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What is the runtime of frequencyOf() N= list size ()

forour CS2110List implementations? DAL = DynamicArrayList
SLL=SinglylLinkedlList

rstatic <T> int frequencyOf(T key, )
CS2110List<T> list) { DAL: O(N) SLL:O(N) (A)
int count = 0; O(N) itecations
for (inti=0;i< list.size(); i++) { . . 2
if (list.get(i).equals(key)) { DAL: O(N)  SLL: O(N*) @
count¥+;
}} 0() for DAL, O(N) for SIL DAL: O(N?) SLL: O(N) (C)
return count;
) DAL: O(N?) SLL: O(N?) (D)
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Today's Learning Outcomes

59. Describe the use cases for the Iterable and Iterator interfaces.

60. Implement Iterators for a given data structure class and use
iterators as a client.

61. Describe the iteratee pattern and how it differs from using an
iterator.

62. Identify and define functional interfaces and implement them
using lambda expressions.
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Motivating Iterators

For data  structures  that  dou't offer a random  4lress
gqu‘q,,-}eQ' ]oopmj over tYheil elemeats can be exPen;Ne

)

V) .
SLL. On the clieat size | Ve lose our place o fler each

je*- C.) (,4” ) V)eea ‘}o e S(A/) 'F/'O/lq loqu ech, .]_;Me

WQ‘A live to Pro\;;clo_ A c];cn"' av 9“57/1{:15" wAay

to visit  all  elemeqts of 4 Colle ction.
I‘]-erq{'OrS he}P }o auelgee ivig Yeration b,Y
KEepiwj beack ofF neyt element to  visiT.
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The Iterator Interface

fAn Tterator models o Separste obvect  from a  collection

that y-’e\ds ['9,"‘“"5) eqcy  obgect i1 tve (ollection  2Yc<e dvn’Mj
its lifetime.

Two (Recl\.,:feJ) Medhods |

. boolean lhasNext() I ILs Were aa  elemeat  thet Nicu 't ye}
| heen yielde(j?

2. T ne_x‘l’() Retura the next \/Myc'euec) Q_)e./v)c,‘.’..
meric (or Yo § &Xlepf-lon)

geascic elevenl Hype

W OFten mModeled a5 inner classes of collecon class.
(ORFCI'.S 9004 Q(LESS angd emcquulq-l-ion)
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Jo

& Coding Demo: List Iterators
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Would it be appropriate to write a unit test that calls

next () 3times onan Iterator over a list with size 2?
Farl— of specs

’ 1 test with assert Thcowsl)

public interface <T>{
Yes @

No (B)

T next(); I'm not sure (C)




The Iterable Interface

Twe collection  cCless (i}selp) imP\emc 115 Yve Tterable
infer€ace to /‘onl‘i’ that 1 Cav tetura SN Tterator

over ts elemests.

One Methad .

I+efqi'or<T> ichQ"'or() ' Redqras ” wnew
over tHiS collection

iterato -

*’L“P;””"/ body Just retuas a  cCoagfructel  cal
}o ity iaver iterater  clast,
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2 Coding Demo: Making Lists Iterable &
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Iterators from the Client Side

é )
/** Returns the # of occurrences of ‘key in ‘list’. */
static <T> int frequencyOf(T key, CS2110List<T> list)

int couwat =0,

Tierator<T> it = list. iterator ()

J% Losp tav: Lount = b of ‘key's Phat'it

while (it. wasNext()) § yiclded. ¥/
T elem = ;F. 'Jex'l'();

i{:(Q_leW), e¢t|44|5 (“ey)) { Cow-‘)""f'-ljj

return  Couat,

}

U J

CS 2110
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For both DAL aad SLL,

'.'}ern‘l'af‘S\S Vias Next() and
vext() wmetuodys

0(1) time.

VYua 19

= ?’eqflew'CVQF[)
was O(N) r(untime

aluays
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Enhanced For-Loops

L°°p-5 Vwinj Tterator{T>5 oglmost always follovw Same

pattera. any Tierable

Tterator LTy it = -.'J“r#or()l' for (T elem . v )¢
while (i, has Next()) §
T = it vext() —= /| do 5omethia
elem = r, X J o e
l/ do 5ometbiag aith elem 3
J
3
J-”N‘\ oFcer.S Sloe,cf'ql 'leandceo\ (_‘o‘_ 'aopﬂ 5}"’) qu
tvaf O)qi'oMal"'iC‘\ll\/ dges tHais be\'\'md +he 5Ce/)e$,
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Suppose list contains [1,-2,-3,4,-5] atthe start
of this code block. What will be its size at the end?

for (Integer i : list) {
if (i <0){ list.delete(i); } 5 (A)
}

Dynanmic Arca yL: 3]-(1.14’“-) Taleger ]

- 3
Size . o] 11 (1 [3) (4] [s]
J 1 5' K b t ‘ 4 (C)
ta the cents, el 0
beb ’ DAL Ieratfor with ]\,.:.szz
i} S sndex: ) cless objects S (D)




Concurrent Modification

An iterator caly  guacen fees Yo yield each element
of a colleckion exacHy ovce 45 long as the  colle, tion
s wot wodified during its  lifetime,

1 ’ | ‘
>t (Oﬂ(qrrgqi‘“ /v)pJ."f.‘cq}‘Oﬂ.S CAa  Mggg w1h 1f¢f4‘}0r5 state
re P“’Seﬂf‘ afion / inuqriants (ud cavse vmexpedeJ beYhaviors)

Don't  modify 2 colleckion within an  evhaqced for—loap

———

over its elemeats!

(Swper Common sowfce OF bu S,’)
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Updates During Iteration

list.set(i, list.get(i) + 1);
}
}

\

public static void incrementAll(CS2110List<Integer> list) {
for (inti=0;i< list.size(); i++) {

30()\]) work pec iferakon
For SLL = O(N?) rualime

Wil itefaters  Welp

hWere?

- No Jterators y:elj {he elewenis %¢M9e1ue5J which deesylf
J

Prou?c‘c a Aoy

(we'd 1eed

Yo WMJ"F)' tve colle ction -

refereagg Yo the Node gdiect to fe—155i99

its data feld byl ik vould  bresk OnC$p$h|q+"ﬂ)

New idea. Ask colleckoy o do wwed:ficakons For WG,
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The Iteratee Pattern

I~ the iteratee pattern = tue clicat  specifes a
be haior for @ collection 1O PQr'Porm on eqeh

of its elomeats 'beuiad the  scenes” during  an

‘terqtion.

E ¥ ”Hey lisk ~ cam you  pledse add 1 to edch
o J W\
of \jau,r elem eaqts,

HD(/J dJo we ”qus\\ thi s bchav;or‘?
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Functional Interfaces

A {wnc-}.‘onal i/){'@ff“fe 15 0)07 interface v th exac{l7

*
ong method.
(? é Ffl-\c'}'cl ‘o 4440"'0*6 with @ ]:V)nc*{-:ozgca, Tuter .@QCe
= Y] .

b cceite obiects
(ca” e owe wvethod I've promised
+o def:né)

Tn the iterdtee PoHem, we 'L/Pl‘(‘l”f faf‘q"'\qci-af"ze,
i"'l"'l‘ V"l” Pef"Fol'M }ve ,'f-e{q{-ioeq oV a

Tdea: Lets that  Tepreseat

LWehayiors

the wmethed
fonydional iaterface ‘I'\/pc.

March 10, 2026
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2, Coding Demo: lteratee Pattern =
Bij Tdeas’

fan choaal ivterface

Me‘}‘qod '}\'\9} ]4erq+e$ ouer elem enfj
tnperfoce  mMethod  on  eich

) Declare o

2) Write collection
aad callg 'Ghnd-to""

3) Wette a  eltss waplemeating We  fau toaa) iaterfice

Juat  encepsslades e desiced  beuavior
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Lambda Expressions

A mole con veaeqt Syﬂi‘qx ‘Fot‘ iﬂs-}q,,-[.'Q’r.'nj G functoaq

mterface. s e e s
(qumc‘)er5> —> fﬂqe}\mé bon? o wurife cliss for qs)

behind e Scenes
ligt, +ransform All ((In‘l'eJeF x)—) { return X'H}?)

Even SEMP(e“ Sy.ol-onx'.

PLV‘ ameter %,paj Can be i-vferf&cl

lish, eansform All (X => § return %x+1,3)
Refurv  can be taferced

list, Yransform All (x -S> x+1)
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Lambda Expressions: Behind the Scenes

liS'l'. }rangform A\I(X -7 X"']) // HOU Aoe5 tyis Jorl 7

@JQVOI looks ot Jranstorm AN() S?jnq}"’e 92d Sees
Transfee mqtion LT 18 quﬁf‘ve‘}ef +~,pe‘

@ (7848/‘.'6 ‘lrpe T was Im’re7gr $rom

@ Since Trinsfermgtion 15 4 fonctiongl
'Mplemeatng it IS cipafed beliad the  Sceaes.
@ The CLlasy Wmysl  contain 4 Lognsfor m() method
'\ a9 Ivnftyef ,ovnﬂ"\,ef"“ X.

@ We «¢an ﬂ-—»‘i’ﬂ"v\qba)( )(/ 0}0’0[
aq Tateger o ed=02 feom
©3am cally coasitacter of wew class aad passes cefeeqce irto ‘}Mas{aml\ll()_

list declaration.
catecface , @ cliss

twat  feues

) and auto- ox the Guwm i1to
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Use a call to transformAll () with a lambda expression to achieve an
O(N) runtime.

Recall: Our previous censor( ) implementation had an O(N?) runtime.

static void censor(CS2110List<String> lyrics, String word) {
lyrics.transformAll(

} S =2 S_Q_?’uq‘scvh)fd) z "m*“

\

5




Main Takeaway: The Power of Interfaces

TOA“Y, we Sauw  tvo Fla(as where (alecfaces enabled
Poue(rnl new TJava |q47\4¢a?e, feafures,
| Em\qwced For-'LooPs

I+crab(e obse cts cav alLays
‘MSNe)d'() aad -q&ﬁ() wethod s ‘[‘141’ let “5 (oop Sver

o collection

PfoV?JC Tierators with

2 Law bda Expre..ssJoﬂS
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