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CS 3723, Programming Languages
Spring Semester, 2002

Final Examination

1. This is aquestionaboutgarbage collection.

(a) Whatis meantby garbagecollection?(Shortanswer.)

(b) Whichof thefollowing languagesnormallysupportgarbagecollection:C, C++,Java.

(c) Whatdo theotherlanguagesdo insteadof garbagecollection?

(d) Whatis beingcollected?(Needsmorethananswer“garbage.”)

2. Considerthefollowing Postscriptprogram:

%!PS-Adobe-2.0
/Times-Bold findfont 150 scalefont setfont
/path {

newpath 0 0 moveto (UTSA) true charpath
} def
/oneline {

0 0 moveto 250 0 lineto stroke
} def
/lines {

0.5 setlinewidth
gsave (UTSA) stringwidth pop 2 div 50 translate

0 1 179 {pop 2 rotate oneline} for
grestore

} def
/border {

newpath
-10 -10 moveto 0 120 rlineto
(UTSA) stringwidth pop 20 add 0 rlineto
0 -120 rlineto closepath

} def
/utsa {

border clip lines
border 2 setlinewidth stroke
path fill
path clip 1 setgray lines

} def
15 15 translate utsa
showpage
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(a) Do you have to do anything specialto geta Postscriptprinter to print thefigurebelow
whenit is giventhiscode?

(b) Explainin detailhow thecodeabove is producingthegivenpicture.In particular

i. Whatpartis drawing thebox aroundtheoutside?

ii. How doesthecodearrangefor thecircle of linesto comefrom a point with x-axis
in themiddleof theUTSA?

iii. Whatkeepsthecircleof linesfrom goingoutsidetheouterrectangle?

iv. Describethe“for” loop inside“lines” in detail.

3. The languagerepresentedby thegrammarbelow consistsof fully parenthesizedpostfixex-
pressions:

P ----> E
E ----> dig | ’(’ E E Op ’)’
Op ----> ’+’ | ’-’ | ’*’| ’/’ | ’ˆ’
dig ----> ’0’|’1’|’2’|’3’|’4’|’5’|’6’|’7’|’8’|’ 9’

Hereis aJava parserfor thelanguage:

// Parser.java: parser for parenthesized postfix language
public class Parser {

private char next; // = ’ ’;

// P: recognize a program
public void P() {

E();
}

// E: recognize a statement
private void E() {

scan();
if (Character.isDigit(next)) {

// next is a single digit here
}
else if (next == ’(’) {

E();
E();
scan();
scan(); // for the ’)’
if (next != ’)’) error(1);

}
else error(3);

}

// scan: put the next non whitespace char into next
private void scan() {

do {
try {

next = (char)System.in.read();
} catch (Exception e){

error(2);
}

} while ( next == ’ ’ || next == ’\n’);
}
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// error: error encountered during the parse
private void error(int n) {

System.out.println("ERROR " + n + ", Token: " + next );
System.exit(1);

}

public static void main(String[] args) {
Parser parser = new Parser();
parser.P();

}
}

You areto addcodeto the listing above so that the programwill returnthe correctinteger
valueswhentheoperationshavebeencarriedout. Hereis aninteractive sessionshowing how
thelanguageworksandshowing whatyourcodeshoulddo. Eachinput is asingleexpression,
eitherjust a constantor a parenthesizedexpressionstartingwith two similar expressionsand
endingwith anoperator.

% java Parser

6

6
% java Parser

( (2 3 +) (3 4 *) -)

-7
% java Parser

((2 4 ˆ) ( (8 2 /) (5 3 -) *) +)

24

(a) Evaluatetheexpression((2 4 ˆ) ( (8 2 /) (5 3 -) *) +) andshow that
24 is thecorrectanswer.

(b) Supplytheadditionalcodeneededto do theevaluation. If you wish, you mayusethe
evaluatingfunctionbelow. (If youdon’t know any java,youcanstill do thisproblemby
justpretendingthatyouarecodingin C, sincefor thisapplicationthetwo languagesare
nearlyidentical.)

private int eval(int r1, int r2, char op) {
switch (op) {

case ’+’: return r1 + r2;
case ’-’: return r1 - r2;
case ’*’: return r1 * r2;
case ’/’: return r1 / r2;
case ’ˆ’: int res = r1;

while (r2 != 1) {
res = res*r1; r2--;

}
return res;

default:
error(4);
return 0;

}
}

4. UsingthereferencesheetabouttheQuadrupleMachineto helpyou, translatethe following
simpleprogramby hand into quadruples:
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n = 1;
WHILE (10 - n) {

WRITE(n);
WRITEC(32); /* a blank */
n = n + 1;

}
WRITEC(10); /* a newline */

(If you wish, you mayusethesymbolicnamesfor thequadruplesyou need,ratherthanthe
integercodes.)

5. Considerthegrammarrule for aWHILE statment:

whilestmt ----> "WHILE" "(" expr ")" stmt

(a) Give the codefor the function whilestmt in your parser. (Justgive this codein
roughform, usingwhatever kind of helpfulpseudocodeyou need.Youcanemploy the
notationthatyouactuallyusedin yourown parserif youwish.)

(b) Show in outline form how to translatea generalWHILEstatementinto quadruples,as
you did (mayhave done)for theprojectfor this course.This amountsto additionsto
thecodefor thewhilestmt sfunctionin yourparser. Youshouldfocusparticularlyon
how you keeptrackof thenumbersof key quadruples,andhow you carryout theback-
patching.You canassumea functionnextQuad() thatgivesthequadruplenumber
of thenext quadrupleto begenerated.(Again,youcanuseany convenientpseudocode,
andhelpfuladditionalfunctions,asneeded.)

6. ConsidertheformalGrammar

P ---> E ’$’
E ---> E ’+’ T | E ’-’ T | T
T ---> T ’*’ S | T ’/’ S | S
S ---> F ’ˆ’ S
F ---> ’a’ | ’b’ | ’c’ | ’(’ E ’)’

andthesentencea ˆ b * ( c + b ) $.

(a) Whicharetheterminalsymbolsandwhicharethenon-terminals?

(b) Is thisgrammarambiguous?(Just“Yes”or “No”.)

(c) Constructaparsetreefor thegivensentence.

7. Considerthefollowing Prologprogram:

reigns(henry7, 1485, 1509).
reigns(henry8, 1509, 1547).
reigns(edward4, 1547, 1553).
reigns(jane_grey, 1553, 1553).
reigns(mary1, 1553, 1558).
reigns(elizabeth1, 1558, 1603).
reigns(james1, 1603, 1625).
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reigns(charles1, 1625, 1642).
reigns(oliver_cromwell, 1642, 1658).
reigns(richard_cromwell, 1658, 1659).
reigns(charles2, 1660, 1685).
reigns(james2, 1685, 1688).
reigns(mary2, 1688, 1694).
reigns(william3, 1688, 1702).
reigns(anne, 1702, 1714).
reigns(george1, 1714, 1724).
reigns(george2, 1727, 1760).
reigns(george3, 1760, 1811).
reigns(george4, 1811, 1830).
reigns(william4, 1830, 1837).
reigns(victoria, 1837, 1901).
reigns(edward7, 1901, 1910).
reigns(george5, 1910, 1936).
reigns(edward8, 1936, 1936).
reigns(george6, 1936, 1952).
reigns(elizabeth2, 1952, 2001).
house_of(henry7, tudor).
house_of(henry8, tudor).
house_of(edward4, tudor).
house_of(jane_grey, tudor).
house_of(mary1, tudor).
house_of(elizabeth1, tudor).
house_of(james1, stuart).
house_of(charles1, stuart).
house_of(oliver_cromwell, commonwealth).
house_of(richard_cromwell, commonwealth).
house_of(charles2, stuart).
house_of(james2, stuart).
house_of(mary2, orange).
house_of(william3, orange).
house_of(anne, stuart).
house_of(george1, brunswick).
house_of(george2, brunswick).
house_of(george3, brunswick).
house_of(george4, brunswick).
house_of(william4, brunswick).
house_of(victoria, brunswick).
house_of(edward7, saxe_coburg_gotha).
house_of(george5, windsor).
house_of(edward8, windsor).
house_of(george6, windsor).
house_of(elizabeth2, windsor).
ruler(N, Y) :- reigns(N, A, B), Y >= A, Y =< B.

Try to explain this asabove.[Hint: In Prolog,identifiersstartingwith anuppercaseletterare
“unknowns”, while identifiersstartingwith a lowercaseletterare“constants”.]

(a) Whicharethefactsabove andwhicharetherules?

(b) Look atthefollowing session(boldfaceandall semicolonsareuserinput— asemicolon
justmeansto try again):

ten42% pl

?- consult(rulers).

rulers compiled, 0.00 sec, 5,164 bytes.
Yes
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?- ruler(X, 1560).

X = elizabeth1 ;

No
?- ruler(X, 1688).

X = james2 ;

X = mary2 ;

X = william3 ;

No
?- house_of(X, stuart).

X = james1 ;

X = charles1 ;

X = charles2 ;

X = james2 ;

X = anne ;

No

(c) Explainwhy therearethethreeanswersto ruler(X, 1688).

(d) Write a rule years(H, A, B) whereH is a Houseand A and B are the yearsof
someone’s reignwhobelongsto thehouseH.

(e) With thenew rule,whatwouldbetheresultof typingyears(orange, A, B). ?


