
*a1 kkkR @ JB/i2`K k aim/v :mB/2
h`22b

RX q?�i Bb i?2 /2}MBiBQM Q7 i?2 bBx2 Q7 � i`22\

kX q?�i Bb i?2 /2}MBiBQM Q7 i?2 ?2B;?i Q7 � i`22\

jX q?�i Bb i?2 /2}MBiBQM Q7 � T�i?\ q?�i Bb i?2 H2M;i? Q7 � T�i?\

*QMbB/2` i?2 7QHHQrBM; i`22 7Q` [m2biBQMb 8@RR,

8X q?�i Bb i?2 `QQi Q7 i?2 i`22\

eX q?�i �`2 i?2 M�K2b Q7 i?2 +?BH/`2M Q7 i?2 `QQi MQ/2\

dX >Qr K�Mv +?BH/`2M /Q2b MQ/2 _ ?�p2\

3X >Qr K�Mv H2�p2b �`2 BM i?2 i`22\

NX >Qr K�Mv +?BH/`2M /Q2b MQ/2 1 ?�p2\

RyX q?�i MQ/2 Bb i?2 T�`2Mi Q7 �\

RRX q?�i Bb i?2 bBx2 �M/ ?2B;?i Q7 i?2 i`22\

LQi ;Bp2M �b [m2biBQMb- #mi vQm M22/ iQ FMQr sJGh`22 7mM+iBQMb bm+? �b MmK#2`P7*?BH@
/`2M- Bbh�;- +?BH/- H�#2H- 2i+X

R

 

of nodes in a tree

longest pathfromroottoleaf in a tree largest ofnodes

a series of nodes connected byedges where length is the of nodes
each node is a parent or child of another in a path

B

K R S

Z

7

0

K
12 4



L�im`�HLmK#2`b

RjX q?�i Bb i?2 p�Hm2 `�M;2 Q7 � L�im`�HLmK#2`\ :Bp2 Bi BM MQi�iBQM mbBM; b[m�`2 #`�+F2ib �M/ T�`2Mi?2bBbX

R9X q?�i Bb i?2 #2M2}i Q7 mbBM; i?2 ai`BM; +QMbi`m+iQ` Qp2` i?2 BMi +QMbi`m+iQ`\

R8X q?�i ivT2b Q7 K2i?Q/b �`2 BM i?2 L�im`�HLmK#2` BMi2`7�+2UbV\

ReX A7 A r`Bi2 ǳMMXBbw2`QUVǴ- r?�i Bb ǳMMǴ +�HH2/\

RdX q?�i Bb i?2 M�K2 Q7 ǴMMǴ BMbB/2 i?2 ǳBbw2`QǴ K2i?Q/\

R3X q?�i /Q2b ǳ!2Mbm`2b i?Bb 4 Oi?Bb Y RǴ K2�M BM � K2i?Q/ +QMi`�+i\

RNX A7 A r`Bi2 ǳMMXBM+`2K2MiUVǴ- /Q2b �Mvi?BM; +?�M;2 �#Qmi ǳMMǴ\ q?�i +?�M;2b\

kyX q?2M b?QmH/ vQm mb2 +QTv6`QK Qp2` i`�Mb72`6`QK\

kRX A7 MR = Mk- r?�i Bb i?2 `2bmHi Q7 ǳMRX+QKT�`2hQUMkVǴ\

kkX AM i?2 7mM+iBQM +�HH ǳMMXKmHiBTHv"vRyUFVǴ- r?�i Bb ǳFǴ 7Q`\

kjX q?�i �`2 i?2 F2`M2H K2i?Q/b\

k9X q?�i Bb i?2 /27�mHi p�Hm2 Q7 � L�im`�HLmK#2`\

k8X q?�i Bb i?2 `2bmHiBM; Q#D2+i p�Hm2 Q7 i?2 �`;mK2Mi T�bb2/ iQ � i`�Mb72`6`QK +�HH\

k

O N technically limitedby memorythough

int has a limit while string has a much much largerlimit

instance methods

receiver

this distinguishedformal parameter

new valueof this will be equal to the oldvalveof this plusone

yes objectvalve changes

if you have x copyFromCyd thissaysyou will still need yat its current value later in the code

anyvalue where X o Cie a positive number

adding to ones place after multiplying

zero multiplyBylo divideBy10 very essential methods

to be used in all NaturalNumber objects

0

0



_272`2M+2b

keX q?�i �`2 `272`2M+2 ivT2b �bbQ+B�i2/ rBi?\

kdX Ab ai`BM; � T`BKBiBp2 Q` `272`2M+2 ivT2\

k3X Ab i?2 p�Hm2 Q7 � T`BKBiBp2 ivT2 i?2 �+im�H p�Hm2 Q` Bb Bi � K2KQ`v �//`2bb\

kNX Ab i?2 p�Hm2 Q7 � `272`2M+2 ivT2 i?2 �+im�H p�Hm2 Q` Bb Bi � K2KQ`v �//`2bb\

jyX >Qr K�Mv p�Hm2b /Q2b � `272`2M+2 ivT2 ?�p2\ q?�i �`2 i?2v\

jRX .`�r i?2 `2T`2b2Mi�iBQM 7Q` i?2 HBM2 ǳai`BM; Kvai` 4 ǳLQ +H�bb mMiBH J�`+? jyi? HQHǴcǴX

jkX .`�r i?2 `2T`2b2Mi�iBQM 7Q` i?2 HBM2 ǳL�im`�HLmK#2` KvLL 4 M2r L�im`�HLmK#2`kU9yy Y 88VcǴ

jjX q?�i Bb i?2 Q#D2+i p�Hm2 Q7 i?2 HBM2 Q7 +Q/2 7`QK [m2biBQM jk\

j9X .Q r2 +�`2 r?�i i?2 `272`2M+2 p�Hm2 Bb\ q?v Q` r?v MQi\

j8X q?�i ?�TT2Mb r?2M vQm /Q ǳMMR 4 MMkǴ\ �bbmKBM; MMR �M/ MMk �`2 irQ /Bz2`2Mi L�im`�HLmK@
#2`bX

jeX Ab r`BiBM; ǳ� 4 8- # 4 8Ǵ BM � i`�+BM; i�#H2 i?2 b�K2 �b r`BiBM; ǳ� @= 8- # @= 8Ǵ\ �bbmKBM; �
�M/ # �`2 L�im`�HLmK#2`bX

jdX q?�i ;2ib +QTB2/ BM � +QTv6`QK +�HH\

j3X q?�i /Q2b ǳbi`k 4 bi`R Y ǳBM;ǴcǴ /Q iQ i?2 Q#D2+i p�Hm2 Q7 ǳbi`RǴ\ q?�i �#Qmi ǳbi`kǴ\ �bbmK@
BM; ǳbi`RǴ �M/ ǳbi`kǴ �`2 irQ �H`2�/v BMBiB�HBx2/ ai`BM;bX q?v +�M r2 +?�M;2 i?2 Q#D2+i p�Hm2 Q7 ai`BM;b i?Bb

j

objects

reference

actual

memory

2 referencevalve objectvalve

mystr a unoclassuntilmarun3othicT

myNN a 1455J

455

No wecan't doarithmetic on thememory addresses thereforetheyarearbitrary

nm nm will have the samereference valve and
therefore will be aliases

No a s b 5 can mean aliases or two different referencevalues with thesameobject valve and a s b 5 strictlymeans thelatter

theobject value



r�v- #mi Kmbi +�HH K2i?Q/b 7Q` L�im`�HLmK#2`b\

jNX q?�i Bb �M �HB�b\ .`�r i?2 `2T`2b2Mi�iBQM mbBM; L�im`�HLmK#2`bX q?�i /Q2b i?Bb HQQF HBF2 BM �
i`�+BM; i�#H2\

9yX q?�i Bb �M BKKmi�#H2 ivT2\

9RX q?�i Bb � Kmi�#H2 ivT2\ .QMǶi Dmbi b�v i?2 QTTQbBi2 Q7 �M BKKmi�#H2 ivT2X

9kX q?�i ivT2 Bb � ai`BM;\

9jX q?�i ivT2 Bb � L�im`�HLmK#2`\

99X q?�i ?�TT2Mb iQ i?2 `272`2M+2 ivT2 Q7 ǳbi`Ǵ r?2M r2 2t2+mi2 i?2 HBM2 ǳbi` Y4 ǳ?BǴcǴ\ �bbmKBM;
ǳbi`Ǵ Bb � ai`BM;X

98X q?�i ?�TT2Mb iQ i?2 `272`2M+2 ivT2 Q7 ǳMMǴ r?2M r2 2t2+mi2 i?2 HBM2 ǳMMX/BpB/2"vRyUVcǴ\ �bbmK@
BM; ǳMMǴ Bb � L�im`�HLmK#2`X

9eX >Qr �`2 T�`�K2i2`b T�bb2/ 7Q` T`BKBiBp2 ivT2b\

9dX >Qr �`2 T�`�K2i2`b T�bb2/ 7Q` `272`2M+2 ivT2b\

93X >Qr Bb ǳ�Ǵ �z2+i2/ BM i?2 7QHHQrBM; K2i?Q/\

T`Bp�i2 bi�iB+ pQB/ #m/GB;?ioB`mbUL�im`�HLmK#2` �V &
� 4 M2r L�im`�HLmK#2`kU3Vc
�XKmHiBTHv"vRyUVc

'

Tm#HB+ bi�iB+ pQB/ K�BMUai`BM;() �`;bV &
L�im`�HLmK#2` � 4 M2r L�im`�HLmK#2`kUk9Vc
#m/GB;?ioB`mbU�Vc

'

9

stri doesn't change strz doeschange
bc strings arebuilt directly intoJava

whentwo variables share thesame reference value m ago huh Pionteonrtiffly

n2 a ambiguous

mm isa referencetypewheretheobjectvalue cannot be changed
withoutchangingthenierencevalue
thereferencetypecontainsnomethodsthatcandirectlychangetheobjectvaluewithoutweedingthereferencevalue

a referencetypewheretheobjectvaluecanbe changed
withoutchangingthenierencevalue

immutable

mutable

value

the reference value
changes to anewmemorystr

temp

is temp addess bc immutable
value

ma 11 nothing

passbyvalue
copybyvalue

passbyreferencevalue
copybyreferencevalue

maina a
a doesn't change
in main

I unaffected

w a a so



9NX q?�i Bb i?2 +Q``2+i r�v iQ +QKT�`2 irQ ai`BM;b\ q?�i �#Qmi L�im`�HLmK#2`b\

8yX q?�i ?�TT2Mb B7 vQm /Q ǳMR 44 MkǴ\ q?�i �#Qmi ǳMRX2[m�HbUMkVǴ\ �bbmKBM; MR �M/ Mk �`2 L�im`�H@
LmK#2`bX

�``�vb

8RX Ab �M �``�v T`BKBiBp2 Q` `272`2M+2\

8kX q?�i ivT2b Q7 p�Hm2b +�M �M �``�v ?QH/\

8jX q?�i /Q2b ǳ4Ǵ /Q 7Q` �``�vb\

89X q?�i /Q2b ǳ44Ǵ /Q 7Q` �``�vb\

88X >Qr �`2 �``�vb T�bb2/ iQ K2i?Q/b\

8eX .`�r i?2 `2T`2b2Mi�iBQM 7Q` �M �``�v Q7 `�M/QK BMib UH2M;i? 4 8VX

8dX .`�r i?2 `2T`2b2Mi�iBQM 7Q` �M �``�v Q7 `�M/QK L�im`�HLmK#2`b UH2M;i? 4 9VX

8

Str equalsstir nmcompareToCnn2 s z e someValue

bothcompare referencevalues

reference

any as long as sametype

copythereference valve

compare reference
values

passbyreferencevalue

arr a

arr a

11h
Do 034



83X .`�r i?2 `2T`2b2Mi�iBQM Q7 i?2 p�`B�#H2b �M/ i`�+2 i?2K i?`Qm;? i?2 +Q/2 #2HQr,

T`Bp�i2 bi�iB+ pQB/ #�/*Q`QM�pB`mbCQF2UL�im`�HLmK#2` M- L�im`�HLmK#2`() MMbV &
L�im`�HLmK#2` i2KT 4 M2r L�im`�HLmK#2`kU9Vc
MMb(y) 4 MMb(R)c
MMb(R) 4 MMb(k)c
MMb(k) 4 Mc
MXBM+`2K2MiUVc
M 4 i2KTc
MXBM+`2K2MiUVc
i2KTXBM+`2K2MiUVc
MMb(R)X�//Ui2KTVc

'
Tm#HB+ bi�iB+ pQB/ K�BMUai`BM;() �`;bV &

L�im`�HLmK#2`() �`` 4 M2r L�im`�HLmK#2`k(j)c
�``(y) 4 M2r L�im`�HLmK#2`kUNVc
�``(R) 4 M2r L�im`�HLmK#2`kURjVc
�``(k) 4 M2r L�im`�HLmK#2`kURVc
L�im`�HLmK#2` MmK 4 M2r L�im`�HLmK#2`kUdVc
#�/*Q`QM�pB`mbCQF2UMmK- �``Vc

'

*QMi`�+ib

8NX �bbmKBM; MMR Bb � L�im`�HLmK#2`- r?�i p�Hm2 �K A `272``BM; iQ r?2M A b�v ǳMMR 4 OMMR Y kjǴ
BM � K2i?Q/ +QMi`�+i\

eyX *�M � `272`2M+2 T�`�K2i2` #v MmHH\ A7 v2b- /Q r2 �HHQr Bi BM i?Bb +H�bb\

eRX q?�i rQmH/ � `2biQ`2b KQ/2 T�`�K2i2` HQQF HBF2 BM � K2i?Q/ +QMi`�+i\

e

nvm 04 4 temp

object value

yes no

restores var



ekX q?�i rQmH/ � +H2�`b KQ/2 T�`�K2i2` HQQF HBF2 BM � K2i?Q/ +QMi`�+i\

ejX q?�i rQmH/ � `2TH�+2b KQ/2 T�`�K2i2` HQQF HBF2 BM � K2i?Q/ +QMi`�+i\

e9X q?�i rQmH/ �M mT/�i2b KQ/2 T�`�K2i2` HQQF HBF2 BM � K2i?Q/ +QMi`�+i\

e8X q?�i Bb i?2 /27�mHi T�`�K2i2` KQ/2\

eeX q?�i Bb i?2 `2H�iBQMb?BT #2ir22M i?2 BMTmi T�`�K2i2` �M/ � `2TH�+2b KQ/2 T�`�K2i2`\

edX q?2M r2 mb2 � T�`�K2i2` M�K2 BM � K2i?Q/ +QMi`�+i- r?�i p�Hm2 �`2 r2 `272``BM; iQ r?2M i?2
T�`�K2i2` Bb � U�V T`BKBiBp2 ivT2 Q` U#V `272`2M+2 ivT2\

e3X .Q r2 �HHQr i?2 7QHHQrBM; bi�i2K2Mi\ ǳMMXKmHiBTHvUMMVcǴ

�HB�bBM;

eNX q?�i Bb i?2 bBKTH2bi r�v iQ +`2�i2 �M �HB�b\

dyX *�M vQm 2p2` ?�p2 ?�`K7mH �HB�bBM; BM � MQ �`;mK2Mi BMbi�M+2 K2i?Q/\

dRX >Qr K�Mv ǳTQBMib Q7 +QMi�+iǴ /Q vQm ?�p2 BM ?�`KH2bb �HB�bBM;\ BX2X ?Qr K�Mv `272`2M+2 p�`B�#H2b
`272`2M+2 �M Q#D2+iX

dkX >Qr K�Mv ǳTQBMib Q7 +QMi�+iǴ /Q vQm ?�p2 BM ?�`K7mH �HB�bBM;\

J�i?2K�iB+�H ai`BM; LQi�iBQM

djX *�M vQm ?�p2 /mTHB+�i2 2Mi`B2b BM � bi`BM;\ .Q2b Q`/2` Q7 i?2 2Mi`B2b K�ii2`\

d

clears var

replaces var
ensures var 5

updates var
ensures var var15

restores

no relationship

THE valve objectvalue

no this arg

nnl nh2j

technically yes if youdo NaturalNumber n this

yes yes



d9X q`Bi2 i?2 K�i?2K�iB+�H bi`BM; MQi�iBQM 7Q` T`Q;`�KKBM; ivT2 ai`BM; 2[m�H iQ ǳ*a1kkkRǴX q?�i Bb
i?2 K�i?2K�iB+�H ivT2 Q7 i?Bb\

d8X q`Bi2 i?2 K�i?2K�iB+�H bi`BM; MQi�iBQM 7Q` T`Q;`�KKBM; ivT2 BMi 2[m�H iQ (R- eVX q?�i Bb i?2 K�i?2@
K�iB+�H ivT2 Q7 i?Bb\

deX q?�i QT2`�iQ` /Q vQm mb2 iQ +QM+�i2M�i2 irQ T`Q;`�KKBM; ai`BM;b\ q?�i �#Qmi irQ K�i?2K�iB@
+�H bi`BM;b\

ddX q?�i Bb i?2 /2}MBiBQM Q7 � bm#bi`BM;\ :Bp2 �M 2t�KTH2X

d3X q?�i Bb i?2 /2}MBiBQM Q7 � T`2}t\ :Bp2 �M 2t�KTH2X

dNX q?�i Bb i?2 /2}MBiBQM Q7 � bm{t\ :Bp2 �M 2t�KTH2X

3yX q?�i Bb ǳb(R- dVǴ Q7 ǳb 4 ǳ:Q "m+F2v2b5ǴǴ\

_2+m`bBQM S�`i R

3RX aBKTHv Tmi- r?�i Bb `2+m`bBQM\

3kX q?�i Kmbi #2 /QM2 BM Q`/2` 7Q` `2+m`bBQM iQ rQ`F\ >BMi, *�M A `2p2`b2 ǳ>2HHQǴ `B;?i MQr\ LQ-
bQ r?�i Kmbi A /Q\

3jX q2 F22T /QBM; `2+m`bBp2 bi2Tb mMiBH r2 `2�+? r?�i\ q?�i Bb i?2 bB;MB}+�M+2 Q7 i?Bb TQBMi i?�i r2
?�p2 `2�+?2/\

39X q?�i Bb i?2 #�bB+ bi`m+im`2 7Q` � `2+m`bBp2 K2i?Q/\

3

c s E 2 2 2 l 7 string ofcharacters

I 2 34,57 Stringof integers

programming

math

if A is a substring of B all elements of A occur in B
e l z s e 7 I z 4

allelementsof a occurfirstin B
e l z I 2,2 6 it

allelementsof a occur castin B
l z e 814 I z

o Buck

a functionthatcallsitself

youmustpass a smallersubproblemto successive methodcaus

basecase it is thesmallest subproblem wecansolve

if basecasecondition this can always differreturn some basicvalue but this isjust a classicelse

y
can method again w smaller subproblem satyggwn.mnmtora recursive



38X >Qr /Q r2 i`�+2 Qp2` � `2+m`bBp2 +�HH\ >Qr /Q r2 /2i2`KBM2 i?2 #2?�pBQ` Q7 i?2 +�HH\

3eX >Qr K�Mv `2im`M bi�i2K2Mib b?QmH/ r2 ?�p2 BM Qm` `2+m`bBp2 K2i?Q/\

3dX *QMbB/2`BM; i?2 bHQr TQr2`BM; �H;Q`Bi?K- r?�i Bb i?2 #�b2 +�b2\ q?�i Bb i?2 +QM/BiBQM 7Q` � `2@
+m`bBp2 bi2T\ q?�i Bb Qm` bm#T`Q#H2K\

P#D2+i P`B2Mi2/ S`Q;`�KKBM;

33X 6BHH BM i?2 #H�MFX � *H�bb nnnnnnnnnnnnn �M AMi2`7�+2X

3NX 6BHH BM i?2 #H�MFX � *H�bb nnnnnnnnnnnnn � *H�bbX

NyX 6BHH BM i?2 #H�MFX �M AMi2`7�+2 nnnnnnnnnnnnn �M AMi2`7�+2X

NRX A7 � *H�bb BKTH2K2Mib �M AMi2`7�+2- ?Qr K�Mv Q7 i?2 K2i?Q/b 7`QK i?2 AMi2`7�+2 �`2 BKTH2K2Mi2/
BM i?2 *H�bb\

NkX >Qr +�M � *H�bb +�HH � K2i?Q/ 7`QK Bib T�`2Mi *H�bb\ q?�i Bb i?2 F2vrQ`/\

NjX A7 � *H�bb 2ti2M/b � *H�bb- ?Qr K�Mv Q7 i?2 K2i?Q/b 7`QK i?2 T�`2Mi *H�bb �`2 Qp2``Q/2 BM i?2
+?BH/ *H�bb\

N9X >Qr /Q vQm Qp2``B/2 � K2i?Q/ BM � +?BH/ *H�bb\

N8X A7 vQm ?�p2 Qp2``Q/2 � K2i?Q/ BM � +?BH/ *H�bb- +�M vQm +�HH i?2 Q`B;BM�H K2i?Q/ 7`QK i?2 T�`2Mi
*H�bb\

NeX q?�i Bb Qp2`HQ�/BM;\ :Bp2 �M 2t�KTH2X

NdX *QMbB/2` i?2 7QHHQrBM; HBM2, ǳaBKTH2q`Bi2` Qmi 4 M2r aBKTH2q`Bi2`RGUǳKv6BH2XitiǴVcǴX q?�i Bb i?2
/2+H�`2/ ivT2\ q?�i Bb i?2 Q#D2+i ivT2\

N

Treat asone atomic step line stepover indebug
Based on method contract

I

exponent 0 return I nexponent1 powerCh exponent D
exponent 0

implements

extends

extends

all

super

0 all

Override above methodsignature

yes withsuper

21 methods withsame method namebut differentreturn types andor
parameter types andor numberof parameters

simpleWriter Simplewriter'LL



N3X *QMbB/2` i?2 7QHHQrBM; HBM2, ǳL�im`�HLmK#2` MM 4 M2r L�im`�HLmK#2`kUM2r L�im`�HLmK#2`RGURyVVcǴX
q?�i Bb i?2 /2+H�`2/ ivT2\ q?�i Bb i?2 Q#D2+i ivT2\

NNX q?�i Bb #2bi T`�+iB+2 `2;�`/BM; i?2 /2+H�`2/ ivT2\

RyyX q?�i Bb i?2 M�K2 Q7 i?2 T`QT2`iv Q7 P#D2+i P`B2Mi2/ S`Q;`�KKBM; i?�i /2i2`KBM2b r?B+? BMbi�M+2
K2i?Q/ U7`QK r?�i +H�bbV Bb +�HH2/\

RyRX *�M �M BMbi�M+2 K2i?Q/ #2 � pQB/ `2im`M ivT2\ q?�i �`2 j 2t�KTH2b Q7 bm+? K2i?Q/bX

_2+m`bBQM S�`i hrQ UAM+Hm/BM; _2+m`bBQM QM h`22bV

RykX q?�i /Q r2 +�HH i?2 �TT`Q�+? 7Q` /2i2`KBMBM; B7 � `2+m`bBp2 K2i?Q/ Bb +Q``2+i Q` MQi\

RyjX q?�i Bb i?2 K2i`B+ mb2/ 7Q` BM � `2+m`bBQM\

Ry9X A7 i?2`2 2tBbib � kM/ +?BH/ Q7 i?2 `QQi MQ/2- r?�i +�M r2 b�v �#Qmi i?Bb +?BH/\

Ry8X q`Bi2 � `2+m`bBp2 7mM+iBQM i?�i +�H+mH�i2b i?2 MmK#2` Q7 2/;2b BM � i`22X

Ry

NaturalNumber NaturalNumber2

have it be an interface

polymorphism

yes add subtract multiply for NNs

confidence building

determining if we cansolvethe problem or need to create a subproblem

it is a subtree



RyeX q`Bi2 � `2+m`bBp2 7mM+iBQM i?�i /2i2`KBM2b ?Qr K�Mv MQ/2b BM i?2 i`22 ?�p2 �M 2p2M MmK#2` Q7 +?BH@
/`2MX

RydX q`Bi2 � `2+m`bBp2 7mM+iBQM i?�i b2�`+?2b 7Q` i?2 }`bi Q++m``2M+2 Q7 � MQ/2 rBi? M MmK#2` Q7 +?BH@
/`2MX

RR



Ry3X q?�i Bb �M Bbbm2 rBi? i?Bb `2+m`bBp2 7mM+iBQM\ "2bB/2b i?2`2 #2BM; KmHiBTH2 `2im`MbX

T`Bp�i2 bi�iB+ BMi 7�+iQ`B�HUBMi MV &
B7 UM 44 jV &
`2im`M ec
' 2Hb2 &

`2im`M 7�+iQ`B�HUM@RV  Mc
'

'

RyNX q?�i Bb �M Bbbm2 rBi? i?Bb `2+m`bBp2 7mM+iBQM\ "2bB/2b i?2`2 #2BM; KmHiBTH2 `2im`MbX

T`Bp�i2 bi�iB+ BMi 7B#QM�++BUBMi MV &
B7 UM 44 RV &
`2im`M Rc
' 2Hb2 &

`2im`M 7B#QM�++BUM@RV Y 7B#QM�++BUM@kVc
'

'

h2biBM;

RRyX q?�i ivT2 Q7 i2biBM; �`2 r2 T2`7Q`KBM; BM i?Bb +H�bb\

RRRX q?�i ivT2 Q7 i2biBM; Q++m`b r?2M r2 i`v iQ +QK#BM2 KmHiBTH2 +QKTQM2Mib BMiQ � bvbi2K\

RRkX q?�i ivT2 Q7 i2biBM; Q++m`b r?2M r2 i`v iQ i2bi �M 2MiB`2 bvbi2K\

RRjX ULPh AL aGA.1aV q?�i ivT2 Q7 i2biBM; Q++m`b r?2M r2 i`v iQ K�F2 bm`2 � M2r 72�im`2b ?�b MQi
#`QF2M QH/- T`2pBQmbHv rQ`FBM; 72�im`2b\

Rk

We disallow the caller to compute 2 or 1

results in infinite recursion how

if n 3 then return fibl2 fibli
6
thiswilltryto compute fibli t fiblo

b
recursion doesn'texist

unittesting

integration testing

systemtesting

regression testing



RR9X q?�i /Q r2 +�HH i?2 Bi2K #2BM; i2bi2/ UmbBM; i?2 K2i?Q/ 7`QK ORRyV\

RR8X .`�r � /B�;`�K 7Q` r?�i Bi HQQFb HBF2 7Q` � K2i?Q/ iQ #2 +Q``2+iX :Bp2 H�#2HbX

RReX .`�r � /B�;`�K 7Q` r?�i Bi HQQFb HBF2 7Q` � K2i?Q/ iQ #2 BM+Q``2+iX :Bp2 H�#2HbX

RRdX q?�i �`2 r2 i`vBM; iQ b?Qr BM i2biBM;\

RR3X q?�i Bb i?2 /Bz2`2M+2 #2ir22M i2biBM; �M/ /2#m;;BM;\

RRNX A7 r2 r`Qi2 Ryyy i2bi +�b2b 7Q` � 7mM+iBQM �M/ �HH i2bi +�b2b T�bb- Bb i?2 7mM+iBQM ;m�`�Mi22/ iQ
#2 +Q``2+i\

RkyX q?�i /Q r2 +�HH � b2i Q7 i2bi +�b2b 7Q` QM2 K2i?Q/\

*QMbB/2` � 7mM+iBQM ǳiQAMiUVǴ i?�i Bb Qp2`HQ�/2/ iQ i�F2 BMib- +?�`b- /Qm#H2b- �M/ #QQH2�Mb
�M/ bBKTHv `2im`Mb i?2 BMi2;2` `2T`2b2Mi�iBQM Q7 i?2 BMTmi UF22T BM KBM/- +?�`b �`2 Dmbi N
#Bi MmK#2`b /22T /QrM �M/ #QQH2�Mb �`2 Dmbi y Q` RVX h?2 QMHv T`2+QM/BiBQM Bb Bi Kmbi #2 �
MQM@M2;�iBp2 BMTmi

RkRX q`Bi2 Rk /Bz2`2Mi ;QQ/ i2bi +�b2b 7Q` i?2 �#Qp2 7mM+iBQM UQMHv r`Bi2 i?2 7mM+iBQM M�K2 rBi? i?2
BMTmi �`;mK2MiVX q`Bi2 r?2i?2` i?2v �`2 ǳ`QmiBM2Ǵ rBi? _- ǳ#QmM/�`vǴ rBi? "- Q` ǳ+?�HH2M;BM;Ǵ rBi? *X
>BMi, /QMǶi ?�p2 �HH `QmiBM2 i2bi +�b2bX uQm K�v LPh +QTv i?2 QM2b 7`QK 7mim`2 [m2biBQMbX

Rj

Unit under test

i

a memo is incorrect
Is

testing noknownbugs debugging knownbug
runentiremethod stepthrougheachlineofcode
evaluateoutput evaluate intermediate states

no

testplanIfxture

8

toIntl0 B
toIntl17 R
toIntl0 C
toIntl A Rlc
toIntl Rlc

tointtrueRlc
toMtfalseRlc

0.0000005B c
toIntel0000000 R
tointlo99999999999999999 RK
toint13.14159 R
tointHdoublematn.powcz.sn loBIRK



RkkX Ab iQAMiU@RV � ;QQ/ i2bi +�b2\ q?v Q` r?v MQi\

RkjX Ab iQAMiUǴ�ǴV � ;QQ/ i2bi +�b2\ q?v Q` r?v MQi\

Rk9X Ab iQAMiUyXyyyyyV � ;QQ/ i2bi +�b2\ q?v Q` r?v MQi\

Rk8X Ab iQAMiUJ�i?XTQrUk- jRVV � ;QQ/ i2bi +�b2\ q?v Q` r?v MQi\

RkeX Ab iQAMiUǶ8ǶV � ;QQ/ i2bi +�b2\ q?v Q` r?v MQi\

RkdX Ab iQAMiUM2r L�im`�HLmK#2`kUyVV � ;QQ/ i2bi +�b2\ q?v Q` r?v MQi\

Rk3X q`Bi2 �+im�HHv ClMBi i2bi +�b2b UHBF2 QM2b vQm rQmH/ r`Bi2 BM +Q/2V 7Q` k Q7 vQm` �Mbr2`b 7`QK ORkRX
q?�i b?QmH/ #2 �#Qp2 vQm` i2bi +�b2\ q?�i /Q vQm M22/ BM i?2 i2bi +�b2 iQ i2HH i?2 T`Q;`�K Bi T�bb2/\

R9

no wedon't allow negative inputs

no we don't have a methodfor strings

yes boundary

yes boundary

yesroutine butwill it return 5 or correctvalue of 53
lookat ASCHtable

no we don't have a methodfor NNS

Test
public staticvoid testTolntWithNumericalChar1

charinput o
int expected 48
int actual toIntlinputs
AssertEqualsexpectedactual

Test
public staticvoid testTolntWithFalse

Boolean1
boolean input false

int expected O
int actual toIntlinputs
AssertEqualsexpectedactual


