Poll Everywhere

PollEv.com/javabear text javabear to 22333

Which of the following are appropriate static type
declarations for c in the following code snippet?

1| int a = 7;

2 double b = 3.4; int, only (A)
3 c=a/2<b®?ai 2 xb;
" N
mn—’ o domvle double, only @
luh‘en
douile int or double (C)
_

Jouble neither will compile (D)
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Today's Learning Outcomes

4. Describe how Java stores and references objects in memory and how
references are aliased across method calls.

5. Use the Java documentation to locate a method for a desired behavior
and successfully incorporate that method into a program.

6. Draw a memory diagram that visualizes instantaneous state of one or
more objects.

7. Write Java programs involving arrays that utilize syntax for indexing and
array literals.

8. Write and execute code in Java that uses program arguments.
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Beyond Primitive Types

Recall: A type models a set of states (possible values) and behaviors
(ways to use its data).

Java's 8 primitive types store simple data (humbers, characters, true/false)

and are manipulated using built-in operators.

We need o iy fo mode|l mare Coqolol,‘cdco‘ data

CS{-n’nJSI °’""‘)’$, inpqt/oqipw{-J baak w[(g\‘..,{-_sl dota ‘S-](.ad'qf!.gj...)
A clasg f"o\“'JeS o Code blqepl‘iﬂ* for o non_Pt‘iM;{':"C +7Pe.

An o\o.jed‘ 1S an wstance of a wnon- FPIMH'J\IC ‘l'ype.
e, ——
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References and the Memory Heap

Non-primitive types are also called reference types.

In JaJda q_” obJ€c+$ cqre ﬁored i Mg Moly allocated

on the Mmemoly heogp (SCP“’M*e from the rcuapme bi—a;«)

grores the “eap mMemory address

A r\on-Pr‘-‘M:iNC variable

where  an ob}e ct of tuaf +7F6 1§ \ocated-
Ruwabme  Steik meMll7 HCqP
ua)ca for 5“_ f'i'l\’

squared for
variables easier
Memory  Alicess to
Ox 78AC Visurleze

e—
j r c-\u/ S. S+r.nj m
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Construction

= The process of allocating memory to build a new object according to its

class's "blueprint”. consteuctor methed nawme
matche S class

Scanner sCc = néew chnner( )J

Ao
Java keyword constiuctor metvod ql;ywncq'hs
Scanner \I
S¢. Scanaer |. $inds weap memory for object

2. calls  constractor 1o "set vp!' tue ob(jé’o"‘
3 "cetuns’ (evaluttss 1) o reference
to {Le vew ob)ﬂg'}'
5}"""\7 s = new 51‘!‘1‘27('%&[!0"):,

ol

S’triﬂj s = “Hello“"’e— Si-r:aj )iteral 5yn fay (5”5;4) for 51-»;,..’5)
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Instance Methods

Behaviors of reference types are modeled by instance methods, which are
defined in that type's class and called (or invoked) on an object.

class  String { s}r.ulj 5= "v,eno“'
: it i = 5 leagth () /5
it ]ewj“'\ﬂ()( }

gknoi- otatic metvod /T J\ \”'rjw%ﬂﬁ

oceet MeMber  instaace
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Some String Instance Methods

Documented in the Java 21 API:
http://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/lang/String.html

n 4]
. avabear
RETURN METHOD S Hrn = J
TYPE NAME/PARAMETERS DESCRIPTION + j S
5. char At( 3)
char charAt(int index) Returns the char value at the specified index. 'a‘
. ) 1)
. . Returns the index within this string of the first occurrence of the S.ia Jex o 'F ( a
int index0f(char c) -
specified character. )
S.le 4j“'\1 0
int length() Returns the length of this string. 8
. . Returns a string that is a substring of this string. The substring 5 sub 5'} [ IIJ [ l) S)
substring(int ) o .
Strin beainIndex. int begins at the specified beginIndex and extends to the character n b\\
g 9 ! atindex endIndex - 1. Thus, the length of the substring is ava
endIndex) .
endIndex - beginIndex.
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http://docs.oracle.com/en/java/javase/21/docs/api/java.base/java/lang/String.html

Poll Everywhere

PollEv.com/javabear text javabear to 22333

What will be printed by the following code snippet?

~ N

1 public static void main(String[] args) {
2 String str = "Abracadabra";

3 int pos = str.index0f('a');

4 str = str.substring(0,pos);
5

6

System.out.print(str);
I




Poll Everywhere
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public static void main(String[] args) {
String str = "Abracadabra";
int pos = str.index0f('a');
str = str.substring(0,pos);
System.out.print(str);

Is

o Ul A WIN =

Memory Heap

S-I-rinj

Runtime Stack

args: Striag [1 [ o

'moliﬂ(,) ste- 5*:‘5/:7

pos. int 3

this memory
will be

reclaimed by

jqrbltoe
collector



Reference Semantics

The value of areference type variable is a reference (i.e., an arrow).

Reassigning the variable changes the arrow (to point to a different object).

String

alias refereace "goodbye"

/ 5{-”43

( N\ " \

String s1 = "hello"; sl N 5-}043 ‘ne“o
String s2 = sl;

sl = "goodbye"; 57", 5"”"3 ~
System.out.print(s2);

. v

S W N B
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Reference Type Parameters

In Java, the values of all arguments in a method call are copied into the
corresponding parameter entries of the new call frame.

] . "
P‘\SS b7 \)‘llHe Se/"qul‘l':CS R\A'D'}""’C Stack \ Mev\'.r7 HCQP
1 void printHead(String s, int 1) { 5:5"';"3
2 System.out.print(s.substring(0, 1)); Fr:m‘Hqul) 17 it
3
4 ' : S’rﬁ"j
5 public static void main(String[] args) { quS'SH;UUE "computer”
6 Strir{g mers]sage = "computer"; muin(-) mess-‘,c'.s{nv E_
7 int length = 4; ‘ C
€ ,’". Nt
8 printHead(message, length); J
9 }
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Poll Everywhere
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What will be printed by the following code snippet?

\

1 static void pluralize(String str) {

2 Str = st + =g

3} fox (A)
4

5 public static void main(String[] args) {

6 String animal = "fox"; foxs (E;)
7 pluralize(animal);

8 System.out.print(animal);

9 3} foxes (C)

animal (D)
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What will be printed by the following code snippet?

static void pluralize(String str) {
str = str + "s"; Runtime Stack Memory Heap
L"\/\J - mnll.es

} con(ﬁ"e’l’.l:o

, ned s_'\'f"'\). 5"”%3
public static void main(String[] args) {
pluralize(animal); P :

System.out.print(animal);
}

qu_(: Siriﬂj C}E
a0 | ol string [

-

A Dy
O 0 N O U B W N =

S'l'""J




hull

= a keyword in Java that is a special value for every reference type. It
indicates the absence of a reference.

Steing 5= vl 5. String =

Trying to invoke an instance method on a null target will cause a

NullPointerException at runtime. ~
% not cawght by compiler
% need Yo be Very careful  (hea variavleg
might be oul|
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Arrays

= simple data structures that consist of a fixed number of sequentially
numbered cells that store elements of a particular type.

int []
arc - intL1 | 2 [731s Telo [-2)
o~ EREESESESEED)

accay of int$

0 reqth - ] ]
| poreatheseg lea gty is o Ffeld
arr, \cnj\'l\ = 61 of He arfay, wot «.’7” method

Cmore on {4;
acfays are a refereqce ‘type "~ " TS Seom)

array cells can 5+ol‘e 91y Pr.‘m.‘fo'\fc oC <cefereqce '}y,oe
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Array Initialization and Array Literals

When you construct an array, you must specify its length

intL3) arr = vew nt [é]J
O for Pc;n-,;{ive Aameric( 4ypeg
Cells are initially filled with default value false €or booleqn

o wall  for refereace 47P35

M‘l‘[l aqcc = eV 'm+[] {7"%*5/6/0/’23).

oc at[] acr= {7}/5/@0, -23}'
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Array Indexing

To access the entries of an array, use square brackets with the index inside.

This syntax works on both sides of an assignment statement.

int1)
yiadices skt fom 0 —
arr. | 3 %5'""’ Xg’
] ] [l 03 a3 (3
mt 1= oarc[2] ) itint 5 , fwe comtemts of (ol (o]
, of arc
arc [1] = S, ] write inte [)'st ceh of acr
acc[acc[0]] = arc[1])
3
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Exercise

Finish drawing the memory diagram for the following code snippet:

1 String[] words = new String[6];
2 words[0] = "the"; M H
3 words[1] = "cat"; emory Heap
4 words[2] = "ate";
5 words[3] = words[0];
6 words[4] = "sandwich";

Runtime Stack

words: String]]

CS 2110 Lecture 2: Reference Types August 27,2026 19
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How many objects are allocated on the heap by this code?

1 String[] words = new String[6]; Memory Heap
2 words[0] = "the"; Gl Sycing Shein
3 words[1] = "cat";
5 "ate" " " 4 (A)
4 words[2] = "ate"; a gaadwich
5 words[3] = words[0];
6 words[4] = "sandwich";
\ 1 G 1] 5
Runtime Stack 1! 717 /)
1 Y )
SR SRR 6 (C)

words: String[] —t [
7 (D)

S¥ring




Multi-Dimensional Arrays

= array of arrays outer 5Size inner Size
\

I Z
[1 int[1[] nums2D = new int[2]1[3]; J

untime Stac emory Hea 3 ‘15 a 3 ' v I +e J
Runtime Stack Memory H peqc“' cel 0*0 an iatL] MJ ces ¢ m’““
atl ;
int[1(] / re(e“ int[] ]e‘F.,- = 5
nums2D: int [] [] { 6 0 0 j nuM.S 21)['] [OJ s 6 .
o\ [1 o1, [ 2 J

int[] nums 2D [0] = new ""+[2]}'

0 0 0
[o] [1] [2]
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Program Arguments

Recall: The main() method serves as the entry point for a Java program.
walic static  Noid  main (‘Sf @9 atgsL]) {
— <

3 P"’\?"“" Qr\quenfs

-— Pq}seA i'\*o 30!04 W\',e") We 1&“ :" V\)‘ﬂi&“) Fl‘o(j{‘qm +° (vn

' ts twped on CaMmdﬂJ live
often" Sptnc—-se‘aqfq’fgd 'Sh'v qf‘jw\')en ¢

015 Weau (see dewo +

Fqurat:
CoNT:g TafeliT 3.,,;43)

Tajelliy; et in fu2
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Jo

& Coding Demo: Echo Program
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