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1 Revisions

2000Apr05:In the sectiondescribinghow to evaluatea reversePolishexpressionwe used$. Thisis for expositionalpurposes
only. In your code the $ neednotbe placedon the stackanda $ will notbeattheendof the expression.
2000Apr01:Specifiedhatthe userinterfacefor thetautologychecler maynotbe changed.

2 Reading

Thetextbook’s chapter6 coversdefiningtemplatizedclassesChapter7 discussestacks.Be sureto readSection7.4,concen-
tratingonreversePolishnotationexpressions.

*(©2000Jefrey D. Oldham(ol dham@s. tri ni ty. edu). All rightsresered. Thisdocumenimay not beredistritutedin ary form withouttheexpress
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prototype exampleuse explanation

val ue_type stack<stri ng>:: val ue_t yggpeof itemson stack
X,
si ze_type st ack<bool >: : si ze_t ype typefor sizeof stack(numberof elements)
n,
st ack<T>(voi d) stack<int> s; createa stackof elementwith typeT but noitems
bool empty(void) con- bool b = s.empty(); returnstrue if stackhasno elementsfalseother
st; wise
size_type size(void) stack<int>::sizetype returnsnumberof elementsurrentlyin stack
const; sz = s.size();
voi d push(const val - s. push(x); addsx to stack
ue_type & X);
voi d pop(void); s. pop(); pops (removes)top elementof stack. Nothing is

returned. It is the users responsibilityto ensure
the stackis notemptybeforecalling.
val ue_type top(void) int x = s.top(); returnstop elementof stackwithout changingthe
const; stack. It is the users responsibilityto ensurethe
stackis notempty

Tablel: st ack MemberFunctionsand Types

3 Debugger Tip

Thegdb deluggerpermitsrunningprogramsn “slow motion; permittingexaminationof how aprogramruns. Forinformation
how to usegdb, seemy shortgdbnotesor the notesat Stanford.
Hereis aquick anddirty introductionto gdb.

1. Compileyour programusingthe- g compilerflag, e.g.,
g++ -g -Wall -pedantic foo.cc -0 foo

This causeghe compilerto write informationusedby thedelugger
2. Rungdb insidexenmacs orenmacs by typing “Alt-x gdb” or “ESC x gdb”. Typetheexecutables name.
3. Inthegdb window, type“run”.

4. To obtainhelp,type“help”.

4 Problem Statement

You andpossiblya CS1321classmatareto implementa stackdatastructurecapableof holdingarny elementype. Thenyou
areto write codeusingthe stackto evaluatea Booleanexpressionwritten in reversePolish notation. Combiningthis with
distributedsourcecodeyieldsa programthatchecksBooleanexpressiongor tautologies.

4.1 Stacks

A stadk is a last-in/first-outdatastructurewith objectsarrangedn linearorder Thatis, it permitseasyaccesonly from one
end.Entriescanbeaddedor removedonly attherightmostend. For example the STL st ack classimplementsa stack.

Your implementatiorshouldsupportall the operationdistedin Table1l. Theseoperationsare similar but notidenticalto
thoseprovidedby the STL st ack class.

411 Stack Implementation

You canchooseary implementatiorstratey you lik e for your stackclassexceptthatyou maynotusethe STL st ack classor

ary implementatiorsimilarto the sourcecodein thetextbook. It shouldbe possibleto useyourtemplatizedclassto createand

manipulatestacksof i nt s,doubl es,st ri ngs,bool s,etc.,with any numberof elements.
Yourimplementatiorshouldcorrectlyusedynamicmemory(but why implementit usingdynamicmemoryyourself?).



4.1.2 Stack Implementation Tips

1. Firstimplementa stackwith at ypedef statementleclaringthetype of its elements:
typedef string val ue_type;

Thentemplatizethe classand test using a differenttype. Using a differenttype will checkthat all occurrenceof
val ue_t ype wereactuallyfound.

2. Thet ypenane C++ keyword providesalternatie syntaxfor definingtemplatesin thetextbookandin classtemplate
parameteraredeclaredusingsyntaxlike<cl ass T>. An alternatie syntaxis <t ypenane T>.

The t ypenane keyword is also useful wheneer the compiler cannotdeterminethat an expressionis a type. For
example,it is sometimesiecessaryo write
typedef typename stack<T>::sizetype foo;

for reasononly apparento peoplewho have compilersinside their heads. Heuristic: If the compilerbecomederri-
bly confusedabouta type andthe type containsa templateparametertry addingthe keywordt ypenane beforethe
expression.

5 Boolean Expressions and Rever se Polish Notation

A Booleanexpressionconsistsof variablest r ue, andf al se connectedogetherby Booleanoperator&, | | , =>,!, and
== andpossiblyparenthesed-or example,
(x&&y) || (! x&&!y)
and
I'p|| true
areBooleanexpressionsUsinginfix notation wherethe Booleanoperatorsappeabetweertheir operandscanrequireusing
parenthesednsteadwe will usereversePolish notation Usingthis notation,the previousexpressionsarewritten as
Xy&&x!y! &&| |
and
p! true] |
ReversePolishnotationfirst lists the two operandgusingreversePolishnotation)andthenthe operator For example:In the
secondexample,thefirst operands ! p, the operatoris | | , andthe secondoperands t r ue. ThereversePolishnotationfor
thefirstoperands p! . Listing thetwo operandsaindthenthe operatoryieldsthe expression.

5.1 Weéll-Formed Expressions

Intuitively, a well-formed expressionhasthe correctnumberof operandsand operatorsarrangedn the correctorder It is
definedrecursvely:

A well-formedexpressionis eithert r ue, f al se, avariable,or anexpressiorpq &&, pq||,pq=>,pg==,o0r
p!,wherep andq arewell-formedexpressions.

5.2 Truth Tables

To evaluateBooleanexpressionsywe needto be ableto evaluatethe simplestBooleanexpressions.

01 02 && istrueif andonly if botho, ando, aretrue.

01 02 | | isfalseif andonly if botho; ando, arefalse.

01 ! isthe“opposite”of o;.

01 02 => readsas“if oy, theno,.” Itistrueif o, isfalseor o, is true. It is falseif andonlyif o, is trueando, is false.
01 09 == istrueif o, andoy have the sametruth value.

Truth tableswith thefirst operancon theleft sideandthe secondperandontheright sideappeain Figurel.



&& | true false
true | true false
false | false false
|| | true false
true | true true
false | true false

!

true | false

false| true
=> | true false
true | true false
false | true true
== | true false
true | true false
false | false true

Figurel: Truth Tablesfor BooleanExpressions

step stack expression
1 3 truefalse&& true! false! && || $
2 S$true false&& true! false! && || $
3 S$truefalse &&true! false! && || $
4 $false true! false! && || $
5 $falsetrue | false! && || $
6 $falsefalse false! && || $
7 $falsefalsefalse I && || $
8 $falsefalsetrue && || $
9 S$falsefalse [] $
10 $false $

Figure2: ExampleEvaluationof a ReversePolishExpression



5.3 Determining A Boolean Expression’s Value

Evaluatinga reversePolishnotationis easyusinga stack.SeeFigure?2. Initially, the stackis empty;for expositionalpurposes,
we use$ to denotethe bottomof the stacksowe cantell it is empty Initially, we startwith the entireexpressionwe markits
endusinga $ for expositionalpurpose®nly. Therulesare:

1. If thenexttokenist r ue orf al se, moveit to the stack.

2. If thenext tokenis abinaryoperatori.e.,onerequiringtwo operandstemove thetwo operand$rom the stack,replacing
themwith the resultof applyingthe operatorto them, and remove the operatorfrom the expression. If lessthantwo
operandsrepresenbnthe stack,the Booleanexpressions notwell-formed.l.e., it hasincorrectsyntax.

3. If thenext tokenis aunaryoperatori.e.,onerequiringoneoperandremove theoperandrom the stack,replacingit with
theresultof applyingthe operatorto it, andremove the operatorfrom the expression If the stackis empty the Boolean
expressioris notwell-formed.l.e., it hasincorrectsyntax.

4. If the next tokenis $, stop. If the stackhasonevalue, it is the expressions value. Otherwise,the expressionis not
well-formed.

For example,the first two stepsmove Booleansrom the expressiorto the stack. In the third step,the && operatorbeginning
the expressions removed,the top two Booleanexpressionsarepoppedoff the stack,andtheresultis pushedon the stack.In
stepl0, theentireexpressiorhasbeenprocessedSincethereis oneBooleanon the stackit is the valueof the expressiorand
the expressiorwaswell-formed.

5.4 Tautologies

In additionto Booleanexpressionsnvolving only t r ue, f al se, andthe operatoradescribecearlier we canwrite Boolean
expressiongnvolving variables. Suchan expressionhasa valuefor ary assignmenbf Booleanvaluesto its variables. For
example,considerthe expressiorp q | | . Thereare2? waysof assigningvaluesto its two variablessinceeachvariablecanbe
eithert r ue orf al se. For eachway of assigningvaluesto p andq, we canthenevaluatetheresultingexpression.Theresult
isf al se if bothp andq aref al se andt r ue for theotherthreechoices.

A tautolagy is a Booleanexpressiornthatevaluatego t r ue for all possiblewaysof assigningvaluesto its variables.For
example,

true
is atautology asare

XX ==
and

x! x||
and
XX==yy== &&
sinceall evaluateto t r ue for any way of assigningvaluesto their variables. However,
X

and

Xy=>

arenottautologiespecausehereis someway of assigningvaluesto their variableghatmakesthemevaluateto f al se.

GivenaBooleanexpressiorwith N variablespneway of determiningvhetherit is atautologyis to evaluatethe2™v possible
expressiongesultingfrom assigningdifferentcombinationsof Booleanvaluesto the N variables.If all of themevaluateto
t r ue, theoriginal expressions atautology;otherwiseit is not.

5.5 Programming an Evaluator

Write a functioneval uat e evaluatinga Booleanexpressionwithout ary variables. Given an expressionin reversePolish
notationrepresentedsvect or of stri ngs,it shouldreturna pair of Booleansthefirst indicatingwhetherthe expression
waswell-formedand,if well-formed,the secondndicatingthe expressionsvalue.

The provided codereadsa Booleanexpressionwith variablesfrom the standardinput and cycles throughall possible
variableassignmentsnvoking eval uat e to determinethe expressions value. If the expressionis true for all assignments,
the programindicatesis a tautology Otherwisethe programindicatest is notatautologyor is notwell-formed.

The userprovided expressiormustbe in reversePolishnotationwith all variables,operatorsandkeywordsseparatedy
whitespaceAny whitespace-delimitedetof charactershatis notanoperatort r ue, or f al se is avariable.



6 What FilesDo | Need?

Write atemplatizedstackclass.We have provideda minimal stack.handtestfile. Add aneval uat e functionandary helper
functionsto thetautologychecler. A prototypefor eval uat e is alreadyincluded.

7 Rules

7.1 Programming Rules

As for previous homewvorks, working with other peopleduring your planningphaseis encouragedFor this homework, you
arepermittedto write the code,i.e., program,with oneotherpersonin CS1321.To learnthe material,both of you shouldbe
actively involvedin the programmingFailureto do sowill almostcertainlyhurtyour comprehensioonf the materialin therest
of thecourse.

7.2 Submission Rules

Eachone-or two-personteamof programmershouldsubmitonly its completedmplementationgconsistingof the files s-
t ack. h andt aut ol ogy- checker. cc. You do not needto sendary otherfiles. Pleasesendonly text documentsdo
not sendMicrosoft Word documentsPDF documentsHTML documentsetc. Please include both your names and email
addresses at the top of your program.

Wewill testyourstackimplementatiorusingour own programsandour own choiceof stackelementswewill alsotestyour
completed aut ol ogy- checker program.Pleasebe sureyour codecompileswithout warningwhenusingg++ -\l |
- pedant i c. It shouldnotbenecessaryo changehegiventautologycheclercode but, if youdo,changingheuserinterface
will beconsideredncorrect.

Seethesubmissiordetailsfor informationhow to emailthe programs Notethatthe CScomputerconfigurationvasrecently
changedlf youwantto receive anautomatedeply acknavledgingyour submissionpleasereadthe submissionVWW page.
If ateamof two arein differentsectionssubmitexactly onceto oneof thetwo permissibleemailaddresses.

8 Running Time of the Tautology Checker

GivenaBooleanexpressiorwith v variablesandn operatorspur tautologychecler requiresO(2Vn) time. While exponential
runningtimesareacceptabldor smallvaluesof v, they quickly becomenfeasible. (This Perl programgenerates tautology
with the numberof variablesspecifiedasits command-lineargument. (After downloadingit, make thefile executableusing
chnod +x gener at e-t aut ol ogy. pl .) Try usingit to generatenput for your tautologychecler. To time thetautology
checler program,usetimer.h.)

Canwe find a fasteralgorithm?No onehasyet beensuccessful Thereis a family of NP-completgroblemsall of which
arecurrentlythoughtdifficult to solve. We canprove that, if any of theseproblemscould be solvedin polynomialtime, i.e.,
O(n*), for somefixed k, thenall theseproblemscanbe solvedin polynomialtime. If we could prove oneproblemrequired
morethanpolynomialtime, all of themwould. Satisfiability i.e.,“Is thereanassignmeninakingthe Booleanexpressiortrue?;
is the mostfamousNP-completgproblem. The tautologyproblemis at leastashardor harderthansatisfiabilityso do not be
frustratedby not finding a fasteralgorithm. For moreinformation,readFoundationsof ComputerScienceby Alfred V. Aho
andJefrey D. Ullman, ISBN 0-7176-8233-2p. 649.



