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static <T> int frequencyOf(T key, CS2110List<T> list) {
int count = 0;
for (int i = 0; i < list.size(); i++) { O(N) itecationg
if (list.get(i).equals(key)) { count++; }
} e

return count; Q1)  for DALJ O(N) for SLL

by

\.

DAL =DynamicArraylList
SLL=SinglylLinkedlList

N = list. size()

What is the runtime of frequencyOf () forour CS2110Lists?

DAL: O(N) SLL: O(N) (A) DAL: O(N?)

DAL: O(N) SLL: O(N?) (B) DpALoW?)

SLL: O(N) (C)

SLL: O(N?) (D)
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Today's Learning Outcomes

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

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

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

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

Looping over data structures that don't offer a random access guarantee
can be expensive.

) N
SLL. On the clieat size , € lose  our p\qfe) afler each

j et L) (,“” ) need ‘]’o feScan '('\I‘o/q loe.”\ eq Y 'H"’le_

We'd live to provide @ cheat av  ewsy /st way

‘J‘O \/;5;"' Q” Qleme.q-!-‘j op a C.O”eé']';on.

Tterafers he)P lo ovefsee tuis iteration by
Keepiw] beaek of eyt element to  visit
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The Iterator Interface

An Iterator<T> models a separate object from a collection that yields
(returns) each element of the collection once during its lifetime.

Two (Required) Methods:

. booleaw \asNext() - Ls Were an  elemeat Fhat hisu 't yet
‘ o heen y?el,_{e,;_?
o T next() . Return the next unyie lded element

(or Ywcow $ e.XlepFO/I)

¥ Often modeled a5 inmmer classes of  collecon class.
(oRfers 9000( A(Less ang ewcups(,,IQ'l'iOV))
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Jo

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

next () 3times on an Iterator over a list with size 2?

7

public interface Iterator<T> {
1A s

/*x Returns the next element in the iteration.
* Throws a "NoSuchElementException if
* the iteration has no more elements. */
T next();
I

\,

Far¥ of specs
fest by assert Throwsl)

Yes @
No (B)

I'm not sure (C)



The Iterable Interface

A collection class (itself) implements the Iterable<T> interface to report
that it can return an Iterator over its elements.

One (Required) Method:

Tterator < T> iterator () | Reduras 2 e iterato -

over TS collection

W ']’qp}cl\”t// bo&y ,jw[;]’ refurns gl Coagf Cuctol Cdll
}, ity imer iterster  (lasy
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2 Coding Demo: Making Lists Iterable &
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Iterators from the Client Side

r

static <T> int frequencyOf(T key, CS2110List<T> list) {
in} Covat = O}.
Tierator <TY it = list. iterator ();

)% Llosp inu’ Lounl = Kk of ‘ley's oot 'it' yiclded. x/
while (it wasNext()) ¢

T elem = it next()’

if (elem,e:tvmls (ue,y)) fCom-}-{--c—ﬁ

§

return  Cowuat,

/** Returns the # of occurrences of "key in "list . */

For both DAL)SLL
'.'}era‘l'af‘S\s Vins Next()

and wext() Methods
vua t9 Q1) time.

=
-r(e?lvtency of [) alw075
was O(N) runtime
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Enhanced For-Loops

Loops using Iterator<T>s almost always following the same pattern:

Java offers a special "enhanced for loop" syntax that automatically

takes care of this behind the scenes.
ary Lterable

\

Iterator<T> it = .iterator(); {:or (T elem | )g
while (it.hasNext()) {

T elem = it.next(); — // Jo S5omethiag

// do something with elem with 6)0"0
¥

A1}

l .
’{‘,,— e1ch  elem in
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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); }

+ 2 (A)
Dynanmic Arcay L:sl-(I-‘u,cr) Taleger L] 3
size . 0] T () () O] [s)
O 3 0 4 (C)
S Scenes,, * beln lo
pebind the Sce DAL T4 era for w““’ JVZP);I"Z
it % index, J cless objects 5 (D)




Concurrent Modification

An iterator only guarantees to yield each element of a collection exactly
once as long as the collection is not modified during the iterator's lifetime.

1" . ' ‘
> (ovu\;,rreqi'“ Modificadions  can g with  iferetors state
Cepreseafation / invariants  (aad cavse vaexpected beYhaviors)

Don'{— moJ.'f'\y a colle ction withia  an evhaq,ed for—l"o'o

——————

over its elements!

éswper Common sowfce oF ijS .I)
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Updates During lteration

What is the runtime of this method?

( \

/*% Adds 1 to each Integer in " list . x/
public static void incrementAl1(CS2110List<Integer> list) {

for (int i = 0; i < list.size(); i++) {
list.set(i, list.get(i) + 1); 3 D(N) work per fleration

} For SLL = O(N?)|rwalime

b

Will iterators help here? | , ’
- No/ Tterators y:e,lJ the elemenis themgelves , whech se5¢ If

‘orouiéc a ._Jay o WMJ;F)' Yue Colle c¥i09 -

(we'd veed 2 referea;g Yo e Node gyiect to e -155i9u
its data Feld  bub  tut ould  bresk encapsylation)

New idea’. Ask colleckoy o do wwed.ficakons For G,
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The lteratee Pattern

In the iteratee pattern, the client specifies a behavior for a collection to
perform on each of its elements "behind the scenes" during an iteration.

E ”Hey list ~ cam you  pledse add 1 teo edch
o J W\
OF yav)f eléﬁ’le-’lf's,

Hos do e ”qug“ thi s behavior €
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Functional Interfaces

= an interface with exactly one* method.

It's a good programming practice to annotate these with @FunctionalInterface.

Tdea: Lets ws  credte obJects fhat  lepreseat

Lehaviors (C,‘” e owe wvetiod I've PIOM'".SeJ
to define)

T tue iterttee  pattern, Ve g pically parameterize
Ve e thed thaet A Feffofm }ve [Fecafloar owm a

-f«m;-]-.‘oml iaterface ‘I’ypc
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Jo

& Coding Demo: lteratee Pattern

Big Ideas:
1. Declare a functional interface type (or use one provided by Java)
2. Write a collection method that iterates over elements and calls

functional interface method on each.
3. Write a class implementing the functional interface that encapsulates
the desired behavior.

Lecture 14: Iterating over Data Structures October 8, 2026 17

CS 2110




Lambda Expressions

= a more convenient syntax for instantiating a functional interface.

tuis
Java can Mse
(qumt‘)'e'S) —> i Me*‘wJ LOJ)’; -h)al urife ¢liss  for us)

belLiad e Sceqes

lish, Heanstorm All ((Tateger x) =7 § retern x+133)
Even 5?/'1'0(6“ Sy/)l-m::

Par ameter 7‘-,;»31 a9 be inferred

list, ransform All (X => § retern %x+1,3)
Re\[“"’) cin be ""'FC""Cd
list, $ransform All <x -> XH)
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Lambda Expressions: Behind the Scenes

How does the call 1ist.transformAll(x -> x + 1) actually work?

@ Java looks at $ransterm ANC) s.‘]nq%v'e 41d Sees
Transfoe mqbion LT 18 par ameter +~,pe‘ |
@ Ge"er;C 4’7’?\‘—’ T s Im’re7er Lr0m list declaration.
(3 Siace Trinsfeemation i5 A fonchiongl iaterface, a clss
\""Iplem:oihj S N creqted beliad tue Scenas.
@The Clasy Wuysd  coatain 4 YraagFor m () metod
Vg9 Ivaftjef ,oqrw\,ef"‘ X.

@ WB Zan t\-—ﬂl’o—hqbox X/ O‘p’J ] A/:i) ﬁl,v)fo- boXx i'l'lf 9\;"‘0 '.4}0
a9 Tateger Jo relacn  from }raastor .

@3.,,,,. call_s CcoAs51tq chec o{: vweJ cI455 MJ P465¢-5 re‘f‘tlmce irto ‘}Mﬂs'\:om/\"u

twat  tfaukes
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Main Takeaway: The Power of Interfaces

Today, we saw two places where interfaces enabled powerful new Java
language features.

1. Enhanced for loops

lterable objects can always provide Iterators with hasNext () and
next () methods that we can use to loop over a collection.

2. Lambda Expressions

Since functional interfaces include one method, using these interface
types as parameters lets clients describe actions with simpler syntax;
Java infers the rest.
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