Nested loops

reading: 2.3
self-check: 22-26
exercises: 10-14

videos: Ch. 2 #4
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Redundancy between loops

Boke i htu e T
System.out.print (j + "\t"); Output:
} i 2 3 4 5
Sy sStemioutiprintinG:; 7 4 6 8 10
- .
Sy Stem oubLpEIRT (2500 iy
}
S e O R G B e O A e
Eor N e R s
e L R e T
}
Sy SEeminE e ey
e B
Systemiout iprint (4 ® JE Wer g
}
System.out.println() ;
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Nested loops

*» nested loop: A loop placed inside another loop.

Porilfant iy ey e
for (int 4 =1, <= Hoapd)
System.out.print((i * j) + "\t");
}
AR Y A0S 1 S AN SO LI P EOER A O o a0 o O ¥~ OB S gy
}

e Qutput:
1 2 3 4 9
2 4 6 8 10
3 6 9 i
4 8 2 16 20

e Statements in the outer loop's body are executed 4 times.
 The inner loop prints 5 numbers each time it is run.
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N n s e

ested for loop exercise

* What is the output of the following nested for loops?

B A o W A IRt it O L s g S SRt e v
for (Int e sy
System.out.print ("*");

}
Systeuouteprintlin )

e Qutput:

R AR R i i A i i i i ¢
kkkhkk Kk kk kKK
kkkkh Kk kk KKk
kkkhkkhKkkk KKk
kkkhkkhkKhkk KKk

*kkhkk Kk kk kKK
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N n s e

ested for loop exercise

* What is the output of the following nested for loops?

B A o W A IRt it O L s g S SRt e v
for (int j = 1; j <= 1i; Jj++) {
System.out.print ("*");

}
Systeuouteprintlin )

}

e Qutput:

* %

* Xk %

* Kk kK
* ok Kk k%

* ok Kk Kk kK
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N n s e

ested for loop exercise

* What is the output of the following nested for loops?

B A o W A IRt it O L s g S SRt e v
o (int o e e g ey
SVASEETM O (3
}
systemsioutyprint En )y

}

e Qutput:
1
%27
333
4444
55555
666666
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Complex lines
* What nested for loops produce the following output?

inner loop (repeated characters on each line)

.3 > outer loop (loops 5 times because there are 5 lines)

* We must build multiple complex lines of output using:
» an outer "vertical” loop for each of the lines
e inner "horizontal"” loop(s) for the patterns within each line

Ent— 7
s Copyright 2008 by Pearson Education



Outer and inner loop

* First write the outer loop, from 1 to the number of lines.

159 e o s e At N A e e o A M ada T P o

}

* Now look at the line contents. Each line has a pattern:
» some dots (0 dots on the last line)
* a humber
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Nested for loop exercise

* Make a table to represent any patterns on each line.

sl line | # of dots -1 * line -1 * line + 5
- 1 4 - 4
'213 2 3 >
' 3 2 =3 2
5
4 1 -4 1
5 0 -5 0

e To print a character multiple times, use a for loop.

for (int 7 = 1; j <= 4; j++) {
SAvAche=t 1 elbhn ehauh onm R T // 4 dots
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//

ested for loop solution

* Answer:
Foravrneyahanern—lealnmaniehsnrlaryen kbt
forvfint e e vpace EINEIEECETIION » b
ShVfcieroniEtlelalei eh sk ool

}

SYStemout printlin (MesEe )

}

e Qutput:
ol
D
o
A
g

— 10
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Nested for loop exercise

* What is the output of the following nested for loops?
s hane i p = L A g s e e e s s
Moy AR e T e e e
ShVfcieroniEtlelalei eh sk ool
}
TOr Citntak =l e ce linas b
System.out.print(line);

}
System.out.println () ;

}

e Answer:
S
S
a3
L4444
55555
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Nested for loop exercise

* Modify the previous code to produce this output:

il
S
P
Tl
e
* Answer:
ASE A RN (0 40 PO DN O L LSO I Y IR R P M e e
Forfantagn= il saaiea sl kilane vk by
Syshemioutprint (el

}

}

System.out.print(line) ;
for (int j = 1; j <= (line - 1); j++) {
System.out.print(".");

}
System.out.println() ;

g
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Common errors

* Both of the following sets of code produce infinite loops:

for (int i = 1; 1 <= 10; 1++) {
o ke
Systemioubiprin iy

}
S e e e S S s e

for (int i = 1; 1 <= 10; 1i++) {
e D e R ]
e

}
sSyvisbemioib o praniilaitye
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Building Java Programs

Chapter 2
Lecture 2-3: Loop Figures and Constants

reading: 2.4 - 2.5
self-checks: 27

exercises: 16-17
videos: Ch. 2 #5
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rawing complex figures

» Use nested for loops to produce the following output.

e Why draw ASCII art?
» Real graphics require a lot of finesse
o ASCII art has complex patterns
» Can focus on the algorithms
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Development strategy

» Recommendations for managing complexity:

1. Write an English description of steps required (pseudo-code)
« use pseudo-code to decide methods

2. Create a table of patterns of characters
« use table to write loops in each method
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1. Pseudo-code

» pseudo-code: An English description of an algorithm.

» Example: Drawing a 12 wide by 7 tall box of stars

print 12 stars.
for (each of 5 lines) {

print a star. * % Kk K x Kk Kk * Kk Kk kK
print 10 spaces.

* *
print a star. o :

* *

e * 5
print 12 stars. e .
* *

R g b i b b b i i ¢

3
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//

Pseudo-code algorithm

1. Line
- #,16 =, #

2. Top half
i)
« spaces (decreasing)

. dots (increasing) | s |
- | - |

. Spaces (same as above)
| s S

3. Bottom half (top half upside-down) oo nan e <> |

4, Line | S |
- #,16 =, # | s |

B PEEESE—— 18
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Methods from pseudocode

public class Mirror {

publirenehabiernvoidimaintarrangi e rgs
line () ;
LOPRHET S
bobbomBalrit)ys
line () ;

}

ehnieR e e R e s e e e S A R
for (int line = 1; line <= 4; line++) {
// contents of each line
}
}

e A A AN S C Ty s o TS SRR S M A e
for (int line = 1; line <= 4; line++) {
// contents of each line
}
}

public static void line () {

//

" }
3 ) 19
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2. Tables

* A table for the top half:
» Compute spaces and dots expressions from line number

line |spaces |line*-2+8 [dots |4 *line -4
1 6 6 0 0

2 4 4 4 4

3 2 2 8 8

4 0 0 12 1w
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/3.Writing the code

e Useful questions about the top half:
» What methods? (think structure and redundancy)
» Number of (nested) loops per line?
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Partial solution

// Prints the expanding pattern of <> for the top half of the figure.
publievstatieysyorgieopRabieymad

for (int line = 1; line <= 4; line++) {
S RTE SRRy =11 A 4 ey o hied 4 A AP oL A

for (int space = 1; space <= (line * -2 + 8); space++) {
AT =Y N O S U S S e e Sl WA
}

S ACan =110 oAb Rt o o danls wAl i A0 D

forytintrdotyenberdat s (SIEnIIETESEIRG N - o) o 1 o
SRV RS Al e A Y A G T R CLAATL Y
}

SR e e AR

for (int space = 1; space <= (line * -2 + 8); space++) {
Sy Sbemiowb sprin iy
}

SRS I m A AR o e VAl G LAl A

S



Class constants
and scope

reading: 2.4

self-check: 28

exercises: 11
videos: Ch. 2 #5
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Scaling the mirror

* Let's modify our Mirror program so that it can scale.
» The current mirror (left) is at size 4; the right is at size 3.

 We'd like to structure the code so we can scale the figure
by changing the code in just one place.

24
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imitations of variables

» Idea: Make a variable to represent the size.
» Use the variable's value in the methods.

e Problem: A variable in one method can't be seen in others.

pUblicy static i voldimalniStringblvargsyyid
int size = 4;
o) ol s B UEh Bl B R
prrnLBottomit)y

}

GRS e e S P Y e Gl B L SR R O A Y e
V5o aaEn] o B 0 cern B Y U e g - ). - e dg e e // ERROR: size not found

}
}

publiicystaricyvoldrborrombal bty
for (int 1 = max; 1 >= 1; i--) { // ERROR: size not found

}

25
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Variable scope

*» scope: The part of a program where a variable exists.
» From its declaration to the end of the { } braces
« A variable declared in a for loop exists only in that loop.
« A variable declared in a method exists only in that method.

pPubirevwetaaervotdiasramp hestg
int x = 3; B

Forralin e e e et
<{:: Systemiont iprinthrn ()

—
} X'S SCOpe
// i no longer exists here
} // x ceases to exist here

I's scope

——— 26
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Scope implications

* Variables without overlapping scope can have same name.

el i e mie e pca e R BB ) A |
S e e

}
B i on o b e et B e g N e // OK
St

}
TRt =k // OK: outside of loop's scope

* A variable can't be declared twice or used out of its scope.

e b et v b be g e e R A R S e e
B g e b // ERROR: overlapping scope
System. out.prine (W/im)

}
i=4; // ERROR: outside scope

S
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Class constants

» class constant: A value visible to the whole program.
» value can only be set at declaration
» value can't be changed while the program is running

e Syntax:
public static final type name = value;

 name is usually in ALL_UPPER_CASE

» Examples:
Pubilacssbarmaianad e B e o N e e

publEicestarie prnal adonbie N B RS T R e
[Geienbel mete et e e e s N s o

28
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Constants and figures

» Consider the task of drawing the following scalable figure:

BN

| |
| |
| | Multiples of 5 occur many times
| |
| |
FEN NN NN N

EANAN AN

| |
| | The same figure at size 2

N

29
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Repetitive figure code

public class Sign {

pubiievsratisiveidimainistringiiiargsivd
drawLine ()
drawBody ()
drawLine () ;

}

publidcnsharenvondidrawimreiyiy
Sy Stemi o iprinti Ry
1400 T A 14 A WA R A A Mo P v 8 © Bt e o o0 e
Sh Ve oo IO s yek o) sty Al A i N
}

Syshemyoutvprin b En ChEy
}

pubbresrapreyordideawBodyii)iad
A 50 0 AR (0063 13 WA N o =0 A A 0 0 ) = R0 i AR U 1 = i o A
Sy sEemyoBEspEITE G
for (int spaces = 1; spaces <= 20; spaces++)
SAVASE N IO B ne & 1 ealh 0 ey AR Y
}

D e I ROV P YA 67 SA R I T A AR

~ Copyright 2008 by Pearson Education

{

30



~ Copyright 2008 by Pearson Education

)/“/,,/

e

Adding a constant

public class Sign {
public static final int HEIGHT = 5;

pubiievsratisiveidimainistringiiiargsivd
drawLine ()
drawBody ()
drawLine () ;

}

publidcnsharenvondidrawimreiyiy
Sy Stemi o iprinti Ry
Eorrbintrireriergersn M T GHT e joaay
Sh Ve oo IO s yek o) sty Al A i N
}

Syshemyoutvprin b En ChEy
}

public static void drawBody () {
for (int line = 1; line <= HEIGHT; line++) {
Sy sEemyoBEspEITE G
for (int spaces = 1; spaces <= HEIGHT * 4; spaces++) {
SAVASE N IO B ne & 1 ealh 0 ey AR Y
}

D e I ROV P YA 67 SA R I T A AR

S b
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Complex figure w/ constant

* Modify the Mirror code to be resizable using a constant.

A mirror of size 4: A mirror of size 3:
f================f fe=—=————————
| e | | L |
| <> <> | s S
e e st <> |
e <> | o <> |
e <> | | <> < |
e s | = |
| SSEEs | e
| < |

f================#%

32
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Using a constant

e Constant allows many methods to refer to same value:
public static final int SIZE = 4;

public static void main (String[] args) {
topHalf () ;
DR

}

pubkrersratitervorcirropHadiyaad
e s T N // OK

}
}

publrevstatvervordabotrt omPa Bl i
(s eden] (v ) 0 A WAttt | 11 L | et 0 R g hoe s e R // OK

}

Copyright 2008 by Pearson Education
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Loop tables and constant

e Let's modify our loop table to use sI7zE
e This can changethebin y=mx+ b

SIZE | line spaces |-2*line + (2*SIZE) | dots 4*line - 4
4 1,2,3,416,4,2,0 |-2*line + 8 0,4,8,12 |4*line - 4
3 12, g0 -2*line + 6 0,4,8 4*line - 4

f================#

| e | | <><> |

e e o [ -

e o P e -

N < R an

s i o et <o

| e | | <><> |

| < | ook

f================¢%

34
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Partial solution

public static final int SIZE = 4;

// Prints the expanding pattern of <> for the top half of the figure.

Obl R e e R R e s e e e
for (int line = 1; line <= SIZE; line++) {

System.out.print (" |");
for (int space = 1; space <= (line * -2 + (2*SIZE)); space++) {
SAve e R R e

}
System.out.print ("<>") ;

e A R S A S B e R e
Shvicassi o b u o el o Yo AR
}

SYStem ouLsprEntitiazy

for (int space = 1; space <= (line * -2 + (2*SIZE)); space++) {
R 11 ey e 5 A AR e o Al AR D v
}

SvabemyouEiprint bnit Yy

3 %5
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- Observations about constant

* The constant can change the "intercept" in an expression.
» Usually the "slope" is unchanged.

public static final int SIZE = 4;

for (int space = 1; space <= (line * -2 + (2 * SIZE)); space++) {
S A S I L b S 8 YT IR N T

e It doesn't replace every occurrence of the original value.

Foratint dobverilyrdot e nilyners ey g ey ey
System.out.print (".");

— 36
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