
I .  ~dol~i~nilnwwwii~~3n~~~n~~~~frl~~~nm~~ofl~fifu~~a::~1aia 

2. ~dol~~nilna1~1u~to'1~.siu~.sfifu1,ulau~i~~im0~1ulh 

3. L ~ ~ I J ~ ~ ~ ~ ~ ~ ~ I ~ I ~ I T ~ L L K ~ ~ ~ H I ~ I H Q Y ~ ~ ~ ? L L ~ P U ~ ~ ' R ~ I U ~ Y ~ ~ U ~ W  

4. L d ~ 1 i n i l n ~ l R l ~ l t o f i l ~ ~ ~ L L ~ : : ' 1 # 4 l ~ ~ d f i f ~ d ~ ~ ~ ~ l ' i ~ ~ ~ ~ ~ ~  (Functions 

without Arguments) 

5. ~do~rl~n~nwa~ui?ofii~ua~~a::'~~~~ufl~fifud~o~'ia~uufl~ (Functions with 

lnput Arguments) 

6. ~~oldicinilna~aiuioofi~~ua~~a::l#.~~ufl.sfifud~~~'i~~uum'~~a::~n~~d~d~u 

~acvgnc~lh (Functions with lnput Arguments and Single Result) 

7. ~4o1~~n1nwnu1ro i1~ua~La: :1~ . j1u~ . j r~~ud~~~1~~1 i i~~~un~  (Function 

with Multiple Arguments) 

8. ~d~~~irinilnlnR~u~?~fi?~u~~~a::~#~~u~~n'fu~illn~?d~d~u~~v~~~~~moitl~~u 

dltiro614?i~~Bi (Value and Reference Parameters) 

9. ~ d o l ~ * n A n w a ~ u ~ ~ n ~ ~ ) i ~ ~ r y ~ ~ n ' ~ t ~ ~ ~ ~ ~ n ~ u d Z n ~ ~ l ~ ~ ~ a ~ o ~ a ~ ~ ~ ~ ~ u ( s t r i n ~ ) l ~  



Y Y n i ra~n~~uu~u;U~~aiu~nn$n d ~ ~ ~ u ~ ~ o 7 ~ d ~ u ' i l z a ~ u 1 u ~ ~ n ~ o ~ a n ~ ~ u u ' i l 1 n u u ~ ~ d 7 4  

(top down design) d ~ L f l ~ L M ~ ~ R d ~ " 7 ~ L L d 4 f l ~ ~ 7 ~ ' ) 3 n ~ f l ~ d ~ ~ 7 d ~ U ~ ~ i ~ i l l ~  

Knjnanr:uuatd7r ~ n u ~ d t ~ ~ n o u ~ : d t ~ n ~ ~ ~ ~ ~ ~ d o ~ ~ n o u d a u ~ d ~ ~ ~ d ~ n ~ t d ~ k u w ' u d d ~ n ' u  

duiduiu walaaun~man~~uua~iind~a flrya7l4ipn~~dli.r~fluifry~7iaul ~ u z  

tllorrnmdau 1 t l lo r rnr~~~y~i i i l ry~ idau~Bi~#u4 1 OQHI < ~ Z ~ ~ I U P ~ ~ P ~ ~ I ~ L ~ I Z ' ~ ~ L L ~ ~ ~ I ~  



DATA REQUIREMENT 

Problem Input 

float radius X~BUCI.J~~N 
Problem Output 

Y d 
float area w MM'ilBS7U n nu 

float circum ~~I~.JU?C)%QQL&UO~U?Q 

4 d 
~~~ ' i l a414n f i u  = 7't x radius x radius 

~ ~ i u u ~ ~ ' i l ~ . ~ ~ I u r ~ ~ q a  = 2 71: x radius 
I 

eenrruu kmou1un7suiiil~nii~~qqqnL~u 4 L o u 1 ~ 4  doznouaqu 

ALGORITHM 
r 

I. ~YLIAC~IUU?~FPI~~ 

fi~~rontLinr$umou.~~la'mL~uLLnz~u~rtld'~"saZrj doinl)iilu$umau~ 2 ~~nr$umou$3 
Y " 3  

k l r j f i uq rn l  6~h~a~iii~un~mrluo7un::L%umLw"'ill.j:la'mL~u'ilum~u 

ALGORITHM WITH REFINEMENTS 

2.1 area = PI x radius x radius 

3. E / I ~ ~ ~ H I ~ ~ I U U I ~ ' ~ ~ ~ ~ L & ~ ~ W Y ~ . J  

3.1 circum = 2 x PI x radius 
3 d 

4. ~ ~ f i [ 1 1 4 F i l W l d ~ ' i l ' i l 4 ? 4 ~ ~ ~  ~ o 3 ~ ~ ~ 1 u f l l ~ ~ a 4 ~ d ~ r ' i l ~ ~ ~  M749QnlW 



// Computes and displays the area and circumference of a circle 

int main ( ) 

{ 

const float PI = 3.141 59; 

float radius; // input : radius of circle 

float area; I/ output : area of circle 

float circum; // output : circumference of circle 

// Get the circle radius. . 

, I/ Compute area of circle. 

I/ Assign pi * radius * radius to area. 

/I Compute circumference of circle. 

I/ ~ s s i g n  2 * pi * radius * radius to circum 

//Display area and circumference. 

return 0; 

1 

Y rl &sdwd 3.2 . u ~ w u ~ a e u a ~ n r u ~ ~ r ~ ~ a ~ ~ ~ ~ a ~ e ~ ~ s S r u ~ a u a u  
N File : circle.cpp 

N Computes and displays the area and circumference of a circle 
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int main ( ) 

{ 

const float PI = 3.1 41 59; 

float radius; 

float area; 

float circum; 

// Get the circle radius. 

// input : radius of circle 

// output : area of circle 

// output : circumference of circle 

tout << " Enter the circle radius : " ; 

cin a> radius; 

// Compute area of circle. 

area = PI radius * radius ; 

// Compute circumference of circle. 

circum = 2 PI radius ; 

// Display area and circumference. 

cout << " The area of the circle is " << area << endl; 

cout << " The circumference of the circle is " << circum << endl; 

return 0; 

Enter the circle radius : 5.0 

The area of the circle is 78.539749 

The circumference of the circle is 31.41 5901 



DATA REQU l REMENTS 

Problem Constant 

PI = 3.14159 

P'roblem Inputs 

float holeDiameter 

float edgeDiameter 

float thickhess 

float density 

float quantity 

Problem Outputs 

float weight 

Program Variables 

float holeRadius 

float edgeRadius 

// diameter of hole 

// diameter of outer edge 

//thickness of washer 

//density of material used 

//number of washers made 

//weight of batch of washers 

//radius of hole 

//radius of outer edge 

float rimArea //area of rim 

float unitweight //weight of 1 washer 
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Relevant Formulas 

area of circle = * radius2 

radius of circle = diameter12 

rim area = area of outer circle - area of hole 

unit weight = rim area*thickness*density 

AY?@dld 3.3 Washer program 

I/ File : washers.cpp 

// Computes the weight of a batch of flat washers. 

using namespace std; 

int main ( ) 

{ 

const float PI = 3.141 59 

float holeDiameter ; 

float edgeDiameter; 

float thickness ; 

float density ; 

float quantity ; 

//input - diameter of hole 

//input - diameter of outer edge 

//input - thickness of washer 

//input - density of material used 

//input - number of washers made 

float weight; //output -weight of batch of washers 

float holeRadius I //radius of hole 

float edgeRadius; //radius of outer edge 

float rimArea; //area of rim 

float unitweight; //weight of 1 washer 

//Get the inner diameter, outer diam'eter , and thickness. 



cout << " Inner diameter in centimeters : " ; y 

tin >> holeDiameter ; 

cout << " Outer diameter in centimeters : " ; 

cin >> edgeDiameter; 

cout << " 'Thickness in centermeters : "; 

cin >> thickness ; 

I/ Get the material density and quantity manufactured. 

cout << ", Material density in grams per cubic centimeter "; 

cin >> density ; 

cout << " Quantity in batch : "; 

cin >> quantity; 

//Compute the rim area . 
holeRadius = holeDiameter / 2.0 ; 

edgeRadius = edgeDiameter / 2.0 ; 

rimArea = PI * edgeRadius * edgeRadius - PI * holeRadius * holeRadius; 

//Compute the weight of a flat washer. 

unitweight = unitweight * quantity; 
j ,  

/I Display the weight of the batch of washers. 

cout << " The expected weight of the batch is" 

<< weight << " grams. " << endl; 

return 0; 
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3.2 Library Function 

~n%unn7~dri7uun14(~redefined class) u~rfl~hln~u'Iu~rn~t~~~7mo~7~ a B ~ d u  l ~ l un j  

u7mo~7u crnath t ~ ~ ~ ~ j l ~ r ~ t n ~ ~ n ~ r n n ~ f i m i ~ ~ n ~ i u ~ d 0 ~ ~ ~ ~ ~ ' ~ 0 1 u ~ 1 ~ ~ n ~ ~ u n ~ ~  

ufifl~nin7qli7uni~iiuq1un7~nlii~n3fim4 ~du G63L sqrt d~rnlf lun7tr iwqorn7pi7 

function call 

function name argument 

I 

b.h$~fl.jfi sqrt ~ d o ~ n d u n ~  ( function call) fi7 

x ijhm'ifu i 6.0 n7~$ic7uLgusilfiiu~w~q3 

nio$ir7uqaaflq~~ud~o7duni7 "black box" nhq~oiin7odtciiudi$.j~flu#m~n~171d~.~ 

vXIrlQu ~ ~ a z ~ n i t d ~ u ~ u r i ~ u n C ~ i F n ~ ~ u ~ ~ o 1 u l o ' 1 r l l u ~  d~&itunl~~hwnudi3"sn7o 

function sqrt 

x is 16.0 .-b -.----+ result is 4.0 

J 8I.h 3.1 Function sqrt as a "black box" 
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answer = sqrt(first); 

answer = sqrt(second) ; 

answer = sqrt(first + second) ; 

btfl~i?8flnNfl4fi~Id sqrt dhB~$nitdiMufl1@UTi~X17nP~i~ cmath luduc(luh~u%iuao.r 

~ ~ L L ~ T u ~ W  #include -%math> ksileliicd 3.5 

/ / File: squareRoot.cpp , 
/ / Performs three square root computations 

#include <cmath> 

#include <iostream> 

using namespace std; 

/ / sqrt function 

/ / i/o functions 

int main ( ) 

I 
float first; / / input : one of two data values 

float second; I / input :.second of two data values 

float answer: / / output : a square root value 

1 I Get first number and display its square root. 

cout << "Enter the first number: " ; 

cin >> first ; 

answer = sqrt ( first ); 

cout << "The square root of the first number is " << answer << endl ; 



/ / Get second number and display its square root. 

cout << "Enter the second cumber : "; 

cin >> second; 

answer = sqrt (second); 

cout << "The square root of the second number is " << answer << endl; 

/ / Display the square root of the gum of first and second. 

answer = sqrt (first + second ); 

cout << "The square root of the sum of both numbers is " << andwer << endl; 

return 0; 

1 

Enter the first number: 9 
The square root o f  the first number is  3 
Enter the second number : 25 
The square root o f  the second number i s  5 
The square root o f  the sum of both numbers is 5.83095 

C++ Library Functions 



~ a i ? s u q ~ d  3.5 nwI4#w8u sqrt ' 

~flilunirlq c++ Omslqfl4rldu sqrt uar pow rd~riiuqmcliriirinarrni tkiI 

// Compute two roots, rootl & root2, for discriminant value > 0 

rootl = (-b + sqrt(disc)) / (2.0ta); 

root2 2 (-b - sqrt(disc)) / (2.0ea); 

&hr(du cos iadtubunliuimrjiu cmath &h~rinnu y u a ~a2luat nh~a~ddsulii 



nmud 3.1 U(IIIU\RY m4#4n'~wri5~1'1~mi 
Function Standard Argument A Rmult Pwrpose:Example 

abs(x) <csMlib> int d i L y ~ r j w ~ h r n r i 7 u a u ~ f i u  

~ d u  abs(-5) &h~l'i1611 5 

cell(x) <cmath> double double ~7t i7kaupd~aud~audrr lnni l  x 

du ceil(45.23) f l d 7 ~ ~ h f i u  46.0 

double double ~ 7 6 7  cosine m 4 y U  x 

(radians) ~ d u  cos(0.0) iJd7~Yj7fi 1 .O 

double double ~ 1 6 7  ex lau e = 2.71828 ... 

rdu exp(1 .o) 6ti7~d7n'Y 2.71828 

double double uld7diu~tdrcw~n~lu~~'?34 

L ~ U  fabs(-8.43) dP;7Ld76u 8.43 

double double w ~ ~ ~ d u 7 n d ~ m u d ~ e u n t i I  x 

Ldu fioor(45.23) dd7Ld76u 45.0 

double double ~ 7 P f 7 f i a f l i M ~  ye4 x ~ P I U  X>O.O 

double double wl t imen7?$u~wl  0 qw x bu X>O.O 

Ldu log1 O(100.0) Sd7Lri7filJ 2 

double double ~ 7 6 1  xY L ~ U  pow(0.16,0.5) j I d ~ h f u  0.4 

double double w7dl sine ne4yl.l x 

(radians) ~ d u  sin(1.5708) Sd7~Y13fi 1 .O 
J 

double double w ~ d i t i n n f l e ~ n a s  x Om x >= 0.0 

L ~ U  sqrt(2.25) d d 7 ~ 4 7 6 ~  1.5 

double double W l d l ~ U  tangent 4DJyU x 

(radians) ~ d u  tan(0.0) Bd7~d1fiu 0.0 I 



3.3 Top-Down Design bbg3t: Structure Charts 

n~ru~uninr~d~uid i~~u1d~~~n0ud8auin '1~ry '~~ar~u~~u~u Wt~flru~uoihauda 

d~v i~auun~f lud~u id~u~ t a u n u i u i u ~ r ~ u ~ n t a d ~ n ' u ~ ~ ~ ~ ~ ~ ~ a ~ ~ u n t i ~ u @ ~ ~ d & u ~  
J r r l  ~ildi6uiiu & ? ~ n i t ~ ~ P i ~ f l n d i  top-down design ~ f l ~ ~ ~ ~ ~ ~ d l u l ~ n i ~ ~ ~ ~ f l ~ y ~ i ~ i . ~ ~  

$umiunt~~nwdald&o structure chart ~ ~ ~ d ~ u ~ + i l u n i t r i ~ u u m n ~ i u 6 u w ' u ~ ~ ~ ~ . ~ i . j  

dry~irioudiq~ 



- a circle ~flmiwa4nau 

- a base line Lflu~&uns4 

- parallel lines L~ML&MSIUIM 

d 4 14 

- intersecting lines ~flua?u~vauun\uugiu 

INITIAL ALGORITHM 

ALGORITHM REFINEMENTS 

Step 2 Refinement 

2.1 ~ i m a i u a d u u ~ i i ~ i u  

2.2 aim~&uns;I 

4 q4~oldiuion\# structure chart u ~ ~ P R ? ~ u ~ ~ ~ ' ~ ~ ' Y ~ ~ ~ ~ ~ H I ~ ~ ~ L L E ~ = : ~ ~ w I ~ ' ~ ) ~ ~ ~ ~ ~ ' Q  

@d 3.3 P n ~ n o = : u a u n 1 n a ; 1 n i ~ ~ ~ r i ; 1 i l ~ ~ ~ ~ ~ u i i 6 ~ ~ u ~ u ~ i n f l ~ ~ ~ ~ ~ n ~ ~ ~ ~ u o : : 6 ~ ~ u  
d 24 qmlununaozKu 0 o~az~~~.rd~n~ou1unioaimniwpii~~~~uf2:6~d 1 LLaz 2 niudi6u 
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Original 

problem 

Subproblems ,,, PI 
1 a circle 1 1 a 1 1 intersecting lines 1 

subprograms I intersecting lines I ) a base 1 
I I 

4 fdn 3.3 'Structure chart for drawing a stick figure 

Detailed 

- 

Level 0 

Level I 

Level 2 Draw 

3.4 Function without Arguments 

I Draw I 

~ u n i o u ~ i l ~ u i G u ~ ~ r ~ ~ n ~ ~ ~ ~ o f ~ ~ i ~ i ~ n ~ ~ ~ n i r  top-down L~~WSOI~II:~?LL~~N 

Function prototypes and main function for drawing a stick figure 

I1 Draws a stick figure (main function only) 

#include <iostrsam> 

using namespace std; 

I I Functions used . . . 
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void drawcircle ( ) ; I 1 Draws a circle 

void drawTriangla ( ); I I Draws a triangle 

void drawlntersect ( ); / 1 Draws intersecting lines 

void drawBase ( ); 1 / Draws a horizontal line 

int main ( ) 

1 / Draw a circle. 

drawcircle ( ); 

I I Draw a triangle. 

drawTriangle ( ); 

I I Draw intersecting lines. 

drawlntersect ( ); 

return 0; 

Function Call Statement(Functi0n Without Arguments) 

PI ~d UUU: fname( ): 

Kai?odw: drawcircle( ) ; 



Function Prototypes 

C++ f4'nrinriau &unlnaondiuLLuura4iil4n'ilu(~unction prototypes) dr%uum$u~ud$ 

riauflqfi'uu6n d~biu~~uurhrn'%wr:i~u~~n'~rondi~~~dan~~~ c++ I J i v l ~ l u ~ ~ ~ z ~ n F u  

nldadqlun'u&6%udl~~~ud76u mn~qadwd 3.8 k r ~ ~ u u a a t f l ~ n ' ~ u ~ u n ~ m  

qqnauiinlt~uuhlkq~biaqd void drawcircle( ) ; f m u h w l ~  void L ~ ~ ~ P ~ ~ L L ~ I P ~ ~ I I X  
n o ~ u i ~ r ~ l f i ~ u ~ ~ i n ~ t d ~ ~ ~ u d ~ I a ~ n 6 u  

Function Prototype(Function Without Arguments) 

~d bbUU: ftype fname( ) ; 

&Q~IJ: void drawcircle( ) ; 

Function Definitions 

iiioriqrd 3.8 Function drawcircle 

//Draws a circle 

int drawcircle( ) \ 
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Function drawTriangle 

I/ Draws a triangle 

void drawTriangle ( ). 

drawlntersect ( ) ; 

drawBase ( ) ; 



h d q u d  3.9 Program to draw a stick figure 

I /  File: stickFigure.cpp 

/ / Drawa a stick figure 

using namespace std; 

/ / Functions used . . . 
void drawcircle ( ) ; I /  Draws circle 

void drawTriangle ( ) ; / I  Draws a triangle 

void drawlntersect ( ) : I/ Draws intersecting lines 

void drawBase ( ) ; / / Draws a horizontal line 

int main ( ) 

{ 

/ / Draw a circle. 

drawcircle ( ) ; 

I /  Draw a triangle. 

drawTriangle ( ) ; 

{ 

cout c< I# * " endl; 

I /  Draw intersecting lines. 

drawlntersect ( ) ; , 

return 0 ; 

1 
\ 

/ 1 Draws a circle 

void drawcircle ( ) 

cout << " * * " << endl; 

C O U ~  << " * . * I' << endl; 

1 / 1 end drawCircle 



/ / Draws a triangle 

void drawTriangle ( ) 

{ 

drawlntersect ( ); 

) / / end drawTriangle r 

/ / Draws intersecting lines 

void drawlntersect ( ) 

cout << " / \ \  " << endl; 

cout << " / \ \  " << endi; 

) / / end drawlntersect 

/ / Draws a horizontal line 

void drawBase ( ) 

{ 

tout<< " ---,,, " << endt; 

) / / end drawBase 

Order of Execution of Functions 



f l t f i~uadi$r?i~~drl~ni~i~2:~~n~n~' i ik~niy7~A:o~~.j~~u transfer of control n6u'ld k 

~ ~ f i ~ u u ~ n ~ ~ o ~ ~ u ~ ~ i u ~ i k . j ~ l i ~ ~ p i a ~ ~ q u ~ u ~ ~ ~ ~ ~ n ~ u  

Tinid$ 3.4 u~ntnif~i4iudclfl4fi~u~~n~ni01l'sun~~.ij4fi~u drawcircle ( ) 
.& J ~ a u b i ? ~ m o k r ~ n a o s ~ u a ~ ~ i ~ ~ u  m ' 3 L L d ? d ~ n l ? ~ l ~ ~ ~ ~ ~ f l 4 f i ~ ~ ~ ~ f l Z ~ d ~ d ~ ~ ~ 4 1 ~ 1 ~ ~ 1 ~ 4  

4 JJ di.rlni~luJhrfigu ~ ~ r l ~ = : ~ d o i i d ~ u 3 ~ i u ~ f l u i i & u ~ u ~ ~ f ~ ~ u ~ ~ o d ' ~ ~ 6 ~  ~~~nnimn~d(ri;uq=: 
Y d . 4 0  4 JJ ~ n u n ~ 8 n f i ~ n ~ u l f l f i u ~ 3 u m 3 i u ~ i d 3 u n e 3 ? ~  kliu~uonnniuufliu~ud~q=:~~u~u'i]~~ 

l ~ ~ i ~ ~ ~ u ~ ~ i n n ~ l 4 ~ a w i ~ ~ ~ ~ d ~ f i ~ u r i ~ ~ ~ n d ~ u 3 ~ i u ~ v i i ? u ~ d a d ~ ~ ~ i u ~ ~ 3 ~ ~ = : ~ 1 0 I d  

~oanru~ou~i jdt~~ucdd~i~r 'unioLL~i l~uid i j~~ iu~u#au l u n i ~ u i ~ t u n r u d  

i i ~ ~ ~ 1 u u r l ~ i ~ ~ ~ ~ ~ i ~ i u i o n l 4 ~ ~ ~ ~ ~ f i . d ~ u l u n i ~ ~ n n i o l ~ u ~ ~ ~ n 4 ~ u ~ i u l f i ~ u l d ~ ~ ~ n ~ u ~ u a ~  

usifi=:nulfld ~u~ciuOn~ii~unii~fl~fiQudau~~e3=:ni~d~fi~iulfi31~1~ncdou l8t1 

I ~ ~ ~ ~ L ~ W M Q ~ ~ = : ~ ~ ~ I ~ I ~ ~ Z ~ ~ ' ~ L L ~ ~ W " ~ Q ~ I ~ ~ ~ U ~ ~ I U ~ L ~ ~ U ~ A O ~ ~ Q ~ U  ~~rlAz~daq4figu 
C X $ o u d i ~ ~ a d i ~ u ~ n r i s u u i ~ u d i u n ~ = : u a u n i ~  LMAIUI~~~I 

v ~ l f i ~ u d i c ~ a d i f i n ~ ~ ~ u i l # ~ - a n  ~Buni~e3n~arl~i~~e3=:dil~4i~luni~~~~s.luidi~~u 

ldrunnrluril 

int main function 

drawcircle ( ) ; - void drawcircle ( ) 

drawTriangle ( ); cout << ..... 
drawlntersect ( ) ; cout << ..... 

return to calling function 

3.5 Functions with Input Arguments 

e i f i ~ w u k a t n i t ~ ~ n ~ ~ ~ ~ f i ~ u d u i ~ ~ 1 ~ d i ~ ~ d . j r i 9 1 ~ ~ u ~ n n ~ d 1 f l ~ ~ f i ~ ~ d  (~IHS?~LEIU 

~o~rri?h~dai~~tl t=:u~e3~1~2udur~~u luuuntd~~i l~~Uun?td~d~uwe3iwB~a~nir  



dJd v i i ~ i u n 5 l d l t f i ~ u w g 3 n l m u ~ ~ m ~ l ~ n r ~ n ~ ~ a E 3 W ~ ~ i n n ~ i  1 F / i  i i a 3 1 1 ~ i f i ~  
.-d ~rru6d$iu~iddtciiuai~au~~~ld~~r;9.s~~~ioi~suni input arguments ~ ~ n r ~ i R i l ~ r r u m n  

void Function with Input Arguments 

f l t f i~ud~nlof i iuum~~~d~1~twn~~8t ld .ad in~u void Ikdq;~d~nit return l&dtfil 

A n o i ~ l u n i M ' m ~ ~ u r i i d d ~ ~ i ~ d ~ d ~ ~ ~ ~ ~ ~ u d d ~ : : ~ a ~  I byte ~daif iudllhrtrddqui 

ku~doun~u~uo~~aiacdo::nindl~~~d~~~nt¶~m11a~#aqn~da\~unio~11dirji~~dd 3.5 

/ / Draws a circle using the character specified by symbol 

void drawcirclechar (char symbol) 

{ cout << " " << symbol << endl ; , 

C O U ~  << I' << symbol << ,, " << symbol << endl ; 

cout << " " << symbol << " " << symbol << endl; 

I / end drawcircle 
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call drawcirclechar with symbol = '" 

drawcirclechar('*'); 

void drawCircleChar(char symbol) 

{ symbol 

COUt << ...... 
COUt ...... 

1 
3.5 LL~ntm~~~t"7t~t::u3fiWfifl~.~ drawCircleChar('*') 

J J uan~~ndn~trinru~l~~1111~d'0~si~auly~~m~flinEu~::i5~rl~~uu~~~muulrl liaqdn7t 

void drawcirclechar (char) ; 

Functions with Input Arguments and Single Result 

INPUT- FUNCTION Ezl -. RESULT 
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&mdia i  3.9 Functions findCircurn and findArea 

/ / Computes the circumference of a circle with radius r. 

/ / Pre: r is defined and is > 0. 

I /  PI is a constant. 

/ 1 Post: Returns 

float findcircum (float r) 

{ 

return (2.0 * PI * r ); 

I1 Computes the area of a circle with radiu9 r. 

I1 Pre : r is defined and is > 0. 

11 PI is a constant. 

I1 Library cmath is included. 

float findArea (float r ) 

{ 

return ( PI * pow ( r, 2 ) ); 

1 

c 2 qinnierii.rd 3.9 ~ u l u d ~ u v e . r ~ ~ b ~ ~ u ~ u ~ t ~ d i u d 6 i i ~ ~ w i ~  float d . r~ f lu i l d~ t~~ l f l  

$ i l k  return d.rd.rriis~nnltilrr?or 2 * 3.141 59 * r Wklnl?unl# fmudtri~n6~Id I 



~li i laun~finlrban~bflum'qi I 

radius = 10.0 ; 

circum = findCircum(radius) ; 

d 24 A~do radius d u l ~ u n i l  actual argument rfluFilq?qdd.r~~fiflqn".a'u~uwu~a 10.0 

wnh~qaqnioiilillutubiimq7nn7ti7uaNd7 2.0 * 3.1 41 59 *I 0.0 d ~ i a ~ i ~  62.831 8 
9 0.9 

w w 

nij,uilfiFilr~rinirrdr circum ~~n~o l l~~~mciur iu i i~uwaumi~~dd 3.7 

Circum = findCircum(radius); 
------l 

call findcircum with r = 10.0 

float findCircum(f1oat r) c 
return (2.O*~l*r) ; 101 

return 62.831 8 [ )  

;dt/ 3.7 LramtnlodozN?@waua4 circum = findCircurn(radius) 

w 
9 0.9 f i i ~ i ~ ~ ~ l f i n l ~ ~ ~ n ~ m " b f l ~ m ' 9 ~  area = findArea(radius) ; nl01~l]~m.rlulrrdqdi 

d Y 4  
radius ~ u ~ u ~ a  10.0 Wkfl~Xu findArea ~ ~ i i n i o i ~ u ~ ~ d i  3.141 59 * pow(r,2) dsnlr 

d w i u d z n i o i 4 u n ~  fl~6.a'u~lmogiu cmath ~a~f l~n" .a 'uuni i ik  d ~ ~ a p i ~ f i ~ a ~ n l o  

dluqmAa 3.141 59 * 10.0 *10.0 w~~i~ f i~a . rn lod id ludad~nn ' f l~d7b i7n '~  314.59 bhh~ri 

~ai?u& area 4 4  nirlm"~iul.rniu~ha~~n~tdo~n~~~u~~~udi~~la"riaufl~n"la'u~~n k6 

float findArea(float); 

float findCircum(float); 



Function Definition (Input Arguments and One Result) 

f d LLUY: I1 function interface comment 

ftype fname (formal-parameter-declaration-list) 

{ 

local variable declarations 

executable statements 

1 ,' 

l%i?8Eh.1 : 11 Finds the cube of its argument. 

// Pre : n is defined . 
int cube (int n) 

{ 

return (n*n*n) ; 

} 11 end cube 

Function Prototype (With Parameters) 

fd~LlJ9.J : ftype fname (formal-parameter-type-list) ; 

l?Ji?8$75 : int cube(int) ; 



PROGRAM STYLE 

Function Interface Comments 

n~ni~uumfltfi~ud'n~iatd6i7atu7uiita7~au~nfioi7t~'1ufltn"~u L P I ~ B ~  ~flu~anfiio 

n7uluIdtunnr dt.rdau~%~uu7~~nrhij7~t3nm~~~~a7u~~7'111bid7udtri~1si~~m~@iii'1un7~ 

Jfudp~~MadaSi~thwi'Iwniuukt ~au~n~n i~r7 . rrF~udndsuu~ l~u~~reu~e )  
6 i 7 ~ ~ 7 u d l i 7 ~ ~ ~ a u  

// Pre : r is defined 

r 4 ~fluhotu7ua7rauafl Imu Pre dBu797n precondition ~ ~ ~ n 7 ~ ~ 7 f i n t ~ ~ ~ 1 ? 1 d L f l s d  

Problem Inputs versus Input Parameters ) 

n~~ri~uumfltn".a'u~udIil~~~n'~uw~gij~l~d~~~~~nu~4~l~~a~t~'iluui~~t3~1~~yan~ulu 

riou~~#a na~uunnditgru.jit input flu input parameters 40 input ~ihm1~3u#ayrv'% I 

tlau#~y@~~n@fldt~~nnr1d~~u11nlddia~~drtlk7~1u@ ud input parameters $14 ~flu279 

dtci7uiby sdgad ~ ~ ~ a ~ t ~ n ~ ~ n ~ ~ u ~ ~ n u r r d a u n ~ ~ u ~ ~ ~ ? b d i a ~ ~ d t b  uddt d~u~flilu#a y n 

Function with Multiple Arguments 
1 

n i e d i d  3.1 0 Function scale 

/ / Multiplies its first argument by the power of 10 
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/ / specified by its second a 

/ / Pre : x and n are defined an 

/ / included. 

float scale ( float x, int n ) 

float scalefactor ; / / local variable 

return ( x * scaleFactor ) ; 

l 

a 3.1 I Testing function scPle 

/ / File testScale.cpp 

/ / Tests function scale. 

#include <iostream> 

# include <cmath> 

using namespace std; 

/ / Function prototype 

float scale (float, int); 

int main ( ) 

float numl ; 

int num2 ; 

/ / Get values for numl and num2 

cout << "Enter a real number : ' ; 
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cin >> numl ; -- 

tout << " Enter an integer: " ; 

cin >> num2 ; 

/ / Call scale and display result . 
cout << "Result of call to function scale is " 

<< scale (numl , num2 ) / / actual arguments 

return 0 ; / / information flow 

1 

float scale (float x, int n) / / formal parameters 

float scaleFactor ; / / local variable 

scaleFactor = pow(l0 , n); 

return (x scaleFactor); 

Enter an integer : -2 
Result o f  call to  h c t i o n  scale is 0.025 

dla~unio~icd 3.1 1 r0u~dountu~nu~om~~~.iil~n".a'ua6n~n1tc"runl1fl~n".a'u scale 

~liulvTu6oz~di.r actual parameter 6u formal parameter JJUKQ~ 

Actual Argument corresponds to Formal Parameter 

numl 

CT 212 (S) 



The Function Data Area 

rdoilni ti%~nl4'~.jA$u ~ a u ~ a r m ~ f i z ~ n i d m a ~ 0 ~ d o d l ~ ~ ~ 9 u ~ d ~ d ~ ~ 1 ~ t i a l u n i 0 ~ ~ u  d i  
3 .4 

9a.j formal parameters ~rfirrii?rrdon~u'lufl.jAfu (local variables) rr~riz8uruonn6'u'hl 
Y 44 Y k v r i a u n a i u i i d a u n a i . j ~ d a ~ ~ A ~ u n ~ ~ i . j i u ~ ~ ~ . j  ufisruenu~s~n4~~wuuilvd;T1n 

rdaiin7tdunl~an pJd 3.8 ttana3.jnit8unl4ffifi scale da.rdnitd.jcliudi 2.5 umr -2 

IdkkriQurfluA1b kd 

scale Factor d 
pld 3.8 ~~~nwir i~an~~od~inni fdunl4f f la~Qu scale 



3.6 Scope of Names 

qouamrct nitld~iure.j~a~~azm'a~~dtpii.~~~u0d0~~nt~$u~u~~d~3zdau~zu'nit&i.~~.~d 

umndi~flu fiacdi~d 3.1 1 h ~ d t  numl qzu'iir~~~amnitld~iu~~wi=:'Iudau~~e~~.~n'gu 

vKn uddiviufiaadi.md 3.12 $udiudt MAX LLAZ LIMIT ~ ~ ~ u d i ~ ~ d ~ n ~ d d ~ i ~ i ~ ~ ' I I . j i u l b i  
m ~ ~ ~ ~ d t ~ ~ n t ~ ~ ~ ~ z ~ i ~ i t ~ a i i . ~ ~ . ~ ' I u ~ ~ f i ~ u d i . j ~ l b ; a n b i a ~  

hs(i14d 3.12 Outline of program for studying scope of names 

void one (int anArg, double second) ; / I prototype 1 

int funTwo (int one, char anArg); / 1 prototype 2 

const int MAX = 950; 

const int LIMIT = 200; 

int main ( ) 

lnt IocalVar ; 

} / /end main 

void one (int anArg, double second) / / header 1 

{ 

int onelocal ; / / local '1 

. . . 
} / I  end one 

int funTwo (int one, ctiar anArg) I /  header 2 

{ 

int IocalVar ; 

. . .  

} / / end funTwo 

/ I  local 2 



d s17mtn 3.2 unn4rauafln~d1.riup~qifa~.i~4~ no4 &adi?d 3.12 

Name Visible in One Visible in funTwo Visible in main 

MAX 

LIMIT 

Main 

localVar(in main) 

one(the function) 

anArg(int parameter) 

second 

oneLocal 

funTwo 

one(forma1 parameter) 

anArg(char parameter) 

localVar(in funTwo) 

3.7 Value and Reference Parameters 

~ n i t ~ ~ ~ ~ ~ ~ u ~ t o d i u  ~ ~ ~ ~ o ~ n ~ ~ l ~ n ~ r v i ~ ~ ~ ~ ~ o ~ f l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ d ~ c i ~ ~ ~ o ~ a ~ l i i  - 

u7nnd1 1 147 &nlw c++ I d r a ~ u u n m ~ ~ ~ ~ n ~ ~ K ~ n d ~ ~ K q t i i o ~ d d  

&ad744 3.1 2 W S L L ~ ~ U U ? ~ ~ W I F I U U ~ ~ : W ' ~ L Q $ ~  

c t u y ' l d ~ ~ ~ ~ l i m n ~ t n h ~ k f i ~ u l u n ~ ~ r ; l i ~ a ~ ~ ~ I 4 ~ ~ a ~ ~ u ~ ~ a = : d ~ ~ ~ d u ~ ~ ~ ~ a r i ~ u ~ u ~ 7 ~ l ~ 7  

2 i ~ q u  ~ tn~~~7c7urat~1~~gu~t : f lw~kw~~~mfu 2 I473e d7wanu L L R Z ~ L O ~ L I  

dquhy ~~h~o~ani7uquq3.~Im1 2 47uqudd.rl#iujl.rAgudu~oq n7 ~ L L ~ ~ L L ~ Z W T P ~ C L R Q ~  

si147r04j(,$~u;uL?7~#~~'P~4~u7~ &(ampersand) Lfluniri7uun ~nurr7Plu'lRBflhdilnii 
AiJ nm??zy & ~z~~nmlZino~ud~dn70d4Ci~u~~uud~.j"3.j ~ ~ L I ~ ~ ~ ~ ~ ~ ~ H U ~ W ~ ~ ) O ~ ~ Q ~ L U Q M ~ M ~ ~ ~  

Y .I n79d@Zc7ulufl4fi%u ~ ~ l i ~ z l ~ ~ u o n ~ u ~ f i u w 7 m u ' ~ ~ ~ ) d d ~ c i 1 u u 7 ~ 7 n ~ n 3 ~ n l #  djh 



w i t i i i ~ m o ~ o ~ ~ u ~ ~ u ~ ~ ~ o . j d . j f i ~ u ~ = : ~ i ~ d i d ~ ~ ~ o u ~ f l u n ' ~ ~ ~ ~ ~ ~ w ~ ~ i n n ~ o n ' i . j ~  ul 

~ i u i t r i r i i u u m d o f l 4  w : n i r ~ n l f l l i k ~  

computeSumAve(x-,y , sum ,mean) ; 
' 

~rlul&iniodunl#dqn'%u computeSumAve 8 f i n i t d a c i i u w i m ~ ~ d  4 di&qufiu!mu x, 

y , sum ,mean Lflu Actual Argument x . y L O ~ I ~ M # Q ~ / R ~ ' L ~ ~ U L R ~ ~ ~ U ~ U ~ ? . ~ I ~ ~ ~ ~  

iia~i~~flu#o~cr~iiil3i~~n'd.jfi~u kuriaunitdanl#rii x .y b (a~ i i d i ~Auo ( j r i ou~~  uri 

sum UR:: mean fi4h-lBdi1m1 ~ d d o B n i t ~ ~ n l # f l . j n ' ~ u 8 w a k ~ 6 ~ i n n i r v i i ~ ~ n '  

sum ha=: mean 

/I File : computeSumAve.cpp 

/I Tests function computeSumAve. 

#include <iostream> 

using namespace std; 

/I Function prototype 

void computeSumAve(float , float, float& , float&); 

int main () 

{ 

float x , I/ input - first number 

Y 8 /I input - second number 

sum , I/ output - their sum 

mean ; N output -their average 
1 

cout << "Enter 2 numbers: " ; 

c in>>x>>y ;  

I/ Compute sum and aQerage of x and y 

computeSumAve(x , y , sum , mean); 



// Display results 
I 

cout << "Sum is " << sum << endl ; 

cout << "Average is " << mean <<endl ; 

return 0 ; 

// Computes the sum and average of numl and num 2. 

// Pre: numl and num2 are assigned values. 

/I Post: The sum and average of numl and num2 are 

computed and returned as function outputs. 

void computeSumAve 

(float numl , /I IN - values used in 

float num2 , I/ computation 

float& sum , // OUT - sum of numl and num2 

float& average) I/ OUT - average of numl and.num2 , 

sum = numl + num2 ; 

average = sum / 2.0 ; 

) // end computeSumAve 

Enter 2 numbers : 8.0 10.0 

Sum is 18 

Average is 9 
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Y I1 
3.9 ~ L ~ n J ~ ~ ~ d o ~ @ d Q ~ n l t ~ ~ ~ n ~ # f l J n ' ~ ~  computeSumAve r i ~un i~dZ j~?~ iu  

calling function data area computeSumAve data area 

actual arguments: formal parameters: 

x num 1 

address of actual 

I argument, sum I 
sum sum 

value assigned to 

formal parameter sum 

in computeSumAve 

I address of actual I 
argument ,mean 

mean average 

: address 

of mean 

value assigned to 

formal parameter average 

in computeSumAve - 



calling function data area computeSumAve data area 

actual arguments: formal parameters: 

x numl 

p-Jo-I..- ......................... '..," .......... ......................... """.". q-Eq 
Y num2 

.................................. "-." ...,,.....w..." ,-..,,, " ,..,..... IP.01 
address of actualc 

argument, sum . 

sum sum 
..... ....... 

value assigned to 

formal parameter sum 

in computeSurnAve 

address of actual 

argument ,mean I 

mean average 

........................................ ....................... 

of mean 

value assigned to 

formal parameter average 

in computeSumAve 



~un~di~iunaulnr~ah=:mtalpfiau~iti~rmadl~dt=:ninl~u~r~fu Auq=:n td i~ iu  

niudl~7runl4adiq~nbia4 d i r i u n ~ n i i u e ~ ~ i r d i d ~ ~ u ~ a ~ @ ~ % i  (input) i u  c++ 
W call - by -value lnu k n a n h y  ~ld~ulInur~launaiu4id~irun l r i i in~rdaulu4~u 

?:~d14 formal parameter LL@=: actual parameter 

d i r i u n i t i i i ~ m ~ ~ ~ 0 u w ~ i ~ ~ ~ o u t ~ u t )  c++ 14 call - by - reference liaudnnimsz 

L6~~flt~w&L~minnid~1~41~1~fl4r~f~ nd ~ l u u ~ 4 a a 4  ir?L~drs% (actual variable) d 
~ a a n h a u r " w ~ i ~ ~ 4 0 = : ~ d i ~ n ' w  

3.8 Extending C++ through Classes: string and money 

The string Class 

string firstname . lastname ; /I inputs -first and last names 

string wholeName ; /I output- whole name' 

Y J  naui ia~mafi=: i inip.7ynatt~uandirkrm'a~~d~~diulpIu~~u%~na~udi~(e~~p~ strings) 

udhm8a~ni~ISirka~~dt~~u%ana~u1p1~ 1 t 7 a ~ u i t n r l t z n 7 n l ~ ~ ~ ~ 2  

string greeting = "Hello * ; /I output - a greeting string 

Y J  fiau~nrmkrinrt~~uanrfiuti7 "Hello 1uhuddda47 greeting diuhmitd7u%ayn 

~nfiiu7to14 cin ?=- first~ame ; ~ ~ U ~ ~ ~ ~ I U I ~ ~ ~ ~ O U ~ / B ~ I ~ ~ U ~ ~ ~ % I ~ U ~ ~ U % U W '  
fiaulwah=:ci~ld~fiu~Inulia~dt flrstNarne miu6iXu ~ d & & h r i t a 4 d 7 . 1  LLAZ 

J LLfifi4Wfl6aildrvlL0u#anaiui cout << greetlng << wholeName << "In << endl ; * 



! ,, : eUeU lSJ!j J~OA JalU311 >> In03 

wueu Isel pue ISJ~ peau / / 

aueu eloq~ - ~ndlno 1 1 !awe~eloy~ 6u!qs 

saueu lsel pue lay - slndu! / /:ewe~lsel 'aueNlsr!j ~U!JJS 

1 



cin >> IastName; 

/ / Join names in whole name 

wholeName = firstName + " " + IastName; 

/ / Display results 

cout <.< greetlng << wholeName << 'I ' << endl ; 

cout << "You have " << (wholeName . length ( ) - 1 ) 

c< letters in your name. " << endl ; 

/ / Display initials 

cout << "Your initials are " << firstName . at (0) 

<< IastName . at (0) << endl ; 

rbturn 0: 

1 

Enter your first name : Caryn 
Enter your last name : Jackson 
Hello Caryn Jackson ! 
You have 12 letters in your name. 
Yo* initials are CJ 

wnhod~.rd  3.13 Zin~o$unl4q4fl4'u length unr at m n  string class mldq~i(.) d a  

di~3tlun~tdaci~uri1a7fiau.lu6d74~~dl#~.~fl4'u L ~ U  wholeName.length( ) bun79 

& n l ~ d 1 ~ ~ n ~ n ( t h u d 7 ~ 7 ~ a w u f l m ~  ~ ~ d n ~ 6 ~ ~ ~ u ~ ~ ~ ~ ~ f l 4 ' u ' ~ r d 4 d 7 u d 7  i 3 n h u 7  

K~auyaich wholeName ~ f i ~ d l  'Caryn Jackson" luflqqlh fi7i lmlkl4n7fiUfi~%~7~'.  

di6nathrrtn~a4d~~~~:u~ufi~f i  lumt+rluLmqrtryri7cLvdJdrii7LLvdJ o ~ d a ~ w n  

n7a  c++ sr&~luri7lnalrrC4~0li7~rvd~ o r(ht81uId 



Dot Notation 

~d 91 UUU : object.functlon-call 

k ~ ( i 7 4  : firstl'lame.at(0) 

fi1~37fi7~1~19\# wholeName = "Caryn Jackson" ; firstName = "Jackson" 

f i i i j n i t ~ ~ n \ I  wholeName.find(firstNarne) ; w m l a t n i ~ i i ~ i u ~ z i j ~ i ~ v i i n ' ~  6 rdotrin 

i i ~ ~ u ~ ~ ~ t n s z 8 ~ ~ ~ 8 u & a u  o r ~ u o  
! 

l inndla~nitrmm%~n~iu~~~u' \ui~~~~d~~udiu r r~z lu i i~ rc l~ . rd  l o  diodwlo 

wholeName.insert(0 , 'Ms. " ); // changd to . 

// "Ms. Caryn Jackson" 

wholeName.insert(l0, "Weather " ) ; // Change to 

// "Ms. Caryn Heather Jackson" 

f i i r o i d i a ~ n i t r 1 ] ~ u u ~ ~ 1 ] m ~ ~ o n ~ i u ~ ~ u ~ ~ ~ ~ d ~ ~ d a n ~ i a ~ ~ u  "Amy" vi iari i tb ? 

wholeName.replace(l0 , 7 , "Amy") ; // Change to 

// "Ms. Caryn Amy Jackson" 
. % 

wholeName.erase(l0,4] ; // Change back to 

// "Ms. Caryn Jackson" 

u a n r i n d r t i n i u i ~ n ~ ~ 1 ~ ~ m ~ 8 ~ ~ n i m i n 1 a n ~ i u \ ~ ~ \ ~ ~ i ~ ~ r i m ' ~ ~ ~ 1 ] t l b i  

title.assign(wholeName,0,3); // Store "Ms." In title 
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m n d  3.3 ~ilu~~riirum14 q$u~t+ string Class 

Function Purpose 

rfluni t f ~ u n Q b n q i  nriu'~~a.jIava 

d@8iIau~fiu1uliludt astring 

d~rliuaaiuui~am~~dn~td~fiulu 

K93 t  asthng n6uuikqmiunl8 

dtciiurildnnrt:: N r i i ~ ~ ~ i q d  I nra4 

h u d t  astring niiuuikqn~unl4' 

dtdiriiuviq& biu'~~a.j~an~iu target 

u i k q m ~ u n ~ ~ ~ ~ d f i ~ ~ i ~ i u i t n b i u v i  

wuszd~diuriidfiaund1 o v+a7opiidil 

diuinn.1in~iuuimaq target d d u  

uiiqqnZunl4f 

r ~ u i i k 4 1 u n i t u a ~ n h ~ ~ i u ' 1 ~ ~  

(newstring) N I ~ L L H ~ ; ~  start L ~ U .  

qniuflu 

~aui i  hlunitunudhn~ix11muLLau 

d ~ ~ n ~ i u k v i  (newstring) ~fl2ldiu?u 

count dil N iiuvi.r6ubiu (start) 

~ ~ I a n ~ i u ~ i P J u i i ~ ~ u  count M n w t  

 nud dud iirLviq start ~~uri iurr iautn 

~fluni??h#ay w i n  oldstart $u 

i iuw count ~ u ~ u q i n d l r ~ v ~ . r  itart 

rii#anliudl#diurim'~LLdt astring 



~ana~~ul i~~uCl lountunim~~at:~maau~aiu~nbia~ 

2. mmC++ 1~3nitmunufl~fi~uddni0l~~iu~aa~lut1J~~~ntu9~3utauIalu~aia 

dl47 ~du sqrt(x) ~u f l~6~ud1~un inr i t i i~ indaa4na4 x d o h a l a  ma th  ~ilu 

rtiu 

3. f l ~ i i ~ u ~ @ # ~ i ~ ~ m < u l ~ a . i ? u  J / ~ 4 ~ n l t T i l H u ~ b i ~ ~ ~ ~ u f l ~ f i ~ ~  (Function Prototypes) 

13riaun I t $a n l ~ f l 4  n'qu?u 

4. niod j ~ E c i u n i a u f l Q u  ~ t~~n~uura ia i~ i in i t~ i~uo1~a~~1J~1~~wizn ia1 ,u  

bn'qu riwiinitliunfifi~udu~u~d~u~iii41uKI~ 

5. a i ~ a ~ u u ~ ~ a ~ ~ ~ ~ u E u d i v i i ~ ~ d " i d ~ ~ ~ i i u Q a ~ a I ~ ~ ~ ' ~ ~ ~ f i ~ u ~ ~ n i i  input arguments 

0iviia~idlunitdtwn43wdn6u $an41 output arguments , 

6. r~ln'~udiinitTii~um'd~mwa6w~~~u void ~llufl~n'Qud~ilnitd.~waKwfn6u 
4 J 

7. ~ d a i i n i t $ u n l Q ~ n ' u  nouw'a~m~rokzilnirinatt~ua~1,Ci~ka~~alunioLKutiidd~ui 
Y JA'J ~~az~zun~~n~uanu~uanit i14iu~a4f l~6~ua'u~ma~ 

I, U Y 
8. Operator Overloading uuia~~~ant~v i ida iu i t011~um~iu1~t i~~ iu~n~~ ldz~ua~n 'u  

a i im~~4#ayn du 8 i C i  3 + 4 w~~~diitii~Viirlu 7 ~l(8141 13' + '4' wa6wdti i  

LViln'u "34" L l l ~ b i 1 4  



n~niinuqzflnvc(qd7urii 2 i iuw t n u i ~ u ~ u ~ t ~ n r 0 u u n ~ i i u ~ ~ ~ l ~  ilu~udaac 

~dunflnfl~u~ldu'qfiu ~rnrd.rdid~~~dun6u~iu' .r~ m8unl~ 
3. wiwnirwihl~Piikii~WZ 

string flower = "rose" ; 

flower = flower + " of Sharon" ; 

cout << flowar.at(0) << flower.at(8) <<,endl ; 

c w t  c< flower.find("sn) << " " << flower.flnd("S") << endl; 

flower.insert(0 "thorn"); 

4. q ~ ~ u u N t ~ r n t ~ n ~ m  c++ ~ d ~ ~ l r i l q r n n n ~ n i t d d  

y = (pb) 
5. ~ivumlfi flower = "rose of Sharonn ; 

5.1 qq~i~uuirnkqd~rnmqwniflu 'rS' 
' 4  J 

5,2 '~&1ui78q~rd@uUd7 flower rflu 'rose from Thailand" 
'.I J 5.3 wtiiuurii8~n~dnuuArn flower Lflu " from Thailand" 



6. r.rduuldo~~nruhuai-1uauq3~ 'Ihl ~urilm'Ifliii-~wunn$uu~qu.r 2 imudd 

INPUT : 32.4851 

- OUTPUT : 32.49 

INPUT : 32.4431 

OUTPUT : 32.44 

7. q~~iuuldtunrufimnfi-~#aua~~~~~-~%a.rn-~daauh-~ 1utuflauo-In-I~uh-In-I.r 

Celsius = 10(depth) + 20 

Fahrenheit =1,8(Cebius)+32 

9. d u u ~ o ~ ~ ~ o u ~ b n a - 1 u u d . r ~ 4 ~ t ~ i i - 1 ~ m ~ 4 i - 1 ~ ~ ~ n ~ 1 b i a ~ d n ~ t = :  du 

A*book*is*good q.r~~~nii8an~~n~u~(1~~u~i-18aun6~qin~~.r\duu"-1 84tu 

cd~3&195u$ good*is*book*A n-14qfln-1~ 

lo.  ~ ~ L ~ U U ~ ~ ~ ~ ~ ~ ~ ~ J ? ~ ~ ~ ~ I ~ L ~ ~ U ~ ~ ~ W P ~ ~ ' I A ~  ~IU?UUI$ UA~IUIU~UI?~ 'Y l~4~f l& 

k7diinla-I q~u-Ii-I~n~.rnu~6~1hn~d.r~a-Iu~0ad~lilpim3.u-I~ lmu I 5l~unrvi-I 

riu 3281 d m  &eduuQufl.rr*u 




