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AESTRACT

For aecades humans have teen searchineg for the test way
to comrrunicate witk an intelligent machire, a computer.
Several rrcgramring languages have teen written with the
idea of & wuriversal 1language which includes solutiors to
solve as many rrotlems as one can think c¢f. Put the more
universal the languag€es ere the more corplex they are to

study.

Henry Iedgara tried to <cortire these two ideas
together. He suggests the 1idee of studying rrosramming
language ty aealing with a few key features at a time. Fe
serarated the wvariotvs rfrogramming features. grouped tlre
sirilar ones together and wreote his owr srall 1languages

called "Mini-languages .

"The ©prcgramming language Ilandscagpe (1%) which
includes 12 Mini-larguages was used as the certral referernce
for this thesis work. Fach of the four Mirl-languages wes
implemented in 2 secticns; a compiler and ar interirreter.
Cne can write a program in any of the fcur VMiri-larguages;

comrile and run (irteryret) it to test the correctness.

Key words : Miri-larguese, compiler, interpreter, lexical
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analysis, syrtax analysis, Iex, Yacc, intermediate code,
guadrurles, «code ortimizaticn, code ¢ ereretion, three
adaress <code, symbtol tatle, hash function, error handling,
grammar rules, L structure, iterative statement, trass Uty
value, 71ass ty result, rass ty velue _result, pess ty loce-
tion (reference) IAILER(1), syntax-direct translation, pcstfix
torm, syntax tree, triile, C programming larguage, regular

expression, token, VAX 11/7€2, UNIX.
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CEAFTER 1

CVERVIE®W

The rrogrammer’s most impertant tool is, cf course, a
rrogramTing language. A good language can lead the proegram-—
mer to the correct soluticn cf a prctlem in & natural and
easy manner. Ccnversely, a Dpoor languaee may add so much
corrlexity to firding the solvtion that the programmer will
atandon the attempt at solvipng the criginal protlem irn favor

of an easier one.

Mini-languages are exarples of good larguvages, fach of
which has ‘teen designed arocvnd scre key language features.
They allow a corcept to te studied without the nreed to
vrderstand the detail and corylexity found in real rrogram—
ming languages such as Fascal or Cotol. In arother words, a
Mini-langvege isolates control structures to concertrate on
one grcup (sutset) of programming features at a time. Berry
ledgard wused thke sirplicity of Mini-languag€s to introduce
ideas dealing with the studying of Trrcgremming languages

(1£).

There are stveral aprrcaches to tke stuly of progrem-

mine larguages. Cre 1is tc eramine several existirg
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languages in detail, corpsre and cortrast their salient
features, ard eattemrt tc draw conclusicns &tcut vnderlyirg
design prirciples. Another interestirg appreach starts with
the desigr ©principles, stvdies them in relative isoleticr,
and then seeks examples of the implementation of these prir-
cirles ir real lenguages. The use cf Miri-larguages is cern-
tral to the second apprcach. Cne of the first uses c¢f this
technigque was in Iedgard’s rarer. Ten Miri-languaees : A
study of Topic Issues in Frogramming Ianguages  {14). In
1662 Iedgerd went another step in»n using Mini-languaees. Le
and Michael Marcotty wrote Tre Frogramming Ianguage
Iandscape  which includes 12 wuseful Mini-languages whkick
reflect the work dcne ty Iedgard on the desigr c¢f Ada. Most
of the lenrguages are tuilt or a commor core, as showr in a

Mini-languege “Ccre”’.

H
INY

Iang

{1

age Deslgn Geals

Implementing 4 of lLedgard’s Miri-languages 1is the ¢oal
of this 1rcject. Tke first 1is the ‘tasic Miri-laneuage
‘Core’. The secord is the Mini-languase “D° which corcer-
trates on I-structures, T for Tijkstra [as in Fruro ard
Steiglitz 19#2]. A D-structure is a ore-ir, ore-out sStrvc-
ture, and ro trarsfer of ccrtrol car cccur during its exezu-
tior. The Mini-larguage ‘Tyre” is the third 1lenguage. 1In
this language the comrposite types ar-e arrays cf a givep sim

ple tyre (integer, string, toclean' ard 1ecord structures.
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The last is the Miri-languege “Procedure’” which concentrates
on the ways in which the &arguments are passed frem the cal-
lirg rrocedvre to the called procedure. It includes rass ty
value, rass ty result, pass ty velue_result and pass by

location (cr reference).

There are two secticus in each irplerentaticu. The
first 1is a one pass corpiler which ircludes three phases,
lexical analysis, rarsing ard intermediate ccde generaticr.
The secoré 1s an interpreter which insures the correctrness

and consistercy of eack comriler.
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Yacc end Iex are UNIX tccls used ir implementing ccm-
pilers for each of the 4 1langvaees. Vacc {Yet Anotner
Compiler-Cempiler) (12) is & parser generator. Ir using Yecc
a user will sypecify the structures of the irput, tcgether
witl code to te invoked as each such structure 1is reccg-
nized. Yacc turns such & srecificeticn inte a C furcticn
that rarses the irrut. Tke cless of sperifications accepted
is a very general one : IAIRil;, grammar with disartigustirg

rules.

Tex (Iexical Analyzer Generator)}(1€) i< a program gen-
erator designed for lexical processing of character injut
streams. It accerts & higl-level protlem oriented specifica-

tion for character string métching énd predvces a pregram ir



a general purpose language which reccgrizes regular exyires—
sions writtem ty the wuser himself. 1Iex turns the user’s
exrressicns end actions (called source} into Gfrograr seg-
ments in the Fost general-purpcse language: the gererated

rrecedure is ramed “yylex:,’

It is perticularly easy to intarface Iex and Yarc. Thre
eenerated TIex rrogram reccgnizes only regular expressicns;
Yacc genereates parsers that accept @ language in the <class
of context free gremmars, tut whirk r1equire a lower level
analyzer tc reccgrize ipyruvt tokens. Wher used as @& jreprc-
cessor for a leter parser generator, ILex is used to parti -
tien the input stream, and yacc assigns & structure teo the

resulting pieces.
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All work fecr this imrlementation was dorne on a VAX
11/7€¢ system using the UNIX orerating system. UMIX is
chosen tecause it provides an excellent envircoment in which
to develor scftwere due tc its many useful utility progrars.
Some tools provided ty the system such as Lex
Analyzer Ge»erator) and Yace (Yet Anctker Compiler-Con
piler) were used throughout this precject. The C ovrogrammirg
language was used for tke coding part, sirce C is the most

suitatle language for the LMNIX system.



CFAFIER <=

CCMPILERS

A comriler takes &s injut & scurce program and jrcduces
as output an equivelent sequerce of machire instructiors. It
is much sirpler tc consider a <compiler ir subprocesses
called phaeses as showr ir Fig Z.1. £ rhase is a lcgically
cohesive orperaticn that takes es irput ore regresentation of
the sowurce rreogram and rrcduces as cutyut &rcther represen-

tation.

In the first thase, the lexical analyzer, cr C&LNET,
separates characters of the source lenguage into grougps that
logically telong together; these groups are called tckens.
keywords suvch as IF or WEILF, crervator symtecls suchk as « -
cr +, identifiers such as X c¢r NUMFER and gpurctueticn sym-
tols such &s rarentheses or ccmmés are exemrles of tckerns.
The cutput of the lexical aralyzer is a streem of ‘tokens
which is rassed to the next rhase, the syntax enalyzer or
parser. The tokens in this stream can te represented mostly

ty integer codes.

The intermediate code gererator, the third phase, wuses
the structure preducea Dby the syrntax analyzer to create a
stream of simrrle irstructicrs. Three-address ccde vquadru-

ples) is the intermediate code used in mary cempilers, since

N



it can te easily rearrargea.

Code optimization is an optioral ©phase cdesieneda to
imrrove the 1intermediate «ccde so that the ultimate ot ject
Ircgram runs faster ard/or takes less sypéce. Its outjut 1is
ancther irtermediate code ,rogram that is equivalent to the

origiral ccde ard may save space or time.

The last phase is code generation, which oproduces the
otiect code ty deciding cn the memory locations for data,
selectirg ccde tc access each datum &rd selecting the 1egis-

ters in which each comrputation is to te done.

The tetle-managerert cr tcokkeerirg vorticn keers track
of mnames nsed ty the prcgram and records essertial irforra--
tion atout each, for exarple its tyre (irteger, string,
etc.). The data structure used to record this informetion is
called a symtol tatle. Several access techniques car be
used. A linear search is the simrlest way tut has the trade
off of consuring extra tire and space. The mecst popular
tecknique 1is to use hashirg which seve tiwe and spece. For
this implemertatior, & hack table for each Mini-larguage was

generated.

The errcr hendler is irvoked wher @ flaw in the source
prcgrar is detected. A warrning message will te given for
eack error detected. It is desiratle that compilaticrn te

corrleted or flawed programs, at least throughr the syrLtex-



énalysis rhase. In general wher the comrpiler comes to a
1cirt in the input strear where it canrct continue jrccess-
ing a velid phase, sore pcssitle charges will te procuced by

the corpiler 1ir order to ccntinve detecting the prceran.

Sore rossitle charn¢es are:

(1Y Alteretion of a single character. For example , if the
parser is given the " idertifier INTEJEEK ty the lezical
analyzer and it is nct proper for ar identifier to
érrear at trkis jcirt ir the jrogram, the parser rmey

guess that the keywora INTEGER was Teant.

(2) Incerticr cf a single token. Fecr examyle, the rgtarser

can replace 2C ty 2%C.

(2) Teleticr of a single tcken. For exarple, a comma mwight
te inserted incorrectly after the 12 in a FCHILAN

statemert such as LG 1le, I = 1,2¢€.

The tatle-ranagement ard the error hardling rcutire

toth irteract with @all phases of tke compiler as shown in



Source Prcgram

| Texical
|
|

/ e —— \
Syrtax ! \

analysis I\ \
/ )= mmmimmmoe oo\ \

| Intermediate ;|
! Tatle |-- | code b= = Frror !
i t | |  generatior ! ! :

Code
optimization

Code Iy
|

Target Program

Fig 2.1 Phases of a ccmpiler.

For each irmrlementaticn of a Mini-laneuage, Ilexical
analysis was handled by ‘lex” ard “Yacc’ was used fcr the
syntax analysis rhese. The intermediate code for each Miri-
language was also gererated using three-address code. This

interrediate ccde was in the form of an array of quadruples.



Hcwever irstead of dimplementing code gereraticn for each
Mini-langnuage, ar interpreter was writter and wused tc rur
the 1interrmediate code ara thereby test the ccrrectness ard

corrleteness of each comgpiler.
2.1 TEX - A IEXICAI AMNATYZFF GENERATCP

Iex is one of the tcols wused to helpr in 1lexical
aneglysis cof text. lex is rot & complete languare, tut rether
a generator representirg a rew language feature which carn te
added to different rrcgramming languages called “hcst
languages . Just as general purpose languar2s <can Tproduce
code tc rur or different computer rardware, Iex cen write
ccde in different host lan.uvages. At presert, there is crly
ore host langusges, C, which was used in this imrplementa

ticr.

The Lex source is a tatle of regular expressions ard
corresgcrding ctrograr fragments. The tatle is translatedl
into a yrcgrar which reads &n input stream, coyying it tc &r
cutrut stream and partiticning the irput into strings which
match the given exgpressions. As eaclk svch strirg 1is recce-
nized, the <correspording jrogram fregment is erxecuted. The
recognitior ¢f the exrressicns is rerformed ty a determinis-

tic finite autcratcen generated ty lex.

Iexicel aralysis programs writter with Iex acrept amti-

gucus srecificaticns ard chcose the lergest match possitle
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at each irput poirt. If necessary substartial lockehead is
performed or tke irput, tut the input stream will be tacked

ur to the erd of the currert jartiticn.

The g¢eneral fecrmat of Iex sour-e is as follows

{definitions? ¢ can te cmitted.
T : reqvired.

{rules} : car te cmitted.
X% ¢+ car te omitted.
{user sutroutires! : cap te oritted.

The atsolute minirum Iex preogram {in theory' is
4

(no definitior, =20 rules) whickh translates irtc a ©rroeram

which ccpies the input to tke ovtput uncharged.

Rules rerresert the user’s coentrel decisicrs. Fach rule

has the form
a regular erpressicr actions

A regular expression specifies a set of strings to te
matched. The letters of tke alphatet and di.its are alwsys

text characters. For examrle, the regular exyressicn
program

matches the strire "rrogram whenever it ajjears. regvlar



11

expressions in Iex use the following crerators:

X . the cherecter x°

X ar x , ever 1f ¥ 1is &r crerator.
\ x ar x , ever if x is en crerator.
(xy] the ckaracter x or y.

[x-2] the characters »,y cr z.

[Tx] ary character tut x.
. any ckaracter twt newline.

X an x &t the tegirning of & lire.
<y>x an x when Iex is ir condaition y.
x$ an x at the end of a line.

x? an cpticral x.

X 2,1,2,. .irstances of x.
X+ 1,2,%,...instarces of x.
iy ar x cr ay.

(x) ar x.

X’y an x tvt only if followed ty y.

{xx} the trarslation c¢f xx frem the

definitions section.
{mr,n} m thrcugh m occurrerces of x.
for examrrle, the rule
program printf: found keywordi program ;.

means lcok fcr the striné ‘jregram in the iryuvt strear and
print the rmessage founa keyword pregram  wherever it
aprears. The erd of the reguler expressicr is irdicated 1ty
the first tlark cr tat cheracter. Fraeces are used when there

is more than ore line of action (compourd).

Iex has the atrility tc hardle amtigucus srecificatiorns.
Sore rules are épplied when more than ore expression matches

the current irrut. These rules c&re

(1) The'lnngest match is jreferred.
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Among lexical rules whick match the same rumter of
characters, the rule giver first 1is rreferred. Ffor
€xarple, suppcse the rules

rrcgram keyword actions..;

[a-z]+ idertifier actions. ;
are given in this order. If the input is “programs , it
is taker as a keyword as the first matching rule is
preferred. Arything shorter than 'frogrem  will not
match the expressicr prcgrarm ard so the iderntifier

interpretatior 1is useaq.

Iex ncrmally partiticns the input sckeme. it aces not
search for all 7g1ossitle matches cf each exriression. This
means that esch character is accounted for orcec and ovuly
once. Actiors are rregrar fragments tc te executed wher the

expressions are recogrized.
2.2 YACC - YFT ANCTHY¥E CCMFIIEER-COMPILER

Yacc provides a general tool for imposirg structure on
the input to a cormputer rrcgram. It copverts a rontext-free
grarmar into a set of tatles for @ <simple automator which
executes an Ik 1} grarsirg algoritrrm. If the gremmer is
amtiguous, rrecederce rules mey te sjecified to resolve the

amtiguity.



The Yacc user prerares e specificeatior of the irgput
rrccess; this ircluwdes rules descritirg the irput struvcture,
code to te irvoked when these rules are reccegrized, ard a
low-level rcutire to tperfcrm the tasic irrut. Yacc then
generates @ functicn to cortrol the irput precess. 1kis
furction, called a parser, calls the user-suprlicd lcw-level
irput routire (the lexical enalyzer'® to pick up tokers frem
the intut <streem. These tokens &are organized acrordireg to
the inpuvt grammer rules. shen core of these rules hés teern
recognized, an acticr (user code supplied: is invcked. The
actions have the atility tc return values and make vuvse of

the valves of other actions.

m
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The tasic specificaticr file conrsists cf three secticns

separated ty "%¥¥ . The general form i< as fcllows

declaratiors ¢ may te empty.
%%

rules

T

Trcgramr : can te cemitted.

Trhe smallest legal Yacc srecificaticr is

The rules sectior ccnsists of ore or more gremmar

rules. Fech rule has ar asscciated acticr which is tc¢ te
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perforred each time the rule is recognized in the inyut pro-
cess. These articns may return values ard may use the velues

returned ty rrevious acticrs.

An acticn is just a grcup cf C statermernts. { ard ]

are used when trtere i< wmwcre thar ore C statement i- an

-

actiern. Fig 2.z shows a part of Miri-larguage Core to ¢ive a

¢eneral idea of Yace:

program : FFCGREM
declareseq
ccntert
i ezror ES
/* if ‘rregrer’ keyword is missing,®/
/% print out the error message */
usage’ Missing PROGRAM keywcrd €;;

declareseq content
| PEOGRAM erior ES
{

~ usage! What is next ?7);
J
declareseq : declare

i ueclareseq declare

declare : TFCIARE iderlist FS
jdenlist : iderlist ILEANTIFIER
i IDFATIFIVE

’
rext rules

Fig 2.2 Examiple Yacc fer Miri lerguape Ccre.
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Bs ir tke exemple, ' | can te used to avoidi rewritine the
left hand side when there are seversl gramrar rules with the

sare left hard side. The rule

declare : TECIAEE idenlist FS

means that this rule will te reducei to te 'declere  when
Yacc fcura a key word LECIARE, follcwed ty a list of icen-
tifiers (a rvle idernlist , ard the semicolcr (ES,;. The
algoritkm wused ty the Yacc parser enccurage€s 1eft recur-
sive grarmrar rules. This is the reson why left recursive
rules are used ir all the grammar rules of this implementa

»

tion. For example ir the atove example:

idenlist : idenlist IDENTIWIWP
| ICENTIFIER

-

2.z.2 Yacc Parser

The jarser prcduced ty Yacc ccrsists of ¢ finite state
machine with a stack. The parser is alsc capatle of readirg
and reremtering the next input token, the lookahead toker.
The current state is always the one on tcy of the steck. The
states of the firite state nmachire are giver small intege:
latels. Iritially, the machire is ir <tate 2, the stack cecr-

tains orly state 2, ard nc lockahead toker has teen reac.
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Shift, reduce, &ccert and errcr are 4 actiors availatle

fer the machire. A move of the parser is done as follcws:

(1) Pased or its current stete, the parser decides whketker
it reede a lockahead tcken to decide what actior shovld
te dore. If it needs cre, and¢ aces rot have cne, it

calls "yylex  (Ilex progrem) to ottair the next token.

-~
n
~

Using the crrrent state, and the 1lcokahead¢ tokes, 1if
needed, the parser derides on its rext action, &nd cer-
ries it out This may resnlt 1ir states ‘teing jushed
onto the sterk or porped off of the stack, and the lcc-
kahea? tcken teing processed cr left alore. 'When Yece
is invoked with a "-v option, a fila called "y.output

is pr~duced, with a fruman-readable descriptior cf tre
rarser. The “y.output <corresicrding to the atove grem-

mar is showrn in Fig <.Z.

steate 7
$accept : program $end

errcr skift 4
FFCGEANM shift &
error

precgram goto 1

Trecg gote @

state 1
$accept : program $erd

send accert
errcr
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state
program : 11cg_$51 therestofrrng
$$1 (1)

redvce 1

$41 gotc *

()]

state
rrog : FROGRAM_ (2}

reduce 2
state 4
Erog . EIIOT_ "4

reduce 4

tn

state
Erogram : prog $51 _therestofprog

error shift 1¢
TeCIARE shift &
. Eerror

therestofprog goto €
declaratiorn goto 7
dec gotc &

state €
program : prog $%1 therestofpreg. 2

L

reduce =z

state 7
therestofirog ¢ declaratior_content

error shitt 14
START shitt 12
Error

content gctec 11
ecortent ¢oto 12

state P
declaraticr : dec_idenlist CCTION $$€ tyie 487 ES

error shift 17
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ITENTIFIFR skift 1€
error

idenlist ¢oto 1%

state ¢
dec : TECIAFE_ ()

requce ¢
state 17
dec ¢ ericr_kES
ES shift 1€

eérror

state 11
therestofprecg ¢ declaratior cortent_ "E)
reduce ¢

... DEext state ...

Fig 2.2 Example cf Yacc {in huran reacatle fcrm®,
generated by irvoking flag -v .

Yacc invokes two disamtiguating rvles ty detavlt:

(1) In a shift/rednce conflict, tre defenlt is to do the

shift.

(2) In a reduce/redvce ccnflict, the default is to reduce

’

ty the earlier grammar rvle ‘ir the intut sequernce;.

The tcken rare error 1is reserved for errcr hendlirng.
It svgeests places where errcrs ére extected, andéd recovery

might take rlace. The parcer pors its steck until it enters
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a state where the tcken error 1is legel. It then tehaves
as if tkte token error were the current lnckahead tcker,
ard gperfoerms the acticr ercountered. The lcckahead toker is
then reset to the token tket caused the error. If ro special

errcr rvles have been specified, the preccessing halts whern

an error is detected.

Iike Iex, Yacc is written in a pecrtatle dialect of C.
The actior and cutput sutroutire are also in C. Morecver,

many of the syntactic conventiors of Yacc fecllow C.

z.

N\

-4 Iex with Yac

0

Iex is designed to simylify interfacing with Yacc. what
Iex pgererates is a prcgram named yyler’) , the rame
required ty Yecc fcr its anelyzer. Nerrally, the Adefault
main prcegrar on the Iex library calls this routine, tut if

Yacc is locded. and its mair progrem is used. Yace will cell

"yylex()". Ir this case each Tex rule shculd erc with
returntoken):

where the arrrcrriate toker value is retuwrred. An easy way
to get access to Yacc’s names for tokers is to comrile the
Lex cutput file as rart of the Yecc output file by rplacirg

the lire

#include lex.yy.c



In the last sectier of Yacc irput. This ceauses

to bPe irveked as a furnctior at the erd c¢f the

Fose the grarmar is to be ramed ccre.y anA

c¢

the scarrer
parser. Sup-

the lexicral

rules are tc¢ named core.l the 7AIX cormand sequence <an

Just te

yacc core.y
lex core.l
cc y.tat.c -11

Twc flags car te invoked tc helpr detuggirng when comrpiling

"y.tat.c.

-v p file "y.output’ i9 gererated, ccrtains a
descripticr of the parsing tatles and a ~eport
cn corflicts gererated ty a artiguities in the
grarmar, . .

-d A file y.tabt.h 1is generated with the defire

statemenrts thet associate the Yacr-assignred
"tcken codes with the user-declared

token nares  This allows scurce files other
then y.tat.c to acress the token codes.



2.2 INTFFVMETIATE CCTE GFNEELTICM

Interrediate code generaticn is an extensicr ~f centext
free greammar. Tke framewcrk called a syrtax—-directed trars-
lation schere, allcows svtrcutines cr semartic ectirrs  to
te attached to tke productions cf a ccntext-free grammer.
The serarntic rcuvtires gencrate irterrediate ccde when called

at aprrcpriete times ty a perser for that grammar.

Feur kirds of intermediate code ofter used in rompilers
are pcstfix rotatior, syrtax trees, quadruples and triples.

Fig 2.4 compares each type ty showing how tte exrressior:

if a ther if c¢c-0 ther a-+c¢ else a*c else a+t

B rerresenteticn of trree—-address statements krowr as
guadrurles was vsed to gepnerate intermediate ccdes fcr each
Mini-larguage. There are four fields ir this structure, (p,
A3G1, ARGZ, and FSI (result}. The Cp field conteins an
internal (integer) cecde that represents the cpccce for exam-
ple, 2%2 for "ASSIGN whictr is an assigrmert (:=) operater.
For easier reading, this field was trarslated irto @ charac-
ter string every time it was prirted cut. The Argl, Argz,
and Esl fields are either jrogramrer-defined rares, ccr-
starts or compiler-g¢ereretea temporary rames. A C struic-
ture statement wacs used to contain ell this infermaticr it

each corpiler. A1l quadrurles for =each Mini-lareuage in this
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implementation are stored in ar arrsy cf vrpointers tc C

structures.

TYFE FCEHV NCTE
Fostfix Fcrm acd-ac+ac*?at+7 Usirg 7 as a terrary
restfix form
Syntax Tree if-then-else
/ I \
: \
/  if-then-else \
/ | | | \
/ -— + prd +
/ / N\ / \ /7 \ / \
a cd ac ec a°t
Tvadruple Cp Argl Aryc RFSUTT
(g¢)y = a T1
1" if T1 z &
(z) - c A TZ
(2Y it T2 2 €
r4) + a C T2
.5) gecto €
() = a C T4
7Y gcto €
ey 4+ a t TS
(¢' goto 1¢
(1¢) ... next statemert
Triple Op Argl Argz
(2) = a
(1} if (2) 2 (Ccrdition 71RUF’
(z) goto 1@ (Ccrditior FALSE)
(2) - c d
(4) if < €
(s goto €
(€) + & c
(v goto 12
(F) * a c
(¢) goto 1z
(1¢) + a b
(11 goto 12
(12’ next stetemert

Fig 2.4 Compariscn of each type of irterrediate ~oae
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A staterert such as A := F + 12 was generated as

> 3143
NY =
(o Bna ol
(S

-

3

[WY

nN)

Tempcrary rares T fcllcwed tv a ~crntirg numter) e1e ger-
€erated every time an idertifier  such as an irteqer or
string is ernccurtered ‘Tl = 12). The exeryle atove c¢ar te

rerresented ty @ set cf guadruples As shrwn in fig 2 £

—-— .

Cr Argl phre? ksl
re) = 1¢ 11
1) ' I T1 Tz
z) = Te A

Fig 2 £ OQuvadrurle representatiorn of three-address stetements.

o
IgN]
.
(W
i
<t
=S
-+
[o7]
~
(]
[0
e |
n
(@}
—~
]
Qu
-3
-
o
]
w
—
[o7]
-+
[ ad
(@]
o |

As mertiored atove, three-address ccde ir & quadruile
forr is 1sed as the irntermediete code to te generetea. In
this sectior some translations of simrrle staterents tased on
a part of the ¢rarmar in Mini-larguage Core will te ccr-

sidered.

A -, id := T

E -> ([F+]F * [®¥-]F
F - [F*]C

c - id ! int ! (®)

Fig 2 6 An Exerrle cf grammars rules in Mini-langrace Core
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Using ar exarrle is rrotatly the test way tc descrite how

the trarslation works. The trace of syntex-direct=d trénsla-

ticr

INPLT STACK PIACY GENEKATFD CCLF
A := F#{C-T)
= F®(C:T) id A
E*#(C4D) id := I
#*(C-T) id := id A E
®*(C+D? id = O AP TL = F
#*(C+T) id := F A T1
(C~+T) ig := ¥ A T1
c I id = F%( AT
+D) id := F¥(id A_m™M_ C
1L} id := ¥*(0 A TL C
‘T id := ¥*(F A T1_ C
+D) id = F*(F A T1 C
) id := F*{E+ p-TL  C
) id = F*(Ek+id A T1 C.T
) id = F*(F4C A T1 C.D
) id := ¥*(E+} AT CT Tz - C -
) id := F*(EF A T1 Tz
id := F*(F) A T1 Tz
id := %0 A_T1_ TZz_ TZ = T1 % Tz
id := ¥ A T2 A = TC
A A
Fie 2.7 Trece of syntax-directed trarsletion.
This exaryle vses @& ‘tottom-ur rérser mrakirg the jrojer

shift-redu-e decisiors tc reflect the usual asscciativity

and precedenre of operetors to crerete or A :- B*C~T)., fTte

fielc¢ FIACE 1is <carried alcrg with grammar symbols ir the

steck trt shcwn or a stack cf its owr. Genersted quedruples



are shcwr with the ster just tefcre they are gerne
z.2.2 Control-Flrw Rerresertatior of Foolean Fxpr
Fefer tc the example at the teginnire cf thi

if a ther if c-d ther e c else a*c el

The a and ¢-d are supposed to te bonlear express
of -tker will ‘te transleted into @ sequence of
Fig 2.€ gives a3 gereral idea nf translation for

]

statements such as

if ¥ then S1 else S7Z

while ¥ do S

|

i code for S

| S
TRUE: ! 5

, code for S1 |K-=----

! ]

! t

n

rated.

gssiocs

s chapter,

se a-t

ions. PRcth
quadrurles.

conditicreal



_________ >I _— e e i
i 1

| ! code fcr F -|---======——- |
! ! -l ———— m - ===
! 1 o e e o 1
: 1 I 7 !
R - | 1
! i i
b e ————o-- ! %
| TRUF: ! | | |
l | code for § |<—w-——m-m-- Rl
! | | i
L e e e - |
1 1
5 goto! !
————————————————— i

FAIST {————=

‘b)) while-stetement

-

Fig z.£ Form of code for corstructs using Foolean exjiressiors.

Eottem-up parsing was used and this causes a vproblem, The
critical rrirt ir tracing syntax-iirect tranmsletion for ccr-
trol flow statermernts is that the actuvel quaarcrles, to which
the jumps are tc te made at the time the jump statements aie
generated, may not have teer generated yet. The <code thet
is ¢gererated, therefcre, is a series of trarching statements
witt the targets of the Jjumps temporarily left wunspecified.
Fach such quadrurle will te on one or ancther list cf yva-
drurles to te filled in wher tke prorer location is deter-
mined., The sutsequent filling in of quadrurles is called

"tackpatching .

Throughcut this thesis work, the “tackpatchir; tech-
nigqve has teen used to create a structure (guadruviles) for

control flow <statements., Stacks are used to hold thre
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addresses cf thcse quadrurles which reed to te filled later.
Fach type cf ccntrel flew statement hes its owr steck in
order to prevent corfusior in popring end pushing tke per-
ticular steck. This alsc geirs the adventa;e of similer

codes.,
2.4 INTFPERRETEER

Cormorly, a programming largnege is 1irplemertec. orn a
comruter ty a cortrinetion cf tranmslatior and irterpretaticr.
A rrcgram is first translated frem its origiral form irtc a
form whiclk is mcre eesily executatle, and then this execut-
atle ferm cf the yrcgram 1ic decoded and executed ty én
intercrete-. This was the epproach which was wused ir eech
Mini-languvage imylerentaticn. For eack VMiri-language an
input 7rregrem was trarsléted irtc an easily executed fcrr
fquedrugles) end then an interpreter was used to interpret

each quadrurple.

tasically, cach input jrogram is translated irtc gqva-
drurles whickh are saved 1in an erray called aquard . A
functior called "xeq” is celled if the irput trcgram is syr-
tactically correct, to execute eack quedruple in “aquara .
The C pregramming langrage was used to cnde each inter-
preter. Tc illustrate the idea of irterpretation, fi, Z.¢

-

shows hcw to perforr an interrretation algorithm,



i Fetch next instruction '

Decode irstructicr
{determine thLe operetion and
operand desigrators. i

Fetch designated |
crerands I

i Franch to designated
|
!

creraticr
/ / \ \
/Y \ \
/o \ \
/ / \ \
/ / \ \

v v v AY
l¥Fxecute  |[Execute | {Fxecute | !Execute |
iprimitive! |primitive; ... [primitive}! jhalt !
loperation’ loperation; ioreration! |operatior|
: 1 P p3 | i k P |

| i | |

| : : :

v v v v
----------------------------------------- Stotr

Fig 2.¢ fasic preccedure for rreogram interyretatior ara
execution.



The "req function dces whatever esach quairuple tells
it to do. After checking the "Cp field (operator) in =ach
quadrurle. & case statement is used to trranck to the ccde
for each different kind of quadruple. For exarple, suiicse
“i" rerresents the index of the quadruple erray ir the xeq’
furnction. The following list shows scme cf the key guediv-

Fles in each irplerented Miri-language alorg witk the action

teaker ty the irteryreter.

CUALRUFIE "xeq’ Note
Cr Argl Argz Esl (interpretaticn)
4 A F T1 TL =1 if A < F, A1l compariscn
T1 = ¢ otherwise. (< > '=) hes the

sare idea.

(] LT Tz 1T2 T = T1L « T2 Case ITEM in “xeq .
(Mini-language Type

if T1

(g}
=

-if T1 = 1 {(true;
set 1 to 2%, 7 if
it is rect.

(@]
|

call 2 -save the index of

the next quad in
@ <calladdr stack.

—-transfer contrecl to
the called rrocedure

ty assignirg 2 to i.

raram A - - -save the value of A
ty pushing it on the
quev stack.

que W - - -3assign W to the value
taker fior the Tottor
of quev stack.

rarama A - - -save the address of
’ A ty rushing it on
the quee stack.



queaddr W - - -assigr the locatior
of W to the location
takenr from the tottorm
cf the ‘quea stack.

rararl £ - - -save the address of
A ty rushing it cn
the “quev stack.

lec W - - -assigr tke locetior
cf W tc the loceticn
taker from the tectter
of the quev steck.

FRCCEDURE 1 - - -does nothirg.

ENT 1 - - -transfer control
teck tc the callirg
rroceaure by setting
i to tke value
FCPFirg cut of the

calladdr stack.

read A - - -¢€t the value cf A
fror the array 'in
which reads in the
data {rom the data

file.

write A - - -prirt cut the wvalue
A in tte form
‘sl A = €7,
if A has the value
of £.

Fig 2.10 Iist cf key aquadvrles and the
result of interpretaticr



CEAPT™ER 2

MINI-TALGUAGFS

In thkis chapter, the sementics of each of the inple-
mented Miri-larguages will te descrited triefly. All state-
ments ir e€ack lerguage and the <symtol tatle, as well as

critical implerertaticr prcirts will te fecused or.

2.1 MINI-TANGUAGE CORE

Fach Miri-larguage hes the form as sheowr in fig 2.1.

program

declare idertifier.,. ,identifier:

| declare idertifier,...,identifier; )
tegin

statement-sequence;
end;

Fig 2.1 Format of Mini-languase

The PNF(Rackus Naur Fcrm) for each is shown in appendix P.

A semicolor is vsed as a termiration svmtol for state-
mENts. Ar identifier i< alrtarumeric end orly upper case
letters car te wsed. Feserved wcrds ere ell in lower case

letters. The cnly identifier type uced is integer.
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The syrtel tatle is simply a hash tatle implemerted as
én array of reirters to tatle entries. The algcritbm used is
a hash seerch. The incoming rame i< converted irto & smell
integer, whick is ther wuvsed tc 1irdex into the errsy of
tointers. Ar array element jeirts to the tegimnning ctf a
chain of tlocks descritine names that have that hash velue.
A tlock ir a chain is @ structvre cortaining rointers to the
nare, tke retlacement text, ard t»e next tlock ir the chain.

A null rext-rointer marks tke end of the chain.

Pacically, each ertry consists of nare, tyre, é&rd
valve. Tyre irdicates terpcrairy ide~tifiers, idertifiers, or

reserved wcrds.

For simplicity, the semartics c¢f Miri-larguaze Ccre

will te descrite? in seven sectiors as followed:
(1) Teclaration

(2) Assigrment Statement

() Inyut Staterent

(4) Cutput Statement

(¢} If Statemert
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(E) 1loop Statemert
(7) kxpressicns
(€) Comrparisors

For each tyve of statemert, 'Farmat is & structure in
the Mini-lenguege. Fcllewed ty ar example of the staterert,
"Quadrurle format” which tases orn the format Cp BRsl Arel

Argz” ard ary effect in symtol tatle.

Z2.1.3 Decleration

Fecrmat: declare iéertifier,...,idertifier;
[declare idertifier,...,identifier;]

Exaryle: declere A, }, Cj
Qradrurle format: rcre

Symtel Tatle: All idertifiers are iritialized tc €.

A declaraticr in Mini-larguage Core specifies one or
more identifiers thkat can te uvsed &s varietles irn a prcgrar.

Crnly 10sitive integers are legal values fcr each veriatle.

[{@]

The renge of an integer 1is ‘tetweer € and QCECoCco,

There are crly three 10ssitle cutcomes tc the erxecuticrn cf a

program.

(1) Ncrmal termipretion. # program termiretes normally

13

efter the executicr cf its



lJast statemernt.

Atnormel termiration. An attempt to €execute a
mearingless statemert which
then causes the xTrogram te¢

terminate atnormally.

(Z) Norterminatior.

The exact mearing of & programr is defired orly for pro-

grars that termirate rorrally.

‘N
._A
19
>
non
"t n
't T
s |
[
noy
[ d
w
g

aterert

Fcrrat: identifier := expressicnj
Exarrple: A = 10; —— value of A is set tc 12

Suedrurle Format:
ASSIGN(scurce variatrle, target variatle,
(constart , terget variatle.
Fxamrle: = A 1@
Svmtel Tatle: Set the value of target variable’

tc tre value of the "source variatle”,
or to the corstant .

An assignmert statement cavses the valve of the expres-
sion at the time cf execution tc te asscciated with a vari-
atle. Fxecution of an assigrment statement takes place as

follows:
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(1) 1The ervpression given or thre riéht cf the assSiermert
staterert 1is evalueted accrcrdirg tc the rvles given
under expressior telcw. If the expressior contains ary
variatles, treir cvrient valve is used in tke evelva-

ticn.

(2) The velue cttairned from the evalvation of the expres-
csicn tecomes thke current velue of tke variable on ttre

left of the assigrment.

Formet: irput idertifier [, identifierl
Fxaryle: irput £, E, C;

Guadruvle Fcrmat: RFAD{identifier)
[FFAD(iderntifier)]

Symtel Tatle: Set the value of "identifier’ tc

thke seved value in the "in" arrey.
Ircreese the index of in array.

An input statement causes cre or more integer values to
te read frem an input file remed "data’ . COrly one value will
te éssigned tc each identifier in the list c¢f iderntifiers.
Fach input value mnst te separated ty ore or more tlank
cheracters, end end-of-line becundaries are treated es single

tlark characters. For exarple,

"dsta  inrut input stetement result



ticn

(1)

(2

4 £ input &, P. C3

Three kinds of errors that can oc-cur during the execu-

of an irput statemert ere:

Insufficiert data error: The "data’ file ccntains
fewer velues tran trere
are idertified ir the

input staterert.

Size error: Tre irteger value resd frorm "date’
file is out of rarge

(¢ or > €9,658.8¢09),

Illegal character errcr: Cne cf the cherecters
read from the “data’
file is an illegal
character (other than

a digit or tlenk).

If ary cf those errcrs occnr. the yprcgrar is atnermally

terminated.

[

hi
|

Foermat: cutput identifier [....identifier...];

Exarple: output A, E, C;

[adi  LIEAN]



Quadrurle Format: WRITE(i?ertifier)
| WFITE(idertifier) |

Syvrtel Tatle: not affected

Fxecvtion cf en output statemert cavses the velue of
each of the variatles ir the list to te vrirted. Fach value
is rreceded ty "Esl  !stands for 'Fesult ), the name of the

variatle ard ar symtol. Fcr exarrle,

Cutrut Statement Actien
outrut A, B. Cj; Fsl P -2
Bsl F = £
Fsl C = 1€
The output starts or a rew line.
2.1.7 If Staterent
Ferrat: if ccrpariscn ther stetement-sequence
| else statement-sequerce !
end if;
Exarrle: if ‘A < F) ther
A = A ¢+ I
F := B - &5
else A = p - F)
end if;

fuyadrurle Fcrmat:
I} 'corpare result, true target, false target)

Since this is a cne tass compiler, the if statemert is
a critical pcint ir the irplementatior. A tackratchtir; tech-

nigue was vsed tr solve tke protlem generated bty tke fcr-
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ward ¢c to reauired for the false target . 1Ip tbkis sec-
tion some further idees atout tackratchirg to generete que-

drurles will te descrited.

The idee of tackratckirg is quite simple. For exanmple,

the code
BRACKFATCF . p,1)

reans make eack of the duadruples or the list pointed to ty
T take i as a terget . Ir cther wcrds, keer & list of thcse
addresses thet need tc be filled later ancd tren fill them
with a locetior at the yreyer time. The jprerer tire is when
sore terminration like "eré¢ if or “else’ is fouwrd ir ar

infut streem.

It is rect tcec difficvlt to use ‘tackratchirg in Yacce,
since the Yacc format is in grammar form. The critiral point
is that the vser has to realize that Yace wuses tctteor-ur
parsirg whkich regquires that all sitvatiors are considered
tefore tackpetching a particular ststemrent. For exemple,

-

corsider the nested-if statemert shown ir Fig 2.2
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gxam=

Rsl

T1

a3
ny

T4

if (& < F) ther
C := & ¢+ B
if (¥ < C) then
C := E;
else
C = Ay
erd if;
€lse
if (A F) ther
A = Cy
end 1if;
C := A + Bj
end if;y
Fig *.2 A rested-if ir Mini-language Core.
Fig 2.2 shcws hcw tackpatchipng was used for the atove
ple.
Statement Cuvadrurle generated
Cp Argl Arge
if (A < F) then 12¢: < A B
121: if T1 1¢2
C := 2 + EjS 177 A B
122 = Tz
if (F 7 C' then 124 < b3 C
17¢ if T2 1¢¢€
C := B 1¢¢: = E
€lse 1¢7: goto _
Fir the ksl field ir 1¢% with
12¢€ .
C := 85 1¢: = A
ernd if; 12¢: geto
else Fix the Rsl field ir 1¢1 with
11¢.
if (A = F) ther 11¢: = A E
111 if T4 112



A := C;
end if;
C := A + F;
end if;
Fig
ir fig 2.2
Firally, the follcwir,;

erated in Miri-larguage Ccre.

Co Argl
1e6: < A
1¢1: if T1
1¢z2: ~ A
122: = Tz
124: < F
1¢8: if Z
1¢6: = E
127: geoto 11€
1g¢e: = A
1¢¢: gotc 11€
112: = A
111 if T4
112: = C
112: gotc 114
114: + A
115: gotec 11€
116:
117:

Fig 2.4

irtermediate code would te

11z: = C A

11%: gecto 114

Fir the Rsl field ir 111 with
114,

114: -~ A B C

115: gcto 11€

Fix the frgl field in 1Z7 and

the
11F€.

Prgl field in 1¢S with

.2 Backretekirg cerrespondirg tc the nestirg if

t EN -

Rsl

-—— -

T1
11@
Tz

T2
1¢€

74
114

(@]

Intermediate cecde for Miri-larguage Core.



As mertioned, the quadrnple formet for the if statement

is
I¥(ccmpare result, true target, false target)

Tke “true target’ is alwavs the next gererated quedruple,
"false target’ is assigned after a yrerer else cr erd if

(if there is no else) is encountered.

It is necessary to have some redurdant “goto s; such
as quadruple 113 so that the general codes for all sitva-
tionrs such as "else after 'end if" can te generated. This
redurdancy can te elirinated in the rext nhase, code optirmi-
zatior, but unforturately, for this rroject, ar interpreter
was imrrlemerted irstead cf using’code ortimizatior and ccde
¢eneratiorn, This idea could bte ronsidered, for further

irplemertaticn.

32.1.8 Icor Statement

Format: while comrarisor loop

staterent-sequenrce
end lcotg;

Fxeryple: while (WEIGET ° 1fF¢ 1lcor
ICSS := IAST ICSS + L}
TAST_LCSS := ICSS;
WEIGFT := WEIGET - ICSS;
end lcop;y

Guadrurle ¥crmat:
IF ‘compare result, frue target, false tarzet)



Symrtol tatles: Not affected.

A lccy statement is a comjournd staterent that syecifies
that the statererts witkin the 1lcop are teo be executea
rereatedly fer as lecng as tre compericon at the keed of the

lecer is true.

Actually the loop ststement is a version of the 1if
statement. The irtermediate code tasirally used the it and
"gete’ staterents. The feollewing is the 1irtermediate ccde

generated for the above example.

ce:

ce: ¢

1¢c¢: > WFIGHT 15¢ 11

1e1 if T1 1¢2 1¢7

102 = & T2

1223 + I1AST _I0SS Tz I1CSS

124: = ICS®S IAST IOSS
1z2¢% + WEIGHT I1CSS IAST _ICSS
1¢€: goto 1¢¢

1¢7 :

1¢€:

Fig 2.2 Intermeaiate code for while statement.

Formet: [(overand < opererd) or (oreranrd = nperard) cr
{cperard > orerand) or (orerard != orerard

Exarple: SMAII < F1G)

Quadiuvrle Format:
IT GT

EQ NEC(first valwe,c<econd velue, target value)



Symtol Tatle: "Target variatle” ‘a temporary name
rreceded ty T fcllowed immediately ty
courtirg rumter) is created ir a syrmtol
tatle with a toolean tyre. The valve is
set to the truth value ¢ true (1), cr

false (g)) of the perticular
reletiorchip Tetween the first ard
the second values.

A compariscr corsists cf two operands separated by crne
of the reomjarison operators, <, ., , !'=. Should the evalva-
ticn of cne ¢f the orerands lead tc an érrcr, the jrogram

will te termirnated atrormally.

Z2.1.12 Expression

Fcrrat: ‘cperand - orerand or orerand - crerand or
operard * ovperand

Exarrle: 2 + F * C
Cuadruile Formet:
ADT
MUT(first valuve, second value. target variatle!
MINUS
Symtol Tatle: The value of the "target variatle
is =zet.to the result of errlyirg

the particular functior tetween thre
first velue and second value .

The creratcrs are evalvated in crder of decreesir, pre-
cederce, defined ty the rvles:

(1) The ojeratcr * hss higher jrecederce thar the + ard

operstors, which have equal orecedernce.
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(2) Oreretors of equal precedence are evelmwated in textual

crder from left to right.

(Z) An expressicn enclosed in parerthesis is eveluatea tc a

single velue tefore cther operators.

Twe errers can arise dvurirg the evaluation of an

Expressior.

(1) TUrdefired value error. A variatle ir the exyressicr has

not rtreviensly had a value assigned to it.

(2) Cverflow error. Cne of thte operations leads to & valve
greater thar the maximur permitted value defirec ty the

irrlemrertatior.

The occurrerce of either of these errors cavrses a&atrcr-
ral termination cf the prcgram.

In additier to the rules giver for the cerstructier of

a8 program in Mini-language Core, there are twe censtraints;

(1) Al! idertifiers used in the stetemerts of the jrcerar

mnst te declared.
(z) Mo identifier may aprear more than cnce.

A cormrert is introduced bty two ccntiguens hyrhern syr-
tols ‘tkat is,- .. These twc symtnls and the remainiry char-

acters cpr the sare lire ere treated as the text of the
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cormrert ard have no effe-t on pro.ram execvtion. & ccrmert

can oicvr ir the rrogram at any poi-t where & ‘tlanx rmay

e@lLTEear.

As merticner atove lcwer case letters are us=d fer key-
words ard ©Uprer case letters for identifiers. This serves
the dmal purrose of 3differentiating cne kird ocf statemernt

from another and of making more readatle rrograms.

A1l %eywcerés ere rescrved s¢ there is nr darger c¢f a
loss ¢of readatility dve tc the programs chocsirg identificers
that clash with keywords. This alsc jrevides fixed merksrs
ir the syntax that allow the rompiler to make tetter
reccvery in the face of syntax errcrs ard give more measning-

ful errcr messages.
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.2 MINI-TANGUAGE T

Miri-larguege D is vsed to focus on contrcl statements,
such as lccy é&né if statemerts. Ir miri-lerguege T, there
are three ways ir which the sequerce of staterert execution

may te srecified:

{1) Sequertial executior. The statements are executed
rrecisely ir the order in

which they are writter.

-
n
~

Conditional cr selective executior. Expressei ty

the if statemert.

(3) Iterative execution. For example, locp statemert.
If the cordition exrression Las
the value false iritially, the
tody of the loor is rever
executed; ard the loop statemert

heas ro net effert.

P corditicn-expressicn is either a single conditicn or
a rair of ccrditiors separated ty one of the logical opera-
tors ‘and ard ‘or . Frogram in Mini-languege T, of course.
have variatles ard all varietles 1ir & tfrregram must te

declered. Only irteger tyre is used.

Sipce almost &ll statererts ir VMini-larguage T had teer

deszrited previously 1in Miri-larnguage Core, the fcllowirng
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will focus or tte main idea of D structures

A T structnre, T for Dijkatre J[as 4ir ZPrvno ard
Steiglitz 1€72]. is a class of simple certrol structures. A

I structvure is eitter a

* Fasic action: For examnle, an assignment statermert,
frocedure call, or the input-outrut
statement;
er it is corstructed from
csimple L-strrectures, each using
cre cf the fellcwirge forms:

* Sequerce
sl sz ... sn
of two or more D-structures S1 thrcugh sr.

% Corditicral structure

if c ther
sl

else
s2

end if;

wher ¢ is a condition an® sl and sz are D-structures.
#* Jterative structrres
while C loop

<

erd loor;v

where ¢ is a condition ard s is a T-structvre.

Fig 2.€ shows a Miri-langrve¢e T rrogram thet tke trve tranrch

is always shcwn cn the left of the rcde.



Frcgram

-- This prcgram reads in an integer value representing the tire
-- on & z4-hour cleck and prirts out the cerresycnding lz-hour
-- clock time. If the inrut velue does not represent a correct
-- tire, the intut velue is rrinted.

declare TIMF, FOURS_ANT_MINUTES, ECURS, MINUTES, AM_CR_EM;

tegin

irTut TIMES

ECURS_AND MINUTES TIMTE;

BPCURS 1= 25

while (BCURS_AND MINUTES > 1¢¢) loop
FCUES ANT_MIMUTES := ECQUBRS_AMD_MINUTES - 1€2;5
EOUES += hOQURS - 13

erd lcors

MINUTES := BCURS AND MINUTES;

[

if {(HCURS > 22" tbhen
if (HCURS = 24) and (MINUTES = ¢) then
AM _Ck_PM := @3
ECURS = 123
outrut BOURS, MIMNUTES, AM_CE_PM;
elce
ovtrut TIME;S
end if;y
else
if [MINUTES > £¢' tkren
outprut TIME;
else
AV _CR_PM Qs
if (BCUERS e}
BOURS := 1Z

n

then
H

else
if (HCURS > 11 tter
AM_CP_PM := 13
if (ECURS 1z, then
ECUES := ECURS - 123
end if;
erd if;
end if;
output HCURS. MINUTES, AM_CP_PM;
end if;
end if3
end;y

Fig Z.€ A VMiri-largra¢e T program
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The rrevailing winds seem to te thet wusing the gcto
steterent ir ary yrrcgrers ic not 3 gcod pregramming style.
Currertly, meost of pregrammings larguages ever Ada, still
have the ¢cto staterert. Sirce, Iedgard wreote Mini-len,uage
L tc erphasize gcod preogramrirg structure, he ignored tre
£0to ststemert ard enforced the idea ~f ore-in,ore-cut

strirctures.

The tasic actions of cre-in,nne-out structure are such
that nc trensfer c¢f cortrol can occur Aurirg their execu-
tien. That is, =cntrol enters ty only cne path ané leaves ty
only <cne rteth. D-strycture 1is trvilt fron cne-in, crne-cut
strvctures. A rreogram thet is censtructed ertirely from T-
structure is 1itself a [-struvectnre. Consequencely, it will
have only one entry ard one exit. The cortrel schemes of
Miri-larguege L corresroné €exactly to the corstruction rules
fcr D-strvctures ard as a result, all rreograms writter in
Mini-largvage T are D-structured. To make this clear, fie
=

2.7 shows a program that 1s not D-structure (uses gcto

staterent).



I1: aits

K
if C1 ther
aa;
gcto 123
erd ifs

if CZz then
ass
goto 143
end if;

a6
if C2 then
av,
goto 143
else
eE&s
goto 123}
end if;

L4: ac:
if C4 then
goto I1;
end if;

Fig 2.7 Ap Fxample of a program that is not @ D-stiucture.

Furthermore, Iedgard exrressed the idea of the stvdy of
the «classic theorem of TFoehm and Jacorim [1966] in D-
structures. He sirply exylaired the 1reof of the thecrem
(1€ . The tasic conclusior of that theorem can te stated

simrly é&s:

For eny proper program there exist ar equivalernt
Jjregram that is a T-strvctured.
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Fy "ary preomer program he means ary comiuter [Tceram,

rc ratter whet control structures are used, provided:

f1) There is rrecisely cre ertry end cre evit tc the r1rc-

gram.

2° For every rcde ir the flovwgrarh rerresentatior of the
rrcgram, there 1is at least ore path from the ertry
Fecirt, thrcugt that node, tc the exit point. The
latter restricticrn rvles out progrars containing infir-
ite locrs ard statements that are not reeched ¢ty the

flcw of control frem tte pregrams et ertry roint.

Fy “equivalent program , he means a program that will
always give the same result as the origiral ore fcr the sarme
irpvt deta. Two equivalent prcgrams mey have very different
flowgraths. For exemple, compere twn vrograms that calculate
the square rcot c¢f their injut. Cne cttairs the result ty
successive arprreximatior, while the cther wuses a tatle
look-ur methed. These twe jreogram will ©be equivalent if
their resvlts are exactly equal for all possitle irput

values.

The iryact cof the thecrem is thet it 1is 1possitle to
write any o©rogram as a L[-structure. The theorem gnarartees
thet ary protlem cen te written vsing only T-structures. 1Inr
particular, if a programming larguage includes crly the fel-

lowing control staterents:



(1) Sequerces of cre or rcre statererts.

(2) Conéitioral Statemerts cf the “crm

() 1locps of

cr their

theeretically.

if conditieon tken
statements
else
statements

erd if;

the forrm

while conditicn loop
statemerts

epé loor)

equivalent,- then this is all needed, at

least
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2.2 MINI-LIANGUAGT TYPE

The Miri-larguage Tyre serves as a tasis for & discus-
sicr of the ccrcert of varietle tyres in rprogrerrirg
largnages. This discussicr will bte limited tec the primitive

tyres of & larguage.

As usvel, @ rrogram ir Mini-larguage Tyre consists of &
sequerre of decleretiors fcllowed Yy & sequence cf stete-
rerts. The declaretiors srecify the tyre of value that is tc
be associated with each idertifier. The statements cefine
the orerations to te rerfcrrmed or vealuves asscciated with

declared varietles.

The types ir VMiri-largvage Type ere either simple rer
corrosite. The simple tyres JInclude integers. strings of
characters (fecr example, “FAD  and “4R%°), and the toolean
values “true” and “false’. T™e compesite types in Mini-
larguage Tyre are arrays cf a giver simrle tyre and reccrd
struectures. All idertifiers referred to i» the progrem must

te declered exactly once.

There are fecur verieties of statement in Mini-language

Tyre, each of the usual fcrm:

{1) An assifrmert statemert : Foth the variatle ard¢ tre

exrression must te of the same simple tycge.
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An if staterert : fThe conditioral expressicn must te

of toolean tyype.
(Z) PAn injut statemernt.
(4) An output statemrent.

Variatles may te cortined by operators ir ar expression
to forT new values. The cperators +, -, and *, are defirea

over integers to yield their conventional result.

The relatioral oreraticns > and <¢ are defined cver
integers and give & resuvlt of tvrpe toolearn. The equelity
crerators = ard !'= are defined over ary twc ctiects c¢f the

sare simple type ard also yield a result of type toolean.

’ ’

The crerators “ard” and or are defired over two
toolean values ard perforT the tnolear "ernd”  and “or” opera-
tiors or tre two values. Tre operator “cat’ is defined over
twe string values and yields the string corsisting of the

conratenation of the two values.

[EgN |

.2.1 Syrtol Tatle Managerert

The symtcl tatle Managemert ir Miri-language Tyre \is
quite <cifferent from that in Mini-langvage Core and Miri-
larguage L. There are fouvr tatles; Idertifier tatle, Vari-

atle tatle, Type table and Store tatle.



(1) Identifier tatle : ‘idtat’ has £ fields ‘nare’ and

‘varaddr’.

“rame”’ identifies =ach variatle or
identifier neme.

“varaddr”’ is a yoirter te the Variatle tatle

Tte tatle is irdexed ty
an iderntifier
numter issued by arnaly:zer

(1.2,%2....,ICMAXY,

(Z) Variable tatle : ‘vartad’” has 2 fields “typeador’

énd “storeesddr’.

“tyreaddr” cortéirs a roirter to a Tyre tatle
row for this variatle’s
decléered tyre.

“storeaddr”  contairs a pointer to Store tatle

() Store tatle : ’storetat’ is just an array contaian

value of each veérietle and

identifier.
(4) Tyre tatle : “tyretat’ with fcur fields
included.
“Sort’

“fieldl’
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“fielaz”’

“fieldd”

The “Sort” field will cortair a numter represerting a
tvre. The following explains &ll rossitle types used in
Mini-language Tyre and how each type is represented ir the

Tyre tatle.

REC : record

FFCCRD size chain 2

size : The rumber of fields of each reccrd.

chein ¢ A roirter tc Type tatle row wkerc the first

field may te foura.

RECFIT : field (of a record)

R¥CFIT id chain type

id : P2 symtol tatle numter ‘after using hash furcticr;

of field designater ‘id'.
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cheir ¢ A rpeirter tc Type tatle row of rext field

ir recc1d; zeroc if last.

tyre ¢ A poirter to Type table row of type of

this field.

ARRAY array

—— — ——

AFRAY size chein tvre

size ¢ The total size of an array of this type

in storage (“storetab’).

chair ¢ A pointer tec Type tatle row of first

sutecrirt range.

type * tyre of elements (Type row numter}.

SSEANGE sutscriit range

SSRANGE str chain type

ctr ¢ The stride of thic range - net charge

in adécress for unit change ir this
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sutscript ‘essuming elerent size cne’d.

chain : A rcirter tc the Tyre tetle recw of

next sutscript rarge, zero if last.

tyre * A poirter to tre Tyre tetle row cof
sutscrirt values; must be of irteger
sutrarge, string sutrange, btoclear

sutrénge.

INTSUF J~teger sutrange

STRSUF : string sutrange

ECSUR : tcolean sutrange

INTSUE field1l 1t ub
STRSUE
ECSUR

fieldl ¢ Fcr array, this field contairs corstant
rurter identify tyre integer if INTSUF.
For record structure, this field
cortéins ccunting nurter cf record

field.

1t ¢ Incdicates the lower tournd of tre arrey.
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ut ¢ Urper tourd of eech range.

L@

'
.

Ny

Mere atout Composite Tyre

Fefore further consideratior, nre sbkould realize that

Mini-larguvege Tyre elimirates records of errays and vice

versa.

Ir Miri-larguege Ccre the trarslatior of assigrnert
statements havirg orly simnly names as operands. Ir Mini-
language Type ledgard introduvces array references arc reccrd
strvctures as orerands. For array reference such as Ali][j],
the arrroach used here is to ©prediuce three-address codes
(quadrurle' that corprutes the cffset of Ali][Jj] from the

tase of array A ard then performs an indexing operation.

The array statement ir Miri-largvage Tyre has urlirited
positive ‘tYournds. Ary rositive rumter can te assigrea to
ejitrer lower tcund or urreér tourd whirh, ¢f cowrse, includes
zerc. The main idea of row majer form is to store the array
in a tleck i~ such a fashior that if ore scarns the tlcck
frem tor to tottem, ard nctes the irdices of the word stcred
in each location, the rightmost index wveries fastest, the
secord rightmost varies rext fastest and the leftmost index

varies slowest.

let’s ccrsider a k-dimensional array Ali1,i2,. .,ik]

where 1ith irdex rurs frer lower tceuwrd i (IFi) ur to some di
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fer each dimensicen 1i=1,2,....k. Mathematically, we give
this element A[i1,i2,...,ik] offset

(11-TE1)TZDP2....Dk + (iZ-LF2)LZD4...Dk +...+
(1(k-1)-1E(k-1))Dk + (ik-LPRk, ‘T.1)

fror the first woerd cf the array. we can rewrite (T.1) as

R X
£ (i.~e)H)D. — D.=22 D omd Dy =1.
t] \ ) ) ) i £

) )

Dj can te celculated in advarce 1in the 1lexical analyzer

rhase. Firally, the three-address code for i, feor exarrle,

Alil1,iz2,12,14] is

T1 = i1 - LF1
Tz = T2 * D1
T2 = iz - IF2
T4 = 13 * D2
TE = Tz + T4
1€ = iZ - IEZ
T7 = 16 * L2
T = TE + T7
T¢ = i4 - IE4
Ti¢ = T¢ * L2
T11 = TE€ + T1¢
T12 = addr(A)
T13 [] T11 T12

Fig 2.2 Fxarple cf quadrurle fcr array tyre
in Mini-lerguage Type.

The ‘|]° hes the meanirg cf acditior wren the opcode arppears

in the interjreter.
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c.2.2 Record Tyre

Fasically, e record type contains a collectior of com-
rererts, each of wkichk rmay te cf @ different tyre. E&ch cem-
Fonent has a8 namre and & value. Tre following is an exemple
of a record structure decleretion ir Miri-larguage Tyre for

the recerd of a person’s drivers license.

declere TICERSTE :
reccrd
TRIVER : record
FIPST_NAME ¢ strirg;
MITLCIE NAMF : strirg¢;
IAST _NAVMF : string;
end record;
JTICENSE NUM : string;
EXPIRATION TATE : record
MORTH : irteger;
DAY ! integer;
YEAR : integer;
erd reccrd;
TRIVIKG_CCLE : strirg;

Fig 2.2 Ekxamrle of a record structure declaretion cf
record tyre in Mini-larguage Tyrpe

The translation avrrcach used here is to leave & refer-
erce such &s TICFMNSE.FIRFS™NAMF irtact ir the three address
cocde. The interpreter will take care of findirg the actual
address of e€ach reference. This tesk is assigned to a file
called “get.c” which cortairs two main rrccedures “get’ ard
‘eetplace’. What ‘eet’ rreccedure does, tasically, is to
look at the rame ‘IICENSF’, get an index from the ‘varaddr’
field in “id’° tatle. Using this index to indicate the row to

,

look at ir “var tatle. Get the “type” 1index from the
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“tyreaddr” in ‘ver” tatle and at the same time save the
nurter{A) in “storeaddr” field whi~h irdicetes the row in
“store’ teble where the value of TICFASE structure is
started (tese address of the structwre). At this roirt the
“tyre’ index is wused tc specify where ‘TICENSF’ record
starts in “tyre’ tetle. ‘getplace’ will te called at this
point tc start looking dcwn the “type’ table ty fcllowing
the chain et each row uvuntil the last sutrare of €ach refer-
ence, FIRSTMAM® dir this exarple. 1is fourd. The courtirg
nvrter feor each subrerge which was kept in fieldl 1is saved
(R). Tke countirg rurter is edded to the tase addaress of
this structure (IICENSE) A + E). The arswer will te the
irdex in “store’ tetle peirting to the valve,

TICENSE.FIESTNMAMF in this example.



2.4 VINT-TANGUAGE FRCCELURES

Sutrrergramrs allew the prcgremmer tc Tackage ceomputa-
ticns and ctararveterize their tehaviecr. There are twc fcrms
of sutrrcegrers, rrncedures and furctions. A Tfprecedure sut-
program is a sequerce of acticrs that is invcked by a call
statement. A functior sutrrogram is & sequerce of computa-
ticos that results ir a sirgle value and is invoked from
withir &n exrression. TUsvally, contrcl returns to the peirt
of 1invoceticn after executior of the sutrrogram, thus form-

ing another cre ir, ore-ctt contrcl structure.

Tre Mini-language Procredvres, is vused to demonstrete
sore techriques of passirg deta tetween the sutrrogram ard
the program that calls it. Crly glctal variatles are dis-
cusced Ytrere., mcre atovt scope mecharism is discussed in the
Mini-language Sccpe. Also & special property, recursion, is

descrited in the VMini-language Aprly.

A trcegrar in Mini-learguage Procedures, consists of a
sequence of declarations followed ty a sequence of state-
merts. There are two tyres of declaratiors, o¢re fcr vari-

ables and cre for procedures.

Variatle declérations introduce sirrle wvariatles ard
arrays c¢f 1integer only. Unlike Mini-language Type, array
varjatles conteir an urspecified numter of ccmponents. For

this 4irplementatior each array has a rarge between ¢ 'lower
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tcrrd) and 1¢¢ (rpper bcurd). For example, ore may heve:

declare X,Y,GCOD; -- three integer-valuved wvariatles.
declare A,E:array; -- two arrays with irteger components.

All variatles used ir the statement part of a Tfrograr must

te declared exactly orce.

A rrocedure declaraticr defines @ procedure sutrrcgram

and ccntairs the fcllowing parts.
(1) an idertitier name for a procedure,

} the nares cf rarameters ard their modes,

LAV]

(2) the declaration of any variatles 1local to the rpro-

cedure,

f4) a sequerce of statemerts comprising the tody of the

rrccedure.

A1l variatles used withir the tody of a 1rocedure must

either te Aeclared in the procedure or te pmrameters.

There are fcur types c¢f statements ir Mini-largvage
Frocedures. An assignrert statement, an 1input statemert
which allows inrtvt value tc te read in from the “data” file,
an output staterert énd a call statemert. A call statement
censists cf the name of a declared procedure erd argumerts

corresyponding te earh lérameter asscciated with the



procedure.

Curirg execution cf a call staterent. twe things take

Ilace:

(1Y A correspon”erce tetween the arguments ir the argumert
list eand the parameters in the procedvre is estatlisted
In left-tc-right order. The i-th argurent <ccrresyords
to the i-th parameter. The rules for passirg the argu-
ments to tre procedure teihg called ere ther applied to

each sevarately.

(2) Control is trensferred to the first -executable state-

ment of the tedy ir the invecked jrccedure.

When the last staterent in the celled procedure hes
teen erxecuted, certrcl is returred to the statement fcllcw-

ing tre call statement.

The way ir which the argumert 1is rassed to its
correspending cparameter depends on the mode of the rparawme-
ter. There are five ways c¢f pessing rarameters in the Mini-

language Frocedure as follows:
(1Y Fass ty Value
(2} ©Pass ty Reswlt

‘) Pass ty Velue-result



(4 Pass ty Ioceticr

(£Y TFass ty Name ‘not included in this iwplementaticn

The perameter acts as e local variatle telonging to the
rrccedure. Thi< 1local veriable 1is initislized with the
valve of tte correspording arguvment Since the parameter is
rurely a8 lccel variatle, ary charge cf its value during eve-
cuticr of the procedure has no effect on the <correspordirg
argument. An argument rtassed by valve rust te an integer-—

valued expressior.

The perameters again &ct és 1loral variables, but their
valtes must ©Te initialized 1lccelly within the precedure
tody. After trhe staterents cf the tody have teern evecuted,
the value of the rarameters are assigned to the corresyord-

ipgy arguments. The arguments must te variatles.

Arguments passed ty value are exiressicns that (revide
‘“{rruts’ to & rprocedure: arguments rtassed by restlt are

variatles that receive “ovtruts’ from a rrocedure.

LI}

.4.2 Pass ty Value-resvlt



&7

Fass ty value-resvlt ccmbires the characteristics of
pass ty value and of pass by result. The parameter is ccr-
sidered a variatle locel to tke procedure: its iritial value
is given ty the value of the correspording argument, and the
firal value of tke parameter is assigred to the argumert on
corrletior of executicr of the procedure.

2

.4.4 Pass ty Iocatior

The parameter is considered a 1local variatle of the
Frocedure, tut its locaticr is the location of the argument.
Thus, any refererce tc the value of the 1arameter 1is «ccn-
sidered a refererce tc tke value of the argument, arnd any
assignrent to the rarameter 1is an assigrmert to the

correspronding ergumert, thus changirng the argumert’s value.

Fass ty location {or reference' 1is quite similar to
pass ty value-result. The differerce is, with pass ty loca-
tior, any chenge in the value of a rarameter is immediately
reflected as @& chaenge in the velue cf the correspcrdirg
argument. With rass ty value-result, the value of the argu-

ment changes only cr final exit from the ralled sutprograr.

Fass ty Marme allcws results to te trarsmitted tack from

a stbtrrogrem thrcugh assignments to the correspording param-



68

eter.

LI
1.8
M

[[2]

=<
3

ey
(o]
1—
3
[fs]}
[o 4
14—
m
L4
[e])
e
[[e7)
m
I
3
"M
=
let

There are frur syrbcl tatles in Mini-largua¢e Fre-
cedures. The mair tatle is called “idtat’. As tre tatle rame
suggests, it centains all identifier ard veriatle names used

in the rregram. The tatle is divided irtr three fields

(1) MName : Ccntains rames of identifiers and variatles

{(2) 1Tyre : The type of each variatle or idertifier. Possi-
tle types are

- PAR (parameter)

PRCCETURE (name of procedure)

SIMFIF (integer ir mair program)

ARRAY farray)

(2Z) Stcre ¢ Pointer to the cther three tabtles, derends on

Tyre fielad.

Possitle Tyre Point to

EAR ‘partat’ {rarameter tatle)
FECCFIURF ‘proctat’ (procedure tatle’
SIMFLE “storetat’ (stcre tatle’

ARRAY ‘storetat’ {store table)



m
)

A urigrve rurter is assigred to each g1reccedure mnare.
This vnique rumter is storef ir the Stere field, its Type is
PRCCFTURF, erd it is vsed es an index ir “proctetr’, the pro-

cedure tatle, whick has fcur fields as fellcowirg:
(1) Unique : Urique rumter for eachk frocedure.

(2} Cuard# : The rurter cf the gunedrurle where
sequence of the corresponding

Frrcedvre sterts.
(Z) Count : Numter of paremeters ir the rrocedurs.

(4) Far : 2 pcinter to the first parameter of the
rrecedure in ‘partet”

(pararmeter tatle).

¥Fvery time the rrocedure stetement 1is invoked all
rarameters, frem left to right, are stered ir “partet” frem
top to tottor. The poirter in Par field ir ’proctab” is the
rurter cf the first (the left most parameter) ir the parame-=
ter statement. These numters are also vsed as the 1index 1in

‘rartat’ which hes fouvr fields as following:
(1Y Findev : Unique rumter fcr each yarareter.

(2) Powner : Uricue nurter rerresenting the name of
the rreceduvre which the

rarareter telongs tc



(4)

arrey

7e

FPtype : The mode of the paremeter ({(Value, Fesult,

Valuve-resvlt, Tecaticrn!

Fstore : A peirter to “storetet’.

The stcre tatle, “steretat’., is Just a one dimersioral

cortains values of variables, identifiers ard parame-

ters. Crly irtegers ere conrsidered In Miri-largvage Pro-

ceduvres.



CFAPTER 4

CCMNCLUSICNS

Miri-languages are gooa exarples of prograrmirg
languages wricr rrovide simplicity and compactity. Tke prr-
rose of Herry Ledgard 1S€1 [The Prcgram larguage Tandscare]
or Mini-largrages was to provide an easier way to study pro-
grarming larguages. Fach Miri-larguege fccuses on one imper-
tart feature of programnming lansuages at a time. Feor exam-
rle, Miri-larguage Procedtires concertrates crly on jrocedure
call statemert, ard Mini-lanfuage Type concertrates or the

variatle type staterernt.

The fcur ccmrilers irjlemerted here for this thecis
work are feirly modular, so additions or mecdifications ccild
te made tc them with few yprctlems. Miri-languages cculd te
vsed as a tool for recsearch into the protlems of variocus
languages. Ferhars, these four ccmpilers could te wused ty
the startirg 71rcgrammers tc test their atility in urder-

starding £éch feature of rrogrammirg larguages.

This chapter contairs a discussicr cf what might te

changed in this thesis work, or what might te added tec it.



-
N

A ccuile of the comyiler rthases that were eliminated
fror the design of each cof the fovr compilers were the coce
optirizatiecn and tte code generatior phases. The intent cf
the «ccde ojptimizer is tec remove redundart or wuseless
instrvctiors that are generated tecause cf the simplicity of
the 1interrediete code gereration. For exarple, a ¢go tc

staterent

1¢¢ ecte 1¢1
101 gotc 10z
1¢= .

1g2 .

124 .

whichk Tight bapren in some situaticns with an "if statemert

and a "loor” statement.

Since the purpose of this thesis is to learr more atcut
rrcgrarmring larguages, the code generatior pkase for ore
rarticular machire was left ovt so that the writer hed mcre
time to <concentrate on cther features ct the vrogramming
langnages. Anyway, the interpreter for ecach Mini-lercuace
was written tc te<t each ccmiriler. Further imjlementaticn
can te made from this poirt. the code cptimizaticr prese erd
the code generation rhase should te atle to te implemented

witrout ary difficwlties.



Fecause cf the time fector, the varinus procedures cf
this thesis work were kept simple whict meant thet trey were
rot always efficiert. Ore r7to0ssitle <change would te to
modify the organizatior of the arrays currently used in tre
Frcgrams generating each cerpiler. Such arrays, for exam-—
rle, the “Temrcrary array which creates temrcrary raéres
“T17..."T1€0¢" used in generating irtermediate code grow
Iretty fast. Fesides this, stacks are vsed in each irplemer-
tation tc keep things simrle. As with the arrays, starks
used here grow fast. A meore efficient stack maracemernt
technique might te used tc improve memory usaxe efficiency.
Tex 1inrut and Yarc inrut written here are quite simple erd
easy to uncerstard, this causes, sometimes, quite cumterscme

code.

In epry case, much effort has teen put intc this thesis.

Eopefully, this thesis will te of some use in the future.
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€.1 APPENTIX &

In this aprenfix all three Mini-languages

ir this thesis wcrk are stown in PMAF forr.

Context Free Syntax of Miri-larguag

1D
1=
[fo ]
(9]
ez
=y

EQ

implemented

Sore extensiors to BNF were used tc descrited the . ram-

mars of Miri-langueges.

(1) Cptioral Items: There are encloseé¢ ir Prackets, thwus

introducing the additicnel

meta-symtols [ and ].

(2) Sequerces: The ellipsis symtsl (. .)

is

introduced es arcther meta-symccl tc

irdicate the repetition of the

rreceding cetegories ccntained in

trackets an artitrary rvmter of

items

(2Y Tyrefeces: The names of FNF categrries will te

writter witheut < and tut in e

tyreface differert from that of that

language teirg defined.



£1

As with PNF. where trere is a clash tetween a meta-
syrtol ard & syrtol of the Miri-languages, the symtol that
is rart of the Miri-language will te wnderlired. TFor exar-
Tle.

variatle o= igentifier
| identifier |exprescicn]



£z
Table F.1 Cortext kree Syntex of Mini-language Core ir PNI

Freerar:

i= Irogram
{declaratior-sequence™
begin
<statemert-sequernce>
erd,
{declaration-sequerce .decleration>
<declaraticr® <declaration-sequerce’

‘staterent-sequerce)

«statement>
<statement: <statement-sequerce’

{declaraticn>

declare . identifier-list.;

<identifier-list> “idertifier)

<idertifier>, <idertifier-list.

{statement>

.o
.o

.2ssignment-staterent -
“if-statement>
<lcop-statement
<irput-statemert>
<cutput-statemrert:

{assignment-statemert:

<identifier> := ~erxrpressicr

<if-statement>

if <compariscn> ther
{statement-sequence>

erd if;

if <comrarisor> ther
{statement-sequence>

else
{statement-sequence

erd if;

t= while <comparison 1loop
{statement-sequenrnce>
€erd loors

<lcop-staterent>

irput <identifier-list  ;

<input-statement’

.o
oo

<ovtrut-statement> cutput <iderntifier-list>

vorerard’ = <cperard. !
. <operard> !- <operardq> °
+ <orperard}> < <crerard> )
<operard® . <{operard.

‘ccmparison:

cexpression. ‘factor.



<factor>

<orerand>

lidentifier>

{integer>

Kletter:®

Cdigit.

mn
(§)]

<exrressien> <+ (factor’

{expression> - <factor:
{cperanad>
<factor> * <operard>™

<integer>
<identifier>
i <exyressicn )

{letter>
<identifier> <letter>
<jdepntifier. Zletter

‘digit> {integer> <digit>
AB! CI{T!/E}|TF |G| E
JikK T MNP C TP L0
ST T I U1V IW XY |z
2 {11z 12414 =167
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Tatle F.2 Cortext Free Syrtax cf Mi-i-larguage T in FNE

{irogram; te= I110gram
<{declaretion-sequence
tegin
{statement-sequerce>
erd;

<declaration-seqrence’ ~declaraticn>

<declaraticr> <declaratior—-sequernce.

“statemert>
{statement> <{statemert-SEqQUENCE>

«statement-sequence>

<ageclaratiorn. declare “identifier-1list:;

<identifier-list>

“identifier>
<identifier> . <identifier-1list

(staterent>

.assignmert-staterert>
<if-statement>
{loor-statement:®
<input-statement>
<output-statement.

<assignment-statemert® = <idertifier> := <exyressior.

= . if <condition-expression> then
<{statemert-cequerce’

<if-staterent>

[ else
‘statemert-cequenre> ]
erd if;
{lcop-staterent> $r= while <rorcditicr-exrression 1lorp
Z{statemert-sequerce>
end loor;

{irput-staterent = irput <idertifier-list: ;

<ovtrut-staterent’ = output <identifier-list> j

°= [ <condition. and ] <cecnditicr
| <conditior> or ] <condition

cccndition-expression®

0= {comparisecn>

tccnditior® rlse .
{condition-expression. )

{ccrparisorn> ( <operand <comrerison-operatcr <operand:

{integer-expression: T:= [ <operaré + ] <operand



<orerard>

<ccrrariscn-ciereter

<idertifierd

<irteger>

<{letter>

<digit’

3

[ <operard> - | <cperard>

“integer>
{identifier>
{integer-exrressicr> )

detter>
<idertifier <letter:
<jdertifier> {letter

digit>d ! <integer>‘digitd
A}B}lCIDIEL}VE LG
JJEVYTD M I NTC P
stT Ul vlw XY
¢ 11z 1214} 5| €|

D m

=3
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Tatle E.2 Cortext Free Syntax of Miri-language Tyve ir FNE

<{irogram, s o= Irogram
<declaratior-sequence’
beein
{statement-sequerce>
end,

‘declaration-sequerce>®

oo
oo
]

~declaratiord
<declaratior> <declaretinn-sequerce.

{statement-sequerce)

.o
.o
[l

{statement>
<staterent <statemert-sequence>

{declaration’> HIEES declare jdentifier-1list> : <tyire ;

identifier-list> s 0= “identifier>
identifier> , <idertifier-list

oo
oo

{type> “simple-type>
ca@rray-type>

<record-tyre:

sirple-type>

.o
oo

“integer>
<{string>
<tocleen”

{array-tyge> $s= array [ “tounds> ] cf <typed

<record-tyre> HRES record
{identifier>
[ identifier>
end recordy

type>
type>

-e oo

<tcunds> “integer>. .7integer>

.o
.o

{gssignmert-staterert:
<if-staterent®
{irput-statemert>
{outrut-statemert.

{(statemert>

.o
"

<assignmert-statement> s <variatle := <expre<ssiorn: ;

.0
oo
]

if <expressior., then
{staterent-sequence"
[ else
‘statement-sequerce ]
erd if;

{{if-staterent>

.o
.o
1"

{input-staterent irput <variatle [ , <variatle J...

-e



e

oUtput-statementd te= output <veristle> [ , “varietle> ...
{exrressicn® tt= | <orerard> ‘oreratcr: ] <operend
<orerard> te= “variatle>

i {integer>

i <string

i .tooslean>

i | ‘expressiopn> ]
<string> $s= {character>. .’
<tcclean> HHS true

| false
<orerator> t:= T b= Y

| cet | ard | or
‘character> HH {letter>

i <dieit>

H {specisl-character
¢sfecial-ckaracter> te= {(sp) 1 + ' = | wm Lot e g

| 1 L g 1 g = 1 oy= s

i e 1 e | S ! [ |
detter> L AlEFLC!DIELE NG CF T

i J!'K {1 ,¥M'N"C!P, L R

H stT!HUotviwl XYy oz
«digitd> HEE ¢ 11 zt!z2t4a1 8187 189

hote: (sp) mears srece or tlamk cheracter.



Tatle F.4

rrogramd

<variatle-declaratior:

<rrocedure-decleration

{rrocedure’

{parameter-list>

“parameter>

‘rarameter-rode>

{statement—SeEqUENCE)

{declaration>

<identifier-list.

{statemert>

<assignment-statement>

<call-statement>

Cortext Free Syrtex of Miri-largvage Procedures in

2]
m

ENE

progsram
<variatle-declaretion>
“rrocedure-declaraticen-
tegin
{statement-sequence>
end;

<declaration®
<declaratior> ‘variatle-declaraticn>
{irocedure:

J{procedure> <procedure-declaration:

procedure <identifier> <parameter-list.
<variatle-declaraticr

tegin
{statemert-sequerce’

erd ;

parameter>
<parameter >, {rarameter-list>

{identifier> : {parameter-moce:>
value

result

value-result

locaticn

name

‘statemer t>
<statement® <(statement-sequerce.
<identifier-list>;
<iderntifier-list"

declare
declare “:array:’;
<idertifier.
“identifier>, <iderntifier-list’
{assigrmert-statemert®
“input-statement
<outpuvt-staterernt>
wcall-statement>

<idertifier> := <‘expressior>

idertifier <exiressicn-sequence



“intut-statemrert
<ovtrut-staterert>

<exiressicn-sequence
texpressicn’

<orerand>

¢variatle’

‘4dertifier:

<integer>

{letter>

digit>

e

e

——t—— |

inpvt <idertifier-list
cutrut <identifier-list> ;3

<exiressicr’ )
‘expressier> <expression-sequence>

<crerand-
<expressiarn: i <operand:

integer>
Kvariatle-
. <expressior> )

<identifier>
<identifier: [ <expressicn.

<letter:

{identifier~ <letter:
{identifier> ‘letter>

~digit> {irteger> <digit’
AJEL)CID!'E!F G ! E VI
J VKL I M N O P QK
sty T) Ul Vi w! ¥l Yy} oz

g 111 z172% 141516 ,7.E



€.2 AFFENTIIX ¥

This epjendix gives core examples cf each irplemented
Mini-language. A result of each progrem after teing ccm-
Filed and csimvlated will te given next te a scurce code LIC—
grar. Reasonatle error messages will te prirtec ouvt next to
& scurce prograr if the scurce program is nct correct. Tke
restlt leading with "Fsl’ fcllowed ty each cutyut variatle

and value of that variatle will te rrinted out if the scurce

prcgram is comrletely correct.



ExemrrleC.1 for & Mini-languvage “Core”

line :
1 program
< declare CCUNT, IIMIT;
2 declére IAST_TEEM, THIS_TERM, MEXT TEFV;
4 tegin
£ CCUNT := g3
€ IAST TERM := 13
7 TEIS TERM := 1;
£ inrut IIMIT;
C
1¢ while {(CCUNT < LIMIT) lcop
11 NEXT_TERM := IAST TEEM + TPFIS _™ERM;
1z IAST_TEFEM := THIS_TEFM;
13 THIS TEFRM := NEXT 1TEEM;
14 CCUAT := CCUNT ' 1;
18 end loor;
1€ output CCUNT, NFXT_1FRM, IAST TERM, THIS_TFRM;
17 end;
1€
Start xeq
Rsl COCUNT =z

ksl NMNEXT TEERWM
Rsl IAST 1ERM
ksl THIS_TERVM
Finish xeq

nn
(AN R

-

Lata: 2



FxarpleC.2 for a Mini-language “Core’

line
1 feclare CCUNT *%syntax error*%, LIMIT;
**syrtax error: line 1: Missing rrogram key word

z declere LAST_TERM, THIS_TWEM, NEXT TFRM;
Ky tegin

4 CCUNT ¢ *%syptax error**;

3 LAST_TEEM := 1;

€ THIS TERM := 1;

7 input LIMIT;

S

¢ ( *%syntax error**CCUNT < IIMIT)

1¢ outrut TAST TERVN;

11 NEXT _TBEVM := IAST TERM + THIS TERM;
12 IAST_TERM := TBIS TEEM;

& TEIS_TERVM := NEXT_TFFM:

14 COUNT := COUNT + 1;

1% €nd loop;

1€ erd

1%

rtrter of errors 3

(s}
n



ExartleC.Z fer a Miri-language “Cere”

lire :
1 program
z declare E,T,TT;
2 tegin
4 ingut ,7,TT;
£ outprut F,T,TT;
€ if (B < 2) thes
7 while (T > 2" loop
€ T := T + 1222221
< TT := 1T E:
12 €nd loorp;
11 else
12 P o= 45
12 end if;
14 if (F !'= £) then
12 P o= 45
1€ endif;
17 cutrvt E,T,TT;
1& end)
1¢
Start xeq
Rsl F = Z
Rsl T = 2
Rl TT 4

te ate st . - BN . Voodasisk
*@% Variable out cof rarge . | CCCCCCecCe or z)

Tata: 2 2

{0]
[$\]



¥xarrleC.4 for Mini-lanrguage “Core’

line

1 program

z declare £, TT,L.H.T,J,5,1,¢
2 tegin

4 while (T FY loorp

£ IT := 1T - 13

€ end locg;

i if (T < T) ther

£ E := Ty

¢ end if;

1¢ while (T!'=G" locyp

11 if (I=J) then

12 if {Y=F) then
12 while (G=K) 1lcep
14 p o= F;

15 F =73

1€ end loop;

17 else

1€ if (P=U) then
1¢ H := T;

ce end if;

z1 erd if;

ez end if;

23 end loors

z4 if (H=P) then

zt E := U;
Undefined identifier: U

Z€ end if;

27 end;

zF

ntrter of errors 1



w
(&1

fxerylel.1 for & Miri-langvage ‘T’

line

1 program

< -- This prcgréem reads in an irteger value represerting the time
2 -- on a z4-hcvur clcck ard prirts out the correspordirg 1lz-hcur
4 -— clock time. If the input valve cdoes nct represent & corisct
é -- tire, the inyput valve is irinted.

7 declare TIVME, ECURS AND MINUTES, “OURS, MINUTES, ANM_CE_IMS
€ tegin

¢ input TIME;

1¢ HOURS_ANL MIANUTFS := TIME;

11 ECURS A

1z while {(ECURS_AND MINUTFS > 12€. lcop

12 EOURS AND MINUTES := HCURS_AND_MINUTES - 122;
14 FEOLES = FQURS -+ 1;

12 erd loop;

1€ MINUTES := HCURS_AND_NMINUTESS

17

18 it (BCUVRS . 2Z) then

1€ if (BCTMRS = 24) and (MINUTES = ¢) then

3 AM_CF_PV := 23

1 ECURS 1= 125

22 outrut PCUBS, MIMUTES, AM_CFE _EFV;

2 else

z4 ovtrut TIVME;S

z& end if;

<€ else

z'7 if (MINUTES > £82) then

zF cvtrut TIME;

<€ else

2 AV _CE_FVM = @;

21 if (HCLES - ¢) thken

22 ECURS := 1Zz;

22 else

2 if (ECURS > 11) the

zE AV _CE PN =13

2 if ‘ECUES > 12} then

2 EOURS := BOURS - 1723

z erd if;

2c ernd ify

4¢ erd if;

41 outrut HCUERS, MINTES, EM_CE_EFV;

< end if;s

42 end if;

44 end;

42

[1:8
()]



Start xeq
k=1 HCURS

Bsl MINUTES
ksl AM_CR_PV

Lata: 1422

I ny

(g
1=+ NI

6



FrarprleF.1 for Mini-larguage “Proceduvre’

line :
1 -- Cell ty value
£
K program
4 declare I
< declare A :* array;
€ procedure SWAF EY ICCATICM(X:value, Y: velue ' :
7 declare TEVNE;
E tegin
c TEVE := X3
1¢ X HE
11 Y := TEVME;
1z End;
13 tegin
14 I := 33
12 A[I) := €5
1€ cutput I,A|2];
17 SWAF_PY ICCATICN(I,ATI]
1€ outrut I,A[Z];
1¢ erd;
2@
z1
Start xeq
Rel I = 3
Rel A[Z] = €
ksl I = Z
Rsl A([2] - €

Finistk xeq

[1p]
BN



FxarpleP.2 for Miri-larguage “Procedure’

lire
1 -- Call ty result
<
2 }Tcgram
4 declare I;
¢ declare £ : array;
€ Frocedure SWAF BY_ICCATICOM(¥:result. Y: result
(7 declare T¥ME;
£ tegin
¢ TEVE := ¥;
1¢ X =Y
11 Y = TEME;
1z end;
13 begin
14 I := 33
1t A[I] := €;
16 output I,A[3];
17 SWAP_EY LCCATICN(I,A[I];
1€ outrut I,A[2];
1¢ end;
s
<1
Start xegq
ksl I = 2
ksl A[Z] = €
Rsl I =

*% irror: Atterpt to eveluate ar undefired variatle
ksl A(2] = . :

#*% Error: Attempt to eveluate an undefined variatle
Finist xeq

Ve
ie



ExarrleP.2 for & Miri-largrvage “Frocecdure”

lire
1 -- Call ty refererce
<
2 rrcgram
4 declare I;
£ declare 5 : array;
3 rrocedure SWAF_BY_TCCATICAN(X:lccetior. Y:
i aeclare TFMI;
13 tegin
< TEME := X3
1¢ X = Y;
11 Y = TEME;
12 end;
12 tegin
14 I := 3
1% A[Z] := €;
1€ output I,A[Z];
17 A[2] := €3
1€ SWAP_FY IOCATICA(I,A[Z]);
1c cutput I,A[Z];
<2 end;
z1
e
Start xeq
Esl I = 2
Rsl A[Z] = €
Rsl I = €
Fsl A[Z] = 2
Finish xeq

{s]
[{a}

lccation):



txarrleF.4 for a Miri-larguage

line :
1
z
2 program
4 declare £,S,F5
£ rrocedure E(C
€ declere CC;
T tegir
£ CC := &3
¢ Vv := CC + Cs
1¢ erd;
11 rrccedure FR(G
12 declare T1L;
12 teginr
14 LI := 2 =+ G;3
12 output II;
1€ end;
17 tegin
1€ irput A,S;
1¢ A = A + S;
y4% output A,S5
<1 F(1,8,S);
zz cutput 4,S;
22 FE A5
<4 end;
s

Start xegq

Rsl A = 4

Esl S = Z

Rsl A = €

Rsl S = 3

Esl IL = €

Finisbh xeq

value,V

value

‘Procecure’

result,

-- Pessing jeraeameters of different tyres

W

1¢¢e

value result,:



FxarpleT.1 fcr a Miri-language ‘Tyrpe

line

WM <7 H 1y € A\ =

Cata:

prograrm

declere A,AA: array ([Z..4] cf

begin

'CC,

array [2..2] of
array [4..€] of

string;
inrut A[21([2])(5];
Al2]12)[e] := ‘g+2”
Al41[2] [€] := “gocd
ovtrut A[Z] (2] [€];
entrut A[Z2][2][=];

cat

‘rat”;

121



FxenrpleT.2 for e Mini-lan¢uage “Type’

line
1 program
z declare A,£A: array [2..4] of
! array [2..2] of
4 array [4..€] of
£ integer;
€ tegir :
5 input A[Z2])([2])[4];
£ inrut A[Z][2])[5]);
¢ ArLZ) (2] 6] := A[z][2] (4]
1¢ output AA[2][2][€];
11 outruvt A[Z][2](=];
12 end;
12
start xeq
Rsl AA[2][2]) (€] 7
Rsl A[3]([3])[¢=) 4
Finist xeq
Tata 3

12
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FxarpleT.2 for a Mini-language ‘Type”’

lirne
1 program
¢ declare A,AA: array [2. 7] of
2 arrey [(4..7] of
4 array [2..%] of
£ toclean;
€ tegin
7 Af21(2] (4] := true end false;
£ output A[2][5][4];
¢ cutput AA[’][E]IA]i
1¢ A[21[6]14] := B[2][2)(4] ard A[21[=) (4] or AA[Z](=])[2];
11 Aﬁl‘] [€1[4] := false;
12 outtut A[7][€][47;
13 outrut AA[3]([67[4];
14 end;
1F

start xeq

Esl A[3] (5] [4] false

Rsl AA[Z][5] [4)] true

Rel A[3][€][4]  true

Rsl AA[Z][6] (4] false

Firish xeq



Fratrlel.4 for a Miri-langrage “Tyre’

line
Ir

O N T M N (3 N =

s B s
NI MR AN =

[yeRs
[{a1NAs}

3

N
[aadli O]

-~

N

Finis

Tata

cgram

aeclare A,F: reccrd Y : irteger;

tegin

A.Y ::

.Y
Z2.F

.2.0.G
bh x€eq
false

6
£

Z : Trecord
P : irnteger;
T : record
G : toolean;
GG : string;
ernd record;
FF : record
TY : irnteger;
YT : toolearn;
end record;
YY : string;
enéd record;
end record;

input A Z.U.G;

irput A.Y. A.Z.BS

outrut A.Y;

B.Y := 4;

A.Z.B 0 1

outyut A.Y, A.Z.F, A.Z.U.G)

false

124



ExarpleT.® for a Mini-language “Mype’

lin

N M =TI MIn & I N

— -
[N

(WP
A N

12

O
m

17

W in i ~nN NN

(ol dl o N TR TR N e BEN N )

[oo e o= i~ V)]

Fin

€
pregram

declare A,X,Y :

r1ecord
E : irteger;
E : string;
C : record
CC : reccrd
DI : integer;
TDE : string:s
ITF : tcolean;
end record;
RC : boclear;
erd reccrd;
erd record;

tegin
A.C.CC.LDF := true and true;
if(A.R < A.C.CC.IDD) then
ovtrut A.C.CC.DDF?
erd if;
A.F = 43
irput A.E;
A.¥ := A.F cat A.%;
A.E := “yes’” cat ‘rop’;
A.C.CC.TCID := A.EF * 12;
cutruvt A F, A.C.CC.DTL, A.7%;
A.C.CC.TDE := A.C.CC.DTE cat A.C.CC
cutput A.C.CC.DTE)
end’
It x€eq
A.E
A.C.CC.DLD 48
A.E ‘“yesnop’
A.C.CC.TIF

isk xeq

1e*®

.LDE;



€.2 APPENTCIX C

This aprerdix shcws the example of Miri-language Tyre.
A r1ecord tyre 1is chosen sirce it is the most romplex one.
A1l functicns nsed to generate the ccmpliler and the inter-
rreter are given. The symtol tatles is also rrinted out to
te ccnsidered. Tefcre a list cf all the files, the struc-
ture of e€ach 1imrplermentedc Mini-larguage fer this thesis,

shewr ir fig C.1, shonrld te ccnsidered.
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(tyre.1: “type.y)
Iexic§l rules Grammer rvles
{
i i
v v
: Iex : i YACC !
i o
v v
Irput  -----*{ yylex | ------- >! yyrarse '---. Fassed
Frogram = -—-=--—-- - ee——— m——- input
(tra4) /
/
———————————— /

—— ———— ————— -

(xeq)

—— - ———————— . -—

output
(on the screen)

Fig C:1 Strvcture used in each implemented Pini-language
(ir this thesis).



Exarrle Miri-language Tyre (record type)

File name tpaf€

rrecgrar

declare A,X,Y
record

F : irteger;
E ¢ string;
C : record
CC : record
LTL : integer;
CTE : strinpg;
LDF¥ : toolean;
end record;
KC : toolear;
erd record;
end record,
tegin
A.C.CC.CCF := true arnd true;
if(A.F ¢ A.C.CC.TDD) then
outrut A.C.CC.LCDF;

end ify,

L.E := 45

A.E := “yes’ cat “nop’;

A.C.CC.LDD := A.F * 123

output A.P, A.C.CC.CDD, A.F;

A.C.CC.TLCF := A.C.CC.DTE cat A.C.CC.LDE;
cutrut A.C.CC.DDFE;

end;



Cermrand a.out < trae€

line

1 prograr

< declare A,X,Y

2 record

4 B : irteger;

< E : string;

€ C : record

7 CC : reccrd

£ DDD : inrteger;
¢ CTE : string;

1¢ IPLF : toclear;
11 end record;
12 EC : tcolean;
12 end reccrd;
14 erd record;
15 tegin
1€ A.C.CC.TDF := true and true;
17 if(A.B < A.C.CC.IDD) ther
1€ output A.C.CC.DTF;
1¢ erd if;
< A.F := 43
z1 A.F := ‘yes’ cat ‘nop’;
ZZ A.C.CC.DDD := A.F * 1%2;
z& outrut A F, A.C.CC.DTLL, A.E;
z4 A.C.CC.LLCF := A.C.CC.ILTE cat A.C.CC.LTF;
<t outrut A.C.CC.DLE;
z6 end;
Yali
start xeq
F<l A.E = 4
R<l A.C.CC.CTT - 49
F<l A.E = ‘yesnor’
Esl A.C.CC.CILE =
Finish xe€eq



11¢

Syrbol tatles

namre varaddr
2 A 2

1 X 1

z X 4

2 7T1 2

4 12 4

£ Z £

€ T4 €

T TE 4

£ Te e

¢ 77 <

1¢ 1= 19
11 T¢ 11
12 T19 12
12 T11 12
File name : var.code

tyreaddr storeaddr
¢ 17 e

1 17 6

c 17 12
2 1€ 18
4 1¢ 1¢
¢z e
€ z1 1
" 22 22
£ 22 2
€ z4 <4
1¢ 2¢ 22
11 Z€ c€
1z 2% g
12 2t 2E
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File rame : type.ccde

sort fieldl fieldz field?Z

RECFIT 66 2 2
INTSUE ¢ ceececcce
RECFLI
STRSUE
EECFIT
RECFLILC
RECIII
INTSUE
RECILT
STRSUE
FECFIL
ECSUE
KECORL
RECFIT
FOSUE
RECORL
EECCFL
POCLEAN
FTOOLEAN
POCIFAM
FOCLEAN
INTEGER
STRING
STRING
STRING
INTEGFE
INTEGEK '
STRING 1 % 2

[Q) N
N
n
V28

N =)~
AV

(n]

D

e T o JdC oo

O M =] M N A N)
MAYNDTM -

—

-,
(@)
-
-
—
SN}

b}

NN
(R M €A NY
N)
1:N
2]
—
N

-
NN

C

—
s
(@
Ny
[\)

—

tn

— s
m-a1,'n
n

AN
-

- M
-

Y
[{p]

)
AN

TN

N

PRl i i i

b e e s
(SRS

-
Qe
Q-

-
(SIS
0t
Nt
0o
N o
0 0
0t
0t
(al{o]

PR wipuite R i =

NYANY ANY N AY AN A

M -0mn
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File name : | symtat.code

4., Symbol tatle (symtat’®

g 4
1 ’yesnor”’
¢ At
4 1
£ 1
€ ¢
7
& @
12 1
11 1
12 ¢
&
14 ¢
1&
16 1
17 1
1e 1
1¢ 1
<2 1
2l 2
zz 4
23  ‘yes’
€4 “nop’
2% ’‘yesnop’
c€ 12
't 48



Quadrurle code

File nare : gq.code
1 = 1

T? = 1

2 and 11 12
A.C.CC.CT¥ T2

T4 < A.E A.C.CC.DLD
£ if T4 6
write A.C.CC.TLTE

TE

12

T1¢ * A.EB 1€
A.C.CC.DIT = Ti12
write A.P

write A.C.CC.TLT
write A.E

711 cat A.C.CC.DTE A.C.CC.ILE
p.C.CC.DTF = T11
write A.C.CC.LIE
stor

[ ]
[{o
"



Jun &0 1Z:14 1982 pns?tE78 tmain.c

oe oo o2
~

) A A

1 mhlS program i< the mein prograr of a compiler
/% feor Vini lapguage Type. It dcse

/% read ir data file

/% - call yyparse!) for lexical analysis
/% and syntax analysis

’3 - call xeq tc interprret quadrugles

,#® - durp onut syrtol tables fer detugseing
. (using all functicas tegin with dump)
/% - rercrt errers if any

y (using furctior “usage )

All variatles usirg ir this larguage has & rarnge
o of 2 tc ceceeececce

Ccrv T ewe oo o

JJ-J l4 \ksh J lolaJaJJ ste ate oto obs obs sloats obs als o -
semangsiesh SR SRSl s s sl sl st st sl sl je e she she st she sl Sl e sk it s ask Sie st

3¢
'.
<
W
(3

N .
36 36 38 36 b Ak

CLE

2
(13

s
W
NN N NN NN Y NN NN

* 3

... als abs als als als sls Jho als ale ale obs ob abp als sloals obp ale ol ol alo Wfs slo alo abs oFs oo b sl abs 2lo by vivals o ais s als als dloals ols obs
/%4 3 S e sk 3l ) e st o S i e e s e s sl s st e e ke s s e s i s

#include <stdio.hy
#incluae “tmaln h

#include 'y.tat.h~

#include  tdec.h
#include tquard.,h
#include tsyrm.h
4irclude dftyre.h

% impart variatles ard structures */
extern addr;

extern struct aquard *quardsave[MAXQUART];
extern struct SymstcrQ *storetat [FASFSIZE];
extern stack|[STACKSIZE], maxstk;

gxterr nmerrs;

extern scount;

extern ck;

extern struct nlist *¥eey (BASHSIZE];

FILE *otj, *foper();
int ¢, i, k, air;

/* tegining rrogrem */

by

otj = foren( date”, v )j /% read in data trom

for(k=@;k<1¢ §8

fscanfiotj, %d ,8ain) != ECF; k--)
inlk].uval.ival = ein;
fclose(otjf;

data’

file

Py

/* save Adata ip ar array =



115

rrintf(” line : 1 )5 /% print line rurter for input proeram

/* get the parser to work ¥/
yyrarse(';

/* durp cut irfermaticr, if wart te *
dumpgen(};
dumpsym(;
dumpidtat()
dumptype():
durgvar(;

\ o
’

/* Prirt the errcrs, if ary; continrue the interrreter, if ruot */

if (nrerrs> €) printf( numter of errors ¥d%,nrerrs);

else

printf(" start xeq');

durpgen’); /* write the generated quardruples in

/% also write symtel tatle in e file call

durpsym’);

/* execute the irput program; if no syntax errors *

xeq();

dutpsym();

printf( 2);
sk X % /
/* rrint cut my cwnp €Error massage€
/ sie sk slesiesie siesle sieole ses sle ste slesiesie sk Rese

e sz
vsage (msg)
char *msg;

extern irt nmrerrs;
extern irt errormsg;

if(errorrsg == felse) f
printf( *%svntax error: line %d: 7s
errormsg = trues }

*rsg = MUIILS
return;

/ * !
/% yacc error hardling */

2,lrerr,msg);

S

file

‘sym.code” */

32 /



yyerror (s,

nurline,

= rumline + 13

*®%syntax error*¥

char *s3
{
extern irt en,
lnerr
en = rumrline + 13
+TNMETTS;
rrintf(
return,
}
/'w

1%

/:"

rakerme (name)
int name;

{

/% dump

char
str

switch(prame) {

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
Case
case
case
defau

?unptype()

FITE

"type'

*otji,
struct symtyre

*str;

rmeErrs;

)

used in

(char*) malloc(2¢;;

INTEGRR: return
T™™™P: return
ITENTIFIFF: return
ARRAY: return
R¥CGRT: retuvrn
RFCFIT: return
RFCSUF: return
STFING: return
ECCIEAN: return
INTSUTF: return
STESUF: return
ECSUEF: return
SSRANGE: return
GT: retuvrn
FQ: return
NEG: return
IF: return
ITEV: return
1t returr
tatle

#fopen();

*rrt;

This functicr mekes rame fcr each tckern
assigned constant. Mostly,
So it is easier to retug the programs.

dump

(strcpy(str,
(strch(str,

(strepy(str, i
\strcpy(str,;

(strepy(str,

\strcpy(str."
.strcpy(str,

(strcpy(str
(strcry(str,
{strepy(str,
(strcpy(str,
(strcpyfstr,

(strepy(str,
(strepy(str,

{strcpy(str,,

(strcpy(str,“.
(strepy(str, i

(strcoy

(strcpy(str,”

(
(

str,

or each

11€

functicns

INTEGEE’
ten Y
. I')),
ARRRY )
"BECCRL
RECEIT
RFCSUFT

"STRING’
"FCCLEAN™)
"INTSUF
"STESUF

!

)
i)
ROE
A

v e
)

’
1
1
’
) )i
’
’

3% 3%

NN N
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int i3

€xtern numtype; .

otj = ferer( tyre.ccde’, w';

frrintffobj, type tatle ‘typetat) -- ---—--- 2);
frrintf(ob}, sort fieldl fieldz

?or(i=1 si<rumtypesi++

frrintf(ctj, %d %s

frrirntflotj,, %4
fprintf(otj, %13
frrintflot}j, ZA4

fclosefotj);

}
/% durp “var’ tatle */
durpvar()

FILF *otj,*fcreni);

struct symvar *prt;

int i:

extern pumrvar; o
otj = fopen( var.code , w );
frrintf(obi, variatle tatle
f;rintf(ctj, Cypeaddr
for\i @yi<rumvaryi+ |
frrintfiotj, 117d 2d
fprintfiot}, %d

frrintf(etj, €3
fclose(otjis

—

% dump id" tatle */
?unpidtab()

FILE *otj,*foren();

",i,vartatli]-

Jtyretar{i]->field1;
‘,typetat{i)->fieldZ ';

2,typetat|[i] SfieldZ);

{vartat)

stcreaddr’ ) ;

/typeaddr)

“,vartab(il->storeaddr);

struct nlist *ptr;

int 15 o

ot = fo;er(‘idtab ccde , w )j
iprlntf(obj, id tatle fidtad) --
fprintf’obp. name veraddr ,:
fer/i=@:i<ckii=~

{

frrintflobj, 117d %s ,i
firintf(ctj, %d

Jkeep!li]->rame);
,keerlil->varaddr);

fieldd

AR

,lmakerme(typetab[i] >sort);)

’

2)s



]

frrirtflcd
fcloselot}

i, @)
)

1
.
y

/¥ print symtel tatle ir a file ramed “sym.code” */

durpsym()

{

FIIF *otj, *fopen();
struct symstore *prt;
int i3

otj = foper' sym.code’

for(i=g¢ii“sccuntj;i+ )
{

fprirtffotj, %d

Frt = storetat{i];

if (yrt- storetytre

else

if (prt->storetyre
frrirtf/otj, %d

else

if (rrt-"storetype
frrirtfictj, %s

NUTT frrirtfictj,

== Int®
,Irt->ustore.storenum);

Str'
",Irt-custore.storeid);

else ﬁrirtf(' tad code ir dumpsyr i %d ,i);

} "
frrirtfiotj, 23

fclose(oti);
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#include “y.tst.h’
#include th.h
#include tdec.h
YYSTYPF yylvals

71}
IETTER [A-2]-
CIGIT [e-c]+
FIANK ]+
M 4
r%
extern 1list, dec;
int flag = “s”’;
extern index 3
extern numline;
extern firsterrey. arrey, arraysize,
Ircgram {
ECHC;
list = norm;
y retvrr PECOGRAWM;
tegir {
ECHC)
. retvrn STARTS
declare {
ECHC;
dec = true;
list = iddec)
| return DECLARE:S
if {
ECHC;
?witch (flag)
case ‘s’
returr IF;
case ‘e’
flag = “s’;
} return FADIF,
ECHC)
}
ther {
ECEHC;

returr THEN;



else {
ECEC;
: retvrn FLSE;
record {
ECEC;
fwitch (flag)
case ‘s’ firstarray = true;
return RECCRT;
. cese ‘e’: flag = 's”; return ENIREC;
) .
) ECHC;
end {
flag = ‘e’
¥CECS
]
inyut {
¥CFO;
list = readin;
} return INEFUTS
cutput {
ECHOC)
list = writeout;
} return OUTPUT;
array {
ECEC; array true;
| return ARRAY;
cf {
FCHC;
return OF)
}
true {
ECHC;
} return TR
false { ECHC; returr FS; }
integer { ECHC;
returr INTEGFR; }
strirng { ECBEC; return STRING; }
toclean { ECEC; return PCCIFAN; 1}
Yt { ECEC;
return COICN; }
[" { TFCHC; index - true; returr CRK; }
1 { ECEO; index = false; retuvrr CRK;
"L { ECHC; return TCT; }
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FCHG;
return MCRE;S

FCHC;
?witch (flag)

case ‘s’

return FS;

case ‘e’ flag = ‘s’;
return ENTPECG)

ECHC;
list = asgn;
return ASSIGN;

ECHC;
return OPEN)

FCHO;
return CIQOSE,

ECHC)
return I7T;

FCHO;
return GT)

ECHC)
return FG;

FCHGS
return MNEGQ)

¥ECHC;
retvrn ADTS

¥CHC;
return MINUSS



. (
. }
/ {
cat {
and {
cr {

{IETTER}((" _"{IETTER})7)*

}
{p1cIT} {
}
{NI} i
--¥{NI} {
}

122

ECHO;
return MUI;

ECEC; return TIV;
¥CEO; return CAT;
ECHCS return AND;
ECHC; returrn CR;

strecpyf/yylval . id,yytext);
return STROP;

T T

ECEQ;

strery/yylval.id,yytext);
return IDENTIFIER;

ECEC; L
sscanf(yytext, %4 ,Syylval.num);
retuvrn INTCPF;

ECHC;
nurline+-j
Erintit! 2a ,rurline 1);
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7

tinclude 'tquard.h’
#include  thh.h
#include  th.h
#includée tdec.h

#include "tsym.h”
#irclude <stdic.h>
#include dftype,h .
#include "type.h’

7}

Ystart prcgrar

Atcken FRCGRAM START ENLERCG
TECTARE IF¥ THEN

INPUT OUTFUT ENDIF FISE
MORE ASSIGN NI PIANK

Ztcken INTEGEE ITENTIFIEP
Ytcken - FS ADD MINUS MUI

EC NEQ IT GT OPEN CICSE
tcken INTCP STECF STRING FOOILFAN

CIV CAT AAND CR COLCA LCT ARRAY
CPK CFK CF RECCRT ENLREC TR IS

INTFX
Tright ASSIGN
ileft EC NFC
Yleft IT GT
?left ATD MINTUS
tleft MCI DIV
¥ /% teginring of the trogram */
Iregram : preg
therestofrrog
i
gen (STCP,NUIL ,NULL,MIT *;
IrCe : FRCGRAM
{
for(i=@;i<MAXID}i-+)
{

wesve i) = @3

n)

[F)]
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L[1]
;
]
4
! errcr _
g usage( Missing pregram key word );

J

therestofrrcg : declaraticn
cortent
'
declaration : dec
idenlist CQICN
{}
tyre
¥S
{
DC = 1;

1f($E.nur == ARRAY®
$$.tp = puttype(ARRAY,(arraysize=porerrsize:)’,
rcrarrfsti),tyrearray,;
for(i=@;i<idcountii++)
switch {($Z.num) {
case INTECFF:
$$.tp = puttype(TATEGER,where-- ,MININT ,MAXING
stcretat[scount] = intstore({Z’;
$$.vi[i] = prtvar($S.ty,scourt+4,;
install (idsave(i],$%.vp(i])
treak;
case STEING:

$$.tp = puttype(STEING,where+ ,1,1,;
$$.vp[i] = putvar{ds.tr,scount+ |,
irstall (1dsave(i],35.vy(1])

break:

case BOCIIEAN:
$4$.t1 = puttyre(BCCI®AN,where+-,1,1;}
stcretat(scourt] = intstore(truve);
$$.vp[(i] = putver(ss.tr,scount~- j;
install(idsaveli],$S.v1[1]);
treak;

case RECORD:
$8 . vi[1] = pntvar(ss.tp,firststore(il);
install(idsaveli].$$.vp(i));
treak,

case ARFRAY:
arrstoref();
$¢ . vpl[i] = pntvar(ss.tr,arrfst);
irstall(idsave[i],5%.vyr[1]);
break;



default: prirtf{ tad type in declaraticr’ ;
treak;
} 7% case statement %/
/% for statement */

dec : TECIARE

| error FS_ .
{ vsage("VMissing declare keywecrd ); }

jderlist : ITENTIFIEE
{

¢s.slen = (char*;malloci{strlen($1.id)+1 ;
strery($%.slen,%1.i¢)V;
idsave [idcount++] = ¢4 .slen;
if{dec =- false} { dec = true;
nmerrs +;
printf’" %s Mul%iply declsred”,$S.slen};

)
! idenlist MCFE ITENTIFIER

$$.slen = (char#'malloc(strlen $2.id)~1;
strcry($$.sler,52.1d);
idsave[idcount++] - $$.slen;
if(dec == false) { dec = true;
nmerrs-+; .
printfi” %s Muliip]y declared ,$$.slern);

1

error ES .
{ vsage( Not an idertifier '; }

-e

tyre : simpletyre
$$.num - $1l.rum;
]
! arraytyre
{ $5.num = AREAY;
popfix(};
EQUNDS = 13

!

recordtyre
{ 45 . pum = FECCRT;



sirrletyre

arraytype

) firstarray = true;
INTEGER
{

$$.num = INTEGER;
STFING
{

$$.nur = STRING;
}
ECCLEAN
} $$.num = EOCLEAN;
AREAY CEK btounds CEK OF
{
pushfix (AREAY);

arraycount--;
typetrp = puttype{(SSFANGF,$Z.num.¢,C);
if ‘firstarray) { pusharrfst(typetmp);

else

firstarray = false;

}
{ ECPAFR = true;
typetat[poparr()]->field2 = tyretmg;

pusharr(typetmp);
rusharr(tyretmr);

}
type
{

extern arrstk([2¢], errptr;
if(rotfix) { opoparr(); rotfix = false; ]}
TYPE = $7.num;

while

(morearray) {

switch(TYFE) {

case

case

INTEGER: tyrearrey = INTEGFR;

$4.t1 = puttyre(INTSUE,INTFGER, orlt.),zcTut(

typetablpoparr{ ] - fieldZ?  $$.tp;
morearray = false; treak;
STRING: tyrearray = STEING;

¢$.tp = puttype!{STRSUF,STRING, peple, ,porut()

tyretat(poparr()]--field® = $5.ty;

morearray = feleem; treak;

PCOI EAN: tyrearray = FTCCIEAN;

$$.t3 = ruttyyre(FOSUF,ECCIFAN,Torlt . ;,poFut(

\
7
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tyretab[tmp=pecrarri)]-"fieldZ = $$.t1;

morearrey = false; treak;
case ARFAY: TYFF = tyrearray;
treak;
case KECCKL: typearray = RLECCRT;

arraystcre = arraystere s EQUAILS;
$$.tp = puttype(RFCSUE,$7.tp,poplt(,popub()
typetat[poparr(Y]->fi1€ld2 = $5.tg;
morearray = falsej
break;
} /* case */
Y /% while */
if(changearrsize)
Fusharrsize(arraysize);
changearrsize = false;
arraysize - 1;
firstarray = true;

rcrearray = truej;
’
tovnds : %NTCP DCT DCT INTOP

pushlt($1l.num);

pushub ($4.num);

$$.num = $4.num - Sl.num +1;
FOUNDS = $$.num;

arraysize = $$.num * arraysize;
arraystcre = $$.nur * arraystore;
1b[(DC] = $1.num;

udb [TC] - %$4.num;

++DC;

for(i=15i-TCsi+-)

D[i] = ECUNTS * D[i];
changearrsize = true;

N
!

recordtyre i ieckey
if(we > ¢ &8 typeptr > -1;
{

wesve[we-1) = wordcourt;
porsave[rc++] = peptype();

temp WC+ oy

temp = temp ¢ nubtjy
wordcount = wcsve[temp];
1

recseq
ENTREC

{



€lse firstrec[++fr! = rumtype-1;
_Fvshtyrelrrmtyre-1); rushtyre(rcumtyre-1;;
CCION

{}

Eype ES

switch /42 .num) {

case INTEIGFE:
$$.tp = puttype(INTSUR,where++ ,MINIM] ,MAXINT;
rutstcre(%$5 num);
treak;

case FCCLEAN:
$$.tp = puttyre(FOSUF,where+ ,1.1);
Futstere($S.numr);
break;

cese STEING:
$$.t1r = ruttype(STRSUF,where+ .1,1);
putstore($f.num);
treak;

cese RECCEI: treak:;

caese AREAY:
$S.tp

where
break; .
default: printf( tad tvie in recg);
break;
}

if(typeptr > -1 &8& $%.pumr != FECORD)
{

ruttyre’AFEAY,/FOUNDS=poparrsize();,
porarrfst(),typeariay);
where + FCUMDE +1;

tmp = peptype();
tyretab[tmp|=->fieldZ = $S.tp;

iffchangearrsize) pusharrsize(arraysizej;
changearrsize = false;

arraysize = 13

' /% fer the grammar */

coentent : econtent
statseq
eniprcg
’
eccrtent : START

| error ES { vsage’/ Missirg ‘tegir’ key word '); }

erdprog : EANTPRCG



| error )
{ vsage("VMissing end }; }

statseq : statseq stet

' stat

stat : ifstat

rorifstat

rcrifstat : dssignstat
j irputstat

; cutputstat

assigrstat : Yariatle ASSIGN errress ES
$$.slen = (ckar*'malloc(strlen($1.slen) 1);
ctrepy($¢.slen,$1.sler;
swite h(typetab[SI tpl-"sert} {
case INTEGEKk: case INTSUR:
1f(tnetat[$7 tpl--sert !'= INTEGER &&
typetat[ .tpl->sort != INTSUE)
{ rprirtf( {pe comtination );
IMerrs++;
else
ger (ASSIGN,strelem{$Z .slen),NUIL,
strelem($$.slen))
break;
case STRING: case STRSUR:
if{tyretat[sZ.tpl->scrt ! STEING &&
$7 tp 1= STRING &§
$2.tp !'= STRSUTF &&
tyretab[$2.tg1->sort != STFSUE)
{ vrintf( 1Type combination );
LMETTS++; }
else
¢en(ASSIGN,streler/¢7 . slern;,
NULI,strelemr(%$.slen));
treak;
case BCCIFAN: case ECSUF:
if 'typetabtlsZ.tpl->sort != BCCLFAN &&
tyretat [$Z.tp'->sort != BGSUE)
{ oprintf( Type cortinaticn ,;
rmerrs;
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}
else
gen(ASSIGN,strelenr($2,.slen; ,NUIT,
strelem($s.slen));
treek;
default: printf(’ wrorg opcode tyre );
'
. list = rorm:
!

varlatle error ES
{ wvsage. Assigr oyperator expected “:=" ; ]}

firstif therestcfif

IF exgress TREN

{
int i)
elseflagl[@] = true;
if(elseflagfii] == true){ ii++;
elseflag(ii} = false;
endifflaglii] =}false;
puvshi{addr);
gen(lk,strelem!%$2.slen),intelem/saddr 1),NUII);
++ifcovrt[iil;
}
endifrart

statseq EISE
{

int tmyrps

int irttmps

elseflagl(ii] = true;
if(erdifflaglii] == true®

tmiE = DPCER!):
fixuriintelemfaddr+1),z0p’),4);
iflendifflag(ii] == true’
rush(tnpr);

rush(addr);

ger (GOTO,NULI ,NULI ,strelem(AULLY);

}

enifrart . ) ) .
error ES { usage( Forgot “end if; " keywcrd }; )



endifpart : statseq endkey
)
erdkey : FNTTF FS
{

irt inttemp, j, 1ij
if(--ifcourt[ii] == ¢\ {
/% gc to higher level *:
¢en(GCTO,NULL,NUIT,
(intelem({irtterp-addr 1)1;
if(elseflag(ii] == true  {
/% fix else */
elseflag(ii] = false;
if(maxstk .2)
fixup(intelem(inttem;),gop{?,é);

if(raxstk>@)
/% fix i1f */
fixur(inteler(inttemy),ror(),4);
ii--5
if(ii == ¢ &8 maxstk > @)
/* clear if stack at ernd */
while(maxstk > @)
fixup(intelem(inttemy ' ,rop{),4,;

else {

iflelseflag(ii] == true) {
elsefleglii] = false;
if(maxstk : 2
fixvr(intelem(addr),por(),4';
}
else fixup(intelem(aadr),popi’.4);
if({endifflag{ii] = true) {
endiffleglii] = false;
if(maxstk>2)
fixup(intelem(addr),pop(),4";
}
push(adédr);
gen (GCTO.NUII  NUII,strelem(NUIT )
erdifflaglii] = true;
! errcr ES

usage’ Fergot ‘end if;  keyword );

}

iryutstat : INPUT varlist ES
{ list = porm; }



cutrutstet

varlist

EXETESS

}NPUT varlist errcr ®8

usecel ‘Missing "3 ");

CUTPUT
varlist ES
list = norm; }

CUTPUT varlist error FS

{
usage ( ‘Missing "5 ");

varlist MCEE wvariatle

{
$$.s5len = (cher*'malloc’strlen/$2.sler) 1);
strcry($3.slen,$2.slen);
switch(listsave  {
case readin:
gen(IN,strelem(icsave) NGIT .NGII;
break;
case writeout:
gen (OUT,strelem(icsave ) ,NCIT,NUIL);
break;
default: treak;
}
}
¥ariatle

¢$.slen = (char*'malloc/strlern’$l.slen, 1);

strcpr(¢¢.slen,s1.slen);

switch(listsave) {

case readin:
ger(IN,strelerliosave) AUIL,NULIL j;
break;

case writeont:
¢entCUT,strelem’insave ) NULL, NI )
treak;,

defavlt: treak;

opseq orerard

list - rormy
strtemp = newtemp ';
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r($l.rum,strelem($1.slen),strelem(4Z.slenr).
strclem(strtemp)\

$$.slen = strtemr:
if({1.nur == 6T 1! $1.pur == AND | S$1.nur == CE
it $l.onum == B0 !l 81 .num == NEO ! &1.pum == LT

———

$$.tr = futtype (ECCIFAN,L1.MININT,MAXINT;
storetab[srount+-] = 1rtstore(true,,

$$ place = sccunt - 13

irstall:s$.slen,rutvar($¢.ty,%¢.xlace) ;

}f($l.num == CAT)

$$.tp = puttype(STRING,1.2.¢);
storetat[scourt+-] = strstore/NULL);
$$.1lace = scourt - 13

11nstall\$$ sler.outvar($$.tp,%¢.place; ;

if($1.nr == fDD !} S1.pum == MUT !! &1 .pum==DIV
$1.num == MIMUS

$$.tp = jputtyre (INTFGER,1.MTNINT,MAXINT ;
storetat{scount+-] = intstore(®};
$$.place = scount - 1;
1install($$.slev,putvar($$.tp.$$.place) ;

crerand

{ $3 = 415}

operard orerator

$$.slen - (char*)malloc(strlen($1l.slen)+1);
strcpy($S.slen,S1.slen);

$.rum = $Z2.num;
)

orseq opersrd operator

list = norm;
strtemp = newtemgp’ )a
genis$l.rumr,strelem($1.s ),strelem($Z.<clen),
strelem(strtemp))
$$.slen = strtemp:
if ($1.pum==MUT | $1.nur==DIV |{! 41 .ruym==ATD !!
$1.pum == MINUSH {
$$.tp = puttype(INTFGFR,1.MININT, VAXINI\
stcretet|scourt++] = intstore(g:
$$.vlace = scount - 1;
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gen(MLI,strelem(strtemy),irtelem(T[IC])
strelem(strtempM));
LC+- 3
if(rctfirst)
strtemp = newtemp();
$S. tp = puttypel!INTEGFR,1 ,MININT ,MAXINT);
storetat|scount+-] = intstore{¢;;
$$.rlace = sccurt -1;
install(strtemp,putvar(¢s.tp,$s.place));

gen(ATT,strelem(strtmisv ' ,strelem(strtemgV),

strelem{strtemy));
strtmpsv = strtemp;

else strtmpsv = strtemph;
notfirst = trve;
$$.slen = strtmpsv:
} /% PR %/
else {
list = rnorm;
strtery = newtemyi();

gen(ASSIGN,intelem{$1 . num} ,NULL,strelem(strteny

$5.5len = strterp;

44 .tp = puttype!INTEGFR,1,MININT MAXINT);
storetat{scount ] = intstore{S1l.numj;
$$.Flace = scount - 13
installf§$.slen,;vtvar($$.tI.$$.;lace,);

fig = $1.num;
\

STECP
{
list = ncrmj
strtemp = rewtemp’';
gen(ASSIFh,strelem’$l 1d),MNUIT,strelem(strtemp))
$%. slen - strtemg;
$$.tp = tuttype(STRIN
storetat[scount++] =
$$.place = scovurnt 1
]install($$.slen,putvar($$.tp.$$.place));

" ‘
s E(NDLI\,
H

CPFN express CIOSF
{

$$ = $2;
)

IT { $$.pur = IT5 '}
¢ { $$.rum = EC; )



‘ MEC { $S.rum
! GT { $$.rum = GT; }
! ADT { $S$.rum = ATL; }

| MINUS { $S.num = MINUS; }

NFOQ; )

| MOI { $S.rum = MUL; ]
! LIV { $S.rum = TIV; )}
! CAT { $%.rum = CAT: }
! AND { $$.rum = AND; }
f CR { $5.num = CR; )
5

variatle : ¥ariat1etnp

idfirst - true;
rumrlace = ¢
switch(s1.pum) {
case RECCERD:
$$.rlace = get();
if(notfound) {
printf{ tUndefiea variatle );
NMETTS ++3
return(NULT j;

$$.tp = savetyrpe;

$¢.slen = (char*)rallecistrlen($1l.<ler)+1);

strcpyi($$.slen,%1.slen);

iosave = $S.slen;

treak;

case AHKRAY:

strtmpsv = strtemrg;

strtemp = newtemyp();

$&$.tp = puttype(INTEGFE,1,MINIMT MAXINT);

stcretab[scourt++] = irtstore(ESEEEg);

$$.place = scount -1;

install(strtemp,putvar/s$$.tp,%5.place));

getflag = truey

tmp = get();

cetflag = false;

c€n (ASSIGN.inteler(trp),strelem(nULL),
strelemistrtery) ;

ger (ARRAY,strelem(strterp),strelemistrtmpsy),
strelem(strtergVM=newtemp(\ ‘;

if(listsave=-writecut || listsave= readir;
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{
icseave = {zhar*)ralloc’strler{¢il.slen) +1);
strcpy(iosave,$1.slen);

$$.slen = strtempM;

$$.t1= puttype(ITEM,1,MININT,MAXINT);
stcretat{scount++] = irtstore.¢);
¢$.place = scount -1;

install(3$.sler,.putver($s.tr,%¢.place));
$$.tr=tyretet[tyretat[$1.tp]-"fielcz]->field?
treak;

default:

$$.sler = (char*;rallcc(strlenidl.slen;+1!;
strcpy($%.slen,%1.sler);
ioseve = $$.slen;
treak;
} /% case #y
testfirst = true;
cin - @;
LC = 1,
iterrcourt:@,;
nctfirst = falsej

variatletrp : variatletrr DOT IDENTIFTER
{

$
.

if(testfirst) {

varsave([cin] = {char*)ralloc(strlen{$l.clen)+1);
strcpy(varsavelcir+4],%1.slen);

testfirst = falsey

varsave|[cir] = (char®'malloc.strleri$Z.id!+1);

strcpy{varsave[cin- 1,%2.1¢);

$$.slen = (char*'malloc{strler($1.slen’-
strlen!sZ.id +2;

sprintf(¢s.sler, 2s.2s ,51l.slen,%2.id;;

g.rum = RYCCRL;

variatletrp CEPX

{

BK = true; }

exrress CEK

{

IK = falsej;
if (listsave=-writecnt .,
listsave==readir)
$$.sler = (char®)ralloc{strlenfS$1l.slen) £);
syrintfidé.slen. 2s(2d] ,$1.slen.fi¢";



toclean

1%

¥

IT
{

TR
{
FS
{

else $5.slen = 44 .slen;

idtemr = rewtemp(';

$S.tp = puttype/INTEGTE,1,MININT ,MAXINT
storetat (scount+ ] = intstore(SEH5E8;
$$.rlace = scount -1;

$S.nur = ARRAY;

}f(fig C1vjrc-2] |l fig > ur([DC-2])

printf(” #*% Index out of tcund };
nNmErrs+ ;

}
$$.tp = savetype;

ENTIFIEF

listsave = list;

if(testfirst) {

if’install{%$1.1id,1'==NULI)
return/NCIIY;

$$.slen = (char®*'malloc/strlen($1.id)+1
strcry($$.slen,%$1.1d4";

vartmp - idtat|hash($1.id)]->varaddr;
$$.rlace vartat[vartrpl-.storeadur;
$.tp = vartat[vartmpl->typeaddr;
savetyre = $S$.tp;

$$.num = rorm;

varsave (€] = (char*'malloc(strleni$1.id
ctrcpy(varsave([@],%1.id);

$$ rum - true; !

¢4 num = false;

:1)3
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define
define
define
define
define
defire
defire
define
define
define
define
defire
defirne
defirne
defirne
define
defire
define
define
define
define
define
define
defirne
define
define
define
define
define
define
define
define
define
define
defire
define
gefine
define
define
define
define
defire
define
define
define

FECGRAV 2F7
STAET ZE€
ENTIPRCG ZE¢C
LECLARF Zz€¢@
IF z€1

THEN Z€2
INFUT Z€2
CUTECUT 264
ENLIF Z€£
FISE z€e
MORE 267
ASSIGN z6g
NI Z€c¢
FLENK 2702
INTEGER 271
IDENTIFIFF 272
ES 272

ATT Zz74
MINUS 27E
VUL Z7€E

EQ 277

NEQ Z7€

IT 279

GT Z&¢

CFEN ZzE1
CICSE z¢&2
INTCEF Zz£2
STRCE Zze4
STRING ZEE
FCOIEAN ZEE
CIV z€7

CAT zg€g

ANL ZEC

CR z¢@
COICN z¢1
TCT Zz€z
AREAY z¢Z
CPK Zz94

CEK Z¢*%

CF zcE€
RECCRT z97
ENIREC Zz@f
TR z€¢

FS Ze2
INTEX 221

142
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Jun 2€ 1Z:14 1¢EZ rsetv8 tstk.c

o als s wlo ofy wo aly oy s o ot alo ofs oo ofs oo odo ate oty oo oto o o oho -ty o oy « e wlo o
ke sfe 3 e s e o o e sk e i sk sie sl ot e s o s ade st st sheofe sl sl sk st S sheske e ofe st ol s e e steske sle e st 3k

#% % te 2 A e e sl e e sk e el
/* This file cortaipns all the twoc-stacks functions used in *
/* in Mini-Tanguege Type corpiler (mostly, in type.y) w/
| s st st etk s o ek ot e st ol sfe ol S St st sl el sl st s slesleste sl e e sl sl sese Sl slesge b sk sk seslesie s

#tdefine MAXIYE® 22

int typestk[MAXTYP}], typertr=¢, maxtyre=¢;
int arrstk [MAXTYFE], arrptr=¢, mEX&arr=¢;
int ubstk [MAXTYPE], ubptr=2, maxub=¢;
int 1bstk [MAXTYFE], ltptr=¢, maxlt=23
int afstk [MAXTYPF], afrtr=0, maxef=0;
int aszstk [MAXTYPE], aszptr=¢, mraxasz-=¢;
int fixstk[VMAXTYFE], fixptr=¢, maxfix=¢;

wle sl wlp wls oto oy als ale o ato sto udy stealy ato lo ste ol als ols olo alo alonls o ale Mo oo ofe sle Vo ato als sis ale o ofs sle alo als o n'e wle ale als alo 4is ole als o0 g'e Sle ates'e o als alo wlo ale wlo Whs o'
/m¢4¢m¢¢¢*¢¢*4¢*¢¢¢¢m¢¢¢¢¢¢*¢mm¢wmm*m¢%¢¢¢*m¢¢”¢%¢*¢%¢*ww*mmm¢T"/

rushfix(val)

}nt val;
int 15
extern idcount; ) }
if(maxfix+- > MAXTYFE) printf(” cver flow fix stack ;j
fixstk[fixptr++] = val;
returny

}nt popfix()

int i,inttemp; , .
if(fixptr < -1) printf{ wunderflow fix stack V3
irttemy = -—-fixgptr;

raxfix--3

return{fixstk(inttemp]);

o ats oo ols ate ol ole ols ol oig o Vo ats ale ol wle Vo ale Moute ate ste vle ale J: o alo wto slo wlo ate cto o ato w L nip s o ale o .
i***********************gg*+¢¢*¢¢¢¢¢¢¢¢¢¢mm*wmmm¢"m¢¢¢¢¢m¢$w4¢¢"/

fushtype(val)
int val;
{

irt i . .
if(wa;type++ > MAXTYPF) vprintf{ cver flcw type stack ;j

typestk [typeptr++] = vel;
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returr;

int rortyre!)
!
t

int i,inttemp;

if{tyrertr < -1) printf{  wunderflow tyre stack );
inttemy = --tyrertr;

maxtype--;

retern(typestk(irttemp];;

wie oy als oty ot s by nls s als WMo ale als vis wls vl of, b, wonts ity Wi obs o, wlr wls abp o s iy o N s st e 3 st nle abs ulpnts ba o ntrats vl nle wte aip o s ot
/AR 3 RS N e HE G 800 R0 40 e SR N B0 e R AR SR e e S 3 3 e sl e e e vesigaizne qesleoegoR ek e ROk RNk

fusharr(val)
int val;

if (maxarr-+ > VMAXTYPE) tprintf(" over flow array stack |;
arrstk[arrptr++] = val;
return;

}
%nt poparr ()

int inttempy

intterp = —--arrptr;
maxarr--;

return(arrstk [inttemp]);

s wly uf 23 als als wbs o oy o, wtr ut, ale wle o ale i ale wlo als wle i ale alenly o wle nts nls wis nls ab, wls nls o, S .
S Sk e s o Sl e Skl ok sk ok st ste st e o sl s sje ole slasie 3is s se ol 3l s slesfe sl sie e s ope i sle sl 30l sl Sie e g B BT NE 20k N NN NN N AN 3,

tushlb{val)
irt val; "
{ if (raxlt++ > MAXTYPE) prirtf (" over flow 1lb stack

ltstk([ltptr++] = val; return; I

)3

rorplt()

{ int inttemr; intterp = --1tptr; max1lt--;
return(lbstk[inttemp] )

o3k sk sheste st st g e 3t 3 e 3t aic 302 31k 30231 302 308 30 sl e oie lesie e spesie sle el siesie sl sle sle e e sie slesie slesfe se sle sesie i SRR e e et ey

’

rushub(val:!
ipt val; _ .
{ if/maxut++ MAXTYPF) printf(’ over flow ut stack );
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utstk[utptr--] = val; return;

——

1orut()

{ int in%temp; irtterp = --ubptr; maxut- ;
; return(utstk[inttemg]);

O 12 3o she st ' slo slo sle als ats alo
LR R PARAR RIS AR - AP P IS PRIAS SRS -3 3 R T

/ :k ;l': ::: ::: ::: ::: :l’: ::: ::: * ale sto ots -l‘ -" 32323z sl iz stie o 1o ale alouls wls aty o ¥

1o wls als ab,

rusharrfst(val)
int val;

{ if(maxaf-+ > VMAXTYPFE) rtrintf(" over flow arrfst stack -
afstk[afrtr++] = val; retvrn; }

rorarrfst()
{ irt inttemr; irttemp = —--afptr; raxaf--;
return(afstk[irttemg] );

3% 3 Fesesfe e e s ko3 e e s s e e e e s 3 e e Sesie e S e e ek ReoeResia sesiesg s A siesiesie e s e siel fesie s e Aoz R A e A AK 3

tusharrsize(val)
int val;

if(maxasz++ > MAXTYFE) printf( over flaw arrsize stack
aszstk[aszptr+ ] = val; 1€turn; }

forarrsize!()
int inttemp; ipttemp = —-—aszptr;y maxasz--j;
return(aszstk[inttenpﬁ):

wis als aly by als aloulsaly uls ufs ols o b o, ale als nls ais alsals als wis nis ol
272 340 30 sk SIS S0 B SR RO ST R FRSRE AR R R AR S

3¢
I
*
3

H
3
gy

>

{
3%

als wls wls oty >|, nizuls wle ule aly als J‘ we e wls wls wls wls slsnty
et e kol ekl /

\
/
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#irclude
#include
#include
tinclude
#include
#include
#irclude

#define
#define
t#define
#define
#define

'* impor
extern b
extern d
extern d

int ck

2:14 1C€EZ rrsZtv8 tsym.c

Ctsym.h’
_tquerd.h’
_thh.h"
‘tdec.h”
"y.tat.h’
‘th.h”
~stdio.b>

KECFIT ¢CF¢
true 1
false @
MITI 2
MAXVAI 1¢@

t variatles v/
merrs, list)
ecy

urptyre();

25

/S SRS S e e e e sl sk e N e na gk

/* "hash

hash(s)
char *s;

——

" generates hash value %/

register irt hashvalj;

for{hashval = 2; *s ; s++)

s 2 -

hashval & ‘
hashval += (unsigned) *s;
return hashval 7 BASESIZE

/¥ lock fcr s ip symtel

cstruct nlist *rps

fcr (np - idtatr[hash s)]; np != NGII; nr - rl-.next)
if (stremp(s,np-Sname)==¢)

returniny);

(MNUTL)Y

*/
b /

/% fourd it

return /% nnt found

tatle *.
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oo o by ok ale )y
36 % S s ste e ot s e s et o sk sgestesiolesk

int trace = @;

struct nlist *install{name,usage) /* put in hash tatle */,
char *name;

int usage;

struct nlist *-p, *lookup{);
char *strsave(‘, ‘*pallcc();
int *intsave();

int hashval;

NUII) | /% pot foupd ¥

if ((nr - lockur rarme
'1 1ist == writeout,{

)) =
if(list == asgn |i 1list == readin
RMETTS -
Trintf! Undefired identifier: ¥s ¢,name);
return (MJII);

ng (struct nlist *)rmalloc{sizecf(*ryp) ;
if (n? == NUII)

rrintf{" pp";

return (NULI);

if ((np->nare - strsave(name)i== NULT)
{ " "
Frintf( strsave )j;
return (NLII);

]
rp->varaddr - usage;
hashval hash(np->nare}; /% rreduces starting index in */
np- next = idtab[kashvall; * array hashtab */
idtat(kasbtval] = np;
keerlck+:] - np;

else

{
switch (1ist) {
case iddec:
dec = false;
treak)

case asgn:
treak)

1
return (np';

1o ate ale alp ale ale n'o ale ste o,
0 o abs ate ale ale abs ale als ale ale ale sl ale ofe e ote
/;l: ;? 383338 b3 XA PRS- A PA SR RPES P 1 e /

strcrp (S,t) /% peturn < 2 if s t, 2 if s=t, . € if s t %/



iher ¥g, *t;
irt 13
i =23
while (sfi] == t[i])
if (s[i++] == 7 7)
1eturr ‘9);
} returr (s[i]-t[i]);

f 3 5 ool e e e sl s Sk ok e ke
char *strsave(s)
char *s;

cher *rj

if ((r = nallor(strlenf(s,+1):

symcpy(p, s't

return (1);

e seslesle sk de e sl e ek e e e sk
syrcry(s,t) /¥cory t to s*/
ihar *s, *t;

while (*s+: = *t++)

y
return;

+ 536 S Slesle e SkaR e Ne e AR AR e AR AL R e 4

#define AITCCSIZE 1¢€0

static char alloctuf[AIICCSIZE];
static char *allccr = elloctuf;

cher *nalloc(n) /* for “strsave’ functiorn

int n;j

{

1f(allocp + » = alloctuf + ALIOCSIZE) {

allocy -= njy
returr(allocp - n}j
} else

return(NUII);

!1= MULL)

wte
sty

14€



ate st St ot ate oty o ote st ate st sta 3,
| e sk Sesie e e e sl s sk g e s sl koo

% Fut the imfcrration of the variable in type table ( typetat’ ; */

int puttyre(sort,fieldl1.field2,field3}
int sort, fieldl;
int fieldz;
}nt fieldZ;
extern numtyre;
struct symtyre *rew;
rew = (strvct symtyre*)nalloc(sizecf(struct symtype);;
new->sort = sort;
new->field1l tieldl;
new->fieldz fieldz;
new->field2 field2;
typetat{rurtyre-+] = rew;
dumrtyre’);
if (purtype > MAXTYPF) .
printf( Type space is exhavsted.Exrard MAXTYPE inr tsym.h )i
return (nurtyre-1);

nono

! s o ale als otp o =t shs oty ato oty olp
/.,.":1:.,:.,.:',:.,.:',:.,::,:.,::,:*.,.>",..,..,:.,<>,=.,. /
ole

/% Alsc put the inforration in variatle tatle (“vsrtab ') *,

int putvar(typeacédr,stcre)
int tyreaddrs
%nt stcre;
struct symvar *pew;
extern numvar;
new = (struct symvar®)malloc(sizenffstruct symvar),;
new->tyreaddr = tyreaddr;
new->stcreaddr = stcre;
vartat[numvar+-] = new;
return(rvmvar-1);
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Jun 3¢ 12:14 1983 pnsZE78 tstcre.c

we ats olo als Vs als slo s als ot ale ols sls 2o 2o ot ks Wby wts abs ats o abs gls ats by by ol os 8, -ty aly o aly ol als wts oty «f als o' als oo alsaly by obo o
/4¢mﬂ444¢4¢4m$¢444¢4444$**m%$4444x*+$4$*$$**44¢***44$*$$$4$/

/% This file contains functions tkat will put in a */

/* value in symtol tatles; vartat, storetat, tyretat. oy

e ats ats Wlo oty oF, Wb [X PR PRNUIU RN PAPR SRR RN PR S ) Y, 8t Yo ot s o, 0, wb, U UPRN PR 4, 1, 4, o o,
/**4mx%ggm*wm%*mgmg4xm****$m**mumm:mm**m**mmm****x***x*x***/

#irclude 'tstore.h’
#include y.tab.h
#include <stdio.h:

#define true 1
#define felse 0
extern sccunt; extern firststore[MAYID];

extern isave) extern iisave; extern i1,

J.
int i, 1j;

«f ' aly als ol oty obo oty by o, ty o Y, ale o, ale o, o wte Vo als als abs -ty Wby als als 2l abs ol ads ate als aly als v aly abe wls ads % ads ale ats she als als als wbs Lt wlp abe
3k sl 2t e ol sl e ok oleol ok sk siesie she sle sle Sl sle 56 SR 518 2SS 34 SE e S 5 N SN BT AT NG AT AT NN NI KOS L7 3T 2 A RCARIQ QI A RN 5 23R/

3 -

]

e

struct syrstore *irtstore(rar)
%nt rar;

struct symstore *temp;

temp = (struct symstore*,nalloc(sizeof:struct-symstcre) ;
temp-> storetyre = Int,

temr-ustore.storenum = ja&r)

return(temp);

Sk st st slesle s s s sfesg ek
struct symstore *strstcre(par)
char *par;

struct symstore *terp;

temp = {(struct symstore*)malloc(sizeof(struct symstore) ;
temp->stcretyre = Str; '
temp-‘ustore.storeid = (char®)mallcc{strlen{par)+1);
strcpy(temp-Yustore.storeid,rar!};

return(temy);
.
J

o3 s skttt Aok Rk

jutstore{tyre)



irt types
{

int ii, ¥

extern int idzourt;

extern first: exterr typearray,
exterr arraystere; exterr array;

int ECUANIS)
eExtern struct symstore *irtstore!’;
extern struct symstcre *ctrstore(’;
FCUMDE = arraystore:
if(first == false)
for(k=¢sk<idcourt;k++) {

switch (type} {

case INTEGFR:

fer(ii=g;ii1<POUNLS;ii++)

storetab[scount++] = intstore(2;;

treak;
case STRING:
for/ii=2;ii<EQUNLS;ii++)

storetat[scount+ ] = strstcre(NUII);

treak)
case PCOIFAN:
forfii=2311<EOGNIS;1ii++)

stocretat[sccunt++] = intstcre(true);

treak;
default: treak;
} % case */
firststore[i) = i3
first = true;

}
else {
jjJ = @5
isave = (scount-1) / idcourt;

iisave = iisave + BCUMNDS;
while/jj++ < idcount-1, {
for(i=scourt-1;idisave;i--)
storetat [1+FOUANDS] - storetat(i];
switch (type) {
case INTEGER:
for(ii=€;1i<PCUNDS;ii +)

storetat[ii+i+1] - intstorei2);

treak)
case STHING:
for(ii=2;ii<BCUNDS;ii++)

storetat[ii‘1-1] = strstore’NUII);

treak)
case ECCILEAN:
for(i1-=9;11<FCURLS;ii++)

storetatfii i 1] intstcre(true);

treak)
defavlt: treak,

S
{p]



} /% case */
firststere[jj] = i+2;
isave = i1+1 iisave;
sconrt = scourt + ROUANLS;

b} while g/

/¥ fix the last one %/
switch (tyre:’ {

case INTFGER:
for’1j=¢;1j<FOUNIS;ii++)
storetat|[scount++] =
STEING:
for{ij=¢;13<FCUNLS;1j++)
storetat{sccunt+ ] =
treak;

FOCIEAN:
for(ij=(;ij<PCUhIS;ij++)
storetat[scount++] =

case

case

treak; .
default: printf(  tad putstore ';
} % casez ¥/
} /* else */
return;

;5% 3 o 3l

/* This furcticn deals with asrray. */

s 23 b,
VAR R R 2

sk e sk Sk

arrstore ()

int i,

extern scount, arrfst, §rraysize, TYPE;

fer(i=¢ji<arraysizesi+ * |
switch(IYFE) {
case INTEGFR:
case STIING:

case POCIFAN:
defalt: prin}f(

storetat[scount++]
storetat[scount++]
storetat[scount -]
" wrong arrstore

-e Mo

Nl

if(i == @) arrfst = scount-1;

intsteref(¢‘; ;

treak;

strstere(NCLII )

intstecre/true,;

treak;

intstore{@};
strstore(NUII);
intstorel(true);

treck:
treak;
creak;



#irclude 'tquard.h’
#irclude ' thh.h"
#include ' tdec.b’
tinclnde "tsyr.h”
#include 'y.tat.p"
#include 'tk.h"”
#include dftype.h’
#incluae <stdio.bh>

eExtern savetyre;

extern *varsave[MAXID];
extern cin;

int notfound;

irt ves

int keeprlace;

extern nurrlace;

extern getflag;

/% Tkis cutput of this fuction gives the address */

/* (index to stcretat array) variatle. i
int get()
{

struct symtyre *nng;
strvct symvar *mr;
int strp, 1;

mp = vartat([idtat[hash(varsave[?] !->varaddr];
keerrlace = mr->storeeddr;

}f(getflag\
getfla% = falsey
return(keeprlace;;

nry = tyipetat[rr->tyreaddr];

if(rnp->sort == INTFGEE ' nnp--sort = STRING ||
nng->sort == POCIEAN | nrp->sort==ITEM ;|
nnr->sort==INTSTE || rrp->scrt==STRSUE) {
savetype = mp->typeaddr;
nurrlace - 1;
returs ‘keerrlace);

else {
nctfcurd - true;
ve = @y

keerrlace ge€trlace{nnp,mp):
iffve '= cin-1) rotfcurd = true;



else
returr (keepplace);

}

struct symvar *mmrp;

/% "getrlace” is called recusively urtil a simrle tyre */
/% 1s found and ther return the irdex of storetat to *-
% éet . */

int getrlace{rng,my) /% retuvrr yointer to the variatle */
struct symvar *mp;
Ttruct symtyre *nryi;

exterr rotfound;

irt sut, n, i,

char *s;

switch (nnp->scrt) {
case INTEGEF: case STRING: case FOQTEAN:
case ITEM: /% array case ¥/
return (keepplace);
case INTSUE: case STHSUE: case FOSUE:
sut = (nnp->fieldl);
keepplace = (mp->storeaddr’:sut;
returr (keerrplecej;
case RECFLL:
nurtlace~
TmE = ML
if{rnp->fieldl =- kashi{varsave[++vc]') {
notfound = false;
ifftypetat[nnp->fieldZ]-,sort == INTSUE ||
typetab[nnp->fieldZ]->sort == STRSUR |
tyretat[nnp->field?]->sort == FCSUE
savetyre = nnp->field;
if/(keerrlace=getplece(tynetatinop->fielad], ), -= NUIL)
retvrn (NUII)D;
else
return(keepplace);

else

notfcurd = true;
--vCy
if((keepplace=¢etplace!typetat{nnr- field2],mp i ;== NUIL)
. retvrn(NLII)S
treek)
case AKRAY:



savetyre Typetat{nrp—>fie1d21—>field3;
treak;
case RECCRL:
mmI = mrp;
rotfound - truye;
for'i=¢ji.rrp->field1 &s notfourd;i+ )
keerrlace = get}lace(typetetlnn;-*field?],m}};
i1f(keepplace == AUIT) return (NUIT:;
€lse
return(keerrlace);
treak;
default: )
Frirtf( wrong sort )3
"orirtfi mep-Ssort %4 yONDP- scrt);
treak; )



Jun 2@ 1Z2:14 1682 ©[rseS78€ tgen.c

#include y tab, h
#include thh h"
#include tquar'a h
#include tsyn h'
#include “tdec.h’
#irclude <stdio.h>

/* import variatles */

extern struct symquard *symint();
€xtern struct nlist install(};
extern itemrccunt;

extern list;

/% variatles used in this file */
int maxstk = @;

int addr = 2,

int tempccurt = @;

int stack[STACKSIZ¥], stackptr = ¢;
int whllestack[WQIZL], whileptr = @3
struct aquard *quardsave[MAXQUAEL];

e ots of 322 32 sl sl she stz she st
X LRI AT AR AR AR

/

*JL

Hesleste % s siesleik
Function generating the quardruples for the input program. =

gen(op,argl,argsf,rsl)

int op;
?truct quard *arg¢l,¥arg2,%rsl;
struct aquard *new; /* (reate temporary area *s
new = {strvct aquard*) mallcc{sizeof{struct aquard;;;
new->Cp = OF)
rew->frgl = argljy
new->Args = argzc;
new->ksl = rsl;
guardsavefaddr++1 = new; /* save each quérdruple */
if ‘addr > MAXOUARD) /% make sure woa't be any btus error =/
printf( tot encugh space, expard MAXCUARL ir ‘quard.r @)
: return;

€ any arguvmert ip quardiurle is er irteger */

struct quard *inteleriarg)



int args

1£°=

struct quard *temp;
temr = (strvct quard®) mslloc(sizeof(struct quard) ';

temy->
temp->

te

tyre = Irt;

rm.nurval = arg¢;

return(temy);

-

x

1?

o, ||n 1o sk slo s
L 373 .l'l‘l:'i::::

OF
i

v

7

wly ats o
l'l‘l~

WA

n case the argument is a strirg */

struct quard *strelem(arg)

char *arg;

strvct quard *terp;

= f

struct quard®)mallor (sizecf{struct quardi);

temr->tyre = Strj

tte

rm.idvsl = {char*)ralloc{strleri{arg)+1.;

strcpy{temp- term.idval,arg)
return{temg);

{
temp
temp-

]
-3 e e ale ek

/

#* %

uncticn t

o)

char *pewterr

{

A

cc

()

¥etr)

2 slesle s /
reate a temporary variatle */

/*create terporary rname ¥/

oTImS

char
tempcourt+
list = n

str = (c

har*)ralloc IDMAX 1); /* allocate space to it

cprintf(str, T?d ~,tempcount);
return{(str);

neskIRne / .
gererating a temporary rame T1...Tn */

cher *pewindtmp(

char

*st

T

jterpcourt~+;

str =

(c

har® )ndlloc ITMAY 1)5

s;rlntf(str, ‘174 ", itempceunt);
return(str’



1€
ey
'# finisting¢ the tackpatchirg ty fixing up those saved addresses */
fixur(value,qudstark,rst)

struct quéerd *value;
int qudstack, pst;

{
switch(pst)
{
case 2 : quardsave(gquéstack]->Argl - valuej treek;
case & : quardcsave|guvdstack]-:Argc = value; Creak;
case 4 : quardsave[qudstack]- Rsl = value; treeak;
}
}
, 3RSk sladleie s sle sie e sl 2e sl s e e sl ek /

% functicn t

o b an address of ary quardruple, whiclk hes to te fixed *
/% leter, on @& c

k celled “stack’. w/

fush{val)

int val;
maxstk++;
stack [stackptr++] = valj;
return;

)

s uty
7 Fe 3y s dlesie slesle s g S e R o e AR

x </
/% functicn to pcp €achk quardruile cut off stack */
int pop{)
{

int inttemy; 1 .
if (stackptr = =-1) oprintf( stack IF¥ errcr ,j
intterp = --stackrptrs

raxstk--3

return (stack[inttemp! );

{3

sl
2 Sy SR ¢

he

s wle

{
38

3

wls wls wbe als uty wis
Pt xe SRR

e sl tesiesie e st
are idea as furction “push”, tut this 1s for loop staterent */

sto ate
sl

/
/

YRS

b
-

[
w

fushwh(val)
int val;

{
}

whilestack[whileptr: ] = valj



ale st abs absats oby - 3 als wtoale oty ots u e
R A Sk sl siesiesie st sesle siesie st ok /

/* arother por function for loop statement */

}nt FOopwh ()}

if (whileptr == ¢) printfy’ stack WHILE error’ );
\ return{whilestack|--whileptr])
/*#=k=:=***.~ SENE SR N R N "/
% In case of any curiosity. tre file cslled gq.codz can be locked to
+% fix any prctlems irn generating quardrniles. */
durpgeen()
FITE *otj, *foren();
irt 1 @;
struct gvard, *prt;
char *a - ; Vo
otj = forer( ga.code , w );
¥hile(i<addr)
prt = quardsave[i]- Rsl;
1f(prt=-NUII} fprintffotj, %s",a); .
if(yrrt- tyre == Irt) fprintf(ot}, 7?4  ,prt-.term.numval;;
if(prt- type == Str) fprinff’obj. s ,prt- term.idval;;
frrirtf(oti, ¥s ,imekestrigraerdsaveli]->0p')";
Frt = vardsave[1]— Argl;
if fprt == NUII) fpr1ntf otj, '%s ,ad;
if (prt->tyre == Int) fprlrtf(otg, xd  ,prt->term.numval);
if ‘prt-.type == Str) firirtffotj, %s ,brt- o term.idval);
Ert = quarﬂsaveli]—\PrgZ, .
1f(rrt==AUIT) frrirtf(otji. s .a); .
if(ert- type == Int) fprlrtf(obJ, %d sErt--terr.nurval);
if(rrt->type == Str) frrirtffod}, "%s yPrt->term.idval);

frrirtfloti, 2);
143

1
J

fclcse(ot il

——

/%3 Yo e s ok B

/% This fucticn éenerate nares for dumy furctiors sc */
% it is easier to understard. w0

i 3 sl sle sy sl e sle

makestr(name)
int rame;

{

ckar *str;



str =

switch(neme)
ASSIGN:

CaSE
cese
case
Case
case
case
CasE
case
Ccase
case
case
case
case
case
CaseE
case
case
defau

cher*) ralloc(22";

GCTC:
MINUS:
ATT:
MUT:
IT:
GT:
NEG:
CAT:
AMND:
CR:
IF:
IN:
CUT:
STCPF:
ARRAY:
1t:

retuvrn
return
return
returrn
return
return
return
return
return
rettvrn
returp
return
return
rettvrn
return
return
return
return

(strcpy(str, ="
(strC}y(str. got
strepy{str, -}
(strcpy(str,'in‘
\strcpy(stz,'
{strcpy(str,

\strcpy(str.,
{strcpy(str,

’strupy(str,
(strcpy(str,’
(strcpy(str,’
.strcrpy(str,
‘<trc1y(str,
{strepy(str,’
’strcpv(str,“
(strcry(str,
(strcpy(str,
(strcpy(str, tad
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#include <stdio.h>
#include tsym.h
#irclude tdec.h’
#include 'y.tat.h"
#include ' thh h"
ainclude “dftype.h’
#include ~tquard.h’
#include tsir.h’
#define MAXIT Z¢
#define EASESIZF 7E7w

/* import variatles and structures */
Exterr struct symquard *symiat;

extern struct nlist *symtat (PASHESIZE];
extern struct nlist *irstall{);

extern struct symquard *value;

extern addr;

extern struct aquard *quardsave|MAXQUART1;
extern int inl12};

extern numvar;

char *varsave [MAXIT];

char *ITEVA, *ITEME;

struct symstore *AB;

inrt cin, &, F, €errors=2, iq=2;

int item = false; ‘

irt arglrlace, argiplece, rslplace;
int rsltyre, argltype, argztype;

/* startirg execution */
xeq ()
{

FIIE *otj, *fcyen();

/* terporary variables used kere *v
int typesave|VMAX¥TYPE], tt, count=g, k=g,
char *T, *F, *aa, *strirg;

ats oty of,
Ve Ly

temps

v *

/% used in GRCUF */
extern get();
extern getvar?!);
extern sevetyrey
extern struct symtyre *tyretat[MAXTYFE]S
extern getflags

EEEY

cetflag - false;
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T = "truve"; F - "false ;

/* start from tre first querdrugple */

whilef(ig<addr) {
temr = quardsave(iql- Cp;
switch (temp® {

case ASSIGN : GRCUEFZ;
temp = typetat[rsltype]l-D>sort;
t)

switch(tyretat[rsltype]->sort {
case STRING: case STFSUF:
if{*ARGL1IT == °°°) /% case “string” W/
strsim{rslrlace,ARG1ID};
else {

GROLUP1S
streim(rslplace,STARG1ID ;

treak;
case€ INTEGER: cac<e INTSUF: rase FOCIEAN: case FOSUF:
i1f(ARG1TP==Int) intsim(rslrlace,ARG1NLNM);
else { GECUP1;
irtsim(rslplace,STASGINM S

break;

cese ITEVM:
GECUP1;
}f’SCFT1=;IQEP)

GROUPZ;
if(ITEMETP= Str)
strsim(STESINM,ITEM1ID };
else
© irtsim (STRSTMV,ITEMINM);
} /% SCRT1 ITEM %/
else

if (SOFT1==STEING |' SCRT1-=STRSUPR!
strsim/STRSINM,STARGLID);

else
intsim (STRSINVM,STARGIANM

}

break; ‘ .
defavlt: printf{ tad tyre ir Assrcnl>;
item = false;
treeks

case AFEAY:
iter = truej
rath{);
STFESITF = Int;



case

case

case

case

case

case

case

case

case

STRSINM = A + B;

treak)

ATD

math{); STRSITE = Int; STESINV = A

treak)

MINUS:

we%h(); STRSITE = Int; STESTNM = A

MUI ¢

geth(); STESITI = Int; STRSINNM = p *
1Vv:

matkb{ )} STRSITF = Int; STESINM = A

CAT:

GFCUF1; GRCUPZ; GRCUPZ;

1f(’SCRT1==STRING ||
{SCETZ==STPING ;!
{

SCRT1==STESUF |
SORTZ==STRSUF |

1€1

if(SCRT1==I7EVM; ITEVMA = ITEMLIT;

else ITFMA = STAEG1ID:
if(SCKTZ==1TEVM, ITPME = ITEMZID;
else ITEMF = STARGZIL;

/* test if toth are null strirg *-

“) i

if(*ITEMA != &8 *ITFMF 1
else { ,
strirg = ichar*'malloc(strlen(ITFVMA)

strlen(ITRME)+1);5

STRSIIT = string;
syrintf(string, 2s%s
mystrcpy (STRSIID,string’;

STRSITP = Str;
}

} " }
else usage( variatle type string requvired );
treak;

17 + GRCUP1; GECUPZ; GERCUFZ;
GETOPCCTE() S
if(p < F) intsim(rslrlece,true’;

else irtsim(rslrlace,false’;

GT GECUP1; GRCUPZ; GROUFZ;
GETOPCCTE');

ff(A > P) intsim(rslyplace,true’;
else intsim(rslplace,false ;

FC : GRCUP1; GRCUPZ; GEROUFZ;
GFEICECCDE();

if(A == F) intsimirslplace,true’;
else irtsim(rslrlace,false);

MED GECUF1; GECUPZ; GECU®Z;
GFTCPCLTE ")

jf(p '= F) intsim rslrlace.truve’;
else irtsim(rslylece,false’;

"UITFMA ITEME

treak;

treak;

treeks

treak)

k;

ES
L

IS

SCRT1=
SOFT2--1TkM)}))

treak)
treak;

break;

ITkM) &8
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case Ck : GFCUP1l; GRCUPZ; GECUEFZ;
GETCFCCTE:);
if(A == false 88 1 == false) intsim(rslilace,false’;
else intsir{rslrlace,true;; treak;
case AND : GFCUF1; GERCUF2; GRCUFZ;
GETCPCCTE!);
1f(A == true 88 P == true, intsim(rslrlace,tive);

€else intsim(rslplace,false); treak;
case I¥

GECUP1;
if(STARGINM == true) iq = quardsaveliql-DAregz->term.numval-
if(STAEG1AM == false’! iq = quardsave([iql->Rsl- term.rcumval-
treak;

case GCTC

ig = quardsave[ig)->ksl-. term.numval-1;
treak;

cese IN :
GECUP1s
if(item) {

F - SCEKT1;
iqg = iq -1;
GRCUEZ;

A = STRSINM;
ig = ig ; 15

else B typetat{argltype] sort;
tvpesave[rOLnt+¢] = I

aa - fchar*)rallccistrlen’2e)41};

otj = fepen{ cata , r )i

for’j=¢; i‘count-1 && errors =- ¢3j -)
{

if(typesavel j]=-INTEGFE |, typesave [ j]==INTSUEL)
fscanf(obg, %d L8t ) s

else /% it is a toclean o1 string tyre */

| fscarnf{obj, Z< ,aa);

if (tyresave[court-1]= INTEGEF |
/% data type is an integer *.
if(item)
fscanf(ctJ, ed S’ITEVRSTNV))
else fscanf(ot}], 20 ,8(STARG1IAM) };
else | /* data tvpe is a strir¢g or tonlean *

tyresavelcourt-1}-= INTSUZ

.
’
\
!

fscarf(ch,'%s" aa);
if'typesave[ccurt-11= STRING
H tvpesaveltc1nt 1] == STESUEF)
:Gata tyre is a strimg */
if'tecst(aa: == trme
if item,
ITEMRSIID = fcher®*)rallec’strler:aa) 1);

e
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strcry . ITEMESIID,as '
}

else {
STARG1ID = (char¥*)mallocistrlen‘aa;+1,;
strc%y(STARGlIF.aa)?

else { /% data type is tooleanr */
if(stremp(ee,T ' =-¢:
iftitem,; ITFMESTIANM trues
else STARGIANM = true;

else if 'strempfaa,F)= 2V {
if 'item; ITEMRSIAM = false;
else STARGINNM = falsey

else { ETrTOrS 4}

printf{" k%% I1lir.al deta *% %71

treak;
}
}
fclese{obj);
iter = false;
treak;
case CUT
{f(errors == @){ )
prirtf (" Esl %s - ,quardsaveliql~.Argl-, terr.idval);
GROUP1;
if(iter) {
F = SCRT1;
iq = iq - 1;
GRCUPZS
AA = storetat [STESINNMI;
iq = 1g + 13
l
else {

AA storetat|arglplace];
T = typetat{argltypel- scrt;

}

{if(E -- BCOLEAN || == PQSLP) N .
if{AA- vstore.storerum -= 1) printf( true jj
else printf{ false )j

else xegrrirt!AA;;

jter = false;
treak)

case S1CF : |
printf{ Finish xeq €);
return; ,
Gefault : printf( Car. not find crccde );
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%5 S sestesiesle s e o sk ik Sk )

Just to make sure that the ccllect valres are yrirted out */

xegprirt(grt)
struct syrstore *prt;

{
iflprt->storetype == Int,
rrintf( %¢ ,rrt->ustore.storenum);
else |
1f’prt— steretype == Str,
Frintf( %s ,rrt- >h<tore stcreid)
else rrintf(  tyre 24" ,yrt- /stcretyIE)'
if(prt == MUIIL} return;
}
}
7 3% SRnesie e e sl s sl dje e sk e e s SRR/
% Just tc make sure thet I will get only the string, get rid -
/% of "“" in tetweer each strinm. which cccurs wher cjerator  *

/% ‘CAT  is used.

mystrcey(s,t)
char :::S':::t;
::=SJ- - l’l;

while(*t ! ° )

iffst 1= """
Hg++ = Wt+

else t+-3

*s+. = 7 '; *S = 7 ’;
}
/338 35 3 SRl ey o S SR se sk sl sk '**/
/% Test each iryut datum when STEING tyre is required. *v
/% Return AUIl if it is rot a string, “true’” if it is. =
test(s)
char *s;
{

r s s

if (¥s-- 1= ) /% creck the first charecter %/
{ grrictf(’ *%% illigal date **% '; errors:';



returr NULII;

while(®*s ' ° "% 5.5 /% scar untill the lest chaeracter %/
if ' *(s-1) 1= """ {
privtf! %% §11igal data *¥%"); errors'+;
returr (MUIL 5
}

retvrn (true);

o, A do ale ol ads als wby wls wls e ads wle wis ads obs ol
/4$***%%¢¢++*¢¢4+%$%/

/% read a variatle and put each ckaracter grour in a ‘varsave array */

getvar (t)
?har *t;
extern char *varsavelZ?];
irt i,ccurt=¢;
ckar *sj
cin = 235
s = (char¥*)malloc(strlen(t)+1); /% get srace for s ¥/
?hiIE(*t 1= 7 7))
if(=t VY- 7,7 &8 *t 1= "[7) { count++; g, = Wt- 4y }
else {
t+5 ®g = 7 735
for(i=g;i<count;i+ ! s—-; /% go tack tc the fiist character
varsave|cin] = (cher®*)mallor{strlenis +1);
strery(varsaveicic -],s);
s = {(char*imalloc{strlen(ti+1};
count = 23
}
} .
/% for the last grour */
*S = 7 ’;
for(i-€si<count;i+-" s--3
versave [cinl = (char*'ralloc(strler(s:-1);
strcryf(varsavelcini+],s);
} return;

ifARG1TF == Str; {
GRCUP1;
$f(SCPT1==1TEV;
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{
A steretat |[STARGIAEM!-vstcre.storenur;
élse
A = STAEGINM,
}

else A = APGINEVM;
if’ARG<TD == Str

b2 storetat |[STAEG2NM]-Sustore.stnrenum;

T = STAEGZMV;
!
I
else F = ARGZALM;
GECUPZ,

sk sk o e st e e ol o ale e slealesle sle
FROEGROE #2833k 3 r-n~-.~'1~-v~/

r3% Tb is Irccedure acts as a defire statemert *
%ETOPCODE(E

/%% check at argumertl %/

if(SCRT1==ITFM)
{f(ITEMITP Y= Int) { TFATLMFSS; errorst i+
else A = ITEMINM;

else
if'STAEG1TF !'= Int) { PALMESS; grrcrs+ 3}
else A = STAEG1AM;

/%% Jock at the argumentz ¥,
{f(SCRTz==ITEM)}

§f/ITFM2TP !~ Irt; { PATMESS;S errors+-; }
else F = ITEMZNM;
else

{f({STAFEGZTF Y= Ipt) { BATVMZES, errors: -; |}
else T = STARGzNMy

Yo of. als oo als
; sle s slesieste st steslesle e el sl e se i e sle s

1nt51m(va11 valz)
int vall;
int valzy
{
storetat|valll >storetyre = Int;



storetat|velll->ustcre.stcrerumr = vel?;

}

strsim(vall,valg’
int vall:s
<har *valz;

storetat|vall]- stcretyre = Str;
storetatlvall] :ustore.stcreid = ‘char®)mallccistrlenivalz)+l);
| strcpy(storetet{vall]->istore.storeid,valz!;
#defire Int €2¢
#define Str £18
#define MAXILC 2¢
#aefine HASHSIZE 7E7

struct syrstore {

int steretyre;

uricn {

int storerum;

char *storeid;

} ustore;
by

strvet syrmstore *stcretat[BASHSIZE];
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Jun 7@ 1Z:14 1C¢E* 1DnsitTE€ tstcie.b

tdefire Int ce@
#define Str €10
#define MAXIT 22
#define EASHSIZF 7€7

struct symstore {
irt storetype;
urion {
int storerur;
char *storeid;
uitcre;
]

struct symstore *storetat{RASESIZE];
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kdefire STACKSIZE 1050
#define MAXTATA 2@
#define false ¢
#define trve 1

#define IICMX 12

irt lnerr = ¢;

int wrerris - ¢

int errormsg = false;
irt en;

int rurline - ¢;

char *idsave|[IDCVMX];

struct {
int detatyre;
tricr {
int ival;
char *strval;
} uval;
} in (MAXTATA];

trair,

1€¢
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#define readi
taefine write
#define iddec
#define rerrm
#define asgnm
#define putin

1682

n "2
719

out
Teo

737

T4

(g1

r
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struct quard{
int type;
tnion {
int numval;
char *idval;
} term;
’

struct aquard/{
int Crp;s
strnct quard *Argl;
struct quard *Arg2;
%truct quard *Esl;
) ’

#define MAXQUARL 12722

tdefine Int €C@

#define Str €19

#define ILMAX 2¢€

tdefine STACKSIZE 12¢@

#define WSIZE 1@¢0 . .
#define SFACE (rrirtf{ Vi)
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#define Irt €2@
#aefine Str G10Q
4#define TMP 2@
#define EASESIZF 7Ew
#aefine MAXTYFE 12€¢
#defire MAXIT Z¢

struct nlist f{ /% id-tatle entry %/
ckar *names
int varaddr;

struct nlist *rext; /% next entry in chain =

Y
struct nlist *idtat [BASHSIZE], *kee} [BASHSIZFI;

struct syrvar {
int typeaddr;
irt storeaddr;

’
struct symvar *vertet [MAXTYFE];

struct symtyre |
int sort;
int fielAdl;
irt field?2;
int fie%d&?
’
struct symtype *typetat[VAXTYPE];

struct syrstore {-
int storetypes
union {
int storenum;
char *storeid;
} vstere;
} s

struct symstore *storetat [HASESIZF];
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tdetine SSHANGE GE¢
#define KECFIT Ceg@
#define INTSUF 9¢¢
#define STFSUE ccs
#define FCSUF cc€
#define RECSUF €€S
#defipne ITwFM CEF
tdefine NUII @
#detine MAXINT €cgccoce
ftdefine MININT ¢
#define on 2
#define off 1

N
(]
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tdefine
#define
#defire
t#define
tcefine

tdefire
#idefire
#define
#define
#defire
#define

tyredef

kdefine

IN 4¢¢
CUT 41¢
GCTC 4z¢
STCP 4Z¢

SIMFLE Feg

MII B2

IT 17
MAXILC 2¢
MAXIF 1e¢
true 1
false @

struct {
char *12[MAXIT];
int nums
char *slen:
int try
int vip(MAXID]:
irt rleacey

} irs;
YYSTYFE irs

irt vartmyy

#defire
adefine

#define
#define
#define
#defire
#define
hdefire
Adefine
#define
#defire
#defire
#define
tidetine
#defire
#define

true 1
false @

AFGINTUM quardsaveliql- Argl- term.nymval
ERGZNTM™ quardsave(iql-DArg2- term. rumyeal
AEGITF quardsave[iq]->Arel->tyre

ARGZTFE quardsavel|iq]-rArge— tyre

ARG1IT qnaerdsave[iq)]->Argl->term.idval

AFCZIT quardsaeve|iql-JArgz->term.idval

FSLIT quardsave[iq]- Rsl->term.idvel

FSITF quardsaveliq]-DRel->tyre

STESIMM stcretat|rslylacel- vstore.storerum
STAFGINM storetat[arslplace]- ustore.stcrerum
STAEGZNVM storetetr[argl2pleace]->ustore.storenum
STESTID stcretat|rslplace]- ustcre-stcreid
STAFGLIT stor=tat[arglplecel-dustnre.storeid
STAEGZIT storetat[argZrlacel->ustrre.storeid



#defire STESITP storetat[rslilacel->storetyre

#defire STARG1TP stcretat[arsiplare]l->storetype

#define STARGZTF storetat{argzplace]->storetyre

#define SCET1 tyretat{ergltypel-:sort

#defire CCRTZ tyretat(ars2typel- scrt

tdefine SCRTIRSI tvretat[rsltypel->sort

#defire GECUF1 getvar(ARG1IT i arglylace get(}; argltyre = savetyre;
#daefine GRCUFZ getvar/ARC2IIi: are2place = get’); argstype - savetype;
#define GECUF? getvar(PSIIT'; rslplace = get(); rsltvpe - Savetvpes
#defire TTEM1ID steretat([STARGINM]-,vstore.storeid

#define ITEMZIL <teretat [STARGZAMj->ustore.stcreid

tdefine ITEMINM <teoretat|[STARGIAMI-.wustore.stecrenum

#define ITEZMZMM storetat{STAPGZANM]-lustcre.stcrenum

#define ITEMRSINM storetat [STRSIANM]-Snstere.stcrenur

#define ITEMRSTIT storetab[STRSIAM]->ustcre.stcreid

#define ITEMRTP storetat[STRSINM] _ storetype

#define ITEM1TP storetat [STARGIANM]->storetype

#define ITFMZTF steoretat [STARGZAM]->steretyre

#define EALMESE prirtf’ Covparison staterert, Irteger variatle is neezed
extern notfcurd; /* creck variatle, get frem get.c %/

extern irt get(};

extern struct symstere *intsteores!};

eExtern struct symrstore ®strstore.);

extern putvar();

extern puttype();

extern struct nlist *install();

extern struct nlist *idtat[BEASESIZE];

exterr struct syrtyre *typetat|[MAXTIPF];

extern struct aquard *quardsave [MAYNUAPRD];

extern maxstk, exter; stackrtr) exterr addr; extern amrerrs;

extern rertyvre(); exterr rushtype(); irt PCPARR false;

extern poplt{'; exterr pushlt{;; extern poput’); extern pushut();
extern porarrf(); exterr pusharr(); extern arrgtr;

exterr pusharrfst(‘; extern pcrarrfst’);

exterr pusharrsize(); ertern pcperrsize(’;

extern tyrestk([2?]; extern tyreptr; exrtern raxtype;

extern fixstk(zgl; exterr fixytr; extern maxfix;

extern durptyre( ;s
struct quard *irtelem/}, *strelem’);

char *varsave[MAYII];

cher *strterp, *rewtemp(';

char *rewindtry();

char *idsave[MAXID], *string(MAXIT];
char *strtmrsv, *strtemgpl;

cher *icsave;

char *idtzamgp;

jint tmpy



irt
int
int
int
int
irt
irt
int
irt
irt
int
int
int
irt
int
irt
int
int
int
irt
int
irt
int
int
irt
int
irt
int
int
irt
int
int
int
irt
int
int

17€

arraystcre = 13
rumplace;
C(MAXIC], LC = €3

XX
fig;
itemrpcount=¢;
FX
rotfix = true;

getflag = false, notfirst = felse;
listcave=2;

rub=¢, terp;

firsttmr, cheintrgp, adj

list = rorm; /% check veriatle in tsyr.c */
first = false; /* in putstcre */

where = €3 /* where in storesut *.
savetyre;

dec, i)

elseflag|MII1, endifflag{MII], ifcount[MAXIF];
11

idceouint=2;

ut (MAXIT], 1t[MAXTIT], arraysize=1, woridrourt;
nurtyre = 1, rvmvar = @, sccirt = @5
firststore[MAXIT], save;

cin = ¢, st

index = false, ind;

testfirst=true;

popsave [MAXITD];

wcsve [MAXIDY;

firstrec [MAXID];

fr = -1, 1¢c = €2, wc = @y

iisave - 2, iseve, Jji=@€;

mcrearray=true, firstarreay=true, TYFF, tviearray,
FCUNTS=1, array=false;

changearrsize=false;

arrsvel[Z@), ac=0, arraycount=¢;

ijdfirst=true;

tyretry,

arrfst;
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#define
#defire
#define
tdefire
#define
#define

tyredef

tdefine

MII B¢

IT 17
MAXIT 2¢
MAXIF 1¢@¢
true 1
false @

struct {
char *i4(MAXIT];
int nurm;
char %*slen:
int tps
irt vp[VMPXID);
int rlace;

} irs;
YYSTYFE irs

int vertmyr)y
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tdefire true 1
tdefine felse @

#define ARGINTUM quardsave|iq)->frgl->term.numval

tdetine AKGZALM querdsave[iq]->Ares-:term.rumval

#defire AFG1TE querdsave|iql->Argl- type

Adefire ERGZTF quardsave|iq]-DArgz-Dtype

#define ARC1IT quardsaveliq)->Argl->term.idval

4#definre ARGZIT quardsave[iql-.Are2- term.idval

#detine KSEIIT quardsave([iq]->Rsl-Dterm.idval

#defire FSITP quardsave(iaq]->Rsl->tyre

#define STREINM stcretat(rslplace]-‘ustcre.storenum

#aefine STARGINM storetat[arclplace]l-Sustnre.storenym

#detire STAERGZNMVY storetat|argZplacel-Sustore.stcrerur

#uetire STIRSIIT storetat[rslplacel-"ustcre.stcreid

#define STAEG1IT storetat|arglplace]-.ustcre.storeid

#defire STARGZID storetat[argZilace]- ustcre.stcreid

#aefine STHSITP storstat[rslplace]-D>storetype

#define STARG1TPE storetat[arglplace]->stcretyre

#defire STARGZTE storetat[argZrlace]- storetylre

#defire SCRT1 typetat[aryltype§~>sort

#define SCRTZ tyretat|arg2tyre]- .scrt

#define SCHIRSL typetat[rsltypel- sort

tdetine CROUF1 getvar(ARG1II'; arglilace get’)y argltype = savetype;
#detire GRCUPZ getvar/ARGZIL ; ar,2rlace get(Y; ar.2tyje = savetyre;
#define GROUF2Z getvar{(ESLID); rslplace = getf(); rsltype = savetype;
t#defire ITFM1IL stcretat [STARGINM)- tstor-.storeid

#defire ITEMZID storetat [STAFGZAM]- ustore.storeid

#define ITEMINM storetat[STARGIAM]-Dnustore.stcrenum

#define ITEMZAM storetab[STARGZAM]->ustore.storenum

#define ITEMRSIAM steretab[STRSIAM]- ustcre.stcrerun

#idefine ITEMRSLIT storetat[STRSINM]-Dustcre.storeid

t#define ITEMKTP stcretat[STESIAMNVj->storetyre

#defire ITEM1TP stecretat[STARGINM]- storetype

#defire ITEMZTP storetat[STARGZNM]-“stcretyre

#define EATMESS r1rirtf( Corpariscn staterert, Integer variatle is needed
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extern nctfecurd; % check varistle, get from 'get.c */
extern int get();

eExtern struct symstore *intstorei’;

extern strrct syrstcre *strstore.';

extern putver’);

extern puttvrpe();

gxterr struct nlist *irstall();

extern struct rlist *ictab [FASESIZE];

extern struct svrmtyre *typetat[MAXTYPE];

extern struct aqrard *gnrardsave[MEXQUARD];

exterr mexstk, exter; stackptr; extern addir; extern nmerrs;

extern pertyre(); exterr rushtyre(); int TCPAEE=false;

extern poplt(’; exterp pushlt(;; extern porput’); extern jushut{);
gxtern poparr!{); extern prskarr!); extern arrgptr;

exterr pusharrfst

( extern pcraerrfst’);
extern pusharrsize
;

N e

’

‘Y; extern pcparrsizel

’ €Xtern lyreptr;, exterr maxtyges
extern fixitr;) extern maxfixy

extern tyrestk|[2¢
exterr firstk|[22]

extern durptyre(’;
struct quard *intelem(‘. *strelem();

~har *varsave [MAXID];

char *strterp, *rewtemp(});

cner *pewirdtmp();

char *idsave(MAXID], *string(MAXIL];
cher *strtmgsv, *strterplV;

char *iosave;

cher *idtemp;

int tmgy

int erraystcre = 1j
irt numrplace;

int T[MAXIT], IC = @3

int XX;
int figs
int itemicount:=2;
int PK;
int nctfix = true;

int getflag = false, notfirst = falsey

irt listsave=¢;

int rub=¢, terp;

int firsttrp, cheirtmp. &d;

irt list = normy /* check variatle ir tsym.c
snt first = false; /% ir putstcre */

int where = @3 /% where in storesut *’

irt savetyrey



int
int
irt
int
int
int
int
int
int
irt
int
int
int
ict
int
irt
int
int
int
int

deec, 1i;

18¢

elseflagl(MIT}, endifflag [MII), ifcount [MAXIET;

iis
idcernt=¢;

vt [VMAXIL), 1t ([MAXID], arraysize=1l, wordcourt;

nurtyre = 1, rvrvar = 2,
firststore [MAXID], save;
cin = €, st
irdex = fzlse,
testfirst=true;
porsave [MAXIT];
wesve [MAXITT
firstrec[MAXID];

fr = -1, rc = €, we = @3

iisave = ¢. iseve, ji=@;
morearray=true, firstarray=true,
FCUNLS=1, array=false;
changearrsize=false;

arrsve([z21, e&c=92, arraycount-¢;
idfirst=true;

sccuvrt = €3

ird;y

TYFE.

tyjearray,

tyietnyr. arrfst;



USFF MANUAT

This guide is writter fer somecne that is alreecy faTi-

lier witk the Unix orerating syster.

Each corpiler was kert ir & different directory as fcl-

lows :

hame of Miri-lerguage Directecry name
Mini-language Ccre Core\
Mini-larguage D D\
Miri-language Type Type
Mini-language Procedure prec)

The various dirertories are accessed ty typiny
cd Cirectcry-reme

for exanmrle
cd Core

will get cre inrtc the “Core” directcry.

The “a.cut’ of each directory rontains otjert ccae

which is the corpiler for the Mini-language. The commarnd
a.ont { programl

will compile pregreml whick is & vrograr ir the WMini-

language c¢f that directory. The result will te giver cor the

1£1



1€2

screen. The data for €ach user program must bte giver 1in a
file «called “dete”. The ‘data’ file is recerved i every
directory tc te a da?a file, since the compiler will read
data from & read file only. Each detum in “data’ file may te

serarated ty a “tlark” cr a ‘newline

-3
J=
Ip]
10
1=
let
g}
=
1+

What will te sheown on the screer after the zommeénc
a.out < rrograml

is entered, is the listing cf pregreml, the errer messages,

if any, at each toint an error ocrurs ard the message
runrter of error 2

if, for example, there are three errecrs. If there are rot

any errcrs the ressage shcwrn will te
start xegq

which means the executior starts at the roirt. The inter-
preter is called and will irtergret each quadrurle vrtil the

last one ( stop i. The answer giver next wmwight bte in the

form
ksl AEC = &

This means that the result value of veriatle “ARC’ is an



integer &, cr
Rsl AEC “true”’

whick means the result velve of varietle "AEC” is a string

“truve’, or
Rsl AFC = true

which mears the result value of variatle “2FC” is a toclean

value of true .

Fach array or stack uvsed to gererate eack ot tke com-
rilers were giver & certaiu amourt cf space (number). Whern a

message such as
“"Mot enough srace, exyard MAXCUARI in ‘quard.h’

appears on the screen, it mears that the constant nurter
given, 'MAXCUARL ™ 4in tkis ceése, is tcc small or the user
rprogram is too tig. There are two ways that this car te

rermedied

(1) Go to the file ‘quard.h” and change the ‘MAXGURFT”

value to a tigger one.

{2) VMake the user prcgram smaller.
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