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The University of Texasat SanAntonio
Computer ScienceProgram
SanAntonio, Texas78249

CS1723,Data Structur es
Spring Semester, 1997

Programming Assignment3, DueFebruary 19,1997
Translation to Reverse Polish

The Assignment: For this assignmentyou will write two separateprograms.Together,
theseshouldevaluatean input arithmeticexpression. The first program,translate ,
will translatethe arithmetic expressionto reverse Polish form. The secondprogram,
evaluate , will find thevalueof thereversePolishproducedby thefirst program.For the
final runs,you canpipetheoutputof thefirst in asinput to thesecond,sothatyouusethe
command:

runner% translate <sourcefile | evaluate

Theinputsourcewill bemadeupof thefollowing elements:
� single-digitintegerconstants,0, 1, 2, 3, 4, 5, 6, 7, 8, or 9.

� single-lettervariables,likea or X. (Not usedby ourevaluator. See“Extra Credit” at
theend.)

� operators:
�

, * / , +, or - (or = for theExtraCreditpart).

� parentheses:( and) .

� thespecialsymbols:# to terminatethewholeinput(and; to terminateanexpression
in theExtraCreditpart).

This assignmentlimits to single-digit integer constantsandsingle-charactervariablesin
orderto keepthingssimpler.

For example,hereis sampleinput source,which calculatesoneroot of the equation���
���	��
��
��� , with ����������� 
 ����� � :

((bˆ2 - 4*a*c)ˆ(1/2) - b)/(2*a)#

or with specificconstants:

((3ˆ2 - 4*1*2)ˆ(1/2) - 3)/(2*1)#
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Noticethatall whitespace (= space,newline, tab,etc.)shouldbeignoredon input.

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

The first program translate.c: Organize the program as (at least) three files:
translate.c , tstack.h , andtstack.c .

Thetstack.h andtstack.c filesshouldimplementastackof characters,andfor this
you must usea stackbasedon pointers, linked lists, anddynamic storage allocation, as
describedin thebluebookandin class.(You will probablywantto adda functiontop()
thatwill returnthetopmostcharacterwithoutpoppingit.)

In additionto main() , thetranslate.c file shouldcontainfunctionswith prototypes

int checkprec (char c, int *prec, char *assoc);
int getnext(void);

� Thefunctioncheckprec() shouldreturntheprecedenceandassociativity of the
operatorstoredin thevariable“c”, accordingto thefollowing table:

Operator Precedence Associativity
�

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

Theremust be a staticarrayof structuresinsidecheckprec() which storesthis
information.This structuremust beinitialized usinga list of initializersenclosedin
braces,exactlyasshown in Section6.3of thewhitebook(page133).(The= operator
is only usedin theExtraCreditpartof theassignment.)

� The function getnext() shouldreturn the next non-whitespacecharacter. (Use
isspace() in <ctype.h> .)

The translationalgoritm will be discussedin class. Notice that for eachnon-whitespace
character, the programmustdecidewhetherto output it or to stackit. Operands(digits
andletters)arealwaysoutputimmediately. Operators(includingparentheses)arealways
stacked,but in somecasesnot beforeoneor moreotheroperatorsarepoppedandoutput.
Thefollowing rulesapply:
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1. Alwayspusha left parenthesis.

2. Alwayspushanoperatorif thestackis empty, if anoperatorof lowerprecedenceis
on top, or if anoperatorof equalprecedenceis on top andright-to-left associativity
applies.

3. Otherwisepopandoutputthestacktop,andtry rules1 and2 again.

4. A left andaright parenthsis(right aboveleft) onthestackarealwayssimplydeleted.

5. A # characterterminatesthecurrentinput. Ouputa# andterminatetheprogram.

Theresultof thesampleinputaboveshouldbe:

b2ˆ4a*c*-12/ˆb-2a*/#
32ˆ41*2*-12/ˆ3-21*/#

The initial makefile for translate.c:

# makefile for the translate program
translate: translate.c tstack.c tstack.h

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

lint -m -u translate.c tstack.c

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

The evaluationof oneof theseRPN stringscanproceedasdescribedin the text and in
class:Useanevaluationstack.Operandsarepushedon thestack,andoperatorspoptheir
argumentsoff thestackandpushtheresult.Whenthefinal # is encountered,theremainder
of thestackis poppedandprinted.(It shouldjustbeasinglevalue.)

The arithmeticshouldbe doneusing double s. The stackmust be implementedusing
linked lists like the otherstack. (Notice that this stackholdsdouble s, while the other
stackholdscharacters.)Thusthe outputof the secondexampleshouldbe the following:
(Unlessyou aredoing theExtraCreditpart, the first exampleusesvariablenameswhich
will nothaveavalueandsocannotbeevaluated.)

-1.000000

A singlecharacterthatis a digit canbeconvertedto adouble with

#include <ctype.h>
...
if (isdigit(c))

return (double) (c - ’0’);
...
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Theraise-to-a-poweroperatorcanbehandledwith thebuilt-in functionpow(x, y) (see
thewhitebook,page251).For thistoworkyouneedto include<math.h> , and(onringer)
you needto add-lm to thecompileroptions,sothatthemathlibrary will besearched,as
shown in the makefile below. The lint programalsoneedsthis option asshown—
without it lint will produce600linesof warnings.

The newmakefile for both translate.c and evaluate.c:

# makefile for translate and evaluate programs
all: translate evaluate
translate: translate.c tstack.c tstack.h

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

cc -g -o evaluate evaluate.c estack.c -lm
tlint:

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

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

Required Execution: It will be enoughto successfullyexecutethe testprogramabove,
in two ways, once showing 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, anddebug the two
partsseparately.)

Extra Credit, if Boredwith theAssignment:Youshouldincludetheassignmentoperator,
sothatyourinputcanbeasequence of expressions,eachseparatedby asemicolon,butwith
thewholestill terminatedby a#. Translationis similar, exceptthatyouflushthestackand
start over with each; . For evaluation,oneassumesthat eachvariableis given a value
beforeits use.During evaluationyou will needto maintaina tableof valuesof variables.
An assignmentcausesa variableto take on a value.An expressionwithout anassignment
operatorhasits valueprinted. Thehardestpartof this extra creditpart is maintainingthe
tableof valuesof variablesandkeepingtrackof thingson theevaluationstack,which you
maywantto expandto holdmoreinformation.Hereis moreelaboratesampleinput:

a = 1; b = 3; c = 2;
d = (bˆ2 - 4*a*c)ˆ(1/2);
r = (0 - b + d)/(2*a);
s = (0 - b - d)/(2*a);
r; s;#

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

a1=b03-=c2=db2ˆ4a*c*-12/ˆ=r 0b-d+ 2a*/ =s0b- d-2a */=rs #


