Exam Reminders

Prelim 1is Tonight!

Early Exam: 5:30-7:00, Olin Hall 155
Main Exam: 7:30-9:00, Olin Hall 255 (Last Names A-J) and 155 (Last Names K-Z)

Bring your Cornell ID Card and a couple writing utensils (pencils, erasers, pens)
Exam is closed-book

More information and review materials linked on website / Ed

No OHs tomorrow because of exam grading.

You've learned a lot so far! Time to show it off!
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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. ldentify and define functional interfaces and implement them
using lambda expressions.
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frequencyOf () on Lists

Mo‘li;;es our eqr(ier‘ (" )
(.‘rea[v,ea ¢y of () definition in static <T> int frequencyOf(T key, CS2110List<T> list) {
tuo ways. inti=0;

int count = 0;

while (i < list.size()) {
if (list.get(i).equals(key)) {
count++;

2 TakKes in C52)10List }
instead of arfay, }

% ;n{-e(‘FQ(Q ‘|‘~/PQ
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Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

What is the runtime complexity of frequencyOf ()
for our CS2110List implementations?

N= list size()
while (i < list.size()) { O(N) itecations DAL:O(N) SLL:O(N) (A)
if (list.get(i).equals(key)) { count++; }
H+; O(N) for SLL 2
y 00) for DAL, v DAL: O(N) SLL:O(N?) @

DAL = DynamicArraylList DAL: O(N2) SLL:O(N) (C)
SLL=SinglylLinkedList

DAL: O(N?) SLL:o(N?) (D)



Motivating Iterators

For data gtructarles +hat o’onq' OF'Fef‘ a random Q(cess
3wt\l‘qn+ee, \oopmj over Yheir elewmeats can  be exXpensive

V) .
SLL: On the clieat Size | € lose our p\qce’ ofter each

ger() ol | need Yo reScan fFrom head each time

We'd like to Pmu:clq, A c];c/:']' av 9057/F15} wAay

Fo visit  all elemeqts of a colle ction,
Tterafors he)P to ovelgee thvis i teration by
Keeping baek of eyt elemest to  Visit:
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The Iterator Interface

Av\ ]:+erq+o(‘ modely o 58101‘4"6 obdeci fcov a L‘o“edion

']"'19" y.’e\ds [fe,'ﬁ“ﬂb) 846\, ob‘;ecf- "1 f‘,e [o”cc}.'ofl 3’\’_&6 dwrfﬂj
its lifetime.

Tuwo (Reel»,:rel) Medhods
‘/M.SNQ)H'().' Is Nere an elcmeﬂ' that  Wogy 4 ),e}.
heew y;e‘dea?

. boslean

2. T oaext() . Reburn  the next uvyielded element

\ O g g
geascic ele~veat Hype

Y Often modeled a5  inner classes of collection class.
(oRfers 9ood access +ad encapgylation)
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Jo

& Coding Demo: List Iterators
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The Iterable Interface

The collection cliss (itself) implemeats  the  Tierasle
interface to /‘Gpol‘i’ that it canm retura  an Lierdador

over ts e |eMe41‘S,

One Method .

Tterator K T> iterator () | Reduras 2 2e&S iterato -
over this collection

'*"'qpic‘\”t// body Just retuas o  cCoagfructel  cal
$o ity iMver iterater  clast,
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2 Coding Demo: Making Lists Iterable &
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Iterators from the Client Side

(/**.Retur/jls the # of occurrences of ‘/<ey‘i.n list . .*/\ For both DAL and SLI,)
static <T> int frequencyOf(T key, CS2110List<T> list) ;
{ tecators’  \uo Next() and
int Covmi“‘O/. . . vext() methods V1 9
Dierator<TY it = lish iterater0; - 0
/* ]_o'p tgV Lovat = Kk O‘F ‘key‘s )’l‘lh" it
while (it wasNext()) } his yiclded. kf
T elem = i} next(); > {reqrency 0F[)  aluays
if (elem. e‘t”"ls (Key)) 7 Cow-')',’-l--f)} Was O(N) (untime
retura  Couat,
%
CS 2110
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Enhanced For-Loops

Loops vwi-nj Iterater{T> olmost always follovw Same

Pq{-‘l‘erc’): any I-}era)b\e

Tterator £TY it = ,]+er4‘|'°r(); x/
while (it.haes Next()) ¢ :

T elem = it next()) / JO.MMQ%"'

with  elem

// do 50mething with  elem
3 . for €1¢h  elem in "
TJava offers Sloac:fal "enbanced ('\o/‘—loapﬂ 5}1") For x
twat auto madicaily does this bebind fhe  Sceqes,
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Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

Suppose list contains [1,-2,-3,4,-5] atthe start
of this code block. What will be its size atthe end?

for (Integer i : list) {

}

if (i <0){ list.delete(i); } 5

(A)

(B)
(C)

(D)



Poll Everywhere

PollEv.com/2110fa25 text 2110£fa25 to 22333

Suppose list contains [1,-2,-3,4,-5] atthe start
of this code block. What will be its size atthe end?

for (Integer i : list) {

if (i<0){ list.delete(i); } 2 (A)
}
Dynanic Arcay L: sH{Taegerd _ Tategerl] 3 (B)
list S‘lo"ﬂ"e.: 3 | [-2{-3[4Y]-5 J
Size . I3 () f3) (4] [s] 4 (C)
(Lc\md the Sceaes, DAL T} era for *uﬁ:\:"]w;(;ﬁfz
3 — o den Jj class objects ) (D)




Concurrent Modification

An iterator 9aly  guaceadces  to  yield  each ele veat
of a collection exactly ovce 15 long a5 the  colle, tion
' wol woed:fied dwh‘w) its |ifetime,

1 . ' .
> (ovjeqrrg.qi'“ Mod:ficadlons  caq megs w i1h iYeretor s state
reP“Seﬂf@f-"on / jnquariants (ud cause vmexpec.feJ beYhaviors)

Don't  modify a collection within an evhaaed for—loﬂp

—

over its elemeats!

(Swper' Common sowfce O'F bu 3 ’l)
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Iteration with Modification

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

.

~

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

Wil iterators  Velp

YWere?

- No JIterators y:ell e elemeals
’ to wodify  tue  collection -

P(o v.de ..Jay

(we'd 1eed -

300\1) work per iferakon
for SLL = O(N?) rualime

%¢m921ue5J which doesy IF

referearg Yo tue  Node gdiect to e —155i9y

its data  Feld byl tud viould
NQH \‘qu" A,Sk CO)IQC"':O‘I '}0 da V\qu,‘fﬁchaq‘}- Fo,- \45'

bresk eunceps Ylation)
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The Iteratee Pattern

I~ the iteratee pQ‘l"}erf)j Jue clieat Specifies  some
be houiors that g collec o Will perferm on

—_—

\

eqch O‘F ;1'5 Q‘OMQ/)-I-} ‘,be\q:f)ol Moo 5(_@055” dht‘.q\?

v iteration.

Ex. Hey [lisk —cam gom plesse  add 1 to eich

of Your elem eats.

HD(/J dJo we quSS thi s \06%4\/70(\?.
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Functional Interfaces

A Suntional intecfece i5 any  iaterface  wvith exactly

one™ method.

(? é r?fqr;}'ct '['o q/MOffq‘l'e Wfﬂ') @ l:vmc+o'049, Iw{-e/ .@qu
= 00 v

Tdeo, Lets ws  credte oblects that  lepreseaf

Vehaviors  (call the ome wmeftod  Ilve  promised
-l-o dZ‘FFﬂQ)

Tn tue iterttee PQHem, we 'Hpu‘ctﬂlf qu‘q"\,,c-]—@/‘;ZQ
Ve .N)e{""oJ }"H'l‘ h FeF'Fol’M }Yve ,'f-e[q{iom ov a

fangdional iaterfare type.

CS 2110 Lecture 14: Iterating over Data Structures October 9, 2025



2 Coding Demo: Iteratee Pattern e
Biﬁ Tdeas’

Fanchional interface

Ne‘}‘ﬁocj '}\'\9} derates over elemenfj
:’l+¢f€° ct Me'ﬂ"ﬂd o eq;h

) Declare a

2) Write collection
and callg funcponal

3) Weite a  cltss wplementing Fe o bivna) interface

Juat  encepssledes e desiced  beuavior
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Lambda Expressions

A- mole con \lem‘e-oi' $y0+°lx -Fgr iﬂs-l-qn{.'wl'.'nj G fumctoa 9)

interface. (:MM can use 14is
Yo urife cliss for us
(quWt‘)e"ﬁ ) —2> i me thod bon; behind e Scenes, )

list, ¥ransform All ((Ither x)—> { return XH}?)

Even SEMP(eF Sy.ol-ax:

Par ameter 1qpes (a9 be iaferred

|35+. }cangform All <X -> g return )(-H}s)
Re{'u"") cen be c‘n'F‘;rrcC]
ligt, +ransform All (x - x+l)

CS 2110 Lecture 14: lterating over Data Structures October 9, 2025



Lambda Expressions: Behind the Scenes

IIS'I'. '}fﬂfl 5‘Fof'm A”(X -2 X+]> // Hou da{s '|'\1¢'5 J orl/( 7

0 Java looks ab HrtasfrmANL) signatwre and Sees
Transfee mation KTH 18 qut\ﬂve*'—' tqpe. |
@ Geaeric type T w9 Toteger $r0m  list declaration.
@ Since Trinsfecmqtion 15 4 Fanchiongl .‘4-}¢erch q cliss
1 Mplereatiny i+ ig  created beliad tue  Scenes.
@Tl«.e clasy Wuysd  contain 4 YeangFer m () method

V1 9 Iv\f'tyef' lao.rw\,e.f“‘ X .

@ We ¢an Outos —uabox X, odd
aq Tateger Jo cedatn  feom
@304“ cally coasieqctec of wev cless aad passes cetueqce iato ‘}tt\as{mmA”[).

twatl  taues

) aad nuto- box ue  gum iabo
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Exercise: Re-write censor()

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

s

static void censor(CS2110List<String> lyrics, String word) {
while(lyrics.contains(word)) {
lyrics.set(lyrics.indexOf(word), "****"),

}
}

\

Use a callto transformAll () with a lambda expression to achieve an O(N) runtime.

static void censor(CS2110List<String> lyrics, String word) {
+t0“$€o""’) All ( S =7 S.QGL\AQ ‘5 (»Jofd} 7 " xeex" S )J

}
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Main Takeaway: The Power of Interfaces

Tko/, we Sa Ul ‘}-—lo FIQ(QS Wwhere i/lferches enabled
Fouerfnl new TJavag |447\447e. feqbures,
. Ew"lwced For-'LooPg

I'l'e,rab[e obse ks cam alJvays
wag Next() sad aextl)  wetvods Yyt let M5 loop  over

o collection

P’O";JC Tie rators w:th

7. Lambda Expressions

Siace Lanctronal nterfaces -
inber Cace +~{P€6 a4 quaMc'lerS ICB clieuts “SCPJbe

actions ity Simplec syatax , Java 1afers  the et

include  o7re Mmethod, “5iag Jhese
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