
GrundlæggendeProgrammering IT-C, Efterår 2000

Written examin
Intr oductory Programming

IT-C, January17,2001
Englishversion

All materialsarepermittedduring theexam,exceptcomputers.

Theexamquestionsmustbe answered in writing within four hours. Theanswers will be gradedusing the Danish
‘13-grade’scale.

Thereare four mainquestions,all of which shouldbeanswered.Thefour mainquestionshaveequalweight.

Your answers mayuseclassesor methodsfromthetextbook,thelecture notes,andthelecture slides.You do not need
to copythemto youranswers,but youmustgivea precisereference, statingsection,pagenumberetc.

Eksamensspørgsmålenefindesogsåpådansk(påseparateark).Theexamquestionsareavailablealsoin Danish(sep-
arately).

You are advisedto readall thequestionsbeforeyoustart answeringanyof them.
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Question1

Question1.1

Show what is printedon thedisplaywhentheJava programbelow is beingexecuted.Be carefulto indicatenewlines
andblanks(spaces)correctly:

class Opgave1_1 {
public static void main(String[] args) {

line(5); line(2); line(5);
System.out.println();
line(5); line(5); line(5);

}

static void line(int i) {
switch (i) {
case 0: System.out.println(" "); break;
case 1: System.out.println(" *"); break;
case 2: System.out.println(" * "); break;
case 4: System.out.println("* "); break;
case 5: System.out.println("* *"); break;
}

}
}

Question1.2

Write amethodstatic void show(int d) thatcanbecalledwith anargumentd between1 and6, andwhich
prints a faceof a die whosenumberof spotsis d. You mayusethe methodline . For instance,the call show(2)
shouldprint

*

*

andthecall show(3) shouldprint

*
*

*

Question1.3

Write acompleteJavaprogramOpgave1_3 which printsahollow box,5 lineshighand5 plusseswide:

+++++
+ +
+ +
+ +
+++++

Question1.4

Write a methodstatic void fill(char c, int n) , which given the parametersc andn prints a box n
lineshighandn plusseswide,wherethebox is filled with thecharacterc insteadof blanks(spaces).

For instance,thecall fill(’o’, 5) shouldprint this filled-in box:

+++++
+ooo+
+ooo+
+ooo+
+++++
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Question2

This questionconcernscalendardatesin theyear2001.Themonthsarenumbered1–12(January–December)andthe
weekdayarenumbered0–6(Monday–Sunday).January1, 2001wasa Monday(weekday0). Year2001is not a leap
year, soFebruaryhas28days,andall problemsconcerningleapyearscanbeignored.

Hereis askeletonof a programfor computingwith calendardatesin year2001:

class Opgave2 {
static int[] days =
{ 0, 31, 59, 90, 120, 151, 181, 212, 243, 273, 304, 334, 365 };

static int monthlen(int m) { ... }

static String dayname(int wd) { ... }

static int dayno(int m, int d) { ... }

static int weekday(int m, int d) { ... }

static void prmonth(int m) { ... }
}

Thearraydays contains13numbers,sothatdays[m] is thetotalnumberof daysin themonthsup to andincluding
monthm. For instance,days[2] equals59 which is thetotalnumberof daysin JanuaryandFebruary.

In thequestionsbelow youmustcompletethemethodsmonthlen , dayname , dayno , weekday andprmonth .
Whenansweringaquestionyoumayusemethodsfrom previousquestions(evenif youhavenotansweredthoseques-
tions).

Question2.1

Write themethodmonthlen , so that thecall monthlen(m) returnsthenumberof daysin monthnumberm. Use
thearraydays . For instance,thecall monthlen(2) mustreturn28, thenumberof daysin February2001.

Question2.2

Write themethoddayname , sothat thecall dayname(wd) returnsthenameof theweekdaywhosenumberis wd.
(It is up to you whetherit shouldbe in Danishor in English.For instance,dayname(0) mayreturn"mandag" or
"Monday" or "Mon" ).

Question2.3

Write the methoddayno , so that the call dayno(m, d) returnsthe numberof dayssinceJanuary1 (in year
2001).For instance,dayno(1, 1) mustgive 0, dayno(1, 17) mustgive 16, dayno(1, 31) mustgive 30,
dayno(2, 1) mustgive31,dayno(12, 1) mustgive334,anddayno(12, 31) mustgive364.

Question2.4

Write the methodweekday , so that the call weekday(m, d) returnsthe numberof the weekdayfor day d in
monthm(in year2001).For instance,weekday(1, 1) mustgive 0 (Monday);weekday(1, 17) mustgive 2
(Wednesday ); weekday(2, 1) mustgive3 (Thursday);weekday(12, 1) mustgive5 (Saturday),and
weekday(12, 31) mustgive0 (Monday).Hint: Usethemodulooperator(%), since0%7is 0, 16%7 is 2, 31%7 is
3, and334%7 is 5.
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Question2.5

Write themethodprmonth sothatthecall prmonth(m) printsacalendarfor monthm(in year2001).
For instance,thecall prmonth(1) mustprint thecalendarfor January2001:

Mon 1
Tue 2
Wed 3
Thu 4
Fri 5
Sat 6
Sun 7
Mon 8
...
Wed 17
Thu 18
...
Wed 31

Similarly, thecall prmonth(2) mustprint thecalendarfor February2001:

Thu 1
Fri 2
...
Wed 28
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Question3

This questionconcernscoursesand studentsat the IT University. Coursesare representedas objectsof the class
Course,shown below. A coursehasa name anda particularweekday , which is an integer: 0 meansMonday, 1
meansTuesday, . . . , 6 meansSunday.

Thereare two kinds of students:ITC students(who have a studentid and follow zero or more courses),and
single-coursestudents(who donot havea studentid andfollow exactlyonecourse).

The abstractclassStudent,shown below, describeswhat is commonto all students:a studenthasa name(the
field name), andonecanaskhow many coursesthat studentfollows (usingthe methodgetCourseCount ). The
student’s coursesarenumbered0, 1, . . . , soonecanaskfor thestudent’s coursenumber0, 1, . . . (usingthemethod
getCourse ), andfinally onecanprint all informationaboutthestudent(usingthemethodprint ).

class Course {
String name;
int weekday;

Course(String name, int weekday)
{ this.name = name; this.weekday = weekday; }

int getDay() { return weekday; }

public String toString() { return name; }
}

abstract class Student {
String name;
abstract int getCourseCount();
abstract Course getCourse(int i);
abstract void print();

}

... declaration of the class SingleCourseStudent ...

... declaration of the class ITCStudent ...

In thequestionsbelow you mustwrite completedeclarationsof theclassesSingleCourseStudentandITCStudentso
thatthey canbeusedasshown in thisprogram:

class Opg3 {
public static void main(String[] args) {

Course gp = new Course("Introductory Programming", 2);
Course dbd = new Course("Design of User Interfaces and Data", 4);
Course dbw = new Course("Database-based Web Publishing", 4);

Student s1 = new SingleCourseStudent("Svend Bergstein", gp);

Course[] courses1 = { gp, dbd, dbw };
Student s2 = new ITCStudent("Birthe Weiss", courses1, 4711);
Student s3 = new ITCStudent("Jan Trøjborg", courses1, 666);

s1.print();
s2.print();
s3.print();

}

static boolean dayClash(Student s) { ... }
}

Question3.1

Declarethe classSingleCourseStudentas a subclassof Student,with one field course (of type Course),and a
constructorwhich takesasargumentsnameandcourse,sothatit maybecalledasshown in themain methodabove.

Theclassmustcontainalsosuitableimplementationsof themethodsgetCourseCount andgetCourse . The
methodgetCourse shouldreturn the student’s (unique)course,regardlesswhat argumentthe methodhasbeen
calledwith.
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Question3.2

DeclaretheclassITCStudentasa subclassof Student,with fieldscourses (of typeCourse[] ) andstudentId
(of type int ), anda constructorwhich takesasargumentsname,coursearray, andstudentid, sothatit maybecalled
asshown in themain methodabove.

Theclassmustcontainalsosuitableimplementationsof themethodsgetCourseCount andgetCourse .
Thecall s.getCourseCount() mustreturnthenumberof coursesfollowedby students . Thecall

s.getCourse(i) mustreturncoursenumberi of students , wherepossiblevaluesfor i are0, 1, . . . up to the
numberof coursesminusone.For instance,if thestudentfollows 3 differentcourses,thenit mustbepossibleto call
getCourse with thearguments0, 1, and2.

Question3.3

Write implementationsof themethodprint in classSingleCourseStudentaswell asITCStudent.Theimplementa-
tionsmustbewrittensothatthemain methodshown aboveprintsthis whenexecuted:

Svend Bergstein, single-course student:
Introductory Programming

Birthe Weiss, id 4711:
Introductory Programming
Design of User Interfaces and Data
Database-based Web Publishing

Jan Trøjborg, id 666:
Introductory Programming
Design of User Interfaces and Data
Database-based Web Publishing

Question3.4

Write themethodstatic boolean dayClash(Student s) in classOpg3.Themethodmustreturntrue if
thegivenstudentfollows two courseson thesameweekday;otherwiseit mustreturnfalse . Hint: Usethemethods
getCourseCount andgetCourse from theStudentclass.
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Question4

This questionconcernsan appletfor countingvotesin an election.The applethastwo buttonslabelled‘Bush’ and
‘Gore’, andtwo correspondingtextfields(with roomfor 10characters)thatshow how many timeseachof thebuttons
hasbeenpressed.Hereis anexamplesnapshotof theapplet:

Hereis a skeletonof theAppletclass:

import java.applet.Applet; import java.awt.*; import java.awt.event.*;

public class Election extends Applet {
int cntBush = 0, cntGore = 0;
Button butGore, butBush;
TextField txtGore, txtBush;

/* a */

public void init() {
Panel p = new Panel();
... /* b */
add(p);

}

class BushListener implements ActionListener { ... } /* c */

class GoreListener implements ActionListener { ... } /* d */
}

Thecomments/* a */ , /* b */ etc.have no effect; thereareinsertedonly to nameprogrampointsin theques-
tionsbelow.

Question4.1

Write Java declarationsandstatementsfor programpoint /* b */ in methodinit to createthefour components,
give the appleta suitablelayout manager, andaddthe componentsto the applet,so that it appearsasshown in the
figureabove.

Usea drawing to indicatepossibleauxiliaryPanelsandtheplacementof thecomponentson thesepanels.
Hint: It is usefulto placethe four componentson a Panelp thathasGridLayoutor BorderLayout(andpossibly

someauxiliaryPanels).Thetextfieldsmustnotbeeditableby theuser.
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Question4.2

Write thecontentsof thetwo listenerclassesBushListener andGoreListener (at programpoints/* c */
and/* d */ ), sothata click on a buttonincreasesthecorrespondingnumberof votesby oneanddisplaysit in the
correspondingtextfield. ThefieldscntBush andcntGore mustcontainthecurrentnumberof votes.

Also addstatementsto init (at programpoint /* b */ ) to createthe listenersandassociatethemwith the
buttons.

Question4.3

Addatextfieldstatus with roomfor 30characters,andplaceit afterthepanelp. Whenabuttonhasbeenpressed,the
new textfield mustdisplayoneof thesethreemessages:‘Bush is ahead by � votes ’ or ‘Gore is ahead
by � votes ’, or ‘Bush and Gore are equal ’, where� and � mustbetheactualdifferencein thenumberof
votes.In theexampleontheprecedingpage,thetext wouldbe‘Gore is ahead by 337576 votes ’. Carefully
describeall requiredadditionsandchangesto theapplet,andwherethey go (atwhich programpoints).

Question4.4

Makesurethatthetext in thestatustextfield is correctevenwhenthedifferencein votesis one.In thatcase,thetext in
thestatustextfield shouldbe(for instance)‘Gore is ahead by 1 vote ’, ratherthan‘Gore is ahead by
1 votes ’.

Question4.5

Add a histogramwith two horizontalbarsshowing therelative numberof votesfor BushandGore.Placeit after the
othercomponentson theapplet.Thecanvascontainingthegraphicsmustbe250pixelswideand50pixelshigh.Scale
the barsso that the lengthof the bar for the leadingcandidateequalsthe width of the canvas.(If both candidates
havezerovotes,nothingshouldbeshown). Hint: Createa subclassof Canvasasaninnerclassin Election,sothatthe
paint methodof thecanvascanaccessthefieldscntBush andcntGore in theElectionclass.

Hereis anexamplesnapshotof theappletveryearlyin thecount:
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