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ABSTRACT

Tte ins“ruction set of the TI-59 Programmable Calculator
tears a clcse similarity to that o2f an assemblear, Though
mos< ¢f +hs calculatcr instructions perform oprimi
rovement and/or sequence ccntrel, soa=2 can 4o the
small aigh 1lavel language crocedures. Regzzd

L
fact, *c¢ design and debug TI-59 dcograms o2f m
can Le mcrs ifficult than doing =he ccmpntat*ti
selves, Prcgramming in a higher coc-der languag
EASIC cffers manv advantages ovarc calculator c¢o

repcrt rresents the design and iaplementaticn ¢cf a cress-
compilsr which translates correct BASIC gprecgrams Irn=o

equivalen*t TI-S59 programs. This sof<ware package includes

»w

linker which maps calcula“or iastructions <%0 a szt of
magnetic cards. The cacds are then used +¢ igplzm=nt a
manually cperated virzual memory sysctea for the calcula:zczcr.
This expands progzam step capacity, and permits mcre compl
Erograms t¢ be written in BASIC language fcr +ransla*

intec TI-SS instructicrms.
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I. INIRODUCTION

v

- Hand-held prcgrammable calculators provide an zxt-emely :
3 portaklse means of ccmputation. Designed primarily fo: :
! smail-scals apumerical computa<ion, tnese devices are limited ;
g ty *keir small m=3mory capaci<y, siow processing svez=d, and

iranilizy to per fornm syobol manipula<iorL. Thes»?
constraints, however, carnot hids <he programmable calcula-

A Ak /
[ %

tor's usefulness and power as a computaticnal tocl. The

+hese machines r2semble those of assem-

ins*zuc*icn sets o
s

o

klecs. Most instruction words are primitive and perfcrm
siaple da%2 movements or sSequence ccnirol. 2%, scme

specialized instructicns do the work of small higk czder

iRt - i

languags pcocedures. Typical =xamples include polar <o

rectangular coordinate ccnversion, trigonomsiric furc*ions,

and lcgari<bhmic functions. In most asseanbly languages thzss
cperaticns must be ccnstructed from primitive instzuctioms.

ven wizth thnes2 added features, the designing and Jdebugging

ta§
(1)

cf calculater programs €cr non-trivial problems <cf<*en

(o]
fo]

-

T3quires an =xpendi+<vre of effort which conceals *he useful-

nass cf the £inal product as well as *he calculatcr.

There are a number of reascns for tais difficulziy. The 1
lac cf a sophisticated display mechanism such &as a CRT :
pravernts +the us=2- frcom viewing mor than a single da<za iten 1
of ingtructiocn at any given <ime,. Pr ing dzvices can lend H
assistance, y=2t most prcvide li<<le anore than a asarns of

H

dumping aemcry ccat2nts. Pur<~hsrmece, program debugging can

4
r diagnecstic is & singls

g
’.
b
3
rl
L
b
P
I
1

4

ke very difficult if the only sercrco 1

flashing displzy or an iacor-ect rasult, %

Maximum memory Storage capaci*y cons<rains 22ven main- 3

v frame ccmputers. One solu*ion has bzen <he implementaticn ]
» -
( - of virtual @p2mory, whereby & zelativaly liai+less on-call ﬁ
- -— 1
: 3
v : 3
: 10 ]
v 3
\
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secondaczy s+ore is wused *o back up th
Erog-ammaklzs calcula*crs us

the fcrm of magnetic cards. Normaily, =<hesz c e
as archival «rather than on-call storsags. Tha insz*zuc=icn
ssts of calculators are generally 3 cross beiw a !
instructicns and a math function library. Compare
assamkler, the calculazor instruction set is snal
includes c¢nly =<he most basic 2quaLCcCs2 COntrolis. Though it
is possible <o build more sophlsticats conE=o \CEins

from the primi<ives, such endsavors are often ¢
storacs capaci*y. As a resul%, If compisx pr
fit into memory, it beccmes nz2css

machine dependant "tricks."

The programmer's irability to use m2aningful rames for
variabkizs «can crzate nmore difficulties during calculator
pcogramming. Yumerical rtegis<ter indices (a2 fcrm of absclute
addr=ssing) must be used to reference variables. One of the
major advantages of assembiers is +hat <they provide for
variakls raming. While comvosing his code, tha calculator
E-ogrammer must =ither remember the ragistar indices of his

riakles or continuously refar < nis own writtien symbol

table while compcsing cods. 2oth methods become more =cror

Ercne as tas numkbss ¢f variablas in us2 grows. Pzogrzns of
€

any substan+«ial computing pecwers usually .=quic
numbers cf variables.

The protlems zasscciated with «calcu
many cf th2 same prcblems which plagued =
mers <f large scale computers in <he
beginner k=2 expected +o design good, sophistica=e
for a tocket czlculator 1if it can D
scmeone with sxperiance? One concludes *hat the majcrizty of
users writs small, relatively stzaight £fcrward pregrams and
nevar fully utilize the power of such calcuia<ors.
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The Texas Instruments TI-59 Programmabple Calculz<cr is
one ¢f the more popular models. ts valus as 2 towesful
erngineezing tool is indicated by its use a< the U.S. VNaval
Poszgraduats School and in the U.S. Aray Field Ac-+illery.
Yst, sophisticated pregramming of the TI-59 suffers from the
very weaknessas menticned earlier. Why, *hen, should thLere
be such intsrest in this devica? Pachaps, +he best answer
to this question is frovided by Hamming (Ref. 1]. He feels
tha< such & primitive programming machine offers +hz user
valuaklz experience because it is sasy to operate and allows
the beginner direct access to vsry basic computing hazdwars.
But, hs warns that attenmpting mastery of the T7I-59 languags

q
I8

n

a2 wastz of time. Cne who must do sopnisticatzd or =x=en-
sive prcgrarming for this calculator should, :instesad, us2 a
cross~ccapiler +o automa*te and reduce his effor=. This
zeport presents <+he design and implsmentaticn of c¢ne such

cccss-ccnmpiler fer tke TI-56S.

12
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A systematic approach to software development begins
with *he defining of general requirements. In <+his cass,
the kasic design gcal is <the produc+ion of an <effective
software tocl which will <simplify progzam developmert and
increase memory cagpacizy for zhs PIL=59 Precgrammable
Calculazor,. Achievement o0f <this goal shculéd rasult in
saveral enhancemants to the utiliz and capabilityv of +he
calculator. Thare %ill be an ZIacrease in its abiiizy tc
execute larger and mcre sophis+icated sof<ware. Most ccmpu-
taticns which can be programmed in BASIC and scme2 existing
BASIC software (which may raquire minor mecdifications %o b=
explained later) will become as portable as the TI-59.

IDgpcrtant requirements for a1 user-criented language
translazicn system shculd include tha+ it be easy to use and
easy *c lsarn. The EASIC programming languags is an obvicus
choice fcr the scurcs lanquage; i+ is populas, simple, =2ad
casily learned. More impor+tantly, many BASIC cons*ructs and
ksy wecrds are similar tc those of TI-S53. This similarizty
and th=2 fact <hat toth languages ace lins-ori=nted and

of

sequential in na<ur= greatly faciliitaztes <ranslia<ion bztween
then.

Many versions of ths BASIC laanguage currently exist.
Because cf its availabilizy at =<hs Naval Postgraduats Schcol
and i+s having wmany structured cont:-ol flow constructs,
Waterloo EASIC Versicn 2.0 (WBASIC) (Ref. 2], was chosen as
the =specific source language %o be Zaplemented bty +his
compiler. The power of “he TI-53 compared to +he WEASIC
language places testricticas ugon the set of WBASIC ccmmarnds
which cac be translated. The specific WBASIC subset imple-
mented is dzferrzd tc *he discussion of design issues in the
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next chagpter. #hile WBASIC is easy to learnr, i+ srhould be
apparent tha+ subsetting the language will introduce :=zxcep
tions and restrictiens which will te

learning fc¢r +hz novice and confuse *ha veierar. s

(a9
._l
w
-
W
e
£
ot

dssirable tc maintain as few exceptions as pessi c
require that res+*rictions bpe clean and obvious. A ccns*zuct
should te implemented as completely as possibls (wichin
cbvious limitaticns, such as the £ile handlin¢c or alpharni-
meric £2atures) or nect a= all.

Provisicn for eczror deteczion and debuggirg is
important requirement of a languaage sys-=2m. Th
use c¢f <tlis inicial system will be as a sucplement
existing WEASIC interpre*er or compiler. As s
cross-ccmpiler will assume error-free sourcs prog
The only requiremen* for error detzc=ion will be for <the
compilar tc t2cognize words/constructs which ars nc ol
mented, but which ars ordinac-ily 1lsgal WBASIC ccamands.
Debugging c¢f TI-59 rprograms is so muchk nmore difific
debugging c¢f higher 1level 1language programs *hat
reasonable <c assume that a user would prefsz +to debug hi

WBASIC prcgzam using +the dBASIC intsrpreter/compiler avail-
ables. Cnce the prcgrana is logically correcz, it may b2
cross-ccmpiled +o0 TI-59 ccde, at which time it will Dbe

checked fcr subset and calcula*or capacity errors.
W

S
wanich can be roughly equated to <th2 powzr of higher level

languags rcutinses. Intszrchangeable S501id Statz Sof+twars
(:rademack ¢ Tsaxas Ianstruments, Iac.) modulilzs 2llow on-line

acczsss tc utility pregram librariss. Program steps requirad

4]

+o call <hem and the exclusive <=cesarvation of particula
registers are usually the only storags costs paid fer use of
these litrary pregraams. I+t is resquized thazt <+he pcwer of
these mcdules be harnessed by the translater under design.
Additionally, other scphisticatsd fsatures of ths calculator

14
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should ke exploited whkenever pecssibles in orasr <o raximizs
and enhance advantages gaired by hig level 1lznquage
programming.

The linker will staticaily 11izk <the stsps c¢f£ TI-59
programs so <tha*t it will po* bDe =recsssary fcr a complete
program tc reside im calculatzor step storage during execu-
E5ICIT. Since the swapping ia and out of m=z=ncry modules in
the form of magnetic cards can beccme quite complica+ed forc
a running precass, it will be nscassary o ksep this manual
system as transparent toe <the uszr as <cax be «rzesonably
expected. The fac+t +that the calculaztor has a single ita2m
display window and associated register will <certairly
restrict the degree cf transparancy which might otherwise be
possitls.

A system must [perform static 1linking If it exceseds
ng e€xscuticna. This

program stcrage available <o it du
program will be segmented 1into over

1 o
lays according to tkhke
he

size cf memcry availabls to 14 and t pcrtions of code it
needs *to execute at any given time That a program be
egmented s¢ as to minimize ove rlay swapping, nmust bke an

additional =xplici+ =rzequiremsnt c¢f a linker whesz overlay
swapping will be supervised manually. It is 2ssumed “ha*t we
czanct significanzly affect +the execution speed of the
calcula=zcr. Thus, +=he iInz=nt of thsz minimization C=2quire-
ment should b2 cbvious--suppress D

[a}
0
[Ye]
4]}
o
=]
n
]
(Vo]
9
1)
e}
ct
m
ct
.J
(o]
3
=
=]
P
Q
=

will tend %c invclve humar +th-ashing.
The =system souarce code must be ©pcrtable. In the
ified scurce ccde

Qo
,;

simplest case, i% is desized +thaz ths uanmo
te catpable cf utilization or any machine which possesses ths

2sourcss tc stores, compile, and =xecute i-=. Becauss of
cpe:ating systenm variaticns in such conventicns as file
naning and handling, transfer and processing of ‘he source
code in urmcdified fcrm cn ancther machine (with operating
systen different £rom that on which i+ is devzsloped) will be

15
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very unliksly. However, the n=2ed for charnges should tz k=p=
to a minipum and should be localizad.

Firally, 2s with most all major software proiec<=s, main-
tanence and readability ars considered paramoun<. Tven
aftar 1its completion, the systemn will certaianly co2ntain
undiscovered bugs, areas to iaprovs, and rcom £for aidi-ionms.
Furthernmere, develcpment of a lazge prototype sof<ware
system requirss a great deal of caceful planning fer addi-
tion and modificaticn. Adherencse o0 =<he pragramming
principles which suprcrt both rsadability and amaintenance is
absolntely necessary. Additionally, de*tailsd dccumeatation
cf the scuzce <code will supplement and assist in achieving

these goals.
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III. PRELIN

I~

NARY DESIGH

Aftar requirsments d2finition the next step irn <he sofi-
ware engineering process is *he Zformulaticn c¢f a preliminary
design. Scund software design principles zre applied to
previcusly stated requir2ments to cons=zzuct the framewcrck
for a software soluticn. It is during <his phase of design
that many cf <th2 most critical decisioas are made. These
dacisions may be based upon a wvariety cf cornsideratiorns,
each ¢£ which directly impacts *he sofiware organizaticn.
These dacisions and the rcesulting organization ars explored
in this chapter.

A. PRELIMINARY DESIGN DECISIONS

Befcre 2 design can be <formalized the 22
investigate all design optioans and tools ava
following <section summarizes +h:z pajor dsci
strongly influenced and ccenstrainsd many as
project. 4ith most large sof+wace projects, =i
extrerely critical rssource. As such, izs imp
prelimipary design ccnsiderations is usually quit
Keepirg ¢n schedule is generally cost 2ffective. I+ will bhe
readily apparsnt that +time playad a key zol2 in this design

also.
1. Croszs-coppilerx

The fundamental considarations which mos*t izfluencad
design of +he BAX59 (EAsic X-compiler for the TI-59) cross-
compile: were the @pethod of varsirng i+t wculd use, andé the
langnuage (s) in which it would ke writ=an. The availability

cf several versions of Pascal at <thes Naval Pcs=graduaxe

17
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School and +the workizg experisnce of <+he zuthors <o =i

r2port with Pascal wer2, perhaps, the ovarriding rsascas for
its early selection as *he design language. In addition,
+he extensibility, strong typing, aad klock structure of

Fascal suprpcrt modularity, readabili+«y, and mainta rao;l;tj

I+ was at *his point that <the parsing technigue Dbecame an

issue. The d2cisions wsre rsduced to a selection Letween
two alterrate approaches. Berkel2y Pascal was availabls on

0

a Digixal Bquipment Corporation VAX-11/780 with Bell

v

'.'--.-
ok ety
.

Laboratories! Unix operatin systeun. The Unix system

i

included software +tccls LEZEX and YACC which are capables of

L4

."l
]
35 a4

automatically generatirg a 1le2xical scarner and LALR (1)

parser frcm an input gramaar. YACC allows <the user to

EACE

specify ccde generating actions which will be ex=z=cuted as

t

the prcducticns c¢f the grammar are processe<d. Th2 al“erna-
tivs system was entirely International Business Machines
€orperaticn. IBM Pascal VS was available on an IBM-~3033aP
with V4/370 operating system. This system does not have the

tools fcr automatic generation cf a compiler front end.
Instead, a scanne:r, rscursive descent parser, and ccde
generator would have to te dev2lop2d Irom scratch.

While *he prcspect of automazing the development of
BAX59 scemed more “ime =f££icient and lass trouble, it turns
cut that subtle prolklems involved ac-2 oDdany. A conmpiler

E

constructed using 1IPX and YACC is generated in =the C
language, a kind of struczur2d4 asszmbly language. While it

e

is possible +o link ckject cecdz compilizd from Rerkley Pascal
+0 okject ccde compiled £froam the T language, *he aixing of

s
o.fe 8

scuzce code tends ¢tc destzoy ths portability and maintain-

L "7’-7 S 0
’ .
.

3 ability required cf the system. Modifications or
F* imprcvements to the finished systs could only be made if
E the programmer were familiar with Fascal, C, &nd theil

interface. Likewise, a machine would be required to hava
Fg - both C and gascal ccmpilsrs in order to procass the scurce

L
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ccde fcr use. h rzcucsiva dascernt compiles in

c
Bascal VS was the tive selacted. It gquickly b=cs=

a
na me

apparent that a recursive descent compiler would b2 fa:s
re

easier *c develof in ru Pascal. Usiag a block szzuctured
language which suppcrtts recursion, explicit use o©f pazss
tables and stacks is unnecessary. The activa+*icn reccrd

stack rasulting from the recursiva procedurs ca2lls implic-
itly hcids +he same information storzd in a parsing s*ack.
The advantage of using Pascal VS is <he powerful debugging
tcols which this language systsam proviias. Wwhile BAXS59 was
wrizten in Fascal VS, <tc +the greatest exten% possible cnly
those ccnstructs and fsatures which ace starndard Pascal
[Ref. 3] were us=zd.

Another majcr consideration ianvolved :th2 identifica-
tion c¢f the particular WBASIC language subset which could be
transla<ed to TI-59. Both fzasibility and <ime constzained
this selection. Ccmmands and functicns which rprimac-ily
cerferm chazacter string 2nd £ils manipulaticn were quickly
elimina+%ed. The TI-59 is w=2ak in alphanumerics and its
storage cagaciz is 400 small to <consijer any ccrcep: cf
fils hkandling.

T1hte WBASIC language is rich with ma<rix and aczray

ver

S
functions and constructs. The o hzad and difficul+y cf
u

a
ipplemen+ing these orera*ions would outwsigh any prcgramming
s

bznsfi+s =hey could frovide. As a c=zsult, func+icns and
corstructs involving all composite data types were crulsd
out. With only slight overhead , it is possibls =c impie
ment limiteéd size, single-dimensional ar-ays. However, =ime
restricticns required <hat this concept remein & sugges+tad
improvenmernt.

In crd2r +o simplify <che tz-anslation of a WEASIC

source program, it was decidz2d to allow ths 3AX59 scanner to

cecognize 211 WBASIC keywords as —raserved Wwords., This
providal a clear distinction between real £tTozE and
19
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cccurreaciss of lasgal ksywords which had passed <thzcugh =zhe
WBASIC interpreter but which had not been implemsrntzd in <he
subset. Otherwiss, legizima<e WBASIC keywords, not imple-
mented in BAXS9, would be +r2atsd and +<rarslat=2d a
identifiers., This cbvious inconsistency might k= var
difficult fcr ths user to detect as aa errcer. I+ should bs
noted that WBASIC function rames ar2 nct handled in this

n

way. The re=ason is +hat the user can ex<end tae BAXS59
built~in funerior lilbmary. Furthar 3iscussicn of +his id=a

is deferred to Chapter IV.

Appendix A is a summary of the WBASIC xsywerds and
func<ions which have Lkeen iaoplemented i1 BAX59 versicn 1.0.
There arce tarce gen2tal categories 2f£ keywords recognizesd by
this crcss-compiler. Cormmand -eserved words arce implamented
WBASIC keywcrds which iadicaze <ae start of a par=icular
WBASIC ccnstruct or statement. Supplemental zsssrved words
are inrgplemented WBASIC %eywords which «cannot be used <*o

begin 3 construct c¢r stazsmentr, bLuz which can be useqd
(cpticnally at *imes) within same “o guide the interprecer.

Unimplementzd reserved words are all WRBASIC keywords which
have no+ teen igplamented in BAXS9. Ths use of <this last

+sgcry ¢f =seserved words will resul% 3in a £atal sutset
ezTtox during translatioen.

2.

]
Hh2-

a

(B
I8

Ir designing the linker =<hrze major problems aross.
This <£irst problem iavolved ¢he fact <hat +he linker is
mainly a ccstprccesscr of compiled da*a. As such, the
linker is highly dscendent on <+the coapiler por*ion c¢f <he
project. If this dep=sndsncy war= alloved, th=n most wcrtk on
the linker would have to be deferred un<il <he compiler was
formalize¢ arnd ir the implementaticn phase of design. The
second precrlem involved settling on 2 s“ra<egy <tC segmsan*
compiled «c¢cde according *o the sof4<waze =zeguirem2ns <o

20

PRI - P P R —— 2

LTS WG SR SO T S N, SO Sp /AUS S. A

NG

w
s

j VOMRTAKAR

RO, 4
ol o Bty

.l o s )
b .'...-LL'_L',.L

i s abiak

Ak

plaii-e
Sddond

)
LIRS - e U

€ e e, -
.

22

1w,
e g

4 Dt

s

-~ e
PRV IRT T YT WAy ]

. el N,
[ FORERERO LJIJ/")AE L]



e ——

‘.
N

‘grf.*YTT:

o
RO

P ———
.

minimize magnetic card reads. Iwo courses c¢f ac+icrn wsT=
disccvared, sach of which had advantages over the oSzacr,
The +hirzd prcblaan iaveclvsd hew proapting procedures wezz %o
be used %¢c ensure prcper execution of <he segmen+ed prcaraw.
Fzocedurss were required to be usar-f-iendly aand =2asil
urndsrstccd.

In the first problsm it was dscided +*o make +h2
coupling te*ween +the linker and the <compiler as 1loos2 as
o

endency. This was achieved

D

possible thersby reducing th2 4

between +he

W

by defining a specific "third party" interfac
compiler and 1linker. This interface was Jefined zc be a
tex* file «con*taining the four coded pisces of infcrmzaticn
required by the linker to accomplish its task.

This artang=2ment had seveszal advantages ard disad-
5. Oae advantage was that it allowed £for <he
1 development cf +he linker and the compiler. ince
tarface was well defined, o other irnformation needad

ween the linker and the cress-compiler. By using
ysten, interfacing consijezations such a2 naming

waz2 nil sinca each process was *otally indepen-

|5 |
O i
cl
>

2r advantage concarned future iumplemsntations.
I was =ernvisioned <that future versions of <thz systzm would
bs impl=sgented c¢n microcompu*=23rs. 3y having thes projsc*t
divided in kalf both logically and physically it wculd be
easily adaptable <*o the more constricting memory regquirs-
ments of the micrccomputer avizonmert. Thess e [}
advantages alone ou*weighed +he caly major disadvantags of
the decision. The disadvantage is that the linker nezded <o
te atle %c regenzrate th: compiled linked TI-59 ccde s+

ture which was criginally produced by the compilex. As it
+turned ou<t, this peralty wvwas small whern compared +c the

overall =size o0f the finished linkerz.
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The s2cond prcblam was
solve. C[Cue % the limited siz lcula%tor memo:y &nd

a
+he cumbeérscme natuze ¢ +he aa ard Pracking s

l)

tc
system, the sof<wware requirements diczate “h2 miaimiza+ticn
i

ic card reads. i reguizement mandéata2d zthe

cf magne
following decision: a code segmen:—break cannct cccur
withir a backward locr. It would be preposterous *“c read a
magnetic card every time a prcgram 2anccuntered a ssgment
break wi<hin a2 +*housand itera<ion backwa=d lcop. This lead
to the fcllewing hierarchy c¢f segmentation rulss. EimsSiE
priority, segmenzaticn may no* occur within a backward locp.

Second cricrity, raintain invok2d subroutines wizh the
invoking code. Third priority, kesp -adjacent sequential
cods togetler, To implement thzse decisions i4 became

necessary to 2xamine the control flow struczure of ar ingu*

Frogran.
Tte decision as +o how =<0 accomplish this cecnnrol
‘1?1 low exaziration is +the foundation of nke desiqn.
o Basically, %“wo options were determined. One deal* with <he
input pzcgram as a whole and “he othsr Jdeals wi<a i+ as a

serias of sequerntial rfpar:s.

Ir dealing with <he input progzam as a whols, <he
design algerithm would che 0 s2e if tas p-ogram me+* the
€ algecithm would

examine *he contrcl s<ructure and detezminz2 where to make an
s

.l
ot
fL
.l
[oN)
=
o
o
o
o 3
D
3
ol
o o

memory ligzi<ations. IE
cptiral treak, <+ha*t is, a break % eguen<ial pcriicn of
the program. I+ would then chack <
<hat they ccoplied with the m2mory r=s+tc-icti
ritza wculd continue until all segments

bbbt ot ARN B

requiremsnts.

Y

In *he oxther me+thod “he pscgram was 3decomposed intc 7
a series of sequential segments (& sequential ssgment is ]
defined a: a segmen+ which dca2s 1ot con<ain 3 backwazd lcop
) teference *c any iastsuction o*her <han possibly to *he )
= -
22 ;
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first Ins*ruction of +the segmens). The algerithm £izst
determined <the sequential segm=zncs. Next th

combined adjaceat <ssagments until <“he wmemory
enccuntered. * this point 2 segmeznta*icn cccurred. The
memory limits were reset and the ceoabining precess centinued
until ancther 1limi< was encoun+tered or the whcle sequen-

«ially secmented ingput program was processzd.

Mt RS . e s

Tha second me+hod was seleczed fozr two ra2asons. The

s3cend reascn was *hat the second method lent i+celf +o0 a

£irst reason is that *he first method =zventually requirsd g
+he evaluaticn <of ccde on a small s=2gmen= lsvel much like :
tha seccnd o determine a suizabl2 segmenta<ions point. i
Rather ttan do +his arnd nore, it was decided %o jus:t eval- 5
uate the small segments ard build up rather thanr down. The |

3

a

recursive sclutien duriag the Zecombinazticn process. The
racursive sclutica greatly r=duced the langth and complexi+y
¢f +he segmentation ccde.

Tre third oprchblem involved deciding upon a me+thed
for acccrplishing +the prompting ¢f <he user. Ore me*hod
dealt with assigning codad precaop* numbsrs of shert leang+h <c¢
te built intc the cods. The other m2thod invelved buildiag

larger self-explanatcery premp=s iato the <+he cols. Ths
s2cond chcice was selected. This was dopz to =zduce *he
number cf instzucticn z2ferences <hat a user aigh% have <o j
maka duzing *the execution of <the generatsd calculator K
grogranm. This was in keeping with the requiremen*t to make ]
tha sys*em user-friendly. q
]
B. PRELIMINARY DESIGN ORGANIZATION 2
]
Thus far the system design spacs has b22n rarrowed <o ]
the design language, sourcs language subsei, and *he general k
. . .« . .« 1
techniques £fcr ccmpila*icn and linking. Ocrgaaizaticn of the ]
sof=wars in=o £functicnal categoriss may now begin. This
{
:
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rzxt phasze of development is chazactzziz=2d by & oncrs

spacializsd, ye+t still preliminary consideraticn c¢f sys=s=a
compcnents. I+ shculd be 2apoareat by now that a na<ural
divigicn into, <wo Rajor fuac-ional componsanis, SICES-

compiler and lirker has besn assum2d since concagticn of
~he systenm, Fcr a *wo-man design team, this partitioning
appeared to hava the greatest poecterntial for succes 1
allowed the simultaneous devalopm2nt of <wo inde
system ccmpcnznts of 1lcow ccupling [Ref. 4: p. 8
cohesicn [Ref. 4: p. 106]. The -esuls of z=ais
was a minimizaticn cf programamer inte m
of work time efficiency, and siamplification 35f imtar
The remainder of <this sectiocn outlines <the poelil
desigr and organizaticn of *+kz cross-compiler, 1inkex, and

the direc* interface tetweern thenm.
1. Czoss-Compiisc

The commeon fcrm of all varsions c¢f BASIC languzage

can Lo characteriz2d as imperativs, line-oriented, and
aquential. The d2sign of BAX59 is based wupon this fac:.
by recucsive

Each WEASIC line is rparsed, beginning to end,

descent. Equivalent TI-59 code is generated for each line
concurrently with +he parsing opera<tion. This @eans *hacz
BAX59 will succsessZully translate a ssquance o€ syntac=i-
meaninglzsss WBASIC statements into

the TI-59 ccd=s will b=z as

cally «ccrcrect e

equivalent TI-S59 code. dowever,
meaninglsss as +he s=curce code. For <his =z=2ason, it is
recommendsd that the user successfully csxecute

source progr using a WBASIC intezpreter (or

loader) pricr o translation with BAXS9.
A lire-oriented view 0of zhe =source codz grovigjes

‘- . I3 . . -
| sevaral advartages to the design. PIrsk, thega Is a dircet
_ szquerntial ccrrelaticn betwean +he cziginal sSource program
; and “he 4ranslatad T1-59 code. A€ will be s#n lateér, :his
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allows zasy nmanagemen*t c£ “he

g
ated data. Sscond, the pacse drivar -Coutine can be a Zaizly
si D

simple locp,

+ime until the 2nd of the source fils. Thizd, viewiag *ias
source as a sequance of independent pieces greatly Zacili-
tat2s an iterative enhancement approach {[Ref. 5] =o <h=
ogressive developrment <of EAXS59. This zpproach virtually
guacantees & vorking pretotype throughout the coding phrase,
and supre:r both r=d dabili<cy apd meintainabilixy.
Modificaticns can be quickly ts3s<wszd W#ithia the «ccntext of
“he entire compiler system to daczs. Jpon compla=zicn, <th=
Erogramoer tands to have grea%*er confidence in his croduce,

b2cause a great dzal cf ftsesting has already be c
EAXS59 was temporally crganized iInto <*“hrse =@

a joz
fanctioral secticas: indfiaiization, translatisn, and rCeso-
letiorn. The prima:y opera+icns parformed by inicizlization
invclve se+ting up data structures and initializing variacls
values. There are <thre2 @major data structures manipulaczed
ty the t-ansla*icn section: the «r=sservad word zalkle, <thez
syabcl <akles, and the code dazta structure. Concep=ual sub-
divisicns of this section, nzaely the scannzz, the oarssar,
and the ccds generatcr, manage each databasz respectively.

While <+he scanner 1is a sepazats -outine by its:slE, *

- -

4

h
parssz and code generator -2 notT Aas separat=aly defin=d.
2
of mutualily zecucsive procedurss uadsr <ths dirsction ci th
b

These functioas ar= actnally periormzd concurently by 2 =
f

main driver, This drivar calls tae corract subprograa iate
executicn as 1its corresponding WBASIC conrstrzuct is recog-
niza4d. Cace translation has teen coamplstzd, “#hs rczsolution
sacticn rrocesses *he generatad code iato a2 form suitatls
£6f fisal eutputz. This iacludes labei inssc+icn, resghcle

cptimsizaticn, and absclute addcess r=2solu<ion.
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; 2. linker
The linker was organized into thrz2e Dphases. The

S
design <¢f thess phases were the direct -asuizs <£ <the
5

f preceeding design decisions made ia th2 preliairnarcy rphase.

E. Tke firs+* phase is ths direc* result of <+he locse
g coupling tetween the linker and coapiler and <he dscisien te
|- combine smell sequential sega2ants to form aemcry-size
. constraired segments. I+ is th=2 pr:processor phase. This

£ile aad r=censszucis

=
ot

phase prccesses the intsrface inp
the ccmpiled linked ccde structurs. 1In a2ddition <he prepr

csssor deterainss the sequential s2gments o

cons*ructs ar internal data <table called th: s=gment +“a2kbl

which is used by the s2cond phase, the segmentationr phase.
The segmentation phase utilizes th2 s2cursive 2lgorithm ¢
recomkine sequential code. The posiprocessor phase is the
resulit of cutpu% design dscisions. This phase inser+s the
rrompting ccde and develops th2 sagm2nted cods 1lists <o de
cutput tc +the user. I+ ther produces *the code ian 2 *+ext
fozzat zogether with specific instruciions as =0 its use.

3. Dirsest Ipterfaczcs

Tke design c¢rganiza<ion is buil% around <+he locsely

counled cc
through th

i

mgiler and linkar. This ccupling is made possikle
¢ rigid definiticn of “he interface taxt Iile,
Tha crganiza+ion of this tex< file is crictical +o the design

nd will te described in nore 3detail.

LT & oY
e IZ

v

The “2xt file is <he onrly dirszct transmit+tal of jata

4 tetw=2en cempilar and linksr. Four pieces cf data are traus-
h‘ . . [] 3 .

S pitted. They ace thke follcwing: a number signifying ths
ke nex* r2gister availatle £for us2; gean2rated code 1list in a
t numeric fcrratted form; ztext con:aim-ng DAT A/READ infcocrma-
.A » I3 . . .

i tion; 2nd %ext containiag +h2 mappizg of TI-59 csgistars to
.-

f BASIC varibles. =2ach piece of infcrma<ion is preceeded by a
e -.7)

-
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E. - ) $XXX in the firs+ column vheres XXX is a rumber. This =iarle
: i format enables +he 1linksr to easily locat2 the correcs

informa+ticn and process it accordiagly. Since +his is <the
cnly extlicit in*erface, the compiler and linker are nct a
dependent on each other as they would hav2 been in a closely
coupled systen.
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IV. DETAILED DESIGN

The scurce code contained in Appendicss C and D rprevides

high resclution understanding of +the systen. However, in

(R

cT

n

order to vctrovide rationale behinad design Zissues
languags system coaprised of almost 10,000 lirnas cf codes and
ccna<ent, éiscussions cf some d=tail are in oréer.

It is nct our intertion +o explain everything. aha+ w2
wish tc¢ do in this chapter is %o inzrcduce dssign details
and stratsgies of the more iamportant concepts and comporents
in the system. This will sa2rve *to illustrate software engi-
neering and how it is used ian this projact.

Upon the comgleticn of preliminary design, <the detailed
design is bequrn. t is during this phasz2 that the aczual
details c¢f full <gplementation are d=2fined and laid ocu+
pcior *c¢ coding. Catzsgorized under cross-compilsr and
linker, ths general format for the sub=-sections ¢f +his
chapter will 3iaclude an informal solu*ion s*rategy fcr 2
specific dssign problem, followed by a discussicrn of the
major data cbjects &and procedures which manipulate <*hose

cbjec+ts. Where aprropriate, iztac-c-procedurs interfacing
criteria are outlined. In several casss, significan% grob-
1 their solutions, and possible system improvements ac2

ams,
iscuss<d. The 1last ssction b

fu
.l

r3sents implicit interfacs
design which impacts greatly on <hs system.

A. CROSS-CCMPILER

The fundamental design of BAX59 is a finite state
machine driven by a main loop. OCace values and data struc-
tures have been initializead, program conirtol enters +the aai
loop which scans, parses, and generates TI-59 ceds £cor cns

28
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WBASIC scurce line. A+t +he end of lins hecks foc-
end cf scuzce file. As long as ths e

c
d of file is not
g ¢t each

t

a
detect=4d, the main 1lcop repeats its proces
succeeding lins c¢f scurce code. When end of file is fcurnd,

conwrcl exits +he main loop and post-prccessing begins on

the generated TI-S59 ccde. This 1includes inserticn of

suspended code data, optimization, address resolucicrn, and |

final cutpu* of code and associa+ted daza.

ki L i L
e

The entire cross-compila*icn procsss is broksn down into
15 functicnal areas. These are ou=lirned by *k2 contcur
diagram in Figure 4.1 No%e that s0lid lines indicate actual I

e

frocedures (P/) or functions (F/), while dot+ed lines onl

E indicate logical asscciation. Although these areas often

L‘_

E- depend urcn one anotter, the particular services perfcrmed

LY

& i by cach differ enough to allow ipdzpendent analysis. Wer2 |

it nct fcr limitations imposed by the Pascal language, 2any

- more procsdures and functions would have been *ightly pack-

ey
B

)

aged ia crder to nide implementation d=ztails Ltetwean
functional areas. dhat follows is 2 suzvey of th2 major |
functicnal areas of EAX59 and the dssign details for zaca.

1. Initializaticn :

In thz2 interest of executica time sfficisncy all |
-time actions which re red ccaplsticn oprier 4o <the
star%t of rarsing are incorporated into proceduze INITIALIZZ

As 3 result, some variablies and databases which would other-

wise have been 1local to *h3ir =rz23vective proc:dures, 1
requirsd glcbaliza*icn. Cns particula 2xample is <the
ructure is buils of da*a

Tica
raserved word tabls. This data struc

£ile RWTELF. Since the
zeserved words contained in this £file needéd cnly be lcaded

supplied frcm ou<side *the progzam iz

oy

cnce (a2t *thz start of exacution), ~hare was nc cood reascen 3
*0 plac2 them in*to preccz2dure SCAN, which is called cf*en by

Farse rcu*ines. While i+ wculd have been possible 40 use a
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5 toolean switch tc detect the Initial call =o SCAN and subs2- Z
:t : quently genarate th2 reserved word taonls at tais fi-st czll,

ﬁ h this would have increased +he coupling between modulss, ;

j Loading tte reserved word +able from ou+tside +*hz rprcoranm 3

f cffers several advantages. First, changes to the reserved 5

s word takle can be made <ecasily (this process will be ﬁ

i discussed when the scanner is considerz2d). Second, the user i

can check «c¢n2 file (RWTBLF) in order to sze <hz reszrved 2

. words reccgrizad by EAXSS. Third, ths lcadiag rou+ine 3ces E

not need <tc¢ Xnow the words <hamselvaes, onrly the nzme and J

format of the file in which *hey r3sid=. i

Built-in furctions are also 1loaded by procedure 3

INITIALIZE. This cperation actually cequires <“wo crdsred -

staps. Fizst, <*he symbol +able aust be cr=ated. Secord, 2

function recognition and gerneration daza is <cead from
cutside f£ilses (BIFNCF and BIFNLF) and +the symbol *atls
management routines are used to put this daza in the takle.

-".. . ‘.‘

Ec loading tke built-in functions by using +he same rcutines
QS?F which <the pacssr will use <o @anage the symbol table
readabilisy. This

approach has Been taken as cf+ten as possible in designimg

|

ensures table ccnsistency and prcmot=as

+he cross-ccmpiler.

The complexity of the above iani<ializaticn preocesses
as well as <+the th2 TI-59 keyccds <cex: (CTZLTF) lcading
process required tha+t these operations be abstracted into

irdividual subprogranms. Howaver, pzocedurs INITIALIZE
perfcrms many other pre-compilaticn activitias which could

-[.

ke performed sequentially. Pzobably <ths aost iapcrtant of

o2 2ty
PP )

DY

these activities is +the simplzs ini<ialization <c¢f variaktle

values. The importance of <this task 1is =2levated by a -

ericus hcle in the Fascal VS implem=zatation. The Pascal VS ;

compiler will not detect the fallure to initialize a vari- ]

able value prior to its use. What is worse, =zandom values g

which exist in pecinte- refersnces or othe2: variable stcrags: :

> ‘ (1
2 ;
31
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ar2as will ke used as is, whethez they were put =<h=zce

(o]

-

us

(]
(a]

D
not. As a result, failuzz to initialize value
a majcr source of errcr during devalopmert of
types of errors tended *o be extramely difficult tc de¢b
since they cften surfaced la*ts and usuall o 1
thougkt tc te robust.

In summary, rrocedura INITIALIZE loads all intf
tion which will re ne=2ded by *he translation and resol
stages, ccastructs ccnveniances data such as character se+s,
assigns stazting values to all variablss ard poin+ters.

2. scan

At the lowest level of abstraction wi+hin the =rans-
laticn ccoponent of EAX59 is the scarner, procedurz SCAlN.
This single, sslf-corntained subprrcgran is basically designed
on thrsz¢ impertant ccncepts. Pirst, =he scanner iIs izs=21f a
finite s*ates machine. Second, with the exception cf proce-
dur= INITIALIZE and some sys+t=an constants, its
implerentation is transparent to the <rest of the cross-
coapiler. Thirdg, +he database which it uses fo
recogni+icn is simple, time effician+, anéd general.

The statz aachins logic cf proc=durs SCAN provides
knowledge cf token streams in free format and nctaing more.
Its primacy Jjob is +o read <he source f£fil=2 character by
charactsr iz ordar tc¢ isola<e and cscognize single tokens.
Bowever, rrccedure SCAN s designed to do auch more. First,
i-= reads and cecnverts line numbers. It also fills as nsces-
sary the line buffer and accumulator, +*he data struc=ures
which stcre the 1line and <oken cucren*ly being scanned
rsspectively. The scannser also dstects the =nd of a scurce
fils which has no explici+ WBASIC “END" =sta2tement. This
allows 4 more graceful conclusion %9 what might o
an abrupt exit.
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Twc cther fuanctions p2rformed by thes scannsr #ill
illustrate i+s <transgarzncy <*o <the <=est o0f +the <cro
compiler. These are recognition of the 214 of a lire azd of

con-<inuation lines. Frocedure SCAN =-zads arnd lczés +he lirne

{1}

tuffer (LINEBUF) with a new liire cf source text each time th=e
end of line character ("2%) or continuaticn line character
("&") is fcund. The cnly difference is that the end of line
token nusker wmust be passed up tTO the parsing <rcutines so
zhat +hz main 1loop will kncw when it has vparsed cne entire

line. Cn the c¢ther hand, <ke continuation <chacaczer can
remain invisible to the parser, which vizsws only whcls

scurce liaes.

As mentioned Lkefore, +*h2 databass used by procedure
SCAN is the rsserved werd table. Although reofezred ¢¢c as a
table, ks internal rsprssenta+ticn of this dazabase is a2<tu-
ally three coordina+%ed arrays <ccastructed frcm +thsz RWTEBLF
file by rpreccedu-e INITIALIZE. Thesae azrays are useéd =c
compare the charactezs o£ a token in the accumulatc:s =c
characters cf reserved wesds. The simplicity aand efficisncy

of +this ccmparison is illustrated in Figu==~ 4.2, which
depicts a ccndensed schematic of <he acrays. Nocts that %he

charactezs in +“he RWCHAR array are arranged ir crdsc of
increasing word length. A raserved word locok up is tased
upon the length c¢f thre we=d in %he accumulator. Comparison
tegins at the f£first charactar c¢f <the {irstc word in <he
RACHAR array which matches th2 length of th=2 <cken 1in the
accumulator. Ccmparison ends when eithsr all characters in
the accumulator match a string Ia the RWCHAR array, ©O- when
the characts cf all words of a givean 1length have been
compared to the accurulator without succass.

The RWWORD array references the s+*ar* index cf =ach
word in the RWCHAR array, while tne RWLENG ar-zay raferences
the stac-t index for the f£irst word in the RWWORD array for
<ha*+ length index. The indexes of the RWWORD array are used

33
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RWCHAR |+ |- |+ |X |F |T jOo |L |E |T |F JO |R

(INDEX) 10 11 12 13 14 15 16 17 18 19 20 21 22
N T S

RWWORD 10111112113 ]15]|17]20

(INDEX) 10 11 12 13 14 15 16 (= TOKEN NUMBERS) {

t = |

RWLENG 1 113}15

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

RUCHAR STORES AESERVED WORD CHARS IN ORDER OF INCREASING WORD LENGTH,
RWWORD STORES IMOEXES OF RVCHAR CORRESPONDING 7O FIRST CHAR OF EACH VORD,
RULENG STORES TMDEXES OF RVWORD CORRESPONDING TQ FIRST WORD OF NEW LENGTW.

NOTE:s ARROWS INOICATE RELATIVE ARRAY REFERENCES, NOT ASSOLUTE POINTERS,

Figqure 4.2 Reserved Word Table Arrays.
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as t+the *token numbers retu-ned by <the scanner alfzez a
successful look up. Should a look up cperatior £2il =o
racognize the accumulator *oken, <hen <the “cken is zassumed
0 be a wvaziable identiiier. Other token <*ypes, such as

numerics, are zecognized prior to table look up. This wmach-
arism and the fact that the =scarner is independent fzcm the
Farser require <that WBASIC keywords be reserved. et
keywcrds were ovarloadad as variable identifiers, the parse:
would have t¢ communicate its <token type expscta+icr “¢ *he
scanrer. Tokern cverloading would Greatzly hamper
r=adakility.

Cn2s scarnnrer related probiem which Zequized a zela-
tively ccmplex solution concerned “he conversicn of WBASIC
to0 TI-59 rumeric values. The calculator display wiadow
restricts the number of significant figuzes which can bs
erntared frem the keybkcard. Fer nrumbers withcut exponents, a
maximum cf <ern digits (with decimal point) «can bs entered.
Numbers with expcnents are ailowed a maxiaum cf =2igh< digist
iz the mantissa and two in +the =xponent. Because ¢f this
vastricticn, a rather complicated procedure was designed %o
convert WBASIC aumeric values *o TI-59 compatibls valuss
withoutr 1losing <cquivalence. Pzoca2dure ADJUST rperforms
dscimal pcirt shifting 2nd exponent modificazion on WEASIC
num=rics which con%*ain too mary significarnt figures fo: <he
TI-59. 1The op=ratior can, ©f course, reduce significaance by
+-uncaticn of excess digits., Zxcept for this loss of
digits, equivalence is main+tained.

3. Errcr Hapdlis

andiing

(@

At this point it is approp
receogni<icn and <reccvery. As impl
detecticr capability in BAX59 is =e
pl2=-e as ccmpared to full languags ¢
that (e}

a the =system requirem=2nts sp2
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scurce files. The primacy use foz this systsm is as 2
supplem=srt %5 an existing BASIC 1language interprs=er oI
compile=. Dsbugging c¢f TI-59 programs 1s & hard esacugh task
without z3d4ding <he ccmplexity imposed Dy absence ¢ EASIC
language run-+ime diagrostics. Therefors, users c¢< EAXS9
are <strcengly advised tc¢ 2nsure +that a WBASIC program is
corrsct syatactically, seman+ically, and 1lo glcally by
zuaning i4 in the WBASIC =2avironment, before ansla+icn to

TI~59 code. Error handling in BAX59 is restricted ¢ de<ec-

[t

i
tion of =subset relat2d excep:ioas, calculator capacity

limits, and errocts of cpportunicy.

m

The czoss-compiler designs for zecogaition of

two major types of errcrs: fazal errocts and wa:smning
ages. Fatal e@rrcis are further categorized as scanrners
or passsr dstectszd.

Warrning messages are generally unzelated +o WEASIC

H
mn

syn+actic or semantic problems. They fer +tc pctertial
difficul+ies wi*th +he TI-59 crun~-time ernvizonmen+, aACSt
comacnly (bu* not always) calculator capaci*y. Such ccrdi-
*icns as toc many registers in use, too nany labels ia use,
¢z excessively nest2d subrou=ins calls, will trigger warn-
ings. Each message is explicit and cau<ions the user of a
situaticn which 1is censidersd atnorazl to =hes calculator.
Since =lrese errozs azse uarelaxzed =9 thz WBASIC scurce code,
warning messages do nct hal+t the parsing or coda genera*icn
Erocessczs. However, TI-59 code generated Z-om a WEBASIC
souzce fil=s that prcduced warairgs is not guaranteed <o
exacute pregerly, if at all.
The warning ressage is similaz *c¢ rnon-£fa*al errers
in €ull language comrilers. Th2 reason for con*inuaticn of
t. A use:z of BAXS9 will
most likely need to mcdify and tailecr his WBASIC p=cgram %o

code genera<ion is slightly diffeczen

fi+ calculatcr ccnstrain+s and capacitiss. darnirngs ace 2

ncn-fatal means ¢f providing nzar equivalent code data for
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use in ccmparison of efficisncies, capacities, 9z cecnsis-

+2ncy. Even though the cocde may not succsssfully sxecu=s on

the calculator, i+ s%il]l represents a direct translat:ion

zom WEASIC and is a fairly accucats indicaticn cf pccgrasm
iza, regiszer/label use, eczc.

Uniixe a warning, one £a<al error wilil flag ths main

loop against fur+her parsing and code generatzion. However,

scanning for tok2ns continues until th2 end cf <+he scuczce
file is reached. Thus, orly a single £a%al syntax srcor can
ever be detected 1ir on= BAXS59 =x=scuticrn, although <=he

scanner will cecatinue o ds+tect any number c¢cf lexical

errors. Fatal errcrs ar2 also catsgcrized as subset or
non-subse+ r=latad. Non-subset errcrs are thoss previcusly
refzrr=sd to as <crrors of opportunity. Duzing +he ccdiag

chase c¢f develcpmen:, simple syntax <checks wsre cften
irserted in+to the logic of the parsing rcutin2ss. These wers
usually c¢ne-lins IF-THEN-ELSE constzucts which cecst very
liztle but were highly protective. Por exanmple, the main
lcep c2lls precedurs 2PGOTC whenever +he GOTO command is
2cognized. Since error-free input is requiced, %his procs-
durs cculd have been written £0 assume *that +he n=xt toksn
mus+< ke a rnumeric line rszferencs. i : was a single
m&tter tc check the next token's = and ca2ll a syntax
erccr (BERRCR) if i+ wer=2 no* num=ric. Notz2, however, *ha+*
the lcgic «<f PGOTO will not <call an srror f£cr a numeric
token which coatairs a £ractionai part, clearly

FEEOIE . In fact, the cross-ccmpiler is not likely +to detect
an errer a+: all. Execution may =ssult irn a Pasc

conver<ed tc an integsr value based on ordinal vzlues of <=he

€
X

«ime ezror. The reason i1s that <he numeric st:ziag will be
)

charactars. The decimal point will appear to BAXS59 as any

¢th=2r character. Hcwever, i+ts ordinal value will be add=é

during ccnversion resultiag ia an incoasistent in+teger value
<

[P
ot
O

for the line —«reference. The routine used et  Jjump
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o peinters will orobably not be ablz o find <he lize nuakar

Y

since it is already In error.
Although €tzen incomplete, “hese EETCE (EEEDS

a

providszd much &ssistance in t:ack;ng sys+<em bugs. The <“ech-
nique used was to translate implz source prcgrams known o
ke cecrrect. ZE=rrcrs, tripped at <h2se check pcinis by sys=<em
bugs, usually indica*ted +the 1liksly <rcuble spczs. The

4

faulty rcutine bhad Eelped in pazsing either +the stat
which caused <he errcr or +he statemsnt “hich iarediazsly
precsded it. Since the token whica =rip o

also krncwr, th=2 exact =zoutine ard <th

easily £cund.

Subsst related errors wer2 definzd in +he sof4ware

Bl
D

equirements. The user must be =<51d where zrnd hcw he thas
misused the systenm. BAXS59 incorporatss all WBASIC kszywords
(Versicn 2.0) in its resezved wecrd <able. The main 1lcep

logic ccntains the information to dis%tinguish between iaxple-

gented keywcrdis and unimplemen+ted keywords. This %technique
allcws tle reserved wcrd tablz and iapl2amentad subset “o be
casily expanded (or contrac+:4d). Such a technigque s%rcnoly
Suppcrts the cequirement for main+tainable source code.

There is more rocm for imprevemssnt In the aresa of

error detec+*ion and harndling *han i aay octher aspect of the

cross-ccmpiler, The capability could cer+taiznly be extended

“Cc protect against all possibls syatactic and ssmantic

E; €rrors sc that prior compilation oz interprestation would be
j" unn2cessary. Hewever, ths benefits tc be gained are ques-
akle since run-time and logical d&zbugging cf TIL59
grograms is n0 easy task. A spscia £ile 00 ‘held errtcw
i. message tex* migh*t help %o rzduce some of the awkwardnass in
E pcrticns ¢f *the code which issue th2ss messages. nithiz
: this file the messages could be indexsd by number, therchy
i 2llowing mcre verbose and possibly clearer =xplana%icns c¢f
;. e errors. Genez-ally sveaking, <*he critical resourcs of *ime
w £orced the design of error handling to bz ba-cely adequa*s.
38
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4. Symkcl Tabla Managamenz

Crne of the mcre impoertant du=i2s of the parser is =c
managse the symbol tatle. The BAX59 symbel table is a
atle tucket hash tatle similar to one described by Aho arnd

Ullman [Ref. 6]. The data structure used is an arcray of
pointers. The indices %o *this array of basz pcinters are
hash values compu*ted by taking the mecdulc 99 sum of +he
ordinal values of identifier chacacters. This cperaticn is
verfcrmed ty prccedure HASHVAL. Figur 4.3 depict the

e s
structure of the %table i+s=21lf and its fcur types of identi-
£#leT enTEies. Three of the four typss cf iderntifier
fanet Iome. These will be discuss2d later in this cha

The important structural feature =¢c ro

rcde has a SIOTP £ield regardless of variart
field 3is each entry's link in the wvariab
whichk fcrrs a bucket. 1In order %o insuze th
ized pcirter -eferences or variablss occur, rew ncées are
created as needed by the separate functioa GETSLOT. Tha 3ob
cf +his function is to create the nods ard o insure t
all of i+s fields have been initializzd <o defzult valu
This same approach to data s*tructure ccrs*tructieon is used
throughou+ 2AX59 in crder to protect &gains* randcam ini*i
izaticrn ty the Pascal VS compilar.

re IDLOCKUP 1is

ier +«ckern in the
e

Tte look wup operation of procedu
sigply ¢ hesh the characters of the iderntif
accumulates to the ccrrect htase pointer bucke+ in the symbol
table. The IDENT £field of each slot node is compared to the
accumuiatcr token un+=il either & match or a nil pointer is
found. If a match is found, a poiptsr to that slct is
rewurnred. If no match is found, *hen a slct for “he accunmu-
latcz identifier +oken is automatically add=d <o the symbtol
table

slot

n “he bucket just searched. A pointer *o this rnew

[S

S +then return<d. This is in accordance with the
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SLOT RECORD ENTRIES
vaam | TOTAL d o [SIN
A 25 11 | somee | womec 38 |68 |68 [68
R
A
Y_ var1d | COUNT varld | PI
g 26 14 15 16 =314 | amect | aomec2
o
‘} e | FN_USER | 1 o/ mam [RND
N 27 32 |15
E
R
- varn | ALPHA ! FUNCT TGN 1S LD AT
28 LEAST M&LLMS SLOT
g 33 | auxrecl | anmec2 INTO FMLLIST.
K L——s  FoLD& UsED oMLY
E wem | BETA LB BTN Oy
T INTO s’nsucx.
S 29 34 | auxrect | amec?
BALPHAT AND TRETA® ARE FORMAL PARAMETERS OF FN_USER.
KEY:
NOTE 18 VAL oF
BASE SLOT RECORD: FNOID LY acrlon DiECE
o1l 2 s )
™ eNT s S ] %smﬁgo" 33
VARIANT FIELDS FNLID )
. i T 9:_IDENTIFIERS
VARIANT TYPES: “""Bagf&é:e MF
CTLY.
YARID FNPTD
reoo | aomec: | aomec? FREaN0 | LIL . A Rt A
ﬁ IE?:?TIAL MI&.?.

Figure 4.3
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seman+ic rules of the BASIC language which allows Izplici=
declaraticn ¢f variatle ramss Lty using them in sta<smsn-=s.
Tte 4inserticn of new idsatifiers into the symbol
table is performed ky procesdure ENTERID. This precedurs
creates the new slot, fills all £i2lds which are knewn, 2rd
links *he <slot into the symbol <cable. It is alsc dusing
this procsss that identifiers are assignad TI-S59 registers
for ccde generation rpurposes. Fanction NEWREG handles the
register ©pccl, which 3is actually 2aothing mcrze thar an
implicit stack of integers. An inpcr4an+t fszature regazding
the assigrment c¢f registers to varia names is +<hat ths
us2r has scme centrcl over thése assignments £zcem ou<tside
the program. Included in the LABELF file is a plac2 <o list
register numkers which the user wants <o resezve for his own
use. Function NEWKEG will not assign these numkers <o
WBASIC variable names. The signifizance and power of this

contrcl feature Lbecomes aore apparsnt during =he discussion

of functiecns. The user is cautioned agains%t ra2serving the
last assigrable Tegister numbec- (sSystem parameter in
conz+ant dsclarztion blcck: REG3BASE) . Ressrvin <his

tzgicster will shert circui+t the 1ogic which reports a TI-S59
memcry overflow warning message, =the si<uaticn in which <too
many registers are irn usa.
As a £iral ncte, there aze 2wo foras of cutput which
2 closely associat:d wizth “h2 symbol =zabls. One is <the
WBASIC variable name to TI-59 rTeg
lates vaciables *o register assign
cptionally available syambol table
table en%*zy in tucket order
ment. Ecth outputs are discussed :in *he last s

this chagpzer.
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5. Expzsssicns

A< Fand

The most fundameatal 2ad ®mos:T common constrius:t sSeen

F?

. by the rpars=> routines is +the arithmetic expression. Ths -

;i many similarities between BASIC language expr2ssicns and

- . o 5

. TI-59 expressions make them <relatively easy o parse ani

F’ generat<. However, a few subtle differences cause éebncrcmal £

. . s — . ]

situations regquizing careful d=sign. If thers is one lesson

%0 learn from this discussion, it is this: in compiier
design, when in douk* rever+t to the grammar specifica<ic:n.

-
3 TABLE I :
; Production Rules for Expressions ;
] <EXPRESSION> ::= <PRIMARY> {<KBINARYOP> <PRIMARYD} b
- EFINARY> :3= (4]} CPRINARDY | 2
- UNSIGNED NUMBZER> .
: <IDENTIFIERD 2
( <EXPRESSIOND ) ;
Table I 1lists the gzammatical spscificaticn €£or a WEASIC ‘
expressicn. The +two production rules in Table I ars I
abstracted by the +two BAXS59 parse proceduzes PEXPR and 3
PPRIMARY. They are designed to parse and generate code i
through mutual r=2cursion. Careful =2xamina=ion of the case E
statements withir +hese prceduzss will revsal <«he differ-
ences between WBASIC and TI-59 sxpressions. While both use i
igfid actatich fof binary cperaters, unliks WBASIC, TI=59
unac-y cperatzers and function applications are pestfix. This i
minor twist in notaticn adds a lit+le complexity toc the :
logic of the expression varsing routines. Hcwever, c¢nce
designad, the code fcr translation of eoxpressicns became the
k! -, )
B : 4
E; 42
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fundamentzl base upcn which assignmen* statemen+ts, ccadi-
tional expressions, functions, and a2any othsr ccntruckts

could be tuil:.

6. LUnsiructured Jumps

-

Scae c¢cf the easiest constructs +o understand an

(9N

implament were the unstructured con*trol statements GOTOC and
GOSUER. Tc zealize <*heir simplicity it is necsssary at *tlhis
point <=¢ introduce +the code data stzuctura w%hich is
constructed by the generation rou<ines.

Illustrazed ty Figure 4.4, ~he ccde data st-ucture
is, perhaps, ths most unique design concept ¢of <his crecss-

compiler. Thare are two types of nodss: WBASIC line number

o]
o]

(o7}

nodas and TI-S59 keycode nodes. Since uns*ructured
constructs in WBASIC are dependsnt upon sourc:= line zumbars,
there tad tc be a me*thcd of associating the TI-59 ccd=z with

tnose same line nunmkers. Figure 4.4 shows how linz ncds

o0

and ccde nodes azte linked to duplicate this asscciation. I
is impcrtan% to note that the TI-59 code chair is comple+tely
independent (@nd may be =<=ravers2d as such) c¢f +the WEASIC
line numkter chain. The line nodas mer2ly provide a frams c$
reference fcr the TI-S59 code.

Erocedure SETLINE, called at the begianin
mein driving loogf, is responsible for insuring that nsw line
ncd=2s are created and insert2d into proper order. As cach
line is parssd, special nolding pointezs (FIRSTLP, L1ASTLP,
EEGINCP, ENCCP, LPLEAL, LPTRAIL, LPCUR, CPCUR) keep track cf
all key locaticns in tkhe structure. As Figuze 4.4 indi-
cates, it is possibls to have lin: nodss created and linkzi
prior to thsir encountar in <h2 sourcs code. This cczurs
whenever a fcrward jump (GOTO) is parsed. Since *he lirs
reference of a forward jump has not been parsed, iIts 1
ncdza swculd nct exist. Howevar, <h2 jump pointer (JMPP) mus=
te anchered to 2a node. So +he lizne nrode and an anchering

43
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! Fiqure 4.4 Ccde Data Structure.
;

e 44

4

et ) . A R N VA YR A LR -




R
U T RN

e R

F

T e Y P

.

code ncde are inser+ted iz ccrr

w23gd line Frocedure SETJIMPIXT seat
jump <rsfererces. Cf ccurse
easier tecause the line aumb=ar

and is it place.
ctecks its forward line
If 2 line

always
a new lire nrnode.
field (LINO)
it will te

The

used ins*ead.

technique for

the GCSUR is ac<ually an uns<

the linker «cculd
subroutines and unconditional
are prefaced with and called
while initially the GCSUB can
be

that re cog

tim2 later a 1label nust

subroutine bedy, which
This is done during

PINDGOS

pointer.

laticn ty rrocedurs
insertion
pocinter field (BAKP)

the

is

one Teason
in code

explored in

T and Eranching

LIcerping

and execu*

table wher “he inpu+% souzce code is structursd and readable. )

Much of the dasign of the <2ontire system is based upon the H

assumpticn that the scurce program will be struczured. You -]

3 3 : : 1

will understand why more thcroughly in “he section X

-

describing linker design. -3

- N Lz
R nact 1
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It should be

is equal to the nex+ WBASIC lian=z numter,

hand
similar tc Lkut slightly more i

wvas necsssary to maintain consistency

is the ncdz2 raferenced

for
nodes.
sub-cseéction on resnlutiorn.

Users of BAXS9 ars str
tured prcgramming when writing WBASIC cod=.
ion on the TI-S59 are

i

he

G SIT B3NS

ec* ocder ahead of%f ¢

[~

.

forward as w21l as backward

-~

o S2tting backwazd jumps is

node has already been crea*ed
SETLINE

number chain before creating

noted that procedurs

node exist+ whose line rzuambser

+ hen

linp

- ae

GOsSUB
the GOTO.

ructured subrou*ine

s*tate

g
nvolved =zhan

in cods generaticn so
difference between
jumps. All TI-59 subrout
by Ths
be treated as a GOIO,

the

nize the
ires

& label name. srefore,

at scme
head ¢f <zhe
by the jump
the rssolution phase cf compi=-
UBLBL. This

tha exiszence of

inserted at

f£airly +t=icky
~ha Dback

This opesra=ion will be

to practice s*ruc-
sla

£as more regqular and predic-

ongly urged
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We begia discussicn of geunct used Lceoniag 2ad

0.0

tranching by introducing procedurs PCONDITION. This groce-
dure is fundam=n*al *o the parsing and code gsnezaticn for i

v 5 A[."..".?
L L)

simple kcclean expressicns (compound bzsolsan  SXEIsSs
have nct teen implemented). While WBASIC has a £z2irly
comacn set cf boclean operators, the Ti-59 does nc*., Thera

e
. .

was a need to ccnstruct efficient s2a2qusnces of TI-59 ccde

+ which are equivalert to the WBASIC boolearn opsrators. These
equivalsnces, shown iIn Tabls 1II, azs Zimplsmsn==2d in
TABLE II
TI-59 Keycode Sequences Equivalant to Boolean
operators
A =8 A<>B A D> B A <= B A>B A< B
RCL A RCL A RCL A RCL A RCL A RCL A
ooy X=>T X=>T X=>T L=>T X=>T X=>T
W RCL E BRCL E RCL B RCL B RCL B RCL E
Ve INY =T X=>T INV x>=T1 K=>T
- X=1 %l;V X>=T7T X>=T7

procedurs ECCNDITION. Whils i+ would have beern possiblza <o
implement ccapournd tcolean expzsssions (AND and OR), ths

'.J

S
lack c¢f time 2and the fact that ¢heir logic <could be dupli-

cz=ted using IF statements prevern<:d thi enhancenent. 26

is

was, hcwever, a very simpls ex*ension of logic to ceccarize
and translate @ nega<%ion (NOT).

In *he implementation of a block s=<ructured language

which allcws nesting, *he use of stacks is an important

MW 8 N LY

technique. And so it was with looping in BAX59. By nature
lcops involve backward jumps. As with ans*ructur=4 jumgs, :
there exicstsd a ne2d to anchor poin<tars on code rodes whose
2
L 46
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souzcs ccde had yet tc pe translated. In the casz c¢f
the inverse of this ccncept is also true. There was

W
ol
M
\D
o

to cc-eazte pcinters frem code nodes whose souzce code h
to be <ranslated. Since struc+ured nesting o€ loops is
checked ty the WEASIC interp:eter, it was possible %+o pre-
create tkese nodes ard push the onto a stack until <+heir
place of insertion is encountered. This 1is exactly how
lcops aze *ransliated using LOOPSTACK and ENDLOOPSTACK. When
+he LCOP statenment is encountered, a NOP keycodz rcecde is
created and pushed <crto the ENDLOOPSTACK. In tha case of
“he WHILE s*a-=2aznt, 3 boolean expression is pzoccessad, =2

fcrwvard refersnce node is created, a jump pcinter is se= *o
the ncde (£or the false branch o e&nd cf locp), and this
node is ©pushed onto the LOOPSTACK. When the ENLDLOOP or

UNTIL is €cund, <he stacks are popp2d and the NOP ncdes arce
inser+2d. The nature of co:crect n2asting guacantees that NOP
cods ncdes popped from +he stack will have Jjuamp pcirters
refsrencing or will te referenced by the appropriate ccde

nedss,

Iterative locgs are writtsn by usiag <“he FOR-NEXT
construct. The stack implementation is similar to <hat
described atcve. The.main diffsrence is ia th2 additional

calculatcr resources zaquired for such a loop. Unlike crdi-
rary vaciatle names, *he FOR loop variable requires from %wo
0 three register assignments. The <£ields AUXREG1 and
AUXREG2 in +he VARIL tagged slct record are use for £his
purpcse. AUXREG1 holds the TI-59 register number which will
store the upper (lower) 1limit of *he FOR index variablas.
The FCR index wvariatle incremant will always default +o +1
unlass the STEP op+icn is used. If STEP is 3¢d, <%hen
AUXREG2 will hold the r=2gister rnuabar which stcres <cha
increment value. The user shculd wunderstand that use of a

FOR lc¢cs carries a fairly heavy ovsrasad in terms <¢If bexh
tegistsr and piogram st2p use. A single sirple FOR
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statement in ¥BASIC <translates =2 uss
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cver 20 program steps. Yo is caused by
3 the run-time checking of the FOR index varizbls wvalue
ff against its limit for each iteration <hrough the locrc.
:\ Pranching is another cons“ruct implemen<ed with

stacks. There are actually two foras of brarching: the
uas<ructured or line-oriented IF statsment and the bleck
structured IF statamenc. The unstructurzsd IF is actually
only partially implemented. WBASIC allows =2ither a2 jump o
a line numkter or execution ¢f any singlz statemernt within
each of the IP branct=zs. Because +thes structured IF can bs
written tc gperfcrm the same way, it was decided to restrict
the unrstructured IP <o allcew line jumps ¢r +he QUIT staze-
ment. The ipplementation of line-orientsd jumps has already
been discussed. An IF-THEN-QUIT or IF-THEN-ELSE-CUIT is
handled ty sst+«ing a Jjump peinta2r to +the ENDLOOPSTACK. The
effzct is tc £orce prcgram control o exit the currexnt locp.
If ccntzecl is not withian a loop (i.2. ZENDLOOPSTACK is ril),
then an errecr ccndition is raissgd. FOR 1loops arte not
considered lcops in this contex<.

The more powerful of the <wwo IF statements 1is *he
block structured IF-ELSEIF-ELSE-ENDIF. This form disallcws
the use cf keyword THEN, since it is Zimplied. Once again,
stacks are used to irrlement the structured IF. The logic
and its correspcndance to the maripulazion of stacks 1is
roughly similar to that of loopizng. Instead of directing
jump gcinterzs to the end of lcops, they are directed «c the
next ELSEIF or ELSE. n unusual situation occurs, however,
in the case of the IF statement. S+ack manipula+ion for %he
IF-ENCIZ is slightly differenc £zom that fer *he
IF-ELSE-ENDIF or +the IFP-ELSEIF-ELSE-ENDIF. To anderstaad
.. th2 precblem, asstme the viewpoint of a parser which has just

evaluated tke condition of a s%ructucz=d IF. At this peiat
® - you dc no* kacw wihether or not an ELSE/ELSEIF »= an

us
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inmedia+te ENDIF will follow the tru=z branchk. To which ==

fu
m
"

will the jump pointer of the false branch be set? In cr
+0 ccver to*h possibilities, a pointer to a node p

each stack is required. Hcwever, ther2 is onl
pointer field (J¥PP) for the cods node which respr-esencs
jumop address to the false branch. Our solution uses th
tack pcinter field (EAKP) to refernce a node in the IFSTACK,
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waile the jump pcinter £ield (JIMPP) ra2fz2rsacss a node in the
ENDIFSTACK. Procedure ELS EADJUST pesfcras :hs resatting of
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pointers required when an ELSE/ELSZIF L1s snccuntared. When
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the ENDIF is encountsrsd, <he BAK?
Fointer. A nil BAKE at the top of the ENDIFSTACK indicaztes

L pa o

L
.

Y

-
[}

+ha+t an ELSE/ELSEIF has beca scen. This is because proce- :
dure ELSEADJUST is thke only rou=zins which can clear the BAKP ]

y
refarence tefore the ENDIF is emcoun=arad. M

2 § SRRROY

The causa £cr all the focagoing complexity is the
=

fact that IF-ENDIF has a singls faise brarch which must be a

AP N
TR .

jump past thke ENDIF. The +2il of <as true branck mecely 4
€alls +through the  ENDIF. on the c¢ther  hand, )
IF-ZLSEIF-ELSE-ENDIF can have sa2veral falise ltranches, only 4
cne of which may Jjumr tc =he ENDIF. Th2 tails of tae all
true tranches wmust ke Jjumps to the ZINDIF. The 1lcgic of

n

BAXS59 is designed +o recognize and gensrate =2quivalent TI-59
code for any of these possitilizes.

8. Functions

The most pcwerful feature of the BAXS9 cross-
compiler is the translation of functions. Bo*h buil%«-in and
usar-defined functions are handled. In order zo *ake full
advantage of the calculator's capabilitiss, i% was necessary
to design three distinctly different +types of functiors.
The first type, referrsd to as "quick" functions, are the
common arithmetic/trignometric fuactions such as LOG, SI¥,

COS. The sacond type of function hasnesses the pcwer of the
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ﬁ Sclid Stats Sof«ware module. Thess are ceferzed tc as :
ﬁ! “"long" functions. Both of these first +two +types are :
- buil+-in furcticas. The *+hizd type is user-3defirned "param- '
. eter" functiecns, which are trarnslaied from WEASIC scuzce

code specificaticns.

The difference between "quick'" and "long" functions
is tasically the numker of TI-59 program steps genecsrated for
each. "Cuick" functions generally franslate %o a cne or *wc
step TI-S59 keycode sequence. Howevar, thzy may havs as many

as four s=teps. Because thay are short, "guick" functicns

W T D R R I YIS ST P I P T T |

are inserted as in-line macros. On the other hand, "long"

functiorns may translate tc as meay as 15 steps. Thezzsfore,

their length =zequires that <*hsy be <calied as subroutines

i
1

rather +than *ransla*ed in-line.

Read from ¢he BIFNQF and BIFNLF files respectively,
the ccde fcr both "guick" and "loag" functions is entered
into tha2 symbol %table during initialization. BIFNQP and
BIFNLF may te revised by the user from outside +the cross-
compiler. By knowing the TI~S59 k2y strcke sequence, a use:r
may add his own functions to either file. As a special user
note, *he fcrmat for additicns to these files is critical.

Th2 rnumber of key strokes in 2 £function segquence 1may not
excee€d “he maximum liwit for the type of functicn. If less
than the% limit, then *he end of the sequence must be padded
with NOP (68) k2y str
limits pay te altered by adjusting ths system ©parametercs
FNQLEN and FNLLEN in the constant declacation bicck of +«hz
BAX59 scurce code.
¥cs< all functions +hat <could be implementad
£i

okes <5 +the paxipum limit. Thase

Y S Ve e Y|

P PR

w

S

=,

"gquick" rave been and are listzd in thes BIFNQF e,
However, cnly the RND(X) (random aumb=er genezator) function
has been implemented as "long." To illustrate the concept
¢f ®long" functiol, we will walk tarough +he design of

RND (X) .
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Suppose you desire to write a TI-59 program wkich
uses a randcm rumber generator. You might Write your cwn
pseudo-zandcm number generator subzoutine, but the TI-59 has
such a rcutipne buil* into its read-only Solid State Software
module. Use of +this built-in facility would clearly bte mcre

space efficient, WEASIC also has such a functior, RYD(X).
If it had nct, it wculd be possible to write one in WEASIC
using the CDEF FN_RND (X) statement. Befors trarnslaticn i«

would be necessary tc r2move the fuanction defirniticn bleck
and replace the FN_RND(X) calls wizh RUD (X). However, this
is not cequired ia cur exaaple. You must ens it

TI-59 registers used by the Sclid Sta<2 S w

run the RND ) function are reserved in
This infcrmeztion can be founrd in *he Master Li
[Ref. 7], which is the Master Solid State Scftware mcduls
reference guide. RND(X) uses r=gistezs 01, 02, 03, 04, GS,
06, and 09. "Long" func+ions always take a single parameter
(2ven i€ it is a dummy). R2egist=2r nuaber 10 has been desig-
nated to store this parameter and should also appear cn %h=2
reserved list. This parameter rsgister assignmen= may be
changed in system parameters of the BAX59 source code if
d=sired. Each <time it 1s encounterad within +the WEASIC
source prcgram, RND(X) will translate as & call to a sutrcu-
+in2 whose single parame*er is stered in cegister 10. The
first +ize seen, the RND symbcl %able node will be linked %o
a special 1:ist (ENLLIST). A* :the conclusion cf cocde gerncra-
+icn, FNLLIST will be traversed and the key sequence which
executes ENL(X) as well as any cth2ar "loang" func+icns cn the
list, will te added to the code data structuze as sukroutine

todies.

The real power of this faciliity 1lies in its usear-
contrclled flexitility. The user may convert almcs* any
prograa function in <¢the Solid State Software module into a

single parametsr "long" function. All he mus% do is c2sezve

51

SRR T S e TR e PR O R R N R TR R S LI ML ML IR NP A AP P .t a S s

5
l
;
:
3

TS BT

R T DD T Ry




T e

e —

- e
e e i
L8

3
2

v _ ww T prr— - BT L YT YR T T —w - ¥ T T

t4
g
Ih
}l
'_l
[0
-
|.l
l.l
tn
ot
o
o
n
.
"W

tha cerrect zegisters in the LABE
sequence in the BIFNLF file, and, i rne a
valuss of all but cne of the function input par
create 2 dumay). If the functinsn dozs 10t
then h2 must write the DEP block <for it in ordsr =
Frogram ccrrectness prior to translation.
Ha#ing s-rayed frcm iaplemenzaticn dssign tcward
system utility, we ncw return to implementation discussioen
cf so-called "param=ter" functicas, The naae given +hess

user~defired functions appliszs mcre to how they &ars implie-

tented rather than their rature. The parsing rou*inss
always EXEECTt paradetars but do not ra2quirce +hem,
Parametarless functicens are, indsed, rzcogniz=zd.

Although the c:oss-compile: will ccrrec+ly *ranslate
a functicn definiticrn (DEP s+a<%ement or block) whether i+
cccurs befecre or after its respactive call, <the linke:
requires that all sutroutine/functicn bodies te placed after
the maia pregranm.

wren 3 new function identifier is recogniz=d (by *he
"FN_" prefix), a new PNPIC taggsd slot is <created for the

symbcl takle. Proceduzs GENEARM is thenrn called upcen o
parse actual parame+ter eoxprassions, generate code which

psrfecras their run-time avalua+ticn, and construct the €fcrmal
parameter list. Parameters, if found, are linked in crder
¥5 £he ENP f£ield of the symbol table slct for the funetica.
While registers are assigned to these paramezers, the corre-
spending formal parameter names caninct ye+*t be entered since
they are nct knrowa until +hs func<ion DEF sta<ement Is
found., V¥cte that forrals are assumed to match a

eters by tecth order and gquan+tizy. There are 2o checks in
BAX59 +0 insure this correc%a=ss. Only a =zur tkhrcugh the
WBASIC iInterpretsr will verify pacaame“er corrszsponi=nce.
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When the furcticn defini<ion 1is found in =th2 L(ZF

verew
T
"

0
.

E' statement, a process similar tc¢ parsing +he call <“akss

ﬁ clace. The formal parameter namses 2re ncw insertsd inzc *h= ;

j parametar list attached to the funczion slor ir =he svmbol 3

? table. Ecfecre the function body is pfocsssed, ths slct is -é

3 pushed onto the FNSTACK. This stack siamulates an activazion ]
record stack. Bach identifier locck up that is pezformed by i

procedure ITCLOOKUP requizes that the PNSTACK be examined for

S

active functions. If a formal parame<er name is fournd in an

active function parameter list which ma*ches the identifier

Ty

| a—

in
(=]
0
m
o)
it
(9]
H

being scught, +then its zegister assignament 3

0
.

2 ud s
.

c
generaticre. As a result, starndard rules of vaciable visi-
t I3

longer viesitls tc the run-time environment.

j bility and scoping arppiy. When the end of a functicn bcedy
1 (FNEND statemen+) is exccunt=sred, <the function slo*t is
[ popped Zrcm <+the FNSTACK and its <formal parame*ters are no
3

L As a f£final ncte, the user. should krow that "param-

etec-" furnction names rec2:ive +their cwn ragis<er assignnment.

."
B, 4
- AP TR

This register is +the place in which the f£inal value of tha
func<tion is zeturrned. This register is zercsd during cun-
time Just prior +to the 2%23cution of <he functiom calil.

Howaver, after execution *he value in this registsr persists

9
Al B
d ad et g o 4

until the nzxt call c¢n +hs function. This ccrresponds =0 an
he WBASIC -un-+ime envircament.

D

jdeantical situation in =

. e
RECI & ’

I

ade

If +he physical =2nd of th2 WBASIC source prcgram is

o

reached, oz if a WBASIC END statemen*- is found, parsing is
stopped, the bodies feor any "lcng" functions used are gener- )
ted, 2and the code datae structurz 1is closed ou* wi<h ail 3
poisters. A€ $his go&in%, thz code resolution phase of LS

compilaticn bsgins. 3

ks - P : i s i i : _—




—
. =

¢ fa e
T )

VN,
[

MRS T M
{ l.
s
J ‘. .‘ll

0
9 Sy B iy
)

BEE

R
GO

,
4 EF =y

[
PAP P AP

T o i ol g g4 aion
.':V;‘,",, e ;
S0 s

Lpe o e
0

T B

G i

F'-‘"."' .'-..._."t-‘--—' - 24 .1"‘"_‘7‘_‘7". e z T T Yy — Lpuma

The first step in rescluzior is to locate and irnsers
labels at the destinaticns of all nstructured subrou=zins
{SBR) calls. These, of coucse, war2 generatei by GOS
tatements. Since GCSUB is a line-orisn=ed ju €
is a pecinter in the ccde data struc
destinaticn of th jump. Procedure F

B

the ccde data ncdes seacching for S ycodes which are

o

follcwed by a node with a noa-nil jump pointer (JuPP) .
vary complicated check is made to ensurz tha% the SBR label
has nct alrecady lteen inserted by anp identical SBE call. If
not, than the back poianter (BAKP) is used by procedurs
PUTGCSUBLEL %5 assist ia the insertion of the 1label at *h

jump destination. Once the insertion has been completed,
+he address fi21d (ALDR) of the JMPP target is set from z=ro
o adl.

ot

to negative one and tze jump pointer (JMPP) is sex

th

This signifies +o other rcutines that this jump Lkzs been
resolved. The precess continues un+il <he ¢nd of +he ccde

data is reached.

The rext sterp in solution is to perfecrm a special
trand o TI-59 "pcﬁcbole" sptimization. The most ccmaon
forms of excess parantheses pairs ar= removed, Suca fozras

as "(RCL rn)" and " (2.333E-12)" will nave b2en genera+ed as
a resul: of parsing even <simple assignaent sta“2ments and
expressicns. Since the parentheses in these 2xpressions are
unnscessary and wuse2 up valuable pregram s=eps, thesy are
temoved, prcvided they are not referenced by a jump pcinter,

If referencsd by a Jjump point2r, +<ha node's address fi:=ld
(ADDR) value will te 0 instead 9% -1 oz -2. Removal of

these will cause dangling jump refsrences.
looping and tranching generate nany place holding
NOP keycodss, These are also an unnecsassary use of prcgram

m

eps Hosever, temember that almost all c¢f these were
genera+:d tc anchor ¢r groject jump pointsars. Thus, befcre
2amoval their jump pcintars mus* b2 reset. Pcocedure COSQNOP
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Fasses cver the code data twice, oncs2 to reset all jumps <c
ard frcm NCP's, and <+hs seccend to locate and cfemcve =he
NOP's. It is important to realize that there is a distinc-

tion tetweer a useless NOP and one which is acting as a
label identifier or a jump address place holider. Because
the TI-59 requires +*hat particulac keycodes be fcllowed by
labels, 1tegister numkers, or addresses it is casy to check
keyccde usacge. This information 1is actually loaded during
ini<ializatican into the UNIT £i=1d of the CODETEXT record.
I+ is an integer 0..3 which iIndicates whether the TI-S59 ccde
node is a one, +*woc, +*hree, or four keystrok%s instructicrh.
This infermation is used to pass over keycodes which ars
required parcts of a larger instruc=ion.

The final stage of rasolution is “c cenver+ relative
jump (pcinter referenced) addresses intc absolute (numer-
ical) addresses. This must be <the last step Dbecause
previcus c¢cde inserticn/dsletion =ctcutines constantly charge
absclute addresses. A% this peint a9 ced= insertien or
deletior cccucs. Frccsdure RESOLVE_ADDR passes over the
cods data twice. The first pass £ills +he address £:iIeids
(ADDR) of all code nodes in sequential crder =sta a
000. Ncw +*hat each exact absolute addrsss is known, all
jump pcinters which ar2 still @markiag address sp n
zef2zencing 2 destipation node can be resolvad. A TI-S59
codzd address consists of two parts. During <he second pass
procedure INSERT _JMPADDR is called a% non-nil jump pointers
«+0 <read *tke destination address, split it into its two
intsger par<ts, and insert the pazts in<o *+h2 address space
ncdes. Cnce all Jjurps have been resolved, the ccde &
struc+ure is ready €£c¢r output and linking.
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10. Izput/Qutput

Iin this subsection we discuss +twc inpu*/cu=pu=
r2lated issves: Implementaczicn of I/O cons*tructs anéd CETICN
messages %o *the compiler. Thke limi<t2d4 capabili+ies cf *he
calculatcr required that file harndling and st:ing hardling
aspects cf WBASIC Le eliminated from our su
similaf-reasons *he I/0 construc*s which cculd b
from WEASIC rsquired restcictions.

While +the WEASIC I/0 staten INPUT arnd CERINT

k2 BAXS9 irplemenca-

()]
[ |
ot
in

normally prcvide for file manageaen:t, t

tion cannct. The cress-compiler =c-ecognizes PRINT followed
ty any rumker cf simple expressions s2parated by commas.
The TI-5S ccda gesnerazted will evaluate zhese expressions and
print their values (%o =2ither <hs display tegister cr =hz
Texas Instzuments PC~100 Frints:z Cradls). Cn th

€ cther
hand, the INPUT statemen* takes any number c¢£f variable iien-

b

+*ifiers separated by commas. For =2ach identifier = the

INPUT list, the TI-59 program halts execution, displays the
register assignment for +that identifier, and s*cres the
inpu< value entered by the user iIn the registar assigned.

' Many procgrams <cequire the realing cf lazge azcunts
¢f data, cften a+t thz start ¢f£ execution. In zhis situz+tion
the INEUT statemzn%t tends to gensrate an excsssive amount of
program step overhead. Unless the program is designed %o be
interactive, this cverhead unnecesssarily increases TI-59
trogram size. In c¢rder to provide a 1nore space =2fficient
means of data entry, a limizced zranslation of <+he WEASIC
CATA and READ statements was designed. In some sense, *“hsse
stategeats provide a substitute for f£ile handling. The DATA
statzments are placed at the beginning 2of the WBASIC scuxzce
F-ogram. Each statemen+~ may pe followad by numeric Jda<a
izems separated by ccmmas. The <©o5tal number of data itszms
ir one cgprogram is 1limited <o =he numbsr o0f unrazserved
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registers available in the calculezor (based upon *the syscsm
rarameter REGBASE). If *his 1limit 1is exceeded, a warninag
message will be issued. READ statements téks variapls Ziden-
tifiers and may be written with <+he DATA s<a-=saen*s,
nowever, the number of variables input =0 READ stazenants
should never exceed +the number of data itsns provided by
DATA statements, This condi+ion will also cause a warning
mzssage and £further CATA/READ statensnts will be ignored.
The parse zcutines rake register assigaments £33 +he vazi-
ables in t<he READ statemsnts, &nd concurren+=ly build a list
vhichk mars the data items +¢o their -espzctivz regis+tarcs and
variakls rnames. This list is on=z form ¢f cecmpiler cutpuz.
Using <hs 1ist the user <can pre-load TI-59 «registers
rumeric values ard ke assured taaz they will be in cercre-

spondence with =he translaticn of variable names. ¥coe
importantly, no TI-59 precgram steps are used fer +his
iifadl dnpuit. In facse, thsz dzza could be rzad £zonm a

ragnetic cacd in*o a gemory baak prior <o executicrh.

As we have previously implisd, <here are meny focfms
¢f cutpu* which <can be generated by the cross-cemgpiler.
Additionally, <*he user will prcbably have tc do some aebug—
ging. #e have chosen *«c provide a poimitive ses c¢f toels
and cgzicns which can be toggled on cz off from outside th=
BAX59 scurce program. The togglss ars set or reset by using
ths CETICN statement in the WBASIC program, Caution! De

+

'-<
m

not ccnfuse nis sta%temen%t, which s uniqus to +*he
cross-ccmpiler, with the WBASIC OPTION s*atemen+* The
not *ke sams. BAXS59 does not recognize WBASIC OPTION parcam-
eters and WEASIC does not recognizs BAXS59 OPTION parameters.
Table III lists +*he possible opzions available tc 2AX59

users. To +toggle the optiorns, simply include an OFTION

v
fs1)
-
w

stat<ement as the first line of the program to be translated.
Cesired rarameter se+%tings should follow the OPTION reservad

word sseparat2ad by <straces. Positiva paran2ters set the
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TABLE III N
BAX59 OPTION Statement Parameters s

Paramete: Opticn Defaul+ k
+0 Generate lipker interfazce fils false 4
t1 Generate code for PC-100 printer true )
. +2 Ortimize out unaecessary parcantheses true ¢
= t3 Cptimize out unrnecessazy J0P's |, +rue K
.- +4 Transla*ted TI-59 ccde to list file trus :
- =5 Image of szmtol table o list file i A :
= t6 Ccm fents of ccde structuzz to_1list file false 3
¥ 7 Each lexical *oksm to terminal false
“ +8 Fach lexical token ®o 1list file false
-

toggle true; negative parameters reset the toggle false. 1In
the case of the zero parameter, the sigan has no affec<.

As a final ncte, an CPTION steztement may nct be
placed in the WEASIC source program until it is ready for
translaticn. Also, rlacing an OPTION statement in any line

buc the first may prcduce unpredictabla cesultis.

E. LINKEE

The linker's purtose 1is to produce a segmen*ed version

of the compiled <code and present ths codz in 3 format *tha%

is user friendly. The infcrmal strategy used to accoaplish
~ this was discussed in the prelimiaacy d2sign phass of

TATRTIARY - [ WAL,

Y Chapter III. The detailed design that =supported +the solu-

1 tion s*trategy called for the 1linker %o cperaze sequentiallv

5 thrcocugh thzee major phases. In Pigure 4.5, the cerntour ]
b .’
;. diagram £cr the linker is presented. The prepsocesscr thase ]
€° of ¢the linker includes actions from scme of the SYSTEM %
; UTILITY fprccedures and *he BLD_SECTBL procedure. The j
G ramainiag two procedures, COALESCE and INSTRUCTIONS, E
3 accomplish the segmenting and postprocessing ac=ivities. ]
s -

r : § |
o ]
= 58 1
C

Clal
MR |, A

P S e R SO SRE IN N N SN NPROL U SO N TP S Xty S, Y Gy P S, TSGRt R e Y 4




gz T T R T RV vy =y -~ ~ T
3 '
:::. — i
U LINKER )
. -
. 5 o P (ot B o ) e N LA N apmr R L D g T S S e S, ~<
- | SYSTEM UTILITIES | K .
= ! !
- i """""""""""""""""" i :
' : These procecsres are enclosed fn desned 11nes dectuee they : :]
i 1 represent a conceptus! grouping of system utflifty programe. : )
. i As such, no actual scoping 11nes exist shere the deshed 1ine . |
: 11ne occurs. ] .
- I ] ;
! 3
I e e R I S WS N | =
v o
; BLD_SEGTBL ‘i 3
| .
| 3
| M
| x
i 3
| .
]
COALESCE | J
'. 2
] R
|
A
| ;
| ‘;
' ,-u
| 3
i 3
INSTRUCTIONS | -
{ J
| i
: -
i 7
] j
2
| 3
| 1
- ! ]

[ . e — ST - - — — s e o
Figqure 4.5 Linker Contour. )
9 }
;‘! 4
- "
- ]
L'.‘-z.'.- R R T W SN ol il a ]
llllll . Pt il el aeiira e i o -3




ey - e ————— Ty e - - ———— . S
B S A T S S ke T -~ S Tl T S i s R i L R e T P N YT Y T Y T T R

Y Eaca c¢f tiese major actions wer2 described In ths poelipi-
nary design phase in Chapter III. The de+<ailed design of
these sgecific c¢perations will bs presented in the nex:
sec*ions. Only -hose major design consideraticns requized
for understanding +the operation of <the major operative
phases will be presented,

1. [ErsEprocesso

i

As was menticned in the pra2limizary desigr, the
primary rpurpose of the preprocessor 1is +to reproduce *h=
compiled lirked code 1list and generate a +table that repz-e-~
sents the ssquen+tial segments of the compiled ccde.

The informal strategy called for a two s*%ep opera-
tion. In +he first step, <textual integer ©pairs are read
from an input file into a data record. Bach record 1is
linked tc the preceding reccrd forming a lizked list which
reprcduces the linked 1list of code gen=2rated by the

!Ffﬂ compiler. The next step evaluatas “he linked list to deter-
mine where the sequential segm2ants are locatzd. Informa<ion
coacernin each sequsntial s=zgment 1is s*tczed in anc=her
record azd 1linked to the pr=2c=2ding sequsntial segment
t2cord, <hus forming a linked 1lis= c¢f sequential segment
descripzicn reccrds. Evaluatioa for seqguszatial segments
woculd occur by TI-59 1labeled subroutines. - Zach list of
sequential segment records would be pointed 0 by a header
r2acord which contains the subroutine nane. Each of these
subrcutine name hzader <cecords would be 1linked o cther
subroutine name header records in the same crder in waich
<hey were de%2cted in th2 generatad code.

Two data st-uctuctes weze needed <tc support this
strategy. The first structurs comprises a linked list of
records. Each record certains all +the infermation that is
contained in one ©[fprecgraam step imn the TI-S55 calculatos,

including the address of +he ipstzuczion and *he ins*ruction
g

: ,[o
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integer ccde. Each recozd is 1linka2d =0 the followizg C=cceci

Ty
o

by a dynamic pointer, wnich <caprures ths ssquernztial n2tuc=2

¢f the ccugpiled coda. Another dynamic link is provided for
those rz2ccrds containing keycodes <hat may cause <he flcw of

contrcl tc change frcm a sequential flow. The geners<ed

linked list of records is a copmplete intsrnal represenzation ;

cf the ccopiled code. f
;. A second data structur=: is needed <toc repreésent a ﬁ
ff sequen+tial segment cf coda. Vital ©program cortrcl <£low i
f infermaticn aust be captured by zthe siructure sc that i
E] segmentaticn rules may be applied during linksr proczassinag. f
;; To accomplish +his a saquantial s2gm=n* tabls was develorped 1
5} utilizing a tecord fcrmat to describe each segment. This i
. table record holds data such as segment s=art addcsss, stop :
i- add-ess, whether +the segmen®t is coversd by an iterative

)

Gk
-'-.-‘.

LA A

backlcop, a lis+ of forward jumps and a list of subroutine

- invocaticns that originate within the segment. Zach ones of
E A2 these records is 1linked <o <he following =segquential
6_." Ssegment's record. In ‘adidztion, the sequential segment

records are grouped according to subroutine. That is *o
say, crnly *those secuential segman“s residing within cne
TI-59 subroutine definition are connect2d4 together in
seéquen+ial crdsr.

Ttke linked sequential segments ar< tlied together by
cth2r rscords of the same basic =ype but different variants.

Each subrcutine grouring of =sequential segmant =oeccrds is

pcinted tc ty a lianaked list of header nodes. These necdes
contain the rame of <he subroutine 2nd %he subroutine defi- !

gt g

nition address. Each headar is linked “o ancther subrcutine

v s e e - =
DR RO R

\ L : 1 . . . 3
- header in +kh: same <c¢zder in which subzoutine defini+ichns
! cccur within the gensrated TI-59 code. ).
3
T¢ capture ipformation rela+iag to forward jumps, a 4
variant cf “he sequential segment cecord is used tc rpuild a 1
forward Jjump 1list. This 1ist contains the originating i
. )
61 1
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address cf <he fcrwa:zd jump and the add-ess of the iasizuc-

e
+ion to which <cocntrel is transfacred. Beca

use the actual
jump address 1is us=ad, the link to the Juap locaticn is
termed rela+ive. Each juap node is dynamiczily linksd <o
fcllcwing jump ncdes to form a jump list. This lise ig, iz

s
turn, dynamically ocinted +“o by the sequential szgment ia
which tte jumps criginate.

To capture information regarding subrcutizne inveca-
tions, +*he same type cf structures is used as for %he jump
nods lists, The only differance is <+hat the subrcuzin2
lists pcint to +*the irvoked subroutine in a dyanaaic manner.
That is to say, <that a dynamic poin<2r is set o0 *h2 first
sequential segment of the invoked routinz in the sequsn<tial
sagment +atle. This 1is basically the only diffesrence
tetween <he subroutine invoka list aad +he forward Jump
1isS.

Figure 4.6 is the cont iagzam of a conceptual

39 the SYSTEM UTILITIES

+}

grecuping cf procedurss refer

group. These prccedures are no% e ici+«ly gzouped togstther

X
by code; ra+her, <%ke grouping is
ard urderstanding. There ars savera aticns within <his

d
a
1
to facilitate discussion
1 T
group which mnipulate the data o €
i

8 L
g U
®

In creating +he linked co 4
two separazt: procedures are usad. The Zirst pr
callsd IN2OT. This pzocedure builds th
structure. It utilizes aa inpuz file conteaining ¢
pairs cepresenting TI-S9 code steps. Esserntially it creaczes
cne reccrd for cach pair and 1lirnks <he previous ¢
the new reccrd. The only thing 1ot dcne is *he se
pointers tc represent an indiraection in the flow of centcel.
This is the job of the procedure SET_JAPS. In £RiS
procedure, the major activity is +he d2tecticn in the actual
keyccde pcrtior cf the compiled code of an iastruc=ica that

rzpressnts a vossible change in con<rol flow. Wwhen crne is
62
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detected, 2 jump pointer (the indirection peinter) is
gointing ¢oc <he reccrd con<aining ta2 rnext TI-S59 prcgcoan
step to L& sxecuczd.

The opera*ions which cz2ate thes secord data cbjec=
are a lit*le more ccmplicated 2and ars contained in Figure
4.7 The action of luilding the sequential segment <takl
data structure is Dbicken down into three stsps. The first
steo kegins the formation of the tabls while the s2cond step
completss segmen+t detection. The last step captuc-es cther
informa%*icn and ensures tha+ intsrnal interfacing requirs-
ments are met,

The £firzst part of +his procsdure is acccmplished
+hrough the BLD_PFRIMSEGTBL procsdure. This operaticn passes
over the compiled codelist structure and detcermines where a
subrcutine s*ar*s, s%*cps, or issues a back jump commani, arnd
locates thas terminal points of the back jump commands. ZFach
of *hese foints is called a critical point. Wher detected,
each cri*ical point is irnser+ted in ~he segment <=aktle data
structure under the header node ccntaining the TI-59 subrcu-
tine code name which is bzing procassegd. In additicn, each

of the jump commands with their ini<iaticn and terminatic:n
pcints are inserted into the structurs. This completes =hs
first major step.

The seccnd operation is accomplished througa <he
BLD_ALVSEGTBL procedure. In this procedure the ini+ialized

data structure is fleshed out. Up <o now only cri+ical
Focints have b2en inserted. As th2se are points and are not
double ended, segments have not Dbeen delinea*ed. This

procedure examines the segment 3ata structure and adds
Foints ¢¢ delineate where a segmant stacts and ends. It
does this by sub%racting one from the pcint following i+ and
taking this to b2 its end gpoint. This r©ssults in a series
of recoczds waich are all covered by aa iterztive backlocp,

wich the excepticn <c¢f the £first rescori. This is noted in
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?ﬁ_ . the 1reccrd. Nexe, th2 procedurz =examin:s the r1o0disfisd
%‘ stzucturs and dsterzines by examining the addr-esses whers
b there ate holes in the =able These holes corrsstond %o
equen+*ial segments <hat are not covarad by aa Itsra=zive
tacklccrE. These reccrds are then iaserted into *he s*ruc
b ture. Lastly, adjacent segments that are covered are nerged
s ¢ fcrm cre raccrd rerresenting a sequantial s=2gment that
ccvered ty the largest itsrative backloop.

The ss=gment table structurs is comple<ed in %+ha last
called ELD_FINSEGTBL. In <=hiis operation <=wo

1

L. czocedure,
? p-imary thirgs happer. First, PROCESS_SBRSEGTBL =valuazss
A

" the ccmpiled code list and determinzs where <forward Jjuaps
i and subrcutine invocations occur. It inser<s <hess loca-
- tions in*c <the proper =sequerntial segmen=t that ccvess the
area whers the <call or ianvocation cccurs. Secord,
SETT_LENGTIH checks that each sequential segment dces not

violate +he memory size limit of <fhe «cal- lator. I+ dces

*his ty chkecking each sequential segment iccord and calcu-
lating a size. If the size is too g-ea*, then <he sagment
is divided in half and a2 new segment is inserted into the
vable. 1Ttis is no*t dcne for sagments tha+t ar=z ccv=aced Lky an
iterative lcop as this weculd Cspresent a break ¢f an itera-
tive locp. Cther acticns that must occur include r=zadjusti

rward Jump lists and subrouzine invocation 1lists if
diviesicn dcss occur. One inte-esting point werth notirng

5 b oea

that when the length check is mads addi+icnal steps

()]
ct

au
€ pcC

b
|

ok
3

allccated tc the actual length <c ccapensate for

o (n
tn

-3
o 0
'.l.

bility of prompting cocde being addad £or an inveca<ion

nh o

subrcutine that does not curcently reside in memory.
*he purpcse of L_ECSSBRK irn Pigure 4.7.

v
..
=

The data structure cpera+tional procedunr2s access the
. data s*ructures *hrough vpointars which point tc the s*“ruc-
b #ures. The pointer tc the compiled code list is referred to

X ] - as BUILT_CODE. The poin%er to the saquential segment “arkle

e 66
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i s*ructure is called SEGTBL. Thess are +*he only da=zz which i
5 ace pas§ed among procedurss. One point to temember is thazt 7
E SEGTBL pcints to the header node list contairirg the rnames !
i of the subrcutines. The actual sequertial s2gment lisis %
E“ reside underneath the header nodes. K|
e Since understanding tae data structure and its ;
3 construction is essential to understanding the remainder of ’
El +he linker, an example will be examined to dsmons=rat<¢ the ;
L preceding ssctions. X
In Figure 4.8 a sample topology of a TI-59 prceqram S|
is given. It includes four subroutinas of various sizes and |

with varicus control flow irdizections. In looking at <he

diagram it is impor*tant to note the absolute address loca-
tions given, for these will be critical +o undsrs+zrnding the |
develcrment of the sequential tablzs. ﬂ

"
daaa

As was men+*ion=4d, <he st operation 1is <*he

b 5
rastructuring of the generated TI-59 code. Figure 4.8

f
-

T

Tepresents approximately this stzucturing. The actual ccde

B P ORI . T

line is rebuilt internally in the machine and is pointed %o
Ey pcinter EUILT_CODE.

Figuze 4.9 is +*“he comple=ed sequsntial segmzan=

e
tzable, without +the link=2d header node list. Tc understand

the2 ccncept 0f sequential segment a comparative lcok at

ot

Figures 4.8 and 4.9 must be mada. In Figure 4.9 the firs

o Aanle

sequerntial segment is defined as being be<ween addressas 000
and 049. This is reflectad in Figurs 4.8. when looking as

»r

E
:

the sequential record one sees that <he forward jumg infor-

mation is capturzsd in the fcrward Jjump list node which, in
this case, is only one node long. When looking at the

T e e

second sequential segmern*t one notes *that there is a nestad

.-L. voa e
La e B e =

tack Jjump. The sequential s=2gaent is defined to be =ha+

ror o wey
[ S

segment which is covered complately by back jumps. In <his

vyor

cas2 it extends from 050 to 199. If for snme <reason <he

0
¥ BN

tack jumcts shown in Figure 4.8 did not fuliy con%tain each

E
P
Lanta

0
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cther, that is *o say, one jump stazted at 199 and
at 090 and the other started at 150 and stopp2gd at O
the ccver wculd still extend from 050 to 199. The reascn is
that this region 0f ccde is probably caught iz an itsrativ
loop and cannot wunder any circumstances 3sustain & brsak
withir this cover.

Ancther point to be made is the manner in which 2ach
subrcutine's sequential segments &ar-e r=2corded tcgether. In
addition each invocation is recorded as is 2ach forward
jump. Curing the ccmpletion of <he table, invocatiorns to
the same <rcutines frcm different invocation locaticns are
deleted, thus leavirg only one link to +the callsd zoutine
for tha* sequential segment.

s

7|

A final poin% concerns ths recursive nature of

h
structure. By assuming that «he first subroutine is <h

ct
(1)

rpain rcutine and that 11l other 1lowar level —croutinzs a

H

«t

Y
bzlow i+ (in the sense that they a-2 pointed %o from invoca-
tion nodes) one can s2¢ tha+* any rcutine used to ccrbins
segments can ke used on any subroutine's sequential
segmen*s. This cpens the dcor for recursion *o be used in a
tottcm up recombinaticn scheme <o be discusssd later.

Many protlems wers encountared in the develcpment of
the prerprccessor phase of the linker. Only the most diffi-
cult or annoying %ill be discusse<d.

Cne of the first problems concerned the =mul*iple
meaning cf rprogram s*eps in the genera*ed TI-59 code. A
saparate TI-59 program step may bs either a commang,
register cumber, £lag number, or part of an address. The
meaning is depandent on the last valid ccmmand. Commands
can affect the interpretation of a program step as far as
three ster positions away (analogcus to the concept cf cre-
byte, twc-tyte, and three-byte instruc*ions in assembly
code) . This had tc be taken into account when dcing any

operaticn requiring an interpretation of the code. This
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Figure 4.9 Sequential Segmen* Table.
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resulted in special ccde sets being initialized and spscial
routines being written to print out labels and mcve zhe
©¢ shown in

[+1]

compiled ccde 1list pciaters. All of <hess=
igure 4.6.

Inpzcvements in this operative nphase cculd be csal-
ized. In the early stages it was decided %o sepacra
compiled code lists from the sagment <zable lists. This was
+o avcid accidsntal tamp=ring with the compiled code, since
“he integrity of the compiled code was +ha paramount consid-
eraticn. It wculd ke possitle <9 make the compiled ccde
lists a variant of the segment <%abls. Thern, ins+t 223 of
havirg relative pointer indexes o compiled code addresses,
an absolute poirnter could be used. This may reducs ths size
cf +the program significantly in <that types would ncw be
compatikle and a reduction in the rumber of output rouzirnes
due tc +he different types wouli bz realized.

2. Segmen

it
{5}

e

After th

linker rassas 1intc th2 segmenting phase of th2 opera+ice.

input file has been preprocessed then the

(]

The «rcutires that <support this phas2 are built into +*he
Fascal prccedu-e called COALESCE d2picted in Figure 4.10.
Tke irformal strategy called for +*he sequantial
segments c¢f 2 =subrcutine <o ke combined to form lazger
sequential segments. This recombina“ion would be allowed as
long as memory limits were nc* violated. This required that
invoked subroutines te ccmbined first before the caller so
as =o make rocm for *he invoked routine's code. If the
invceked rcu*ine could not reside then a break was placed in
the dyanaaic link to *he invokad routine and promptirng code
added <=c <“he caller's leng«h for aemory size checking

FUCECsSes.

71

A i o’




A

o ARG
. . . .
‘ .

L

af
Y

i b el ey s
f

‘e

e

Fr
”
4

-

COALESCE

SBRSUM

SBRSUML INK

CHK_SEGSIZE

INSERT_SBRBRK

COMB INE

MERGES

——

MOD_SUMTOTF Jwp

HODSUMTOTSBR

Figure 4.10 COALESCE Cortour.
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This strateqy has one major =c=q

(5]

uﬂ-—
invoked rcutine must te recomkined bszfore the ¢

[ I
ot
ll
(6]
3
o
3
(7}

a
reccnkined. Fcr this reason a «racursive so
adopted. In this sclution, <the maia subrcutin
kinzd. The first part ¢f +he recombination p-ccess is t
ensure that invoked subroutines will ceside wit h
sequential csegment. If a subrcutiae is encoun<erd +h
not ccmbined or coalesced, than the program will t=c
the new rcu+ine. Recursion will close ocut upon com
cf ccalsscing of a particular routine. When all the
tial segments have teen checked than adjacent segment
combinzd.

Ancther part cf +the strategy <alls for +the ccakina-
tion procsss to stop when a siz2 limit is enccunterd. When
this harrens then scme sort o< brsak notation anust be used
to mark where the 1limit wvas exceeded =0 as to prevent
produc*icn cf code sceqments that exc=ed the memory capakili-
ties c¢£f +the calculator. After the break has been s2t then
the prccess of reconmtination begins oa the other side cf the
kreak with *the ncan-ccmbined segments, starting again with a
memory ligit of zero.

This proczss c¢f breaking and checking limits resul:s
in <he sequential =segment table con-airiag break points.
These zeak points delineate thes =zxact locaticns where
gcogram segmenta*ion will cccur. These points will mark
those pcztions ¢f <c¢cde which can £it in +*he calculazor
memory accozding to the rules o0f segm=2ntatizn <u%tlined in
th2 preliminary design.

The data structure *hat suppor*ts this s+%r-ategy is
the sequential segment table. No other struc:ure is used.
The cnly additior tc the structurs is the node refarred <o

3s a sukroutine invocaticn break node. This rnecde is

inserted tetween a subroutine invocation iis=< nods and <he

invoked <sutroutine sequantial segmen: <tabls. All cther
73

G-I S S I W S T - PR CEN T RS SO Y WA WY JNE NP PELESE SN SPEI ol 5 WP A YO -

ot _plee o

o i B2 nin it

e I

| Y

b

N . g . ’
ATV TUULITY DT ST O U O

P T




r_ R i i i i e i LR N A A A e it i e e e ds S B S aair e o e e S0t o e e cng B SL i e e o A
- . . 5 . . b 3 R Gl - . < i H

changes <o the structure involve «removing nodes and

?! combining adjacert irformation into one node.

E There are twec @najor activities that supgper= the
?f: above strategy. Tte ficst activity is the checking of a
Ef- segment and the second activity is the ccmbining of adj=cent

segments. Overseeing these activitias is a single driver.

This tcpclogy was suggested by the recursive nature of the
scluticn. Ths procedures which suppor:t these activitiss are

shown in Figure 4.10.

The driver is represented by the Pascal procedure

-

COALESCE. This routine is called whanever a nesw subroutine

vy
i
Ol
.

is 2ncountered that has nct been combined or coalesced. The
interior Pascal procedure CHK_SEGSIZE vwverifies <tha*t the 4

.
YOk o

b CLI T

specific segment it is lcoking a+, together with 211 callied

-

subroutines on +the subroutine invocation 1list fer =ha*

e e o e 2
O
-

ssgment, will reside in calculator memory. This rcutine
uses SBRSUM and SBESUMLINK +c determine the lengtks
(;FH invoked routines. I+ Tecurses mutually by calling COALES
in +the event that an invcked <routine has not ye+t been coz
£

LB
“ 2 4
LN

v s7a

- O O
it

I:"l'l

. escad. It determines this by lookiang at a boolean
the segment +table. This field is s2t trzue if the sut:z

Su*
has been coalesced. The other prccedure, COMBINE, acccm-
plishes the actual combina+ion of adjacent segquential
segmernts. It uses <=he 1ength sedictor rou%izes
MOD_SUMTCTF_JMP and MOD_SUMTOTSBR to predict a combired
length whichk takses into acccunt any changes <hat migh* cccur
in “he sutroutinpe invccation or forward jump lists. If the
combined 1lerng+h is within 1limics <+hen a recombination
cccurs; if not, pointers are advancad. This means that any
sequential segment records which fcllow the initial sa2quen-
tial segment records are part of 2 new memory calcula%icn.

I3 cther words, any sequantial s2gmant links +that are rot

nil rerresent a Lreak between the liznked sequen<ial
- e segments. Upon exiting COALESCE, the subroutine that hnas
74
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just Db=en coalesced is marked as such in the ssqusernzial
racord's tcclean field reserved for that Information.

To visualize the result of the segmenting rchase
another lcck a2+ the example is provided. Figure 4.11 Z=spre-
sents a segmentation based on a me2mory limit of 550 st=2ps.
Note that cach of the invoked subroutines has been coalescad
into a single sequential segmant. Also nots +that a kreak
was mads in the main subroutine. This is shown by the fact
<hat the main routine is not a siagl=s segmen:z r=cord. By
examining +the table it can bee seen <th2t <the routine
labelled "C'" will be copied twice when the “wo memory sized
s2gments are produced.

To interface Letween modules in +this zecursive envi-
ronment several +things were assumsd or usegd. The first was
that the data structure would serve as <h2 repositcry of

lobal data. In addition, a variabls would ke used *o k
track of <+he current size of the combinirg memcry pregr
steps. This variable was passed as a paczamezer in crder to
preserve its value thrcughout the recursion. All pcinters
Wer2 rpassed as lccal paramezers. This preserved lcca*ions
in the da%ta structure as the algorithm progressed thr-cugh
the different levels c¢f recursion.

These operations did =require socme other work in
crder t0 ottain valid dara <hat would cor-ectly calculate
code lengths to include mul+iple copies of subrcutires. The
problem cccurred when there were mul%iple invccations t¢ the
same subrcutine from differen* segmen:s (or =2ven differen+
subroutines) that up to now were all includ=d in *he same
memory limit calculation. To solve +this another £field was
rlaced in tke segment recerd to indicates whether or not the
particular routine had been included or nct in length calcu-
laticnos. Whenever a sum was calculated and a <rcutine
included ther the field was set “rue. WheLever a new @emcry
limit was reset back tc zero following the implantatzion of 2
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i 0 N
poo Q0 1
289 319 ]
]
1
LeL C NTI
NTI 0 N
N 1 420 | T
120 1 519
419 1
NI
J
LEGEND . =
SEGMENT TABLE NODE e
NI
LBL D F N (SIGNIFICANT FIELDS) | nesT N
580 I START_a00R |
£20 1 .
NI STOP_ADOR T
SRLIST
F_JUMPLIST OR POINTER T0 | NEXT
SBRLIST NOOE INFORMATION | PTR
ABSOLUTE POINTER .
RELATIVE POINTER G —====ama
NIL POINTER NIL  or D

Pigure 4. 11 Coalesced Segment Table.
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SYSTEM UTILITY procedur=s was used t7 ct=3e

This means <+hax only

treak pcint, a
all the included £fields back to false.
one ccpy c¢f a subrcutine would be considered for each calcu-
lator sized meaory ccmputation.

Futur2 implemerntations should devalop a bertzer
methecd for recording whether a segment is coalssced or

included. Th2 inclusion of this field iz *the segment +*akle

record was a "quick <£ix." This fix resul<s in wasted
orly used in the

improvement would be to use anothez variant

storage as it is first record for sach

subroutins. An
daza, wicthk the 2xcer=ziecn of

necord t¢ record all current

coalesced and included information, £for alIl other sequenzial
segment ncdss other than the first sequarntial segment node.

This would save memory.

3. [Ecst Processcr

After the segmentaticn phase, the linker rpasse
+*he pcstpriccessor phase. It is this phase that preovides *he
raquirzd output for +the usar.

The informal strategy Jdivides this phase into three
distirpct operaticns. The first opesation designz*ss +he
of sach

which meet the memory

start calculator siz=2d sagment of col=, Thess

segments, requirements of the calcu-

lator, ars refsrred +o as wmemory wmodules. The seccnd

cperaticn ccpries the required ccde iate each segment and

ins2rts instructions *hat are

reeded fcr

corsists cf oupu*ting the segmen+ted - code in 2 user fr
om

P

any segmentaticn frompting

successful ccde execution. The 1last cparati
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ins*ructicn sheet fcraa+s. This €

actions.
several

In crder to support the iafcrmal strategy,
s €

data siructures are u Wwo of which were described
They are +he

At this

earlier. table and ths compilzad code

list. point the s2gment table has been ccalesced
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i G430 ard contains the locations cf the segmenzaticn breaks that

e,
¥

will rivipize card reads. The compilad code will be ccpizad
d

o

1

al

by segment as delineated in the segment table. a

n

structure is built in this phase and 3 four+<h structure 2
provided with t+he prcgran.

The <+hird structure 1is refered <0 as the nmenmory
S 2 Pascal variant of <=he

(28

module da*a structure. e
segment table, vhich allows compa*ible pointer references
tetween tlke two cbjects. The s+*ructure ccnsists of a linked

list of head nodes, which are ramed by r=spective memc:y

module number. They represent one calculator's werth céf
available memory prcgraaming steps as determinsd by <he
calculatcr parti<ion. Zach node of this linked list pcints
*o twc lccations. Cne location is o the first sequerntial
segment table rt2cord node £fcllowing a segasn*taticn break.
The seccnd lirk is tc the copisd coda that will make up the
programrirg steps of the maemory module. In Figure 4.11,
there would ke +wo memory module headsr nodes, The £irst
header ncde always pcints to the first seguential segmsnt of
+he main subroutine. In *he example <this first memcry
module wculd be pointing to the nods beginning with address
000. The second memcry module nod=2 would poin*t +£¢ a reccrd

zhat fcllcws a break. This would be <tc the segquen+tial
segmert ncde beginning with address 290. Just as there are
o o cther breaks, there are no cther memory module necdss.
r@® The other pcintecs wculd point 2o a linked 1list cf ccde.
The copied ccmpiled code 1list is a parct cf +*he
% mnzmory acdule data structure. It is ano*her Pascal variant
cf the same recozd tyre. This list is similar in structure
'@ +c the ccopilsd code 1list reproduced during the prsorocessor
- phase. 1Tte canly difference is in typs. Ano<hzrs Jiffzere

nc
gL is tha% +here ar2 no jump pointers or dyanamic poin%ters indi-

t

£

B cating a change in £lcw cf con“rol. The stiructure is just a
'@ - linked list of sequen+*ial code. Thi® gLTuctate ie ¢ointead

73
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I

tc by the memoc-y module header node. Azother peint €¢ Ef
made is <+hat the lirked ccde 1list, when complzzed, d:z2s
contain cthar code tha* is needed for prcmpting. As such i+

is rct a cne for cne copy of ths compiled cocde list.
lastly, a look a+t Figure 4.11 will show exactly the ssgmernts
cf ccde that can be exp2cted to form the two memory mcdule
structures. By lookirng at th2 sequential segm2nt ncdes and
ell

raquired ccde start and stop addrzsss2s are given. It is

J-

(h
Ul

fcllowing their dynamic pointsrs of th2 subrcutins 13i

this "leck down" facility of <he sequential sagmant takle
that make it so useful.

The fourth data <cbject is provided with the Iinkesr
program. It is a *extual fils which contains text messages
which are used by the linker. Each message is dslineated by
a $XXX whers LXX is an integer. The linker, when provided
the number portion c¢f a message, can easily loca*e <the
message. Cnce locat=d it can either 2xtract values or ccpy
the message verbatim to 2n output fils., This is what occurs
during “he fcrmatting of the instruction messages.

w
Y

£
~

The operations <hat build and maripulate +he d
structures function in three phases. Figure 4.12 is the

0]

contour diagram of the subroutine <that supports thes
cperaticns
The £irst operation is the construction of <+he
hecader memory mcdule nodss. This 1s accomplished by +the
Pascal prccedure BLD_MEMODULENODES depicted in Figure 4. 12.
This gzccedurz <*raverses the segm2n= table and lcoks for
break pecints. when it finds one, it checks *o sze if the
kre2ak has already keen detec:ed. If i+ has nc¢t beer
det=cted then it builds +he header node and assigns it a
memory mcdule nusmber. The reason for- the chsck is that =he
traversing mechanism 1is based on recursion. In
trategy, traversing is begun with the main subrcu%ine. In
Figure 4.11 this would correspond %o subroutine LBL A, ncde
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,i
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|
Y
'__ NOT_IN MOOULELIST 1
- 3
o By
" ).
ti 4
4
8LD. . 8LD_A Y
MEMODULE- FORM_MEMORY J
CODE parx_1nvoxen| | | Process_skc |
[~COPY} [ K00 ‘ ]
= (T [
LFInv0_LoL
COOE PODETH &
feencone_s|
OUTPUT_INSTR e ]
OUTPUT MSGF1 | |
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start address 000. It then searchss right along <h:z seame
subrcutine tc det=act all breeks of that subroutine. Then 1<
resets btack to <the start of L3L A and begins to <check the
subroutine list of each rnode that comprises LEL A
Recursion is implemented at this point when <+the subrcutine
link is traversed and ancther csubroutine is discovered. 1f
a break 1is disccvered in the subroutine list then aancther
pemcry headsr ncde is built and the program bypasses tha
treak and recurses on the next subrouzins. This traveresal
mechanisz lcadls to multiple discovaries of fthe same breaks.
Cons=2queatly, <the check 1is made to ensurs amultiple ccpiles
are nct rlaced in the memcry module h=ader 1list.

The next operation consists of copying ccde fz¢cm the
ccmpiled list, resetting address key codes for Jumps and
adding prcmpting code to each sp2cific nmemory module code
list. Figqure 4.12 contains  the Pascal procedurs
BLD_MEMODULECODE which accomplishes the above tasks. This
is don® Ly moving dcwn the memory module header list i a
sequertial fashicn. At each header, the link to %the s=gment
table is traversesd tc detarmins exactly wha* segments of ths
compiled ccd2 are to be copied. This is +hs duty of
BLD_A_MEMCRY in Figure 4.12. Once the start and stcp pcinis
ace determined and copied <hen =cecursion is utilized <o
traverse tie subroutine 1links o0f <the sequential segment
t2able +to cbtain the required copiss of resident subroutires
to sugppor* the functicniag c¢f higher lavel sagments. During
this opsraticn the ssgmsent table is used as a "check pad,"
that is, ccples ars marked iacluded 2fter being copied and
are reset upon comgletion of copyiag. Anrother function

accomplished durirng +the preocessing of a memory mcdule
+ 1s the addition of prompting code. Lastly,

sagmen
addresses are reset and justifisd to include <+the fesetting
cf jump address key ccdes to reflect new jumps to interrnal
prompting messages and the absolute address of the crigi-

nally ccempiled ccde 1list.
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. i Cnce the mencry module data structuz-e 1s ccapls<ed |
. +hen ths structure is presented to “he user in an izs=zruc- L
J tion +*ype c¢f format. This is the purpose of +he Pzscal ;
ﬁ procedure OCUTPUT_INSTR. This procedure utilizes <wo data j
; +ructures. It uses ths prcvided nessage fils structure and ;
, the memory module structura. The first acticn is tc outpnt J
E the instructior introduction. This the ©procedurz dJdoes -f
Ei through the use of the message fils and thz SYSTEM UTILITITY
E programs FIND_MSG, PFINTLN_MSG and PRINT_LINEMSG. These zare X
3 depicted in Figure 4.6. These proc=2durss allow the linker E
G o copy vertatim messages in preformatta2d fcrm. Oncs +hi Y
: is dcne the procedure ccpies the codelist from each of %h=2 -]
E mnemory module 1lists cf code. Ornce a specific mcdule is e
1 copied tte driver routine, CUTEUT_MSGF1, prints cu* specific i
3 irformaticn t0 delineate s2ach memory mcduls. After this 'g
z acrticr is accomplished, <+the prccedure traverses the ssgmen+ 1
b table and prints cut additional user information that will i
aid the user in the execution of his pregram. E
Interfaces between modules are accomplished as usual 'i
with gointers. These pointers point *¢c <their respective .?
data structuras. Glctal information is zecorded iz *hs da*a E
structures or in special glcbal vaciables which aze passed i
L

as parameters during reacursive cpera=ions.
Cne majcr prcktlem that was =2ncounterad and sclwved in
an inte-ssting manner conceras +*he formatting of *he cutput.

The vas*® amoun%t c¢f instructional infoc-ma<ion that was

Aﬂ' gsin ‘eoalalw o

rsquirsd +o be output made inciusicn in <the source ccde

MG DU CE Y B O

ridiculcus. To solve +*his, <the message filz system was
devalepzi. This system consists of a text Zils ccntainiag
preformatted messages and a several procedures lccatzd in

the SYSTEM UTILITIES cor=tour in Figur= 4.6. Each message is ol

delineated by a "$" and a number. Two types of messages can ;;

be prccessegd. One kind of message fesults in a compleate ;

copy frem the £irs+t line following =he aessage ccde (3XXX) ;}
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by PR dewn to the line preceding *he rna2x* "$" encoutere<d. Ths

%! ’ cther messages are ore-line messages which ccpied until <%hz :
A wgw a3+ +he end c¢f the message. This gives the prcgramger

- the capatility to write out blocks of tex* and to wri“e out

+ext and computer generated information on ths same line.

Arcther capatility providzd by <he package 1is zhe

{Tﬁ.

ability to sea-ch out messages from other files. Thes rroce-

vy
] .
f

dure FINC_MSG takes as parameters a file as well as 2
e

—

.

message numkter. This facilit sllowed the 1link

Cate ot
.

loosely ccurled with the cross-coapilar by ZIaterfacing with
P

iler.

2 msssage number coded fils produced by the cross-ccn

.u]ip

All tha%* the linker needed to know was under which nurkter

1

required piece <c¢f information was coded arnd +he interfacz

A EAMASA S Al o g
. .

e .Ti

file pname tc affect an interface.

An improvement might be realized iIn the ou*tput of
th2 generated code 1list. Currently <here are two sagpaca%?
sets ¢f rrccedures tsed to ocutpur code lists. This was

el B B o o o R R R R s S S Mo Ve T W B - ——— W - - — - o

primarily due to typing differencss. However, the seccnd
set cf print procedurss loca*ed in INSTRUCTIONS (see Figuz=
4,12) <is rprobably mcre efficientz. Furthermors, if the
recorstructsd code were changed <to be a variaat of =hs
ssgment table structure then a redaction In Pascal ccde
lin2s would be realized through <he ¢limina*ion of a ccde

lis¢c crcug cf printing procedures. A further increase ina ]

P

efficiency may be =realizad ir any operations <c=zquiring use
£ the rsccnstructad compiled code list.

0

C. INTERFACE ENGINEERING

In any detailed design, car=ful consideration mus< he
te

given to in“erfacing criteria. Irnterfaci ria should

WEN T SR W R BN - s

o
te as explicit as pcssible, however =hi is not always

pcssitls. Sometimes, design d2cisions or sngianesrirg intsc-

|

Eretations have implications *that affect other mcdulies or
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submcdules. These ars gensrally of an indicect 2a&=u
+hat the interface is implied in tne system structuze acnd is
not explicitly passed from mcdule ¢ module.
Thess types of interfaces surfzce in the ds¢

phas<. Decisicns regarding TI-59 add-ses
structure c¢f the TI-59 subroutine greatly =zffe
design. In addition, assumptions about <the use
tured programming and *hs prohibition of «r=cursi
programs facilitatzd system desigrn. Simple redefini+icn of
the use cf WBASIC commands READ/DATA prcvided =

£ I/C, tut again was an implied intecfacs. Th=
implied dinterfaces will be examin2d in the £fcllewing
sections sinca thsy are critical to unde-stazding <the
cperaticns and to future maintzapance.

1. 2Addressiag TI-59 SBR

Cre impliesd ntarfacs resulted £from a decisicn on
the mecharism of subroutine invocation which would b=z used
by the systanm, This decision arose £from the fact that the
TI-59 calculater may 3invoke subrou+*ine ccde 1in saveral
different ways.

Tc und2rstand why a decision was required a lock 2t
“he subrcutine naming conven=ions arnd prccedure for irnvcca-
£ion ars dn ordar. A subrou*ine =rname is composed of twe
program steps. The first step is the keycode 76. This is
the LBL ccée. I+ %tells the calculztor that *the next k=2y is
a subrcutine nanpe. The next pragram 3tep is the actual
subroutine name. The keys which may s2rve as actual sutrou-
*ine rames may be one of two *“ypes. Tas fizst +ype ccnes
from keys which are undefin=4d. Tha< is tc say the kizys are
nct used by the calculater <o perfsra calculator functioans;
“hey are strictly «reserved for naming subroutires. The
cther tyre cf name ccmes frem defin=d k2ys. By this we mean

that <the calculator uses <the Kzys 1in some £fashior in
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additicn *o namirg svutroutines. Thes2 k=ys are cvarload:d:
they can have +wo meanings.

Tc define which meaning is to De interpre=zed <the
calculatcr reguires that a subzcutine definition bs precsded
with a special key called the lapsl k2y. This alezts the
czlculator <o thke fact that the next program step is a
subrcutine rame. Tc invoks a subroutine, the calculator
requires double meaning labels to be precesded wizh a special
key called the invocation key. This alerts the calculazor
to the double meaning much as the label key. For urésfined
keys, this alart key is not required thcocugh i<s uss will net
altsr any transfers. Ther2 exists arocther methecd of
invoking sutkroutines. This calls for the invocaticn aler*
key to be follecwed by &an absolute address. It is th=
duality cf meanings which presen<ed problsaus.

Tc overcome these problems <+wo decisions were rade.

The first decision <ztequired that 2all undefined ksys be
tzeated as if they were defined keys. This resul=ed in cnly
cne cass *¢c be develcped tc handl2 subroutine ramirng. The

penalty for this decision is that 2an added step was genesr-
gted whenever an undefined k=sy was usad as a lab2l and a
call to that label was wmade. The othar decision disallcwed

the use of absolute addresses in *he subroutine invocatica.

all invccaticns would use labels. This decision carrzizd =2
penalty ir terms of exacution spezd. The calculatcr must

s2arch gprogram step memory =o locate named subroutines
whereas address references can be reached dicectly. On the
othar hard there are sevaral benefits. One program sStefp was
saved sincé a latkel requires c¢cnly orn2 st:p whereas an abso-
lute address <cequires three. The other benefi+ permiited
*he definition of the 1inveccation alert key as a +wo step
instructicn and not a twe or threz s+2p iastruction. This
was the primary reascn for this implemerntaticn. All of <he

systen was designed with this decision in mind.
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[ ; 2. Structured sukroutipes
] A prcblem arcse witk the defining of subroutinss. ;
P The «calculator permi*s subzcu<ines <o be defined wi=hirn ]
other sutroutines. Though <*his in Ztself is nct extracrdi- -
. nary, *hke fact that nested definitions may be clesed cu: .
u with the <came sutrou:tine <rT2*urn key is not usually )
; b,
permitted. This type of structure made subroutine detzaction -

for segmertation purpcses very diifficult 3
: T¢ solve this pzoblem it was decided <tc allow oxly
d structured subroutine definictions. That is =o szy, crly cna
& return was rermitted for each labzl. In addition, it was
) decided to disallow nested definitions. In fact, the d=ci-
- sion was made to reguire tha+t the programmer position his
p main program first in WBASIC source cods and *o have all of
- his subrcutines follcw in the manrner described above.

This interface design decision tforced a specific

gprtogram structure. This structure was easy to detact, cacsy
to compile z2nd easy tc segment. These benzfits were real-
ized at a cost cf nct being abls to generate efficient or
"tricky" code and of reducing *he programmer®s lseway 1in
develcring his WEASIC source cod2 program st-ucture.

3. Becursio:n

Although TI-59 calcula<or instructions +tend t¢ be

evasive on the subject, <cecursive programs can be executed

in a few spscial situations. Soma BASIC languages sucpor+
recursicn, cthezs dc¢ noe+. Although +=& WBASIC langrarjs
suppecrts racursien, limitations iapos2d by the calcula*or

forczd us to disallcew the transliation of <recursive scurcs
programs. C+her reascns for this decision involved cocmplex-
ities which such programs would present to the linker.
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3 4. Inpus/Qutput

[E\a The development of the input/cu=put structurs was :
hi designed arcund <the +thres major 1limizaziorns of <the calcu- i
gé later: prcgramming steps available, storage <Tegistars 5
'ﬁf available, and the calculator numeric display. In crder %o :
FI develcp an efficisnt system to allow for input and cu*put, E
3

restrictions were placed on scme WBASIC commands.

Since the calculator display allows only numecic
input and cutput, then any information pass<ed between a
human operator and the calculator must be irn numeric form.

] r*'v?.._ LA b i A
.,. 3 -
% 3 R

“ 4

Promgpts used to communica%te with <the auman must be imkedded

OB |
e
oot

in “he compiled code. In *he case o©0f input and output,

s

"%

T Ty
. By
-

these rrempts have an cverhead in that they use up valuatle

4
~ ]
. N . -

F' programming steps. For example, with c€ach INPUT ccmmarnd in
L WBASIC, a total of seven sieps are gensratsd to prcduce a 1
. ) - 1
promgt and store a value in the calcula<xor. The prcblenm K

|
wl

with this cccurs whern large numbers of variables need %o be
input. If 60 variables re requir2d £for input then the
INPUT ccrmand will generate 420 steps. This is <clearly
unacceptatle.

Tc sclve this problem “hs semantics of <+he WEASIC

commands READ and DATA were mcdifisd. Us2 of these cenmanis

within a scurce prcgram dces 10t incr2ase <th2 number of i

FTogram steps in the traaslation. A table of WBASIC vari-
s

able names assigned to TI-59 == tecs is prcduced and

[= e

Flaced in the interface file. This allows the human to

’ —S

input all of his data pzior +o exscution without having to

)

pay the rpenalty cf generating extra promp+ing code.

Ancther decision concerns th2 location ¢£ the DATA
and REAL statements: All DATA/READ pairs mus%t cccur
tog=2ther at the beginning cf the progranm. The reascn for

ey

this should be clear. I+ would be impossible to0 place the

PSR S S |

commands in *he middle of +the program because <hey wculd

§7
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have no effsct. With the exception of a single NOP (shich
is elimina+*sd during peerhole optimization), thess comnmands
generate no ccde. As a result, ao run-time modificatica of
variakles can occur. Purthearmoze, DATA/READ statements
placed within 1loops would invalidate +the DATA to READ
paprping, a static table.

The whole <fpurpose of the r2definiticn c¢f +4Lese
commands was to give the user an optional ferm of I/O0. This
was expected to increase <+he effici=ancy of “he gensrated
code. These decisicns influenced much of the desigr cf tae

systen,
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V. TESTING

The +test program 2and its generated cutput are grovided
in Apperdices K through P of this report. The test prcgran
was chcsen £for several resasons. Th=2 first resason was %to
test the actual ability of the system to produce a usatle
TI-59 coded precgranm. The second reason was *o attempgt %o
cbtairn an idea as to ths efficiancy of the system-generated
code. The following secticns preseat a description of the
tes<t program ard comment on the efficiency of the gen=zrated
code.

8. TEST ERCGRAM DESCRIPTION

In develcping a test program s2veral considerations had
to be taken into acccunt. The first considesratior required
that th2 generated ccde be verifiabls., To verify the gener-
ated code, i+ was decided to program a solution to a problenm
for which verifiabls solutiozs existed. Verifica+tican would
ke achieved if the =system-gern2ratsd solutions matched thecss
of the 2xisting solu*ions for <+the same inpu*s. The second
censideraticn was to attempt to arrive at scme sort cf e£fi-
ciency ccumparison between the sys<em generated TI-S59 prcgran
and an cc*irized hanéd coded TI-59 progranm.

The +est problem which was se2lected £it <the abcve
criteria. First of all, sclutions *o kaown input values
existed. This ensured proper verification of the generated
code. Sscendly, 2 Lighly optimized hand coded solutica to
the problem existed fcr comparison. The problem selectsd is
called tke “"Gurnnery Problzm."
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£ §
jﬁj AN The gunrery prcblem is to deteraine firing date fer a
?! howitzer cannon. It consists o¢f inputting the £cllcwing
3
- data: piece location, target location, fpicce correcticns and

i - = 5

- y . . .
RN 5

x ol . b,

15 o o7 P

hcwitzer tallistic coefficients. The output which is gener-

§
Id

ated ccnsists of time to target, elevazion to achieve targe
hit arnd the lateral deflection (an angular mzasurement) +9o
lign with the target.

Th= sclution invclves calculating a rangs t¢c target as

T
‘l" .
o

well as an &zimuth +“¢ the ‘target. The azimuth is *hen

-
(3

ccnverted to a lateral deflection, which is understocd by

the ©rpiece t¢ be the cczrect ezimuth on which to align.

Next, three quadratic equations arzs solvad to de<ermine

R KRR A2 ok
S

oM

e 2t

]
PR R

elevation, tim2 of flight and shell drit=z. These are

| L

b

applied tc +he lateral deflection and <o the picece eleva-
tion. A decision based on the calculated range to tazge% is
needed tc ensure correct ballistic coefficients are used in
the ccmputation. These cosfficisnts are bas=d on the charge
which is to be fired to achieve th2 range.

The hand coded version sclatiorn has been in us2 sin

(9]
]

1976.. The accuracy c¢f this version was checked by artillery
u

baliistic tables and ty the Pield Ar+tillery Digi<al Comfputer
(FADAC), +thes recognized source of all correct firing da%a.
By using this scluticn, vast gquantitciss of <est irnput and
cutput were available for program verification runs.

The hand develogp=d versicrn is highly optimized. For
example, the haad version stores esight numba2rs in £four

storage registers. This is accomplised by storing <the
numbers c¢n either side of the decimal point 1in a real
number. This real number is then decomposed in a subroutine
to okt*tain the ccrrect number. In addition, +his version
makes use cf calculatcr commands that wers not isplemernted
by the EAX59. For example, there is great use of the indi-
rect stcrs, decrerent and <skip on zsro and polar to
rectarngular commands. All of these <£features made the kand
codad versicn a highly optimized progranm.
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B. TEST COMMENTS

The WEASIC soluticn was coded using basically =he sanm
rrogram structure as the hand codsd solution. This scuzce
ccde is presented in Appendix K. The interface file yener-
ated by the cross-compiler is presa2nted in Apvpendix O. The
final output gecerated by the 1liaker 1is presented in
Apperdix E.

In verifying +he accuracy of the gensrated ccde, many
runs wers made using input data for which known scluticns
existed. There were no devia<tions from the known scluticns
in any of the test rums. The conclusion is that the gener-
ated ccde was accurate.

In ccmparing efficiency a common unit of measuremen+* was

needed fcr ccmparison. Thies common unit was chosen %0 be
the TI-59 gprogram step. The reascn for this is sinmple.
Both registers and precgram steps reside in the same memory.

Registers cccaupy eight progrirming staps. To measure how
much memcIy a prcgram uses i+t was only necessary to mul+iply
the numkter of storage registers times eight and add i+ to
the numker c¢i program steps t0o arc-ive a« 2 figure wich
measursd mescry usage within the calcula-=cr.

This was done with the BAXS9 gsnerated codz and +*h= hand
coded prcgramse. The hand coded soluticn used 441 steps and

60 registers for a totz2l step c¢ount of 921, The BAXS59
gencsratesd ccde used €52 steps and 86 registers for a +o%*al
step ccunt cf 1340. This repressntad an increasce over the
hand ccded sclution cf 419 steps or a 45% increase.

A time to soluticn comparison was made next since the
primary purpose of the BAX59 system is +o allow an indi-
vidual “c quickly c¢btain a2 prcgram capable of running on the
TI-59 calculator. Tc begin with, the hand coded versior was
developed by three individuals over a period cf several
wzeks., The BASIC prcgram used as input for the BAX59 system
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tcok «c¢rly cne perscn one day o wroitse and debug. The
utility c€ a higher lsvel 1language greatly simpl:fied <he
programrirzg process. It 1is this savings in precgramming
development which makes the desirapility of the BAXE9 sys4en

re2adily arrarant.

In looking at +the system-gencrat=sd program scme€ mcCre
comments can be made about where tae rela*tive cverhead
cccurs. 0f the total 652 programming steps it was noted
that 84 steps were due tc prompting code. Six stcrage
registars were used as manual rsturz r=2gisters whils cne
ragister was used as a *emporary display s*torage regis=er.
Another register was used in +*h2 manual subrcutine retur:n
prompting scheme. This totals for the Linker an cverhead of
148 proqgramzing steps. This Linker ovarhead z=presents 11%
of the total gererated steps indicating thet <the compiler
generatzd at least 34% more code than “he hand optianizsd
cod=d prcaram.

One last comment concarniag the acitual rsurairna of the
BAXS59 generat2d program needs <o be mada. In running zhe
BAX59 ccde i* was determined that time of execution becane
tctally dependarnt on the anouant of cards requirszd +*o be
read in and out. If the head r-eadasr in the calculator furc-
tioned properly, then this required smail amounts of time *o
accomglish. If however, the head rsader malfunctioned, then
the reading of cards became an czdeal. In addi+icen, +*he
user had +*c pay «clcse attention to the pregram gromgting
scheme cr he would become lost between caxd rsads.
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VI. CONCLUSION
In +*he focllowing discussions, the test program is evalu-
ated togetlrer with the actual design. Rased on this
evaluaticn several ccnclusions are drawn and -ecommendatioms

presented.

A. EVALIUATION OF TEST RESULTS

In examining the %est da*a, it is impor*an* *to realize
that this is cnly a =single tss<t. As such, it does rno:
represent +*he whols se% of BASIC programs which may be
exacutsd by the BAX59 softwars systeam. However, th2 t
does give ar insight into <*he actual efficienciess which
might be expected. While actual numerical date is aqiv
*these data should no+ be viewed as a statistical analysis of
the system. Rather, the data is m2ant to prcvide scms fream
cf referzsnce for the discussion of system efficiency.

In zxamining the test program, itz is no*ed that =2xcess
code generated arounts to roughly 45%. 0f *his, aprroxi-
mately 11% can be attributed to the linkez, while 34% can be
attributed to the cr¢ss-compiler. Although <+he total cver-
head ssems -ather large, *the r2ason for building the systan
must k= recalled. The pzimary r2ason is to facilitate tho
rapid desigr and implementation of prograams o the TI-59
czlcula-or. In view of thisz, it bacomes clear +“ha+* th2
cverhead is secordary %o the problem. OQur =ceal yac-dstick
fcr success is whether or no: TI-59 prog-ams can be devel-
cped mecre rapidly than hand coded programs. The <“ecst
program provides an 4insight into this side of +h2 protlem.
Develcpment *ime was abou*t ‘one order of magrnizude fas
compared to the hand codsd solution.
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This rapid dzvelcpment time more zhan jusctifies <he higa
overhead. This is true in most acadsmic applicazicrns, as
mostT Eprogram axecuticns are limi%tad in nature. IZf on xzhsz
ozher hand, a pregram is to be sxecu+t2d many +*imes, =hsen an
cptimized hand coded program might ke better <than <he
machine generated version. The £inal decision lies wi4h =he
usart. His program execution requiremsants, ard the amcunt cf
time he has available to design and build his soluticn, will

drive his selection.

E. CCNCIUSICNS

In view of the *arge* machine limitaticas, iz is grck-
ably safe tc concluded tha%« the system is a valid firs<+-cu:

prototype. The protctype proved the desirabilizy and feasi-
bility of the concept, tha*t quick calcula*or prog-amming can
bte realized with the minimum of 2fforzt. The following rpaza-
graphz discuss the rprototypes's 1liaitations 2n1d suggsst
reasons why *he current system is not ye: us2£ful &as a gcod
rzoducticr system

The calculator is ssverly 1limitad in nemory capacit;
The TI-59 calculator has only 959 program stsps for prcgram
usage. The ovsarhead in code generation and segmentation
prompts use uo 45% of these st= Together with the fac+
+ha< cnly three memcry partitions between program s<2ps and
storage rzgisters are available, <the 45% becomes a sigrifi-
can+ driving f£igure in calculator use.

The memcry problem res<tricts <he variztizs o©of programs
which may te written for <ranslation. Programs may not b=
writ+en which require a main routine having a long back jump
that covers a vast pcrtion cf memory. This is because the
linker segmentation <cules will be violatsd und=srneath the
agmernter will £ail +c¢

[1})

covered iterative segaen<. Th
segment. Thus, only programs which are sequential in nature
ace suitakble for the syszem.
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Ancther related rrcblem is that the smaller the mercrv,
the more segmentation breaks will occur in *he cods. The
more ssgmentaticn breaks, the aore card reads will be
ragquired to achieve a successful prog-am =2xecuticn. O0f+-en,
a problem will arise with the card reader c¢f the calculazor.
Like any piece <cf equipment with 2 motor and magnetic tape
head, it is faircly sensitive and prone to failure. If the
card reader fails just once in the sxecution sequence, +then
there is a high prokability that <th2 program will £ail %o
terminate successfully. The minimization oZf magrnetic card
reads 1is desirables fcr this c=ason as w2ll as for reduct:ion
of user thrashing.

Arother =restricticn occurs in the 1language sutset.
Arrays were rot ipplemented in +the first pro:totype design.
This limitation impacts directly on <the types of programs
which can be developed for and <ranslated by BAX59.

Arrays are used fprimarily for itesrative work. dithcut

[t

arrays, i+terative werk, whils still possiblz, is very
+

limited. Much computzsr power lies i bility “o =xecute

ha a
iveraticn rapidly. As noted in precesding pacagraphs, +his
limitation cccurs as a resul=z of the small meydTy capacity
of ~he machine. Because of this, it is £=21%t +hat the Ipple-
men+aticn c¢f azrays should occu-r when ths prototype =Ls
matched wih a mcre capable calculator.

We have sugges.2d major limitaticns of <he sys*em as i+
currently stands. For “hese z=2asons it is fel+ +hat +he
system should be viewad only as a <£irst worXing prcto*yr=.
Howz2ver, we fesl that <this prototypz successfully dsmca-
stra*tes +he <concept +<ha*t <the powar and =zfficiency of
calculatcr programming can be greatly sextended <hcoough

higher level language progranmming.
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C. RECCMMENDATIONS

If the coacept of BAXS9 is useful, then the nex: lecgical
step is to develcp the second prototyp=. The seccnd prc4o- .
type should no* t2 hianderzd by <the current TI-59'z
limita%icns. O+herwise, the next machine shculd be a more
practical one, allowing easy hand held calculator prcgram-
ming. Many firms now market machina2s which have built-in
BASIC language int=rrreters.

1. Hardvare Related Suggssticns

In order to avoid the majcr restriction, nadely
mEDOTY, the BAXS59 sys«em nust <target a larger capacity ]
calculazer. This calculator shculd have about 1C,000 :
pcogram steps and appreximatly 400 tc 500 storage registers.
A memory partitioning capability should be available *o
maximizs memory usage.

As a follow ¢n *¢c increas=2d memory capacity, the

i.. next trotoctyps should have a hardware device availables which
will enable the host computer to Jownload the gen=srated

calculatcr program intc <the targ2at machine. This wculd
eliminate hand punching program steps, which would bLe be

prohibi“ive on a calculator program cf 10,000 or more sters.

The linksr algorithm examines the dynemic structure
cf the prcgzam to facilitate segmenting the progran. gt 3
alogorithm segments sequential cods that is not cover=d by a
back loocg. It may te possible to use this algerithm in the

devalcpment of a single page swapring mechanism/system fcr 2
saall sicrccomputer. The purpose of the algorithm ip such a

AN B WY )

system would be +to segment a program “oo larges for <the
picrccomputer, in such a mannar so as to ainimize the numkar
of single ©page swaps with the systea's disk storage unit.
Such a sys+*em might ke dssicable for a small micrccomputer
in which memory is a problanm.

e

96

A




e
L

¢

=l

AALAT AR S S e 2
A P
.

S '
iil, g )
o s
. L e W ’

0
.

RS o

6 $Lxh

,

Ty
PR

T
[

]

T T T

i SR A e i e A S T S e i i i e i A S i i b i i T S T T i i e ey ~

(]
[
,.-l
L

A very us2ful extznsicn cf th=2 laanguage subset w

te <he inclusion of arrays. Couplad with memory =zxpansicn,
the capability to prccess arrays would make it possibles <o

do mcre iterative prcgramming.

A simple bu* costly <implemen<tation of single dimen-
sional arrays is, perhaps, the most rfeasible approach. Foz
each array declared, =three regis=ars will be requized *o
store 1indexing 2né access iaformation. Call +the WEASIC
racord fields which will stcre *the assigned register numbers
BASE, HOCID, and CALL. BASE storss the number of +the ac:cay
base register (array index 0). Daring assignment sta<emsxt
+-ansla+tica, HOLD s+tores the index for an array iden*ifiar

¢cn the left hand side of <th2 assignmzsnt s=-atsmen+t =qual
=

sign. CAIL storas *he index of any arcay idenzifier
curzenptly being evalua%t2d in simpls expression. Of course,
registsrs will be necessary fo:r storage of ths array itssif,
The simples+* “echnique is to require tha* all ac-ray indsx
rTanges start at zero. Additjonally, <here will ke no cun-
tims checking et ranga liamics. Wizth “he <£creqecing
restricticns, estima+ted TI-59 progzaa stap -=quirements £o:

o 2
translaticn of even siaple assignments Ziavelving singls
a

dimersicral arrays aze very high. Zvaluation o€ one arrcay
teference such as "A(X)" +4ranslates o 13 rrogran ste:s.
The assigament statement "A (X)=A(Y)" transiates <o 26 s<tegs.
A mcre ccoplex reference such as "A(A(X))" rsquires about 24
staps. Together with the namber of regis<ers reeded <*o

ore values a-d access da<a, usagz c¢f calculato: aemory nay
tapidly approach capacity levels with ar-ay manipula%icn.
Farticular arcray values are accessed with the IND

(ZadiTtect) Instzuctiens Cur basic szrastzgy is tc adéd +he

evaluatzd array subscript *o <he <regis*ter aumber I3 BASE,

&nd $%cfe it it BOLD (f6F Lef: side of assignmzrn+
97
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staterents) or CALL (for 211l o*hers). Wha2n a value is +c bhe
B0

assigned to an array elzment on 2 left of an assigrment -

YT rn-v-

s«atement, then the right side is evaluated and "STO IND® ,

Oy

HOLD stores *the value a+* the correct lccation. If it is i
Q‘ cnly necessary tc evaluate an array item within an expres- 3
sion, tker "“RCL IND" CALL <recalls the value of <ths :
approrriate iten. Mcra cefficient translation scheaes migh+
bz possitle; however, our <“schnijue has been tested on the
TI-59 calculator, and works well.

The most difficult aspect o9f implementatior is the
the task of installing the <translation scheme and a parsiag
scheme, Fcrtunately, <the BASIC language requires =2xplicit
array declarations using zhe DIM sta“2men-. Procedure PDIY
must ke written +*o0 parss thes= declarations, create symkol

p. tablz entries, and make register assignmernts. The SLCTRCD

record wculd n=ed an additional variant tag <type for arcray

e TR
’

- FoEp types, <¢all i% ARRIL. A slot with this tag would carry
‘r;ﬁ fields EBMSE, HOLD, and CALL in its variant par+*. Finally,

we wculd have to adjust the siampls =2xpression parsing aad
and PPRIMARY so +*hat they

could reccgnize array zeferences and act accordingly. of

a
code gensrating grocsdures PEXPR

s g
LI

I G I e E
..' 3.3 ..—":

ccurse, <+*here are other source c¢ode adjustm2nts that would

Ee necassary to fine tuns fhe sys=2m. However, this discuys-

sion has <sugges+*ed cur outliaes o¢f majur steps invelved in

deataia oo

array impismen*a<=ion.

gk L=

Ta.
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Descripticn cf Cemmarnd BReserved Wotds:

DATA: Ccea*e an interrnal data list (s=22 READ, KRESTOKE)
CATA <integarjreal> {, <ianteger|r=al>}

DEP: Cefine 2 single or multi-line function (see FNEND).
single_line: DEP <gp namep {<Darametef-l*s+> = {exgz>
aviti-line : DE £n) pame> <parameter-list>

-b3 dy of defini<+ion

FNENE

ELSE: Indicate iastructions *o execute if no IP/ELSEIF
ccrditions were satisfied (s=2e IF, ELSEIF, ENDIF) .

ELSE
ELSZIF: Cause execution of a number 92f statemesnts derpsndin
sn *he given ccndition (see IF, ELSE, ENDIF).

ELSEIF <bool=an-expr>

END: Mark the end-of-source in the program (las* lins).
END
ENDIF: Indicaze +the end of an IF-ZLSEIF-ELSE structure
(see IF, ELSEIF, ELSE).
ENDIF

EINDLCCP: Mark the end of a loop (sse UNTIL, WHILZ, LOOP).
ENCLCCE

FNEND: Mark the end cf a fauncition dsfinizion (se=2 DEF).
ENENLC

FOR: Mark tke start c¢f a locp (see NEXT).
FOR <fcr-var> = <expr> TO <expr2 { STEP <2xpr>]

.e.Statements to fxecuts 13 loop
NEXT <fcr-var>

GOSUE: T ansfar contrcl to the line specified, until a
RETUEN is reached (sez HKETURN).
GCSUE <line#> (Note: GO SUB is znot reccgnized)

GOTO: Transfer ccntrcl tc the line specified (see ON).
GOIC <line#> (Note: GO TO is not recognized)
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IF: (1) Cause *ransfer of ccn*rol <o either of wo )
sta*ements or QUIT a loop ispending on z cecrdi=zicn.
IF <tocleau—ex '> THEN <line#>|QUIT T-‘LSE <lipn=4>|1CUIiT]
TE: is an exception to ASIC which
cus a*g single Statemant aftsr THEYW
and/or ELSE.

(2) Cause 2xecuticr ¢f 2ither of a group cf
=°a+ements de 2nding on 2 coadition
(se=s ELSE LSEIF, ENDIF).

IF <lcclean-expr>
eesStatements to 2Xecute

ts
Fh

cxprassion TRUE

{ELSEIF <bcolean-expz> . .

(pLéi.statements to execut2 if 21d expression TRUE)
S L..statements to executa if none are TRUE]

ENDIF

INPUT: Transmit data frcm the termirnal to a aumber cf .
variables (see PRINT). No varlables stops 2xecuticn.

INPUT (<2xpr> {, <expr>}]

L3T: Assign the value cf an expression <o a variable.
{LET]) <var> = <expr>
100OP: Mark the bzaginning of a lcop
(see WHILE, ENLCICOP, UNTIL).
I0CE ,
<seStatements to execute in lcop
ENDICOE
NEXT: Matk +the end 2£ a FOR loop (see FOR).
FOX <focr-vaz>

ceeStatapents

NEXT <£for-var>

to execute ix loop

PAUSE: Stuspznd executior 9f the prcgranm.

BAUSE
BRINT: Trarsfor a series of values ¢o prircter or display.
I nc ex§22351cn is found, a line space will resuyl-+.
(ss2 CPTION)
FRINT {<expr> (, <exprd>}]

QUIT: Leave the curr-ent block (WHILE, UNTIL, LOOP).

CUIT

%EAD: Trarnsfer data frem =he list of itsms specifi=2d in DATA
sta*ements (see DATA, RESTORE).
REAL <variable> {, <variabled}
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ne is a com

REM: Indicate that the 13 men
also be used to

_ +._. The exclam
characzer (!') may in

metion
dicate a ccmau=rn=.

REM ([<ccmamentd> ]

RESTCEE: Cause the next READ statem=2nt to g2t data valuss
startlngDat the first item in “he DATA 1lizt
see RE CATA).
RESTCKE
RETURN: Transfer ccntrcl to the statemeat following the la
GCSUB ex=zcutsd (se=2 GOSUB).
RETURN

STOP: Terminate rrogram <xecution.

UNTIL: Mazk the <nd of a locp to b= executed urntil +h= given
ccrdition is true (see WHILE, LOOP, EVDLOCP).

IC0CE
eesStatemants to &Xx
UNTIL <koolean-expr>

cut

()]

w

in loop

WHILE: Mark *he beginning of a lcop “o be exacuted until thse
iven conditicn is no longer =wrue
?ecn LOOP, ENCIOCP, UNTI L?

WHILE <koolean-expr> )
sessStatements to exccute in loop
ENDLCOF

CPTICN: Set/resset boclean +oggles within BAXS9 to cecrnircl
enperaticn of output files.
AUTION: This is no+ the WBASIC OPTION!
This OPTICN should be used only after
a correct WBASIC progranm has been .
constructed and is r2ady fc: translaczior.

CETICYN <opt-parm> {<cpt-parmd>}

where <cp*-ga*m) (option parameter) is
an_intager range -8,.+8;
sign indicat2s the direction of-toggle;
pos&itive = true/on, negative = false/cféf;
sign 1s assumed positive if omitted.

',I

generate linker interface fi :............_alse
generate ccde for PC-100 pPriDiClececceccececestlUE
éptimize cut unnecessary abenbheses......true
cptlmd-ze Cut unnecessa”y OP Soooc ee ......-4.1]°
translated TI-59 code 16 lis* EBlS R sraver =t e EE UG
contents cf symbol %able to list filé.....false
contents cf code structure to list file...false
cach lexical =oken to +*=2rmi nal............ﬁalsc
€ach lexical %token %0 1list £ilQececececececaa..Lf2lse

DNONEWN a0
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.- - Description of Suvpplemental Resesrvai Words:

P F.'T ~
’
=z
o
3
(1)

Negate a loc¢lean =xprassion (sesz

NOT <tcclean-expz>

STEP: Desigpate the increment (decteme
variables (see FOR).

FOR <fcr-var> = <expr> TC <=2xpr> S

e P
- M
eat
E et St
. .

THEN: Mark the beglnn¢ng of the *zue b
criented IF statedsnt (see IF).

TO: Yark the expression which rspres
value of a for-variable (sss FOR

FOR <fcr-var> = <expr> TO <expr> [

oo~ i
gy

LA

Symbcls ard Operators:

L:, -
. ElaZsas s Ses==s

F‘ <> c* eg al +
1 less t£han cr equal =
>- greater than or equal *

*k taise %o the powerl /

< less than {

= > greater than )

RO = €qu gal c . ¢
“".“’-"‘ ! end of line cmt .

I¥, WHILE, UNTII).

nt) value ct
(dzfaul+

TEP <expr>

"o
+m
o)
~ 0

ranch of 2 line-

IF <toclearn-expr> THEN <1line#>{QUIT [ELSZ <iine#>(CUIT]

ents the limitiag

)
STEP <2xpr>]

addition
suktractica
multiplicaxion
divisicn

cpen exprassion
closz =xpressicn
list itenm sgpazator

decimal point

Special Characters: .
“{3c= reserved words--rzcognized d;rectlx wizhin
=he scanner without refsfence %20 the RW tarls)

& Signifiss that the currsnt lins is coxtinued on the
neX- line cr is a con<inuation of the last lirn=.

C01Z20 REM This ccmment ig to long for one line, sc it ¢
CO0130 & must be con“inu2é cn The nsxt line.

_ Underscor2; used within variablzs identifisr names to
assist in readability; alsc ased tc designate a user
defined functicn idef<ifier.

LET FINAL SUM_VALGE = FIRST_VALUE + SECOND_VALUE
CEF FN_FATTORIAL...
L’.}.
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ABS: ggg%:?s the aktsclute value (magnitude) cf paramete:z ]
ES (x ’
t
ACCS: Returns the arccesine (in radians) c¢f parameter
ACCS (x)
ASIN: Returns the arcsins (in radizans) of parame<+er i
ASIN (%) :
i
l, ATY: Jeturns the arctangen* (in cadians) of parameter |
| ATN (x) i
| .
b €OP: Returns the cctangen*t of paramster angle in zadians :
b CCT (x) !
£~ CscC: Ksturrs the ccsecant of parametar angle in radians 1
CSC(x) ‘
re {
I EXP: Returns the value of 2 rais=ad t©95 *he power x
£ EXE (x) :
b 2L Returns the fractional par*t and sign of parameter X
2 TT (x) ]
h ‘. Ip: Returns the inteqger par= and sign orf zeal parame“e: g
% IE () !
. L0G: Returzas +the natural logarithm (basa e) of parameter 1
;‘_ I.CG (%) d
ke 10G10: Re*urns +he lcgarithm (base 10) of pacametsrT ]
'~. LCG10 (%)
s, EI: Re+urns the value of *he ccxs<ant oi
o (El = 3.7141593 WBASIC ==> pi = 3.13159265359 TI-59) :
b-°.~ P
' RND: Rs+urns a ps2a2tdo-randem aumber in the range (0,1)
¢ KNC (X)
re 5EC: Re*urns the secan* of parameter angle in radians
’ SEC(Xx)
i STN: Re*urns the sire of varame<tar angle iIn zadiarts
- SIN(x)
i SQR: Returns +tne square rcot of parameter
l;. SCE(x) .
= TAN: Retuzns the tangent of parameter angle in radians 1
i TAN (Xx) ]
e e j
- )
b 104 ;
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APPENDIX
g

CONDENSED BAX59

B
SER'S GUIDE

This guide is Intended o b2 a us2ful compendium of
impcrtant pcints +he user should coasider when preparing,
cross~ccempiliing, and linking a WBASIC source program with
the EBAXS59 systen. Included are suaggest2d4 programming *ech-
niques which will op*imize ané imp-ova -esultiag TI-59 code.
some c¢f +the infcrmaticn contained in the design documen+t is
rep2at2d rere for the sake ¢ consistency. Theze azz a fsw
Frevicusly urmen*ioned items, many ¢ which ars ssse

successful use of the systenm.

1. Whether ycu are translating a prawritten WBASIC prcgranm
cr one which ycu are wrizing yourself, review i+ for

ccr.s«ructs and functio whick are not 1inmplemenzed in

ns
Ba¥5%S. Use Appendix A as & quick reference for <his
Eu-pcse. Findirg andi 21imina<ing unimplemented func-

ticns is mcr2 important than coastructs. BAX59 will

detect and repcrt coas<ruct subset errccrs, however,
et u

e varilatle

ted func*ionsz are ass

0ol takle as
as a resul*
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unisplemented £
Every 1line c¢f +the source program must have a line

B
0

WS e
)
(38
.

s

numker, including blank linss. Bvery line rnumkar must

ke iz chrcenolcgical order between 00000 arnd 99999

exclusive.

trt
=
_.I_‘ij‘l U S )

ORI (i
I%;
[ 2

2 W O

3. The ¢nd of the source file do0es 1ot require the
sta%tenent; however, whenever an END s%atemen

’

W e
e .
)
¢

epccuntered, ths end of the source program is assume
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and <translation nal=s. Tha ZND s+tatseaent will et
generate a TI-59 pIogram stop. If you aesire tha< 3
TI-S9 program halt gracefully, you mus* use the SICP

statemart (s) in the WBASIC sourc:z code.
There is rno overhead invcived in using biank lines or
comments. Althcugh a NOP is generated for each, it is
subsequently o¢fp+timized outr during resoluticn. This
also =allows wunccnditional jumps <o such constructs
withcu+t cause fcz concern. However, such practice is
pot reccmmended and will harmper debugging.
Ycu are strongly urged to practice structured prcgram-
sing. While an urs<tructured progzam will be
translated, i*ts physical ccrrespoadence 7o the criginal
WEASIC source ccde is likely tc be 1ass reccgnizable.
Also, such 2 translation will ver-y probably coniuse the
linker. Ensure that your subroucines have <c¢nly cae
en+ry point anad c¢ne RETURN, o<therwise you will defi-
pitely confuse the linker! In order “o iImprove *he
chysical correspeondence between source and trarsla+ion,
ycu are_encouraged to use blank 1lines and ccmmeéencs.
This will usually assis= in debuggirg, 1f requir=d.
Th2 structured crder of WBASIC program parts should be
as fclilcews:

A. OEFTION statemenz (for B8AX59 caly)

B. DATA/READ statements

C. Main Body (including & at l2ast cne STOP)

D. Furction DEF's and Subroucines

E. END statemnent
Note: The 1linker sxpects <0 £ind +*he label repre-

B g

g the mair body (LBL ) 2as the Zirs
e
re is only one +type oI nauaeric daza: rza

1
ers and reals are both ccasidered rceals in the
run-<ime environmen+t. Numeric sentrie
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i 8. Avcid preliifera+icn ¢f variabls nanes. Variable names
f us2 registers, your mos% precious resscuzce! Wheneve:
L gcssible Teuse variabl2 names tO prevent new Tegiz<er
[. assignmants.
j?i S. Cc nc* forget *%0 reserva registers <or your cCwn
) requirem=ntes, The "lcng" Zunction <£acilit aliways
requires one in the rang= 10-99. The linker always
requirss two ia the zange 00-09. An additional *wc =<
segment ip %*he rangs 10-99 will be taken dynamically
Ey *he linker after the cross-compiler has made 2ll its
assignmen+s. The dintsrfacs iafocma=zion is passed
thzrcugk the SCEATCH file. Never —reserve the lascz
availakls register, cth=2rwisz a memory overflow will
never be rsported in a2 warning messags.
10. Cp=imizs 2xrressioas using +he standard rules cf cper-
atcr frecedence. Failur2 <%0 do so may =resul+ in
E unrecessary generation =f parsnthasss.
- 11, Avcid us2 of the STEP cp*tion in FOR loops. Rely on the
E: deZault inczzment (+1) whesnever possiblse.
-:, 12, If a user-defined function is «0 be applizd £or its
E. side s2ffec*s only, <hen use one variable name “c invcke
5 all such functicn calls. Fecr- sxamplsz:
= 00120 INVOKE = FN_ALPHA
b 00130 INVOKE = FN_BETA (X,Y)
‘ 0010 INVCKE = FN_GAMMA
E 13. Altkeugh centzary to brinciples of good structared
EQ o Erogramming, dc not pass =zay Farameters unless
107
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¥
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exponent will always k2 <tc-uncated to ten sigrificant

digits. If the entry con*ains an exponsnt or if zas

entry must te ccnverted to expcnen<t notaticn In crisr

tc waintaia 2quivalsnce, +hea only eight sigrificant
h

digits will be saved (plus two in the exponent). T

B
4
&)
@D
(1
3]
(9]
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n

ruies can have a profound effect upon precisi

in numerical computations.
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14,

15.

16.

17.

18.

1]
(3
cr

absclutely nacscessary. Parameter passin uses 2 g

dsal cf prcgram steps. Furtacraore, ince

i
o 0O
ct
[
Y
[

ti
M
]

'

parameters may te simple =sxp-sssions, nesting of

U

theses can beccme arbitrarily éd=2ep very quickly i

=]

a
functicn call. The TI-59 places a limit of n2irne on +he
derth ¢f parentheses nests.

Remember that the TI-59 allows subroutine (SBR) nes=zin

to a2 maximum of six levels. This restricts the depth
of recursion. However, if +he recursive call always
returns to the same address, Th2 cscursion will prcb-
ably werk. This is because +ae subrzcutine return stack
will always maintain the cozsect retura address, even
if i+ cverflows.

BAXSS distinguishes between upper and lower case char-
acters in variatle identifiers. Excepticns are the "E"
in an exponen%t, the WFN_" preface of a functicn, and
reserved words. Built-in functions must be writtsrn as
+*+hey appear in the BIPNQF or BIFNLF files (currern+ly,
all upper case).

WBASIC trignometric functions compute ia radians. By
default, TI-59 +%rignomezric functions compu*te in
degrees. If trignoncstric functions ace +ranslatsd,
then prior %o execution +*hs TI-59 mnust be reset tc *he
radian mode by entering "2ND RAD." )

If ycu plan to modify TI-59 code that has been gener-

a=<d Lty BAX59, remember that only subrocutires have

relative addresses. 411 other &addresses are absclute
justified. Ccde inser=ions ¢r delztions dc ro*
rejus<ify absolute addrasses! Unless you ars familiar

enough with the calcula*or to %now what you are dcing,
ycu will create more prcblems than you fix.

The special cens=ruct, PAUSE, is provided for
assistance in debugging. This is somewhat liks a
message to the ccmpiler. It translates to the TI-59
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Ei p keyccdes 82 and 31, which 2r2 a void ksy aand the nMLRZNY
. i{ij key. Thess keycodes cannot be s=ntered directlv into
. the calculaczor. Instead, enter "STIO 31" fcllowed by
th2 sditing sequence "BST BST NOP SST." The criginal
"sTC 31" will have been changed to "NOP 31." dnen
enccuntered during run-time, thase keys will irterrupt
exscution amd cause the calculatcr “¢c enter its learn

Mcde. Other than stopping execution, rno other harmful

o

effects result. To resume processing, simply hit MLRN"
tc show the contents of *he currzent display register,
and "R/S" <0 continue exscution. This facility
provides a convenis=nt methed of process suspension
which ocorresponds physically and logically to +he
WBASIC source ccde.

19. The BAX59 CPTICN statement may provide other wuseful
facili+ies for debugging. However, most of these were
designed for debugging during installiaticn of
enhancements +tc¢ <the BAXS59 <Cross-Compliler Beware of
CPTICN parameters 6, 7, and 8. These *tend to produce a

F

great deal c¢f cutpuz!
20. The EAXS9 system will not 2xacute properly wunless all
asscciated data files are availabls tc¢ the host

o cperating system on which BAX59 will zrun. You may

;; modify the infcrmation ccntained in them, however, you

i. should not <change the formats. (These €iles ars

Lﬂ Appendices D, E, P, G, H, and J.)

E? 21. Lo not design excessively long iterazive loops or back

E; jumpss <“he linker cannot handle =he If iteraticn is

Ej required, design 1loops which translete to back jumps i
- that ace well within the TI-59 memory cons+aints. 2
% 22. 1The key +o successful wuse of the 1linker is +*o break E
: very large programs into smaller pacts whkich can be ?
;: prccessed sequertially without much repe+ition. %
,
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BAX59 CROSS-COMPILER
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* DATA STROUCTURE USELC FOR WBASIC READ/DATA STATEMENTS
DATASTORE

* ONE CATA ENTRY CONSISTS OF AN OPTIONAL SIGN

¥ IS POSITIVE)
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G OR FLAG N
ADDR)

XTF FILE;
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OF CHAR
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* *
* PRIMITIVE CHAR ROUTINES *
Ao ok ok o o ok 3k Ak ok ok ook ok ok ook K oo ok o o i o ok i ok ok i o ok ok ok K ok ok sl ok o ook Sl o ok o o ok ik ok ok Rk sk
L I B R e B TP R L e %*
* UPCASE CCNVERTS ANY LOWER CASE EBCDIC (OR ASCII) CHAR *
* TC UPFER CASE EQUIVALZNT. x
FUNCTICN UECASE (VAR CH : CHAR) : CHAR;
BEGIN ,
IF CH IN (.'a'..'i'.) THEN
UECASE := CHR(QED(CH) = 'ORD(ta’) + ORD('A"))
BLSE IF CH IN (-%3%..%ct.) THEN
UECASE := CHE(ORL (CH) - ORDé'j') + ORD (*J%))
ELSE IF C IN (-7'sf..t2'.) THEN
EngCASE := CHE(ORL(CH) - ORD('s') + ORD('S"))
UECASE := CH
END; (* UPPEZRCASE *)

(*******#t*************************************************)

FUNCTICN TRANSDIGIT (CH : CHAR) : INTEGER;
BEGIN
TRANSDIGIT := ORD (CH) - CRD (*0°)
: (* TRANSDIGIT *)
(********'*************************************************)

I 1 L *
* XNUMBER EETURNS INTEGER VALUE OF A NUMERIC CHAR STRING =*

FUNCTION XNUMBER (ACCUM:TKSTRING; ACCINX:ACCiNG) : INTZGEER;
VAR I, TEMENK : INTEGER;

BEGIN
TEMENR := O;
POR I := 1 Po ACCINX DO
TEMENF := TEMPNR * 10 + TRANSDIGIT (ACCUM (.I.));
XNUMBER := TEMENR
END: (* XNUMBER ¥)
(**********************************************************)
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FROCELCURE ZEROPAL (VAR WFILE : TEXT; N, ZCT : INTZGER):
- VAR I, IN : INTEGER;
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END; (* ZEROPAD *)
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k- * DPUTANDGET PUTS A CURRENT CHAR INTO ACCUM AND GETS THI *
; * NEXT CHAR FROM THE LINE BUFFER. ¢
5 - S R Ll e e B Bk R
;Q FUNCTICN EUTANFGET (CH : CHAR) : CHAR;
bl EEGIN
: PUTCHAR (CH)
k- PUTANDGET :- GETCHAR
k- END; (* PUTANDGET *)
h P S A et “
! 2*-05-07 ------------------------------------------------- *
b * NUMSECCL READS ALL DIGITS WHICH COMPRISE ONE UNSIGNEL *
: (* INTEGER AND PUTS THEM INTO THE ACCUM IN SEQUENCE; *
| i: THE NUMBER OF DIGITS SPOCLED IS RETURNED. :)
RN i Wl R el et e il T O
L-
[ FUNCTICN NUMSPOOL : INTEGER;
b VAR I : INTEGER;
BEGIN
IF TCHARE IN DIGITS THEN
BEGIN
I := 0;
WHILE fCHAR IN CIGITS DO
EEGIN
TCHAR := PCTANDGET (TCHAR) ;
I =1 + 1
END;
NUMSESCL := I
END
BLSE
NUMSECOL := 0
END; (* NUMSPOCL *)
(* ------------------- - ——— - — - - - - - *)
#=(5=08=m==m=m= === == mmmmmm= - memmmm———-—-e-me-m————=————x *
* EXEONENT READS THE CHARS WHICH COMPRISE AN EXPONENT *
* BART, COUNTS THEM, AND PUTS THEM INTO THE ACCUM. *
; EROCECURE EXFONENT;
X BEGIN
1 IF (UECASE (TCHAR) = 'E') THEN
- EEGIN
- TCHAR := PUTANLGET (TCHAR);
IF TCHAR IN SIGNS THEN
4 TCHAR := PUTANDGET (TCHAR)
: ELSE
3 ECTCHAR('*'%'
3 ECCUNT := nudStcoL
L END
- END; (* TXPONENT #)
¢ e e *)
4 -
121
4




Chl bl Bl S LS e B G i oo oon o Sl A i Rt o Dl i 3 SCuin e 2cwas o |

L Raei et |

%

LR R R R R R R R R R

*
*
:
*
*)

R B i
*)

*
1

'
T =1 '

H =m (|
DIttt YR
o~ = e
GE1OCEI N H 7 T
O mM=EM [y Gix |
NMAOAHEKAS> '
e OMe<O ¢« O |
VO mMOEZMMEE |
mAkmO DD '
DO 1A S1=15 |
QAR e RUE )
< ARG o )
> eI oD )
HEOU> (ST P
N FMH>NAXTZEN |
'

]

'

'

'

]

'

]

'

'

'

'

'

'

'

'

'

'

'

'

SIGN,
(* MCVEXP *)

(* DECIMALET *)

B
ADJUSTS ALL

IS LOST).

)
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) >4 ZEOHDK
WA N0 DHIS Ny
IZHADXDNEOWN

SXPONENT PART SO
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IF NOT FOUND,

TOKEN IS ASSUMED IDENTIFIER).

RESERVE WORD TBL BASED U

NUMBER;
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CKUEF LOOKS UP TOKEN IN
EN LENGTH;
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(* ERWLOOKUP *)

{(* BACK-UP THE WORD INDEX ¥*)
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R = PERIOQOD) THEN

= NUMBERTOK

1
I
4
]
:
9
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ANCGET 1TCHA E

DCUBLZ2) THER
UTANDGET(TCHA)
LOCKUP

UTANDGET (TCHAR) ;
RWLOCKUP;
= CMTCKEXC THEN (* LOOK FOR EXCLAM CMT x)

TCHAR IN SUBERROR) THEN

{LISTF, "*xPx* SCAN ZRRO
IN (LIST '"...CHAR NOT IN
Sg := ERRC + 1;

R

FOUND AT "', TCHAR)
THIS SUBSET');

, "*%F%%x SCAN ERRO
tn_ . UNRECOGNIZA
QreT "+ 1;

wo
t—‘
ta g
-o»
~+3
X
2]
o
b
=

éLISTF
LISTF
:= ERR
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(@]
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*

ILE, ' *:6, TCKNUM:2, ! {', ACCUM
é* op

TF, * ':6, TOKNUN:2, ! {*, ACCUHM,

=+ 3

END; (* SCAN *)

A

126

- - - .
[1-«-514-.. e don TR R - PR A P AP . A T S iy Wl S

P et G AP P



—m——
] g e e
f i Oaled
v‘i”‘ 50
i, . 2’

-

™ V‘""" r."'.'v"‘"'_
RPN
AL

ol
:

- ORGS0
I
’ .

3 ITETVTIT T YTy

e L 5 (]
0 YRR DR
P s e Tane U P

g T e L
o il a

v
@i
TR A

e

@
L)

1111111

(*************************************************#********
‘*

* ERROR/LINE END HANDLING ROUTINES :
ook e o ok ok B ok okl ok ok ook ok e of ok ok e ok deoke e o of e e A o e ok ok ok ok ok ok Sk e ok o ok ok ok ok ok ok gk
(=0 == =m==m== = === === == = =em—o— o= e—e——=oo———oaos—e *
* PRECOVER SCANS A IINE AND DISREGARDS TOKENS UNTIL IT 3
* PINDS A COMMYENT, BN END OF LINE, OR AN END OF FILE. *

EROCELURE BFECOVER;

BEGIN
WHILE NCT (TOKNUM

SCAN (TCKNUM)
END; (* PRECOVER *)

(*******************#**************************************)

IN TRAILTOKS) DO

*-
éROCEDU&E GENKEY (OPCCDE : INTEGER) ; FORWAKD;
(% o o ok ok ok o ok o ok o ok ok ok ok ok ook ol ool ok ok ok ok o ok ok ok o ok ook ok Kok k)

L D B R e T B R R L R R Dt R it %
{* PERROK IS THE GENERAL FURPCSE ERROR HANDLER WHICH: *
* GENERATES SPACE FCR REGISTER OR ADDRESS INSERTION IN  *
(* ORDER 10 PREVENT THE CODEDUMP ROUTINE FROM CAUSING A  *
#* SYSTEM ERROR DUE TC INVALID TI-59 CODE GENERATION: *
* ANNOTATES THE LISTING FILE WITH THE ERROR LOCATION: *
* INCREMENTS THE SRFCR_COUNT; RECOVERS TO_END OF LINE. .
FROCECURE PERROR:
BEGIN
GENKEY (-1): (* GENERATE REG/ADDR SPACE TO PROTECT CODE *;
GENKEY (-1)} (* DUME ROUTINE FROM CPERATING SYS ERROR. *
WRITSLN (LISTP,' **xF#% PATAL FRROR FOUND AT "' ,ACCUM,'"v);
ERRCECT := ERRORCT + 1:
PRECOVER
END; (* PERRCR *)
(************ﬁ*********************************************)
($=0B8-=—-=ccem e cceeccceescocm=me————meeem—mee————————= *
(* PSUBEEECR DISTINGUISHES AN IRROR WHICH IS A RESULT OF *
ﬁ: USING A WBASIC COMMAND NOT IN THIS IMPLEMENTATION. *

V*xFxx SUBSET ERROR FOUND AT "?

F ACCUY
RRORCT + 1} f !

l"l);

(* PSUBERRCR ¥)
e ok ok o ok o ok ok ok K Aok sk Rk ook ok R ok ok R ok ok koK kR ok ok K R ko K kok Kok )
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FUNCTION HASHVAL (ACCUM:TKSTRING; ACCINX:INTEGEK) : HASHRNG;
VAR HASHSUN, I : TINIEGER;

T e TR ';""'_"-ﬂm'-_r:-'c'cf-..{'zl:"'?*—."‘:"'."' M i e e i B e e e e e e~ e ——————
L_‘- 2 of s 3 " ? "
s

.

e

j ok 3 3k 2 ok o ok ok K ok K kol ok i ok ok o Kok e ok R 3R o ok o ok ok ook koo ok ok ko ok o ok dkok ok ok ok ok ok ok ko kK

1 * *

- : SYMEOL TABLE MANAGEMENT ROUTINES : .
R! ok 3 ok ok ok ok ok ok ok ok ok ok ok ok ok o gk 3 kKoo ek K Kok e ok ok ok ok ok ok e gk ok ok ok ok ko Kook K ok ok ok % ko ok sk ]
- ey o oemety Nal el I .

AR * HASHVAL EETURNS TEE HASH VALUE OF THE STRING CONTAINED =%

= : IN THE ACCUM (SUM CF ORD VALUES OF CHARS M0OD HASHEASE) :

o |
. L
L

BEGIN ]
) HASHSUM := 0; :
b FOF I := 1 Td ACCINX DO :
o HASHSUM := HASHSUM + ORD (ACCUM(.I.)); :
[" HASHVAL := HASHSUM ¥OD (HASHEASE + 1) E
P END; (* HASHVAL x*) ]
{; (% ko ok ok ok ok ok kokok ok ok ok ok ok ok ok ok ok ok ok ik koK ok ok ok KRk kK k) ;
o (k=12========m=m=m—mmmmmmmm memm e mmmmmmmm—mmm—m———— e * 3
- * GETSLCT HASHES XD STRING IN ACCUM INTO SYMBOL TABLE; * ;
k- * INSERTS NEW SLOT INTO CORRECT HASH SUCKET AND ENTERS * 3
re * IDENTIFIER NAME INTO IDENT FIELD; RETURNS SLOT POINTER * 4
= : TO THE NZW SLOT BUT VARIANT TAG TYP IS UNDECLARED. : i
2 1 ;
Q FUNCTION GETISLOT (ACCUM:TKSTRING; ACCINX:ACCRENG) : SLOTETR; f
] VAR CURHASH : HASHENG: !
IDSLCT : SLOTPTR;
BEGIN ]
CURHASH := HASHVAL (ACCUM, ACCINX) :
NEW AIBSLCTh;
IDSLOTZ.IDENT := ACCUM;
IDSICTZ.SLOT := sucxsrg.cunnasu.);
BUCKEI%.CURHASH.& += IDSLCT:
GETSLCT := IDSLO
END: (* GETISLCT *)
(**t*****t*************************************************)
L K e atdat *
* PN CHK RETURNS TRUE/FALSE AS TO WHETHZR OR NOT AN *
: ACTUM STRING DESIGNATES A USER DEFINED FUNCTION OR NOT : :
FUNCTION FN_CHK (ACCUM : TKSTRING) : BOOLEAN; 2
.3
BEGIN 1
FN_CHK := FALSE; :
IF~ (UPCASE (ACCOM (. ; = F'; AND b
(UPCASE (ACCUM(.2. = 'N'} AND
ACCUM (.3 = USCORE)
THEN i
FN_CHK := TRUE 1
END; (* FN_CHK *)

(**********************************************************)
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(****##**#*#**************************************#****#***)
*

*x
: FPUNCTION CALL ROUTINES :
M ok ok oK ok R ok o Kok o R ok o ok ok ok e ok e ok sk ok o ko Kok ok
Xe=lf Q=*
FROCELURE PEXPR; FORWARD;
Xaly =%
ROCEDURE FPRIMARY; FORWARD;

(**********************************************************)

D = e = i — Smimi e = i = i i e i i *

* GENFNS GENERATES THE CODEZ _FOR SHORT, SINMPLE CALCULATCR =*
RITHMETIC FUNCTICNS ("QUICK FUNCTiONS).

FROCELURE GENFNQ (OPNL : SLOTPTR);

VAR I : 1..FNQLEN:
BEGIN
SCAN éICKNUM);
IF TCKNOM < OEFARENTOK THEN (* 1 (0 *)
EERRCE
ELSE
EEGIN
SCAN (TOKNUM) ;
%EXPRi
WITH CEND@ DO
REDPEAT
GEMCEY (FNC(-I.))
— UNTIL (I >= FNQLEN) OR (FNQ(.I.) = K_YOP)
END: (* GENFNQ *)
(******************************#***************************)
R T e R e et *
* CHKFNLLIST SEARCHES THE FNL USE LIST TO DETERMINE IF  *
* THE FNL HAS EVER ESEN CALLED BEFORE; IF NOT, THEN IT %
z: MUST EE ADDED TO THE USE LIST. *

FROCECURE CHKFNLLIST (VAR IDSLOT : SLOTPTR);
VAR LIS'IP'IRb HCuDPTR : SLOTPIR;

00
EEGIN
LISTPTE := PNLLIST; i* GET THE LONG FN LIST *;
IFR%%E%ETR <> NIL thENW * TRAVERSE THE FNLLIST *
USEL := (IDSLOT@.IDENT = LISTPTR®.IDENT);
LISTPTIR := LISTETR®.FNLLINK;
UNTIL JUSEDk OR éIISTPTR = NIL);
IF LISTPTR = NIL THEN (* IF YOT FOUND ON LIST, THEN *;
EGIN §* ACD THIS LONG FUNCTION TO THE FNLLIST =*
HCILCETR := FNLLIST;
FNLLIIST := IDSICT;
EN%DSIOT@.FNLLINK := HOLDPTR
END; (* CHKFNLLIST *)

(o o o ok o o ok o R OR K ok Rk R R K R KKk R ok ok K ok K ok koK k)
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* GENFNF GENERATES CCDE SECUENCE WHICH CALLS A PARM FNE.
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PROCECURE GENFNP (VAR IDSLOT

END;
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(* *
: PUNCTICN DEPINITICN ROQUTINES :
Ak R ok o ok ok o ok o ok ok ok ok A R ko ok ok ok ok o ok ok ok % o ok ok i ok sk

PROCEDURE EUSHPN (VAR FNSLOT : SLCTPTR);

m
(23]

GIN
FNSIOT@.FNPLINK := FNSTACK;
PNSTACK := FNSLOT:
FNSTACKCT := FNSTACKCT + 1
IF ENSTACKCT > FNSTACKLIM THEN
BEGIN
EWAERN:

WRITE %LISTF, txk*x%x%x SER STACK OVERFLOW...> '):
ENgRITEIN LISTP, FNSTACKLIM:1, ' RETURN ADDRESSES. ')
END; (* PUSHEN *)
(*********##***********************************************)
e T Dy g *
(: PCEFN ECES A FNP SIOT OFF TOP OF FNP ACTIVATION STACK. *

FROCELURE PCPFY;
VAR HOLLCETR : SLOTPTR;

BEGIN
HOLLPTR := FNSTACK;
PNSTACK := FPNSTACKa.FNPLINK;
HOLLETK@. FNPLINK := NIL;
FNSTACKCT := FNSTACKCT - 1;
IF ENSTACKCT < O THEN
BEGIN
EWAEN;
WRITE LISTF, '**%kxx ATTEMPT TO POP RETURN ADDR ');
WRITELN (LISTF, 'FROM EMPTY STACK...RESET CT = 0');
FNSTACKCT := 0
ZND
END; (* EOPFN x*)

(********#*#*****************###***************************)
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* *

* EXPRESSION GENERATOR ROUTINES :}

X
(**********#****#** LERE X2 ER LRSS RSS2 ES R R R R E S

XkeJfemeeececeeme— e maadem—a amecce e cmeec—mce caacc——aa-—a- *
{* GENID GENERATES CCLCE FOR A VAEIAELE OR FONCTION ILCENT. :f

PROCEDURE GENID;
VAR CENC : SLOTPTR;

BEGIN
OPNLC := IDLOOKUP (2CCUM, ACCINX):
CASE QEND2.TYP OF
VARIL : EEGIN
IF OPNCZ.REGNO = -314 THEN (* REGNO POR PI *)
GENKEY (K_PI)
ELSE &
BEGIN
GENKEY (K_RCL) :
GENKEY (OPNDa.REGNO)
END
END;
rngxn : GBN%NE CEND) ;
FNLIL : GENFNL (CEND):
FNPIL : GENFNP (CEND
END (* CASE *)
END; (* GENID *)
(********#**** E2 2R P2 ERIREIERIERLERR RS RS REREE RS 2D **)
¥=3Qemmmeem e e e m—ecece-——————— memm—mme—mmceca—ec-c—a-- *
* GENNUM GENERATES 1TI-59 EQUIVALENT CODE FOR A LITERAL  *
* NUMERIC_ (EOTH INTEGER AND REAL). :

EROCETLURE GENNUM;
VAR I, CECFTLOC, ESIGNLOC : INTEGER;

o
(¢3]

GIN
DECETLOC := LCCUNT + 1;
FOR I := 1 T0 LCOUNT DO
GENKEY (TRANSDIGIT (ACCUM(.I.)));
IF KCCUNT > 0 THEN
BEGIN
GENKEY (K DECPT{:
FOE I := (DECPTLOC + 1 DLC TLOC + RCOUNT) DO
Sty GENKEY (TRANSTIGIT ( con )
1P ECCUNT > 0 THEWN
BEGIN
ESIGNLOC := LCCUNT + 1 + RCOUNT + 2;
IF ACCUM (.CECPTLOC.) <> PERIOD THEN
ESIGNLOC := ESIGNLOC - 1;
GERKEY (K_EE) i
IF ACCUM (TESIGNIOC.) = '=' THEN
GENKEY (K NEG{'
FOR I := (ESIGNLOC + ESIGNLOC + FECOUNT) DO
i GENKEY (TRANSDIGIT (ACCUM 1.)))
END; (* GENNUM *)

(e K 3ok ok ok ok ok ok Kok Rk Rk ok ok ko ook ok ok Rk ok ok ko ok ok K ok Kk
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; 2* PEXPR EARSES AND GENERATES CODE FOR EXPRESSIONS :3
EROCECURE PEXPR; * FORWARD DECLARATION WITH * ]
* FUNCTION CALL ROUTINES = 3
BEGIN i
GENKEY ;K_OPAREN); y
PPRIMARY; |
WHILE TCKNOM IN BINCPTCKS DO 3
BEGIN 3
CASE TCKNUM OF e
EIUSTOK : GENKEY (K_ADDOP); * 14t ¥ ).
- MINUSTOK : GENKEY (KZSUBCP) ; ¥ 10 k) |
MULTCK : GENKEY (K_MULTOP); * vk % -
DIVIOK : GENKEY (KZDIVO®) ; * 1/t % :
- EXETOK : GENKEY (K_EOWR) * VREt & :
-~ ENL; x§* CASE *ﬁ
¥ IF NOT (TCKNUM IN TRAILTOKS) THEN BEIGIN K
1 SCAN (TOKNUM) ; )
PERIMARY END {
3 END; :
GENKEY (K_CPAREN) g
F END; (* EEXER *) 3
3 (********#***********#*****#**#**************#*************) E
K E
& bt B Dttt e * T
* DPFIMAFY PARSES ANLC GENERATES CODE FOR A PRIMARY ITEM * &
. * EXPECTED AS PART CF EXPRESSIO : 3
T s e S R SIS L N ]
: EROCEDURE EERIMARY; * FORWARD DECLARATION WITH * 3
i * FUNCTION CALL ROUTINES =* >
' , BEGIN 3
Q¢ CASE TCKNUM OF »
EIOSTCK : BEGIN (* 141 %) "
SCAN (TOKNUM): ;
PPRIMARY
END; b
MINUSTCK : EEGIN (x 1=t x) _
SCAN ( oxuun), 1
PPRIMARY; %
GENKEY (K_NEg) o
END; "]
OPARENTCK : BEGIN ) (x ' (' *) 3
SCAN (TOKNUM); ]
PEXER; X
SCAN (TOK NUN) -
END; -3
ICENTCK : EEGIN -
GENID P4
IF éréxwun =IDENTOK) OR (TOKNUM=CPARENTOK) 3
S THEN SCAN (TOKNUM) ;
NUMEERTCK : BEGIN _
GENNUM ; 3
SCAN (tok nun) :

END (* CASE )
END; (* PPRIMARY *) B

(****#***#********************************************#****)
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* *
: LOOPING ROUTINES :

(****#*##********#####*******#********#********************

FROCECURE FUSHCOLE (KCODE : CODEPTR; VAR STACK : CODEPTR) ;

BEGIN
RCODE@.SECP := STACK;
STACK := KRCODE

END; (* PUSHCOLZ *)

(REF XD RE K K KRk R K KRk kK ok oo kKooK ok ok Kok ok dok Kok ok kok K Kk okokok o)

a0

R R S s S
* POECOLE PS AND RETURNS THE CODE DATA NODE CN THE TC? *
: F TH P/IF STACK DESIGNATED.

FUNCTICN ECECODE (VAE STACK : CODEPTR) : CODEPTR;
BEGIN

IFEggégx = NIL THEN
WRITE LISTF, "#**%xx%x INCOKRRECT NESTING OF CCNTRCLY) ;
WRITEIN (LISTF, * STATEMENTS (IF, FOR, CR LOOP).'):
PERKOR;

POECODE := NIL
END
ELSE
EEGIN
POECOLE := STACK:

_NgTACK := STACK®.3EQP

e
END; (* POFCOLDE *)
(*#*#****#**************************************#******##**)
R e R i D T t 3
* SETPWCJME IS USED TO SET THE JUMP POINTER (JMPP) OF *
* THE CURRENT CODE LATA NODE OINTING TO THE MOST RECENT *
* CODE LATA NCDE ON THE DESIGNATED LOOP/IF STACK: THE *
* POTENTIAL ABSOLUTE ADDRESS SPACE IS GZNERATED WITH THE *
* ASSUMETICN THAT TEE CODE DATA NODE IN THE STACK TO *
* WHICH THE FIRST ALDRESS SPACE NODE IS POINTING WILL *
* LATER EE POPPED ANC INSESTED INTO THE CODE AT THE *
* AFERCEFIATE POSITIOCN. *
(* ——————————————————————————————————————————————————————— *
EROCECURE SETPWDJMP (STACK : CCDEPIR);
BEEGIN

CPCUR®.JMEP := STACK: (* SET JMP® TO NODE JUST PUSHED *

STACK@.ADDR := 03 * MARK THE TZRMINAL NODE OF JUMP *

GENKEY (-2); * GEN SPACE FOR ABSOLUTE ADDRESS *

GENKEY (-2

END; (* SETFHDJIMD *)

(********#*#*****#********#***#***********#************#***)
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*
(****#*****#***************#******************************#)
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FOR THE WHILE CONMAND;

(KlﬁOP), ENDLOOPSTACK)

ER_BE FO
(VAR STACK

CODEPTR;

»

START OF
ACK

LOOESTACK) ;

D2 (K_NOP) ,
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* DIEENELSE DETERMINES WHETHER THE ELSE BRANCH OF AN *
* IF-THEN-ELSE IS LINE-ORI ENTED fLINE#i OR LOOP-ORIENTED *
* ('QUITY); APPROPRIATE ROUTINE 1S CALLED TO SET_ JUMe. *
‘ .......................................................
EROCEDURE PTHENELSE;
EEGIN
SCAN émcxnu ﬁ
IF TCANUM = NUMBERTOK THEN
BEGIN
GENKEY éK_GTO);
EN%TEENII E
ELSE IF TCKNUM = QUITTOK THEN
EEUIT
ELS
EEGIN
WRITE LISTF, '*%kx% WIF~THEN-ZLSE" LIMITED TOC *);
WRITEIN (LISTF, ""QUIT"™ OR LINE NUMBERS.'):
PEREOR
END
END; : {(* PTHENELSE *)

(%% % kg ok dok ok ok ok ok ok ok ook ek ok ke ek ok ok ddeok d ki Kok ek ok %ok ko kok ook k)

X f fmmme—m—mm e s em— e memsem e emecmc e ————e - ————- = ————————
* PTHENLINE SETS TH INE-ORIENTED JUMPS FOk THE IF-THEN *
% R IF-THEN-ELSE STATE TS. :

EROCELURE ETHENLINE;

BEGIN
SETJMEEXT (XNUMBER (ACCUM, ACCINX)) ;
GENKEY :-2 :
GENKEY (-2):
SCAN émcxn u%-
IF TOKNOM = ELSETOK THEN
PTHENELSE
ZLSE
CIOSELINE
END; (* PTHENLINT *)
(******#*#*‘*#*********************************************)

e e *
* PTEENEUIT SETS THE LOOP-ORIENTED JUMPS FOR IF-THEN OR *
: IF-THEN-ELSE STATEMENTS. b
EROCELURE PTHENQUIT;
BEGIN
IF ENDICCESTACK = NIL THEN
CUITERRCR
ELSE
BEGIN
SETEWLJIMP éENDICOPSTACK);
SCAN (TOKN ME:
IF TOKNUM = ELSETOK THEN
ETHENELSE
ELSE
CIOSELINE
END
END; (* PTHENQUIT *)

(********#*************************************************)
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i: STATEMENT WHICH DOES NOT BEGIN WITH THE *LET* COMMANEL. :{

FROCELURE ENOLZET;
VAR RESULT : SLOTPTE;

BEGIN
RESULT := IDLOOKUP (ACCUM, ACCINX) ;
SCAN_(TCKNUN) ; i
IF TCKNUM < EQUALTOK THEN (% 1=t x |
| PERROR :
b ELSE |
- BEGIN i
- SCAN (TOKNUM) ; .
= PEXER; :
1 GENKEY (K_STO) 1
[ IF RESULTZ.TYP = VARIL THEN
- CENKEY (RESULTA. REG NO) i
2 ELSE IF RESULTa.TYP = FNPID THEN ‘
' GENKEY (RESULT@.FNREGNO)
: ELSE
PERROR
END
END; (* PNOLET =)
(***#******************************************************)
K (e vmwrwen cvae s caa o on oo am oo o wwom e ®an - we - - - - - :
g: PLET EARSES AND GENERATES CODE FOR A 'LET* STATEMENT. *

FROCEDURE PLET;

BEGIN
SCAN éTCKNUH):
PNCLE
END; (* PLET *)
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N D e e e T e *
* PREM GUARDS AGAINST USE CF A GOTO DIRECTED TO A REM EY *
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F; (: HAS RESPCNSTBILITY FOR SKIPPING OVER THE CM® TEXT. :
o
s EROCECURE PREM;
F! EEGIN
f%: GENKEY (K_YNOP) ;
A SCAN (TCKTUM)
END; (* PREN ¥)
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AND THEN
NON-NIL

ADDR FILLS THE ADDR FIELDS OF ALL TI-59 CODE
WHICH HAVE
WITH THE AESOLUTE ADDR POINTED TO BY THOSE
BACK TO NIL.

S LINKED IN THE CODE DATA STRUCTURE
JMPP'S ARFE THEN SET

S THE KEY FIELILS OF NODES
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EROCEDURE FINDMSG (VAR MSGFILE : TZXT;

VAR CH : CHAR;
I : INTEGER:
BEGIN
RESET (MSGFILE
REACLN (MSGPILE
REPEAT
READ (MSGPILFE
IF CH = ESCHA
REACLN (MSG
ELSE
REACLN (MSG
UNTIL !ch MSG
(CH = ES
END:

*
QUIPUT DUMP ROUTINES *z

E=MSGF.FASCAL.A');
HAR) ;

M

C

%ﬁ (* CHECK FOR ESCAPE CHAR & ¥S5G NO ¥*)
14

I)

i) OR
AND (I = MSG_NO))

(* FINDMSG *)

AR EEELELE L ERELE Ll ek e ool ek ok ok ko e kok o ok okl ok ok ok ok Rk k)

Bl ——ememme—=eece—ce—cececcm—ceceecemccceccoemm=—ce-=a=- *
* WRITLN WRITES A FULL MESSAGE FROM 'SN' TO $N' AS FOUND :{

e e
i* IN THE MSGFILE.

0 O I Bt ot e o £ s €9 3 o e Eaea e X I xS S F e S Fe o

EROCELURE WRITLN;

(* FWD DECL WITH I/O COMMAND ROUTINES *)

VAR CH, ESCHAR : CHAR;
: INTEGER;
BEGIN
FINCMSG (MSGFILE, ESCHAR, MSG_NO);
REFEAT
4 READ (MSGFILE, CH);
k- I¥ CHESCIAK THEN "(* CHECK FOR EMBEDDED ZSCAPE CHARS *;
> o READLN (MSGFILE, I) (* AND DISCARD IF FOUND. *
| 0N o ol
b 4RITE $WFIL CH) ;
£~ IF ECLN (MSGFILE) THEN (* NEXT LINE *)
- REGIN
e REALCLN (MSGFILE) ;
WEITELN (WFILE)
i END
| UNTIL QEOF (MSG ILE;) OR
b (CH = ESCHAR) AND (I = MSG_NO))
i END; (* WRITLN *)
; (****#*##*#****************#***********#***************#***)
re
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g* LOGTO IS USED BY LINK_INTERPACE TO READ AND WRITE *
(; FILES 10 THE SCRAICH FILE (COPY). *

EROCELURE LCGTO (VAR WFILE, RFILZE : TEXT; MSGNC : INTEGER);
VAR CH : CHAR;

BEGIN
WRITE éarz '$1 , MSGNO: 1) ; (* WRITE MSG DELIMITER ¥)
WHIIE NCT Eof (RFiiE) DO

EEGIN
WHIIE NOT EOLN (RFILE) DO
EEGIN (# COPY THE FILE TO SCRATCH *)
READ (RPILE cah;
E“gﬁzra (WFILE, ch)
WRITELN éwrlLE};
IF NCT EOF éRF 1F) THEN
e REATIN (RFILF)
WRITELN §HFILE. '$1, MSGNC:1); (* WRITE MSG DELIMITER *)
WRITELN (WFILE)
END; (* 10GTO *)

EEGIN (* LINK_INTERFACE MAIN *)

REZWRITE (SCRATCH, 'NAME=SCRATCH.PASCAL.A');
WRITELN (SCRATCH, '31'£~ (* NEXT REGISTER = MSG $1 ¥)
WRITELN (SCRATCH, NEXTREG:1 IS NEXT AVAILABLE REG.') ;
WRITELN (SCRATCH, '§17); ﬁITva (SCRATCH) ;
WRITELN (SCRATCH '52'&~ (* TI-59 CODE = MSG 32 *)
CODEDUME éSCRATCﬁ, EEGINCE) ;
WRITLN 2-caarca, MSGF, 7); é* END CODE MSG ¥)
WRITELN (SCRATCH, '$2');  WRITELN (SCRATCH
RESET iuauar 'NAME=NAMEF.WBASIC.A'); i* REG/NAME MAP *;
LCGTO (SCRATCH, NAMEF, 3); * = MSG $3 *
IFEgg%N IESTREAD TEEN (* DATA/READ MAP = MSG S$4 *)

RESET sREADF *NAME=R EADF.WBASIC.A') 3

LCGTG (SCRATCH, READF, 4

END
END: (* LINK_INTERFACE *)
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2 g* INITIALIZE HASH TAELE ANLC REGISTER COUNT. :i
ﬂﬂ FOR I := 0 TO HASHEASE DO
- EUCKET (.I.) := NI
k. NEXTREG := STARTREG:
r:: K e c e r e - w W = - == E— > w ww - - *
- 3* INITIALIZE ARRAY HCLDING OUTPUT TEXT OF TI-59 CODE. :}
Fi LOALCTEXT:
E: S *
R f* INITIALIZE BUILT-IN FUNCTION LIBRARY. :z
3 LOALLIZ iEIFNg . FNEID, FN%LEN;;
o LOACLIE (EIFNL¥, FNIID, FNLLEN):
7 g g S s S g S SR *
F 3* ENTER *FI' = 23.14159265359 IN SYMBOL TABLE. :i
- ACCUE{.1.) := 'PY: ACCUM (. 2.) := vI'v;
- ACCINX :=' 2:
FOR I := 2 PO MAXTCKLEN DC
ACCUM(.I.E += BLANK:
IDSIOT := GETSLOT gaccuu, ACCINY) :
IDSLCT&.TYE := VARID;
IDSLOT@.REGNO := =-214; (* SPECIAL REGNO FOR 'PI' *)
........................................................ *
* INITIALIZE LABEL STACK (ARRAY OF INTEGER KEY CODES). :é
REACLN (LAEELFi (* SKIP HEAD LINE #)
POR I := 1 TO LBLBASE DO
REAC (LABELF, CLAEEL (.I.)):
LBLCT := 1;
........................................................ *
3* INITIALIZE RESERVEL REGISTER SET. :}
REALCLN élAEELF); REALLN(LABELF) ; READLN (LABELF) :
RESERVECT := 0;
RESEFVE REG := ('°%; (* INITIALIZE TO EMPTY SET *)
WAILEZ NTT Z0F (LABELIF) DO
EEGIN
WHILIE NOT EOLN (LABELF) DO
BEGIN
READ JIABEI ’ %
FRESERVE REG := ERVE_REG + (.I.); 6* MAKE SET *;
zngSERVECT := RESERVECT ™+ 1 (* CCUNT MEMBEZRS *
REACLN (LABELF)
END;
....................................................... x
%* INITIALIZE FNE ACTIVATION STACK AND FNL USE LIST. :E
FNSTACKCT := O3
FNSTACK := NIL:
FNLIIST := NIL:
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APPENDIX F "

BIFNQF/BIFNLF FILES--BUILT-IN FOUNCTIONS K

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

BS 50 68 68 68 )

ACOS 27 39 68 66§ :

ASIN 27 38 68 68 ¥

ATN 27 30 68 68 X

COS 39 68 68 68 1

COT 30 35 68 68 1

CSC 38 35 68 68 .

EXP 22 23 68 68 -

Fp 27 53 68 68 2

1P 59 68 68 68 :

106 23 68 68 68 R

10G10 28 68 68 68 :

SEC 39 35 68 68 3

SIN 38 68 68 68 g

SOR 34 68 68 68 4

TAN 30 68 68 68 o

0 ;
| BUILT-IN "LCNG"™ FUNCTION NAMES AND TI-59 KEY CODE SEQUENCES: :
BND 36 15 10 43 10 36 15 15 36 15 71 88 68 68 68 :
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CURTPa. TABLELIST

URIP

C
END;
RTP: =SBRTFd.SBRLIST;
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g: WRITELEL: WERITES CUT THE TI-59 CODED LABELS :i

PR%%E?ERE WEITELBL (VAR OUTFILE:TEXT; CODESS:INTEGER) ;
WRiTELN(OUTFIIE,TILBL(.CODESS.));

(* END; (* WRITELEL *;

0 0 5 O S 6 At 5 S D 0 D0 SO O oo D OO S O S e oS S e *
z* WRITEICCDES: WRITES THE ADDRESS AND KEZYCODE TO LINE *i

PRCCED%RE WRITECOLES (VAR OUTPILZ:TEXT; CUR:CODEETR) ;

EGIN
WRITE LEADZERO(OUTFIL ,CUR®. AADDR, 3) ;
WRITETOUTEIL &

WRITE LE\CZERb‘OUTF ie,cura. k2y,2) ;
WRITETOUTFILE, ) s
ENC; (* WRITECODES *;
(* ----------------------------------------------------
e e c e e e e rC e e o ae -e- e e coc e - - ¥*
é* WRITENUM: WRITES KEYC DE AS A NUM4BER NOT A LABEL *§
RCCEDgggIgRITENUM(VAR OUTFILE: TEXT; CUR:CODEPTR) 3
WRITE_LEADZERO (OUTFILE,CURD.KEY,?2);
END: (* WRITENUM *;
(* ------ B - " T D D D D D D T D W > W -
K rrccrr rer e ceccccrcnecr ce e ce e e C e B e S EE C oo e e - E® T e oo --- *
* HANCIE_#STEES: ERINTS OUT DIFFERENT CASES OF COLCES, *
EG. "WHETHER CNE OR TWO STEP INSTRUCT *
*  {(SED FOR CODEPIR TYPE OF NODES. *
ERCCEDURE HANDLE OSTEP(VAR OUTFILE: TEXT:
UR:CODEPTR) ;
BEEGIN
HRITEéOUTFIIE,' ‘)
WRITE ODES{CUTFILE,CUR);
#RITE (QUTFILE," Pl
WRITELBL(OUTFILE,CURD.KEY) ;
ENC;
EROCEDURE HANDLE_1STEP (VAF OUTFILE:TEXT:
VAR CUR:CODEBTR) :
BEGIN
CUE:=CUR@.SE%;
ﬁRITEéOUTPII ‘ ‘3
WRITE ODES{CUfFILE,CURl.
HRITE§OUTF IE,!
WRITE UaéouzriLE,cua);
WRITELN (OUTEFILEZ)
END; (* dANDIE_1STEP %
F 196
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----------------------------------------------------- x
IND_MSG: SEARCEES INPUT PILE TO FIND MSG NUMSER.  * :
EDURE FIND_NSG (VAR MESSAGEFILE:TEXT; MSG:INTEGER); ;
SI§1:CHAR; DIGIT:INTEGER; Is
ggsgy (MESSAGEFILE) ; .
DIGIT:=21;
REFZAT
READ{NESSAGEFILE ,C1):
IF CT = v$¢ THEN
EngADLN(HESSAGEFILE ,DIGIT)
L
READLN (MESSAGEFI &
UNTIL ((C1='S$%) AND (n GIT=MSG)) :
END; (* FIND_MSG *;
...................................................... b 3
INIT SETS: INITIALIZES IMPCRTANT DATA SUCH AS KEY-  *
CCTE LABEL ARRAY, STEP SETS, KEY VARIABLES AND *
INTIALIZES THE SCRATCH FILE 8
ROCEDUKE INIT_SETS (VAR TEMPFILZ:TEXT; VAR STEP_0Q,STEE_1
STEP 2,STEP 3TINSTR SEf:
VAR GOOD_SEGHUENT:BOCLEAN:; VAR MESSXGEFILE:TFXT:
VAR TILBI:TYPELABELS: VAR SBRINVNEST:INTEGER);
VAR C:CHAR:
DIGIT,J,1,K,I:INTEGER;
................................................... 3
GET REGCOUNT: GOES TO SCRATCH FILE AND FINDS THE =
MESSAGE NUMEER CONTAINING THE REGISTER COUNT *
gggggaz GET_REGCOUNT (VAR REGCOUNT:INTEGER) ;
£
FINC HSG(SCRAICH,RGCTL,
REACIN (SCRATCH,REGCOUNT) ;
END: (* GET_REGCOUNT *g
GIN
SBRINVNEST:=0; (* INITIALIZES THE INVCKE NEST CHECK *)
RESET (MESS AGEF ILE) ; (* INITIALIZE TILABELS *;
219%1:=-1; (* 'LABFLS IN MESSAGEFILE *
REEEAT
READ (4ESSAGEFILE,C) ;
A IF C = '3' THEN
: ELg%ADLN(HESSAGEFILE,DIGIT) ®
- READLN (MESSAGEFILE) ; g
g ENE%L (C = 91$%') AND (DIGIT = ALPHALBL); 3
¢ FOE_1:=0 TC ALEHALBL DO 1
ve EEGIN ,
- READ (MESSAGEF ILE,TILBL(.I.)) :
+ L:=L+1;
* IF L ='4 THEN
RZADLN (MESSAGEFILE) ; ,}
. L:=0; ¥
} . END; >
| g END 4
o -
E
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OUNT+RTNREGNUM

CRLY THR
THIS WOU

N
(BIEo9eosocs oD 00 oo 0 o0 QOO0 OOCEOO IO

!

H o od afiad sitm Sonlod Suna et wt e e e e e - - e T e o e

* DET_LIMIT

-

*

*
*
*
*
e et ol B el e _‘- SRS A PR




e ———— R N T AR —s e

MRS e By i e & b oo 2 SR G G n i

—— P S S e P o ——
*J. * ****J It W *.x.v
[} [} [}
E4 0 ] [} 111 (<Y}
H L} | oo [N ] i
b2l } to o~ [} 32
it (I3 B <5 b ol I e -] (] ] 2 |
(L) 1 NI 1 E = uri
n ] AMO 1 WO 101 53] n
et [I-h o e B WS toit 224 (S0 ]
BY L} DOR K [T ] (] -}
(=} ] t=ZhAKrieL = ] [} o
=z [} [ B | v 10t (@] e ]
= * 1! ] B oEA 1 o0 (M) B e [Tl
o of ~1 I HR R rnit m [}
] [} | gz n ) E4 i [= I >] * |
] t moOm (3] [ [= -] ~1
— ] P NEE>™ 1 teg ) < ) [}
o [} ] Om ¢ tA 1~ ]
o [} t I tQ al o 1] | [}
[Ta} [} I xZunal el | vo x H 1
. ] gD 20X ' | RPN, oD 4 [}
. [} | NOMet | = [ TR s < ™ 1) e = (]
o [} ] (& e} t > [Nl ] LI 2] '
m [ Qo A (=120 sV} (&) oDy o |
* t (=1 > - BT (e I S | (@] By @A seve ]
b1 [} | BBt | X | et m (=] nom Dy 1
[} ] F1OmMm | K+ } [l 5] n nH» b ok > JRS| [}
= [} 1N X 1M |3 U & | o P oo H [}
H ] | N O 1 3 P >30ty ) o nAn m) Zee (]
2] o o ' BT (RN A e O DE. | 11 vz !
o] [Ta) PO [} 1 QN> o ' | = vV o A D s HE D [}
=z . . t LI 2] <7 o N o} Tt > [s TR 2 A 4 Mbd XM [}
(L) [ea} (o)} | ) ez t A | 13~ D et t~m I Ok [}
m [ ™M [} ] -HOA | 05 te> 1By D H A HREE =3~ I | [}
0 enit ee eo(\ v o ] 1t ORI D torm DR HOE W) e e 0 BB [}
Z ONNQO ee O oo ] 1 E nio 1 EIFR 0] | =2 0@ [SIG) H }
H el OM oo N O [} | RO | [ ) I &2 AD Ztu =V [}
(ST A el veM [} t nnnNx: ) 1IN B > vIE NI Zonn = ]
+ NOE=2 noEN [} ' =L e [] I M M By HDH e oo vocofr] o 1
H MHDI MDD 1 TNt GII>ee ool RN A = >-@UOHANA VEHAZE® '
Z D e ZEAR 00 ] “ B == “ =0 = . K P caled] = ol "
D o - ] B HE R Sl =T ] ¢ @l M =i m e

O MmEe4HH MEEHH [} 1O o B iy 12 105M @ P i - fre oo [}
UxmErmmgr ZEpmeE ! | EFIOD ) BRI P ) U RN 3] <7 [}
maWA.AI HY ettt oo | | KMo ) QB _ n\ v Mm ov 90Tt _H L |
LA OEpiA-A ] | BOAQAM ) (] 1 /) H= n ]
[AA ] = I~ | ] - =] ] ee P e A [~ |
m o (=2 ] )| o0 LA N 12 DEHZE-HM 53] ]
e ite (2] [} 1 ZIUBH 1 s 1 D1 HE L3 ]
v+ 31] ] | CAIZD | Oy M) HEOR [A 0]
- i | HHQ T A [NV RS X 1] Zi
(3] (=N ] [ (i3] o ] 1t O>m [TV
L | [ 1O * % % %

* * I 3 I I ¥ 0

S ({\(((é

ety
' v
(o

. Py )

201

N R S WA R e OCL e e L R ST ST RPN S R AR R

PIPIE MO LN RSN Ty Sy ey




VT TgTYrTT v
o ian o

S . [ LR e | e s
i la”.

r:-‘-'vf—’-‘:'_-‘"‘v: vy Sl e i i i e R R e S e i e B e e e

- an e S et D D EEED W D D D D D D T D D D WD D Gp e AR D GD D D ED D D D WD e e e TE A S D WD D @ -

ROCELURE PRUNE_GREATOR(gﬁR F BLPTR;

fovmemc e e m et A m e et _ — = m e m m————— - —— - ——— ————————— *
g: PRUNE_GREATOR: REMOVES FJUMPS CONTAINED IN SZGTBL :
LS8
R DELETE:;INTEGER) ;

BEGIN
WHILE F<ONIL DO
BEGIN
IFngigUHP ADDRTO<=CURTP@.STOP_ADDR THEZN
Sd. NEXT FJUMNP:=F3.NEXT_FJUMP;
CISPOS EE FHD JUHP)
F:=Sd.N FPJUNP
DELETE :=DEIETE+1°
END
ELSE
BEGIN
S:=Sa.NEXT_FJUMP;
F:=FE.NEXT_FJUHP
£ND; END;
IF CURTP@.F JUMPLIST@. JUMP_ADDRTCK=CURTP é TOP_ADLR
BEGIN
F:=CURTP@2.F JUMELIST;
CURTP3.F JUHPLIST:=F®.NEXT_FJUMP;
DISPOSE(¥,FWD JUMP) ;
ENgELETE:=EELETE+1:
END: (¥* PRUNE GREATCR *
R e e e P T T PP PP P pustapupaphangh *

(
é: PRUNE_SAMNES: KEMOVES SAME SBR INVOKES FROM SEGTBL *;

FOCECURE PRUNE_SAMES(VAR F:TBLPTR) ;
VAR S, T,.SS PPy TELETR

e e e e e e R T R R D e *
3: EASS_BRK: PASSES OVER THE SBR EREAK NODE :}
UNCTION PASS_EEFK(F:TELETR) :TBLPTR;

BEGIN

CASE F2.TAG OF
SBRBREAK: EASS BRK:=F@.SBRZ:
TABLE: PASS_BRR:=F;

END;

END; (* PASS_BRK *}
K me w oo o e oo oo e @ - e - - - - - - *x
£EeIn

WHILE P<ONIL DO

BEGIN
S: =F@.NEXT S3R;:
IF S<ONIL THEN
BEGIN
FF:=EASS_BRX (F@.SBR) ;
SS:=EASS”BRK (S@. SBR)
END;
Te=F:
WHILE §S<>NIL) DO
IF SS = FF THEN
BEGIN
T?.NEXT_SER:=S@.NEXT_SBR;
DIsposags SBEEPTR) ;
S:=Ta.NEX1 SER:
IFP S<ONIL THEN
€S:=PASS_BRK (Sd. SBR) ;
END
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GIN
T:=T@. NEXT_SBR;
S:=53.NEXT SER;
I? SSONIL THEN
SS:=PASS_BRK (S3.SBR) ;
IND;
:=Fd.NEXT_SBE;
END;
(*EVD: (* PRUNE_SAMESER *{
BEGIN
DELETZ:=0;
If CURTPO.F_JUMELISTC<ONIL THIN
F:=CURTP®.F_JUMPLIST;
ENSRUNE_SAMEFTF);
IF_CUKTP@. ¥ JUMELISTCONIL THE
S3=CURTP®.F_JUMPLIST;
Fi=82.NEXT FJUMP;
ENSRUNE_GREA oa(: $,DELETE) ;
IF CURTP@.SBRLISTK>NIL THEN
BEGIN
F:=CURTP®.SERLIST;
PRUNE_ SAMES (F) 3
END;

END; (* CLEAN *g
(* ------------------------------------------------------
e m e et e c e et r e e e . P e Rt e — e, cr e S e e e - —- - *
* CIAGS_NEST1SBRBBRK: DIAGNCSTIC PRINTOUT IF THERE IS A *
* A SPR BREAK WITHIN AN ITERATIVZ LOOP. NEEDS TC SET *
*+ __GOCD_SEGMENT VARTABLE FALSE *
RCCECURE [IAGS_NZST1SSRBRK (VAR TEMPPILE:TEXT; SEG:TBLPTR:

VAR GOOD_SEGMENT: BOOLEAN) ;

VAR IS_ERK_BELOW :EOOLEAN;

R mmmwe e e e c e e, e C e e, e cr e c c e E T T e e e _—e e o o= c- - *

ft EELOW_BREAK: SEARCHES QUT BELOW TO SEE IF A BREAR *

(* IS TRESENT SC DIAGS_NEST1 CAN CHECK FOR A EREAK *

(* WITHIN A LOCE *

ROCEDURZ BELOW_EREAK(SEG:TBLPTR; VAR IS_BRK_BELOW:
BOOLEAN) ;
VAR _SER, SBRL:TELPTR;
BEGIN
IF_NOT IS_BRK_BELOW THEN
IF SEG®.SERLIST<>NIL THEN
BEGIN
SBRL :=SEGd. SBRLIST:
WHILE SBRL<ONIL DO
BEGIN
SER:=SBRL®.SBR;
IF_SBR™.TAG=SBRBREAK THEN
IS_BRK_BELOW:=TRUE
ELSE
BELOW BEEAK (SBR,1S_BRK_BELOW) i
gy SERLI=SERLO. N XT_SBRT
ZND;
END;
END; (* BELOW_BREAK *)
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STOP IS
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j: IS_FWD_JMF: BOOLEAN TRUE IF KEYCODE IS FWD JUNF :;

UNCTION IS_FWD JMP (CURCP:CODEPTR) : BOOLEAN;
VAR ADDRESS:INTEGER;
BEGIN
IF_ (CURCP3.KEY IN STEP_2) THEN
ADDRESS:=CURCP®.SEQ?. SEQ®.JMPA.AADDR;
IF ADCRESS > CURCP3.AADDR THEN
IS_FWD_JMP :=TRUE
ELSE
IS_FWD_JMD :=FALSE;
END
ELSE
IF (CURCE@.KEY IN STER_3) THEN
I\
ADDRESS :=C URCP?.SZQ@.SEQd.SEQd. IMP@. AALDK;
IF_ACDRESS > CURCP2.AADDR THEN
IS_FWD_JMP:=TRUZ
ELSE
IS_FWD_JM¥E:=FALSE;
END
IS_PWL_JMP:=FALSE;
(*END; (* IS_FWD_J¥P *;

FOCEDURE HANDLE_SBRINVORE(VAR CURCP:CODEPTR;

VAF HDRPTR,CURTP, SBRINVOKE:TBLPTR) :
VAR TOSBR, INSERT: TBLPTR;
orc KEYY: INTEGER:

(|Box00 Docm 0 0 DEE0oo0 COOCHOCOOD OO OO OO OGS *
3* HANDLE SBRINVOKE: FLACES SBR CALL INTO TAELE :}
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$=INSERT;
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(1)

s D
- ¥

e vunuOacMIHUNED o
Eﬂh‘l
L= 1%]

t
=
. o4

=SBRTEF@. TABLELIST;

SERLIST: =NTL;

F_JUMPLIST:=frL;

¥§:=NIL;

URCP@.AADDR < CURTP2.STOP_ADDR DO
CUR

CP®.KEY = 71 THEN

W =R 00 2y
o H R rIF3ee
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HANDLE saarnvoxvécuacp,ﬁnapTR,cuarp,
BRINVOKE) 3
IF IS_FWD an4 RCP) THEN
HANDLE TH DIy E CURCE  HORPTR, CURT® , FUME) ;
IF (CURCPd.KEY= L OR ' (CURCPD.KEY=71) THEN
_ SUsC P: =CU RCPd. S£2d.SEQ
™ 5
£yp. ADVANCE _CODEPTR (CURCP) ;
ND;
CURTP:=CURTPA, TABLTLIST
ONTIL (CURTE = ;
(*END; (* PROCESS_SBRSEGTEL *;
o e . e > - > T T = o > T e - - - *
* SET LENGTH: ENSURES LENGTH IS WITHIN MEMORY LIMIT#*
* ~ IF NOT WILL DIVILE THE SEGAENT IN HALF AND
*  KESET ALL SBRLISTS AND FJUMPLISTS THEN CONTINUE*
*# NOTE: MAY LEAD TO PROBLEMS IS LIMIT IS *
* __ABBITRARIIY SMALL. :
RCCEDURE SET_LENGTH (BUILT_CODE:CODEDTR;
VAR SBRTP:TBLPTR; LIMIT:INTEGER);
VAR CURTP:TBLETR;
LENGTH,DELETZ,L_POSSBR:INTZGER;

R e %
}* CALCULATE: DETERMINES LENGTH OF A SEGMENT. WILL*
* NOT ADD ADDITICNAL STEPS FOR DUPLICATE FJME *
(*___ADDRTOS :
FOCEDURE CALCULATE(CUR D:TBLPTR;
AR LENGTH:INTEGEE) ;
VAR S, F:TBLET
AbDITICNs iNTEGER-
BEGIN
LENGTH: =CURTP@. STOP_ADDR-CURTP2.START_ADDR
+FJUMDCONST ¢1;
IF CURTP@.F_JUMPLIST<>NIL THEN
‘BEGIN
ADDITIONS:=0:
F:=CURTP®.F JUMPLIST:
IF Fa.JUMP_XDDRTO > CURTP@.STOP_ADDR THEN
ADLITIONS :=1;
S:=F ;
F:=F3.NEXT PJUNP;
WHILE F<> WIL DO
BEGIN
Ifaggigunp_an RTO>CURTP@.STOP_ADDR THEN
ADDITIONS:=ADDITIONS+1;
S:=CURTPA.7 JUMPLIST;
AHILE ((SOF) AND ésé .JUKP ADDRTOS
P3.JOMP_ADDRTC)) LO
S:=5d.NEXT PJUMP:
IP 5<> F THZW
- ADDITIONS:=ADDITIONS~1;
PNg:=Fa.NExT_FJU~u>
_N%ENGTH:=LENGTH+(ADDITIOVS)*(FJUSPCONST).
END;
(*END: (* CALCULATE *g
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INSTRUCTIONS AND THE PROGRAM LISTING BY MEM
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j* CUTEUT_EADSEG: HANDLES BAD SEG INSTRUCTIONS :g
RCCEDURE OUTPUI_BADSEG (VAR OQUTFILE, MESSAGEFILE,

pgIy TEMPFILE:TEXT; BOILT_CODE:CODEETR) ;
RITELN (QUTEILE) ; WRITELN (OUTFILE) ;
BRTNTL N HSG{OUT-iLE,HESS GEFILE, FAILINSTR) ;
RESET (TEMPF LE) ;
PRINTLN MSG(QUIFILEZ, TEMPFILE, 9) ;
WRITELNTOUT ILE) : wélTELNéoan LE&:
PRINTLY MSG(OUT tLE,MESSAGEFILE, UNSEGCCDLBL) ;
HRITELNgOUI ILEE'WRITELNéOUTFILﬁE:
ERINT _CODELIST (OUTFILE,BUILT_CODEJ ;
WRITEEN(OUTPILL%'
PRINTLN_MSG (OUT iLZ,MESSAGEFILE,ENDLBLb
LEND: (* 0UTPUT_BADSEG *;
BEGIN
IF NCT GOOD_SEGMENT THEN
OUTPUT_BADSEG(OUTFILE,MESSAGEFILE,TEMPFILE,
FISE BUILT_ccDE)
OUTPUT_GOODSEG (OUTFILE,MESSAGEFILE, HEAD_MEMODULE
, PART. NUM,PARTITION) ;
LJEND; (*~0UTPUT_INSTR :g
EGIN
BLL_NEMODULENODES (SEGTBL,HEAD UEMODULE) ;
BLD MEMODULECOLE (BUILT CODE,HEAD_MEMODULE) ;
OUTIFUT_INSTR (OUTFILE, MESSAGEFILE;TEMPFILE, BUILT CCDE,
HEAD MEMODULE,PART_NOM,BARTITICH,
GOOD”SEGMENT) ;
END; (* INSTRUCTIONS *;
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(*****#*#*#**********#********************************#****

(i " MAIN LCRIVER x
(% e o ok ok ok Kok ok Fkok ko R ok ol sk ok d oK dek kol ok B Kok ok Xk XX

BEGIN
NIT SETS(TEMPFILE,STEP 0,STER_1,STEP_2,STE
GOCD_SEGMENT ,MESSAGEFILE,TILBL, SBAINVNEST
DET_LINIT(REGCOUNT,LIMIT,NUMBANKS,PART_NUM,PARTITION) ;
INPUT (SCRATCH, BUILT_CODE,BUILT_CODE_COUNT);
SETJMES (BUILT_COLE);
BUILL_SEGIBL (BUILT_CODE,SEGTBL,LIMIT,BUILT_CODE_COUNT);
CCALESCE (SEGTBL®.TABLELIST,LIMIT,GOOD_SEGH :NgB o
WRITELN (TEMPFILE,'$9'); (* CLOSES TEMPPILE’'DIAG
INSTRLCIIONS(OUTPILE MESSAGEFILE TEMPFILE,
EUILT CODE,SEGTBLA.TABLELYST,PART_SuUM,PARTITION,
GCOD_ SEGHE&T).
REWRITE (TEMPFILE) ; (* ERASES TEMPFILE DIAG FILE #)

END.

G
I 2 35
)7

(****#*#****#*******#*********#**************#*****#*******)

END OF PROGRAH *
**********#*t****#*##*************************************
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* EXPECTED FROMPTS FOR MODULE # 1 b
* 5033§§n JUMP CONTINUATION: 4 DIGIT REAL CCD:. 4
{ - * gugagggxna INVOKE: 4 DIGIT REAL CODE. ;
- * ﬁAﬁgﬁ% ESTURN FRCM A SUBROUTINE: 1 DIGIT COLE. -y
* SESUENIIAL CONTINUATION: 4 DIGIT REAL CODE.
* NONE
* EXPECTED FROMPTS FOR MODULE # 2 ]
* §°§“§§£ JUMP CONTINUATION: 4 DIGIT REAL CCDE. »
S B
* 3,000
* 50338831“3 INVCKE: 4 DIGIT REAL CODE.
* §A§gﬁ% RETURN FRCM A SUBROUTINE: 1 DIGIT COLE.
* EEgUgg%IAL CONTINUATION: 4 DIGIT RZAL CODE.
* EXPECTED FROMPTS FOR MODULZ # 3
* §o§g%§r JUMP CONTINUATION: 4 DIGIT REAL CCDE.
* iusaggglxz INVOKE: 4 DIGIT REAL CODE.
* §A¥géL RETURN FROM A SUBROUTINE: 1 DIGIT CODE.
* SEQUENTIAL CONTINUATION: 4 DIGIT REAL CODE.
* NONE
* EXPECTED FROMPTS FOR MODULE # 4
* goggegn JUMP CONTINUATION: 4 DIGIT REAL CODE.
Qféw * SUBROUTINE INVOKE: 4 DIGIT REAL CODE.
rKJ * NONE
* aagggL RETURN FRCM A SUBROUTINE: 1 DIGIT CODE.
x éEggggIIAL CONTINUATION: 4 DIGIT REAL CODE.
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