Lecture 4
Part A

Call by Value -
Primitive vs. Reference Arguments



Method Call: Callee vs. Caller

heoder < w\eﬂ\"d

Ic_lés.

void n(.[)¢




Call by Value: Primitive Argument

class Circle { class CircIeUs r {
int radius; ‘e (o
void setRadius(int(r >Circle wW Clrcle(),
this.radius = r; sint arg 8&

Y L c.setRadius(@rg);
I

¥




Call by Value: Reference Argument

class Circle { class CircleUser {

int radius;
Circle() {} Circle@/= new Circle();
Circle(int r) { ircle arg = naw Circle(10);

this.radius = r; L?setRadius:ﬁarg 7

s
void setRadius(Circle(@) { ;
s.radius = c.radius;




Lecture 4
Part B

Call by Value -
Asserting Call by Value in JUnit



Call by Value: Re-Assigning Primitive Parameter

public class

v01d rea551onInt 1nt
g OEET]
volid rea351gnRe P011t {
Point np = new Poirnt ( 8 )%
q = np; }
void changeViaRef (Polint q) {

g.moveHorizontally (3
g.moveVertically(4); § 1}

@Test
public void testCallByVal() {
Util u = new Util();

ink 1 = 1LO;

assertTrue (i ==_10);

u.reassignIn .
assertTrue (1 10
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Call by Value: Re-Assngajg Referepce Parameter

I'.
publicWoid tegiw@mlIByRef 1() {
Util u = new Util(

void reassignInt (int 7)

i=9 4+ 1; 1 : N
- - . Point p = new Poinf (3, 4);
void reassignRef (Poin { )
. : Point (refOfPBefore \ =
Point np = new Point (o, 8); O —
- D " u.reassignRef 4

ssertTrue (p == refOfPBefore) ;
assertTrue (p.getX() == 3);
assertTrue (p.getY () == 4);

{

oid changeViaRef (Point q)
g.moveHorizontally(3);

QOWoONOOOTRAWN =

—

}

public class Point {
private int(x;}

; private int(y;)
public Point(int x, int

this.x = x;

this.y = y;
}
public int getX() { return this.x; }
public int getY() { return this.y; }
public void moveVertically(int y){ this.y += y; }
public void moveHorizontally(int x){ this.x += x; }




Call by Value: Calling Mutator on Reference Parameter

—_t

public class Util {
void reassignInt (int 7j) {
J=Jg% L |
void reassignRef (Point
Point np = new Point (
g = _np: }
lvoid changeViaRef (Poin
\)ElmoveHorizontally(3 -
gdmoveVertically\(4) ;\} }
-

 wefofTeset e
public class Point {
Dk#' *p& k/ll prijate int xo;m M e
2 private int y; w
° publiq Point (int x, int y) {
N #9 & F M this. so e 3 w M m

u.changeViaRef{((p));

assertTrue (pa= refOfPBefore) ;
assertTrue (p.getX() == 6);
assertTrue (p.getY() == 8);

D O 00N O~ W

b Whis.y = y; *’ —
) ysak ) _'3__1}_.8' I}aublic int getw () N\ ret) nxt.l;.?x; ‘}t"e ’ A[fﬁ %)

1& #,‘ public int getY() {“weturxn thisW;: }
ﬂ\ public void goyeVertically (imt(JM this.y += y;
public void moveHorizontally (int { t .x F=
s } /) had

{
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Lecture 4
Part C

Aggregation and Composition -
Terminology, Modelling, and Implementation



Terminology: Container vs. Containee (AP

omme  ,
f1 [TFaculty | “Jackie” Course ||%A dvanced 0OOP”
GlRame[ -7 title | —H wl.,
eecs203 -~ B Student
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Aggregation: Design 'G‘W??PFM Java Implementation
7 “att class|Course { L>A7"7;‘
peoe

Design 1: Single Confainee e nror
& (o ammf Bog ;‘Fol! portads | 4.,51:&
"W ; i goge Mmeﬁ
Course brof Faculty clas$ Faculty {
Maw% fontpined L

Dﬁl\%n %: Multiple Containees class Student {

Q( &\49;@@ Jki ) g> Course[] courses;
th

Pn® ;‘d‘k*"‘r @ N o

‘Student |<> ——=4 Course || [cTass Course <

—1
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Lecture 4
Part D

Aggregation and Composition -
Building Aggregated Object Structure



Aggregation (1)

Course Faculty
title name

prof

@Test
public void testAggregaf;pnl;) {

AR A - x B L | }

Strinag title;

pelliity prof;

Course(String titlI<
this. tltle = titfe;

) oUBR

void setProf Fagul

t*ﬁ prof =1prof;

\a l,“ aculty getProf()

return this.pro

}

Course eecsz205U =

new Course("Advanced OOP")'

Course eec 1
Facultyprof new /[ acult

ne'/ Course("Software DeSLgh
Jackie");

feecs<U7U. setrPror (prall;
eecs53311.setProf (prof) ;
Mue (eecs2030.getPro
/f iasing */

prof.setName ("Jeff");
;E;Z;EE;:;TEECSZOBO.ge Prof ()
assertTrue (eecs2030.9g@CProf ()

. getName ()

class Course { *e&‘gy,

{

m‘““f |

eecs3311.¢getH of‘;

eecs3311.

etPriof () ),
.equals ("Jef

L

ulty("Jonathan");

Faculty prof2 = new g
ee SetProi{ororz)

assertTrue (eecs2050.g&€CProf ()
assertTrue (eecs2030.getProf ()
assertTrue (eecs331l.getProf ()

G.le-ecs33ll.getProf() ); v, %,

.getName () .equals ("Jeff"))
sgetName () .equals ("Jonathan"

}

void

}

" | class Faculty {
String name;

et Faculty(String name) {
¥ this.name =

etName (String name) {
this.name =

String getName() {
return this.name;

name;

name;

=

. pg>

Course

title

11\

prof

Course o
: oHw.




Aggr_egafion (2) public class Student {

private String id; Coursel[] cs; int noc; /+ # of courses =/
public Student (String id) { ... }
public void addCourse(Course c) { ... }
STudenf Facu“.y Course public Course[] getCS() { ... }
id name title )
CS fe PI"OF |public class Course { private String title; private Faculty prof; }l

public class Faculty {

private String name; Coursel[] te; :.nt not/ 4{(

public Faculty(String name) { .

@Test public void addTeaching (Course c) %
public void testAggregation2() { }Publlc Goumsel] GetlB) § s }
Faculty = new Faculty("Jackie") ;

Student = new Student ("Jim"z; I
Course eecs2030 = new Course ("Advanced OOP") ;

Course eecs3311 = new Course("Software Design"z ;

eecs’( ?” setProfl(pl;

c53311.setProf E Faculty

ddTeaching jee 030)0; ) name|] -
o.addTeaching(eecs3311)s; 0. fe p =p—r—r—n
(s)addCourse[cee20507] ¢ thp n G4,

hddCourse (eecs3

WJJ.

assertTrue (eecsZO 0 getProf“ e . cc oo f () ; i"\ # Student o
assertTrue ( s ge .getProf () \a
=) s.getC@y [1]. getPror() em;" Fourse - id
Y iissef#iTrue cs33ll‘.etCS() i ; title | =T o LSS
assertTrue (s.getCS () p.getTE() [11); PrOF A\ ".P
s
) J




Lecture 4
Part E

Aggregation and Composition -
Navigating Objects via Aggregation Links



Runtime Object Structure: Student, Course, Faculty

<
Student Course prof Faculty
1

[ public class Student ({ public class Course { public class Faculty {
private String id; private Strlng title; private String name;
private Coursel[] cs; ol prlvate Fa “ prof private Coursel[] te;

o e iy e ol <t
mewwﬁ/w{n Mk’/\SMM eta

- or.  Shudtbn
Fkl; rocu }gf'/-} Course | “Adyan dSOOP"
name 0 Ltitle | —N\_~7
e | 17 eecs2030 prof
name | — 0 7 title | F~_~
e | 17 eecs3311 brof




Dot Notation for Navigating_Classes (1)

Student

e =

public class Student

private Stri id

private cs;
}

{

Course

<l
prof Faculty
1

[V 4
public class Course {

public class Faculty {
private StrifWg [Ille: private String name;
private Faculty prof;

- private Course[] te;
}

/* Get thd'stjident’s id. /* Title of it
x/ 24-@ ﬂr */ e4(9.68(1).
String\getIiD() { String'getTitle(intpi ge N?me :
vetud .
. &Av
Faculfy
name

te =

Faculty

. Student
@I

CS




Dot Notation for Navigating_Classes (2)

Student Course

Faculty

}

public class Student { public class Course Y
private String iq; private String tltle‘
private Course[] cs; private Faculty prof;

———d

/* Get course’s title.

*/

String getTitle() {
w48 tetle 5
)

Vv .
public class Facultz {
private String name‘

Erlvate Course te,

/* Title of instructor’s
* ith teaching course
%k

String getTitle(int i) { Z

Faculty

L? name

te

J |title
7 |

Faculty

name

am—

te

P




Dot Notation for Navigating_Classes (3)

-
Student Course Faculty

public class Student { public class Course public class Fdculty {
private String id; private String tl ‘/ private String name:
private Course[] cs; private Faculty prof private Course[] te;

} } }

/* Name of instructor /* Title of instructor’s
x [ * ith teaching course

String getName() { */

- = String getTitle(int i) {
veluv hes. viewme 3 —| |
> v 75 10(T]. 4ef

b

Fkl; Faculty }T%‘V | ﬂc::rse‘_ Qﬁgvan ced OOP”
name
o = eecs2030 prof

f2 Faculty “Jonai'han" Course \\S . n
oftware Design
Spfpame} -7 ¢ cecs3d1iHitle L 7 :
te | 4 prof




Lecture 4
Part F
Aggregation and Composition -

Implementing
Composition via Copy Constructors



Composition: No Sharing

class Directory {
String name; M

File[] files;

int nof; /* nuyf

Directory (St
this.name = name;
files = new File[100];

class File {
String name;

N File(String name) {
this.name = name;

@Test
public void testComposition() {

Directory =_new Directory("D");
di) addrile@fl txt™ ; —
di). addFile("f2.txt");
dil. addFile("£3.txt");

N

assertTrue (
dl.files‘O‘.name.equals("fl.txt"))

} ‘/
void addFile(String filelName) {
filesinho = new File(fileName) ;
—
nof ++;

}

}

O©CoO~NOOOThA,WN =

Directory

name 4 5 6 7

files [ non [ nan [ pun | nun | onun [ Cnan | non
nof




Composition: Copy Constructor (Shallow Copy)
@Test

public void testShallowCopyConstructg d“ Al W
Directory dl = new Directory("D"
dl .adadFile("fl ext"); dl.addri("E2 . txt™) 7 dl.addiile {("ES JExt"

Directory {2)= new Directory (dl);
assertTrue (dimfinles (== d2ufides); /+ violation of composif\ion
files[0] .changeName ("f11.txt");
assertFalse@.ﬁfiles 0] . name.equals (

. ‘# Directory '\, JZ wi¢

name s ——
files

nof :,
fup

\ nof
Directory _ l

name [~ —| ‘ ( o/\ 1 2 3 4 5 6 7 99
[ Ala | | -fe T e [ e | nan [ aun | nan [ nun | o
@ nof 3 /
. dl.ﬁle.M;ues[l] dl.files[2
[
!’
File File File

name I name I name I

7 / /

”x. txtc® “f2.txt” “f£3.txt”




Composition: Copy Constructor (Deep Copy) ca‘l*'al OJ&MJH s

@Test

public void testDeepCopyConstructor() {

A Vi 0 I 4 AP

clpss File {

File(File o!her)

Directory dl

this.name =

new String (other.name) ;

= new Directfory("D");

Directory @‘ new Directory (dl;

dl .addFilei"jl.txt") i d¥.addrije("f2.txt"); (di.addrile("f3. txt

assertTrue &
d2.files[0

assertTrue

@ files[0].name.equals ("f1.txt")); } . irectory B
Difectory(String namdg) {
new

} _—

=

el I
.files d2.files);
angeName ("f11.txt"); _M"Lhta

* = "
M 17>) | ¥4 ) ,:‘7 thidg. name ring (name) ;
\ riles = new FI%all100l. 1}

VDirecta Directorvrother)

Directory

{
o X | OOV . b‘ (other. name) § J

3

name

fil

U i T g
V/ 2 44' ‘ ﬂafo;l(l @9 other. g "

nof

this.dddFilel(nf)s; } }

Directory

)
.4;\9 rl] -- - \ | | aFlle=new FJ.le

¥oid addFile(File f) { ... } }

name

files

nof

dl.files[0




Exercise: Copy Constructor (Composition?)

@Test class File {
public void testDeepCopyConstructor() { File(File other) {

Directory Al = new Directory(TDm); | this.name =

1.txt"); dl.addFjile("f2.txt"); dl.addFile("f3.txt’ new String(other.name);

d2.files [0 ]e@hangeName

assertTrue @ files[0] class Directory {

Directory (String name) {
this.name = new String (name);
files = new File[100]; }

Directory(Directory other) {
this (other.name); dlﬂ.

Directory K for(int i = 0; 1 < nof; i ++) {

name 2 File src = other.files[1];

files )(Fif’c Tt ’x.(,s.r;f'ﬂe\oLu,,
nof d . =>this.addrFileigt); } }

void addFile(File f) { ... } }
Directory
name
files
p—

nof

nof

)
2 v 3 4 5 6 7 99
A nan | nan | nen | nen | nen | onen | onun |

File

name I name I

) / /

“INt “f2.txt” “f3.txt”




Lecture 4
Part G

Aggregation and Composition -
Example and Exercise



Modelling: Aggregation vs. Composition

KEYBOARDI ( KEYBOARDI A KEYBOARDI -
Wﬁffw{

CPU1 ' { CPU2 CPU3 s

\
|
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t

MONITORI l MONITOR2 MONITOR3-

=

(WORKSTATION) (WORKSTATION) (WORKSTATION) l’) MM ‘L"a
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(NETWORK)




. v : v
Implementation: Aggregation or Composition

Whot £ the duthr Jell gets wiooldied 7

author as an aggregation author as a composition

“The Red and the Black” 1fe of Rossini ‘/
1830 1823 The Red and the Bl T ife of RossmT

341 307 1823

reference reference 307

UL é sienda D)
e “Henri Bfyle”

— & “Henri Beyle”

“Stendhall” 1783 1783
“Henri Beyle” 1842
1783
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the ?Wﬂe dwd? Myo%;g Zw@;

o alf fortssns Clodd J)ﬁg ] Qubbor




