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How to reuse code




3%=3*3*3*3

#include <iostream>
using namespace std;

int main() {
int threeExpFour = 1;
for (int i =0; 1<4; i=1i+1) {
threeExpFour = threeExpFour * 3;

}

cout << "3 1is " << threeExpFour << endl;
return 0;



34,65 :#% Ul kL5 /XA (Copy-paste code)

#include <iostream>
using namespace std;

int main() {

int threeExpFour = 1;

for (int 1 =0; i< 4; 1i=1+1) {
threeExpFour = threeExpFour * 3;

}

cout << "37 is " << threeExpFour << endl;

int sixExpFive = 1;

for (int 1 =0; 1 <5; 1i=1+1) {
sixExpFive = sixExpFive * 6;

}

cout << "6”75 1is " << sixExpFive << endl;

return 0;



34 65,1210 : & DI-fh kALY (Copy-paste code)

#include <iostream>
using namespace std; Bad!

int main() {

int threeExpFour = 1;

for (int 1 =0; 1<4; 1i=1+1) {
threeExpFour = threeExpFour * 3;

}

cout << "374 is " << threeExpFour << endl;

int sixExpFive = 1;

for (int 1 =0; 1 <5; i=1+1) {
sixExpFive = sixExpFive * 6;

}

cout << "6”5 is " << sixExpFive << endl;

int twelveExpTen = 1;

for (int i =0; 1 <19; i =1i+1) {
twelveExpTen = twelveExpTen * 12;

}

cout << "12710 is " << twelveExpTen << endl;
return 0;



{51 A pR £ (with a function)

#include <iostream>
using namespace std;

// some code which raises an arbitrary integer
// to an arbitrary power

int main() {

int threeExpFour = raiseToPower(3, 4);

cout << "374 is " << threeExpFour << endl;
return 0;

}



{51 A pR £ (with a function)

#include <iostream>
using namespace std;

// some code which raises an arbitrary integer
// to an arbitrary power

int main() {
int threeExpFour = raiseToPower(3, 4);
cout << "37 1is " << threeExpFour << endl;
int sixExpFive = raiseToPower(6, 5);
cout << "675 1is " << sixExpFive << endl;
return 0;



{51 A pR £ (with a function)

#1r.1c1ude <iostream> good!
using namespace std;

// some code which raises an arbitrary integer
// to an arbitrary power

int main() {
int threeExpFour = raiseToPower(3, 4);
cout << "374 is " << threeExpFour << endl;
int sixExpFive = raiseToPower(6, 5);
cout << "675 is " << sixExpFive << endl;
int twelveExpTen = raiseToPower(12, 10);
cout << "12710 is " << twelveExpTen << endl;
return 9;
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int raiseToPower ( int base, int exponent)

d

int result = 1;

for (int 1 = 1; i< exponent ; i++)1
result = result*base;

)

return result;
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int raiseToPower ( int base, int exponent)
d
int result = 1;
for (int 1 = 1; i< exponent ; i++)1
result = result*base;

)

return result;



BRI B TR

int raiseToPower ( int base, int exponent)

d

int result = 1;

for (int 1 = 1; i< exponent ; i++)1
result = result*base;

)

return result;



BRI B TR

int raiseToPower ( int base, int exponent)
d
int result = 1;
for (int 1 = 1; i< exponent ; i++)1
result = result*base;

)

return result;



PRI E XEVE

int raiseToPower ( int base, int exponent)
{
int result = 1;
for (int 1 = 1; i< exponent ; i++)1
result = result*base;

h

return result;
h
SRRV, — raiseToPower(2,3) is 273=8
— raiseToPower(3,2) is 322=9



int result = 1;

for (int 1 = 1; i< exponent ; i++)1
result = result*base;

)

return result;



BRI B TR

int raiseToPower ( int base, int exponent)




BRI B TR

int raiseToPower ( int base, int exponent)
{
int result = 1;
for (int 1 = 1; i< exponent ; i++)1
result = result*base;

J B EE A 3 ] 3 [ 2
return result; FH [F) B 1E




PR 0

int raiseToPower ( int base, int exponent)
int result = 1;

for (int 1 = 1; i< exponent ; i++)1
result = result*base;

h

return result;

h

int main() { PR

int threeExpFour = raiseToPower(3, 4) ;
cout << "374 15 " << threeExpFour << endl;
return 0O;

h
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int foo() char* foo()
{ {

return "hello"; // error return "hello"; // ok

} }
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void printNumber(int num) {
cout << "number is " << num << endl;

}

int main() {

printNumber(4); // number is 4
return 0;



iR [EE
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int main() {
void x; // ERROR
return 9;

}



iR [BHE
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void printNumberIfEven(int num) {
if (num % 2 == 1) {

cout << "odd number" << endl;
return;

}

cout << "even number; number 1is

}

<< num << endl;

int main() {
int x = 4;
printNumberIfEven(x);
// even number; number is 3
int y = 5;
printNumberIfEven(y);
// odd number
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void printOnNewLine(int x)

{
}

cout << X << endl;

printOnNewLine(3) works
printOnNewLine("hello") will not compile



SEZ 52 R E—3

 REUE XHIZESR P AR XS E (AR
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void prlntOnNelene(char *x)

{
}

cout << x << endl;

printOnNewLine(3) will not compile
printOnNewLine("hello") works
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 REUE XHIZESR P AR XS E (AR
Z); ﬁﬁ@i&iﬂ I 4 @é&ﬁﬁﬁ%é&ﬂﬁéﬁ%lﬁééﬁ

(8:5). KBRERA BT 5 KM 5 (ok
BerbAl NS 2 void printOnNewLine(int x)

cout << X << endl;

}

void printOnNewLine(char *x)

{

}
printOnNewlLine(3) works

printOnNewLine("hello") also works

cout << X << endl;



ESEAE

void printOnNewLine(int x)

{

cout << "Integer: " << X << endl;
}
void printOnNewLine(char *x)
{

cout << "String: " << x << endl;
}

AN
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ESEAE

void printOnNewLine(int x)

{

cout << "Integer: " << X << endl;
}
void printOnNewLine(char *x)
{

cout << "String: " << X << endl;
}

printOnNewLine(3) prints “Integer: 3”
printOnNewLine(“hello”) prints “String: hello”



ESEAE

void printOnNewLine(int x)

{
cout << "1 Integer: " << Xx << endl;
}
void printOnNewLine(int x, int y)
{
cout << "2 Integers: " << x << " and " << y << endl;
}

printOnNewLine(3) prints “1 Integer: 3”
printOnNewLine(2, 3) prints “2 Integers: 2 and 3”



o RIS B A 25U BRSO TR R 2 T

int foo()
{

}

int bar()
{

}

return bar()*2; // ERROR - bar hasn’t been declared yet

return 3;



o PRIEE AR NAE BRI B VR FH 2 R
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int bar()
{

}

return 3;

int foo()
{

}

return bar()*2; // ok



o PRI BHAZINAE pREHE VR FH 22 /T
SRR TTIEL: SR R B IR T

R TTE2: AN R R 2 (function
prototype), IEFIGmIFEREAE — XM R EL

int bar(); function prototype

int foo()
{

}

int bar()
{

}

return bar()*2; // ok

return 3;



o PREUET (prototype) o2 Al bR H 25 44 (signature)
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function prototype

return x*square(x);

int square(int);

int cube(int x)

{
}

int square(int x)

{
}

return x*x;



o PREUET (prototype) o2 Al bR H 25 44 (signature)
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int square(int z); function prototype

int cube(int x)

return x*square(x);

int square(int x)

return x*x;
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// myLib.h - header

// contains prototypes

U’T Ry

LR B

int square(int);
int cube (int);

1E t~A$Z$ EI’J I, RN

// myLib.cpp - implementation
#include "myLib.h"

int cube(int x)

{
}

return x*square(x);

int square(int x)

{
}

return x*x;



i# )5 (Recursion)

» R ENTE S
fib(n) = fib(n-1) + fib(n-2) can be easily
expressed via a recursive implementation

int fibonacci(int n) {
1f (h==0 || n=1) {
return 1;

} else {
return fibonacci(n-2) + fibonacci(n-1);

}
}



i# )5 (Recursion)

« RBTAAENTE S
fib(n) = fib(n-1) + fib(n-2) can be easily
expressed via a recursive implementation

base case

int fibonacci(int n) {
if (n==0 || n==1) {
return 1;
} else {
return fibonacci(n-2) + fibonacci(n-1);

}
}




i# )5 (Recursion)

« RBTAAENTE S
fib(n) = fib(n-1) + fib(n-2) can be easily
expressed via a recursive implementation

int fibonacci(int n) {
if(n==0 || n==1) {
return 1;

} else {
recursive step return fibonacci(n-2) + fibonacci(n-1);
}

}



4> 545 & (Global Variables)

 foo()RREHIH 1 2/ bik? H— 1R
- ] R ATAR] R 2T 1)

int numCalls = O;

void foo() {

++numCalls;

3

int main() {
foo(); foo(); foo();
cout << numCalls << endl; // 3
return 0;

}

N—




’ﬁz : :@Z(Scope) int numCalls = 0;

int raiseToPower(int base, int exponent) {

AR EL Ao e B 2= numCalls = numCalls + 1;
’ ZEZEEf{tqﬂﬁ:— int result = 1;

Eﬁ, @%;’E’T@E for (int 1 = 0; 1 < exponent; i =1 + 1) {

%?En}jlg x| ﬁ%%}}i result = result * base;
SR }
'Qilﬁ]o return result;

e numCallsE. A& J
42 eV FH 1k int max(int numl, int num2) {

9
\ — — AL numCalls = numCalls + 1;
ﬁ%%ﬂi’filt{ I%lé& int result;

tﬁﬂfﬂo if (numl > num2) {
result = numl;
}
else {
result = num2;
}

return result;



/ﬁz : :[:EZ(SCOpe) int numCalls = 0;

int raiseToPower(int base, int exponent) {
EEETH@K H d: numCalls = numCalls + 1;

int result = 1;
E,{J%ETEE esult = 1; N

- for (int i = @; i < exponent; i =
= AE WF L gE result = result * base;

Jila) . )

ﬁl—'l return result;

 numCallsE.F 1}

éé)%’ﬁ? *:@Z’ int max(int numl, int num2) {
ﬁé%ﬁ’fi"ﬁl%liﬁ numCalls = numCalls + 1;

Nyl int result;
[} )
—Lﬁljo if (numl > num2) {
° result,\ﬁ@ result = numl;

;lﬁ*ﬁ% ijz ﬂ: llse {
/I\IZ@&&%AQ a result = num2;
ﬁzﬂﬁ’]reslﬂt ietur'n result;
AR }




int raiseToPower(int base, int exponent) {
numCalls = numCalls + 1;
int result = 1;
for (int 1 = 0; 1 < exponent; i =1 + 1) {
result = result * base;
1

J
// A
return result;

}

int max(int numl, int num2) { | |
numCalls = numCalls + 1; Global scope
int result;

if (numl > num2) {
result = numl;
}

else {
result

}

// B | raiseToPower function sco ‘ | max function scope\>
return result; ' ] | ‘

num2;

int int int int int int
base exponent result numl num2 result



int numCalls = O;

int raiseToPower(int base, int exponent) {
numCalls = numCalls + 1;
int result = 1;

for (int 1 = 9; i < exponent; i =1 + 1) {
result = result * base;

}

// A At A, variables marked in

return result;

y green are in scope

int max(int numl, int num2) { |

numCalls = numCalls + 1; Global scope

int result;

if (numl > num2) {
result = numl;

}

|

o AN
else {
result = num2;
4 l
// B raiseToPower function sco | max function scopex
return result;

| == @

r




int numCalls = O;
int raiseToPower(int base, int exponent) {
numCalls = numCalls + 1;
int result = 1;
for (int 1 =0; i < exponent; i =1+ 1) {
result = result * base;

} . .
/] A e At B, variables marked in
: ratlrg pesult; blue are in scope
int max(int numl, int num2) { | |
numCalls = numCalls + 1; Global scope

int result;

if (numl > num2) {
result = numl;
} VN

else { a

result = num2; <\\\\\\
}
// B | raiseToPower function sco ' max function scope
return result;

| @




double squareRoot(double num) {
double low = 1.0;
double high = num;

for (int i =0; i< 30; i=1i+1) {

double estimate = (high + low) / 2;
if (estimate*estimate > num) {

double newHigh = estimate;
high = newHigh;

} else {
double newLow = estimate;
low = newlLow;

}

}
return (high + low) / 2;

}

* Loops and if/else
statements also have
their own scopes

— Loop counters are in the
same scope as the body of
the for loop

|

squareRoot function scope

double double double
num low high

| for Ic\/o/pe

double
pstimate

o

| If statem

v

ope

double
ewHig

else st; \ent scope |

double
ewlow,




double squareRoot(double num) {
double low = 1.0;
double high = num;
for (int 1 =0; 1< 30; i=1+1) {
double estimate = (high + low) / 2;
if (estimate*estimate > num) { [squareRootfunction scope |
double newHigh = estimate;

high = newHigh;
1 double double double
} else { num low high
double newLow = estimate;
low = newlLow;

}

} for | v
b & or oopM

return estimate; // ERROR

} double
pstimate
P PN

* Cannot access variables /
that are out of scope fstatem\ ope | | elsests  fntscope

double double
pwHig ewlLow




double squareRoot(double num) {
double low = 1.0;
double high = num;
for (int i =0; 1i<30; i=1+1) {
double estimate = (high + low) / 2;
if (estimate*estimate > num) { [squareRootfunction scope |
double newHigh = estimate;

high = newHigh;
1 double double double
} Bise { num low high

double newLow = estimate;
low = newlLow;

}
return estimate; // B N/

}
: return -1; // A .

* Cannot access variables
that are Out Of SCOpe If statem pe | else st ent scope

|

 Solution 1: move the
code — ~




double squareRoot(double num) {
double low = 1.0;
double high = num;
double estimate;
for (int i =0; i <30; 1i=1+1) {
estimate = (high + low) / 2; rsquareRootfunction scope |
if (estimate*estimate > num) {

double newHigh = estimate;

- . . double double double double

} else {

double newLow = estimate; ‘

low = newlLow;

} | for loop Stn 5'
}
return estimate; // A
}

e Cannot access variables

that are out Of SCOpe If statem pe | else st Fnt scope

* Solution 2: declare the
variable in a higher scope = & =~
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Pass by value vs by reference
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// pass-by-value
void increment(int a) {

a=a+ 1;
cout << "a in increment " << a << endl;

}

e ein ot 458
incr‘ement(q); // does nothing ain increment4
cout << "q in main " << q << endl; q in main 3

}



f%1H (value) it x& 1% 5] F (reference)

Pass by value vs by reference
main R £/ FH 15

// pass-by-value

void increment(int a) {
a=a-+1;
cout << "a in increment

<< a << endl;

}

int main() { A1 ok
int q = 3; ?EUIEH/D%
increment(q); // does nothing ainincrement 4

cout << "g in main " <« << endl; 3 .
} ° 1 9 ’ ginmain 3



% 1H (value)ik 215 5l

~

(reference)

Pass by value vs by reference

main PR ZE 35 increment P& Z0E FH 15

// pass-by-value
void increment(int a) {
a a + 1;
cout << "a in increment

}

int main() {
int g = 3;
increment(q); // does nothing
cout << "q in main "

}

<< g << endl;

<< a << endl;

i H 45 51
ainincrement4
gin main 3



% 1H (value)ik 215 5l

~

(reference)

Pass by value vs by reference

main PR ZE 35 increment P& Z0E FH 15

// pass-by-value
void increment(int a) {
a a + 1;
cout << "a in increment

}

int main() {
int g = 3;
increment(q); // does nothing
cout << "q in main "

}

<< g << endl;

<< a << endl;

i H 45 51
ainincrement4
gin main 3



f%1H (value) it x& 1% 5] F (reference)

Pass by value vs by reference

o UNRAEAZ CE K 1Y AR B A 2 B R R AR &=
A DAL 18 5] F (reference). W int &a fX&int a

// pass-by-value
void increment(int &a) {
a=a+1;
cout << "a in increment " << a << endl;

}

int main() { T
int q - 3; ?EUH:II/D%
increment(q); // works

Sl . a inincrement 4
cout << "g in main " << g << endl; . :
} ginmain 4



f%1H (value) it x& 1% 5] F (reference)

Pass by value vs by reference
main R £/ FH 15

// pass-by-value

void increment(int &a) {
a=a+1;
cout << "a in increment

<< a << endl;

}

int main() { 45 R
int q = 3; o
increment(q); // works a in increment 4

cout << "q in main " << q << endl; ginmain 4

}



f%1H (value) it x& 1% 5] F (reference)

Pass by value vs by reference
main pREE 35 increment pR E04E 35

Q—

// pass-by-value

void increment(int &a) {
a=a+1;
cout << "a in increment

<< a << endl;

}

int main() { 45 R
int q = 3; o
increment(q); // works a in increment 4

cout << "g in main " << g << endl; ginmain 4

}



f%1H (value) it x& 1% 5] F (reference)

Pass by value vs by reference
main pREE 35 increment pR E04E 35

D—D

// pass-by-value

void increment(int &a) {
a=a+1;
cout << "a in increment

<< a << endl;

}

int main() { 45 R
int q = 3; o
increment(q); // works a in increment 4

cout << "g in main " << g << endl; ginmain 4

}



S lswap R #L . AR AR

void swap(int &a, int &b) { main B¥E1E A 4

gy o=3 X r=5
a = b;
b = t;

}

int main() {
int q = 3;
int r = 5;
swap(q, r);

cout << "g " << g<<endl; // q5
cout << "r " <« r< endl; // r 3



SEHlswap R A AZHN AR =

void swap(int &a, int &b) { main B8 Z01E FH 3
int t = a;
a =b;
b = t;

}

int main() { swaj| K E1E A 3
int q = 3;

int r=5;

swap(q, r);

cout << "g " << g<<endl; // q5
cout << "r " <« r< endl; // r 3



SEHlswap R A AZHN AR =

void swap(int &a, int &b) { main B8 Z01E FH 3
int t = a; IIFITREEX—A]
a=>b;
b = t;

}

int main() { swap PA%

int r = 5; ‘IHHE.’

swap(q, r);

cout << "g " << g<<endl; // q5
cout << "r " <« r< endl; // r 3



SEHlswap R A AZHN AR =

void swap(int &a, int &b) { main B8 Z01E FH 3
int t = a;
a = b; IHAAT 581X —1]
D = €3

}

int main() { swap PA%

int r = 5; ‘IHHE.’

swap(q, r);

cout << "g " << g<<endl; // q5
cout << "r " <« r< endl; // r 3



SEHlswap R A AZHN AR =

void swap(int &a, int &b) { main B8 Z01E FH 3
int t = a;
a=>b;
b = t [IHAT 781X —H]

}

int main() { swap PA%

int r = 5; ‘IHHE.’

swap(q, r);

cout << "g " << g<<endl; // q5
cout << "r " <« r< endl; // r 3



iR [ %2 AME

e Returnnift) HEgiR Al —/AME, 5]
H &

1Z40A] F T

0]

int divide(int numerator, int denominator, int &remainder) {
remainder = numerator % denominator;
return numerator / denominator;

}

int main() {
int num = 14;

int den = 4;

int rem;

int result = divide(num, den, rem);

cout << result << "*" << den << "+" << rem << "=" << num << endl;
// 3*4+2=12



PRI\ =2 {E Default values in parameters

« NS E 15
#include <iostream>
using namespace std;

int divide (int a, int b=2){
int r = a/b;
return (r);

}

int main ()
cout << divide (12) << "\n";
cout << divide (20,4) << '\n';
return O:

}



N EE BRI 2T Inline Functions
s TR/ ETs WHBCREH, P a8 50 R B0 B 44 s
S TR EIEA B S A, ZmiEss e N i k2

#include <iostream>
using namespace std,

inline string concatenate (const string& a,
const string& b ){
return a+Db;

}
int main (){

string s= “Li", w = "Wang’;

string full = concatenate(s,w);

return O;

}



R EL ) Declaring 7= BH 5 %€ X defining
o RRAUE FH Y20 75 B Declaring functions
void swap(int &a, int &b); /& F Rij 4c = B

iInt main(){
iIntx =3,y =4;
swap(x,y);
std::cout<<x<<" "<<y<<f\n”;
return O;

}

void swap(int &a, int &b) {
ntt=a;a=b; b=t

}



J%E (Librarys)

s FERURATE T D SRS, B R EUR B b
s 20 il .dil Bso UL T (Gm PR 1)
BRI

AR AR T EIL AR cpp IR AR ST

// myLib.h - header
// contains prototypes
double squareRoot(double num);




J%E (Librarys)

s FERURATE S D KU, B R EUR R b
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AR AR T EIL AR cpp IR AR ST

// myLib.h - header
// contains prototypes
double squareRoot(double num);

// libraryUser.cpp - some other guy’s code
#include "myLib.h"

double fourthRoot(double num) {
return squareRoot(squareRoot(num));

}



J%E (Librarys)- cmath

o WNIBAANTFEH LI 2 HT i raiseToPower H1
squareRoot R %, [K A1E bR i) —# 43 cmath
E L2252 T pow Flisqripd 2. AT R 75 2
el

#include <cmath>

double fourthRoot(double num) {
return sgrt(sgrt(num));

}
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o 1. NsITHEF, Ul AR5
void f(const int a = 5)
{

std::cout << a*2 << "\n";

}

o) BV S U I N

6 int a = 123;
7 int main ()

8 {

9 ££1)3

10 L)

11 int b = 3;
12 £4b);

13 int a = 4;
14 fiad;

15 £E);

16 }




« 2. fRH AR P RO R
1)

1l #include <iostream>
2

3 int main() {

4 printNum (35) ;
53 return O;

6 }

7

8

void printNum(int number) { std::cout << number; }

(Give two ways to fix this code.)
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1l #include <iostream>

2

3 void printNum() { std::cout << number; };
4

5 int main() {

6 int number = 35;
7 printNum (number) ;
8 return O0O;

9}

(Give two ways to fix this code. Indicate which is preferable and why.)
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1l #include <iostream>

2

3 void doubleNumber (int num) {num = num * 2;}
4

5 int main() {

6 int num = 35;

7 doubleNumber (num) ;

8 std::cout << num; // Should print 70

9 return O0;

0}

(Changing the return type of doubleNumber is not a valid solution.)
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#include <iostream>
#include <cstdlib> // contains some math functions

int difference(const int x, const int y) {
int diff = abs(x - y); // abs(n) returns absolute value of n

3

int main() {
std::cout << difference (24, 1238);

return O;
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1l #include <iostream>

2
3 int sum(const int x, const int y) {

return x + Y

}

int main() {
std::cout << sum(1, 2, 3); // Should print 6

return O0;
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1 #include <iostream>

2 const int ARRAY_LEN = 10;

3

4 int main() {

int arr [ARRAY_LEN] = {10}; // Note implicit initialization of
// other elements

int *xPtr = arr, yPtr = arr + ARRAY_LEN - 1;

std::cout << *xPtr << ’ ’ << *yPtr; // Should output 10 O

return O;
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void circleArea( double r, double& A);
double circleArea(double r);

int main(){
double r = 23.5, A;
//....
std::cout<<“the area of the circle is :”<<A <<“\n”;
return O;



