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Chapter Goals
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What Is the Purpose of a Loop?

Loop fu statement Ail€ia:
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The Three Loopsin C

Java {i 3 looping statements:

while
for
do
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The while Loop

In a particle accelerator, subatomic particles traverse a
loop-shaped tunnel multiple times, gaining speed. Similarly,
In computer science, statements in a loop are executed while

a condition Is true.
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The while Loop
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The while Loop

while statement 2¢¥i1 statements
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The while Loop
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The while Loop
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The while Loop
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The while Loop
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The while Loop
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The while Loop

while statement 3¢ statements
AunIIau laaziilu false

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



The while Loop
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The while Loop
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The while Loop
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The while Loop
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The while Loop
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The while Loop

while statement =111 statements
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The while Loop
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The while Loop

while (idolv)

{

statements

n57vdauSan 'l
(wmiaulu if statement)
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The while Loop

while (condition)

{

statements

statements vt §  unINaU lazduina
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14 Loop lunisunileyuinisaanu

An investment problem:
Busiudl - $10,000, tssavrnEnlu
su1A15ATavazay $20,0007?

The algorithm:

1. Gudtmuadus year du 0 waz duis balance Ww $10,000.
2. mvuneune g liises q
vazh (While) swnuidueha sieandn $20,000:

e Increment mluaauls year.
* suaduuaents D% vestauRuhnnivua.

¥ Y
o uaanden 1UIlusuanuturdn.

Y
3. lamaeuiluilgathendioanninmsialude 2.

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



14 Loop lunisunileyuinisaanu

2. mtuneuaeliidlii5es q
vazh (While) snwnuitueha sieandn $20,000.

“o 2 (9 ' ' Y
W .. v Tudywiveus tueninsidesns LOOP.
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14 Loop lunisunileyuinisaanu

ﬁwé’qﬁgﬂmuau (w%gﬂﬁwcgw 1) laun:-
* Increment aludunls year
e ANUINLAN AanLlel (interest)

+ Update Anauauuedin  (balance) Ingnisuanaaanide

year++;
double interest = balance * RATE / 100;
balance = balance + interest;
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Using a Loop to Solve the Investment Problem.

| | ] ' 9}
Jou'ly, Mzueniieensin lOOP 14, Aems
~ 9 ! .
1f3euneuv1eans.

(balance < TARGET)
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Using a Loop to Solve the Investment Problem.

Here Is the complete while statement:

double interest;

while (balance < TARGET)

{
year++;
interest = balance * RATE / 100;
balance = balance + interest;
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The while Statement

This variable is defined outside the loop Beware of “off-hy-one®
and updated in the loop. errors in the loop condition.
If the condition double balance = 0;

never becomes false, .
an infinite loop occurs\ Pon't put a sewicolon here!

while (balance < TARGET)

{
year++; These statements
This variable is ereated ————— double interest = ba1.ance * RATE / 100; are execfn‘.ed Yvhlle
balance = balance + interest; the condition is true.

in each loop iteration. )
Lining up braces
i$ a good idea.

Braces are not required if the hody contains a
single statewment, but it’s good to always vse thew.
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The Complete Investment Program

public static void main(String [] args) chO4/doublinv.cpp
{

final double RATE = 5;
final double INITIAL BALANCE = 10000;
final double TARGET = 2 * INITIAL_BALANCE;

double balance = INITIAL BALANCE, interest;
int year = 0;

while (balance < TARGET)

{
yvear++;

interest = balance * RATE / 100;
balance = balance + interest;

}

System.out.println(“Investment doubled in %d years"“ +
year) ;

} C++ for Everyone by Cay Horstmann
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Program Run

Check the loop condition

while |(balance < TARGET)

{
balance = 10000 year++:
double interest = balance * RATE / 100;
YAl = 0 balance = balance + interest:
}
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Program Run

Execute the statements in the looP

balance

year

interest

10000

while |(balance < TARGET)

i

The condition is true

year++;
double interest = bal
balance = balance + 1

while (balance < TARGET)

ance * RATE / 100;
nterest;

{

year++;
double interest = bal
balance = balance + 1

ance * RATE / 100;
nterest;

Copyright © 2012 by J
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Program Run

The condition is true

while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;

}

Execute the statements in the looP

while (balance < TARGET)

{
balance = 10000 - yearss:
‘,,f’ double interest = balance * RATE / 100;
J €Al = 1 balance = balance + interest;
}
interest = ?
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Program Run

The condition is true

while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;

}

Execute the statements in the looP

while (balance < TARGET)
{

balance 10000

year++;
double interest = balance * RATE / 100;

year = 1 ‘(///,,”"ba1ance = balance + interest;
}

interest = 500
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Program Run

The condition is true

while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;

}

Execute the statements in the looP

while (balance < TARGET)

{
balance = 10500 ‘&\\\\ yearss:
\\\\'doub1e interest = balance * RATE / 100;
J €Al = 1 balance = balance + interest;
}
interest = 500
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Program Run

The condition is true

while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;

}

Execute the statements in the looP

while (balance < TARGET)

{
balance =| 10500 Vearss:
double interest = balance * RATE / 100;
) Eali= 1 balance = balance + interest;
}
interest = 500
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Program Run

Check the loop condition

while |(balance < TARGET)

balance = 10500 t
year++;
double interest = balance * RATE / 100;
LSRR 1 balance = balance + interest:
}
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Program Run

The condition is still true
while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;
}
Execute the statements in the loop
while (balance < TARGET)
{
balance = 10500 year++:
double interest = balance * RATE / 100;
YESUES 1 balance = balance + interest;
}
interest = 2
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Program Run

The condition is still true
while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;

}

Execute the statements in the loop
while (balance < TARGET)

balance = 10500 t
- year++;
‘(,,—' double interest = balance * RATE / 100;
YESURS 2 balance = balance + interest;
}
interest = 2
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Program Run

while

{

(balance < TARGET)

The condition is still true

year++;
double interest = balance * RATE / 100;
balance = balance + interest;

(balance < TARGET)

}
Execute the statements in the loop
while
{
balance = 10500
year = 2
: }
Tnterest = 525

year++;
double interest = balance * RATE / 100;
balance = balance + interest;
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Program Run

The condition is still true

while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;

}

Execute the statements in the loop
while (balance < TARGET)

balance = 11025 t
V&\\\\ year++;
double interest = balance * RATE / 100;
YESURS 2 \\\~ba1ance = balance + interest;
}
interest = 525
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Program Run

The condition is still true
while |(balance < TARGET)

{
year++;
double interest = balance * RATE / 100;
balance = balance + interest;

}

Execute the statements in the loop
while (balance < TARGET)

balance =| 11025 t
year++;
double interest = balance * RATE / 100;
YESUES 2 balance = balance + interest;
. }
interest = 525
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Program Run

Check the loop condition

while |(balance < TARGET)

{
balance = 11025 year++:
double interest = balance * RATE / 100;
YAl = 2 balance = balance + interest:
}
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Program Run

before entering while's

body at the end of while's body
balance year interest | balance | year
10000.00 0 500.00 10500.00 1
10500.00 1 525.00 11025.00 2

...this process goes on
for 15 iterations...
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Program Run

before entering while's

body at the end of while's body
balance year interest | balance | year
10000.00 0 500.00 10500.00 1
10500.00 1 525.00 11025.00 2
11025.00 2 551.25 11576.25 3

...this process goes on
for 15 iterations...
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Program Run

before entering while's
body at the end of while's body
balance year interest | balance | year
10000.00 0 500.00 10500.00 1
10500.00 1 525.00 11025.00 2
. 11025.00 2 551.25 11576.25 3
- 'thIS process goes On 11576.25 3 578.81 12155.06 4
f()r 15 |te rationS .. 12155.06 4 607.75 12762.82 5
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Program Run

before entering while's

body at the end of while's body
balance year interest | balance | year
10000.00 0 500.00 10500.00 1
10500.00 1 525.00 11025.00 2
. 11025.00 2 551.25 11576.25 3
- 'thIS process goes On 11576.25 3 578.81 12155.06 4
f()r 15 |te rationS L 12155.06 4 607.75 12762.82 5
12762.82 5 638.14 13400.96 6
13400.96 6 670.05 14071.00 7
14071.00 7 703.55 14774.55 8
14774.55 8 738.73 15513.28 9
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Program Run

before entering while's
body at the end of while's body
balance year interest | balance | year
10000.00 0 500.00 10500.00 1
10500.00 1 525.00 11025.00 2
. 11025.00 2 551.25 11576.25 3
.- thIS process goes On 11576.25 3 578.81 12155.06 4
f()r 15 |te rationS .. 12155.06 4 607.75 12762.82 5
12762.82 5 638.14 13400.96 6
13400.96 6 670.05 14071.00 7
14071.00 7 703.55 14774.55 8
14774.55 8 738.73 15513.28 9
15513.28 9 775.66 16288.95 10
16288.95 10 814.45 17103.39 11
17103.39 11 855.17 17958.56 12
17958.56 12 897.93 18856.49 13
18856.49 13 942.82 19799.32 14
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Program Run

before entering while's

body at the end of while's body
balance year interest | balance | year

10000.00 0 500.00 10500.00 1

10500.00 1 525.00 11025.00 2

] 11025.00 2 551.25 11576.25 3

.. -thIS process 9093 on 11576.25 3 578.81 12155.06 4
f()r 15 iterations_ L. 12155.06 4 607.75 12762.82 5

12762.82 5 638.14 13400.96 6

13400.96 6 670.05 14071.00 7

] . 14071.00 7 703.55 14774.55 8

...until the balance Is . s 1ssiass o
finally(!) over $20,000 and o e s
the teSt becomes false. 16288.95 814.45 1710339 11
17103.39 17958.56 12

17958.56 18856.49 13

18856.49 19799.32 14

19799.32 14 989.97 20789.28 15

while statement is over

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved




Program Run

balance = 20789.28
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Program Run

The condition is
while |(balance < TARGET) no longer true

{
= B ‘
balance 20789.28 year++:

double interest = balance * RATE / 100;

year = 15 balance = balance + interest;
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Flowchart of the Investment Calculation’s while Loop
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More while Examples

Skip the examples?

NO  YES
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More while Examples

For each of the following, do a hand-trace
(as you learned in Chapter 3)

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



Example of Normal Execution

while loop to hand-trace What is the output?

i=235;

while (i > 0){
System.out.print (i+“ “);
i--;
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When i is 0, the Loop Condition is £false, and the Loop
Ends

while loop The output
i=25; 54321
while (i > 0){
System.out.print (i+“ “);
i--;
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Example of a Problem — An Infinite Loop

while loop to hand-trace What is the output?
i=25;

while (i > 0)

{

System.out.print(i+" %) ;
i++;
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Example of a Problem — An Infinite Loop

iissettob
nt makes i get bigger and bigger
ition will never become false —

an infinite loop

The i++; state

whi The output never ends
i=235; 567 8 910 11...
while (i > 0)
{

Sy§tem.out.print(i+" %) ;

i++;
}
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Another Normal Execution — No Errors

while loop to hand-trace What is the output?

i=25;

while (1 > 5)

{
System.out.print (i+" %) ;
i--;
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Another Normal Execution — No Errors

while loop T3 output (Fefgn)

i=25;

while (1 > 5)

{
System.out.print (i+" %) ;
i--;

expression i > 5 du false aauausn,
statements 1u block linelau execute ae

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



Another Normal Execution — No Errors

while loop

T output (Fafign)

i

{

5;

while (1 > 5)

System.out.print(i+" %) ;

i--;

de19' 10y error A'la.

vensus1d lleenti statement 1u block sn3ulunsai@euludluase
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Normal Execution with Another “Programmer’s Error”

while loop to hand-trace What is the output?
i=25;

while (i < 0)

{

System.out.print(i+" ") ;
i--;
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Normal Execution with Another “Programmer’s Error”

The programmer probably thought:
“Stop when i is less than O”.

However, the loop condition controls
when the loop is executed - not when it ends.

while loop Again, there is no output

i=25;

while (i1 < 0)

{
System.out.print (i+" ") ;
i--;
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Error ﬁ‘lﬁ"\lﬁﬂ’]ﬂ&l']ﬂ (ngranizldsunsuialuy anasassaiiludalua)

while loop to hand-trace What is the output?

i=25;

while (i1 < 0)

{
System.out.print (i+" ") ;
i--;
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A Very Difficult Error to Find (especially after looking for it for hours and hours!)

Another infinite loop — caused by a single character:
That semicolon causes the while loop to

while loop
=5

i=235;
while (i > 0)®
{

There is no output!

System.out.print(i+" ") ;
i--;
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops
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Common Error — Infinite Loops

- n1581 update ALY sATE Tulau lawu ladaa 9

year = 1;
while (year <= 20)

{
balancg = balance * (1 + RATE / 100);

} \
 dunan aals year ‘himelau update e
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Common Error — Infinite Loops
Snaunguilishliiaa infinite loop:
= Jd 1 119} QIII
NITNUNBY LTEa !

UNASIANN ++ UALSIHDINITUNILNY -
Wutdyidaduady, Tnaianicana 3!

year = 20;
while (year > 0)

balanc
year++;

balance * (1 + RATE / 100);
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a39 9 szniunlddougllifauusan

o WSzAYRIRLLSIURL  “wrap around”, loop slide mef
ALTUIL.

o« wszwuAnTusauds intuinldiag 9 ufivAn Max 7
Huuan  wariudniulznaiatduatay

inli  loop nea!
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Common Error — tihuunafaazls?

Well, are we?
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Common Error — tihuunafaazls?

Watsvinaglsad 9,
1511810331151 5 Tns.

LU, L5121ALAMNIN,
amnsauumuvhﬂaamuau $20,000,”
LaNSAGIS an LU UiN9a

while (balance >= TARGET)

wrong test
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Common Error — tihuunafaazls?

e while loop zAAMTITINAULSN:
NUAARIN  evingina lduruvinlug

gzatu  aunlamisauiluas’1s?

while ( )
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Common Error — tihuunafaazls?

e while loop zAAMTITINAULSN:
NUAARIN  evingina lduruvinlug

Wszauu  Nau luaigziiuarls?

while (balance < TARGET)

FINVIOAINUN.

“w1l) draend Gurhngalids TARGET”.
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Common Error — tihuunafaazls?

UL Latdau  loop, atinuavluyud, “iivunafaasls”

Naulual9zuanin  loop seiavsUdNUIULIN IS
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Common Error — aa1atAaaid il

Tuldsinsunitsrridlda laucdy . $20000:

o =

1519 AINNA UL 0 i5a 17

191A29LIANAU T8 ULEYU < TARGET

al

1n3alvildasnay <= TARGET?
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Common Error — aa1atAaaid il

o YWNAISUNININNANAVUINNILEY + 1 K39, -1

:-'i))ktﬂ’)"\L‘i’]Q?dvlﬁFi’\ﬁQﬂﬁa\‘) 1512713LADANAUNAYNA
9

o WANUDIALLH IR UIUA LA

¢ MU, 151AN9EAY “test cases” daddunSalA
Wa  WULTILINNIRIAA
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2 %4

ARNRULANTULENAU ¥5a ATaUlagldAINAR!

e WANSAUAINN $100 LLar RATE 11 50%.

— 157909m35 $200 (v3ounnn).

— asumevedilusn,
Saulushnilu $150 — fesrhnde (1ugide)
9 A
— apumevedili 2,
sunuRuhnily $225 — Sudhnipudhuneudy
waz 1niEnau loop 4.

* 1977U 2 loop ‘ldiy  walLs1vin 2 increment 1516129N15
year = 2 ‘lafalel.

INSERUUAT  year siaviananasls 151fivasle 2 luving
look n 27?

0, v¢l.
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ARNRULANTULENAU ¥5a ATaUlagldAINAR!

151\ FAATIASAIRUAAEUR LU LS:

=0

ani48

15109ART1  Aauniazloop, Arwaviladsastduvinlmug?

fadruluaitaaiuaziu 0.

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



<vs. <= (ARANTU ¢))
¢ ARFIIIINAINTTDL 1S

“l918124N15 LU0 UNITEN
15199  20000”

o AIUU  LF1EVINTIANUE LUV

Wau'lumlsitlh  (balance < TARGET)
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Problem Solving: Hand-Tracing

Hand-tracing is a method of checking your work.

To do a hand-trace, write your variables on a sheet of
paper and mentally execute each step of your code...

writing down the values of the variables
as they are changed in the code.

Cross out the old value and write down the new
value as they are changed — that way you can also
see the history of the values.
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Problem Solving: Hand-Tracing

To keep up with which statement is about to be executed
you should use a marker.

Preferably something that doesn’t obliterate the code:

A el

Like a paper clip.

(No, not that infamous one!)

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



Problem Solving: Hand-Tracing

Consider this example. What value is displayed?

int n = 1729;
int sum = 0;
while (n > 0)

{
int digit = n % 10;
sum = sum + digit;
h=n/ 10;

}

cout << sum << endl;

There are three variables: n, sum, and digit.

h sum digit
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Problem Solving: Hand-Tracing

The first two variables are initialized with 1729 and 0 before the loop 1s entered.

int n = 1729;
DO 1int sum = 0;

while (n > 0)

{
int digit = n % 10;
sum = sum + digit;
n=n/ 10;

}

cout << sum << endl;
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Problem Solving: Hand-Tracing

Because n is greater than zero, enter the loop. The variable digit is set to 9 (the remain-
der of dividing 1729 by 10). The variable sumis set to 0 + 9 =9.

int n = 1729;

int sum = 0;

while (n > 0)

{
int digit = n % 10;

] sum = sum + digit;

n=n/ 10;

}

cout << sum << endl;
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Problem Solving: Hand-Tracing

Finally, n becomes 172. (Recall that the remainder in the division 1729 / 10 is dis-
carded because both arguments are integers.)
Cross out the old values and write the new ones under the old ones.

int n = 1729;

int sum = 0;

while (n > 0)

{
int digit = n % 10;
sum = sum + digit;

o = n=n)/ 10;
}

cout << sum << endl;
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Problem Solving: Hand-Tracing

Now check the loop condition again.

int n = 1729;
int sum = 0;
while (n > 0)

{
S == int digit = n % 10;
E sy sum = sum + digit;
o - h=n/ 10;

3

cout << sum << endl;

Because n is still greater than zero, repeat
the loop. Now digit becomes 2, sumis set
to9+2=11,and nissetto 17.
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Problem Solving: Hand-Tracing

Repeat the loop once again, setting digit
to/,sumto 11 +7 =18, and nto 1.
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Problem Solving: Hand-Tracing

Enter the loop for one last time. Now
digitis set to 1, sumto 19, and n becomes

ZE10O,
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Problem Solving: Hand-Tracing

int n = 1729;
int sum = 0;
DO while (n > 0)

f Because n equals zero,
int digit = n % 10; this condition is not frue.
sum = sum + digit;
n=n/ 10;

}

cout << sum << endl;
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Problem Solving: Hand-Tracing

The condition n > 0 is now talse. Continue with the statement after the loop.

it ‘n = 1729: =
int sum = 0; n sum digit | output
while (n > 0) 1229 '
{
int digit = n % 10; 7z A A
sum = sum + digit; %4 %1 Y
n=n/ 10; P 18 7
}
(= cout << sum << endl: L 0 19 1 19
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The £for Loop

o ¥ < o
M statements %1 <) (U3 1uIU

9 ]
ATINUUUDU

“You “simply” take 4,522 steps!!!
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The for Loop

UNAIILSILVINNaUUAY  statements BINIUITUIUAIIN
ATUUR

1519133 while loop tilaunizaunsAnle

counter = 1; // Initialize the counter
while (counter <= 10) // Check the counter
{

System.out.println (counter) ;

counter++; // Update the counter
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The £or Loop Is Better than while for Doing Certain Things

a 1 ! a J
w15 code suandanu 1 — 10 sonnmaniee:

int count = 1: // swmuamaduldisanls counter
whileﬁ(count <= 10) // Check the counter

{ t

Sybtem.oufi.println (count) ;

count++; ﬁ/ Updat% the counter

initialization condition statements update
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The for Loop

Java il statement for ol%ﬁ’)?ﬂ?llﬂ’)ﬁ‘ﬁiﬂﬂLQW’)&’:

the foA)op.

for (counter = 1; counter <= 10; counter++)

{

System.out.println (counter) ;
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The £or Loop Is Better than while for Doing Certain Things

1 ° 1 94 o g}} { o <
sz meiingy Statement o1« awduasannvua i
¥ ] 9
Feainuusenin, nwrdava wel statement dvmsunisi

Tagnne

for (int count = 1; count <= count++)

System.out.printdn (counter) ;

initialization condition statements update
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The for Loop

for (initialization; condition; update)

{

statempnts

. ., . . - 3 d' o 05/ ~ 1 d' X
initialization 11lu statement ngnyhaiuae), nouniNou lvazgn

Y Y A & 1 ¥ 9 o v v 1 o 3 A 1 1 o
ATAOUATINTN, THWeAIIAIAUd T UM TTUMIzIanTou daulvgan

Y Y v
wsriusiuau loOp wzgnasaasdunil
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The for Loop

for (initialization; condition; update)

{

statements

condition 1l statement nldasrvadeui W uasansode augeu'ly

Shufie, for statement AALN19M1911 WAL FUATNA MINI9TUN

statement ausa.
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The for Loop

for (initialization; condition; update)

{

statements

statements 1u block azgniigh 4 fu aunds
sou lvaziiuiia
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The for Loop

for (initialization; condition; update)

{

statements

update ilu statement Az ldteu lvinailues e duia T lunga.

Tawilnd wwiilums INCrement wie decrement daulsaauau lOop.
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The for Loop

UAULIEN for loop 31 loop MignAILANIALNIFUU
(count-controlled).

TUn19959913, while gai3andn  loop fignAluANIne
N9l LNSY ﬁuazﬁﬂﬂﬁag  AUNI
N5 alAEAA (LY, Lan1salldaliun1ndy
20000).
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Execution of a £for Statement

nasan for statement auais:

int counter;
for (counter = 1; counter <= 10; counter++)

{

System.out.println (counter) ;
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o Initialize counter for (counter = 1; counter <= 10; counter++)

{

cout << counter << endl;
counter = 1 3

e Check counter for (counter = 1; counter <= 10; counter++)

{

cout << counter << endl;
counter = 1 3

e Execute loop body for (counter = 1; counter <= 10; counter++)

{

cout << counter << endl;
counter = 1 }

o Update counter for (counter = 1; counter <= 10; counter++)

{

cout << counter << endl;
counter = 2 }

e Check counter again for (counter = 1; counter <= 10; counter++)

{

cout << counter << endl;
counter = 2 3}
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The for Statement

Syn1ax 4.2 for Statement

3 statements
H1AITZNYIVDINU

This initialization The loop is This update is
happens once executed while executed affer
before the loop starts. this condition is true. each iteration.

. Y

for (i =5; 1 <= 10; i++)
{

} s This loop executes 6 times.
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The £for Can Count Up or Down
for loop du150QNULAY LA
for (counter = 10; counter >= 0; counter--)..

Wwsiaz  step, increment or decrement lidfdusaaiu  1:

for (cntr = 0; cntr <= 10; cntr = + 2)..
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Solving a Problem with a for Statement

Y '
e nounitiminnuuinduaudulusuimsezos 20000
Y Y
o aoutimungnlusazilues S Musn 5wz ldaondeomilns

a1 “...5 Tusn” szyusmasez 1y for loop

9 ' 9
Iz TuIuas stz statement v, swasi@on
for loop
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Solving a Problem with a for Statement

The output should look something like this:

Year Balance
1 10500.00
2 11025.00
3 11576.25
4 12155.06
5 12762.82
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Solving a Problem with a for Statement

The pseudocode:

[ The algorithm

for (year = 1; year <= nyears; year++)

{
Update balance.
Print year and balance.
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The for Loop

Flowchart of
the investment
calculation
using
a for loop

year = 1

False
year < nyears ?

True

Update balance;
Print year and
balance

vear++
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Solving a Problem with a for Statement

NNdaV statements A29xAim 5 AN AD:

update balance
print year and balance

for (year = 1; year <= nyears; year++)
{

// update balance
// print year and balance
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The Modified Investment Program Using a for Loop

public static void main(String [] args)

{

final double RATE = 5;

final double INITIAL_BALANCE = 10000;
double balance = INITIAL BALANCE;

int nyears, year;

Scanner sc = new Scanner (System.in) ;
System.out.print ("Enter number of years:
nyears = sc.nextInt()

for (year = 1; year <= nyears; year++)

{
balance = balance * (1 + RATE / 100);

System.out.println (" " + year + "

chO4/invtable.cpp

");

" 4+ balance) ;
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The Modified Investment Program Using a for Loop

A run of the program:

Enter number of years:
10500.
11025.
11576.
12155.
12762.
13400.
14071.
.55
15513.
16288.

1

C VWO JdJoUldx WD

[

14774

00
00
25
06
82
96
00

28
95

10
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More for Examples

Skip the examples?

NO YES
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More for Examples

For each of the following, do a hand-trace.

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



Example of Normal Execution

for loop to hand-trace What is the output?

for (i = 0;
i<=25;
i++)
System.out.print (i+" ");
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Example of Normal Execution

for loop The output
for (i = 0; 0123405
i<=5;
it+)
System.out.print (i+" ");

dung l0OP deduau 6 asq, lils 5
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Example of Normal Execution — Going in the Other Direction

for loop to hand-trace What is the output?

for (1 = 5;
i <= 0;
i--)
System.out.print (i+" ") ;
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Example of Normal Execution — Going in the Other Direction

y
1 06 aTenudn.

for loop The output
for (1 = 5; 543210
i<=0;
i--)
System.out.print (i+" ") ;
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Example of Normal Execution — Taking Bigger Steps

for loop to hand-trace What is the output?
for (1 = 0; 0 24 6 8
i< 9;
1 +=2) What is the output?
System.out.print (i+" ") ;
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Example of Normal Execution — Taking Bigger Steps

for loop The output
for (1 = 0; 0 24 6 8
i<9;
i +=|2)
System.out.pri ")

' S >, 3
Aed “step” 8199y vie ananauils loop Ald

v 9 '
Tuiti 2 g\l

duna l0OP 1 5 sou
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Infinite Loops a1atmadulaly for Statements

The danger of using == and/or =

for loop to hand-trace What is the output?

for (1 = 0;

i !'=9;

i += 2)
System.out.print (i+" ");
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Infinite Loops ananmaulaly for Statements

== and !'= are best avoided
In the check of a for statement

for loop The output never ends
for (1 = O0; 0246 8 10 12..
i'!'=9;

i += 2)
System.out.print (i+" ");
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Example of Normal Execution — 13ia1 step nd1aNndunta

for loop to hand-trace What is the output?

for (i = 1;
i <= 20;
1 *= 2)

System.dyt.print (i+" ");

The update can be any expression
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Example of Normal Execution — Taking Even Bigger Steps

for loop The output
for (1 =1; 1 2 4 8 16
i <= 20;
i *= 2)
System.out.print (i+" ");

The “step” can be multiplicative or any valid expression
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End Skipping

Slides will continue.
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Confusing Everyone, Most Likely Including Yourself

A for loop is an idiom for a loop of a particular
form. A value runs from the start to the end, with a
constant increment or decrement.

« As long as all the expressions in a £or loop are
valid, the compiler will not complain.
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Confusing Everyone, Most Likely Including Yourself

A for loop should only be used to cause a loop
variable to run, with a consistent increment, from
the start to the end of a sequence of values.

Or you could write this (it works, but ...)

for (System.out.print("Inputs: ");
x = sc.nextInt(); sumt=x)

count++;
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Know Your Bounds — Symmetric vs. Asymmetric

e AANsULAzAgAIavaIRlls  loop AITIzmau AN
151

. 61'13\113”3 n < 17 1fuav symmetric, INS12AGNLALRUFAQN
59U 17:

for (n = 3; n <= 17; n++)..
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Know Your Bounds — Symmetric vs. Asymmetric

. Luaﬁwumaomaﬂmﬁ arrays (‘D’\')Q”L’iﬁluﬂ’\ﬂ‘waﬂ) 19719
WuI1 ‘01 array duuia N 1319:01299RN1SNAUDTIN
. 0....N)
MU for loop AUSUN15IANIS arrays Ma:

for( arrIndvar=0;
arrIndVar < N;

arrIndVar++ )..

e Loop azgniu N A% 1eaniauds loop arrindVar d@1619LLe
0,1, ...,N-1

Widauldsunsuaiulvailagduuy asymmetric fdmsun n_°
ﬂfum fidavau  for loop N A3Y.
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How Many Times Was That?

Fence arithmetic

penamiusauasn (viegame) 1 l00OP wdenirlyly
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Fence Arithmetic — Counting Iterations

. fo'ysmﬁllaua'w Yauuu uazNauluvignaay a1t lidudu
)

— 1579775654910 0 w3090 17
| | d 1
— 151773519 <= b %30 < b 1eiluieunlumsiu loop?

« MSUUIMYIY  loop TudivdrnaacvinTiisudn’la
loop WNEvUL
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Fence Arithmetic — Counting Iterations

n15UY  loop Alluaauuuy liguninsiiudianidi

The loop
for (i = a; i < b; i++)...

¥IUYiN statements (b -, a) A9V
wazal a i 0 227U b A9,

U, the loop traversing the characters in a string,
for (1 = 0; i < st.length(); i++)...
ALIUNNNAVAINNENIVAY  String ATY.

VIl UAaN15IANIS String, NSl FITUIUDNUTERLVINTUUNDA
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Fence Arithmetic Again — Counting Iterations

loop AilwauuUUdENNING,
for (1 = a; 1 <= b; 1i++)...
AN (b —a) + 1 Asv.

"+1" NANLEN121z T U UL UaY  error 14.
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The do Loop

Joulvves while loop wiludsiignasnaeuneu Statement au.

U

uilu do loop (130 do-while loop) ideulvazgnasvdenfideie
wnquues Statement u block w5 liudrsevils.

do
{

stataments

}

while (condition);
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The do Loop

nnvnennun do loop aasezgnlinaeiiie statements lu

block wes |OOp %zgﬂﬁwﬁau‘ﬁ%maﬁéaﬁau%

sniu statement 1w block  wes do loop vzgnldui g agharfouniiands
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The do Loop

Yaes lsiisidesies lsneuiiveasiaeulou lvves

loop?
wu 595U INPUL 91ndldaunt INPUL azgn

’l
sutailu flowchart dwsutaymngldniss -

U

wlaanieenit L00  uaz Tusunsudesiugl

Tli5es 9 aun §ldaz lamldgn
True
False
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The do Loop

Here iIs the code:

int value;
do

{
System.out.print ("Enter value < 100: ");

value = sc.nextInt();

}
while (value >= 100);

In this form, the user sees the same prompt each time until
the enter valid input.
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The do Loop

1 a Jd {1 Y ' a Jd 1 J Aa
Tunsaliseon Iiiuidonnuia iy U Auw “‘error’mwizaouid 14 laaie,
donnusssualddlys input vzegnou while loop:

int value;
System.out.print ("Enter a value < 100:");
while (value >= 100)

{
System.out.println ("Sorry, that is larger than 100");
System.out.print ("Try again: ")
value = sc.nextInt();

}

v ] - (] ] 9
dunadamsnlasumlasveslunsuain Slide fuda e user floudoyaringndoslutunou

g 1 o =
usn Tusunsuilag ludhunhaulu loop -> @
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Flowcharts for the while Loop and the do Loop

Condition? s Loop body
True
Loop body True
Condition?
False
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Processing Input — t51azugm loop tlalug waz adgls?

When and/or
how to stop?
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Processing Input — When and/or How to Stop?

or be stopped!
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Processing Input — When and/or How to Stop?

o« Tuunldsunsn 151AdaIn1s9I g ldevgeilan  input
Win'lua

e 1371MANAUNANTIHIAINNIEIN STOP!

¢+ U, 151gAag s laisAimuadn  Iianuviunedn
Wivga (5andn A1 sentinel) as1ulaAnuiaiululgen
UDNUDYANIDL TUTINTIQNE D
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Processing Input — When and/or How to Stop?

* 5zdou cOde Adunanundovesdwaoungng 19 lddmn
9 19 A o
gz lainnnan?

uunvazaeyn. 51 hiansom 1an dldlaunngn.

uasgnsamvua sentinel value 1aTasanasnud141%an
A ¥ % ¥ yg ¥ 1A
o 1dazngailoudoyali gl

1 A 1 1 I~4 1
o mazsinSudon lumeiiua — 30101y -1 Wuen
sentinel 1asaerenag
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Processing Input — When and/or How to Stop?

1 ~ S~A X 1 a Y o
¢ L'ﬂ"l]%‘l’i”lﬂ%ﬂﬂﬂllﬂﬂﬁﬂl,ﬁ’t]!,@"lﬂ”IN'G’I'i’JﬂJ"U’E’N!,QHLa’E’Ju‘I’i15@’38%114’31!?]1!

2
NInuA
o uas fAlFlant -1 wwausn maswveslwpournilu O s
{ o 3
aunaziinnlsmsndlu 0 18
Y
o issuiludesilesriu €rror wiiail (dividing by zero) Taels
If-else aiseuun.
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The Complete Salary Average Program

chO4/sentinel.cpp
public static void main(String [] args)

{
double sum = 0;
int count = 0;
double salary = 0, average;

// get all the inputs
System.out.print ("Enter salaries, -1 to finish: %);
while (salary != -1)
{
salary = sc.nextDouble();
if (salary '= -1)
{
sum = sum + salary;
count++;
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The Complete Salary Average Program

// process and display the average
if (count > 0)

{
average = sum / count;
System.out.println ("Avg salary: “ + average);
}
else
{
System.out.println("No data“);
}

A program run:
Enter salaries, -1 to finish: 10 10 40 -1
Average salary: 20
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the break Statement

e UMASIANIENIGIEIUENRTEIN “Ae Q LWa Quit” WU
:19 sentinel value.

- yASINISLRanAT  sentinel Alduld i lsi— wszaiayaana
Huldlsinnaas  aglidunsaldanan  sentinel 1a?
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break Statement

Using the input attempt directly we have:

System.out.print ("Enter values, Q to quit: %)
while (true)

{
value = sc.next () .charAt(0) ;
i1f (value == ‘Q’) break;
// statements here
}
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Nested Loops (loop 42w loop)

Tuuaazda Tua, unazuinazgnilszuiana — a nested loop.
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Nested Loops

* arulnaisngly Nested loops dwsudoyaluasielu

A v
@1513ﬂlﬂullﬂjlla$waﬂ.

9 1 1
* 511%loop lumsdszuanauaazind uaz luuaazund lu
Y o A 9 1 9 A A
A1an loop wauagu1elu loop tintenazilszuiana

LAAZHAnN

« loop NegauluiFenii “inner loop,” loop #egamuen
i3en “outer loop.”
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Nested Loops

Write a program to produce a table of powers.
The output should be something like this:

x1

1

10

x2

1

100

X3 X4

1 1

8 16

27 81
1000 10000
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Nested Loops
JuLLSn 151150910 loop aulunau

4 an Ll,?iazwﬁﬂﬁa::uﬂﬂﬁNﬂ‘ﬂﬂﬂﬂ’]‘iﬂﬂﬁ’]ﬁﬂ. lef x 13l
lRYVIUANTILIIANAVUS207aNa, 15138 1R pseudo-code:

¢ A
X

for n from 1 to 4

{
}

1 d o 1 Y ! Y
* noufiszihae iasnaaey code loop suluneu msizsides

print x"

o = 9 1 d' o
uorileIignneunag lvimnund
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Nested Loops

Uy, ld  inner loop 111U lu

outter loop 1313 ’1n:

(atindudaniinnig)

print table header
for x from 1 10 10
{
print table row
print endl
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Nested Loops

False x=102

True

“This loop is nested
in the outer ‘IOQR:

False
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The Complete Program for Table of Powers

public static void main(String [] args)

{

final int NMAX = 4;

final double XMAX = 10;
int n;

double x;

// Print table header
for (n = 1; n <= NMAX;, n++)
{

System.out.print(n+%“ ”);

}
System.out.println() ;

for (n = 1; n <= NMAX;, n++)
{
System.out.print("x “);

}
System.out.println(“\n”);

chO4/powtable.cpp
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The Complete Program for Table of Powers

// Print table body
for (x = 1; x <= XMAX, x++)

{
// Print table row
for (int n = 1; n <= NMAX; n++)
{
System.out.print (Math.pow(x, n));
}
System.out.println() ;
}
1 2 3 -
X X X X
} 1 1 1 il
2 4 8 16
3 9 21 81
: 4 16 64 256
The program run would be: ¢ 55 125 625
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More Nested Loop Examples

The loop variables can have a value relationship.

In this example the inner loop depends on the value
of the outer loop.

for (1 =1; i <= 4; i++)
for (J =1; jJ <= 1i; j++)
System.out.print("*") ;
System.out.println() ;
The output will be:

*

* %

* % %
* %k k%
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More Nested Loop Examples

for (i = 1; 1 <= 4; i++)
for (§J = 1; j <=|i|;, j++)
System.out.print (
System.out.println();

] agauauimau l00P Famnedduau
Y
Twu * Tuussiavuedgnualy i

*
* *
i unwavveaad 1o @Y * % *
YDIUITING * * * %
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More Nested Loop Examples

for (i = 1; 1 <= 4; i++)

for (J = 1;

System.out.print (
System.out.println();

J <=|i|, J++)

] agauaudwau l00OP Famnedsdou
Y
Tu * Tuussiavuedgnualy i

J stops at: 1

when 1 is:

1 UNUQYUDILDD “I’T%E) 1y

VOIUITINA

1

i1
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More Nested Loop Examples

for (i = 1; 1 <= 4; i++)

for (J = 1;

System.out.print (
System.out.println();

J stops at:

when 1 is:

1 UNUQYUDILDD “I’T%E) 1y

VOIUITINA

j <=

1l

;o J++)

] azauaudwau l00OP Famnedsdau* Titrssgn ¥4

o * (Y] 49@} Y] 1 .
91u ™ Tuussnavuegiualy 1

i1

i
1
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More Nested Loop Examples

for (1 =1; 1 <= 4; i++4)
for (j = 1; j <= i; j++)
System.out.print("*");

System.out.println();

] agauaudau l00OP Famnedsswau* luussiia ¥
Y
Twau * Tunssiavuegnualy i

J stops at: 1
1

*

when i is: 1 1
i 2 |* %

1 UNUQYUDILDD “I’T%E) 1y

VOIUITINA
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More Nested Loop Examples

for (1 = 1;
for (J = 1;
System.out
System.out.p

J stops at:

when 1 is:

1 UNUQYUDILDD “I’T%E) 1y

VOIUITINA

i <= 4; i++)

J <=|[1i|, J++)
.print ( :
rintln () ;

] agauauiau l00P Femnedsduau 119 B
Y
Twu * Tunssiavuedgniualy i

iii
1 2 3

(VI \ O
* *
*

i
i
i
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More Nested Loop Examples

for (1 =1; 1 <= 4; i++4)
for (3 = 1; j <=|i[} j++)
System.out.print( ;
System.out.println();

] azmuquituiu [00P Famnededau * 19 B9
9
Pu ™ lunssievuegiualu 1

J stops at: 1 1 1 1
1 2 34
when i is: i 1 |*
i 2 * %
i unumvven wie @y i 3 |* * %
YOIUIINA i 4 |* * x *
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More Nested Loop Examples

In this example, the loop variables are still related, but the
processing is a bit more complicated.

for (i = 1; 1 <= 3; i++)

{
for (j = 1; j <= 5; j++)
{
if (1 + J $ 2 == 0) {
System.out.print("*") ;
} else { .
System.out.print (" “); [The outputwill be:
}
} * % *
System.out.println () ; *ox
} * % *
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Random Numbers and Simulations

A die toss
another die toss

and another die toss

several tosses of dice

one more die is tossed

was that an English lesson?
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Simulations

A simulation program uses the computer to simulate
an activity in the real world (or in an imaginary one).
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Simulations

« Simulations are commonly used for
— Predicting climate change
— Analyzing traffic
— Picking stocks
— Many other applications in science and business
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Randomness for Reality (Simulating)

* Programmers must model the “real world” at times.

* Consider the problem of modeling customers arriving
at a store.

Do we know the rate?

Does anyone?

How about the shopkeeper!
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Randomness for Reality (Simulating)

Ask the shopkeeper:

It’s about every five minutes
...OF SO...
...glve or a take a couple...
...or three...

...but on certain Tuesdays...
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Randomness for Reality (Simulating)

To accurately model customer traffic, you want to
take that random fluctuation into account.

How?
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The rand Function

The C++ library has a random number generator:

rand ()
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The rand Function

rand Is defined in the estdlib header

Calling rand yields a random integer
between O and RAND MAX

(The value of RAND MAX is implementation dependent)
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The rand Function

Calling rand again yields a different random integer

Very, very, very rarely it might be the same random
Integer again.

(That’s OK. In the real world this happens.)
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The rand Function

rand picks from a very long sequence of numbers
that don’t repeat for a long time.

But they do eventually repeat.

These sorts of “random” numbers are often called
pseudorandom numbers.
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The rand Function

rand uses only one pseudorandom number sequence

and it always starts from the same place.

Oh dear

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



The rand Function

When you run your program again on another day,
the call to rand will start with:

the same random number!

Is it very “real world” to use the same sequence
over and over?

No, but it’s really nice for testing purposes.

but...
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Seeding the rand Function

You can “seed” the random generator to indicate
where it should start in the pseudorandom sequence

Calling srand sets where rand starts

srand is defined in the estdlib header
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Seeding the rand Function

But what value would be different every time
you run your program?

(hint)

How about the time?
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Seeding the rand Function

You can obtain the system time.

Calling time (0) gets the current time

Note the zero. It is required.

time IS defined in the time header
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Seeding the rand Function

Calling srand sets where rand starts.
Calling time (0) gets the current time.

So, to set up for “really, really random”
random numbers on each program run:

srand(time (0)); // seed rand()

(Well, as “really random” as we can hope for.)
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Modeling Using the rand Function

Let’'s model a pair of dice,

D el

o>
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Modeling Using the rand Function

one die at a time.
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Modeling Using the rand Function

What are the numbers on one die?
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Modeling Using the rand Function

Numbers we can work with please!
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Modeling Using the rand Function

What are the bounds of the range of numbers on one die?

A

1 and 6 (inclusive)

We want a value randomly between those endpoints
(inclusively)
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Modeling Using the rand Function

(b - a+ 1)

A

A\
b

Given two endpoints,
a and b, recall there are

(b - a + 1)

values between a and b,
(including the bounds themselves).
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Modeling Using the rand Function

(b - a+ 1)

AN
( A

——

rand() $ (b - a + 1)

a

Obtain a random value
between 0 andb - a

by using the rand () function
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Modeling Using the rand Function

(b - a+ 1)

Start at a

C++ for Everyone by Cay Horstmann
Copyright © 2012 by John Wiley & Sons. All rights reserved



Modeling Using the rand Function

(b - a+ 1)

int d =

Add that random value
to a and you have:

rand ()

o

o

(b - a + 1)
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Modeling Using the rand Function

(b - a+ 1)

rand() $ /(b - a + 1)
a random value Iin the range.

intd=rand() $ (b - a + 1) + a;
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Modeling Using the rand Function

o>

Using 1 and 6 as the bounds
and
modeling for two dice,
running for 10 tries,
we have:
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Modeling Using the rand Function

chO4/dice.cpp

One of many different
public static void main(String [] args) Program Runs:

{

srand (time (0)) ;

for (i = 1; i <= 10; i++)

{
int d1 = rand() % 6 + 1;
int d2 = rand() % 6 + 1;
System.out.println(dl+" “+d2) ;
}

o BDOR IR N WO
NWHRAMBNRKRNMRR

System.out.println() ;
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The Monte Carlo Method

The premier gaming “table d’darts”
at one of the less well known casinos in Monte Carlo,
somewhat close but not quite next door to Le Grand Casino.
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The Monte Carlo Method

As long as we're here, let's go in!
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The Monte Carlo Method

The Monte Carlo method is a method for finding

approximate solutions to problems that cannot be
precisely solved.

Here is an example: compute 7 Z

This is difficult.
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The Monte Carlo Method

While we are in this fine casino,
we should at least play one game at the “table d’darts”
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The Monte Carlo Method

THAT'S IT!

By shooting darts (and a little math)
we can obtain an approximation for 7.
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The Monte Carlo Method

Consider placing the round dartboard
Inside an exactly fitting square
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The Monte Carlo Method

As we toss darts at the target,
If we are able to just hit the target — at all — it's a hit.

(no wonder this is such a pathetic casino)
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The Monte Carlo Method

and a miss IS a miss.
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The Monte Carlo Method

The (x,y) coordinate of a hitis when (x2 + y? < 1.
In code:

if (x * x + vy * vy <=1) { hits++; }

J
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The Monte Carlo Method

Our coded random shots will give a ratio of
hits/tries
that is approximately equal to the ratio of
the areas of the circle and the square:

/4
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The Monte Carlo Method

Multiply by 4 and we have an estimate for 77!

JT = 4 * hits/tries;

The longer we run our program,
the more random numbers we generate,
the better the estimate.
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The Monte Carlo Method

For the x and y coordinates within the circle,
we need random x and y values between -1 and 1.

Thatsarangeof (-1 + 1 + 1) or2.

As before, we want to add some random portion
of this range to the low endpoint, -1.

But we will want a floating point value, not an integer.
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The Monte Carlo Method

We must use rand with double values
to obtain that random portion.

double r = rand() * 1.0 / RAND MAX;

The value r is a random floating-point
value between 0 and 1.

You can think of this as a percentage if you like.

(Use 1.0 to make the / operator not do integer division)
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The Monte Carlo Method

The computation:

double x = -1 +,2 * r;

2 is the length of the range from -1to 1
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The Monte Carlo Method

The computation:

double x = -1 +,2 * r;

2 is the | of the range from -1to 1

r IS some random value between 0.0 and 1.0
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The Monte Carlo Method

The computation:

double x = -1 + 2 * r;

2 is the length of the rapge from -1to 1

r IS some randaomwvalue between 0.0 and 1.0

so (2 * r) is some portion of that range
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The Monte Carlo Method

The computation:

double x = -1 + 2 * r;

T

2 is the length of the r

efrom-1to1l

r IS some randaomvalue between 0.0and 1.0

so (2 * r) is some potltion of that range

|
We will add this portion to the left hand end of the range, -1
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The Monte Carlo Method

The computation:

double x = -1 + 2 * r;

2 is the length of the range from -1to 1

r IS some rahdom value between 0.0 and 1.0

S0 (2 r) IS some portion of that range
Adding this paftion to the left hand end of the range gives us:

x randomly within the range -1 and 1.
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The Monte Carlo Method for Approximating Pl

chO4/montecarlo.cpp

public static void main(String [] args)

{

final int TRIES = 10000;
srand (time (0)) ;
int hits = 0;
for (int 1 = 1; i <= TRIES; i++)
{
double r = rand() * 1.0 / RAND MAX; // Between 0 and 1
double x = -1 + 2 * r; // Between -1 and 1
r = rand() * 1.0 / RAND MAX;
double vy = -1 + 2 * r;
if (x * x + vy * y <= 1) { hits++; }
}
double pi estimate = 4.0 * hits / TRIES;
System.out.println("Estimate for pi: “+pi estimate);
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Chapter Summary

Explain the flow of execution in a loop.

* Loops execute a block of code repeatedly while
a condition remains true.

* An off-by-one error is a common error when programming loops. Think through
simple test cases to avoid this type of error.

Use the technique of hand-tracing to analyze the behavior of a program.

e Hand-tracing is a simulation of code execution in which you step through
instructions and track the values of the variables.

e Hand-tracing can help you understand how an unfamiliar algorithm works.

e Hand-tracing can show errors in code or pseudocode.
Use for loops for implementing counting loops.

e The for loop is used when a value runs from a starting point to an ending point
with a constant increment or decrement.
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Chapter Summary

Choose between the while loop and the do loop.
L ThC do lOOP iS flpPl‘OPI‘illtC when the lOOP body must bC CXCCUtCCl at ICﬂSt once.
Implement loops that read sequences of input data.

* A sentinel value denotes the end of a data set, but it is not part of
the data.

® Youcan use a Boolean variable to control aloop. Set the
variable to true before entering the loop, then set it to false
to leave the loop.

e Useinput redirection to read input fromafile. Use ou tput
redirection to capture program output in a file.

Use the technique of storyboarding for planning user interactions.

e Astoryboard consists of annotated sketches for each step in an action sequence.

* Developing a storyboard helps you understand the inputs and outputs that are
required for a program.
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Chapter Summary

Know the most common loop algorithms.

e To COlTlpUtC anaverage, kCCp a tOtﬂ.l {llld acount Of all valu CS.

¢ To count values that fulfill a condition, check all values and increment a counter
tor each match.

e [f your goalis to find a match, exit the loop when the match is found.

e To ﬁlld thC lﬂl‘gCSt VQIUC, update the lﬂl'gCSt value S¢cn so f&l‘ Whenever youscca
larger one.

e To compare adjacent inputs, store the preceding input in a variable.
Use nested loops to implement multiple levels of iteration.

e When the body of a loop contains another loop, the loops are nested. A typical
use of nested loops is printing a table with rows and columns.

Apply loops to the implementation of simulations.

* Inasimulation, you use the computer to simulate an activity. You can
introduce randomness by calling the random number generator.
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End Chapter Four
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