-———ﬂ_———-‘-*—d---— - -

I T Tt *
;* PUSHCCDE FUSHES TEE RCODE DATA HODE ONTO THE LCOZ/IF :!
EROCELURE EOSHCOLE (ECODE : CDDEETH: VAR STACK : CODZPTE) ;

BEGIN
RCODEa.SECP = STACK;
CODE

STACK :=
END: (* BPUSHCOLZ *)
[t##tttt#tlttﬁ##tt#t*##t#####ttt##ttt#tt#tt###t*!####*#t###}
.-—un --------------------------------------------------- *
* POECOCE ECPS AND RETUENS THE CODE DATA NODE C¥ THE TC2 *
* OF THE LCCP/IF STACK_ DESIGNATED. *
FUNCTICN ECECODE (VAE STACK : CODEPTR) : CODEPTR;
BEGIN
IF STACK = NIL THEN
BEGIN
WRITE {LISTF. ve*x#x* INCORRSCT NESTING OF CCNTRCL'Y) :
WRITELN (LISTF, ' STATSMENTS (IF, FOR, CR LOOP).'):
PEREOE:
POECODE := NIL
END
ELSE
EEGIN
POECOLE := STACK;
£ STACK i@ STACK2.SEQP
END; (* POPCOCE *)
{II'I!HI*‘*F*I"t“ll***t**#*##**.!t*!'l‘l*l**t‘.l*'!li#*‘!}
'-“5 --------------------------------------------------- .
* SETPWCJME IS USED TO SET THE JUM2 POINTER (JAPP) OF *
* THE CURRENT CODE LCATA YODEZ :OINTING TO THE MOST RECENT =
* CODE LATA YODE ON THE DESIGNATED LOOB/IF STACK; THE *
* POTENTIAL A3SOLUTE ADDRESS SPACE IS GZNERATED WITH THE #
* ASSUMETICN THAT TEE CODE DATA NODEZ IN THE STACK TO *
* YHICH THE FIRST ALCDRESS SPACE NODE IS POINTING WILL *
* LATER EE POPPED ANLC INSESTED INTO THE CODE AT THE *
l: AFERCEFIATE POSITICHN. :
FROCELURE SETPWDJMP (STACK : CCDEPIR):
BEGIN
CPCUS@.JMED := 311:5; * SET JMPP TO NODE JUST PUSHED =
STACK@.ADCE := 0; * MARK THE TZRMINAL NODE OF JUNP ti
GENKZY l—z : * GEN SPACE POR ABSOLUTE ADDEZSS *
GZNKEY (-2
END: (* SETFHDJIND *)

tt#tt#ii#i*#‘#It#t#i##it#ﬂti#t'ttt#ttt#'tt#‘tl#ti#tt#tliti#l
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(* PRHILE ¥)
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x
=

T INSZRTS coODE TO
(CONDITION) .

ENDLOOPSTACK) ;

FOR THE WHILE COKMAND;
148

SINILAR TO ELOOP EXCEPT I
LOOESTACK)

PWHILE GENERATES CCDE

= 11 IS
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* EVALUATIE A BOOLEAM EXPRESSICH

EROCELCURE EWHI
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EROCECURE EENDLOCP:
VAR JCOLE : CODEPTR;

BEGIN

IF TCKNUM = ENDLOOETOK THEN

GENKEY éﬁ GTO) ;

JCODE := FOJCODE (LCOPSTACK) ;

PUTKEY ’JEGDE}:

GENKEY -IL'

JCCLCE := BO2COTE (ENDLOOPSIACK) ;

FUOTKEY JJﬁGDE};

CLCSELINE
END; (¥ PZNDLOCP ¥)
(FEEXFRTXTERRE R AR XX RAXX XX AL XXX AR XXX XA RR KRR KR RR R I RXRRE K )
e e i e e e i e e e e *
* DONTIL GENERATES CCODE TO EVALUATE A BCOLEAN ZXPREESSICY *
: ANC CALIS PENDLOOE TO CLCSE COUT THE LOOP. :

PCCNDITION:
PENCLCOCE
END; (* PUNTIL *)
:*!*#.*ii**###********##*#*i*#**t*t#*!*l#*t*****#*#t*t*#*!]
'.—51 ____________________________________________________ s
i* PNEXT GENERATES CCDE POR THZ NEXT COMMAND. *
{: THIS FCOITNE 1S WEAK IN SYNTAX ZRROR CHECKING. :
EROCECURE ENEXT:
VAR ISICT : SLOTPTR:
JCCLE : CODEPTR:
BZGIN
SCAN (TCKNOUY) :
ISLCT == IDLOOKUP (ACCUM, ACCINX) :
IF ISLCT@.AUXREG2 = -1 THEN
GENKEY (K_1)
ELSE
EEGIN
GENKEY {K RCL%:
EHEEHHEY ISLOT2 - AUXREG 2)
GENKEY (K sﬂﬂk:
GENKZY (ISLOT@.PEGKC) ;
GENKEY K_GTD&*
JCOCE := TCPCOBE (FORSTACK):
PUTKEY lacnnaj;
GENKEY -2&-
JCODE := OPCODE (NEXTSTACK) ;
PUTEKEY 4JEDHE];
CLCSELINE
END; (* PNEXT *)

(FEF 3R FFIFRFF AR TR FIRXFXX RRRIRXRRAFERRRRARER AR RR R AR R R R RE R}
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THIS ROUTINE *

ﬂiIHEL IS WEAK IN SYNTAX ERROR CHECK-
PLACES WHERE SIMPLZ CHECKS FOPR
UID HAVE BEEN PERFORMED BUT WERE NOT

RO
M ANY
co

1
RE
X

C THE PNEX

QR GENEEATES CODE FOR THE FCR COMMAND.

52
PF
{hﬁ
* BECAUSE CF COMPLEXITY SUCH CHECXS WOULD HAYE INDUCED.
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* % # %
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EROCELURE EECR;

: SLOTPTR;

ISICT

VAR

(* PFOR *)
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* *
: IF~-ERANCHING ROUTINES :
(FEEAXRERIR IR AR R RNFEEFR R TARXRF R XFIEFEARRIRAE RN A 2R A%
F=§ Jem == — - - - &
* QUITERFOF IS CALLEIL WHENEVER A SHIT STATEMENT IS *
: ZENCOONIERED JHILE NOT WITHIN THz SCOPE OF A LOOP. :

¥t
1)
o
(g
)
L,
a
m
e
o
[
H
]
i)
e
m

o 'E%3%x% ATTEMET TO "QUIT" WHILE NOT ')
« "INSIDE A LOOP.');

P
END; (* QUITERRCR *)
R e e )

Bl mm m e i  ———— — _——  — —_—— ——— E
* FSHIT GENERATES POGTENTIAL ADDRESS SPACE WHOSE JMPP *
® DPOINTIS TO THE MOST CUREENT CODE NODE ON THE ENDLOOP *
* STACK: THUS CONTEHRCL WILL LEAVE THE HMOST COREENTLY =
* BEXECUTING LﬁDP DOBING TI-59 EZEXECUTION. NOTE THAT THIS =
: IFPELEFENTATION WILL NOT ALLOW LINEZE# TO FOLLOW 'QUIT! :
EROCELURE PCUIT:
BEGIN
IF ENDLCOESTACK = NIL THEN
EHITEERCE
ELSE
BEGIN
GENKEY AK_GTG}:
SETFWLJEP JEHDICGPSTLCK]:
SCAN émoxu H) &
IF TCKNOM = NOMEFRTOK THEN
BEGIN
PSUBEREOR:
HEITE LIST?, * ae%ax “QUIT' DOES NOT ACCEPT '):
EﬂEEITELH LISTF, "LINE WUMBERS THIS IMPLEMENT."):
ELSE
CICSELINE
END :
EiD: (* PQUIT *)

{!ll!ltlltttiilﬁﬁi*tiiﬁt#t#**I!t*i*!"t*##**t****t#*t#t**##1

ERGCEEH E FTHENLINE; FCRWARD;
(R AFXXAITITEREFEAFRRAB RS ER AR RARF AR ERRATFE RS RS RS ERAS 4% )
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'-55 ---------------------------------------------------- &5
* DTEENELSE DETERMINES #HETHER THE ELSE BRANCH OF AN tl
* TF-THEN-ELSE IS LINE-ORIENTED {LIHE'i OF LOOP-ORIENTED *
* ('QUIT'); APPROPRIATE ROUTINE IS CALLED TO SET JUXE. *
TROCEDUSE PTHENEILISE:
BEGIN
SCAN 4chﬂnnh-
IF TCKNUN = ﬂnaznTux THEN
BEGIN
GEBKEY 4 0) ;
EHETEIHI 2
ELSE IF TCKNUM = QUITTOK THEN
EEUIT
ELS
EEGIN
WRITE LISTP, "#*%*% WIF-THEN-ZLSE" LIMITED TC *);
WNRITELN (LISTP, '"QUIT" OR LINE NUMNBERS.');
_ _PERROR
END _
END: : (* PTHENELSE *)

{t##ttt##ttt###t###tt#t##t##t*#ttt##t######t###t#t#t#ttt#tt]

EROCECURE ETHENLINE;

BEGIN
SETJMEEXT (XNUMBER (ACCUM, ACCINX)) ;
GENKEY (-2
GENKEY (=2}):
SCAN (TCKNUS) ;
IF TORNOM = ELsETOK THEN
PTHENELSE
2LSE
CIOSELINE
END; (* PTHENLINT *)
e e ]
t—s?—-i—---l- - ———— - ——— A ——— - ——-l-—-————'—-*
* BTEZNCUIT SETS THE LOOP-ORIENTED JUMPS FOR IF-THEN OR *
¢ IF-THEN-ELSE STATEMENTS. *
EROCELURE PTHENQUIT;:
BEGIWN
IF _ENDLCCESTACK = NIL THEN
CTITEFRCR
ELSE
BEGIN
SETEWLJNP (ENDICORSTACK) ;
SCAN (T0KNUN) ;
IF_TOKNMUM = ELSETOK THEN
__ETRENELSE
ELSE
CIOSELINE
END
END; (* PTHENCUIT *)

(¥ XXX PR EPEE TR R XXX EEEXE XXX AR KX RR XX R R KR XX R KR kR RE X KX %)
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.-Eﬂ- ---------------------------------------------------- £ 3
f* PEISEIF FERFOBMS A SEQUENCE OF STACK MANIPULATICNS Il #]
(* ORDEE TO GEZNERATZ THE ADCRESS SPACES AND JUM

*# TPELEMENT THE ELSEIF CONSTRUCT.

PS WHICH ‘i
*x

PROCEDURE PELSEIF;
VAR JCCLE : CODEPTR;

BE
$1%: argost;
GENKZY m_c'l'u]):
SETFALINE (ENDIFSTACK) ;
JCOLE := POPCODE (I1FSTACK);
BUTKEY (JCODE) ;
PCCNDITICH;
PUSHCOLE (REWCCDE (K_NOP) , IPSTACK) ;
SETFADJNE (IFSTACK) ;
CLOSELINE
END; (* PELSEIF *)

(REEESEXEXEREX EXXR RS ERRRE NSRRI SR RX RS AL B EXERR SRR EIII SR AR $%)

* PELISE IS5 SIMILAR T0 ELSEIF EXCEPT IT DOES NOT PARSE/ -
* GENERATE CODE TO EVALUATE A BOOLEAN =XPRESSION. *

FROCELURE PELSE;
VAR JCCLE : CODEPTR;

BEGIN
ELSF_ACJUST;
GENKEY K_siuL*
SETFWDJME™ (EN irsra:x&—
JCCDE := FOPCOLE (IFSTACK) ;
PUTKEY (JCODE) ;
SCAN (TCKNOM) :
CLOSELINE
END; (* EELSE ¥)

(FEEERRRRREBRR KRR XK SRFR R SRFAFRERRX AR AR R IR IR RR KRR RI DR Rk )
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* PRESICRE GENERATES A SINGLE_NOP I0 PROTECT PROM LINE- #
* ORIENTED JUMP REPERENCES. 1IN THIS IMPLEMENTATION, *
*« THIS CCNSTRUCT IS NOT OF GREAT VALUE SINCE DATA/READ *
« STATEMENTS ARZ SUGGESTED POF USE AT THZ START OF A *
# PRCGRAM CNLY: THIS ROUTINE RESETS THE READ IMDEX TO *
* ITS INITIAL VALUZ (=1). :

FROCELURE FRESTORE;

BEGIN

GEKKEY (K_NOP) :

READIX :="1:

SCAN ETCKEUﬁI;

CLCSELINE
END: (* PRESTORE *)
Ittt EEEE TR R - R RS S RS ETERESE SRR R R R R IR R RS RS LS *i#t#;
*-Eﬁ ---------- T L L L P —— 3
# PINEUT FARSES A LIMITED FORM OF THE WBASIC "IN2UTY *
* STATEMENT: THE LIST OF INPUT PARAMEPERS MAY CONSIST OF *
* VARIAELE BAMES ONLY. *
EROCELCURE EINPOT:
VAR TENLCIG : =1..9:

INPVAR : SLCTP?5;

m
m

GIN
SCAN 410550&;;
GENKEY (K_CE) i
TENLIG :="=1; * FIAG CHECKS IF INPUT VARS ARE LISTED ¥)
HH%%EI§CEHEH = IDENICK DO
INPVAR := IDLOCKUP LCCUH ahcxaxj.
TENLCIC := INPVAR®.REGNO DIV 10:
GENKKEY TEEDIGL: * 3EG IH WHICY INPUT TO BE STORED *)
GENKEY (INEVARZ.REGNO - (TENDIG # tGLL'
GEKXEY (K_INT) : (* CLOSES DISPLAY REG *)
GENKEY K‘RSB:
GEKKEY (K=ST E-
GEKKEY (INEVARA.REGNO) ;
SCAN é KHUE&‘
IF TOKNUM = COMMATOK THEN * DARAMETERS SEPARATED *
- SCAN (TORNUN) * BY COMMAS OR ELANKS. *
IF TENDIG = -1 THEN }# GENERATES A R/S IF "INPUT® tl
GENKEY (K_RS): * IS USED HITHG T A VAR LIST *
CLOSELINE
END: (* PINPUT %)

f‘l.**t#i****t#tilttt*t*t!‘ tE PR SRR R R AR REL SR R #itlt'
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ERRORS.

YOTE
e e e e A o 2 e A o A o - e i et

i1
T IS INTENDED FOR USE_AT THE BEGINNING OF

THE OP

AS
USE ANYWHERE ELSE HMAY PRODUCE

RESETS THE C2TICHN TOGGLES WHICH ALLOW

CONTERCL OF CCMPILER OUTPOTS

ROGRAMN;

4
RESULTS AND/OR OPERATING SYSTEN

UCT_ IS NOT THE SAME

I
P

- W AR S e ww
OTSIDE
™R
3
D

ICN SETS

WO N EmE |
WUDHOHD )
I 1

L2 2 SRS KK,
e

FROCELORE PCFTION;

b
=
L]
¥
L8]
o L]
=
(o] = wlk] R EBIRTELE m
(%] =1 = e =
- = 2 DD DOD0L o
] = B = L I A BV [ )
o b Bl Q= DHHHEHHHH -
L] T Z = Dkkzzzxixix
4 H O B =D RN -
= e . — Py ey
L] v kg B e o BHwnpRHE N EAE+
] -] um m P s wm ww ®0 ww a® o 08 80 LI
i o = m o0 0oy =
Bt B Tl m ¥ o EoupuDEw e
- MF] H D5 hWAO=SOEDEDH-= S
= t I W ESdaEOmEDDODO-W
L T o B =T = L g e = [ [ ATV -
pIL nim B UHUDLARMONINOO* T |
z 2 ¥ ox B aMNOHmOOUNQEREH> min
B mm =m et P
se P OHH Wcm 1] -n-huT-..___-_..._:..___......_....-_-.. Hm -H”-__
ol b = Rl en 6 o g
A0 1 OW "M JONos=cManoma Do ro
s =
25 “Bx="03 B=8"0 AR &
= b o P ] (& P ]
EEH QOU NOLOHKH (]
O HER ey
HEFEM 0] i
- IRy By
Bl U =t
E ]
EEag=m
L L L = =
(L1LIDE
T |
m

"xxxx*x YO SUCH OPTIOH...");

(* POETICN *)

' "'3. -u--*ﬁ OHLY-
{###*######i#l'"*il#*##l*i*t##*##t#t#ttl*####t#tt#lit###'ij

!LISTP. ***%%% OPTION PARAMETERS ARE ') ;
LISIP, ) I

A

160



*-69
* PNOLET PARSZS AND GENERATES CODE FOB AN ASSIGNMENT %
¢ STATENENT WHICH DOES NOT BEGIN #ITH THE 'LET' COYMANL. =1
FROCEDURE EMNOLZT:
VAR RESULT : SLOTPTE:
BEGIN
RESULT := IDLOOKUP (ACCUM, ACCINX) :
SCAN éicnnun .
IFP TCKE0M © EQUALTOK THEN (* t=t *)
PERRCR
ELSE
BPEGIN
SCAK (TOKNUHM) ;
PEXER;
G:EKEIuéﬁ STO) :
I7 RESULTI.TYP'= VARILD THEN
CENKEY éEESULIa REG X0
®LSE IF RESULTZ.TYP = FYDID THE!
GENKEY (RESULT@.FNREGNO)
ELSE
2PERBOR
EXD
END: (* PNOLET =)

e e

B T e = e o *
§# PLET EARSES AND GENZRATES CODE FOR A 'LET' STATEMENT. :i
FROCEDURE PLET;

ESGIN

SCAN_(TCKNUN) ;

PNC1E

D; (* PLET %)
(*x % kD kg v kdn bk kpk bk khd kh g kb kg kx bk ok ko dk kg gk tl#ii#ttj

B T o o i e 5 e e - e *
* PREM GUARDS AGAINST USE CF A GOTO DIRECTED TO A REM EY *
* CAUSING GENERATION OF A NODE (LOADED W/ A NHOP _INSTRUOC) *
* dHICH CAN BE BEFERENCED BY A JMPP POINTER; THE SCANNER *
: HAS RESPCNSIBILITY fOR SKIPPING OVER THE (YT TEXT. :
EROCECURE PREM;
EEG

E é WoP)

SCA TCETRUN)

D3 (* PREN *)

(FEFEXEXFRFARF SRR ERBIFR R R SRR T AR T RR R R R AR RE R R R ARk oR h¥)
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*=8 *
: g EECE CPTIMIZE SCUEEZE NOP) LOCATES ALL 'HOP'" KEY *‘
* A

S, HESETS POINIER RZFERENCES TO THEM IF THEY EXIST,*
*_ANL THEN PINCHES THEM OUT OF THE CODE DATA STRUCTURE. s
EROCECURE OSCNOP (VAR START : CODEPTR):
VAR CUR : CODEPTR;
T : 04433
INDEX : CTEXTRNG:
EEE%E s= START: * RESET JMPPS PAST NOPBS *
WHILE COR © NIL DC * ASSUMES THAT NO JMEP *
EEGIN * IS SET ON POTENTIAL +*
IF CUR2.JM22 <> NIL THEN * ADDR SPACZ NOPS. *
WHILE iCHR3¢JEPPE¢KEI = K HDP‘ :
NLC (CUEa2.JMPP <> ENDCE) DO
BEGIN
CUR®.JYPE2.ADDR := =1
CUR?.JMPE := CURD.JMEE®.S22P:
CIR®.JMPE2.ADDR == 0
END;
E“EUF := CUR®.SECP
CUR := START: (* SQUEEZE OUT NOPS *%)
HEE%EIEURE .SEQF <> ¥IL D0
INCEX := CURD.KEY: # FIX THE Ixnzx TO CTEXT *)
FOR I := 1 TO écréxml.twna }.HHIT
CUR := CUR®. YPAS 4annn SPACES *
IF (CUR?.SEQP?.KEY = Hﬂ?k lHD CUR®.SEQPd.ADDR = -1
ELEEEH CURD. SECE == cuna SEQPD.SEQP  (* RZIMOVE NOD *
- CUR := CUR®.SEQP (* NEXT NODE +*)
END: (* CsSQN0P *)

(FFEF A RIFXFIEFEIE R RFRE AT SRR AR RRRR AR SRR R SRS SRR TR R XL WH)
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CODEPTR;
GER;

E

TRAVEL
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* k]
: QUIPOT DUMP ROUTINES :
kR bkt kb bk ke kR bR R h kR Kk kg Ak Rk R ok ok K
e s e s ———— S S SN R A  amm x
* PINDMSG LOCATES TEE START OF THE CORRECT MESSAGE IN *i
: THE HSGFILE. :}

EROCEDURE FINDMSG (VAR MSGFILE : TZXT; VAR ESCHAR : CHA
HSG_NO : INTEGER
VAR CH : CHAR;

BEGIN
RESET (MSGFILE, "NAME=MSGF.FASCAL.A'):
REACIN (MSGPILE, ZSCHAR):
REPEAT
READ (MSGPILE CE£=
IF CH = ESCHAR THEN (* CHECK FOR ZSCAPE CHAR & 45G NO *)
REACLN (MSGFILE, I)
ELSE
REACLN !HSGFILE
UNTIL }rcr MSGFILE)) OR
(CH = ESCHAR) AND (I = MSG_NO))
END: (* FINDNSG %)

[ttt#####i!#ﬂt#ﬂti###tt*# ##*##l###lﬂﬁl*‘#####*#####**#*#*]

*-au ---------- T — O — o —————— -

* RRITLN WRITES A FULL MESSAGE FROM "SN' TO SN' AS FOUND *
* TN THE MSGPILE.

[ P e ————— L.k T ——————————————————ep————— Y L. . T 'L T *
EROCECURE WRITLN: (* FWD DECL WITH I/0 COMMAND ROUTINES *)
VAR CH, ESCHAR : CHAR:

I : INTIEGER;
EEGIN
FINCMSG (MSGFILE, ESCHAR, 4SG_NO);
REEEAT
EEAD (MSGFILE, CH):
I¥ CH=ESCHAR THEN {t CHECK FOR TMBEDDED SSCAPE CHAERS *5
uLEE*ELH (NSGPILE, I) (* AND DISCARD IF FOUND. *
" TdBIIE [H?ILE cn&-
IFE§E§E MSGFILE) THEN (* NEXT LINE *)
E
REACLN (MSGFILE) ;
EHEEITELH (WFILE)
UNTIL EEG? {HSGFILE!] OR
(CH = ESCHAR) AND (I = ¥S3_NO))

END;: (* WRITIN *)
LR ] *®
{ LS RS RS R R R R R R R TR R R R R E R E R R R R E RS R R E R L R R
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FROCELURE WRIT (VAR WEILE, MSGFILE : rzra-
MSG_NO : INTESER) :

VAR CH, ESCHAR : CHAG; =
I : INTEGER;
BEGIN
FINDMSG (MSGFILE, ESCHAR, MSG_NO);
REFEAT
READ (MSGPILE, CH);
WRITE (RFILE, CH)
UNTIL ECLN (MSGFILE)
END; (* WRIT #)
e e e P e PR e )
*-BE -------------------------------------------------- *
¢ REEORT CCMPUTES ANC WRITES THE REGISTER/LABEL SUMMARY. i

FROCELCURE FEFORT (VAEFE WFILE : TEXT);

VAR LTICTAL : LBLERNG:
RTCTAL : INTEGER:
BEGIN
WRITLN (WSILE, MSGE 3E=
WRITELN (@FILf, BRECRCT:7, ' FATAL ERRORS.'):
WRITELN (WEILE, WASNCT:7, * WARNING asss.-h,
IF ERRCRCT > 0 THEN (* CALCULATIONS INCOMELETE *)
WRITLN (WPILZ, MSGF 1u&-
RTCTAL := NEXTREG - starThEG:;
LTOTAL 2= LBLCT - 1:
WRITELN (WFILE):
WRITELN (WFILE, NEXTREG:1, ' IS NEXT AVAILABLE REGISTER');
WRITELN (WFILE,'TOTAL REG{STZ3S RESERVED = !, RESERVECT: 1)}
WRITELN (WFILE,'TOTAL REGISTERS USEZD = ¢, RTOTAL:1) :
WRITELN (WPFILE,'TOTAL LABELS USED = ', LTOTAL:1):
WRITLN (WEILE, MSGF, 4)
END: (* REPORT *)
[###ti#ii#t#ﬁ* sk gk kiy ###tt##t*####tt**#it#t#######**#]

171



=== — o . . =
* COCELCDMP WRITZS TEE TI-59 CODE STORED IX THE CODE DATA =
* STRUCTUORE AND APPLIES THE CTEXTF FILE TO ZACH STIZP TC =
{* PRCDUCE THE LITERAL TEXT OF FOR THE KEY STROKES.

FROCELCURE CCDEDUMP (VAR WFILE : TEXT; VAR TICODE : CODZETR);
VAR Eﬂg, HCLD : CODEFTR;

;t-a?- )= e

: WRCODE WRITES THE XUMERICAL PORM OP TI-S59 ADDR ANMC KEY :

---------- - -

EROCEDURE WRCODE (VAR CUR : CODEPTR) ;

DDR, 3);
Et, 2);

aso

(* WRCODE ¥)

DUMP MAIN *)

GF, 5);
¢ (*'"$' MUST BE WRITT
*+ ELSE WILL IH¥E.§

=
r———— s |
MmO M e a6
—

HEw=
[of[==CT]

L

Ex =6
H
=
L
=
* % 4%

o o
OHH HHmE
el I T |
HaaT M  drdes
=
=
b=« P

i S0 o b

L ]

wd 3788
Fm ) M M

Mo

Vi Wi

(2]

s

HO=0

EHRE.KEI.%.CDDECHLE}:
K LBL.I HEN
AKZ SBRYS OR LBL'"S LITERALLY *)

i
lalels
[=1E-
-
il mMea O e
numg i~
-~ HEe
el =T
K

=

TEXT(.CUR®.KEY.) .CODECHAR)

(4]
o
mLn e

[l t-"
MG oDoEOaamo

(alglm
Emgz
]

U o [ [P, |

TE.HULDE-KEY. U¥IT) LCO
% D DEPINES TYPE INSTROUCTION ¥)

O

CUR2. KEY, 2):

DarIm) Gl
feifn Lo ol =1 o T
ﬁsnhﬂ w=es I

= 1]
sl =1

a B

END; (* CODEDUMP ¥)
($FEEFRAFIRIER L EREERERER IR XEX XX EREL R ERARR R RRER R R E R % 0)
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* LINK_INTERPACE CREATES THE_SCRATCH FILE WHICH PEROVIDZIS *
* THE CINKER WITH_ALL THE INFORMATION IT MUST HAVE TO *
* SEGHENT THE TI-59 CODE; ENTRIES IN SCSATCH ARE IN THE =
* PCRM CF SUB-FILES (M2S5AGES) DELIMITED BY "SN". .

FROCECURE LINK_INTERFACE;
#-BG=0]====mmemmmeccmac s s e me— e ——————————————————
* LOGTIO IS USED BY LINK_INTERPACE TO READ AND WRITE *

: FILES T0 THE SCRATCH FTILE (COPY).

FROCELURE LCGTO (VAR WFILE, RFILZ : TE2XT; MSGNC : INTEGER);
VAR CH : CHAR;

BEGIN
WRITE JEFIL '5' MSGNO: 1) 3 (* WRITZ MS5G DELIMITER *)
WHILE NcT B0F (RPi1E) DO
BEGIN
WHIIE HOT EOLN (RFILE) DC
EEGIN (* COPY THE FILE TO SCRATCH *)
READ RFILE CH
HEITE (WPILE,
END*=
WEITELN éarxnzl
IF NCT B FqéRF 15) THEW
EHD_REAILH (RFILF)
HRIIELH !HFILE. T5Y, MSGNC:21); (* 4RITE MSG DELIMITER *)
WRITELN (WEILE)
END: (* 10GTO *)

EEGIN (* LINK_INTERFACE MAIN *)
REWRITE (SCRATCH, '"NAME=SCRATCH.PASCAL.A');

WRITELK (SCRATCH, *31'), _(* NEXT REGISTER = NSG $1 %)
WRITELN iscaarcn, NEXT Bg:1 IS NEAT avaanaLz REG. ") ;
WRITELS (SCRATCH, '§17); b ITELS (SCRATCH) ;
WRITELN (SCRATCH, '$2!); (* TI-59 CODE = MSG 52 *)
CODEDUME (SCRATCH, EEGINCE);
WRITLY 1-caarc5, ¥SGF, 7); * END CODE MSG *)
WRITELN (SCRATCH, '$27');  GRITELN (SCRATCH) ;
RESET (NAMER "NAME=NAMEF .WBASIC.A') ; Et REG/NAME MAP *;
LCGTIO (sCRATCH, NAMEF, 3); * = MSG $3 =
Iragggurxasrazan TEEN (* DATA/READ MAP = MSG %4 *)

RESET Eazanr "NA¥E=R EADP.WBASIC.A") :

LCGIC (SCRATCH, READF, 4)

END
END; (* LINK_INTERFACE ¥)

(FXFEFXRRAEETE R EIR L ERRERERE FX X AR XXX PR ASERAT LA AR R AL R RN %)
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EECIAL PUREOSE ROUTINZ USED FOR

I [OM? THE ENTIRE CONTENIS OF THE
AELE BUCKET 8Y BUCKET; THIS ROUTI
CETION NOUMBER 5.

FROCECURE SYMTBLDUNP (VAR WFILE : TEXT; BUCKET : HASH);

VAR I : INTEGER;
Lock : SLOTPTR;

o
]
LE =]
O b=
= =
e
(o I ]
reito
b BRI e

=
=
E -

10) = * HEADER MSG *
ise pd ( )
NIL THEN (* SKIP EMPTY SUCKETS *)

*Om

=]

5&?,}11}. (* BUCKET 20UNDARY MSG ¥)

§* UNTIL LOOK = NIL #)
* *:11, LOOK@.IDENT, * *':1);
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(* IF USED *)
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0 o S0 b e e 50 T e e Y e

HOHZ=D HOH=EDED

¢ %23
AUXREG
. A

HOR

La oy
[

e

e B e
HHH =

u:ﬁEG 3

31]
=

(WFILE, '.. QUICK ?N');

D (WFILE, FNLREG, 2);
iHFILE, v Lok kﬁ'l

B
o
HiH
oo
LI L)
maim
I

FNPID

PAD iH?ILE, FNREGNO( 2) ;
ZLN (WFILE, *  EARAMETER FNv)
END: (* *
LCCK == Lnnxa 5151
L UNTIL LOCK = KIL
[

WRITLN (WFILE, MSGF, 12) {(* END SYNTBL iS *i
END; (* SIHTELDUFP

R e e ]
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(* INITIALIZE MAIN ¥*)
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*—-— T —— o — o
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————————————————————————————————————————————————————— *
FOR I := 0 TO BASHEASE DO
EECKEI[-I.E s= NIL:

NEXTREG := STARTREG;

T o o o o - - x
!* INITIALIZE ARRAY ECLDING OUTPUT TEXT OF TI-5% CODE. #}

LOACCTEXT:

B o o e —— —— — — —— — — —— - *®
lt INITIALIZE BUILT-IN FONCTION LIBRARY. :i

ID, FNCLEN) :
L1E {E% ENEED ?HELEH{E

* ------------------------------------------------------ *
* ENTER 'BI' = 3,14159265359 IN SYMEOL TABLZ. :1

ACCUM (.1.) == 'P': ACCUM (.2.) z= 'I';

acc:a* :=Iz- {2

FOR I := 2 to anchanzn DC

uccuulﬁr.k :

IDSIOT := G IﬂT Jnctuu. ACCINYK) :

IDSLGTZ.TYE

IDSLOT&@.REGNO -11u, (* SPECIAL REGNO FOR 'PI' *)

—————————— S - —*

_____________________________________________________ x
* INITIALIIZE LABEL S5TACK (ARRAY OF INTEGER KEY CODES) . *}

REACLN (LAEELP): (* SKI? HEAD LINE #%)
POR I == 1 TO LBLBASE DO
READ (LABELF, CLAEEL (.I.)):
LBLCT := 1;
—————————————————————————————————————————————————————— 3
3* INITIALIZE RESERVEL REGISTER SET. :}
REACLN éLﬂEELF]: BREALLN (LABELF) ; RSADLY (LABELF?):
RZSERVECT := 0
RESEFVE REG := f"kl (* INITIALIZE TO EZMPTY SEIT ¥)
HH%%EIEET =0F (LABEiIm poO
WHILE NOT SOLN (LABELE) DO
BEGIN
READ 113215. I%
RESER EG := Es er EG + (.I.): (* MAKE SET #
Eﬁgzszavzcr := AESERVECT ™+ 1 (* CCUNT MZMBEZRS *
REACLN (LABELF)
END:
 Domberttonee ittt ettt et ittt bbbttt *
1‘ INITIALIZE FNF ACTIVATION STACK AND FNL USZ2 LIST. :‘
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FI&ST CALL TO SCAN.
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*

CODE.

FOR TI-59

E
R T L PSR R G P ——— -l.—-.l..—.———.———-l..l-.-,*

e L L T T ————————————————————eeee . 4

* INITIALIZE LINKED CATA STRUCTUR
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* INITIALIZZ LOCP/BRANCH STACKS.

|
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el el e e
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Un 0O ety

Tl O
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LEO=EOM
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B o e o e O S e e

* TNITIALIZE READ/DATA STATZEMENT INDEXES/FLAGS.

#
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w1 i
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wn
T IR T]
—

&=
Rl
TR LT ]

b a3 0
L b o] o)
£ = wiin
=17
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- =119

(* INITIALIZE *)

END;
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- -
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* #
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#* #*
# #
* #
L - -
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# el
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» 4
* L.
+* *
#* -+
* *
#* »
# -
#* -
* =
# *
* -
“* -
* #
* #*
* *
# & & %%
i g™ T gt

COMMAND

A

AS
REGARDLESS OF IMPLEMENTATION:

THIS SUBSET

RIGHT CMT COLUMN BY ASTERISKS MUST
IN

TCKHUM = ENDFILTOK *)
PARSE ERROR IF USED

A LINE)

*+ JTHPLEMENTED
*** NOT IMPEMENTED IN THIS SUBSET i

A

O TEEN
N

(* UNTIL
KNON) ;
SARKED
WORD ON

CT

b
4
FRESULT IN

(* EAXS9 MAIN %)
151

INITIALIZE;

REPEAT
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e e e e e e e e

e - = - -

=3 m o [ £+

o o o o o

o M oo o o

=1 oo o ng

L] e | [ ] [ %]

o m m m m

= == | = 2

wy mw wm i w

[=7] [ (=N (1N
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0D sesrivsensd O ORDALHEIL=OD HZDDHANE
seEl HECEOLME © SUHOMHOBE=tm oMupne-HDH

eGng RO s n e ﬂ EL@GEUTAEE EEOQNEOaxm

HEIRY 0 s P 0] M=o omn Rl h =D =LA

Flofhg by BLoRdy i bhe BRibs  Pue g b e b gy e a1k By B P P Ry -

wE e B TLLE TR IR L] IR N T LT LRI TR T LI IR LRIEIAIET

b
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o
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59 : FELSEIF; * BLSEIF *
60 : ERETURN: * RETURN *
61 : EOPTION: * OPTION  *
62,63,64,65,66 : PSUBEZRROR: * *
67 : EENDLOCE: * ENDLOOT *
68 : EREZSTORE: * RESSTORZ *
69,70,71,72 : ' PSUBERROR; * *
ICENTOK : ENOLET: * §O LET =
NUMBE RTOK : PEREOR ; * YOMERIC *
ENDLINTOK: GENK3Y' (K_MNOP * BLANK LN *
ENDFILTOK: GENKEY (K_NOP * END FILE *
END (* CASE
ENE i
UNTIL TCKNUM = ENDFILTCK:
GETFNLS: (* INSERT LONG_FN _EODIZS *
Euncaa.ézir := NEWCCDE ; f* CLOSZ CODE SZQUENCE #
LPCUR®.IEIR := GETNEWHDR (MAXBASLIN); (* CLOSE LINE SEQ *®
PINCGOSUBLEL &EEGIHCP} * INSERT LABELS FOR SER *
I7 CPTEAR THE * OPTION 2 *
nsganﬂEHTﬁagsxncEJ; * OPTTMIZE PARENTHESZES =
I7 CEINCE THEN * ODPTION 3 *
CEEHCF éBEGIHCF%' *+ OPTIMIZE (OUT) NCB'S *
RISCLVE_ACDA (ZEGINCD) : * OVERLAY ASSOLUTZ ADDR *
REPCRT LISTFL' (* ERROR/REG/LBL SUMMAEY ¥)
REECET (OUTFILE);
IF CODUMP THEN * OPTION 4 *
CCDELUME éLISTP. BEG INC E) : * WRITE TRANSLATEL COLE *
IF LINKS9 THEN * CRZATE SCRATCH FILE *
LINK_INTERFACE; *+ 7FOR LINKEZR INTERFACE *
------------------------------------------------------ *
* DEEUGGING FOOL: CLCUMPS EACH SLOT OF ZACH BUCKET IN THE *
* SYMBOL TABLE TO NAME PILE *
IF SYCUME THEY (* OPTION S *
SYMTEIDUNP (LISTF, BUCKET) :
(Fo e e e e e e e e - ———————— ——— - —— *)
T *
*+ DEEUGGING TOOL: CUMPS ENTIRE CODE DATA STRUCTURE *
M INCLUDING LINE AND CODE NODES. *
IT CSDUMP THEN (* OPTION 6 *
SEAICE (LISTF, FIRSTLP)
(=== e e e e e e mmm s e e e s e s ——— e ———— S —— *)
END; (* EAXS9 *)

EEEREREASAI AR AR SE R IRER AR SRR SR RRE AR RE AR AR IR L RS b e b kRS
:t!tt FAAIFRIRE RN ERE R R AR R R R kbR Rk Rk ek kR Rk ok dkokk kK
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RWTBLF FILE~--ORDERED RESERVED WORDS

Py
P 720 L 4 e g B D S T U D

D ks A <G O e B R A DD U S W U el

B4 O Py B T T ] 0 0 e D B 0 e el ) B i 0 0 0 0 = e D e 2 D i B Y

A T I L NG ] e L0 el U S e ) 5 =l L D L s R ) B 0 B ) B A I e s S e 2

RN AW se WRTR VAW B DL o L D S B L e N T e D e S ) ) DS e D LR D B LD O e e O LD U

U O U O (N U O OO T T ST U O DU O M ST U WO OO T N U T WO N U O T
e e e e e N O O N P N A T TN S S T I S 3 O Sl wnurmiiniulutin ity
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AREENDIX E
LABELF FILE--TI-59 LABELS/RESERVED REGISTERS

KZY CCDES FCP TI-59 LABELS

ot ~OWwe
— U= mm

OIS
=Moo

OONY O™y
Lol B = LTR LY i #

oM~ O
= D GO

Fa Lo ITRTN Tu T
TMUTOo o

[T TR
g

LD e
o= h

F IO —0
iNmM IO o

MM s
Mo r-m

CIOd = [~ N
— O = U P~ D

WD~
Ll Lt B Tinl e #Ha ]

REGISTERS RESERVED Bl USZR:

00 01 02 03 04 0S5 06 07 08 Q9 10
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APPENDIX P
BIFNQF/BIFMNLF FPILES--BUILT~-IN PFOUMCTIONS

BOILT-IN "QUICK™ FUNCTION NAMES AND TI-59 KEY CODES:

ABS 68 68 68
ACOS gg 38 ﬁg 66
ASIN 27 38 68 68
ATN 27 30 68 68
COs 39 68 68 68
SEEE S
EXP %2 23 68 68
EpP 27 %9 68 68
IP 59 6E 68 68
106G 23 68 63 68
LOG10 28 68 68 68
SEC 39 35 68 68
SIN 3B 68 68 68
SQR 34 68 68 68
TAN 30 &€ 68 68

BUILT-IN "LCNG"™ PUNCTICN NAMES AND TI-59 KEY CODE SECUENCES:
FND 36 15 10 43 10 36 15 15 36 15 71 B8 68 68 68
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ARRENDIX G

CTEXTP PILE--TI-59 KEYCODE TRANSLATIONS

TI-E? KE! CCEE TEIT-iilI LR

i ] L — b b L
it 1 w 1 w ] "y
L] 5 oy o L & L5
Ll 1 [ o i ] L] (]
o y 3 (3] b bl L
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an o o - o = o
-0 i 1 = o = =
O o =] L) -] ] o
=l 2] 124 w (] ot L8]
(4] =
=0 w L] i2] = L] i i
(-] A L] Wy
ad - - v oo i w2BaZH = BIRSEW “EkE @
Ul bt IS AT P U~~~ WO Dy
Bl MR =
Xy =] [ETLTETITETET N - R ST TRTATE YR BT R TE R TR s e Bl LTS L]
o = S e T T Al ) S T e O L W M L N S e U L D S i e U

55 e 00T = L0 = 00 O P i 0L 0 ) 0 050 0 0 OO e e 0 LD 0 0 0 3 2 B 00 = 0 O O O D0 00 2 H O T O e L ™,

[elelelalelalelalelalldlelalelalel=lalalalslalslalalal=lel=lalelal=]l=l=laT=lfe=l=ta =l ol od gt el ==l of g =l =l— Lol

o O M SN VO T M MO M@ OO ™ M oM O O ™ O o O T M N OO o T e
| 1 DLO00UO0OUF ™ r=r=r=r~r=r e GO DO IO MMM MMM M e e LS S I S O o Fununununun
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AREENDIX §
MSGF FILE~-CROSS-COMPILER OUTPUT MESSAGES

$ IS THE ESCAPE CHAR (MSG DELIMITER) FOR THIS MESSAGE FILE.

$1 $55E3538 355553588233 505 85555553553 535553355 5552332233553

INVCKING HB&EIE CROSS-COMPILER FOR TI-59 PC
AX59 VERSION 1.0

5355533355353 5352355355353 3 75553535382 F85383335%
giss zisigsfs §f §$£S§§ fsssissssas $5355353535835855%75333
L 43 & 4 & FF & & 4 4 ===:::i=;§::;E’§; EE;:;‘E;;;?;E::#:: — 11 % %11
s 1% & & & § F & F 4 &+ & B 4 — F 4 F £ L I £ - & $ L FoFr b b & S-f-F 4 F i i F 4 15 & & & & A5 & Ko 4 44
2 31882 $53535552383533553355355835333 55353538595 388¢8253533
ia $533:3 i?fsgisiisssifi $533 3*sais$§4f§ %ssssss 333 $§ssss$
e 4 & £ § + 3-8 & 1 & % & & 3 - F F L8 ;3 & -4 BT+ 3F T+ T+ & it T
CCMPILATICN SUMMARY
b+ £ %+ & & ¢ ¢ & § + % —§% &+ ;- F F F % &4 B+ + = 4+ 333 53—+ 5 %+ —F 3 &= 31
3 pgi¢ £3 333 3535583535328 53382¢8323358
iu fss:iiiifssfigffgiisssggf §§§§ 5333 $$$§5$§$i$i$i$$$
---------------- COMEILATICN TERMINATES ======-===m=e=—a—==
4 2% €3 33858338358 5553335835353 03535353533¢383353353
i5 sii%i iggf §§§15555§ssss:ss§s ssasssssssssgssssssfgiss
-+ F FF &+ F F -+ & F-F&F+H—-F+— &35+ -5+ - E 1+ -4
TI-59 COCE TRANSLATED FROM WBASIC
) (UNSEGHENTEZD) T T
g & & & 3 & & i3 & = f e e et ] - + + & —F ¢ % b o % r ok
ALLR DE
15 ss:ssissg ssgssss;sissgsss3s§*sssssssrsss$issssszssssssss
5& PI533352e33538535%8253¢2 ssssz-issssg;sssg%$§§s§§sggssgggss
€6 ssﬁsssxiissssssssszisssssssssssxsssssssssgsésss:!isgssiis
$7 323333333355 535553335535 3855553533555 5355353535383333585537
=] memmc s emeccccmesccscccccemss e ————— END TI-59 COCE.
7 3545333555335 555384383¢% ;5 ssssss¢$$s§5£ssss§sssssssss$
B $53338138:5351533383333533533555535755535%3553535533353338333

S EEEE T EE S SR E S S EEE ST EE TS EEEEEEEEE S ES ST ESEESEE=EESSEZEEEEzE=Es=

TI-59 REGISTER TO WAME MAPPING

e E S E S S SRS ST EESE TS E SECEEE TS SEE S ESSESE=E===EEEE=E=sSE==m ===

REG#H BASIC NAME

¥ R HRIanRaNunaaninNe RN

ST E =SS S SRS EEE ST RS E S CSEEE S CSEESEEEEZTESSCSEEEZE==Z =T =====

INPUT DATA TO READ MAPPING

S EE S SRS TSN E RS S ESEE S E RS S EEEECT s SESECSECSESs=EsEEsEE====E=E====

CATR REG NAME
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R R R LR Rt R R R e R R R R R R R R R R L IR R R RS R R Rk
310 2353331333353 553338523533355353353335835353353355352353233353
PR E S R S R R S S R S S R SRR S N S SR SR ESE ST EEEEEEESSEE
BAX59 SYMEOL TASLZ DUMP

E e S SR R E S S E R E RS S e R R SRS SR R e E R R R TR E ST SRS EESSESECSESESE=SE=E===EET
EUCKE1T CONTENTS REG TYP

S R R e
F11 $85 1388483583330 8383 3285323335555 0833 S P3533234335¢5333
12 £33 83030 S8 3 588858 335355855585 58355535355%53535

12 S$3£5:228 53 $3833533533333
5251213 E5I555133553555%¢%5%

EEEECEEECSEESEE==s-ESE=E=zSEs=mSsEEE=E=m

TI ‘9 CODE B&

31 gsdsdidimesiisaasnsBaEInIRaRs

BEEFCRE TEE FIRST FATAL ERROR, THFESZ STATS WERE COMPUTED:
$10 S$53388 233083888288 38 8825 5553553853385 3833 88553233338
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ARPENDIX I
LINKER SOURCE CODE

®* PUORPOSE: THIS PROGEAM TAKES AS INPUT A TI-S59 PROGEHAM.
IT SEGMENTS THE PROGRAM SO THAT IT WILL FIT

INTQC THE TI-S59 CALCULATOR. IHETR“C‘ITUHS ANL

CODE LISTINGS ARE PROVI

COMMENT EEQGRLH '1&!

LIMNIT

COMMENT: FILE

D 0
i

l‘:'.rnh-aH

oS woOo

gia g
(9]
ol o]
Cit=a

SED F:
QUTFILE--"AN

YOour OUTPUT
T“HEFILL—‘"13¥
|

ﬁﬁﬂﬂ-n
moéIttig W
e o
e i
wm o
L
aEmtang  Lrdon

B e O
Ly S g E
oe
]
]

b3 B i
= IO

3 5
E
{2
a
C
B
o]
Y
U

=
LA R S SR RS RS E R R N

A TEMPORAR
HESSAGEFILE-—.
LINKER'S ME
:t:###*t###t#ttt#t*###tt*#1#ttt:t#ttttntt*

LA EEEREEE SN B RSE R D
H
=
|

}li###t##t#####* BRI E LR A2 2t E RS AR R s R A R R E R S L

# LA kA At

EROGRAY TSCRIVER(INPCTI,OUTPUT) ;

1##!##1#!##!##!:!:#tt!t*t#lltt#t#ttt*#lttttt*t#t!tttttltttl]

* DECLARATICNS: .
{*i#*it*#‘#####**#t#it*###t#t*#t!l!!t!ll*t*##t*!t#*ttt#**#*
é-t ——————————————————————————————————————————————————— t,
QNST
FJUMECONST = 10; * NUM STEPS FOR F_JUME cauﬂ_*l
SERCCNST = 15: * NUM STZFS FOR SBR ERK CCD:i*
SERCCKTCONST = 7: * NUM STZPS FOR SBRE BRK RTY *)
STO = 42; (* TIS9 KEYCODES *)
LEL = 76;
ECLINLE = 713:;
STOIND = 72:
CE = €&9:
DECIFAL = 93;
ES = 91;
CE = 24: (* END KEYCODES *)
CISPLAYREGSTORE = * TEMP STORE OF THE DISPLAY *
ETNREGNUM = 6: (* HUMBER OF MANUAL RETURN RSGISTERS *
MANRINREG = 08: (* MANUAL SER RETURN REGISTER =
NC¥EZ = 101; é* MESSAGE YUMS*
ASTER = 102; (* SEE MESSAGEFILZ FOR TRANSLATICN =
YES = 103;
MCDEFCMETS = 100:
RINRGIOEF = 104 :
CCDENUM = Q-
STOINEG = 105;
EGMEAFTIS = 106:
EARINUMIS = 107:
MCDN = 108;
CARD1 = 109:
CARLZ = 110
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HHEH O = B - m

Nu-EY M FEl
mOIEEEUHG G- -
T e L 5 et B OGS (0 00 3 0 4 Y
0 RO U e DD L)
= = o L 5 e S U b U ) e D
L LR L B 5 0 0 S )

ALP

—
* 5

L]

o

|

=29

=1

i

[

ol

-t |

Ty |

L ]

3 0

a1

]

(=0 }

=1

[}

1

* 1

- )

]

i

1

1

]

L]

Ll

L]

L]

]

1

L]

1

Ll

!

]

]

(]

(1 [ ]

P |y 1 (]
=MNmoy _.l“

oo N L
e sesmtmsnrasFe=(n |
=l i N Mﬁ?sg.ﬂ ]
- nnn

== U manpnnn “
MLy M= =N ]
L]

1

1

[]

L]

]

L

L ]
b

!

*
(* THIS RECORD IS BUILT_COLZ *)

I59 KZYS *

t* 1

OF CHAR
8ELS

‘1a

15
E‘--------—--_‘- e i i e i e i

{al " &
{-ﬂ- .gg-} GF

ARRAY

LABELS = PACKED_ ABEAY

(e e e c s ce e e e s s s s E e e e ==l
TYPELABELS

TYPE

LA

el e-
o Pl
RIHi seensm
U B n o 0 o
RIE BB
DB
= AR R
e HuoHEROO
b e aemL0
D mDWw-HOD
[+ o] = Tal-t = TR
P e 0 9 et Ly N
20« Ful g [ 30 u
O 3B IV
(]
=1

*f

T*
'

(* RANGE INSTROCTICN SE

(* SHOULD HAVE MADE A VARI :]

-
L]

99
EPTR,SBRBREAK,FWD_JUMP MENODULE,CODE)

.

SET = SET CF 0 ..

INSTE_

{‘--—----—--—-—
(#==2=-

(* NEXT TABLZ ¥)

Ht.l - [r 1L
Bl eslE O
on e ]
109 veetTv] v uE4
B 0 P30 vomd B
oo IO G MY
o s 0 O Oy nu R F M
Bl s b= O 03300 seE
GquTBanET.n
RO = e A R U B
EET BN s
Ot 2 s MUV
H FEQUIU ««Qoed
I asb DRI ER
MTEFGLLL (=15 |
wy =D =
EM ARO[
= N H D U G

- —

(* NEXT PIR ¥)

SBRETR: (

w00 ) fud 05 B

At ST PR
[ [T =~ = VI
L T N =+ e
Fl 4 oo 00 B9
(At [T S
b= A B T ] ) o QY = O |
b walf b0 Len L
o B g Py 2 e B
00 O g 5 0w »
DWNMEODHRE
EhE D

(“

HEMOLULE
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SBREREAK: (SBRZ: TBLPTR) ;

FWD

seae U000
-l-_.-._RE. EE
RHEE E4E s
Bl EE -
Gammiirnﬂ
[ ]S =T, T
HE=EZEL =00
EEIHAHOOO-
i ss s B E4E4m
o0 = et 10 O
OO0 o
Py BB B 2 O
ek 0 O S et e Y
OOORAEHED
ooQAQE=ER
_.HIH__I-__HDIIP-
L |

Prr.._-_r_ E.Pr
EDDEEDIDM
j=t=t=l =] A == it
e b L L b sl L |-
S

JUNP:

l

AENT TABLE STRUCTURE :

(* SEG

élR

Ill.

{ N
(* INPORHM E

-
L

EXT

e 1
woft 2ot |
(el S ETH ]
et ]

BEaEd |

wullad by |
Pl )
U
bt
Py blie U7 )
[me=l-1T |
=Ll |
OHUIE §

#*

it

}

&
*
(* CODE TBL VARS*)

&

(* MENORY SIZE LIM

(* SBR NEST LEVEL CHECK ¥)

(* CALCULATOR PARTITION INFO *)

e

fl

i

=

e B

= =
€ v obd
el en

L ETE

=OouD

volt] O RIS
m -
“E-MIF
MO 05
R svam D
wnl= [a Pt
Hq.mﬁ et
v
U ] = S
D VI 75w
HU  Eeae
HU S =
Ehomen
el O -
45 (DU =0

{t——---..--—-——--

?

(* INS SET VAR *i

*

(* TABLE VARS ¥

T
E

EP
EG
3

EUILT_CCDE,CUR
EOILT-CCDE COU
HDRETE, SEGTBL:

(*--

INSTR_SET,;

1,5TEP_2,STEP_3

STEP_0,STIEP

l

*
*

(* PROGEAM LAEELS

TYPELAEBELS

{t----.—-:--------- -

TILEL
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|
l

&

AEREEERRFEE T R ER F R A PR R AN E AT RN E R R R Nk R AR RN ek A Ay
EEE IR A R R R R IR R R E RN A R AR AR R R A e Rk

* PRCCECURES AND FUNCTIONS

|
|

*
CrE T T T T 2

FILE MANIPULATORS

E

"MESSAG
e N EEEEEE S E SN EE === SRE ER

-

SCRATCHTILE AND
===z =====

I T e S E S E T e T I s S ESE S EEEE S RS SRR E NS T TSR
AND

* FCLIOWING ROUTINES ARE USED AS UTILITIES SUCH AS FRINT *

k======

*®

— —— LLd o e

' R E XK . — =] —

(] | - - - -

[ L] i o= ] H — - i

(=] | 1] ] [ o* — (]

| s ] I e L . - [

[ % ] ] W — -] .- .-

I = T T ] n = = - L - ewlly

] I3 n 1] . — T =z - - [ ]

Il 1 m n 0 [.-E W = = N e

N =] e 1] " (=L ] [ o e ThL ]

BT e 1] n o e "] m Es — o My

L] LR ] n et =2 02 - s e - (S CRT= |

Ia | & 1] i —-_ P H #* [ - G

- I < 1 ] i Ll 2 = * Flg= 0 »* =T=F.

7 I - =T ] sl wir; B 1] E - A =i} & el

e 1a- N el =t v 3 B 0 - O=uy | * O et I

I I =m =L D L] - B wasbd |y e

[ B Hw ) MUEH - (L | swlr] =N b [LETa Pl PY ]

1Bl ol seen 1] [+ -1} = i 33 [T =Trk = EE

| =33 1 B0 nean = ) = A ] nars ] Wb

| Mt | ME4 HeEe i - = 4 L. = e we @by mEO- - L L

| o | DD W e (=13 A= TL] e B M o U mmn " [ = BT |

| 49 ) M nFE In VO s IE M 1= Lepl=a] b Tz T [ a T

I Q1 tn nean BIFFf) i = wnoun @l - oG = -4

| il 1] = H=0on Z0uel D - n s Sl T o [ T

I =) A0 e L RN = - T s | (LELS me= Fed 2 P = B Pl | e

Bl HEe BN ] e e T H e Uled =1 75 U - ' . T [ Py

P == 0 b e « il B (SR LERT TR T ] o OFmEedes N R3 i oM MBTA =@

I O D H O N adedpdede=d LI ® = osUThS s L A BN L A N T} s TR |

I kEBu i B =D A @A A Sm =R [l il [l HRRXE H

=l o - N EHIE8a Pufuybelnby oMUY W M esldHMOGse DG s Pafubs =2 =S ]

L] ] (1=} W oo e ey HEHE'HE MR WmdmgminiEa Quvixe EHEHE Okbu B4

[ - ] immi-da © 5S5PE5D fukgkd M Wg-mnd = - - =20 - - B

H =) =l m e NNe @MH O QOOO00 HDZ= = 0N Mo m n [ = OCO= m e O
EH I = — W W el D et U ee e e d -1 il - - J

] 0 ) ~=ht Pl Dl Fed M P4 m mEEmEE DI &HEmuEeEn (=1 (=4 (8] uk =4 3] Lo ]

Ikl a3 -1 nLL i AT T e e T el EHHE - =g i HEA - S [+==

1 Bawsd | I L RS Y e b e g ML Uty e na HH e 2

| Xpd | B o B ] e By E EEEEE eelmin U A G LG by =K

1D ) D0 HHEHHEHEREHL DEMHEHEHAEAE e~ m Mpex m ]

1 al .EH .-ﬂ UWWﬁWUET CIEERE“.D&HEIF __._.nu._ [ ¥ _H_m”

] [er} e EEXE = = =

“ o | 5-... [ 3] m......l.ﬂ = =] Hm u.._.uﬂ.._T-m -

1 H0 01 A N E=EmOEsnU=EHm [ T A T o] 7]

] I = 1R [ 3 L] e R

1B B BE BEEBEEESR

el e e S

U ) IR e e O e O D

] ﬂ |y el e L T O LT TR L) OE

[N ") 12 | i

| D2 | BEFHm

(=] Il =HIOm

=3 | DEOVIx

] I Oexind

LB K X §:-1_J-']

e e o T
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g5 URTP: =CURTPA. TABLELIST;
¢y SBRTPE =SBRTF3.SBRLIS
{Eun; (* DUMP_SEGTBL TSST ROUTINE *;
B e A0 A e, A 0 0 e 0 S 4 5 A A D e A A &
* CUME_MEMODULENODES: PRINTS OUT THE CONTENTS OF THZ  =*
*  MEMODULENODE 1IST FORMED. THIS IS A DEBUGGING *
* __BCUTINE AND IS NOT INVOKED IN THE_PROGRAN. *
ROCEDURE DUHP_HEHOBELEHODES{HEHD MEMODULE: TBLPTR) ;
VAR S:TELPTRT
BEGIN
:=HEAD MEMODULE;
WHILE ST>NIL DC
EEGIN
RITH S& DO
EEGIN
RRITELY (QUTFILZ) ;
HRITE{C TPILE,'MEMNUM OPFSET HIGH LOW'):
WRITELN(OUTFILE,* SEZGTBLSTART');
WRITELN(OUTFILE, MEMN(M: 6, OFFSET :8, HIGHOFFSET: 6
LOWOF¥SET:5, SE6T3L5a. START_ADDR:10) ;
WRITELN (OOTFILE) ;
END;
¢SS NEXT;
{‘Enn: ! (* DUMP_MEMODULNOLES *
T o o o o o ——— ———— #]
* GRITE_LEADZERO: EADS INTEGER PIEZLD WITH LEADING *
*  ZEFDS *
RCCEDURE WRITE LEZADZZRO(VAR OUTFILE:TEXT;NUM, PLD: INTZGER) ;
Vak I,T¥:INTEGER;
BEGIH
THe=KUM;
HEZPEAT
TN:=TN DIV 10;
F1D:=FLD-1;
ONTIL (TN=0):
FOR I:=1 T0 PLD Lo
WEITZ (QUTFILE 'oli;
WRITE (CUTPILE, NOMz1);
{Eun; (* WRITE_LEACZERO *{
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—-—...-..--..—--.-—- —— ...—_---—- e

PEEEE%ER: WEITELBL (VAR OUTFILE:TEXT; CODESS:INTEGER) ;

WRITELN (OUTFIL1E,TILBL {(.CODESS.))
END; (* WRITELEL by

B e m E e e T W T A W
{‘ WRITECCDES: WRITES THE ADDRESS AND KZYCODE TO LINE .

PRCCECURE WRITECODES(VAR OUTPILZ: TEXT; CUR:CODEETR);
WRITE LEL::ERu;uuTEILE,cuaa.Lanna 3 ;
WRITETOUTEIL ¥
4RITE LgncznaﬁJouTr i=, cupa.tﬂr $2):

TFILE _
(* WRITECODES *

FCEEDEF! :H;TEHDH[FL1 OOTFILZ:TEXT; CUR:CODEPTR) ;
WRITE_LEADZERO (OUTFILE,CUR®.KEY,2);

END; (* WRITENUM
(F==mccma e e e ccccscnccas s s s s e m e —m—— . - —————————— *
B o o . — W A W ——
* HANCLE_#STEES: ERINTS OUT CIFFERZNT CASES OF COLES,
« EG. "WH2THER CNE OR TWO STEP INSTRUCTICN.
*+ __USED FOR CODEFTIR TYPE OF NODES.
EROCEDURE HANDLE_OSTE? (VAR OUTFILE:TEXT:
VAR CUR:CODEBTR) ;
EEGIN
WEITS (QUTFILE, "
%EITE nazsicufran,cual;
RRITE {OUTFIIE, ! .
pNRITE BL(OUTFILZ, cURD.KEY) ;
]

EROCEDURE HANDLE_1STEP (VAR DHTFILE:TEIT:
—— VAR CUR:CODEPTR) ;

CUB:=CURD. SEQ:
KEIIz (QUTETLEL! ) ;
WAITE DDES{CDfFILu.EUEI~
4RITE (OUTPLLE, ! 3
SRITE ﬂHADﬂIFiLE,CUH}.

WRITELY (QUTFILZ)
END;  (* AANDIS_1STEP %)
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EROCEDURE HANDLE_2STEP (VA3 OQUTFILE:IEXT;
VAR CUR: CGDEETRli

VAR I:INTEGER;
EEGI
EO

el

gﬂﬂt ﬂﬂnﬁH

=CUORa.SE
OGIFIL
ﬂDESiGUfFILE CUEI

=
£
E (ouT®
E GETFiLE,CUHj.
ELN (OUTPILE) ;

T
END; (% HANDLE_2STEP ¥)
EROCIDURE HANDLE_3STZP (VAR QUIPILE:TSXT;
VAR CUR:CODE2TH) ;
VAR I:INTZGEZ§;

BZGI
EC TC 3 DO

g

l'

ﬁ!ﬂﬂ

ES{EUEFILE JCUR) ¢

' (0 urriLE,cunj
(OUTFILE) :

ERD; (* HANDLE_#STE? 'l

OnEzEmEnCoH
= B0 PO B RO S 0
Hi- T
e e

)

* CCDEFIR NODES CNLY. »
RECEDUFE FERINT, EOEELIS“{;
VAE CUR:CODEFTR;

EEGI
U UILTCODE:
H S it oo

ﬂ TEE DUT?ILL CUE
KBEY I¥ (- &Hnﬂ

=CURd.
LZ_ USTE? CUTEILE,CUH].

* FRINT_CODELIST: PRINTS OUT THE TI-59 CODE FOR '}

3w

=0
[+ Lo L 1
[0 Ll T

Hima W

e S0
gﬁ#ﬂl

m
o 69 =2
HO DENOcCSEe =

]
-

H
b
il

gy wmo=mg=Eg
=

i

-
@ W

= sSrOLs ra e
i

=,
b b =
td

=
(i1
ﬂ'

=

F=t

oWmomaw
=4
b bty =

B AR

L |

m
(o L
— —
Stowmow
(= [T (= |
i3 w3 b
) ol g g e fO
tu
e L
gt lg- gl
(=l t={ L=
£ ) 0
—
-

=
-

I7

e tes iy
ﬂg L g L] L v

dntd
wmoo
AA

(e |

L 1]

- — e o B
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LT
- "
]
A
H
|
1
]
=\
wmi
@l
1
1
o]
(o]
o |
= |
sl
m 1
gl
(|
[
HI
=1
=N
=
H
]
i
=1
(|
£a 0
|
=i
=l |
|
N
H
=1
Lo Y |
i
|
N
G
[]
=1
I~ |
|
mi
N
e |
L |
]
L]
i
=+ &
L e

ROCEDURE FLND_NSG (VAR MESSAGEFILEZ:TEXT; MSG:INTEGEE) :

VAE C1:CHAR; DIGIT:INTZGER;

BEGIN

RESET (MESSAGEFILE);
Clz=* ¢
DIGIT:=-1;
REEFZAT
BEAD (MESSAGEEILE,C1);
IF C1 = 'S' THEN
. DEADLN (MESSAGEFILE,DIGIT)
=)
READLY (MESSAGEPILE) ;
UNTIL ((C1='S7) AND (CIGIT=MSG));

END; (* FIYD_NSG *
{* ----------------------------------------------------- &
B oo o o s - i
* INIT SETS: INITIALIZES INPCRTANT DATA SUCH AS KEIY- *
* * CCTZ LABEL ARBAY, STEP SETS, KZY VARIASLES AND .
+___INTIALIZES THE sERATCH FILE .
ROCEDUEE INIT_SETS (VAR T2ZMEFILE:TZXT; VAR STEP_0,STEE 1

. STEP_2,STEP_3TINSTR SEf:
VAR GOOD_SEGHUENT:BOCLEAN; VAR MESSEGEFILE:TEXT:
VAR TILBI:TYPELABELS; VAR SBRINVNEST:INTEGZR):

VAR C:CHAR:
pIGIT,J,1,K,I:INTEGER;

B o o e  — e e e B

* GET_REGCOUONT: GOES TO SCRATCH PILE AND FINDS THE *
* MESSAGE NUMEER CONTAINING THE REGISTEZR COUNT *

Rgggggﬂn GET_REGCOUNT (VAR REGCOUNT:INTEGER) :
£ "
FINC 4SG (SCRATCH ,RGCT) :
EEACIN (SCRATCH,R EGCOUNT) :
END: (* GET_REGCOUNT t{
T o on o — i —— - ——— - &
$Eern
SBRINVNEST:=0; (* INITIALIZES THE INVCKZ NEST CHECK *)
RESET (MBSS AGEF ILE) : (* INITIALIZE TILABELS *
E;E¥g::-1; (* LABELS IN MESSAGEFILE *
RECEAT
READ (MESSAGEFILE,C) ;
IF C = '3* THEN
EIEEHDLH{HESEAGEFILE,DIGIT}
EElDLH{HESEAGEPILE&*
EHEEL (C = "3$7) AND (DIGIT = ALPHALBL);
Eé%téiﬁﬁ TC ALEHALBL DO
IFEEE¥JI IN(«21,26,31,41,46,51,56,82.)) THEN
%ElginSSEGEFILE,TILBL{.I.]};
IF L ="4 THEN
BEGIN
RZADLN (MESSAGEFILE) ;
L:=0;
END:
IND
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ELEE
TILBL (.I.)z= 'BLANK h =
END:
GET_BREGCOUNT (REGCOUNT) ;
REWNEITZ(TENMPFILE) QPENNING AND MARKING =
HHIIEIH TEEPFII: iﬂ'l: (* Ti ? IEH?FILE WITH MSG 9 =
EEWNEITE(OUTFILE); (* INIT QUTSOTFILE *)

GOCT_SEGMENT:=TFUE;

(* STEP TYPSS OF INSTRUCTIONS *)
44 ,48,49,58,62,63,64,69,72,73,74

L
TEP_3+STEP_2+43TIP_1);
. (¥ INIT_SETS tl
i i *

NCE CODEPTE: MOVES ALCNG CODE SXIPPING 2 OR 3%
EE INSTSUCTICNS ANLC STCPS ON NEXT c011lwﬁ LhsTE
EATS 71 AND 76 AS SINGLE STEPS.

o — o — - -

.

m
(L

EUE -.KEY IN STEP_Z THEN

0
SZQ <2 NIL THEN
UR2.5EQ

EY IN STEP_1 THEN

t= 1 T0 2 DO

CUERa. 5*% <> NIL THEX
O6:=CUR EQ

IF CURd.SEQ <> NIL THEN
cUR:=CURd. SEQ ;

-
T - -
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REGCOUNT+RINREGNUM IN (.30..5%.) THEN
BEGI N
NMUMBANKS :=2:
PARTITION:=479.59;
PART NUY:=6;
LINIT:=479;
__END
EISP
Eﬁgﬁgatnxs- 1:
PARTITION:=239.89;
PART NUM:=9;
LIMIT:=239;
END:

END;: (* DST_LIMIT
{t -----------------------------------------------------
* ----------------------------------------------------
* CLEAN: REMOVES SAME F JUMPS AND SAME SBRS IN A SEG
# TEL NODE. ALSO GIVES DELSTE COUNT FOR F_JUMES
* INCLUDED IN THE CONFINES OF T'HZ SEGMENT. DOUBLE
b CUTY EOUTINE. USED 3Y COMBINE AND BY SET_LENGTH
RQCEDUSE CLEAN(VAR CURTP:TBLPTR; VAR DELZTE: INTEGER) ;

VAR F,5:TBLPTH;

(o]
=
=N
L L]

: FRUNE_SAMEP: EEMOVES SAME PJUMP ADDRESSTO FROM TEL

"---— - — o — -
R S S S — -

FEOCECORE PRONE_SAMEF (VAR F:TBL2TR) ;
AR T,5:TBLPTH:

y
ILZ P?.NEXT_FJUMP<>NIL D9
BEGIN

S:=F3.NEXT_PJUMP;

T:=F:

WHILE ésihHlLl

IF sGIauu? DDRTO = ©3.JUMP_ADDRTO THEN
T2,NEXT_PJUMP:=S3.NEXT_FJIUNP;

VAR
BEGI
WH

DISEOSZTS ,T#D _JU4D) ;
S:=T@.uck 1 _rJUNP
4D
TLSE
BEGIN
T:=T2.NEXT_FJUNZ;
FH%:=sa.ﬂaxt_Fau59;
IFf Fa.3¥EXT FJUME<>NIL THEN
:=PP. NEXT PJUND;
END:
END: (* PRUNZ SAMEF
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................................................. ®

z: PRUNE_GREATOR: REMOVES FJUMPS CONTAINED IN SZIGTBL |
5: TBLPTR

R DELETE:INTEGER) ;

EEGIN
WHILE F<>NIL DO
BEGIN
IFHEEE§UHF ADDRTO<=CURTP@.STOP_ADDR THZIN
S?.NEXT FJUMP:=Fa.NEXT_FJUMNP;
trsynszgr FWD_JUME) ;
F:=Sa.NEXR FJUND;
DELEZTE:=DELETE+1;
END
ELSE
BEGIN
S:=S3.NEXT_FJUMP;
F:=PZ.NEXT_FJOMP
_ END;
IF CﬂﬁTPE.F_JUHPLISTi.JHHP_EDDETG{=CUET$EEETGP_!DDH
BEGIN
F:=CURTPa.F JUMELIST
CORTP?.F JUSPLIST:=Fa.NEXT_FJUYP;
DISPOEB[?EFHD JUHE) ;
EHEELETE:IE_LETE+1:
ERD: (* PRUNE GREATICE *

-..-.—d-.l.-l.-—- S e S S

FOCECURE PRUNE SHHEE&?LH F:TBLPTR) ;
VAE £,T,5S,FPPTIRPLPT

)
g: FPRONE_SAMES: BREMOVES SAME SBR INVOKES FROM SEGTBL :]

e R ————
j: EASS5_BRK: PASSES OVER THE SER EREAK NODE :}
UNCTION PASS_EFK(P:TELEBIR) :TBLPTR;
EEGIN
CASE F3.TAG OF
SBERBREAK: FASS BRK:=F2.S5SBRZ;
TABLE: PASS_BRK:=F;
END;
END; (* PASS_BRK *‘
EGIN

WHILE P<ONIL DO
BEGIN

Si=F3 NEBXT SSR;
<ONIL'TH
FaerN
FF:=FASS_
SS:=EFASS”

L
o
w o
=
Ly
ol= ]
L]

L]
toeo
(i)
R

T gEgéggg .NEXT_SBR;
.ﬂx{ ssn:ﬂ *
>NIL THEN
=PASS EEE{Si SBR) 3
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 _JOFELIST<>NIL THZY

P2.F _JUMNFLIST;
hﬂEFTF],

.5 JUMELIST<>NIL THEN
TP2. F_JUMPLIST;
NEXT_FJUMP
355310&{?.5 DELZSTE) ;

-

L5 i ]

td e

by R L
L]
mparu

n

IST<>NIL THEN

« SBRL
RTP@.SERLIST ;
_SAMES (F) ;

LND; (* CLEAN :

et b4 5D s T100 00 o Sles 14 b4 D0 A
B4 E&H“% o

m
e E-l

b4
L5 1]
Olel
Drmacommnaoommac

23]
s
a4 '

RCCECUEE CIAGS_NZSTI1SSRBRK (VAR
VAR I=S_ERK_BELOW :EQOLEAN; -

* EFLO# BREM: SEARCHES OUT SZLOW TO SE2 IF A BREAK =
(* IS TRESENT SC DIAGS_NEST1 CAN CHEZCK FOR A EREAK *
(+ __WITHIN A LOCE :
éEDEEBHEE BELOW_EREAK(SEG:TBLPTR; VAR IS_23RK EEngir o

VAR SER, SSRL:TELPTR; )
3EGIN
IF NOT IS_BRK_BELOW THEN
BEGIN

_IFE%E%E SERLIST<>NIL THZY
SBRL :=SEGA. SBRLIST:
WRILE SBRLCDNII DO

BEGIN
SER:=SBRL3.S3R;
IF SBRA.TAG=SBRBREAK THEN
. LS BRK_BELOW:=TRUZ
B
BELOW BFEAK (SBR,IS_BRK_BELOW) :
1%ERL:=SERL5.H XT_S5BRT
ENp; '
RN (* BELOW_BREAK ¥)

203



EGIN
IS ERK SELOW:=FALSE:
BETCH Hnanxésﬂs IS BRK BELG%E-
153;&%33&3_ ELCHN)AND(SEGd. NEST=1) THENW
GCOD SEGMENT:=PALSE:
HEITELH&TEHEFILE},
HRITEET MPFIL
WRITE HéTEHEFIiE.'* ssn BREiH WITHIN 4 LOOE') :
HRIIE{T MPFI b
WRITE HgTEnPFIL; " LOOP BOUNDS',SEG@.START_ADDR: 4
cup.’ 10 'rSEG STOP_ADDR:4) ;
E H
END;: (* DIAGS_NESTISBRBEK *

T o —— o — o ——— - =

* CIAGS_NESTILENGTHCHK: PRINTS OUT DIAGNOSTIC IP THERE *

* EXISTS AN ITERATIVE LOOP OF TOO GREAT A LENGTH. *
s TAKES INTO ACCCUNT OUT OF LOOP JUMPS. NEEDS TO *
: SET GCOD_SEGMENT FALSE IF ENCOUNTERED :

ECCEDURE LCIAGS_NESTILENGTHCHK (VAR TEMPFILE:T
CUR:TBLPTR; VAR GOOD_ SEGHEHT*EGGLL!W}

PEGIN
IF éCDBﬁ.LIHGTH > LINIT) AND (CUR2.MEST=1) THEN
GCOD_SEGMENT:=FALSE;
R g
REITEZL N(TENEPT ILE,-t ancx 3&10 NEST 100 LONG'):
uaxrzﬁr MPFILE )i
WRITE HJTEHPFIiE LOOP BQ ipse
a CUR®.START ADDR:4,' T0 *,ClR2.STOP_ADDR:4);
{‘EHD: ' (* DIAGS_NEST1SEREEK -'
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A i e A T s, i gl g A S o s i g *
ROCEDURE CIAGS_NEST6SBAI NVCHK(VAR TEMPFILE:TEXT:
CUR:TELPTR; VAR GOOD SEGMENT:RO0LEaN:
SBRINVNEST:INTEGEHR) :
REGIN
IF SERINVNEST > 7 THEN
BEGIN
GCOD_SEGMENT:=FALSE;
WRITE (TEMPFILE Vi
ﬂarrgzgérﬁuﬁ Iiz,'* SBR I iaxz NEST LEVEL > 6') :
WRITE (TEMPFILE
WRITE {TEMPFILE CL&LES RQUTINE STARTS 1) ;
quErIELH{TEHPFliE.'iT ABS ADDR ',CUR@.START_ADDR:3)
{*EHD: ' (* DIAGS_NEST6SBRINVCHK =1
* ————————————— R S S —*-—-‘———_—-ﬁ——*
* EESET INCLUDED: SETS ALL INCLUDES TO FALSE. DOES SC *
* __ECE"ALL RCUTINES ON THE SESLIST AND BELOW_ SBRS .
RCCEDUSE RESET INCLUDED (VAR SBRL:TSLPTR):
VAR SBRLST,SER: TELETR;:
EEGIN
SBELST:=SBRL:
WHILIE SBRLST<>NIL DO
BEGIN
SER: =SERLSTA.SBR:
CASE SER®.TAG OF
TABLE:
SBR: =SER:
SERBREAK:
s SBR:=SEF@. SBRZ
IF (SBR@.SERLIST<>NIL)AND(SBR?.COALESCED=
TRUE) THEN
RESET INCLUDED (SBR@.SERLIST) :
IFSASBRE.CthlES D=TROE) THEN
Ra.INCLUDED:=FALSE;
ENEERLST:=SBELSTB.HEIT_SﬁR:
{*EHD: (* RSET_INCLUDED *) "
i o i i e S S i s i e e e i *
* INPODT: *
* ~ EUFECSE: TO READ AN INPUT FILE AND FORM SEQ LINKS. *
*  THIS FORMS THE INTERNAL CODZ STRUCTURE WHICH WILL #
* BE MANIPULATED *

T o o o o — —*

ROCEDURE INPUT(VAR SCRATCH:TEXT; VAR BUILT CODE:CODEETE;
BUILT_CODE_TOUNT: INTEGER) ;
VAE ADCRESS:INTEGER:

nHT-IETEéEa-

Ol

ATCH,CODENUY) :
. TEME) ;
THEN
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POT =

(* IN

HOLCE

CUR: CODEETR)

CODEPTR

-
-

:CODEETR)
CODE

-
L]

(VAR BOUILT

AECH: CODEPTR

ER;SE
CRESS:INTEGER

-
w

VAR BUILT_CODE

.
L]

SEIS THE JUMPTR OF THE COREENT

g

-
.

. TO SET THE JUMP POINTER OF THE BUILTCODE b

CODEPT

DURE SETJMPS
COR

PUFECSE
ROCECURE SETJMP_ETR

END;
(===
J SETJNE

E

: SETJMP_PT

e e e e s s s s e s e e, A s eSS S e S e e s s - s s == =
:
*
ROC
VAR

l

PTR *

) DO
(* SETJMPS

key:
ARXER®. SEQ?.KEY:

3 THEN

Q

QECH:

R<>ADDRESS

E
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THEN

e 3)
Li
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SEQ
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: £PTR;
VAR SBRHDRTP:TBLPTR) ;

PRIMITIVE SZGS
COoD

THE
VAR CORCP

PROCESS THE TiI-59

CRITICAL INFO AND BUILDS
ROCESS_SBRCODE (

B
E

* ERCCESS SBRCCD

*
FRCCEDURE

|

TBLETR
S S S ————— ———---—--—--—— . —— T

VAR TOPTP,CURTIP

l

!

:BOOLEAN;

CODEPTR)
THEWN

DZTERMINES IF THE JUMP IS BACKWAEDS*
CP2.KEY IN STEP_2)

-:-——-————— o e

ACK_JME (CURC?
INTEGER;

-
-
-
L
-
-

* IS_BCK_JME
UNCTION IS
IF

J.Jﬂgﬂ.llﬂﬂﬂ;

R THE)

3

VAR ADDRESS
C
G
A
I
E
c

EEGIN

gi.SEEﬂ.JH?a.thDE:
R THEN

+SE
AAD

3
-EnLgé

TRUE;

CORCP

-
-
-

:=TROE;
>
BACK_JHNE
_JNF
=FALSE;

:=CORCPa.SE

ACK_JMF
CFd.KEY IN STE2_3) THEN
BACK

BACK_JHNP

IS
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BACK_J N2
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ADDR > ADDRESS THEN

IP2.5TART

FOSE(INSZRTTP,TABLE) ;

|

_CRITS *
®

(* INSERT

END;
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=CUBTP®. TABLELIST

CORTP? .TABLELIST;
TP@.START_ADDR <

TEL®TR
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= sE:

- L;

N

I =CURTP;

ZY <> 76) AND (CURCP2.SEQ <> ¥NIL ))
{

B

D

F e T e Tal ]
Tmomcoc

= eI et
MO DEAaE
#oae

LLsl=0-17]
= s H
o= L

3 0 i b

Qms i)

M Ak
HH1M g l=F o =]

B

CUOBCP) THEN

LéCURCF TOPTP) :
EF TR (CURCP)

=Ll
- Ll ws o
1]

) Ay
E

L.

-
B2

]
[w]
o
=
s ]
B R e

CCDEPTR (CUECP) ;
E = NIL THEN
L

M= Oz —~ 04"

o

- O
= L0
m oid

ELIST®?.S5STOP_ADDR:=CUXCP@.AADDR

.TABLELIST?.STOP_ADDR:=CURCP?.AADDR=-1;
ENC; (* PROCESS_SBRCOTCE :;

N
CURCP: =BUILT_CODE:
ESS SaRLEL(CURCP,CURTH) :
=CURTE:
CORCP&.SEQ <> NIL) DO
CESS_ SERCODE (CURCP,CUARTP) ;
= 76 THE

CURCPz.KEY N
RCCEZSE_SBRLBL(CUSRCP,CURTP) ;

END; (* BLC_PRIMSEGTEL :

N O

.-— - - -----—-——*

* BLD ADVSEGIBL: FILLS IN THE STOPS AND MERGES SAME *
* NESTED IZVELS INTO CNE SEGMENT. .
: STICPES ARE STCP_ADDR FIZLD :
ROCECURE B3LC ADVSEGTBL (VAR HDRPTR:TBLPTR);

VAR SBRTP:TBLEIR; STCP:INTEGZR;:

: MEFGE_ONES: COMBINES SAME NESTED ADJACENT 1 SEGS *

l'::::::Z:Z::::::::""'"""'""'E

——— - v =

SOCELURE MERGE ONES(VAR SBETP:TBLPTR),;
VAR MARK,ZERC,ONE:TELPTR;

*—--—p.--.-.-q.—--— -------------------------------- &

EQCEDURE HEEGE{?LE ONE,ZERO, 3ARK: TBL2TR) ;
EEEIEIS:TBLFT.:
EGI?

W o o o e o o e *
!* MERGE: DOES ACTUAL MERGING OF ADJACENT SEGHEHTE*}

Mr'll [=1]

[ ]
mmunvmnmém
« O L= O=r]
[ gl AT

e

e

tr LA

ELELIST:=NIL;

W HWw emE Emgo

EH K
WoOWmo m
MEMERNE
W

O

ez D=
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(* MERGZ
ABLELIST<>NIL)
E_ONES *

(* MERG

-
w

K@.TABLELIST<>NIL)

% AND ;HlR
«TABLZLIS

-
»

2ZR0 THEN
RGE(ONE ,ZERO, 4ARK)

RE:=0NE
TABLELIST <> NIL THEN

MARK: =MARK
A3XK2.TABLELIST;

(CIS,TABLE) ;
W e s T —— -

EGIN

¥ARK@.NEST = 0
=MARK ;

EN
NE <>

DISPOSE
END:

END
{‘------ - —— T ——— N ————

:

END;
L e b T T e ———————————
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* BLD_ACLCVSEGTEL *

(

-
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SBRTP: =SERTP3.S5BRLIST;

END
END;
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IQH IS EWD JHP{CDQCP CODZPTR) : EQOLEAN;
;DDQESS.IHT-G

3 EgECPE-KEY IN STEP_Z) THEN

ADDRESS:=CUR CP3.SEQ3. SEQ3.JHPA.AADDR;
F_ADDRESS > CUFCPI.AADDR THEN
IS_EWD_JHP :=TRUZ

IS_FWD_JNP :=FALSE;

o M H
fa
m

CE@. KEY IN STEP_3) THEN

ESS:=CURCPa.SZ a.szua.s,ga.aﬁpa AALDE;
CDRESS > CURCP2.AADDR THEN
_PWD_JHNP:=TRUC

_FWD_JM4F:=FALSE;

END; - (* IS_PWD_JxpP *

FEOCZDURE HANDLE %BEIWTGKE VAR CURCP:CODEPTR;

AF HDRPTR,CURTE, SBRINVOKE: &ELPTH}
VAR TﬂEEEtINSEET TBLPTR;

B i i i e A i A *
j: BANDLE SBRINVOKE: ELACES SBR CALL INTO TAELE *

KEYY: INTEGER
BEGIN
IDSBE'=HEpPTR'
KEYY: éEga.xEI:
WHILE msﬁna STOP ADDRS> K2YY DO
TOSBR:=T0S 583 . SERLIST:
HEHéIHSEET S EPTR%'
INSERTS. TAG: =SBRETR:
INSERT?. FEOM:=CURCED. AADD3+1:
INS EFT@. SER: =TO SBRa@.TABLELIST;
TNSERT?. NEXT SBR:=NIL:
IF CURTP@.S3FLIST = NIL THEN
3EGIN
CIRTE®.SBRLIST:=INSERT;
SBRINVOKE:=INSERT
ZND
ELSE
BEZGIN
SBRINVOKE®. NEXT SBR:=INSERT:
Euganrﬂvoxz:sxnssnr:
JEND; (* HANDLE_SBRINVOKZ :*
EGI

N
CURTP:=SBRTP@. TABLELIST;

PEAT
CURTP@. SERLIST: =NTL:
CURTE®.P JUNPLIST:=HIL:

SBRAINVOK ‘=HIL¢

FPJHP:=NI

WHILE CHE&PE AADDR < CURTP3.STOP_ADDR DO
BEGLIN
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ﬁnﬁnLE_saaruvuxfécURCF.HuaPTR.cusf?.
BRINVOKE) ;

IF IS FWD JNP SURCE) THEN

HlﬂﬂLE PWDJNE (CURCP,HDRPTR, CURTP )
CURCFd. KZY=76) I8 4CURCP5.KEI=’1] THEY
Lg?acn =CU RCP 3. S£23. S2Q
EH; ADVANCE_CODEPTR (CURCP) ;
CURTE:=CURTP@. TABLSLIST
ONTIL (CURTE = NIL):

{‘EHD: (* PROCESS SBRSEGTEL *}
T S ——————— *x
% SET LENGTH: ENSURES LENGTH IS WITHIN MEMORY LINIT*
* ~ IF NOT WILL DIVILCE THE SEGMENT IN HALF AND
*+ RESET ALL SBRLISTS AND FJUMPLISTS THEN CONTINUE#*
% NOTE: MAY LEAD TO PROBLEMS IS LIMIT IS

*
* ABBITRABRILY SHALIL. *

o - -*

RCCEDURE SET_LENGTH (BUILT CODE:CODEOTR
SBETP:TBLPTR: LINIT:INTEGEE):
VAR CURTP:TBLETR;

LEHGTH,DEIET&,L_FGSSER:IHT;GEE:

(Mmmmm = e e e e M e e e e e cmmmm e ——————— *
:* CALCULATE: DETERMINES LENGTH OF A SEGMENT. WILL®
*  NOT ADD ADDITICNAL STEPS POR DUPLICATE EFJME *
3: ADDRTOS .
FOCEDURE CALCULATE (CURT2:TBLATR;
LENGTH: INTEGEE) ;

VAR S,F:TBILE
lﬁDITICHS*iﬂTEGER'
BEGI

N
LENGTH:=CURTP@. STOP_ADDR~CUFRTP2.START_ADDR
+ FJUMPCONST +1;
IEBCE¥EPE «F_JUMPLIST<>HIL THEN

ADDITIONS:=
F:=CURTP.F &uuPLIsr*
17 Pa.auu?sxannTu > CURTP®.STOP_ADDR THEN

ADLITIO .
S:1=F;
F:=Fa.NEXT_PJUND:
HH%%EIE{> FIL DO
IFEEEI%UHE ADDRTO>CURTP@. STOP_ADDR THEN
ADDITIONS:=ADDITIONS+1;
:=CUETP2.7 JUMPLIST;
dHILE ((S<>F) AND gs& JUKP_ADDRTIOS
M2 _ADDRTG)) LO
S: -5&.H’IT Paunr
1P 5< THEZNW
LDDITIHHS*ilnDITIGHS 1:
EHEE=FE.HEIT_?JUHP.
%?HGTH:;LEHGTH+[lDDITIﬂHS]*[FJUHFCGHET]'

(* CALCULAT= *
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BR KES AS a &
) SES. DOES >
AME SEE *

L+ ]
[aT=12
T
= =
[T ]=]=]

s =
=

e
ST E L

Fd.SBR@.INCLUDED) THEN

COUMNT:=COUNT+1;
Fﬁ.EBRw-IHCLHD73.=TEU-.

Fi NEXT_SBP;

P@.SBRLIST;
>NIL DO
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FCCEDURE DIVIDE(3UILT CODE:CODERTR;
VAR CURTE:TBLPTR) :
VAR INSERT:TELPTR;
S, F: TBLETR:
NEW STCP:INTEGER:

m

B o — 2  —— o *®
* SETT: ENSURES THAT DIVIDEZ CALCULATED STGP IS *
* NCT SFLITTING A 1,2,3 PaART INSTRUOCTION. :
------------ E -_— .. .- - -
y 4

BUILT_CODE;
IéPE -AADDR <= NZW_sTOPF) DO

BHm

HE M HAG

[
L]
]

e L - ol

tba.nzf = 76) OR (P2.KEY = 71) THEN
=Pd.SEQd.SF

CYANCE_CODEPTR (?) ;
KEY = 76) OR (T3.KEY = 71) THEN

SEQ@. SE
+=T3. AA ba-

e 'rq-u
s

E:
S
A

* PIND INSSBRLIST: DIVIDES UP THE SBRLIST *
* BETWEEN THE CLD AND NEW SEGMENTS *

T T R —————— 3

S0CEDURE FIND_INSSBERLIST (VAR CURTP,3:TBLPTR:
NZW_STOP:INTZGER);
VAR LIMIT:INTEGER;

:TBLETR;
EEGIN
LINIT: =NEW_STOE+];
I? CURTE3.SBRLISTS> NIL THEN
BEGIN
S:=CURTPA, SBRLIST
IF (So.N=KI_SERCSNIL) AYD(Sa, FROM
< LIMII) THEN
BEGIN
€:=53. NEXT_SBR;
T:=CURTP2.3BRLIST;
WHILZ (Sa.FROMCLIAIT) AND
S3.¥EXT_SBR<ONIL) DO
BEGLN
S: =52 .NEXT_SBR;
oD =T NEXITSBR]
IF_Sa. FROM >=LINIT THEN
T?.NEXT_SBR:=NIL
ELSE
S:=NIL
ENC
ELSE
BEGIN
IF S@.PROM >= LIMIT THEN
CURT®2. SBRLIST:=NIL
ELSE
S:=NIL
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END
ELSE
:=NIL;
END; (* FPIND_INSSERLIET ¥
E‘“ __________________________________________ &
N e e il i e e i Rl e Sl 4 O i i O *)

* PIND INSFJMPLIST: LIVIDES FJUMPFLIST EZTIWEENR *
: OLT ANL NEW SEGMENTS.

ROCEDURE FIND_INSPJIMELIST (VAR CURTP,F:TBLETR;
NEW_STO2 :INTEGER) ;
VAR LINIT:INTEGER;
T:TBLETR;
BEGIN
LIMNIT:=NEW_STOP+1;
IFE%E%EEE.T_JHHPLiST<} NIL THEN
P:=CURTP2. F_JUMBLIST;
IF (F2.N2 T_?JUHP<}H11&&HD{EE.J MP_ADDEER
< LIMIT) TAHEN
BEGIN
F:=F3. NEXT FJUNP;
T:=CURTPd.F JUMPLIST;
WHILZ (F@.JUNP_ADDRFRLLI 4IT) AND
£3. NEXTTFJUMB<ONIL) DO
BEGIN
P: =F3.NEXT_FJUMD;
oy D3 T2 NEATIZIUNRS
- "
IF .Pad.JUME_ADDRFR >=LIMIT THEN
Td.NEXT_FJUHP:=NIL
ELSE
F:=NIL
ENC
3LSE
3EGIN
IF Fd.JUME_ADDRFR >= LIMIT THEN
CURT P@. F-JUSPLIST:=NIL
ELSE
Pr=NIL
E5D;
ZND
ZLSE
F:=NIL;
JEWD; (* FIND_INSFPJUMELIST t;
BEGIN
NEW_STOP:=(((CURTP3.STO _ADDR-CURTZ3.START ALDZ
iy 017 2)) +CURTED. START_ADDR;
SETT (BUILT_CODE, NEW_STO?) ;
NEW (INSERT; TABLE);
INSERTa. Ne5T:=CU AT P, NEST;
IHsERIa.STlRI_LDDR.=HEi S5top+1;
INSERT@.5T0P_=aDDR:=CURT®d.STOP ADDR;
FIﬂD_IHSSEELISTéCEHTP SENEY_SIDE) ;
FIND- INSFJMPLIST (CORTE,P, N27_STGOP) ;
INSERTa. SEPLIST: =5;
INSERT3.?_JUMPLIST:=F;
INSERT?.TRELELIST: =CURTP@.TABLELIST;
CUa TP3.TAELELIST :=INSERD;
CURTP2.STCE_ADDR :=HEA_s5T02;
EED: (* DIVIDE *;
ésra
CUSTP :=SBRTED.TABLELIST;
REEEAT
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s ESEEESE S SSEESEEREEEE SESES=EES=E=E

* COALESCE:

EEEsSSIEEECS=EEZosSs===xm=El

CCALESCES THE SEG TASLE MAKING GOOD ERK.

«  CNLY 10SS OF EFFICIENCY IS ALTH CROSS SEGMZNT *
*  FCFAAED JUMPS. THESE MAY PRECLUDE® THE COMBINING %
# OF A SEGMENT EECAUSE OF ADDED CCDZ FOR THZ JUMD *
*::::::::::l:*::::r:l.:::::i:::#iltl:!ztlz_tl-#-x:t::-l::::t
ROCEDURS COALESCE (VAR SBE:TBLPTR; LIMIT:INTEGER;
VAR GOOD SEGMENT: ECOLZAN: VAR S3BRINVNEST:INTEGER)
VAF CUESEG:TBLPTH:
s s R s i e e e e a a A -
i* SEFSUM: SUMS ALL SBRS ON A SBRLIST. SETS INCLUDES *
*+ ~_1RJE. " ADDS_SBRCONST IF SBRBREAK IS ENCOUNTEREL. *
éancztunr saasunévna SBRLST: TBLPTR: VAR SUMS3R:INTEGER)
VAR SERL,SER:T
BEGIN
SERL:=SBELST:
ABILE SBRL<>NIL DO
BEGLN
SBR:=$BR13.551;
CASE SBRZ.TAG OF
TABLE:
SEGIN
IP}EERE.CDALESQBBL THEN
FE§SEJSERE.;HC UDEL) THEN
SER3. INCLUDED:=T2WE;
SUMSBR:=SUMSER+SRR3.LENGTH
i -5 BRCONTCONST ;
IF SBR?.SBALIST<O>HIL THEH
S3RSUM (SBR?.SERLIST,SUMSBR) ;
END;
END ;
SBRBREAR:
-~ SUNSER:=SUMSBR+SBECON
=HE::'?.ET..: =SBRL3. NEXT_SER;
END; (* SERSUM -;
e it L It
t. --------------------------------------------------- *}
* SERSUMLINX: ACDS ALL SB8S_BELC4 AN INVOKE NOCE. *
* " _IT DOES ROT [O THE WHOLE SBALIST. THAT IS SUHSER *
PECCECURE SBRSUMLINK(VAR SBRPTR:TBL2TE:VAR SUMT:INTEGZE) :
VAE ZTR:TSLPTR:
BZGIN
ETE:=SBRCITRD.SER:
CASE PTR3.TAG OF
TABLE:
F é?TRa,ﬂﬂhLESCED}iHDEPT 23 . TASLELIST=4I1) TH2N
I . gggtfraa.xﬂc UDED)) THEN
PT32.INCLUDED:=TRUE
EBﬂfﬂﬂg?THa-EERLE$T ) rh
Fﬂguz1== UMT+07Ra.LENGTH-SBACCNTCONST;
ELSE
IF :'s'ma.r:t:1!.1.35':1";n|1.w::r{:«u:rr{J;vr.ﬁ:a.::v:r:x.um:%“:‘i
SOUMT:=SUNT+PTR3.LENGTH-SERCCNTCONST '
SEEBREAK:
SUMT:=SUNT:
END:
ZND:
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ROCEDURE MOD_SUMTOTPJMP (CUR,FWD:T3LETRA; =
VAR DELSUNFIMF:INTEGER);
VAR P,T:TBLPTE; FCCUNT:INTEGER:
BEGIN
FCOUNT :=0;
E:=CUR3.7 JUHELIST‘
WHILE E<>TIL D
BEGIN
IF 22.J0OMP ADDRTD<=PJDE STOP_ADDR THEN
FCOUNT:=PCOUNT+1;
T:=FWDa.F JHHPLIST.
AHILE T<>WIL DO
2EGIN
I? Ed.JUNAEF_ADDRTO = TA.JUMP_ACDRTO THEN
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END;
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GIN
IWEEHT _HEMODULENODES (SEG_SBR,HEAD _MEMODULE
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SEG SBF:=SEG_SBR&@.TABLELIST;

én.-szs-
Ese “SER<KONIL DO
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CODEPTR
VAR AEA

TBLPTR;

SEG(BUILT_CGCDE

INTZGER;
- —— - - o

_TT,SER,SBRL

+COD

TART,STOP
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VAR

;
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CCEDURE lDD_EETUHHCODE{?#ERC
VASE INSERT:TBLPTR;

BEGIN

=
e O

[
(28]
=~d

(*INVSBR CHG 2

GI

CODE TT@.KEYCODE:=ST0;
HEH&IHSEHT CDDEB.
INSEET@. TAG :=CODE;
INSEFTd. ADD RESS: =ADDRESSS;
ADDRESSS :=ADDRESSS+1:

INS ERTd. KEYCODE: =DIS
CODE_1T#.SEQUENTIAL:=INSERT;
CODE_TT:=INSERT;

NEW (INSERT, CODE) :
ruséaia.raé:-cu E:

INSEET®. ADDRZSS5: =ADDR 2555
ADDRESSS:=ADDRESSS+1;
INSERT?. KEYCODE: =RcLluD:
CODE_TT?.SECUENTIAL:=INSERT;
CODZ_TIT:=INSERT;
HEH{IHSERTtCGDEL-
INSERT1d. TAG :=CODE:

INSEFTa. ADDR2SS:=ADDRZSSS;
ADDRESSS:=ADDRESSS+1:

IS ERTA. KSY CODE: =MANATNREG: (
CODE_1T .SESHEHTIAL:=IHSEHf:
CODE-IT:=INSERT;

NEW (INSEART, CODE) :

NS ST TA& ToCohE:

INSEFT@. ADDRESS: =ADDRESSS :
ADDRESSS :=A DDRESSS+1:
TNSZET2. KEYCODE: =0P;
CGDE_ITE.EEQDEHTIAL:=IHSERI:
CODETIT:=INSERT;

SBW (INSZET, CODZ) :
Iﬂsénig.raé:zcubz-

INSEETQ, ADDRESS: =ADDRESSS;
ADDRESSS:=ADDRESSS+1:
INSERT?. KZYCODE: =30+ 4ANRTNRE
CODE_11@.SEQUENTIAL:=TNSZRT;
CODETTT: =INSERT:

NS4 (INSZRT, CODE) ;

e d15 Ak soChhE:

TNSEFI?. ADDRESS: =ADDR2SSS:
ADDRESSS:=A DDRESSS+1;
INSERTD. KEYCODE: =25;
cona_:ra.szguEﬁTILL:=13531T:
CODE~TIT:=INS3ERT:

STC*)

#LLIHEGSTGRE;(*DISPL&T'}

(* 3CL IND *)

HAd

RTN REG ¥)

(* OF ¥)

G; (*+MANRTNEREG*)

{(* RUN/STCP %)
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MARKINVOKED *

(* GENCODE

&~
SBRBRK
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(* ADDCODZ

SBRL:=SBRL®.NZ
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END;

END
*-—l—-ll
éEGIH
IF SEG?.SBRLIST<>NIL THEN
D3

=
=



: JUSTIFY CODE: SETS ALL THZ JUMES ANL ALLES *‘

ROCEDURE JUSTIFY CGDE{SEG.»&%HEH : TBLPIR

CODE_HH:
VAR T JMPTR : TBL2T
EISDDH EEL&DDR ABSADDR:INTEGER;

W e —— S S A M E

* ADVANCE CODETBL: ADVANCES THE CO
* OF THE 1, 2, a¥D 3-STEP INSTRU
E%%g?gﬂﬂ ADVANCZ_CODETBL (VAR P:TBLPTR);
IF F9.KEYCODE IN STEP THEN
F:=F3.5EQUENTIALD. SEQHEHTILLE.SE UENTIAL
« SEQUENTIAL
ELSE
ST H
L3 N

'{11

U

-2

I

ltu-.:
il
it
e B

3.
EQUENTIAL
1

ug

HTILL

L
2 S
IF Po.KEYCODE IN éSTEP 1+ é F
EEEH F:=F2.SEQUENTIALR.SEQ

F:=F@.SEQUENTIAL;

JEND; (* ADVANCE_CODETEL *;
ézgzﬂcc
RHILE FEONEL DO
BEGIN _
IF F9.AEYCODE IN (STEP_3+STEP_2) THEN
BEGIN

IF Fo.KEYCODE IN STEP 3 THEN
®.SEQUENTIALY.SEQUENTIAL

SEQUENTIAL:

Ta. XEYCODE*120:

ABSADDR

+T 9. SSQUENTIAL3.XEYCODE:
35 R THEN
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01:=RELADDRESS

RESSS;
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CIV 100;

:=RELADDRESS-

100%*

JUMPTR@.JUMP_INTADDRTO2

END;
--’-—

]

JUMPTRa.JUMP_INTADDERTGC1

*

JUMPCODE_SZTINTALLCR *

(* GEXN

EGIN

3

IF SEG@.TABLELIST<>NIL THEN
BEGIN
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WHILE NOT ((JU4PTRA. JUNP ADDRTC >=
MEXPTR3. SEGTRLSS. START_ADDE) AyD
JUMPTE3.JUKMP-ADD3TO<=
MEMPTR?.SEGTBLS2.5T0P_XLDR)) DO
MEMPTR:=MENMDTRD.NEXT;
DELTA_ADDRESS :=JUMPTR2.JUMZ_ADDETO-
MENETR®.SEGTBLSd. START ADDR;
ADDDRTO1:=DELTA_AJDR2SS DIV 107;
ADDDRTO2:=DZLTA_ADDRES5-100%
ADDDRTO1;
MEN _ADDDRTO: =MEMPTR@.MEZMNUN:
JUNETR®.JUM®_ADDRTO1:=ADDD2T01;
JUMPTR®.JUNP “ADDRTO2: =ADDDRTO2
JUMPTR3.MEM XDDR:=MEN_ADDDRTO;
GEN _JUNPCODE_SETINTADDRS
éCGDE_TT ADDRESSS,JUMPTR) ;
ey ETR:=JUAPTR@.NEXY FJUMP:
ENC;
END; (* ADDCODE_FJMP *;
SEGIN
START:=SEGd. START_ADDR;
STCP:=SEGA,STOP ADDR
COPYCOLE (BUILT_ Tons &uDE_ﬂH CODE_TT
ADDRESSS, sfar1,sT0R) ;
IF (CURMENA.RETURNCODE N2ZDED) A 1D
(SEG=CURNEY2.SEGTBLS) THEN
ADD arrusncunaécan TT,ADDRESSS) :
ADLCODE_FJMP (HEAD_MEMODULE,CURKEM, SE ﬁggggss
ADCCODE_SBRBRK_MARKINVOKED (HEAD_ME¥OD ’i
CURMEM,S2G,CODE_TT, ADDRESSS) ;
JEETIF! _CGDE (SEG,CURMEM,CODE_HH) ]
END (* PROCESS_SEG s
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* MARKINVCKED: MARKS MEMODULE OF SBR WHICH WAS
» INVOLVED IN A EBREAK FOR A MANUAL RETUEN.
* ACD_RETRUNCOLE USES THIS MAERK TO ADC CCCE.

;%R MEMPTF, SBR_BRKINCLUDZ: TBLPTR;
IHCLUDE.'SBRE.SERZ'

HEAD ULE;
EIHCLDDE&.T!ELELIST{}HIL DO

: {* "MARKINVOKED *!

o oo e o

EGIN
IF éSEGE.IHCLUﬂEB = PALSE) THEN
EROCESS_S2G (BUILT CODEZ, HEAD MEMODULE, CUSHEN,
_dfi, paksss) ;

SEG CODE_TT,AD
IP CCDE_H=NIL THEH
COLE B:=CODE_HH;
IF ccnt Tc}uIL THEY
CCDE_T2 .SEQUENTIAL:=CODE_HH;
SEG®.INCTUDED:=TRUZ:
CODE T:=CODE TT:
IF 3=EG3 SBRLIST<>NIL) THEN
SEEL:stGa.saaLIsr.
WHILE SBRL<ONIL D
BEGIN
SBR :=SBRL3. SER;
CASE SER2.TAG 0OF
SERSREAK:
mlgignxuvaﬂanqﬂzan MEMODULE,SER);
FGEH_HEEDHI{HHILT CODE
HEAD MEMODULE CHE!EH sBrR,CODE H,
oDE_T,A ERESSE};
END: (* CASE k
SRl SafiatuE T_SBR;
END;
ENC:
END:
JEND; (* PORM_MEMOFY t]
éEEIH
sEG:=cuEuaﬂa.EEGTBLs: i
ADDRESSS:=0: CODE H:=NIL: CODE T:=NIL:
rcnu_uzuaar:aurLr TODE, HEAD HEHOUHLn CURMEM,SEG
CODE_H,CODE_T,AD nﬁzssé;;
Euggaaﬂua.cuttnzsr.-ccnz H:

GIN

CURMEM:=HEAD_EEMODULE;

HH%%EI%UEHEHI}HIL DO
BLD_A_MEMORY (BUILT_CODE, HEAD_MEMODULE,CURMEY) ;
Cﬂﬂ!!!i.EEGTALSi.I!CLDD&D:*FILSE; ‘ l
IF CURMEM@.SEGTBLS@.SBRLIST<>NIL THEN

RESET IH:LunznécuﬂHEna.SEsTaLsa.saaLIsti:
Eﬂgpnuzu:lcuauzua. EXT;
END; (*_3LD_MEMODULECOLE *



PHGCEEU“E oUTPUT IHSTR*? R QUTIFILE EFILE
®MPFILE:TEXT T CoDE:coDEDTR;
HEAD HEHUDULE:TELP*E; PART_NUM:INTEGER
PARTITIC3:mZAL
GOOD_SEGHMENT:ECOLEAN) ;

*®
RCCEDURE ﬁUTPET GOOD SEG (VAR OUTFILE,MESSAGEFILE:
TEX HELD 4 EMODULE: TBL2TR; P;iTTHUH.I_

L1} ‘
g
i
=0
=t
—m

MSGE1: S N
* INSTRUCTIONS D THE PROGRAM LISTING BY *
: MODULES. :

L]
g g gt *
* COTPUT F1: PRINTS OUT GOOD SEGMENT GENERAL =
S I AN MEN
:

VAR P, T:TBLETR:
shep TYeE: INT EGER;

B e m s e s s e S S S S S RS MR N RS SR SRS S e e *
* SET _STEE: SETS THE KEY CODE COUNTER FPOR THE *
* ERINTLINE PROCEDURE. USED FOR CORRECT OOT~-*
: PUT OF THE TI-59 CODE (3,2,1,0 STEP INSTH) :
* 3 STEE 2 STEP 71876 1 0 *
* ARA AAR ALA AAA AAA *
* £ XXX 1iA Xx (-1.) *
XXX X XX (25,82)/(=3,22) Vo
* Ixx {ia'?'ﬁil - *
+(-12,11,10,9.) 5(.0.)*

FROCEZEDURE SET_STEZE(T:TSLPTR;
VAR STEP_TYPE:INTEGZR) ;

BEGIN
IF STEE TYP { , 8. TEEH
IF ra:xzrcunz N §T5P ‘TH
_LEEEETI E:=1
IF T?.KEYCODE IN STEP_2 THEN
STEP_TYEE:=8
ZLSE
iF T2.KEYCODZ IN STEP 1 THEN
STEP_TYPE:=3
E1SE
I7 T?.KEYCODE IN (.71,76.) THEN
STEE_TYPE:=5
ELS
STZE_TYPR:=1;
END: (* SET_STEP *

{*_'*—-'--_- ——— - '-'-"-'-"-'-"-"-'-'
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* PRINT_LINE: PRINTS OUT CNE LINE OF CODE AT A *
* TIME. *

E
ROCEDURE ERINT_LINE(VAR OUTFILE:TEXT; VAR T:
TSLPTR; VAR STEP_TYPE:INTEGER):

O S S o R S A -

WEITELELS: WRITES TSLPTR LBLS IN WHOLE KEY *
CODE FORMAT IZ. NNN NN ARA *

- - -*

ROE&%ERE WRITELBLS(VAR OUTPILE:TEXT; T:IBLETRE) ;

B
WRITE (QUTFILE," ¥
RRITE LEADZER ’numgsz,ra.aﬂnEass.i1;

WRITEJOUTFILE,
WRITE LElDZERD!UUT? Lz, 7a.K=2YCODE, 2) ;
HHITE}DUTEIIE )i
WRITE BL[DDTFiLE,TH.KEICDDE];
{*EHD; (* WRITELBLS :{

---l—-_--'--l—-—-l— T - —t

WEITENUNMS: WRITES OUT A LINE OF DIGITS OF =
: TI-59 CODE (KEYCODES ARE DIGITS NOT LELS) *

EDORE WRITENUMS(VAR OUTFILE:TEXT; T:TELFTRE):
TF

]
wo
1y

DX a3 w Al x ()
=+ £ 52 50 £ 50 E0 50 by

ILE," K
ZEgﬁEGUTEIEE,TE.ADDEESS.ij;
zEgé;numr&is,Ta.ngconz.zy;
zsaééuurFrLz.ra.xgr dpE,2);
TEILE) ;

(* WRITENDNS *

AE ___________________________________________ *

= -
HaRHEARS

E
E
E
E
=
E
E

rJ
=

HG
e L
=

STEE TYPE IN (.1,3,4,5,8,12.) THEN
_, SRITEIBLS (0UTF LE,T{
RRITENONS(OUTFILE,D) ;
S7Ep TYES:SSTED TYPE-1
DT ___(t PRINT_LINE &
EGIN
SRINTLN MSG(OUTPILE MESSAGEFILE,BAXINSTR) ;
R
ERINT &§511H31AGUTEILE‘uﬁsklszrrnﬁ.srurﬂau;;
T
PRINT_N ELIHE1$E&TFILE MESSAGEFILE,PGMPARTIS) ;
:E%ggggggggggfi PARTITION:U:2) ;
S s e o
HRITELH{GHTFILEE:HRITELQ{%ﬂTFILE}:
P: =H ZAD_MENODULE:
WHILE PT>NIL DO
BEGIN
fapesonaper
s
PRINT_MSGLI ¥E1 (OUTFILE, MESSAGEFILE,NODN);

(5]
[ ]
=J
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tLE,4ESSAGEPILE,SPECIFICS)
TFIL

ODULE;
{05??
Do

b
G
I

HESSAGEFILE

E'I

HODEROMETS) ;

2,PFWDY)

OOTFILZ,N=ZSSAGEFILE, NONE)

E1(OUZFILE,¥ES5A

PRI NT_MSGLIHN

LE F<>NIL DO

(OUTFILE,MESSAGEFILE,PSBRINV)

SG
IL THEN

MSG (OUTFILE,MESSAGEFILE, NONE)

=GO W
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PALSE:
>NIL bn

RL3.5
« TAG = éBEBEEAK THEN

HEAD NZ4ODULE;

=SBR R

E SN®.SEGTBLS<>SBR DO

=54d.NEXT;

_MSGLINE
=

HRITELH{UU;?I

= ]

mmEETL e
H Ui Siirm AN

=gm N
SEnmttes Il

H
min
m
|
u:
m
mw El
ll
|_3
a
=

ua
il
we

B BRL2?.NEL{T_SBR;

RBRK THZ
G (OUTFILE,MESSAGEFILE,NCNE)

YL ;

NT1 ILZ,MESSAGEFILE,PMANRTY);
2. NZEDED THEN

IN OUTFILE,NE

I
T
E

=
ud

'l:l ni
M
=

L= B k=
e
" (=]
[ =17, '-‘S-
e 3217 ]
U Ny HH =
0 onNo JH..I']
- 0s
OoH
t'uh: Lim
Mo

T
SSAGEFILE,YES)
NTLN MSG (OUTFILE,MESSAGEFILE,NONE) ;
LN MSG (OUTFILE, MESSAGEFILE,25EQ):
Ggg.rna ELIST {5 NIL THEN
ERINT_MSGLINE1(OUTPILE,MESSAGEPILE

WRITELN (OUTFILZ, P?. NEXTQ.

I U0 52 50 i 510 ) i

=
S
L

=]

ASTER) ;
HEMNUN:1,'.000%)

(|
=

GE1(0UTPILE, MESSAGEPILE (HEAD ¥ENODULE,
TR BIITION) |
Efz OUTPILE,MESSAGEFILE ,HELD OLE) ;

{CU%%iLE.HESSLGEFILE EHDLEL
END: (* oUTPU soansza *‘

# - RS p— PRI

s S
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- —— S am w w S amw w Sm

e e e "
j: CUTEUT_EADSEG: HANDLES BAD SEG INSTROUCTIONS :i
ROCEDURE ﬂﬂTPEI_BLDSEEé?AR QUTFILE, MESSAGEFIL

I
—

E
e TEMPFILE:TEXT; SOILT CODE:CODEETH) ;
KRITELN (QUTEILE) : WRITELY (OUTFILE) g
Pargwngzuss{ouT-lzn,uzss GEFILE, FAILINSTR) ;
BITNTLN MSG (OURPT L2, TEMPPILE, ) :
HEITELHTnﬂtﬁxnzk* Eéxmzzuéouirkizhi
PRINTLYN useéoui fLE, SESSAGEFILE, UNSEGCCDLBL) ;
aRITEngnur 1LE5-waiTELHJourr:LE£;
EE%%E:H Hﬁ%gﬁfl GTFILE,BUILT_CODE);
n . ]
PEIHTLH_HSG{UUT%iLE,HESSLGEEILE.EHDLELb'
EGIN
IF NCT GOOD SEGMENT THEN
ﬂﬂTPUT_BlﬁSEGtOHTEILE,HESSEGEFILE.TEEPE%%E{ -
E s
i

S
OUTPUT_GOOQDSEG (OUTFILE,M25SAGEFILE, HEAD _MEMODULE
¢« 2ART HﬂﬂﬁFAETITIUH]:

END; (*~oUTPUT_INSIR 2]

. R e S R R D W T W W - — ------*

EGI

ELC_MEMODULENOLES (SEGTBL,HZAD MZNODULE)

BLD MENODULECOLE(BUILT CODE,HZAD MEMODULE) :

COUTFUT_INSTR (OUTFILE, NESSAGEFILE;TEMPPILE, BUILT CCDE
HEAD_MEMODULE,2ART_NOM,PARTITICH,
GOOD”SEGMENT) ;

END; (* INSTRUCTIONS *

¥
{# EEESSsEESESSSEESEIESTISES ESEXESRS==a= EETTIIEE=SEE==EEaas=nE



- MAIN LCRIVER *

AEEER IR PR R R IR AR R R IR AR PR AR AR F RN Rk R R R R S R E T %
T r I T i s T T T Tt T I T I T I T I TTTTIIIITYIITIYFTNY

BEGIN
T G Oe SEdNENT  MESSAGEPTLE TEIAL, SacTnVARST) T '
DET_LINIT(REGCOUNT,LIMIT,NUMBANKS,PARI_NUM,PARTITION) ;
INPUT (SCRATCH, BUILT_CODE,BUILT_CODE_COUNT);
SETJMES (BULLT_COLE) ;
BUILE_SEGTBL (BUILT_CODE,SEGTBL,LINIT,BUILT_CODE_COUNT);
COALESCE (SEGTBLA.TABLELIST,LIMIT,GOOD_SEGNZNT Hv“ESTL
WRITELN (TEMPPILE,*$9'); (* CLOSES TENPFILE' 335G Fifs
INSTRUCTIONS (OUTFILE ,MESSAGEPILE ,TEMPFILE
EUILT CODE,SEGTBLA. TABLEL £ST, PART JUM,PARTITION,
GCOD_SEGHMERT) ;
REARITE (TEMPFILE) ; (* ERASES TEMPFILE DIAG PILE #)

END.

* END OF PROGRAA *

{##Itt##it!#ﬂ## e F R e F R RS E R IR SR FE T R R E R R
e b E St E R R R R R iR R R R E R L R LR L E 2 #ﬁ***#*#i#t#*##!t*##*ti
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ARRENDIX 3

TEST PFROGEAM NAME MAPPING FILE (NAHEF)
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TEST PRUGRAN LINK INTERFACE FILE
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INE INVCKE: 4 DIGIT REAL CODE.
BETURN PRCM A SOUOBROUTINZ: 71 DIGIT COLZ.
EIEL CONTINUATION: 4 DIGIT RZAL CODE.

* w W
o - |

88nadndus SCnar o ~QsaTHE] 828

EXPECT FROMPTS FOR MODULE # 1
* Eﬂgg L JUMP CONTINUATION: 4 DIGIT REAL CCDZI.
* EU%E EIHE INVOKZ: 4 DIGIT REAL CODE.
* Eiﬂﬁ E2ZTURN PRCY A SUBROUTINZ: 1 DIGIT COLE.
* EE TIAL CONTINUATION: 4 DIGIT REZAL <CODE.
EXPE FROMPTS FOR MODULE # 2
* Eﬂ JUMP CONTINUATION: 4 DIGIT REAL CCDE.
®
S
k
|
:
S
]

EXPE FROMPTS FOR MODULZ # 3

* EU ﬁt JUMP CONTINUATION: 4 DIGIT RZAL CCDE.
* iu EEIﬂE INVOKE: 4 DIGIT REAL CODE.

* gi L BRETORN FROM A SUBROUTINE: 1 DIGIT CODZE.
* EE gII&L CONTINUATIOF: 4 DIGIT REAL CODE.
EXPE D FROMPTS FOR MODULE # 4

¥ ED %D JUMP CONTINUATION: 4 DIGIT REAL CODE.
* EU EIIHL INVOKE: 4 DIGIT REAL CODE.

* El L RETURN PRCM A SUBROUTINE: 1 DIGIT CODE.
* EE EIIHL CONTINUATION: 4 DIGIT REAL CODE.
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74 FN PARAMETEF
75 FN PARAMETER
76 N PARAMETEGR
17 FN PARAMETER
78 FN PARAMETZR
7S PN PARAMETER
80 EL
BT R S T e I I R T T R N S E I E S E T IS N T E TSN IS I N EESEE TS

EWD BAXS9 SEGMENTATION/INSTRUCTION: VERSION 1.0

R S TS S S ST SIS S EE ST ST =SS ESEESEZEEEEZ == EIEZ=EZSE=SEZ===
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