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1 Java Class File: Student.java

1 /∗∗
2 ∗ Naive model o f a s tuden t wi th a t o t a l percentage mark

t ha t i s i n i t i a l l y 0 and can have new marks added to
the t o t a l

3 ∗ TODO This ve r s i on has no v a l i d i t y check ing f o r mark
va l u e s

4 ∗
5 ∗ @author Rachel Carde l l−Ol i ve r
6 ∗ @version January 2013
7 ∗/
8 public class Student
9 {
10 // Constants
11 public f ina l stat ic int MAXMARK = 100 ;
12
13 // Ins tance v a r i a b l e s ( aka f i e l d s )
14 // s tuden t ’ s f u l l name
15 private St r ing name ;
16 // s tuden t ’ s o v e r a l l mark as a percentage rounded to

neares t i n t e g e r
17 private int totalMark ;
18
19 /∗∗
20 ∗ Constructor f o r o b j e c t s o f c l a s s Student
21 ∗/
22 public Student ( S t r ing givenName )
23 {
24 // i n i t i a l i s e the in s tance v a r i a b l e s
25 name = givenName ;
26 totalMark = 0 ;
27 }
28
29 /∗∗
30 ∗ Getter method to re turn s tuden t mark
31 ∗ @return the curren t mark f o r t h i s s tuden t
32 ∗/
33 public int getTotalMark ( )
34 {
35 return totalMark ;
36 }
37
38 /∗∗
39 ∗ Method to add newmark to the current t o t a l mark .
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40 ∗ TODO no checks here ye t f o r v a l i d marks
41 ∗ @param newMark score to be added to tota lMark
42 ∗/
43 public void addMark ( int newMark)
44 {
45 totalMark = totalMark + newMark ;
46 }
47
48 /∗∗
49 ∗ Method to p r i n t s tuden t d e t a i l s
50 ∗/
51 public void pr in tS tuden tDeta i l s ( )
52 {
53 System . out . p r i n t ( ”Student name : ” + name + ” has

scored ” + totalMark + ”%” ) ;
54 }
55 }
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2 Code with Syntax Errors: TicketMachine.java

1 /∗∗
2 ∗ TicketMachine models a naive t i c k e t machine t ha t

i s s u e s f l a t −f a r e t i c k e t s .
3 ∗ The pr i c e o f a t i c k e t i s s p e c i f i e d v ia the cons t ruc to r
4 ∗ I t i s a naive machine in the sense t ha t i t t r u s t s i t s

user s to i n s e r t enough money be f o r e t r y i n g to p r i n t a
t i c k e t .

5 ∗ I t a l s o assumes t ha t user s en ter s e n s i b l e amounts .
6 ∗
7 ∗ @author David J . Barnes and Michael Ko l l i n g
8 ∗ With syntax e r ro r s by Rachel Carde l l−Ol i ve r
9 ∗ @version 2008.03.30
10 ∗/
11 public class TicketMachine
12 {
13 // The p r i c e o f a t i c k e t from t h i s machine .
14 private int p r i c e ;
15 // The amount o f money entered by a customer so f a r .
16 private int balance ;
17 // The t o t a l amount o f money c o l l e c t e d by t h i s

machine .
18 private int t o t a l
19
20 /∗∗
21 ∗ Create a machine t ha t i s s u e s t i c k e t s o f the g iven

p r i c e . Note t ha t the p r i c e must be g r ea t e r than
zero , and the r e are no checks to ensure t h i s .

22 ∗/
23 public TicketMachine ( int t i c k e tCos t )
24 {
25 p r i c e = t i c k e t c o s t ;
26 balance = 0 ;
27 t o t a l = 0 ;
28 }
29
30 /∗∗
31 ∗ Return the p r i c e o f a t i c k e t .
32 ∗/
33 public int ge tPr i c e ( )
34 {
35 return p r i c e ;
36 }
37
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38 /∗∗
39 ∗ Return the amount o f money a l r eady i n s e r t e d f o r

the next t i c k e t .
40 ∗/
41 public int getBalance ( )
42 {
43 return balance ;
44 }
45
46 /∗∗
47 ∗ Receive an amount o f money in cen t s from a

customer .
48 ∗/
49 public void insertMoney ( int amount )
50 {
51 balance = balance + amount ;
52 }
53
54 public int ca lcu lateChange ( ) {
55 int change = balance−p r i c e ;
56
57 /∗∗
58 ∗ Print a t i c k e t . Update the t o t a l c o l l e c t e d and

reduce the ba lance to zero .
59 ∗/
60 public void pr in tT i cke t ( )
61 {
62 i f ( CalculateChange ) {
63 // Simulate the p r i n t i n g o f a t i c k e t .
64 System . out . p r i n t l n ( ”##################”) ;
65 System . out . p r i n t l n ( ”# The BlueJ Line ” ) ;
66 System . out . p r i n t l n ( ”# Ticket ” ) ;
67 System . out . p r i n t l n ( ”# ” + pr i c e + ” cent s

. ” ) ;
68 System . out . p r i n t l n ( ”##################”) ;
69 System . out . p r i n t l n ( ) ;
70
71 // Update the t o t a l wi th the ba lance .
72 t o t a l = t o t a l + balance ;
73 // Clear the ba lance .
74 balance = 0 ;
75 } else {
76 System . out . p r i n t l n ( ”Cannot p r i n t t i c k e t

because p r i c e <=0” ) ;
77 }
78 }
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3 Corrected Code: TicketMachine.java

1 /∗∗
2 ∗ TicketMachine models a naive t i c k e t machine t ha t

i s s u e s f l a t −f a r e t i c k e t s .
3 ∗ The pr i c e o f a t i c k e t i s s p e c i f i e d v ia the cons t ruc to r
4 ∗ I t i s a naive machine in the sense t ha t i t t r u s t s i t s

user s to i n s e r t enough money be f o r e t r y i n g to p r i n t a
t i c k e t . I t a l s o assumes t ha t user s en ter s e n s i b l e

amounts .
5 ∗
6 ∗ @author David J . Barnes and Michael Ko l l i n g
7 ∗ With syntax e r ro r s by Rachel Carde l l−Ol i ve r
8 ∗ @version 2008.03.30
9 ∗/
10 public class TicketMachine
11 {
12 // The p r i c e o f a t i c k e t from t h i s machine .
13 private int p r i c e ;
14 // The amount o f money entered by a customer so f a r .
15 private int balance ;
16 // The t o t a l amount o f money c o l l e c t e d by t h i s

machine .
17 private int t o t a l ;
18
19 /∗∗
20 ∗ Create a machine t ha t i s s u e s t i c k e t s o f the g iven

p r i c e .
21 ∗ Note t ha t the p r i c e must be g r ea t e r than zero , and

the re are no checks to ensure t h i s .
22 ∗/
23 public TicketMachine ( int t i c k e tCos t )
24 {
25 p r i c e = t i ck e tCos t ;
26 balance = 0 ;
27 t o t a l = 0 ;
28 }
29
30 /∗∗
31 ∗ Return the p r i c e o f a t i c k e t .
32 ∗/
33 public int ge tPr i c e ( )
34 {
35 return p r i c e ;
36 }
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37
38 /∗∗
39 ∗ Return the amount o f money a l r eady i n s e r t e d f o r

the next t i c k e t .
40 ∗/
41 public int getBalance ( )
42 {
43 return balance ;
44 }
45
46 /∗∗
47 ∗ Receive an amount o f money in cen t s from a

customer .
48 ∗/
49 public void insertMoney ( int amount )
50 {
51 balance = balance + amount ;
52 }
53
54 public int ca lcu lateChange ( ) {
55 return ( balance−p r i c e ) ;
56 }
57
58 /∗∗
59 ∗ Print a t i c k e t .
60 ∗ Update the t o t a l c o l l e c t e d and reduce the ba lance

to zero .
61 ∗/
62 public void pr in tT i cke t ( )
63 {
64 i f ( ca lcu lateChange ( )>=0) {
65 // Simulate the p r i n t i n g o f a t i c k e t .
66 System . out . p r i n t l n ( ”##################”) ;
67 System . out . p r i n t l n ( ”# The BlueJ Line ” ) ;
68 System . out . p r i n t l n ( ”# Ticket ” ) ;
69 System . out . p r i n t l n ( ”# ” + pr i c e + ” cent s . ” ) ;
70 System . out . p r i n t l n ( ”##################”) ;
71 System . out . p r i n t l n ( ) ;
72
73 // Update the t o t a l c o l l e c t e d wi th the

ba lance .
74 t o t a l = t o t a l + balance ;
75 // Clear the ba lance .
76 balance = 0 ;
77 } else {
78 System . out . p r i n t l n ( ”Cannot p r i n t t i c k e t
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because balance too low” ) ;
79 }
80 }
81 }
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4 Code with Logic Errors: Calculator.java

1
2 /∗∗
3 ∗ A simple c a l c u l a t o r
4 ∗
5 ∗ @author Rachel Carde l l−Ol i ve r
6 ∗ @version February 2013
7 ∗/
8 public class Calcu la to r
9 {
10
11 // s e t r e s u l t to INITIAL VALUE when the c a l c u l a t o r i s

c rea t ed or c l e a r ed
12 stat ic f ina l int INITIAL VALUE = 0 ;
13 // s e t r e s u l t to ERRORVALUE when an error occurs
14 //TODO cons ider o ther error hand l ing approaches such

as e xc ep t i on s
15 stat ic f ina l int ERRORVALUE = 99999999;
16
17 private int r e s u l t ;
18
19 /∗∗
20 ∗ cons t ruc t o r i n i t i a l i s e s r e s u l t to INITIAL VALUE
21 ∗/
22 public Calcu la to r ( ) {
23 r e s u l t = INITIAL VALUE ;
24 }
25
26 /∗∗
27 ∗ g e t t e r method f o r r e s u l t f i e l d
28 ∗ @return the curren t r e s u l t va lue
29 ∗/
30 public int getResu l t ( ) {
31 return r e s u l t ;
32 }
33
34 /∗∗
35 ∗ add va lue to current r e s u l t
36 ∗ @param x in t e g e r to add
37 ∗/
38 public void add ( int x ) {
39 r e s u l t = r e s u l t ∗ x ;
40 }
41
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42 /∗∗
43 ∗ s u b t r a c t va lue from current r e s u l t
44 ∗ @param x in t e g e r to s u b t r a c t
45 ∗/
46 public void subt rac t ( int x ) {
47 r e s u l t = r e s u l t − x ;
48 }
49
50 /∗∗
51 ∗ mu l t i p l y current r e s u l t by x
52 ∗ @param x in t e g e r mu l t i p l i e r
53 ∗/
54 public void mult ip ly ( int x ) {
55 r e s u l t = r e s u l t ∗ x ;
56 }
57
58 /∗∗
59 ∗ d i v i d e curren t r e s u l t by g iven d i v i s o r
60 ∗ @param x in t e g e r d i v i s o r
61 ∗ check f o r d i v i d e by 0 and s e t r e s u l t to

ERRORVALUE
62 ∗/
63 public void d iv id e ( int x ) {
64 i f ( x==0) {
65 r e s u l t = r e s u l t /x ;
66 } else {
67 r e s u l t = ERRORVALUE;
68 }
69 }
70
71 /∗∗
72 ∗ c l e a r the r e s u l t accumulator
73 ∗/
74 public void c l e a r ( ) {
75 //TODO add code here
76 }
77 }
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5 JUnit Test Code: CalculatorTest.java

1 import org . j u n i t . ∗ ;
2 import stat ic org . j u n i t . Assert . ∗ ;
3
4 /∗∗
5 ∗ The t e s t c l a s s c a l c u l a t o rTe s t .
6 ∗
7 ∗ @author Rachel Carde l l−Ol i ve r
8 ∗ @version March 2013 ( r e v i s e d from January 2013)
9 ∗/
10 public class Calcu la torTes t
11 {
12 private Calcu la to r mycalc ;
13
14 /∗∗
15 ∗ Se t s up the t e s t f i x t u r e .
16 ∗
17 ∗ Cal l ed b e f o r e every t e s t case method .
18 ∗/
19 @Before
20 public void setUp ( )
21 {
22 mycalc=new Calcu la to r ( ) ;
23 }
24
25 /∗∗
26 ∗ check cons t ruc to r i n i t i a l i s a t i o n
27 ∗/
28 @Test public void t e s tCons t ruc to r ( ) {
29 as s e r tEqua l s ( mycalc . INITIAL VALUE , mycalc .

ge tResu l t ( ) ) ;
30 }
31
32 /∗∗
33 ∗ check normal case f o r f i r s t add opera t ion
34 ∗/
35 @Test public void testAdd ( ) {
36 mycalc . add (4) ;
37 a s s e r tEqua l s (4 , mycalc . ge tResu l t ( ) ) ;
38 }
39
40 /∗∗
41 ∗ check normal case f o r f i r s t s u b t r a c t opera t ion
42 ∗/
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43 @Test public void t e s tSub t ra c t ( ) {
44 mycalc . subt rac t (4 ) ;
45 a s s e r tEqua l s (−4 , mycalc . ge tResu l t ( ) ) ;
46 }
47
48 /∗∗
49 ∗ check normal case f o r mu l t i p l y 2∗4 = 8
50 ∗/
51 @Test public void t e s tMu l t i p l y ( ) {
52 mycalc . add (2) ;
53 mycalc . mul t ip ly (4 ) ;
54 a s s e r tEqua l s (8 , mycalc . ge tResu l t ( ) ) ;
55 }
56
57 /∗∗
58 ∗ check normal case f o r d i v i d e 6/2 = 3
59 ∗/
60 @Test public void t e s tD iv id e ( ) {
61 mycalc . add (6) ;
62 mycalc . d i v id e (2 ) ;
63 a s s e r tEqua l s (3 , mycalc . ge tResu l t ( ) ) ;
64 }
65
66 /∗∗
67 ∗ check excep t i on case f o r d i v i d e by 0
68 ∗/
69 @Test public void t e s tD iv ideZero ( ) {
70 mycalc . add (6) ;
71 mycalc . d i v id e (0 ) ;
72 a s s e r tEqua l s ( mycalc .ERRORVALUE, mycalc . ge tResu l t

( ) ) ;
73 }
74
75 /∗∗
76 ∗ check c l e a r method c l e a r s the r e s u l t
77 ∗/
78 @Test public void t e s tC l e a r ( ) {
79 mycalc . add (6) ;
80 a s s e r tEqua l s (6 , mycalc . ge tResu l t ( ) ) ;
81 mycalc . c l e a r ( ) ;
82 a s s e r tEqua l s ( mycalc . INITIAL VALUE , mycalc .

ge tResu l t ( ) ) ;
83 }
84 }
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6 Collections Example: Membership.java

1 /∗∗
2 ∗ Store d e t a i l s o f a c l u b membership .
3 ∗
4 ∗ @author David J . Barnes and Michael K l l i n g
5 ∗ @version 2011.07.31
6 ∗/
7 public class Membership
8 {
9 // The name o f the member .
10 private St r ing name ;
11 // The month in which the membership was taken out .
12 private int month ;
13 // The year in which the membership was taken out .
14 private int year ;
15 // The paid f o r l e n g t h o f membership in years
16 private int l ength ;
17
18 /∗∗
19 ∗ Constructor f o r o b j e c t s o f c l a s s Membership .
20 ∗ @param name The name o f the member .
21 ∗ @param month The month in which they jo ined . (1

. . . 12)
22 ∗ @param year The year in which they jo ined .
23 ∗/
24 public Membership ( S t r ing name , int month , int year ,

int l ength )
25 throws I l l ega lArgumentExcept ion
26 {
27 i f (month < 1 | | month > 12) {
28 throw new I l l ega lArgumentExcept ion (
29 ”Month ” + month + ” out o f range . Must

be in the range 1 . . . 12” ) ;
30 }
31 this . name = name ;
32 this . month = month ;
33 this . year = year ;
34 this . l ength = length ;
35 }
36
37 /∗∗
38 ∗ @return The member ’ s name .
39 ∗/
40 public St r ing getName ( )
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41 {
42 return name ;
43 }
44
45 /∗∗
46 ∗ @return The month in which the member j o ined .
47 ∗ A va lue in the range 1 . . . 12
48 ∗/
49 public int getMonth ( )
50 {
51 return month ;
52 }
53
54 /∗∗
55 ∗ @return The year in which the member j o ined .
56 ∗/
57 public int getYear ( )
58 {
59 return year ;
60 }
61
62 /∗∗
63 ∗ @return The l en g t h o f membership paid f o r in years

.
64 ∗/
65 public int getLength ( )
66 {
67 return l ength ;
68 }
69
70 /∗∗
71 ∗ Increase membership l e n g t h by o f f e r amount .
72 ∗ @param o f f e r The number o f years to extend a l l

memberships
73 ∗ No check i s made f o r p o s i t i v e o f f e r amount
74 ∗
75 ∗/
76 public void inc reaseLength ( int o f f e r )
77 {
78 l ength = length + o f f e r ;
79 }
80
81 /∗∗
82 ∗ @return A s t r i n g r ep r e s en t a t i on o f t h i s membership

.
83 ∗/
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84 public St r ing toS t r i ng ( )
85 {
86 return ”Name : ” + name +
87 ” j o in ed in month ” +
88 month + ” o f ” + year +
89 ” and has ” + length + ” years o f

membership” ;
90 }
91 }

15



7 Collections Example: Club.java

1 import java . u t i l . ArrayList ;
2 /∗∗
3 ∗ Store d e t a i l s o f c l u b memberships .
4 ∗
5 ∗ @author RCO
6 ∗ @version December 2012
7 ∗/
8 public class Club
9 {
10 ArrayList<Membership> c lub ;
11
12 /∗∗
13 ∗ Constructor f o r o b j e c t s o f c l a s s Club
14 ∗/
15 public Club ( )
16 {
17 c lub = new ArrayList<Membership>() ;
18
19 }
20
21 /∗∗
22 ∗ Add a new member to the c l u b ’ s l i s t o f members .
23 ∗ @param member The member o b j e c t to be added .
24 ∗/
25 public void j o i n (Membership member)
26 {
27 c lub . add (member) ;
28 }
29
30 /∗∗
31 ∗ @return The number o f members (Membership o b j e c t s )

in
32 ∗ the c l u b .
33 ∗/
34 public int numberOfMembers ( )
35 {
36 return c lub . s i z e ( ) ;
37 }
38
39 /∗∗
40 ∗ Print the d e t a i l s o f a l l current members to

standard output .
41 ∗/
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42 public void l i stMembers ( )
43 {
44 for (Membership member : c lub )
45 {
46 System . out . p r i n t l n (member . t oS t r i ng ( ) ) ;
47 }
48 }
49
50 /∗∗
51 ∗ Extend the membership o f a l l members by o f f e r

years
52 ∗ @param o f f e r The number o f years to extend a l l

memberships
53 ∗ No check i s made f o r p o s i t i v e o f f e r amount
54 ∗/
55 public void extendMembership ( int o f f e r )
56 {
57 for (Membership member : c lub )
58 {
59 member . increaseLength ( o f f e r ) ;
60 }
61
62 }
63
64 /∗∗
65 ∗ @return the number o f members whose membership has

or w i l l e xp i r e f o r a g iven year
66 ∗ @param t h i s y e a r The year to be checked
67 ∗/
68 public int numOverdue ( int t h i s y e a r )
69 {
70 int overdue = 0 ; // counter f o r number o f overdue

members
71 for (Membership member : c lub )
72 {
73 i f ( (member . getYear ( )+member . getLength ( ) ) <

t h i s y e a r )
74 {
75 overdue++;
76 }
77 }
78 return overdue ;
79 }
80 }
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8 Collections Example: ClubDemo.java

1
2 /∗∗
3 ∗ Demonstration o f the f u n c t i o n a l i t i e s o f a Club
4 ∗
5 ∗ @author Rachel Carde l l−Ol i ve r
6 ∗ @version January 2013
7 ∗/
8 public class ClubDemo
9 {
10
11 private Club club ;
12
13 /∗∗
14 ∗ Constructor f o r o b j e c t s o f c l a s s ClubDemo
15 ∗/
16 public ClubDemo ( )
17 {
18 c lub = new Club ( ) ;
19 }
20
21 /∗∗
22 ∗ Add some members to the c lub , and then
23 ∗ show how many the r e are .
24 ∗ Further example c a l l s cou ld be added i f more

f u n c t i o n a l i t y
25 ∗ i s added to the Club c l a s s .
26 ∗/
27 public void demo ( )
28 {
29 System . out . p r i n t l n ( ”Create a c lub with 3 members”

) ;
30 c lub . j o i n (new Membership ( ”David” , 2 , 2004 , 5) ) ;
31 c lub . j o i n (new Membership ( ”Michael ” , 1 , 2004 , 10) )

;
32 c lub . j o i n (new Membership ( ”Susan” , 5 , 2005 , 5) ) ;
33 System . out . p r i n t l n ( ”The club has ” +
34 club . numberOfMembers ( ) +
35 ” members . ” ) ;
36
37
38 // p r i n t out the current c l u b
39 System . out . p r i n t l n ( ) ;
40 System . out . p r i n t l n ( ” L i s t Current Membership” ) ;
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41 c lub . l i stMembers ( ) ;
42
43 // g i v e everyone an ex t ra year and re−p r i n t the

curren t l i s t
44 System . out . p r i n t l n ( ) ;
45 System . out . p r i n t l n ( ”Extend a l l memberships by 1

year ” ) ;
46 c lub . extendMembership (1 ) ;
47 c lub . l i stMembers ( ) ;
48
49 // check how many exp i r ed memberships
50 System . out . p r i n t l n ( ) ;
51 System . out . p r i n t l n ( ”Check f o r exp i red memberships

in 2013” ) ;
52 System . out . p r i n t l n ( ”For 2013 there are ” + club .

numOverdue (2013) + ” overdue memberships” ) ;
53
54 }
55 }
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9 Object Interation: NumberDisplay.java

1
2 /∗∗
3 ∗ The NumberDisplay c l a s s r ep r e s en t s a d i g i t a l number

d i s p l a y t ha t can ho ld va l u e s from zero to a g iven
l im i t .

4 ∗ The l im i t can be s p e c i f i e d when c r ea t i n g the d i s p l a y .
5 ∗ The va l u e s range from zero ( i n c l u s i v e ) to l im i t −1.
6 ∗ I f used , f o r example , f o r the seconds on a d i g i t a l

c lock , the l im i t would be 60 , r e s u l t i n g in d i s p l a y
va l u e s from 0 to 59.

7 ∗ When incremented , the d i s p l a y au t oma t i c a l l y r o l l s over
to zero when reach ing the l im i t .

8 ∗
9 ∗ @author Michael Koe l l i n g and David J . Barnes extended

by ( your name here )
10 ∗ @version 2011.07.31 extended on ( your date here )
11 ∗/
12 public class NumberDisplay
13 {
14 private int l im i t ;
15 private int value ;
16
17 /∗∗
18 ∗ Constructor f o r o b j e c t s o f c l a s s NumberDisplay .
19 ∗ Set the l im i t a t which the d i s p l a y r o l l s over .
20 ∗/
21 public NumberDisplay ( int ro l lOverL imi t )
22 {
23 l im i t = ro l lOverL imi t ;
24 value = 0 ;
25 }
26
27 /∗∗
28 ∗ Return the curren t va lue .
29 ∗/
30 public int getValue ( )
31 {
32 return value ;
33 }
34
35 /∗∗
36 ∗ Return the d i s p l a y va lue ( t ha t i s , the current

va lue as a two−d i g i t
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37 ∗ S t r ing . I f the va lue i s l e s s than ten , i t w i l l be
padded wi th a l e ad in g zero ) .

38 ∗/
39 public St r ing getDisp layValue ( )
40 {
41 i f ( va lue < 10) {
42 return ”0” + value ;
43 }
44 else {
45 return ”” + value ;
46 }
47 }
48
49 /∗∗
50 ∗ Set the va lue o f the d i s p l a y to the new s p e c i f i e d

va lue . I f the new va lue i s l e s s than zero or over
the l im i t , do noth ing .

51 ∗/
52 public void setValue ( int replacementValue )
53 {
54 i f ( ( replacementValue >= 0) && ( replacementValue <

l im i t ) ) {
55 value = replacementValue ;
56 }
57 }
58
59 /∗∗
60 ∗ Increment the d i s p l a y va lue by one , r o l l i n g over

to zero i f the l im i t i s reached .
61 ∗/
62 public void increment ( )
63 {
64 value = ( value + 1) % l im i t ;
65 }
66 }

10 Object Interation: ClockDisplay.java

1
2 /∗∗
3 ∗ The ClockDisp lay c l a s s implements a d i g i t a l c l o c k

d i s p l a y f o r a European−s t y l e 24 hour c l o c k .
4 ∗ The c l o c k shows hours and minutes .
5 ∗ The range o f the c l o c k i s 00:00 ( midnight ) to 23:59 (

one minute b e f o r e midnight ) .
6 ∗
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7 ∗ The c l o c k d i s p l a y r e c e i v e s ” t i c k s ” ( v ia the timeTick
method ) every minute and r ea c t s by increment ing the
d i s p l a y .

8 ∗ This i s done in the usua l c l o c k f a sh i on : the hour
increments when the minutes r o l l over to zero .

9 ∗
10 ∗ @author Michael Koe l l i n g and David J . Barnes extended

by ( your name here )
11 ∗ @version 2011.07.31 extended on ( your date here )
12 ∗/
13 public class ClockDisplay
14 {
15 private NumberDisplay hours ;
16 private NumberDisplay minutes ;
17 private St r ing d i s p l a yS t r i n g ; // s imu la t e s the

a c t ua l d i s p l a y
18
19 /∗∗
20 ∗ Constructor f o r ClockDisp lay o b j e c t s . This

cons t ruc t o r c r e a t e s a new c l o c k s e t a t 00 :00 .
21 ∗/
22 public ClockDisplay ( )
23 {
24 hours = new NumberDisplay (24) ;
25 minutes = new NumberDisplay (60) ;
26
27 updateDisplay ( ) ;
28 }
29
30 /∗∗
31 ∗ Constructor f o r ClockDisp lay o b j e c t s . This

cons t ruc t o r c r e a t e s a new c l o c k s e t a t the time
s p e c i f i e d by the parameters .

32 ∗/
33 public ClockDisplay ( int hour , int minute )
34 {
35 hours = new NumberDisplay (24) ;
36 minutes = new NumberDisplay (60) ;
37 setTime ( hour , minute ) ;
38 }
39
40
41 /∗∗
42 ∗ This method shou ld ge t c a l l e d once every minute −

i t makes the c l o c k d i s p l a y go one minute forward .
43 ∗/
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44 public void timeTick ( )
45 {
46 minutes . increment ( ) ;
47 i f ( minutes . getValue ( ) == 0) {
48 // i t j u s t r o l l e d over !
49 hours . increment ( ) ;
50 i f ( hours . getValue ( ) == 0) {
51 dayofweek . increment ( ) ;
52 }
53 }
54 updateDisplay ( ) ;
55 }
56
57
58 /∗∗
59 ∗ Set the time o f the d i s p l a y to the s p e c i f i e d hour

and minute .
60 ∗/
61 public void setTime ( int hour , int minute )
62 {
63 hours . setValue ( hour ) ;
64 minutes . setValue (minute ) ;
65 updateDisplay ( ) ;
66 }
67
68
69 /∗∗
70 ∗ Return the curren t time o f t h i s d i s p l a y in the

format HH:MM.
71 ∗/
72 public St r ing getTime ( )
73 {
74 return d i s p l a yS t r i n g ;
75 }
76
77 /∗∗
78 ∗ Update the i n t e r n a l s t r i n g t ha t r ep r e s en t s the

d i s p l a y .
79 ∗/
80 private void updateDisplay ( )
81 {
82 d i s p l a yS t r i n g = hours . getDisp layValue ( ) + ” : ” +
83 minutes . getDisp layValue ( ) ;
84 }
85
86 }
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11 Example of HashMap use from the Zuul game

1 import java . u t i l . HashMap ;
2
3 /∗∗
4 ∗ This c l a s s i s par t o f the ”World o f Zuul” a p p l i c a t i o n .
5 ∗ ”World o f Zuul” i s a very simple , t e x t based adventure

game .
6 ∗
7 ∗ This c l a s s ho l d s an enumeration o f a l l command words

known to the game .
8 ∗ I t i s used to r ecogn i s e commands as they are typed in .
9 ∗
10 ∗ @author Michael K l l i n g and David J . Barnes
11 ∗ @version 2011.08.09
12 ∗/
13
14 public class CommandWords
15 {
16 // A mapping between a command word and the

CommandWord
17 // a s s o c i a t e d wi th i t .
18 private HashMap<Str ing , CommandWord> validCommands ;
19
20 /∗∗
21 ∗ Constructor − i n i t i a l i s e the command words .
22 ∗/
23 public CommandWords( )
24 {
25 validCommands = new HashMap<Str ing , CommandWord

>() ;
26 validCommands . put ( ”go” , CommandWord .GO) ;
27 validCommands . put ( ” help ” , CommandWord .HELP) ;
28 validCommands . put ( ” qu i t ” , CommandWord .QUIT) ;
29 }
30
31 /∗∗
32 ∗ Find the CommandWord a s s o c i a t e d wi th a command

word .
33 ∗ @param commandWord The word to l ook up ( as a

s t r i n g ) .
34 ∗ @return The CommandWord correspondng to

commandWord , or UNKNOWN
35 ∗ i f i t i s not a v a l i d command word .
36 ∗/
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37 public CommandWord getCommandWord( St r ing commandWord)
38 {
39 CommandWord command = validCommands . get (

commandWord) ;
40 i f (command != null ) {
41 return command ;
42 }
43 else {
44 return CommandWord .UNKNOWN;
45 }
46 }
47
48 /∗∗
49 ∗ Check whether a g iven S t r ing i s a v a l i d command

word .
50 ∗ @return t rue i f i t i s , f a l s e i f i t i sn ’ t .
51 ∗/
52 public boolean isCommand( St r ing aSt r ing )
53 {
54 return validCommands . containsKey ( aSt r ing ) ;
55 }
56
57 /∗∗
58 ∗ Print a l l v a l i d commands to System . out .
59 ∗/
60 public void showAll ( )
61 {
62 for ( S t r ing command : validCommands . keySet ( ) ) {
63 System . out . p r i n t (command + ” ” ) ;
64 }
65 System . out . p r i n t l n ( ) ;
66 }
67 }
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12 Game of Life: Life.java

1 /∗∗
2 ∗ Java c l a s s f o r Conway ’ s Game of L i f e
3 ∗ @author PK, RCO
4 ∗/
5
6 public class L i f e {
7
8 private boolean [ ] [ ] map ; // g r i d f o r L i f e
9 private boolean [ ] [ ] nextMap ; // g r i d f o r next

genera t ion
10 private int width ; // g r i d dimensions
11 private int he ight ;
12
13
14 /∗∗
15 ∗ Random cons t ruc t o r f o r game o f l i f e
16 ∗
17 ∗ @param width the x dimension o f the g r i d
18 ∗ @param he i g h t the y dimension o f the g r i d
19 ∗ @param p r o b a b i l i t y i s the chance t ha t l i f e e x i s t s

in any c e l l
20 ∗/
21 public L i f e ( int width , int height , double p r obab i l i t y

) {
22 map = new boolean [ width ] [ he ight ] ;
23 nextMap = new boolean [ width ] [ he ight ] ;
24 this . width = width ;
25 this . he ight = he ight ;
26 i n i t i a l i z eMap ( p r obab i l i t y ) ;
27 }
28
29
30 /∗∗
31 ∗ Li f e cons t ruc t o r f o r a g iven g r i d pa t t e rn
32 ∗/
33 public L i f e (boolean [ ] [ ] i n i t i a l ) {
34 map = i n i t i a l ;
35 width = map . l ength ;
36 he ight = map [ 0 ] . l ength ;
37 nextMap = new boolean [ width ] [ he ight ] ;
38 }
39
40 /∗∗
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41 ∗ f u l l y d e f a u l t L i f e cons t ruc t o r
42 ∗/
43 public L i f e ( ) {
44 this ( 150 , 150 , 0 . 1 ) ;
45 }
46
47 /∗∗
48 ∗ Construct a s imple g r i d j u s t f o r t e s t i n g
49 ∗/
50 public L i f e (boolean t e s t on l y ) {
51 this . width = 10 ; // d e f a u l t magic numbers f o r

t e s t i n g
52 this . he ight = 10 ; // use d i f f ones to t e s t
53 map = new boolean [ width ] [ he ight ] ;
54 simpleMap ( ) ; // s e t up map fo r t e s t i n g
55 nextMap = new boolean [ width ] [ he ight ] ;
56 //TODO nextMap i s i n i t i a l i s e d by nextGenerat ion

method
57 }
58
59 /∗∗
60 ∗ pu b l i c map i n i t v e r s i on j u s t f o r t e s t i n g
61 ∗ TODO comment t h i s out or d e l e t e
62 ∗/
63 public void simpleMap ( ) {
64 // c l e a r map
65 for ( int i =0; i<width ; i++) {
66 for ( int j =0; j<he ight ; j++) {
67 map [ i ] [ j ]= fa l se ;
68 }
69 }
70 //add some l i f e
71 map [ 4 ] [ 5 ]= true ;
72 map [ 5 ] [ 5 ]= true ;
73 map [ 6 ] [ 5 ]= true ;
74 map [ width −1] [ he ight−1]=true ; // boundary case
75 }
76
77 /∗∗
78 ∗ F i l l a map with new l i f e
79 ∗ us ing prob as p r o b a b i l i t y t h a t l i f e e x i s t s in any

c e l l
80 ∗/
81 public void i n i t i a l i z eMap (double prob ) {
82 for ( int i =0; i<width ; i++) {
83 for ( int j =0; j<he ight ; j++) {
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84 i f (Math . random ( ) < prob ) {
85 map [ i ] [ j ] = true ;
86 } else {
87 map [ i ] [ j ] = fa l se ;
88 }
89 }
90 }
91 }
92
93
94 /∗∗
95 ∗ game o f l i f e curren t popu la t i on counter
96 ∗
97 ∗ @returns the number o f l i v e c e l l s in map
98 ∗/
99 public int populat ion ( ) {
100 int pop=0;
101 for ( int i =0; i<width ; i++) {
102 for ( int j =0; j<he ight ; j++) {
103 i f (map [ i ] [ j ] ) pop++;
104 }
105 }
106 return pop ;
107 }
108
109 /∗∗
110 ∗ c a l c u l a t e the next genera t ion o f l i f e and update

map re f e r ence
111 ∗/
112 public void nextGenerat ion ( ) {
113 int n ;
114 // c a l c u l a t e next map
115 for ( int i =0; i<width ; i++) {
116 for ( int j =0; j<he ight ; j++) {
117 n = numNeighbours ( i , j ) ;
118 i f (n <= 1 | | n >= 4) {nextMap [ i ] [ j ] =

fa l se ;}
119 else i f (n == 2) {nextMap [ i ] [ j ] = map [ i ] [

j ] ; }
120 else i f (n == 3) {nextMap [ i ] [ j ] = true ;}
121 else a s s e r t true : ”We should not get here

” ;
122 }
123 }
124 // po in t map re f e r ence to the new genera t ion
125 boolean [ ] [ ] swap = map ;
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126 map = nextMap ;
127 nextMap = swap ;
128 }
129
130 /∗∗
131 ∗ count number o f ne ighbours out o f 8 ad jacen t

squares
132 ∗ adjacency assumed to wrap around g r i d at the edges
133 ∗
134 ∗ @param i g r i d c e l l column parameter ( width )
135 ∗ @param j g r i d c e l l row parameter ( h e i g h t )
136 ∗ @return number o f ne ighbours found
137 ∗/
138 //TODO t h i s method j u s t made pu b l i c f o r t e s t , make

p r i v a t e h e l p e r l a t e r
139 public int numNeighbours ( int i , int j ) {
140 int n=0;
141 //unchecked excep t i on f o r i l l e g a l g r i d c e l l r e f s
142 i f ( ( i <0) | | ( i>=width ) | | ( j<0) | | ( j>=he ight ) ) {
143 throw new I l l ega lArgumentExcept ion ( ”

numNeighbours c e l l ”
144 +i+” , ”+j + ” out o f bounds” ) ;
145 }
146
147 // count c l o c kw i s e from NW corner
148 int north=(he ight+j−1)%he ight ;
149 int south=( j +1)%he ight ;
150 int ea s t=( i +1)%width ;
151 int west=(width+i −1)%width ;
152 // north row
153 i f (map [ west ] [ north ] ) n++;
154 i f (map [ i ] [ north ] ) n++;
155 i f (map [ ea s t ] [ north ] ) n++;
156 // ea s t ne ighbour
157 i f (map [ ea s t ] [ j ] ) n++;
158 // south row
159 i f (map [ ea s t ] [ south ] ) n++;
160 i f (map [ i ] [ south ] ) n++;
161 i f (map [ west ] [ south ] ) n++;
162 //west ne ighbour
163 i f (map [ west ] [ j ] ) n++;
164 return n ;
165 }
166
167 /∗
168 ∗ s tandard s e t o f g e t t e r methods f o r a l l i n s tance
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v a r i a b l e s
169 ∗/
170 public boolean [ ] [ ] getMap ( ) { return map ; }
171
172 public int getWidth ( ) { return width ; }
173
174 public int getHeight ( ) { return he ight ; }
175
176 /∗
177 ∗ s tandard s e t o f s e t t e r methods f o r a l l i n s tance

v a r i a b l e s
178 ∗/
179 public void setMap (boolean [ ] [ ] map) {
180 this .map=map ;
181 }
182
183 }

13 Game of Life: LifeViewer.java

1
2 /∗∗
3 ∗ Class to v i s u a l i s e a game o f l i f e map
4 ∗
5 ∗ @author PK
6 ∗ @version Revised 2013
7 ∗/
8
9 public class Li feViewer {
10 private L i f e l i f e ;
11 private int width ;
12 private int he ight ;
13 private SimpleCanvas c ;
14 private stat ic int PAUSE = 10 ;
15
16 private f ina l stat ic int CELL SIZE = 4 ;
17
18 private f ina l stat ic java . awt . Color BACKCOLOUR =

java . awt . Color . white ;
19 private f ina l stat ic java . awt . Color CELL COLOUR =

java . awt . Color . b lue ;
20 private f ina l stat ic java . awt . Color GRID COLOUR =

java . awt . Color . b lack ;
21
22
23 public Li feViewer ( L i f e l i f e ) {
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24
25 this . l i f e = l i f e ;
26 width = l i f e . getMap ( ) . l ength ;
27 he ight = l i f e . getMap ( ) [ 0 ] . l ength ;
28
29 c = new SimpleCanvas ( ” L i f e ” , width∗CELL SIZE+1,
30 he ight ∗CELL SIZE+1, fa l se )

;
31
32 d i sp l ay ( ) ;
33 }
34
35 public Li feViewer ( ) {
36 this (new L i f e ( ) ) ;
37 }
38
39 private void d i sp l ay ( ) {
40 e ra s e ( ) ;
41 drawCel l s ( ) ;
42 //drawGrid () ; l o o k s b e t t e r wi thou t g r i d l i n e s f o r

b i g g r i d s
43 c . r epa in t ( ) ;
44 }
45
46
47 private void e ra s e ( ) {
48 c . setForegroundColour (BACKCOLOUR) ;
49 for ( int i =0; i<CELL SIZE∗ he ight ; i++) {
50 c . drawLine (0 , i , CELL SIZE∗width , i ) ;
51 }
52 }
53
54 private void drawCel ls ( ) {
55 boolean [ ] [ ] map = l i f e . getMap ( ) ;
56 c . setForegroundColour (CELL COLOUR) ;
57 for ( int i =0; i<width ; i++) {
58 for ( int j =0; j<he ight ; j++) {
59 i f (map [ i ] [ j ] ) {
60 for ( int k=0;k<CELL SIZE ; k++){
61 c . drawLine ( i ∗CELL SIZE+k , j ∗

CELL SIZE ,
62 i ∗CELL SIZE+k , ( j +1)∗CELL SIZE)

;
63 }
64 }
65 }
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66 }
67 }
68
69
70 private void drawGrid ( ) {
71 c . setForegroundColour (GRID COLOUR) ;
72
73 for ( int i =0; i<=width ; i++) {
74 c . drawLine ( i ∗CELL SIZE , 0 , i ∗CELL SIZE , he ight ∗

CELL SIZE) ;
75 }
76 for ( int j =0; j<=he ight ; j++) {
77 c . drawLine (0 , j ∗CELL SIZE , width∗CELL SIZE , j ∗

CELL SIZE) ;
78 }
79 }
80
81
82 public void animate ( int n) {
83 for ( int i =0; i<n ; i++) {
84 l i f e . nextGenerat ion ( ) ;
85 d i sp l ay ( ) ;
86 c . wait (PAUSE) ;
87 }
88 }
89
90 public void s tep ( ) {
91 l i f e . nextGenerat ion ( ) ;
92 d i sp l ay ( ) ;
93 }
94
95 public void randomize (double p r obab i l i t y ) {
96 l i f e . i n i t i a l i z eMap ( p r obab i l i t y ) ;
97 d i sp l ay ( ) ;
98 }
99
100 public void g l i d e r ( ) {
101 l i f e . setMap (Examples . g l i d e r ( width , he ight ) ) ;
102 d i sp l ay ( ) ;
103 }
104
105 public void b l ink ( ) {
106 l i f e . setMap (Examples . b l i nk ( width , he ight ) ) ;
107 d i sp l ay ( ) ;
108 }
109
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110 public void toad ( ) {
111 l i f e . setMap (Examples . toad ( width , he ight ) ) ;
112 d i sp l ay ( ) ;
113 }
114
115 public void l ightWeightSpaceShip ( ) {
116 l i f e . setMap (Examples . l ightWeightSpaceShip ( width ,

he ight ) ) ;
117 d i sp l ay ( ) ;
118 }
119
120 public void dieHard ( ) {
121 l i f e . setMap (Examples . dieHard ( width , he ight ) ) ;
122 d i sp l ay ( ) ;
123 }
124
125 public void acorn ( ) {
126 l i f e . setMap (Examples . acorn ( width , he ight ) ) ;
127 d i sp l ay ( ) ;
128 }
129
130 public void gosper ( ) {
131 l i f e . setMap (Examples . gosper ( width , he ight ) ) ;
132 d i sp l ay ( ) ;
133 }
134
135 public void block1 ( ) {
136 l i f e . setMap (Examples . b lock1 ( width , he ight ) ) ;
137 d i sp l ay ( ) ;
138 }
139
140 public void block2 ( ) {
141 l i f e . setMap (Examples . b lock2 ( width , he ight ) ) ;
142 d i sp l ay ( ) ;
143 }
144
145 }
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14 Sorting Algorithms: Sorter.java

1
2 /∗∗
3 ∗ U t i l i t y c l a s s o f example Sor t ing a l go r i t hms
4 ∗
5 ∗ @author Rachel Carde l l−Ol i ve r
6 ∗ @version May 2011 r e v i s e d May 2012 Checks t y l e checked

May 2013
7 ∗/
8 public class Sor t e r
9 {
10
11 /∗∗
12 ∗ bubb l e s o r t method
13 ∗ @param a array o f va l u e s to s o r t in p l ace
14 ∗/
15 public stat ic void bubbleSort ( int [ ] a )
16 {
17 for ( int pass = 1 ; pass < a . l ength ; pass++) {
18 for ( int j = 0 ; j < a . l ength − pass ; j++) {
19 i f ( a [ j ] > a [ j + 1 ] ) {
20 int swap = a [ j + 1 ] ;
21 a [ j + 1 ] = a [ j ] ;
22 a [ j ] = swap ;
23 }
24 }
25 }
26 }
27
28 /∗∗
29 ∗ i n s e r t i o n s o r t method
30 ∗ @param a array o f va l u e s to s o r t in p l ace
31 ∗/
32 public stat ic void i n s e r t i o nS o r t ( int [ ] a )
33 {
34 for ( int pass = 1 ; pass < a . l ength ; pass++) {
35 int tmp = a [ pass ] ; // va lue to be i n s e r t e d
36 int pos = pass − 1 ; // po s i t i o n o f so r t ed so

f a r e lements
37 while ( pos >= 0 && a [ pos ] > tmp) {
38 a [ pos + 1 ] = a [ pos ] ; //move up out o f

order e lements
39 pos−−;
40 }
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41 a [ pos + 1 ] = tmp ; // put va l in the r i g h t
p l a ce

42 }
43 }
44
45 /∗∗
46 ∗ Sort the e lements o f the array in to in c r ea s in g

order by
47 ∗ s e l e c t i n g the sma l l e s t e lement in the array and

swapping i t
48 ∗ with the element in pos 0 .
49 ∗ Then c a l c u l a t e the p o s i t i o n o f the sma l l e s t

e lement
50 ∗ in the array s t a r t i n g from po s i t i o n 1 , and swap

the element
51 ∗ t h e r e in t o p o s i t i o n 1 , and so on f o r each po s i t i o n

.
52 ∗
53 ∗ @param a in t e g e r array to be so r t ed in p l ace
54 ∗/
55
56 public stat ic void s e l e c t i o n S o r t ( int [ ] a )
57 {
58 int swappos ;
59 int min ;
60 for ( int i = 0 ; i < a . l ength − 1 ; i++) {
61 min = a [ i ] ;
62 swappos = i ;
63 for ( int j = i + 1 ; j < a . l ength ; j++) { //

f i nd sma l l e s t in r e s t
64 i f ( a [ j ] < min) {
65 min = a [ j ] ;
66 swappos = j ;
67 } // now swappos i s the sma l l e s t e lement

in i+1 to l en g t h
68 }
69
70 i f ( i != swappos ) { // swap i and swappos i f

necessary
71 int temp = a [ i ] ;
72 a [ i ] = a [ swappos ] ; // i e min
73 a [ swappos ] = temp ;
74 }
75 }
76 }
77
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78 /∗∗
79 ∗ p a r t i t i o n an array around the fence a [ s t a r t ]
80 ∗ @param a array to be p a r t i t i o n e d
81 ∗ @param s t a r t f i r s t p o s i t i o n o f array fragment to

s o r t
82 ∗ @param f i n i s h l a s t p o s i t i o n o f array fragment to

s o r t
83 ∗ @return r i g h t o f p a r t i t i o n
84 ∗/
85 private stat ic int pa r t i t i o n ( int [ ] a , int s t a r t , int

f i n i s h )
86 {
87 int f ence = a [ s t a r t ] ;
88 int l e f t = s t a r t + 1 ;
89 int r i g h t = f i n i s h ;
90 while ( r i g h t >= l e f t ) {
91 while ( l e f t <= r i gh t && a [ l e f t ] <= fence ) {
92 l e f t ++;
93 }
94 while ( r i g h t >= l e f t && a [ r i g h t ] >= fence ) {
95 r ight −−;
96 }
97 i f ( r i g h t > l e f t ) {
98 int swap = a [ l e f t ] ;
99 a [ l e f t ] = a [ r i g h t ] ;
100 a [ r i g h t ] = swap ;
101 }
102 }
103 a [ s t a r t ] = a [ r i g h t ] ;
104 a [ r i g h t ] = f ence ;
105 return r i g h t ;
106 }
107
108 /∗∗
109 ∗ q u i c k s o r t h e l p e r method
110 ∗ @param a array to be so r t ed
111 ∗ @param s t a r t f i r s t p o s i t i o n o f array fragment to

s o r t
112 ∗ @param f i n i s h l a s t p o s i t i o n o f array fragment to

s o r t
113 ∗/
114 private stat ic void qu ickSort ( int [ ] a , int s t a r t , int

f i n i s h )
115 {
116 i f ( f i n i s h − s t a r t > 0) {
117 int f e n c ePo s i t i o n = pa r t i t i o n (a , s t a r t , f i n i s h )
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;
118 qu ickSort ( a , s t a r t , f e n c ePo s i t i on − 1) ;
119 qu ickSort ( a , f e n c ePo s i t i on + 1 , f i n i s h ) ;
120 }
121 }
122
123 /∗∗
124 ∗ q u i c k s o r t r e cu r s i v e s o r t i n g a l gor i thm
125 ∗ @param a array to be so r t ed
126 ∗/
127 public stat ic void qu ickSort ( int [ ] a )
128 {
129 qu ickSort ( a , 0 , a . l ength − 1) ;
130 }
131
132 /∗∗
133 ∗ l i n e a r search f o r key in array o f data
134 ∗ @param data array o f so r t ed i n t s to search
135 ∗ @param key i n t to be searched f o r
136 ∗ @return boo lean t rue i f va lue found and f a l s e

o the rw i s e
137 ∗/
138 public stat ic boolean l i n e r a r S e a r ch ( int [ ] data , int

key )
139 {
140 for ( int di : data ) {
141 i f ( d i == key ) {
142 return true ;
143 }
144 }
145 return fa l se ;
146 }
147
148 /∗∗
149 ∗ b inary search f o r va lue in a ∗ so r t ed ∗ array
150 ∗ @param data array o f so r t ed i n t s to search
151 ∗ @param key i n t to be searched f o r
152 ∗ @return boo lean t rue i f va lue found and f a l s e

o the rw i s e
153 ∗/
154 public stat ic boolean binarySearch ( int [ ] data , int

key )
155 {
156 int l e f t = 0 ;
157 int r i g h t = data . l ength − 1 ;
158 while ( r i g h t − l e f t > 1) {
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159 int middle = ( l e f t + r i gh t ) / 2 ;
160 i f ( data [ middle ] >= key ) {
161 r i g h t = middle ;
162 } else {
163 l e f t = middle ;
164 }
165 }
166 return ( data [ l e f t ] == key | | data [ r i g h t ] == key ) ;
167 }
168 }
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