Java
ArraylList, HashMap






Let's Talk About Memory

e R
andom Access Memory (RAM)
e A
ccess any value by index
Effectively, a giant array
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Let's Talk About Memory

e QOperating System (OS) Stack Memory
controls memory

<Used by another program>

e On program start, OS
allocates a section of <Our Program Memory>

memory for our program <Our Program Memory>

_ <Our Program Memory>
e (ives access to a range of

PR <Our Program Memory>
memory addresses/indices

<Our Program Memory>
<Our Program Memory>

- <Our Program Memory>
<Our Program Memory>

<Our Program Memory>

<Our Program Memory>

<Our Program Memory>

330 Ui <Used by another program>




Stack Memory

 Fixed section of memory used to store variables
and stack frames

e One continuous section of RAM

e LIFO - Last In First Out
e New values are added to the end of the stack

e Only frames at the end of the stack can be
removed



Heap Memory

 ArrayLists and HashMaps will be stored in heap memory

e Heap memory is dynamic

e We can "ask" the OS/JVM for more heap space as needed
e Heap memory can be anywhere in RAM

e | ocation is not important

| ocation can change
» Use references to find data

e Variables only store references to values in the heap



ArrayList



Java - ArrayList

package week2; ® Slml|al' tO
import java.util.ArraylList;

public class ArraylListl { . I—ISt In PythOn

public static int sum(ArrayList<Integer> arrIn) {
int out = 0;

for (int x=0; x<arrIn.size(); x++) o ® Array |n JavaSCrlpt

out += arrIn.get(x);
I3

return out;

}

public static void main(String[] args) { :
ArrayList<Integer> arrl = new ArraylList<>(); @ Sequent|a| data StFUCture
for (int x=0; x<4; x++) {
arrl.add(10-x);

éystem.out.println(arrl); 2 Order matterS

ArrayList<Integer> arr2 = arrl,
System.out.println(arr2);

int total = sum(arrl);
System.out.println("total: " + total);

* \alues indexed starting at O



Java - ArrayList

package week2; e ArrayList is built-in with Java

import java.util.ArraylList;

e However, It Is not automatically
public class ArrayListl {

public static int sum(ArrayList<Integer> arrIn) A ava”able
int out = 0;
for (int x=0; x<arrIn.size():; x++) {

, out += arrIn.get(x); . Un“ke String, int, dOUble, etC.

return out;

}

public static void main(Stringl[] args) { : :
ArrayList<Integer> arrl = new ArrayList<>(); ® MUSt ImpOrt ArrayL|St
for (int x=0; x<4; x++) {
arrl.add(10-x);

} e [he ArraylList class is in the

System.out.println(arrl);

ArrayList<Integer> arr2 = arrl; java_UtiI paCkage

System.out.println(arr2);
int total = sum(arrl);

System.out.println("total: " + total); Q@ |mporting makes the C|aSS
avallable in your code




Java - ArrayList

package week?; e Use the "new" keyword to create a
import java.util.ArrayList; new Arrayl—|3t

public class ArraylListl { o MUSt have <> Wthh iS a type

public static int sum(ArrayList<Integer> arrIn) {

int out = 0; '
for (int x=0; x<arrIn.size(); x++) { parameter IISt
out += arrIn.get(x);

) e Can also have <lInteger> in this

return out;

} example

public static void main(String[] args : :
ArraylList<Integer> arrl = |new ArraylList<>()|; e Must have () which is an empty

for (int x=0:; x<4: x++) {

arrl.add(10-x); argument list
}

System.out.println(arrl);

ArrayList<Integers arr2 = arri: e [his calls the classes constructor

System.out.println(arr2): '

iht total = sum(arrl) s method and returns an object
System.out.println("total: " + total); : :

e Much more detail to come Iin week 4




Java - ArrayList

package week2; e An ArrayList variable should
import java.util.ArraylList; have ) type parameter |n <>

public class ArrayListl {
public static int sum(ArrayList<Integer> arrIn) {

int out = 0;  This ArrayList has a type

for (int x=0; x<arrIn.size():; x++) {

y  OUT e arrin.getia: parameter of Integer

return out;

}

e \We say this Is an "ArrayList

public static void main(String[] args) {
ArrayList<Integer>|arrl = new ArrayList<>(); |
for (int x=0; x<4; x++) { Of |ﬂtegerS
arrl.add(10-x);

} . :
System.out.println(arrl); O Th|S ArrayL|St can Only ever

ArrayList<Integer> arr2 = arrl,
System.out.println(arr2);

int total = sum(arrl); StOre |ﬂtegerS

System.out.println("total: " + total);




Java - ArrayList

package week2; * [he type parameter has to
import java.util.ArraylList; be 2] CIaSS

public class ArrayListl {
public static int sum(ArrayList<Integer> arrIn) {
int out = 0;
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);

| Leturn outs e Class types start with capital
public static void main(String[] args) { Ietters
?(JES ? new ArrayList<>();
} arrl.add(10-x) e You cannot create an
System.outprintin(arrd)i s ArrayList of ints

System.out.println(arr2);
int total = sum(arrl);
System.out.println("total: " + total);




Java - ArrayList

package week2; * Int &= Integer

import java.util.ArraylList; ® dOuble ~ DOUble

public class ArrayListl {
public static int sum(ArrayList<Integer> arrIn) { e boolean = Boolean
int out = 0,
for (int x=0; x<arrIn.size(); x++) {

out += arrin.get(x): e Use the class equivalents for our
’ primitive (starts with lowercase letter)

return out;

} types

public static void main(String[] args) {

[ArrayList<Integer>|arrl = new ArraylList<s(); e [In most cases] Java will automatically
for (int x=0; x<4; x++) {

arrl.add(10-x); convert between the two

}
System.out.println(arrl); e Conversion is called auto-boxing

ArrayList<Integer> arr2 = arrl,
System.out.println(arr2);

int total = sum(arrl); » We'll always use the primitive types
System.out.println("total: " + total); ;
unless we must use the class equivalent




Java - ArrayList

package week2; e Call the add method to insert a
import java.util.ArrayList; Value at the end Of the

public class ArrayListl { .
public static int sum(ArrayList<Integer> arrIn) { ArrayL|St
int out = 0;
for (int x=0; x<arrIn.size():; x++) {
out += arrInlget|x);

}

return out;

/ e Call get with an index to
public static void main(String[] args) {

ArrayList<Integer> arrl = new ArrayList<>(); retrleve that Value at that IndeX

for (int x=0:; x<4: x++) {

arrl/add|(10-x); |
éystem.out.println(arrl); . use [Index] tO dCCeSS

ArrayList<Integer> arr2 = arrl,

Systen.out.println(arr2); a value in an ArrayList

int total = sum(arrl);
System.out.println("total: " + total);







Name

Global Variables

Stack Frames

arrin

out

Stack

Value

Create Global Variable

34 & Cross out

0x002 & Cross out

34 £ Cross out

“ Cross out

B
0«

Uncross out this codeblock

Create Stack Frame

Heap

ArraylList

No parent

& Cross out

0a

06

06«

v

“ Cross out

© Cross out

“ Cross out

Create Heap Object

[10, 9, 8, 7]
[10, 9, 8, 7]

total: 34

10

Create 10 Line

X
X
X
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package week2; Stack
import java.util.ArraylList; VEINE Value

Heap

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {

arrl.add(10-x);
}
System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);
int total = sum(arrl);
System.out.println("total: " + total);

in/out

e |t all starts the same

e |t will quickly become very different



package week2; Stack

import java.util.ArraylList; VEINE Value

Heap

public class ArraylListl {
public static int sum(ArrayList<Integer> arrIn) { Eirr1
int out = 0;
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) A
:é§>>ArrayList<Integer> arrl = new ArraylList<>();

for (int x=0: x<4: x++) {
arrl.add(10-x);

! in/out

System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);

int total = sum(arrl);
System.out.println("total: " + total);

* We create an ArrayLlist

 ArrayLlists go in the heap!



package week2; Stack

import java.util.ArraylList; VEINE Value

Heap

public class ArraylListl {
public static int sum(ArrayList<Integer> arrIn) { Eirr1
int out = 0;
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) A
:é§>>ArrayList<Integer> arrl = new ArraylList<>();

for (int x=0: x<4: x++) {
arrl.add(10-x);

! in/out

System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);

int total = sum(arrl);
System.out.println("total: " + total);

e When an ArraylList is created on the heap:

e (Create 2 columns: One for indices, one for values



package week2; Stack

import java.util.ArraylList; VEINE Value

Heap

public class ArraylListl {
public static int sum(ArrayList<Integer> arrIn) { Eirr1
int out = 0;
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {
arrl.add(10-x);

s in/out

p;blic static void main(String[] args) A{

System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);

int total = sum(arrl);
System.out.println("total: " + total);

e \alue on the heap always get a memory address

e "Ox" followed by a number (You can choose any numbers for your diagrams)

e This tells java where in memory it can find the value



package week2;

import java.util.ArrayList,;

public class ArraylListl {

public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,

for (int x=0: x<arrIn.size(): x++) {

out += arrIn.get(x);
I3

return out;

}

public static void main(String[] args) A
:é§>>ArrayList<Integer> arrl = new ArraylList<>();
for (int x=0; x<4; x++) {

arrl.add(10-x);
¥

System.out.println(arrl); In/OUt
ArraylList<Integer> arr2 = arrl;

System.out.println(arr2);
int total = sum(arrl);

System.out.println("total: " + total);

* When a variable "stores" a value that's on the heap, it only store a
reference to that value

e arr1 only stores instructors of how to find the ArrayList in the heap



package week2;
import java.util.ArrayList,;

public class ArraylListl {

public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,

for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x); R PR R . 0 10
} 2

i )
return out; e NN et L R B R R

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArrayList<>();

for (int x=0; x<4; x++) {
Eé;> arrl.add(10-x);
}

System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);

int total = sum(arrl);
System.out.println("total: " + total);

in/out

e Each time we add a value to an ArraylList, it is added to the next
Index



package week2;

import java.util.ArrayList,;

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {
arrl.add(10-x);

} :
@System.out.println(arrl)- In/OUt

ArrayList<Integer> arr2 = arril,;
System.out.println(arr2); [10, 9, 8, 7]
int total = sum(arrl);

System.out.println("total: " + total);

}

 Printing an ArrayList will print all it's values in [ | separated by
commas



package week2;
import java.util.ArrayList,;

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {
arrl.add(10-x);

1 ;
System.out.println(arrl); In/OUt
ArraylList<Integer> arr2 = arrl;

System.out.println(arr2); [10, 9, 85 7]
int total = sum(arrl);

System.out.println("total: " + total);

}

e When a variable is assigned a value that is a reference, only the reference is assigned!
e There is no copy of the ArrayList created. Only 1 ArrayList exists in memory

e That ArraylList is referred to by the 2 variables that store its reference



package week2;
import java.util.ArrayList,;

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {

arrl.add(10-x);
}
System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2); [10, 9, 8, 7]
int total = sum(arrl);
System.out.println("total: " + total);

in/out

 This is *assign-by-reference™”

e Only the reference is assigned

Technically it's assign-by-value, but the value is a reference



package week2;
import java.util.ArrayList,;

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {

arrl.add(10-x);
! in/out
System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2); [10, 9, 8, 7]

int total = sum(arrl); [10 O, 8 7]

System.out.println("total: " + total);

}

e arr2 refers to the same ArraylList as arr1 -- the only ArrayList in this
example

* Printing arr2 is the same as printing arr



package week2;
import java.util.ArrayList,;

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArraylList<>();
for (int x=0; x<4; x++) {

arrl.add(10-x);
}
System.out.println(arril);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);
int total = sum(arrl);
System.out.println("total: " + total);

sum

Stack

Value

Heap

Name

arr1 | X200

- - - 0 |10

X 17— 1L — = 4 1 9

2 |8

arr2 Sl
in/out

10, 9, 8, 7]
10, 9, 8, 7]

e \When a method is called that take an object on the heap as a parameter, only the reference is

passed into the stack frame

e This is **pass-by-reference™

Technically it's pass-by-value, but the value passed is a reference



package week2; Stack
import java.util.ArraylList; VEINE Value

Heap

public class ArrayListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,

for (int x=0: x<arrIn.size(): x++) {

out += arrIn.get(x); 0 10
}
return out; 1 9
} 2 |8
public static void main(String[] args) { 3 /
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {
arrl.add(10-x);
! in/out

System.out.println(arril);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);

int total = sum(arrl);
System.out.println("total: " + total);

10, 9, 8, 7]
10, 9, 8, 7]

sum

}

When using the reference, the dot operator . means we follow the reference to the
object to which it refers

e arrln.size() means - go to the ArrayList referred to by this reference and call it's size
method



package week2; Stack
import java.util.ArraylList; VEINE Value

Heap

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {

int out = 0:

for (int x=0; x<arrIn.size(); x++) { '

@ out += arrIn.get(x); & o / 0 10
} X1 T = = 4 1 9
return out,;

} 2 |8
public static void main(String[] args) { 3 /
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {
arrl.add(10-x);
} =
in/out

System.out.println(arril);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);

int total = sum(arrl);
System.out.println("total: " + total);

10, 9, 8, 7]
10, 9, 8, 7]

sum

}

e arrin.get(x)
e Follow the reference

e Return the value stored at index x and add 10 to the out variable



package week2; Stack
import java.util.ArraylList; VEINE Value

public class ArraylListl {
public static int sum(ArrayList<Integer> arrIn) { arr‘] -

int out = 0:

for (int x=0: x<arrIn.size(): x++) {

out += arrIn.get(x); /
} X1

return out;

Heap

¥p

}

~ 00 © —

0
1
2
public static void main(String[] args) { 3

ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {

arrl.add(10-x);
¥

System.out.println(arrl);
ArraylList<Integer> arr2 = arrl;

System.out.println(arr2); sum OUt .e. :I_e :1_9 2; 34 [10, 9, 8, 7]

int total = sum(arrl);
System.out.println("total: " + total); N [105 95 81 7]

in/out

- = 4

}

e When x is 4, x<arrln.size() is false

e The loop ends and x is removed from memory



package week2; Stack
import java.util.ArraylList; VEINE Value

Heap

public class ArrayListl {
public static int sum(ArrayList<Integer> arrlIn) {

int out = 0:
for (int x=0: x<arrIn.size(): x++) {
out += arrIn.get(x); 'f’/

= 0O |10
} XiS + 2 &4 i1q
return out;
} 2 |8
public static void main(String[] args) { arr2 8 LT
ArrayList<Integer> arrl = new ArrayList<>();
for (int x=0; x<4; x++) {
arrl.add(10-x); total | 34
! in/out

System.out.println(arrl); : “V|r]‘
ArrayList<Integer> arr2 = arrl; Al !

m.out.println(arr2); o 10,9,8,7
Sizitiotglzpsum%;rl(’?);” ccnidl Ou-t[?;"? 1-9\2¥34 E‘IO 9,8 7%

System.out.println("total: " + total);
} ==

e Return the value of the out variable to the total variable

* The entire stack frame is removed from memory



package week2;
import java.util.ArrayList,;

public class ArraylListl {
public static int sum(ArrayList<Integer> arrlIn) {
int out = 0,
for (int x=0; x<arrIn.size(); x++) {
out += arrIn.get(x);
}

return out;

}

public static void main(String[] args) {
ArrayList<Integer> arrl = new ArraylList<>();
for (int x=0; x<4; x++) {

arrl.add(10-x);
}
System.out.println(arril);
ArraylList<Integer> arr2 = arrl;
System.out.println(arr2);
int total = sum(arrl);
System.out.println("total: " + total);

e Print total

e End of program

Name

sum

Stack

Value

arre

total | 34
airln |

Heap

~

W=+ 0O
~ 00 © —

in/out
110, 9.8 7
10, 9, 8, 7]
total: 34




Name

Global Variables

Stack Frames

arrin

out

Stack

Value

Create Global Variable

34 & Cross out

0x002 & Cross out

34 £ Cross out

“ Cross out

B
0«

Uncross out this codeblock

Create Stack Frame

Heap

ArraylList

No parent

& Cross out

0a

06

06«

v

“ Cross out

© Cross out

“ Cross out

Create Heap Object

[10, 9, 8, 7]
[10, 9, 8, 7]

total: 34

10

Create 10 Line

X
X
X
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Java - HashMap

package week2; e Similar to:

import java.util.HashMap; ; : :
e Dictionary in Python
public class HashMapl {
public static void main(String[] args) {

HashMap<String, Integer> bills = new HashMap<>(); . ObjeCt in JavaSCI’ipt

bills.put("Allen", 17);

bills.put("Coleman", 0);
System.out.print("What is Allen's number? ");
System.out.println(bills.get("Allen"));

System.out.println(bills); e KGY'VEUUG StOre
for (String key : bills.keySet()) {

\ System.out.println(key); % Order dOeS nOt matter

for (Integer value : bills.values()) {

\ System.out.println(value); ® Cann()'t have duplicate keyS

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: ");
System.out.println(value);

e Used to associate keys with values




Java - HashMap

package week2; e Must import before use

import java.util.HashMap;

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); s MOSt typeS we uUse from

bills.put("Coleman", 0);

System.out.print("What is Allen's number? "); here Oﬂward need tO be

System.out.println(bills.get("Allen"));

System.out.println(bills); "
bills.keySet()) { ImpOrted

for (String key :

System.out.println(key);

¥

for (Integer value : bills.values()) {
System.out.println(value);
I3

for (String key : bills.keySet()) { : ks
int value o bitls.eet (ley): e Only primitives and classes
System.out.print(key + "'s number is: ");

System.out.println(value); |n the Javalang paCkage dO
not need to be imported




Java - HashMap

package week2; . HaShMapS have 2 type
import java.util.HashMap; F)EiffifT]E}tG}fE;

public class HashMapl {

public static void main(Stringl[] args) { i i
HashMa gills 2 new HashMap<>(); = FIrSt IS the type Of the keys

bills.put("Allen'", 17); g
pills.put(*Coleman”, 0); e Second is the type of the values
System.out.print("What is Allen's number? ");
System.out.println(bills.get("Allen"));
System.out.println(bills);
for (String key : bills.keySet()) {
System.out.println(key);

I3 O i : .
for (Integer value : bills.values()) A We Say thIS IS a.
System.out.println(value);

) e HashMap from String to

for (String key : bills.keySet()) {

int value = bills.get(key);
System.out.print(key + "'s number is: "); Ir]tEBEJEBr
System.out.println(value);

e Maps Strings to Integers




Java - HashMap

package week2; e Add key—value pairs using

import java.util.HashMap; llputll

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17);

bills.put("Coleman", 0); .

System.out.print("What is Allen's number? '"); ® Retrleve a Value at a
System.out.println(bills.get("Allen")|);

P e lLs. heyset()) { particular key using "get’

for (String key :

System.out.println(key);

¥

for (Integer value : bills.values()) {
System.out.println(value);
I3

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: ");
System.out.println(value);




Java - HashMap

package week2; e for-each loop

import java.util.HashMap;

public class HashMapl { ® Or "enhanced" IOOp |n the

public static void main(String[] args) {

HashMap<String, Integer> bills = new HashMap<>(); WOr|d Of Java

bills.put("Allen", 17);

bills.put("Coleman", 0);
System.out.print("What is Allen's number? ");
System.out.println(bills.get("Allen"));
System.out.println(bills);

* Very similar to Python loops

System.out.println(key);

System.out.printin(value); for (type variableName : dataStructure)

}
[for (String key : bills.keySet()) ] . :
int value = bills.get(key); | e Read: for variableName in

System.out.print(key + "'s number is: ");

System.out.printin(value); dataStFUCtu re

Doesn't have to be a data structure.
Anything that can be iterated over will work



Java - HashMap

package week2; ® keySet

import java.util.HashMap;

| e Allows us iterate (loop) over the
public class HashMapl {

public static void main(Stringl[] args) { keyS
HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); -
bills.put("Coleman", 0); Values
System.out.print("What is Allen's number? ");
System.out.println(bills.get("Allen"));

System.out.printin(bills): e Allows us to iterate over the

for (String key : pbills.keySet()[) {

System.out.println(key); Va|ueS
I3
for (Integer value : |bills.values()]) A

System.out.println(value);
I3

for (String key :) { ;
int value = bills.get(key); e Common to iterate over the keys

System.out.print(key + "'s number is: ");

System.out.println(value); and acCcess the ValueS If yOU
need both




Memory Diagram



Stack

Name Value

Stack Frames e

key

/ “Coleman” & Cros

-— d—

Unecross out this codeblock

Uncross out this codeblock

Piasiens
key ' , N

“Coleman” — &% Cross out
value e 0 £“ Crossout
Uncross out this codeblock
( )

Create Stack Frame

Heap

What is Allen's number? 17
HashMap

"Allen"

No parent

{Allen=17, Coleman=0} X

& Cross out
Coleman

“Coleman” & Cross out

Allen's number is: 17
Create Heap Object

Coleman 's numberis: 0

Create IO Line
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package week2; StaCk
import java.util.HashMap; VET]: Value

public class HashMapl {
oublic static void main(String[] args) { bills -
Eé;> HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17);

bills.put("Coleman", 0);
System.out.print("What is Allen's number? ");
System.out.println(bills.get("Allen"));
System.out.println(bills);

for (String key : bills.keySet()) {
System.out.println(key);
I3

for (Integer value : bills.values()) {
System.out.println(value);
s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); In/OUt

e HashMaps go In the heap

 Only a reference to the HashMap is stored on
the stack



package week2; StaCk
import java.util.HashMap; VET]: Value

public class HashMapl {

public static void main(String[] args) { bills -

HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); "Allen" 17
bills.put("Coleman", 0); " I
System.out.print("What is Allen's number? "); Coleman 0
System.out.println(bills.get("Allen"));

System.out.println(bills);

for (String key : bills.keySet()) {
System.out.println(key);
I3

for (Integer value : bills.values()) {
System.out.println(value);
s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); In/OUt

e HashMaps have columns for keys and
values



package week2; StaCk
import java.util.HashMap; VET]: Value

public class HashMapl {

public static void main(String[] args) { bills -

HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); "Allen" 17
bills.put("Coleman", 0); " I
System.out.print("What is Allen's number? "); Coleman 0
System.out.println(bills.get("Allen"));

System.out.println(bills);

for (String key : bills.keySet()) {
System.out.println(key);
I3

for (Integer value : bills.values()) {
System.out.println(value);
s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); In/OUt

What is Allen's number? 17
{Coleman=0, Allen=17}

HashMap prints as a list of key-value pairs in
{ } separated by commas

e Equal sign = separates each key from it's value



package week2; StaCk
import java.util.HashMap; VET]: Value

public class HashMapl {

public static void main(String[] args) { bills -

HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17);

bills.put("Coleman", 0);
System.out.print("What is Allen's number? ");
System.out.println(bills.get("Allen"));
System.out.println(bills);

for (String key : bills.keySet()) {

System.out.println(key);

s

for (Integer value : bills.values()) {
System.out.println(value);

s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: ");
System.out.println(value);

e Order does not matter in a HashMap!
e Notice how “Coleman” was printed before "Allen”

e No simple way to predict the order

"Allen” 17

"Coleman” | O

in/out

What is Allen's number? 17
{Coleman=0, Allen=17}




package week2; StaCk
import java.util.HashMap; VET]: Value

public class HashMapl {

public static void main(String[] args) { bills -

HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); "Allen" 17
bills.put("Coleman", 0); " I
System.out.print("What is Allen's number? "); Coleman 0
System.out.println(bills.get("Allen"));

System.out.println(bills);

for (String key : bills.keySet()) {
System.out.println(key);
I3

for (Integer value : bills.values()) {
System.out.println(value);
s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); In/OUt

What is Allen's number? 17
{Coleman=0, Allen=17}

* |n your memory diagrams, any order is
acceptable for credit



package week2; StaCk
import java.util.HashMap; VET]: Value

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); ey R USRS T e . | "Allen” 17

. 1 1 . 1 | i
bills.put("Coleman", 0); : key Allen . | "Coleman" | o

System.out.print("What is Allen's number? " ); | e
System.out.println(bills.get("Allen"));

System.out.println(bills);

for (String key : bills.keySet()) {

:é;>» System.out.println(key);
s

for (Integer value : bills.values()) {
System.out.println(value);
s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); lr\/t)ljt

What is Allen's number? 17
{Coleman=0, Allen=17}
Allen

e [terating over the keySet stores each key
In the "key" variable and runs the body
of the loop for each key



package week2; StaCk
import java.util.HashMap; VET]: Value

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); ey R S Ra te . | "Allen” 17

bills.put("Coleman", 0); : —AHern—"Coleman" | ., z
System.out.print("What is Allen's number? "); '----K?y ------------------- : Coleman 0

System.out.println(bills.get("Allen"));
System.out.println(bills);
for (String key : bills.keySet()) {

:é;>» System.out.println(key);
s

for (Integer value : bills.values()) {
System.out.println(value);
s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); lr\/t)ljt

What is Allen's number? 17
{Coleman=0, Allen=17}

; Allen
e Once we iterate over all the keys, the loops ends Coleman

 Note: If there are no key-value pairs in the
HashMap, the loop body will never execute



package week2;

import java.util.HashMap;

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); _ "Allen” 17
bills.put("Co1eman", 0); e i oieman” "Col I
System.out.print("What is Allen's number? "); oleéman 0

System.out.println(bills.get("Allen"));

System.out.println(bills); SRR e

for (String key : bills.keySet()) { .
System.out.println(key); R e S R S o e e

s

for (Integer value : bills.values()) {
System.out.println(value);

s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); lr\/t)ljt

What is Allen's number? 17
{Coleman=0, Allen=17}

: Allen

e |terating over the values only stores the Coleman

: ; - : 17
values in the iteration variable




package week2;

import java.util.HashMap;

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

Ei%{s.puig"él%en", 17%; < i R R - "Allen” 17
ills.put(”Coleman”, ; ev 1— 2% — woleman ! !
System.out.print("What is Allen's number? "); = Coleman 0

System.out.println(bills.get("Allen"));

System.out.println(bills); LR AT L .

for (String key : bills.keySet()) { v value |4+~ O ;
System.out.println(key); e T T o B o e Sy

s

for (Integer value : bills.values()) {
System.out.println(value);
s

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); In/OUt

What is Allen's number? 17
{Coleman=0, Allen=17}

; Allen

lterate until we run out of values Coleman

17

0




package week2;

import java.util.HashMap;

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

bills.put("Allen", 17); _ "Allen” 17
bills.put("Co1eman", 0); 2 llanll T Gleman” "Col I
System.out.print("What is Allen's number? "); oleéman 0

System.out.println(bills.get("Allen"));

System.out.println(bills);

for (String key : bills.keySet()) {
System.out.println(key);

s

for (Integer value : bills.values()) { e Sttt i) o8 e st | et s ol
System.out.println(value);
¥

for (String key : bills.keySet()) {
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); lr\/t)ljt

What is Allen's number? 17
{Coleman=0, Allen=17}

| Allen
e |f we iterate over the keys and get the values, Coleman
we can access the key-value pairs =

Allen's numberis: 17



package week2;

import java.util.HashMap;

public class HashMapl {
public static void main(String[] args) {
HashMap<String, Integer> bills = new HashMap<>();

e (e Lo 03 ey A Nam S o "Allen" |17
" ’ ’ \/ I=—— 7 — Ul I I
System.out.print("What is Allen's number? "); e’ Coleman 0
System.out.println(bills.get("Allen")); |
System.out.println(bills); 147 N
for (String key : bills.keySet()) { valtier———
System.out.println(key); |
I3
for (Integer value : bills.values()) { : " o Rt
System.out.println(value); Key :-A.”-E-IQ— Calerian
I3 A e
for (String key : bills.keySet()) { ‘.’alub‘! U
int value = bills.get(key);
System.out.print(key + "'s number is: "); :
System.out.println(value); lr\/t)ljt
@} What is Allen's number? 17
h {Coleman=0, Allen=17}
: Allen
e Reach the end of main Coleman
17
l 0
* That's the end of the program e e e

Coleman's number is: O



Stack

Name Value

Stack Frames e

key

/ “Coleman” & Cros

-— d—

Unecross out this codeblock

Uncross out this codeblock

Piasiens
key ' , N

“Coleman” — &% Cross out
value e 0 £“ Crossout
Uncross out this codeblock
( )

Create Stack Frame

Heap

What is Allen's number? 17
HashMap

"Allen"

No parent

{Allen=17, Coleman=0} X

& Cross out
Coleman

“Coleman” & Cross out

Allen's number is: 17
Create Heap Object

Coleman 's numberis: 0

Create IO Line
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