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The University of Texasat SanAntonio

Computer ScienceProgram
SanAntonio, Texas78249

CS1723,Data Structures
Spring Semester1997

Programming Assignment3, Due February 19,1997
Trandglation to Reverse Polish

The Assignment: For this assignmenyou will write two separatgrograms. Togethey
theseshouldevaluatean input arithmeticexpression. The first program,translate

will translatethe arithmetic expressionto reverse Polish form. The secondprogram,
evaluate ,will findthevalueof thereversePolishproducedy thefirst program.For the
final runs,you canpipethe outputof thefirst in asinputto the secondsothatyou usethe
command:

runner% translate <sourcefile | evaluate
Theinputsourcewill be madeup of thefollowing elements:
e single-digitintegerconstants0, 1, 2, 3,4,5,6, 7, 8, or 9.

e single-lettevariablesjike a or X. (Not usedby our evaluator See“Extra Credit” at
theend.)

e operatorsA,* /, +, or- (or= for theExtraCreditpart).
e parentheseg: and) .

e thespeciakymbols:# to terminatehewholeinput(and; toterminateanexpression
in the ExtraCreditpart).

This assignmentimits to single-digitinteger constantsand single-charactevariablesin
orderto keepthingssimpler

For example,hereis sampleinput source which calculatesoneroot of the equationy =
22 +3x+2,witha=1,b=3,c=2:

("2 - 4*a*c)’(1/2) - b)/(2*a)#
or with specificconstants:
(372 - 4*1*2)(1/2) - J)(2*1)#
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Noticethatall whitespace (= spacenewline, tab,etc.) shouldbeignoredoninput.

Overall organization: Both programsshould be containedin a single directory say
assign3 . Within this directory therewill be several files implementingthe two pro-
grams put therewill only beone makefile , describedelon. Notethattherewill betwo
main() functions,correspondingo thetwo programs.

The first program transl at e. c: Organizethe programas (at least) three files:
translate.c , tstack.h , andtstack.c

Thetstack.h  andtstack.c files shouldimplementa stackof charactersandfor this
you must usea stackbasedon pointers, linked lists, and dynamic storage allocation, as
describedn the bluebookandin class.(You will probablywantto adda functiontop()
thatwill returnthetopmostcharactewithoutpoppingit.)

In additionto main() , thetranslate.c file shouldcontainfunctionswith prototypes
int checkprec (char «c¢, int *prec, char *assoc);
int  getnext(void);
e Thefunctioncheckprec()  shouldreturnthe precedencandassociatiity of the
operatorstoredin thevariable“c”, accordingto thefollowing table:

| Operator| Precedence Associatvity |

A 5 R
* 4 L
/ 4 L
+ 3 L
- 3 L
= 2 R
( 1 R
) 1 R

Theremust be a staticarray of structuresnsidecheckprec()  which storesthis
information. This structuremust beinitialized usinga list of initializersenclosedn
bracesexactlyasshovnin Section6.3of thewhite book(pagel33). (The= operator
is only usedin the ExtraCreditpartof theassignment.)

e Thefunctiongetnext()  shouldreturnthe next non-whitespaceharacter (Use
isspace() in<ctype.h> )

The translationalgoritm will be discussedn class. Notice that for eachnon-whitespace
characterthe programmustdecidewhetherto outputit or to stackit. Operandqdigits
andletters)arealwaysoutputimmediately Operatorgincluding parenthesesgrealways
stacled, but in somecasesot beforeoneor moreotheroperatorsarepoppedandoutput.
Thefollowing rulesapply:
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1. Alwayspushalleft parenthesis.

2. Alwayspushanoperatoiif the stackis empty if anoperatorof lower precedences
ontop, or if anoperatorof equalprecedences on top andright-to-left associatiity
applies.

3. Otherwisepopandoutputthe stacktopandtry rules1 and2 again.
4. A left andaright parenthsigright above left) onthe stackarealwayssimply deleted.
5. A # characteterminateghe currentinput. Ouputa# andterminatethe program.

Theresultof the sampleinput above shouldbe:
b2 4a*c*-12/"b-2a*/#
32741*%2*-12/"3-21*/#

Theinitial nekefil efortransl ate. c:

# makefile for the translate program

translate: translate.c tstack.c tstack.h

cc -g -0 translate translate.c tstack.c
tlint:

lint -m -u translate.c tstack.c

The secondprogram eval uat e. ¢c: Organizethis secondprogramas (at least)three
files: evaluate.c ,estack.h ,andestack.c

The evaluationof one of theseRPN stringscan proceedas describedn the text andin
class:Usean evaluationstack. Operandsre pushedon the stack,andoperatorgpop their
argumentoff the stackandpushtheresult. Whenthefinal # is encounteredheremainder
of the stackis poppedandprinted. (It shouldjustbeasinglevalue.)

The arithmeticshouldbe doneusingdouble s. The stackmust be implementedusing
linked lists like the other stack. (Notice that this stackholdsdouble s, while the other
stackholdscharacters.)Thusthe outputof the secondexampleshouldbe the following:
(Unlessyou aredoing the Extra Credit part, the first exampleusesvariablenameswhich
will nothave avalueandsocannotbe evaluated.)

-1.000000
A singlecharactethatis a digit canbe corvertedto adouble with

#include  <ctype.h>

it (isdigit(c))
return  (double) (c - '0);
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Theraise-to-a-pwer operatorcanbe handledwith the built-in functionpow(x, vy) (see
thewhitebook,page251). For thisto work youneedo include<math.h> , and(onringer)
you needto add-Im to thecompileroptions,sothatthe mathlibrary will be searchedas
showvn in the makefile  belonv. Thelint  programalsoneedsthis option asshovn—
withoutit lint  will produce600linesof warnings.

The newmakefi | e for bothtransl at e. c andeval uat e. c:
# makefile for translate and evaluate  programs

all: translate evaluate
translate: translate.c tstack.c tstack.h

cc -g -0 translate translate.c tstack.c
evaluate: evaluate.c estack.c estack.h

ccC -g -0 evaluate evaluate.c estack.c  -lm
tlint:

lint -m -u translate.c tstack.c
elint:

lint -m -u evaluate.c estack.c -Im

Required Execution: It will be enoughto successfullyexecutethe testprogramabove,
in two ways, once shaving the intermediateRPN, and once using a pipe between
translate andevaluate . However, for initial runs,you shouldtesttheseseparately
andwith very simpleinputs. (Don't try the full input on thefirst run, anddelug the two
partsseparately

Extra Credit, if Boredwith the Assignment: Youshouldincludetheassignmenbperatoy
sothatyourinputcanbeasequence of expressionsgachseparatetly asemicolonput with
thewholestill terminatedoy a#. Translations similar, exceptthatyou flushthe stackand
startover with each; . For evaluation,one assumeshat eachvariableis given a value
beforeits use. During evaluationyou will needto maintainatable of valuesof variables.
An assignmentauses variableto take on avalue. An expressiorwithout anassignment
operatorhasits valueprinted. The hardespart of this extra creditpartis maintainingthe
tableof valuesof variablesandkeepingtrack of thingson the evaluationstack,which you
maywantto expandto hold moreinformation.Hereis moreelaboratesampleinput:

1, b =3, ¢ = 2

(b"2 - 4*a*c)(1/2);

(0 - b + d)/(2*a);

(0 - b - d)(2*a);

, S

nw - oo

=

For this, the final evaluatorwould produce-2.0000and-1.0000,while the intermediate

reversePolishform would be:
al=b03-=c2=db2"4a*c*-12/"=r Ob-d+ 2a*/ =s0b- d-2a */=rs #



