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Objects vs. primitives avunwn -

boolean, byte, short, int, long, double, float, char :Xnx17% ,primitives X1 D*VIWD D°INWH
Integer :XNNT2 ,7OWN SV DOINWNT P01D°W 217 DR DTN OAW 2OVPIRIR 071P NRT N
lop»2x 1k NULL

boxing *"y nwy1 object? primitive 1 92vn

int foo = 0;
Integer x = foo; // Integer x = new Integer(foo)? 77y 7w
un-boxing *"y nwy1 primitive-? object n 72y

int foo2 = x; // int foo2 = x.intValue()? 77 nw
NullPointerException — 7%°7 111 NR°AW 77°70 IR x=null oKX 2% 22>

Mutable vs. Inmutable 251p952IK -

IIR? MY 1°aw mutable VPR MW (String XPAT) N INIWH 1001 R X1 Immutable X1w vR 2N
b el

post vs. pre :29217°p -
intx =95;
X = X++;
System.out.println(x); // 5 57

nmwo
intx =95;
X = ++X;
System.out.println(x); // 6 o571
M'=="vys. "equals" W -

if (vl == v2) System.out.println(‘“same object”); / REFERENCES mw»
if (vl.equals(v2)) System.out.println(“same value™); // @529y m1wn
Ton% °75 (limmutable 07w 2°LPPAIR NAY) DV WL T reference 2°¥77 212° 0o 1P1OMIP 2°NY,20 DWY
RANT 0
String a = “zeeb”;
String b = “zeeb”;

if (a==D)
System.out.println (“same”);
else

System.out.println (“different”);
.177”5?31?7( VX 2W 3PXTO0DIRT 2PV same 097 XD
MUTABILITY
APNWH TR VPMAIRA MW 93 Ireference INIX 29N O DY — MK 0P N MUTABLE vp» 2R 5w mnwi
w2
ArrayList v = new ArrayList ();
ArrayList q =v;
String a = “mit”;
v.addElement (a);
System.out.println (q.lastElement ()); /mit 27
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D2INWn 9930 K2 pwnan ,nwnn XY 172 AR AR NPEPIOT DY MAPRHRT NPEPND 2w Mnchn S A0 07 22pwnn
APRY DAR PXPND NINOY 72 w0 PaR ,N1RPND YW 2WIn a1 20Inwn 23007 a219°0 aphnn XU Ndupiuoar aphnn
.Anstantiation 777 ¥¥2% 10°1 8Y 1971 nwnnn

2TIDTNAID -
aR2mAN W ITINNY A0 ROP1 QW INIR NPVIA 7NN 17270107 DRUI0R ARRIaNn WO BRI YW I7INNRY 2ORIIP WK
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public class AnimalReference
{
public static void main(String args[])
Animal ref // set up var for an Animal
Cow aCow = new Cow("Bossy"); // makes specific objects
Dog aDog = new Dog("Rover");
Snake aSnake = new Snake("Ernie");

/I now reference each as an Animal
ref = aCow; ref.speak();// Cow.speak() ? 8 1p
ref = aDog; ref.speak();// Dog.speak() ? 871p
ref = aSnake; ref.speak();// Snake.speak() » 871p
}

TYPE SAFETY -
oW 21 oy Integer HY 3281w N2 AW = "N1101 XD 772 PII0 AW D 717 52 Ay ws Type safety
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(" 922 JVM %v 7112 91207 9590 o2 7p) JAVA 70 5w 919m°p ik 7121 - Bytecode
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A axe Yy JAVA now

D220 3730 NITAT ,02092193 NPEPIIDY 22INWR 2127 1T PR — IR0 TIN2 TR 1A 270 127 9D JAVADY e
W RO DR APRmAT TIN2 ¥Xanao

TINAW NI PXOMP MY RY X7 M2 197 (Type safety) 2oanwn 20 5y 0y apm a9p2 v JAVAY e
(int X% Boolean "1°2% 0°5%¥n 027307

int x =5;
while (x = 5) {
/] ...

b

(2°°n°wa 2oRpE® 2°92710% 2o13ARD oW R) PR JAVA2
(#definesy #includes °1°1 93) Preprocessor

typedef

goto

Operator Overloading

mo»7v MpPonn - Struct, union

references2 WINW 7°7Y - pointers

java °¥apa 9o — header *¥ap

interfacess NI YX1A 21PN — 7210 I

DR MO 72°anA INa Mpoman 93 "an” XpIw namesapces TN MIR¥AI JAVAL mpbnnn 95 mwean
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java.MyPackage.MyClass.MyMethod:X>77 1°377°37
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import java.util.*;
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int[] a; // a reference to an array object
a = new int[10]; // a points to an array object initialized with zeros
System.out.printin(a[3]); // prints D
al3] =17; /{ accesses one of the slots in the array
a = new int[5]; // assigns a different array to a. The old array is

// inaccessible (and so is garbage-collected)
System.out.printin(a.length); // prints 5
boolean[] answers = { true, false, true, true, false };

// array declaration and initialization with 5 items

IRPAT 1IAR PTIA RIT TR DowD 0701 020 207y XY 101 Java-a

grocerlest[O] Plum _J
public class ArrayOfArrays { Apple ___
public static void main(String[] args) {
String[ ][] groceryList = { pea,
{ "Plum"”, "Apple", "Pear", "Banana", "Qrange", "Melon" } — " — __
{ ”Labhage” "Tomato", “Lucumber”, "Carrot" 7}, Banana

{1 "Milk", "Bread", “Eggs” i
Drange _,
for (inti= 0; 1 < groceryList.length; i++) {
for (intj = 0; j < groceryList[i].length; j++) Melc:ln D

System.out.print(groceryList[i][j] + " ");
System.out.printin(); groceryList[1]

T - -d_(_:,a bha g_ne_j)'
T groceryList / / AR/A
} I:I—HF - .—————'( Tom ato ;)

\._"—_"CCucumberD
k‘( Carrot_
groceryList[2

/;r,a( Milk :'D-

'. 0—’—’(__ Bread

e
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StringBuffer Mutabler 7p%nn0 52 ¥912 wanwi? IR AwIH NNAmA NXH 10°1 DN IR DS

11 X (VP21 1R Pw ToString() ATINMA) += R + NV "'y VWD 221N DIV 37 NNNA WIW? 1N
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String stri = "My First String™;

String str2 = new String("My Second String”);

char c = stri.charAt{3}; ['F

int % = stri.indexOf('v); /1

% = str2.indexOf("Second™); /3

String sub = strl.substring(9); // "String” {position 9 through the end)
sub = str2.substring(3,9); J{ "Second” (position 3 through 9)

int cmp = strl.compareTolstr2): // a value less than zero (strl precedes
/f str2 in lexicographic order)
boolean b = str2.endsWith({"String™);  // true

;10T String Tokenizer X271 02707 NN 7170 N ennty NP2N0

import java.util.stringTokenizer;
public class StringTokenizerDemo |

public static void main{String[] args) {
String str = "Frankly, my dear, I don't give a damn”;
StringTokenizer tokens = new StringTokenizer(str, " ,"):
while (tokens.hasMoreTokens())

System.out.printin(tokens.nextToken());

IOWA 939 NIRRT TV
foreach nxm1%

import java.util.lRandom;
public class ForEach |
public static void main(String[] args) |
Random rand = new Randomi{);

double numbers[] = new double[10];

for(inti=0;1< 10; i++)
numbers[i] = rand.nextDouble();

for (double ® @ numbers)
System.out.printini=);

Enum

public class Enumerator {

public enum Spiciness -
MOT, MILD, MEDIUM, HOT, FLAMING

-

public static void main(String[] args) {
Spiciness howHot = Spiciness.MEDIUM;

System.out.print{howHot + " - ");  // will print MEDIUM -
switch{howHot) {
case NOT: System.out.println{"MNot spicy at all.”);
break;
case MILD:
case MEDIUM: System.out.printin(™4 little hot.™);
break;
case HOT:
case FLAMING:
default: System.out.println{"Maybe too hot.");
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Stream VW72 WANWS? 10°1 03221 2211012 12171 12 7P o2

Ll N NX N2M3 IR DRIPY ONXONT QN2 PRI 221N YW 27T nnnvw
3 N770 1DINA 22NN

N - MA1? P2 11 Java.io 72722 NIRERI Streami MPYNN 93

.0°N2 o177 IR 21N
.Writer 7pbnnm 2w 720097 071 91 Reader apbmaim 2owan aR™Mpa 71 90 290 1y
outputStream 7pYMAAR OWA 72057 01 931 InputStream 7p9mAR DWAY AXPA M1 90 N2 May
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import java.io.®;
public class FileCopy {

public static void main(String[] args) throws IOException £
File inputFile = new File("frog.tt");
File outputFile = new File("prince.txt"};

FileReader in = new FileReader{inputFila);
FileWriter out = new FileWriter{ocutputFile);

int c;
while ({c = in.read()) 1= -1)
out.write(c);

in.closel):
out.close();

NTopn% Wwpna InputStream 2w ¥911 X7 System.in VPN

:2"m77 Yw Wrapping
BufferedReader stdin = new BufferedReader(new InputStreamReader(System.in));

7717 DR 9201 BufferReader 1 2nxn 71 93 System.in nR quww InputStreamReader nk quy BufferReader
readLine()
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Abstraction
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SPECIFICATIONS -
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public static Boolean isPrime (int 1)
— requires: i>0
— modifies: nothing
— effects: returns true if i is a prime number and false otherwise

},':k;-:
ComplexNumber is an immutable class that represents any complex number
in form of a + bi; 2 and b must be real numbers. There are methods
for basic manipulations.

i FEE S

/
. ;
public class ComplexNumber { @requires x and y not null

@medifies none

@effacts Returns a new ComplexNumber obj that is sum of ¥ and v
g
public static ComplexMumber add{ComplexNumber x,

ComplexNumber y) {

double realsum = x.real + y.raal;

double iImgSum = x.img + y.img;

return new ComplexNumber(realsum, imgSum);

private double real;  // real part
private double img;  // imaaginary part
I.':- *
@requires nona
@medifies this
@effects Creates and initializes a new ComplexNumber object
*y
public ComplexNumber{double realPart, double imgPart) { T
this.real = realPart; !
this.img = imgPart;

@requiras ¥ and y not null
@meodifies none
@effects Returns a new ComplexNumber obj that is product of x and vy
g
public static ComplexNumber multiply(ComplexNumber x,
ComplexNumber y) {
double realProd = x.real*y.real - x.img®y.img;
double imgProd = x.realy.img + x.img®y.real;
return new CoemplexNumber(realProd, imgProd);

ll.’:- *
@requires none
@modifies none
@effects Returns a real number, which is the absclute value of this
*
public double abs() { 1
return Math.sart{real*real + img*img); !
¥ /..
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12IWIROR 2 9D 2T NS0 DW 1D + 2N 732K DW INTAT RIT XN
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.0°1001 77327 = 2% 19 29m2 umR ADT oownnawd

L0210 77121 WMIRD 2°PRNAT 2279 A0 DX XN Rep. Invariant

(D*VPIDART D°OTYY DAMNN RIT PR) AW 2NN 732 TR YW M9 = Abstraction Function .2

XM 12 ARNT T3 Rep. Invariant 9973 IMRW 0°0790 DX WI5? w0 78°3 nXn Abstraction Function:
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07512 aMR 71737 PR 1991 ADTH winna 2°pow Representation Invariants o3 Abstraction Function?7 ox
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/**
* RatNum represents an immutable rational nhumber.
* It includes all of the elements of the set of rationals, as well
* as the special "NaN" (not-a-number) element that results from
* division by zero.
* <p>
* The "NaN" element is special in many ways. Any arithmetic
* operation (such as addition) involving "NaN" will return "NaN".
* With respect to comparison operations, such as less-than, "NaN" is
* considered equal to itself, and larger than all other rationals.
* <p>
* Examples of RatNums include "-1/13", "53/7", "4", "NaN", and "0".
*/
public class RatNum {
private int numer;
private int denom;
// Abstraction Function:
// A RatNum r is NaN if r.denom = 0, (r.numer / r.denom) otherwise.
// Representation invariant for every RatNum r:
// (r.denom >= 0) &&
// (r.denom > 0 ==> there does not exist integer i > 1 such that
// r.numer mod i = 0 and r.denom mod i = 0)
// (in other words: the denom. is always non-negative and if the

// denom. is non-zero, the fraction represented is in reduced form.)

NX P172% TwoRn Rep. Invariant-7 .0°11037 D19°0 3X°°) DNIRY 2°37977 DX %277 My Abstraction function -1
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TR 9V YR TN

XTI 7Y NATAR2 1YY 190N

MWOR T 7D a7 AN annam PN L

TN TR W RT3 YRAY 201 aTnnh Rpw n - .2

917 2727 TP VTR POD0N PR D°NYY — I7INNAY AR DYXANMD 12 DR MWYnR 2000 Rvawa 9w L3
MR

(spaghetti code) 772 117 0°229¥nn 7PN A2WHY TP MRV 7002 TP 4

Method where Method where —
Thiows exception | effor aseurred 3 gl erfor accurred 2w Q1D RN K27 NI NI X 70 awD
oo et : Method clltasma IRk X7 1A PN IR 7% 700
Forvaras excepion | GataioR e | e APP0DN TP VA2 .new 'y MY W
’”;p? Method calTPRY T XM 37INAT W 1PNT AN
Gaohes some # Loyt hepid o 77 ¥a72 - exception handler-17 Xw Tp2
etos aap 290D TP AR AP WINNT WIS 2NN
m— —__ "am MPR" T try-catchi P12
795 1R MM 1000° 12w (guarded region)
Iy 4 .exception handlers M7°X NX 77°73 catch
MWAPI NN O3 NODIN catch 7 NPO®S AWM TR
+catch (AmrayindexQutOfBoundsException &) 1 NR D°nWIT 7720 192 %10 01D°0N
2N NH99% AN N°9°¥oonN catchi Mo
+ catch (Exception &) { INXY TIRN TNMA D920 DX 7797 try-catch-1 173777
catch-7 NP MRS 79PN 92 Y¥ANAY MR 1 7770 finally()n npod
+ finally | nbon AR 0w 03 main()7 ATINAY TYRAW TV T9YN% NPIT I 7702
STORNA TR DY NODTI N2INNG AP0 IR M 1277 IVM-i1 "y Hovn X7
K :0°277 190N 3°772 2O17 1N

79NN 7207 DR YY) 30907 MW 2ORINT DR MWD 11001 — retry — wIma ka1

J1PW2 797°N00 AYOnw YT Mp1 — failure/organized panic — Nowd .2

(...720 VW RY) Mnbynn — false alarm — XMW NpYIR - .3
MY PIIAY DWA DRT,ITINA SV PPN 01°02 2°37Y NN D2W XYY 22010 20287 712V PO IR M2 wanwnh v
132772 DPoMY AWR K1 1971 NP1 W PN MIPRINAT A% DR 12w



W java.lang. Throwable 2w 91 R°77 7301 92

— — NP1 Error 01907 73030 .730n DWAR aphnn Yw

— 1D AR IR NN DR YW 7pna JVM-a "y
checked " - unchecked Error 01502 7718 1R 0°7°71 0pn° 09
I::I —= - RuntimeException X171 73277 2w 711 20
IOException | RuntimeException |
P .NI0N MYYR NYANIN AX°7 AT IRCAW AX10RW
— — 207 NN 011NY RY JN°1 NIXIDI 79K NIXIM IR
RemoteException | EQFException | | FileMotFoundException

(9mpn> TPAW 273 try-catch MWy 0°3°7% XY) a1
RPN DWAY PR 22PN 2172 0P DY AR R
121 N3N IR 73790 MSRY TINR

ServerErrorException |

example

2511P7 19IR2 M 01N 7Y
.D710I07 2w NPT AR 797 3129 NI N°92193 70°0N .1
IR PO NP0 TINA IR P72 NYTY XY NO9IN 37INA .2
SWRI MAINA WA SRTD

219X KD W M7 WPA 37NN DWRNwn -

0 NP2 2°RANT DR JT2ARYY 21720 1001 -

SWRD QMTPR DIRIND WANWY ORTD

(P70% NPAYL ARwaR DY TaATR) VR YW NI vwn apTa -

Subclassing 2% Subtyping-1 72577 w1

: (code reuse) TIP2 MM W MAWHRAY NPV MPPId0 *Nw Mn»p

R PRNR DWW YoM ONw Q0P 12°910 AWIN RPN 1YY — (composition) 72577 .1
DW PMNON 22 DR NWAY AWIRT ApRman .nnp apenn YW 010w awTn apenn n°Y — (inheritance) qwMn 2
RalaXerh i irvistah!

Y MTIND MIWY 3212° ARPIR-NN HYa-Nponn YW (MTWn) 23nm (MTINKRT) MATINTT 92 DX DAY ap%nn-nn 9
DO INWM MTINY Wink 03 17213° 7p%na nn oW (overriding) 70°772 792212 1 WINN 72900 — WA 119w 72°N2
oWIn
.extends 7MAwa 207 0"y JAVA2Q nen Y aponan nway X aphnaw 372w0

public class Soap extends Cleanser {

b

ay 72ww 79 :TRUE SUBTYPING @ 759177 1P DR 29992 2999077 2% 25wh) awin 7807 999D
(327 npbma 2y YERpNaY 297 AT nphan

w1 AR (C'TOR) ana aminn .1

OMIR D1772 1071 K? 22K AW 0002w 2700 MY .2

Public 7701 — Hu3-npbnna qwRn MPnnm Mnd ae M1 (N7 ATnn) apnnt DN DTN DY At M .3
.79°1% R Protected 771072 017177 71

P NOITIA ATINAAY MIAINT 92 DR PI1TY KD 3713° noMT 37nn 4

.N2R2 private 077 R 23 101777 10°3 KD 2°nwn .5

covariant return ) N0ITIT 777 °"Y TMINT 019°07 YW DIV NN NP2 2120 NONTI ATINAN Y TN 019°0:7 .6
.(77vm JAVAS52 p1 0p type

AR pwnn YW subtype R WY pwan apbnnn X9 ,72%2 pwnn (extend °"'Y) nw? 9120 pwnn 7

(22013 D3P R? RIT DR NPUMDIR RIPI RIT) Nwn apnna 2w CTORY X11p%.920 ap20n nna winsw *195 .8
199mpPn° R? TP NONR

72 DWHNwR AR NPYnn oX 03 (super.method()) NOITIN ATINGY KI1IPY ORTD NOMNTI 77INNT TIN2 0950 1PIRa .8
IPDORW MO TPON KD 7177 DIpAM 190° NWANH 39002 NKR 21pn2

2 MIPOIAN NN 2RI NPOMA 1A TPEI0ORINT PNIPY DR NN2W W 15w 9k R L9




(C++n anwa) 79720 ANIRA R¥N IR TR2ma0n wIrw °n 932 awa nwsrn — PROTECTED nwsan nn

e

e
v

W

12 W DR YN X0

2WRNWT® SNK — TWNIN DM 1Ao7

.Car has-a wheel :Xn317% ,has-a %W Wwp 2pnnws DWhnwn 725772

is-a-kind-of W is-a S WP 2Ppnnwa OWANYH W2

.Subaru is a kind of Car :X»317%

TRUE SUBTYPING >mn

DWW PXPIDT HW TNNAN 01D WD D130 ATnan 01905 .
.00 2NN 27 1IAA2 PR ,0°727 90 NUIWS - 71737 R WRwn? 201 EFFECTSa 7w .
.D°RIN MO WINT? WX Manwn? &7 778 REQUIRES:H 77w — 2omw WK 2°wDn 0°Rin N 0020 .
DT 37INNT MY TING DI DW ITINNTA WY 2127 AIAn 019°07 NONTA ATINNI .
EXCEPTIONS 2°5°01 R2 nwvi (pwnn) aponna .
.MODIFIES 722 2°727 omR nna? nwavi (pwnn) nphnna .

~N NN R W~

N P VIO NP2 220 2990 1INA .

TRUE SUBTYPING %1 SUBCLASSING-1 JAVA SUBTYPING

// the SUPER class
class Bbox1 {

}

Rectangle bbox;
void updateBBox(int w, int h) { ... }

public Rectangle boundingBox() { return bbox; }

// the SUB class
class Circlel extends Bbox1 {

}

Point center;
int radius;

public void draw() throws Offscreen { ...

Bboxl bl = new Bboxl () ; Circlel cl = new Circlel();
b1 cl center |:|
bbox
E [ 1] radivs [ ]
updateBBox
draw <:>
boundingBox
bbox [__]
updateBBox
[ ] field that can store data O
boundingBox
C> code that implements

201 PR 95 — SUBCLASSING .1
A3 Pon RITw B 2on up 2R 2on A
(SUBTYPING» ny wor)

¥22x72 1°1 — JAVA SUBTYPING .2
"aR" VPR DY A 201 "2" VPPN Y
TRUE?n 20y w5r) .B non
UPCASTING a3 x7p1 ( SUBTYPING
Py Nk o»pn — TRUE SUBTYING .3
(prm >2m) n9bnan

)DDE REUSE® 21w 119py — asbmn 11py
NN WIMW? Q0N ,AWNN YW Wh PPY

S 72WW TP 22.797007 PY R, T2
.B 127 nponn av 72w A 2R3 nphnn

2OPwRn NMwDR NMpbnn

MU NIphRn

,2292 01971 K177 7D (XAAIT? .9DOXOD WM DIDY 2V 127A 1RY LW VPR X5 V993 01970 VT 2°¥1 2NV
NRIPI T ITING DWRYAR FPRY AR 77NN MDY 09 WO pYnn — DUWOM ApPnn 20T 197 ,°0°800 D190 X 7793
:(nowsn 37IN7 X7 draw() 197,200 7082 KOX "TIR" N0 708D Myawn PR) X377 .NURpI00aR 57NN
abstract class Shape {

public abstract void draw(Color clr);
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aopwnn

X7 AMWn K97 TAT? MO DR D°IN 2OPWHAR L0 MR MP2Tah amwn KI9R PTAT? 101 AWIN NTY3A 2 1K)
T7INA0 DR Wank 0°2°°1 0710 197,003 IR 0072 NYTY 0°2°I%W N°I0INA DOUR AN (RHAT . WD W oonana
DOWIY 07 1IN p0nnT 01907 WP 2an print()

final onw 2°¥12p W1 N1PVYD R?Y public 17w MTING 2w P71 VIDAT DR DTAA RITI WA KPD VIO 1T Pwn
:RNATY .00

public interface Printable {

public static final byte MODE_A4 = 1;
public static final byte MODE_LETTER = 2;
public void print(byte mode);

public boolean isReadyToPrint();

b
TPOMNM DY NIMI0 NWANWA TRRAN — 12 MWANWAT MPIINT IR MWRRnT NPART 172 21900\ 181 punn

MW 192 WP {1972 PR .WINAY 0797 192 NU2MIA 77797 DX T NIANA DAY TR0 0" D0 79°OKRT — Dwnnni
PWnA MR DR MWHRnAT Mponn

Y Y¥aL o3 vl extends CNR Y9ITY 19°¥W implements 77727 MY DRT AW pwnn wenk g aphnn 9o
ARPNTY 720

class Child extends Parent implements MRequires, MProvides

{
}
WIAM? 197 P2 VM 77797 NIXI T NIANA NITY L2770 Y DWYI A9°IRT — NDWhnnnn

:2vpwnny avh

IR 01970 922 wAnwiT? 100112 2pn 902 pwnna wanwa 1t .1

Printable.MODE_A4 X277 pwnni aw 1% N YXaNaL 2°0 pwnnt Jinn 221ap2 vy .2

WM PWAn I 9TV MWK MR 20 IR NIWD TI0EI IR 00 — MTINA 12 9P010 MOR ,pwnn 1ITATY R .3
0P Pwnna DR 270707

772197 I

mMYYa MTINK w° MpLma "NwR) M HW 752 9232 TIRD N1Ya — 2 Mponn 190mn nwa? a2 apbnn 93 C++ nowa
DX — DOPWnn (00N WhRn? 19 RO IR AR OR NpLma n1a 09100 aphnn 297 JAVA2 199 (2w 12 1R — oW IR
MY AR WA NPOON IRYNNT AN AN MR DX W O

NOVIPUDAR PRI DI pwnn

12120 WA RPN MTINAY Wk pood 130 kY pwnn .1

RN INIR DR Wan? M212° MMIWP °N22 Mwan MPLnn 19072 192,081 12371701 290 RY pwnn .2
(MYPIVOAR W W) NAR AR NPOAND P71 NWAL AR ,00pwnn 17277 wank 72130 apbnn 3

V7972 029X OX 1971 NI 72777 WO pwnn PR WA pO0R 2137 XWX NUWwoA apbnn Yw cTmn nna 4
DPUPAVR0AR RO DY pwnn whanwiae 977y Anmwn

MIIPRY NS Mphnn

NP2 WA WO N0 RPNN7 TPYI09P1R SW N 7210 117 1942 270 (inner classes) D110 NP TR 100
(7 93002 RNT) private o7 oK O3 7P20RT 72K NN

X7 NPVVO X NRA (nested class) NINPA RPN RPN T IR0 — NINR ARPMR TIN2 NLLYD APLI PTAT? 03 N0
D1 21nwnh 8D IR 7979700 ApPnnn D ouud TR Wi 7710

PN SNW P2 TP WP NI NINPR aRPAAY TIWA MPYNN CNw SW 2°Y0M 192 WP NIXY NI gphnn

(7 23902 RPNT) N 7210 TPX0OPIR NHYAY AN NPT NPINN MNXH IWHRA N1PKIPID MPINNA 20 W




OBJECT p5nnn

95 HW 0°°0°027 2T MIATINTT DR 77773 X7 — OBJECT? nwaY X7 ,NI0R 7p70m) WY XY P70 oR
SIPRMAN YW MTING 4-2 POYNI .OWA DOVPAINT

19 oR X278 CloneNotSupportedException Np>r X177 27017 N2 w1 n ,Mpna o0 wRw pmy 771mn :Clone()
Tpnyan .Clone? X1p R? X LP2IRT MTY 22 DR P°nvn 27017 N2 winch ,Cloneable pwnni X nwnann apoman
.Clone nX 01772 ¥ deep copy %11 oK .referencesn P2 2pnyn Im1?3 shallow copy X

oW equals() 77NN 9w 207 NP2 Wk 1T reference INIK 72 DULUPPANT DX 1IN == == 9 equals()
.equals() 77017 DR DINT? IN°3 NINK 77N NMIW? %03 oK — Object

T2V QMW 2°27Y IR D220 7 37307 — hashit n9ava Y572 vPPART DR TOARY int 7 77102 thashcode()
0x 01777 02271 equals() DX 0’07 oK — equals() 2w 27T NT°72 DTINK MY P NRT VW RO 1MW 20PN
.hashcode() nx

NRY VPRI DIV NR 2997 DTAMT N2 WA IR TP MNANNRD UPPIRT Dw IR 3 matoString ()
RPNTY @ °"Y 227719 2w hashcoden

class7.Employeel@1004901
0PN 2P IR NNANND 79X 2777 1AW 231 932 NPUAWIR NRIPI T 7NN

:autoboxing-1 NIy NpoIR

primitive 2P0WD 030190 O3 0°°°P MIINT MDY 2172 TR DOVPMIR PI 27P DM7AXY 71 MIdN NPIITINN
X7 toString()) Pwn? amX 00777 7871 oK Y22 Ypn°1 Objectn D°wI 01K XM int,long,Boolean :Xnx17°2
9177 197 D100 123N DX 92707 DOV RPN WY .aRPnn 93 M2y Moy mponn oMy R A 0o L(op
.autoboxing RIp37 NIAA "'V NPUMVIR TN NY¥ANn Java Yw 5 RO

GENERICSa i

Q*20% MPoNR 12 720112 2211 1oy .Object 2w 7w 7°0N0 20NN N2 0030 aY WD ArrayList 21%°1 o
O"IR MWY? 7011 DK APRMA WO 2°019°0 129K NARD YTI R MR 0 1TING P9 .(8 D10N2 RNT) 0307 jat2 20w
JTXOT JAT DROAW 2221 NomIN RY apPnn? Cast AWyl oX N V3 DNO2IWON PN R 137 027 72°w02 vpo2IR? CAST
IRANT? L7292 737 0PI HW 07 9391 TR RIT 1IN0 RN NNRY AW T 02T
List<Cat> cats = new ArrayList<Cat>();

MR 23 AR2MAY TN DR YEID TNIE PR 901121 7°X900mP IRCAY 2apNn NonN1 XYW ap0mA §°017 1011 aX Ny
(8 213702 RANT) ORI W1 DIV AR YT

72 XN Generics2 NWHNWAY 77NN
public static <E> List<E> reverselList(List<E> Ist)
JIP9AN D19 — NP2APN IRYANAW A0 VA0 IRNM 2177%2 o0 En

7290 Generics

:XPTY ! ArrayList<Object> 9w npbmn nn X2 ArrayList<String>w 1% 03
List<String> listOfStrings = new ArrayList<String>();
List<Object> listOfObjects = listOfStrings; // Wrong - will not compile
listOfObjects.add(new Object());
String s = listOfStrings.get(0);
192 1991 PIPY PR 0P X9w Object D197 HPMAIR 7017 1001 HPYIT DR 7R°ATH XD NIMONT DWW W
IX? downcasting ,amv2 729 70 K17 Upcasting .PX2°0mIp DR 92p1 3°1ws 9wl



P92 22NN VMDA 7N 1KY (WHWBD D19°LN W) NIIA ATINA DOMIXY PR TYa

public static void printList(List<?> Ist) {
for (Object element: Ist)
System.out.printin(element);

b

JI9RW 11702 WRw MY NnD

RNATTY LNOIAT TITATT NIVEAR NRT VAT 1001 77708 79230 W71 IR 10733 3000 2p7 7301 OX t2ININ NDISN

public static <E extends Comparable> E min(List<E> list)

02121 2°VP*AIRT 7Y YT PR 7307 nya JVM 5w K91 0°019°0 N 7a ¥Xanw 170 2w 0212 X0 Generics :wn
YNIY 1001 R 120w 0190 HY instanceof MBINIRT DR 2°¥5IY 101 KD 1971 .(type erasue) Object D15°1D 223x1n

I I ]
| Set | | List || Queue |

| SortedMap |

ArrayList<E> % Object-n casting
Collections - 2%

,O°0R DOUPY2IN TR 17RO VR AIR RIT 90N
TMIRANT .QOUPPAIR DY XIAR A% 21

DRI DOLUPYAR NXIAP 2370 17 pwnn — Collection
DOPWHRRn ROR 77 pwnan 2w 0w wInca PR IR0 1208
MR 0327777

HashSet, TreeSet,EnumSet: NMXNA1T .N1°12793 NIWORA ROW 22V IR NXIAP AX°) 177 pwian — Set
JMIRANT 7w OPTIRT 202 BRI 932 NWA? 10°1 .707 MW NPYA = 77170 AX12P A% 31 pwan — List

LinkedList,ArrayList

7121 X7 71 9ax FIFO 5w 771182 2179 22371072 .019992 QWA 2°72°K Y 90K — Queue

(value) 0°37¥% (keys) mnnan Hw "9 23x»n — Map

M121 970 0% ,APNYT L2129 L1070 PIAD DWW DMANNAYR D°2000 DWW DOPwnT
TR 77 MITIND NP 197 312 DT DY RIGW KO 190 792300 ,00Wa DW 229270 NP0 PN IR Tvn

.29977791 oo’

MTINN2 wanwa? W clone "'y Py 1AL SRTD 197 1210 WIN DOV 2% TN 7707 ¢ 27 owh
.Collections 1p%nni1 2w unmodifiableMap() 1 unmodifiableList()

public interface Iterator {

ek

* Returns true if the iteration has more elements. (In other
* words, returns true if next would return an element

* rather than throwing an exception.)

ES

* @return true if the iterator has more elements.

*/

boolean hasNext();

* Returns the next element in the interation
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interation.

ES

* @return the next element in the iteration.

* @exception NoSuchElementException iteration has no more elements.
*/

Object next();

Iterator - 91U YN

P21 IR 72 Y M2y 1% YL 82T 7w
J2W 107 W wp 22 9% 120RN
MR DY MV WORAT pwnn R Iterator
1M1 AR 2172971 next() 77NN DAY D300
JhasNext() *"v 72vn% 012K
DR 2PN MVIVRA DWANYA
ralta ARkl s vl b 7l 7 R |
92°nM32 DMK
SY ¥XaNaY 79778 PXOWRT KD 2
.2°2pna o092 1oon
2w 1 39178 Tterator NI (2% WL

.0°92°n2 1wyw 1 Clone() *"'y 9517 , remove() awa a7nx Iterator? nnvpw Dwn "1 Wina YW nown2

arsTIRYRID — NN 29

M"Y TINAY RPN W p°0v — (binding) 9w WY TTINAY ARMIP P2 WP YXIN 270 N0 11

\ N°RI°T 715°70 Y22 NONT NOW HY - %07 112 RPN TINN IR 2OV XY 1IN nRn Learly binding X1p1 17700
TN PRI X7 JAT2 NYNANAY NIMRD RO 792737 93 1Nt 12000 PR JAVAR late/dynamic binding 7%°1 112
TN DR INPRD 70 AroTIN D (CHH2 112 ,N1IRIVT MTIND NTAT °"Y) NIMINGD 79970 IWORY NN 0¥ PO
.(extensible) 7727772 NIN1 AN N1TD NIDIT TN MBI MTINA 70T



Bird larry = new Pigeon(); :actual type 9 declared type
larry.fly();

NPoNNN 5Y YA NIN 19 actual type-n |, Bird NI larry 5 declared typed-nw 105
7PN NINXINN 1999, Pigeon
Pigeon.fly()

Real Time Type Identification — RTTI

1mR — (ClassCastException naoamn para? a21%v) X7 downcasting 2R 7mva 70 X7 upcasting 21w nRn
"y DRT Y¥IO 1N°1 .00 *19% 77won DYRI DR |7'|73’7 AWONRNT 11131 0°X17

(obj instanceof Class) - instanceof M09IR.1

getClass() 77nna ntya .2

Class.forName("ClassName") n°0wuon 70n0 nva .3

73270 MpPSTa
:O°AX2 7AD" 73T P "190n DR

OTIP AZPIT XOW 02712 MIR? NwA? 107 KD Java-2, a7 — 27 woR 2nvab amx 7onb .1

QOAXAN 0O90MY XN NP0 ND0AY DWW WP WhINN ROW 1°van Bignteger IpPnna winw o0 mnnT
WITID DOUMILIR 973 P00 DY 0°YOImM NATva

JTWYR 199 WY — WRIN 0782 X5 Y 2

S0 ST DA IR MR L3

.Debugging .4

:0°25W *1WH PONNK .0I9AT %Y NOYID MDY MPVanY P70 720N — Validation

SAWOR V9P 92 M2V WITID NTAW 710N ,2UMLIR 2°70 "'V - verification — nMaX . 1

TN 20 VDN DR PPAT? MY MPPT2 07K NRYEAY 727 MNP0 225Wn TR 32 nvyann — testing — 72 .2
.20 2 190 YRAY DY

712107 TIPEN DX NIPTI2 XA0IR MP 72 192K NPT PPEIAI0IR NIPPTAW 72,7912 A7 93 MpTa a7m MpTa
PR M7 2190w NRD
ST MPPT2 IX0AY @977 CNW MnYp

S1PIDT WA 9% R2Y 0I9AT D7 11210 PR PO IR 2°PTI2 — 7me 7es mpTa Blackbox testing .1
S5 WA MINNG N1 MLV MIR°AWK NYOWA A1R (testcases) J7an *pn N2

(TDD - Test Driven Development) %%y w117 °19% MpP°727 DX 210572 WOKR

@effectsm @requiress NMRPODI DT 22212017 93 DR MDY DX -

.21 0 ,Null ,33p °37W :2°1%°p 0°pn 217272 2°2°X -

JTEPDY DOWVNID I TN VPMIR MK references 0°7°2n 072 0PN — aliasing MROAY -

792 071971 2O17017 93 NPPTA 100 WINKh DR MpTI2 — maab esp np7a Whitebox testing .2
(M N IR NAR 771,11 09K) MR Lif-7 091y 92 5w NP 722 Dopoon 2"72 001901 YW 1T 1900 wOw K25
(%"13) NPOTIP

(2701 290117 12 MPN) DPWOHRT DRI 20 DR IRYNY MY K7 DPWORT 02912017 23 DR 1IPTI OR O3 1Y
.stub 1 driver >"y NRT 7IN9Y 171 ,MNR MM QY IWPN? TI0XN 1OV T 19N KT NHO YA



bou7 BT - 719N DWW 2T N

OTpYAA 29WA NPV DR 0190Y RT3 — N2 DRI 2°2°02 MYLn MNWRTT NN
TPYTA MY — N
W™ N0 W amp

- 230 ¥, 7193 712N PEON MKW Q'MW — AMPTIPEN MW7
o D™ON D*3XAI 3NN T DN D*09pY
y " use-cases D°KIPIT DWW NN A0IR °"'Y NPTIPON MWIT RN 1N
NIRRT NPT 5V DONW DXIK — NITIPEN KD MwT
(M2%01 172 VXM TAT) MPBR (2P W TAT) DWILI WK KNT?

—] YT

f

IaTarta (MP2a MW7 %3 IR 9°21) 07w NP7 I8 MW T TH0n
. D TIPONAN DX IRNND) QPN (MYRWH 17 IR N17°N0 T°R) 2Py
DWW 12) wyn (MP27 DWW IT? 012 DRI
PPN ‘l MRS 1071 (YRR 1T MY Wwnna

T T2OPYY 1NN WD Hp (Nwvn ap 7% 100)
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v

On first use, the system shall create a new database and initialize it with no orders.
The user shall be able to add a new order to the database.
The system shall produce an audio indication on every incorrect user input.

DITIPON AWOITHY RANT

:NPTIPON RY WIIT? RAAT
The system response time to any user input, including incorrect user input, shall be less
than 5 seconds.
The system will back-up all data automatically at most every 24 hours.
All data communication to/from the system shall be carried out over the Internet.
2°25%w 42 ¥1x°2 — Use cases
:use cases N7 .1
D°IRNA P2 — NN NYRINY MWD AOIR (actor) WnNwn DWW 1WIAN NTIPIN DOIRNAT DWIRN DY A0IR
.NDvnY wnnwn 172 NPYPAVIR
:RPAT Y2 D120 HYA use case IRNM INIX WIAANT MR a1°a 1pnwn 7an 2nnn Use case 92
Use case 1:

Name: (use case name)

Actors: (participating actors)

Goal description: ("the actor does X when Y")

Reference to Requirement Document: (relevant clauses)
Preconditions: ("the actor was successfully logged to the system etc.")
Description:

1. (Actor) picks Y from the Z table

2. The system displays (Actor)'s pick

Postconditions:

Success — (the actor did X)

Failure — (failure description)
Variations:

1. The actor decided not to do X: failure.

Exceptions:
1. The actor does not have privileges
(other exceptions that can occur)
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Player Die
name - TV ,NOVIPV0AR T7IX) 2007V NPV MR Onn
. ; 20w 9 w1 n3 (2207 PAIRY ONIR 223917 K
Plays ST 7MY RAAT — N 72 00
1 . .use casel 7°pon 17 ww n 93 ?Class 7°7° 7n 2oV X
Dice Game Includes

The Meeting Scheduler

:27pon 4% ponnn (Use Case Diagram = UCD) use case 2°w-n .3

2102 YOOI WY 12971 NATYA NIMon — naavan .1
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class Race { class TourDeFrance extendsRace {

}

Race createRace() {

Frame framel = new Frame();
Wheel frontl = new Wheel();
Wheel rearl = new Wheel();
Bicycle bikel = new Bicycle(framel, frontl, rearl);
Frame frame2 = new Frame();
Wheel frontWheel2 = new Wheel();
Wheel rearWheel2 = new Wheel();
Bicycle bike2 = new Bicycle(frame2, front2, rear2);

Race createRace() {

Frame framel = new RacingFrame();

Wheel frontl = new Wheel700c¢();

Wheel rearl = new Wheel700c();

Bicycle bikel = new Bicycle(framel, frontl, rearl);
Frame frame2 = new RacingFrame();

Wheel frontWheel2 = new Wheel700c();

Wheel rearWheel2 = new Wheel700c();

Bicycle bike2 = new Bicycle(frame2, front2, rear2);

}
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return copy of self
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JNWRIT QY9217 QORIP XYW TV ¥OIN 1% RO — Lazy initialization .1
public class PrintSpoolerl {
private static PrintSpoolerl spooler = null;
protected PrintSpoolerl() {}
public static PrintSpoolerl getInstance() {
if (spooler == null)
spooler = new PrintSpoolerl();
return spooler;
b
public void print(String str) {
System.out.printin(str);
b

.I0N7 N9 nna 7w yow Txon — Eager initialization .2

public class PrintSpooler2 {
private static PrintSpooler2 spooler = new PrintSpooler2();
protected PrintSpooler2() {}
public static PrintSpooler2 getInstance() {
return spooler;
¥
public void print(String str) {

System.out.printin(str);
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[1 Component (Visual Component)
Defines the interface for objects that
can have responsibilities added to
them dynamically
[1 ConcreteComponent (TextView)
Defines an object to which additional
responsibilities can be
attached
[l Decorator
Maintains a reference to a
Component object and defines
an interface that conforms to that of
Component
1 ConcreteDecortor
(BorderDecorator,ScrollDecorator)
Adds responsibilities to the
Component
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HandleBufferFull()
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Abstraction | IMp Implementor
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ConcretelmplementorA | | ConcretelmplementorB ﬂﬂP’?’? TR WARORI MWW BOEIT KD
Operationimp( ) Operationimp( ) JARXTIN MTIPI

imp->Operationlmp()

RefinedAbstraction

Bridge pattern — implementation
Only one Implementor
no need in abstract Implementor
one-to-one relationship between Abstraction and Implementor
a change in implementation doesn’t affect Abstraction clients
[1 Creating the right Implementor object
Abstraction instantiates specific Concretelmplementor according to the parameters passed to the constructor
[1 Fixed size collections: a linked list implementation can be used for small collections and a hash table for large
Default implementation is chosen initially, can be changeddynamically
[0 Non-fixed size collections: if the collection grows bigger than a certain threshold, then it switches its
implementation to one that’s more appropriate for a large number of items

:Model View Controller Pattern .7
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D79 MR DR 239 2931 (Business Logic)
S NIMIRR DTORT DR 2OURRR nuYen awa

MVC pattern - participants

"] Model updates Oz;:;:;r)
provides functional core Model 1 A
registers dependent views and controllers aftach(Cbserven) |, T \\
notifies dependent components about data changes | jegi @ |

T View getbatai) I| initia(I::zo: ':\:10':: View

ETTUNT] . . service() | (Model View)

creates and initializes its associated controller View creates | handleEvent()
displays information to the user retrieves data iiaizemioga) | Lo
implements the update procedure ;”g;i';z?ef’(;'“"”ero updates
retrieves data from the model display()

"] Controller calls service updared
accepts user input and events

translates events to the service requests for the model or
display requests for the view
implements update procedure is required
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