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Recall |

Variables (Z22Y)
- :EBfGC (=R (data)
- HEIFI - BRATE - (4L IEREZE ]

VS. VS.
Operators GEE F)
« ¥f data (B2 - &) AV#ERE (manipulation)

=] s B1ESF (precedence) ~ lE[F FE 1t (associativity)

* Type-specific —— REIEFIRY data » IREFEAR[E

« BB L Z—1@ function —— AIB1TEZ B SHIEEF (taught in Ch7)
Control Structures ($Z=H4518)

- FBEAGREM EE) Bl TE4E

 {FRENEEB1E (structured)

« Conditional (Selection) —— if, else, switch

- Iterative (Repetition) —— while, for, do-while

VSs.
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Recall i

Functions (EAR)
o« FFER4E1E(L (structured)

» declaration, definition, call
-yl 2
« 318 vs But(F1a18) vs 52 2E
* Scope, lifetime

* heap vs. stack

* global vs. local

» static global vs. global

e static local vs. (auto) local

IMEIE - BREBIRE—BAMEEIBERS
(e.g. 585~10E15511~151T1R18) » RIZE{FH gy TR EZ o
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Arrays (FE51))

«Q: W] FI—EERIBENER ?
» character string (—2 B 5FRIAZRAIFE

uu
~

- table of numbers (—ZF|EF(@=E)) int nume;
* Al: ?E*ﬂ%ﬁ[lﬁ[ ? %nt numl;
+RE > {B... int nans,

1. EE 100, EZE 1000 EEAFIE ?

2. AfaIA—AiE loop AcAPRAEEEAVIE ?

*A2: A better way —— the array.
int num[4];
AL AFANES—F 4 ERHRIES » BUNFEUE:

num[@], num[1], num[2], num[3].
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Array Syntax

* Declaration (E5)
type array name[num elements];

| \

array NE{ETTREBERE type | | | #RaFRF BRI T RAYES(LAF]ER
e oyl AR S e 1))

* Array Reference (£2%). BN [EFIBNERTE

array_hame[i];

T

EfEREHIREE | BT (i O FBE

no limit checking at compile—time or run—-time
(FTAEEN#BBEEE => may segmentation fault)
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Question

Array BNBE T ZEB1E[E type !
AU RFEZERETEAE type g ?
« ERAZ struct (&5FE)
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Struct Syntax

e Definition

struct struct _name {
char a;
int b;
double c;

}s5
e Declaration
struct struct _name variable name;

* Definition & Declaration at Once

struct struct _name {
char a;
int b;
double c;

} variable name;

e Struct Reference (Member Access)(FHiER 1 '.")

variable name.a = 'c’;
variable name.b = 10;
variable name.c 3.5;
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Array Examples

int A[10]; /* array of ten integers */

A[O] = 42; /* access to elements */
All] = 166; Why these garbage values?
A[2] = A[@] + 5 * A[1]; IE_', local % %Ixeﬁf(?_stacka
Ae A ZBINERAKRBZE
=> E%ZEMZ\?&W&ST l:
-Array indexing
/Ns e FﬂﬂyA
mE—ETTEEE n-1
0 1 2 3 i/ 5 6 7 8\ 9
4 100 542 (1 |44 |55 |0 0 0 9%

2017/2/8
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Accessing array using for loop

int A[10]; /* array of ten integers */
for (int 1 = 0; 1 < 10; i++)

A[i] =1 * 10 + 1i;
for (int 1 = 0; 1 < 10; i++)

cout << A[i] << " '
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Array bounds checking

» C++ compiler A Z2EfEYER (REAZEER)
=> REFINE A EFENNEREUE

int A[10]; /* array of ten integers */

int 1i;
for (1 = -5; 1 < 20; i++)

cout << (A[i] = 1) << " ';
H=f1&Er[gE

1. 2% > IEE{ERA (Dev-C++)

2. MITEEAER > B2 segmentation fault (core dumped): outside
of your address space

3. BIITEEA SRR » sE = bus error: trying to read a long from an
address which isn't a multiple of 4

« =% ? http://stackoverflow.com/questions/838540/bus-error-vs-
segmentation-tault
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Array Initialization (#J%&81E)

* Use for loop

int A[1@]; /* array of ten integers */
int 1;
for (1 = 0; 1 < 10; i++)

Al[i] = ©;
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Array Declaration & Initialization

(ESH#0481E)

A {} // initializer-list

int A[10] = {42, 100, 310, 44, 55, @, 3, 4, 0, 99};
2B L EESREIFMEIE - sIMER size (REREERE)

int A[] = {42, 100, 310, 44, 55, 0, 3, 4, ©, 99};

- 5 RYRMCRIE - HiZE22E 0

int A[10] = {42, 100, 310}; /* only 3 initialized; others = @ */

. 8t;estion: NEIE SR 100 Ec=AVE S ES I B E 1810k

K& .
(=D

¢l .

Jdlnl

o
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Multi—-dimensional Arrays

-

— N
- A AE & Z 4 fES M[e][e] M[@][1]

« C++ ;= "Row major" convention:

M[1][e] M[1][1]
int M[3][2];

* 3 rows(5l)), 2 columns(4T)Z FERE( 2 AfEfEZI). |Hr21te] | MI2]01]

« ¥)9R1E i ’
- FFHEEE for loop 2 4

- EERAIEML 3 6
1. RTEHE > ZBREMN

int M[1[] = {{1, 3}, {2, 4}, {3, 6}};
2. R TEHEERIARNAERR {}
int M[3][2] = {1, 3, 2, 4, 3, 6};

—EfTin
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Array

*C array

« C++11 array-like data structure (OOP, will be
included in Ch7)

vector (vs list) (#include <vector>)
e http://www.cplusplus.com/reference/vector/vector/

carray (#include <array>)

e http://www.cplusplus.com/reference/array/array/

e C++ vs C++11

* http://www.codeproject.com/Articles/570638/Ten-Cplusplus-Features-Every-
Cplusplus-Developer
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String

*C string — char array
* more complex, yet detailed
« 1224{F string BY function & #include <cstring>
*C++ string — string (#include <string>)
* easier, and more powerful
e string /&1 class
« H1RZ member functions (8#% operators) EEEY > B
RERAMY > ABEMBE—RK -
*+ (append()), = (assign()), swap(), etc.

*http://www.cplusplus.com/reference/string/strin
g/
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A String is an Array of Characters

FABIEF e 8 A TV AR I &
char outputString[16];
s E S AU81E
char outputString[16] = "Result = ";
- AR AINNERE A
char outputString[1l6] = {
IR') 'e', IS') Iu') Il') lt'J l ')
l=': I ') "\’

[ ]
}s
o | 1] 2 3] a5 | 6] 7 s | ol ulnls]n
'R ‘e' 's' ‘u' "1’ "t o = '

1 l\el I\el I\el l\el l\el I\el l\@l
201 7/2/0 COpPYIHyrit v £U 10 SlyliLern uriu Qu i . rerrnssion requirctmmor ToPTOOUCTIONT O aTrSPTay - | é




A String is Ended by a Terminating Zero

- iBEFHEER '\o' HERE

* FRAZBE—18IL "\o'

« =8B char str[n]; REMW n-1 BA=Fc(str[0]~str[n-2])
c BE1B8—1& str[n-1] W "\0'

* LA char str[5] = "apple"; =ig(Dev-C++: compile error)

* Question:

echar str[] = "abc";

esizeof(str) is?

char str2[10] = "abc";

what are str2[3], str2[4] ~ str2[9]? "\O°
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An Example of a 2D Array

*An array of strings = A 2D array of chars

char matrix[4][9] = {
/* matrix of 4 rows of 9-char buffers */
"Heart"”, "Diamond", "Club", "Spade"

}s
o 1 2 3 4 5 6 7 8
0 H e a r t \0
1 D i a m o n d \0
2 C I u b [ \0
3 S p a d e \0
2017/2/8 DT PO ST e T PP SSTOT T TP T TS




Can't initialize an array to the content

of another array

IS EFHG

e char x[20]
* char y[20]

« IRl nEF

* char y[20]

e |K

- A3t

X

A C++ compiler AEIE

FEANE ?

e |K

l'l'l

AESl T2 RICREZ

"string literal."”;
{x[e], x[1], x[2], ...

§

m

55 x NEE

S RFEIR I E !

-ﬁ_!l‘*uﬁﬁ%{% 0 {Ex=MEIRERIE

10N

4= = &x[0]

e cout << (x == &x[0]);
« FRA array REEZENTE

2017/2/8
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is 1

]

x[19]};

(BEFEEEME)
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Can't assign an array using the = operator

« 1A BE
int y[20];
'Yy = X5

« A& y (as an expression) =& immutable (i.e., REEMZIELIN)
s MIFE 20 = x;

[PLEE i 2 immutable? (REEM)
e "hello"” = "world"; // location not mutable
{int a = 3; & = 100;} // location not mutable
*"hello"[1] = 'a'; // content not mutable
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Copying Arrays with known length (1/2)

«Easy: a for loop
int source[MAX], dest[MAX];
for (int 1 = 0; 1 < MAX; i++)

2017/2/8

dest[i] = source[i];

95] function

void assignIntArray(int source[], int dest[], int size)

{

for (int 1 = @0; i < size; i++)
dest[i] = source[i];

Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.
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Copying Null-terminated String

void assignString(char source[], char dest[]) {
int 1 = 0;
do {
dest[i] = source[i];
} while (source[i++]);

¥

* How this works:
« Z/0ER the '\0' terminating character
=> use do-while loop.
= 1E source array @%] '\0' PkL loop .
« {875 dest array BIRELE source array 50 ?
« ZTEFER > AR while (i < MAX && source[i++]);
* (#define MAX 30)
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New: Copying Arrays with known length (2/2)

* Alternative way: use memcpy();
e#include <cstring>

memcpy(dest, src, bytes);

*char dest[] = "abcde”, src[] = "ggg";
memcpy(dest, src, 3);
ecout << dest << endl;

*gggde

e http://www.cplusplus.com/reference/cstring/memcpy/

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 23



Common Pitfalls with Arrays in C++

* Overrun array limits
* C++ compiler A ERE[EYER (REAZIHR)
e compile—time B run-time #A=ZiEE
int array[10];
for (int i = ©0; 1 <= 10; i++) array[i] =

(unl

ei <= 10 FEINRK i < 10

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.



Array Size can be determined at Run-time

o fs

(nnl

552 R EAI AALE size G458 constant size

*i.e., ok to say
void someFunction(int A[MAXSIZE]);
void someFunction(int A[ ]);
* but NOT ok to say
void someFunction(int size, int A[size]);

- BEfESI T AF HITHFEIRER] size ((BEEAFNEIE)

void someFunction(int num_elements) {

m

int temp[num elements];
for (int i = @; i < num elements; i++) temp[i] =

} determined by
at runtime. (runtime constant)

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



New:

& array size @ Z8IT - FEEESTLAIEE
int 1;

cin >> 1;

int A[i] = {0}; // compile error

RREEmZEeS A FBEELZ AT ©
‘B int arr[]; AT
«{H int arr[] {0}; char arr2[] = ""; OK

Slighten@S htenCheng 04:41 ~ $ g++ test.cpp
test.cpp: 7 11 variable-sized object may not be initialized
int AlT] = {0}8

A
1 error generated.




New: Common Pitfalls Il (2/3)

« Solution |: A for—loop & memset();

int 1i;

cin >> 1;

int A[i];

for (int j = 0; j < 1i; j++) A[j] = 0;

« Solution ll: B memset(); (byte-wise » Fitk R4 0 5 1)
*#include <cstring>

int 1;

cin >> 1i;

int A[i];

memset(A, O, sizeof(A)); // sizeof(A) == i*sizeof(int)
* http://www.cplusplus.com/reference/cstring/memset/
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New: Common Pitfalls Il (2/3)

« Solution Ill: FBENRE array (C: malloc(), calloc(), free(); C++: new, delete)
int 1i;

cin >> 1i;

int *A = new int[i](); // all initialized to ©
/* . */
delete [] A; /] EMSERR, FREEGH AT

* http://stackoverflow.com/questions/808464/c-new-call-that-behaves-like-calloc

« Solution IV: FBE1AE array (C++ STL: vector)

e #include <vector>

int 1i;

cin >> 1i;
vector<int> A;
A.resize(i);

 http://www.cplusplus.com/reference/vector/vector/resize/

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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global EARIINE S array » (B DAREEY size

#include <iostream>
using namespace std;

int 1 = 10;
int arr[i];

int main(){

by
Slighten@S1lightenCheng 04:48 ~ $ g++ test.cpp
test.cpp:5:5: variable length array declaration not allowed at file scope
int arr[i];
A ~

1 error generated.

1
2
3
4
5
6
/
8
9

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



/O with Strings

char inputString[100];
cin >> 1nputString;

/* IZZIZR ~ tabS TS LE - &N LE—1E
‘\e’ */

cout << 1nputString;

/* ENE "\o' {21k */

input: hello world!
output: hello

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.



Passing parameters
by reference vs. by value

« C++ passes arrays by reference, rather than by value.
» Passing by value ({818)

*int formal = actual;

- EAZ2HISEIEE S ERIERY copy

- EASHZEEREZEA[ERY ~ FBIMIFTEE
- A28 EA AT ERES

e scalars (char, int, double) and structs (struct)

* Passing by reference ((B£&%)
«int &formal = actual;
- EAZ2HEEEZENZZ(ie. plR)
A ZEEAEEZSHEEEREZE] !
- HEASHI N EMENEE S HRINE |
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New: Passing parameters
by address vs. by value

« C++ passes arrays by reference, rather than by value.
» Passing by value ({818)

«int formal = actual;

- L2 ESRIEE 2 EHIER copy

- TEXNZHERHEEBEZ A G « REIMUFTEE]

BTN ZENNELRATERES

e scalars (char, int, double) and structs (struct)
* Passing by address ({&tit « {H54E)

e int *formal = &actual;

- EN 2 HENEESHIihut

« BN Z2EIINEM R EE S EHINE |

e arrays (char [], int []..)

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.



Bl (81E)

char b
char a

| |

G

@ o (@)
@ o

2 * b

/ fE ¢ a

\

v y
CHERE  8b —= 13 TR k2 == 18
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Em (§25)

ZFE : b T b B a

\ \

v

y
SCIEEE(IE © &b == 13 SUIEEEIE - &b B &a == 13

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.



Elm (Fi ~ F4517)

char b = 'c’;

char *a = &b;

b R @ % == ' ZFE a

7 \ =/

\ [

T -
SEEEAIE &b == 13 ALIEHRLE © &a == 15
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Passing by value vs. Passing by address (1/2)

Scalars (int, char, double, etc) are passed by value

1 void uselessSwap(int a, int b) {

2 int temp = a;

3 a = b;

4 b = temp;

5 '}

6 int main() {

7 int x = 3, y = 10;

8 uselessSwap(x, Vy);

9 cout << "x = " <<« X << "y = " <<y << '\n';
10 }

cafl b ZEZ x vy H copy
R alR b BEREZ XIRY
R FTN | BIeE B2 E
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Passing by value vs. Passing by address (2/2)

* Arrays are passed by reference address

Ww[] is "world"”, x[] is "hello"

1 void swapStrings(char a[ ], char b[ ]) {

2 char temp[MAX];

3 int i;

4 /* copy a[] to temp[] */

5 i = 0; do {temp[i] = a[i];} while(a[i++]);

6 /* copy b[ ] to a[ ]; */

7 i =0; do {a[i] = b[i];} while(b[i++]);

8 /* temp[ ] to b[ ] */

9 i =0; do {b[i]= temp[i];} while(temp[i++]);

10 } RN > x
11 int main() { /\Eat:ﬂi%ifgjg)Char o
12 char w[MAX] = "hello"; . o

13 char x[MAX] = "world"; é’;ﬂ\b&ﬁ& b = b+ :!'3
14 swapStrings(w, x); Elpg%hﬁﬂ%%ﬁkﬁ%%ii%tbﬁ%
15 cout << "w[] is \"" << w << "\", x[] 1s \"" << x << "\"\n";
16 }

http://stackoverflow.com/questions/2559896/how-are-arrays-passed

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 3 7




Example: Array Operations

EIIAZRI array A AR ZE |
* maximum
* Minimum
* median
* mean
» standard deviation..

« Strategy
B A (FRERSIEZR)E array
« BRI ET array BUIRE
« I ASR
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Example: Array Operations

#include <iostream>

using namespace std;

#define 100

/* prototypes */

int max(int[ ], int), min(int[ ], int);
double mean(int d[ ], int);

int main() { E as you type
int A[SIZE]; Ctrl-Zor Ctrl-D
int score, size = ;
for (int i = 0; i < ; i++) {
if (!(cin >> score)) {
size = 1i;

break; /* end of input */
}
A[i] = score;
}
cout << "max=" << A[max(A,size)]
<< ", min=" << A[min(A,size)]
<< ", mean=" << mean(A,size) << '\n’;

2017/2/8
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max and min — return the index

2017/2/8

int max(int A[ ], int size) {
int maxIndex = -1;
for (int 1 = 0; 1 < size; i++)
if (maxIndex < © || A[i] > A[maxIndex])
maxIndex = i; /* save the index with the largest so far */
return maxIndex;

}

int min(int A[ ], int size) {
int minIndex = -1;
for (int 1 = 0; 1 < size; i++)
if (minIndex < © || A[i] < A[minIndex])
minIndex = i; /* save the index with the smallest so far */
return minIndex;

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Example: mean (average)

double mean(int A[ ], int size) {
int sum;
for (i = 0; 1 < size; i++)
sum += A[i];
return (double) (sum / size);

¥

* Please find 3 bugs in the above code!

» What about median (H{i7%%)? or nt* rank (56 n Kiy#)?
* Possible answer: sorting (£Ef+)

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 4 1



find max value vs. find max index

int findMaxIndex(int A[ ], int size) {
int maxIndex = 0;
for (int 1 = 1; 1 < size; i++)
if (A[i] > A[maxIndex])
maxIndex = i; /* save the index with the largest so far */
return size > 0 ? maxIndex : -1;

}

int findMaxValue(int A[ ], int size) {
/* suppose size > @ */
int maxValue = A[©@];
for (int 1 = 1; 1 < size; i++)
if (A[i] > maxValue)
maxValue = A[i]; /* save the largest value so far .*/
return maxValue;

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 42



Example: Sort

R

stable (3,1, 3,4,2 —>1, 2, 3, 3, 4)

SUBHEFE (bubble sort) — O(n?)
« FEAHEFE (insertion sort) —O(n?)
- i8FHEE (bucket sort) —O(n);EEO(K)EESMZERS
« 5TEUHEF (counting sort) —O(n+k); & O(n+k) Z8SMNEEfE
- 5HHEF (merge sort) —O(n log n);FE O(n) EESMZE
« EEHFF (radix sort) —O(n-k);EZE O(n) FEIMZER

-unstable (may 3,1, 3,4,2 —1, 2, 3, 3, 4)

#=I1ZHE® (selection sort) —O(n?)
« ZHERFE (shell sort) —O(n log? n)
« IEFEHE® (heap sort) —O(n log n)
« RIERFEF (quick sort) —O(n log n)EAZKFfE, O(n?)&xIE

2017/2/8
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Example: Sort

* Wiki:
https://zh.wikipedia.org/wiki/%E6%8E%92%E5%BA%8F%E7%AE %

97%E6%B3%95
- Z1EHEFEI= ¢ http://visualgo.net/sorting.html

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Example: Selecti

* Algorithm

2017/2/8

1 A

on Sort

. 1 index (start ~ end) = 0 ~ n—1 B ZEH&/VER index

. swap A[0] and Alindex]

/AN

€ index (start ~end) = 1~ n—1H
. swap Al1] and Alindex]

o~ WN

6. BHZl start == end

3 El Br/JVERY index

Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.
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Selection Sort BT

32

15

27

14

273

181

27

14

32

273

181

27

14

32

15

273

181

14

27

32

15

273

181

14

15

32

27

273

181

14

15

27

32

273

181

14

15

27

32

273

181

(=0 | =T | =0 | =T | = | =T | =]

N NN NN~

14

15

27

32

181

273

smallest is A[4], swap with A[O]

smallest is A[5], swap with A[1]
smallest is A[3], swap with A[2]
smallest is A[5], swap with A[3]
smallest is A[5], swap with A[4]
smallest is A[5], swap with A[5]
smallest is A[7], swap with A[6]

smallest is A[7], swap with A[7]

2017/2/8
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Example: code of Selection Sort

2017/2/8

void swap(int A[], int x, int y){
int temp = A[x];
A[x] = A[y];
Aly] = temp;

}

int findMinIndex(int A[], int start, int size) {
int minIndex = -1;
for (int i = start; i < size; i++)
if (minIndex < © || A[i] < A[minIndex])
minIndex = i;
return minIndex;

}

void selectionSort(int A[], int size) {
for (int 1 = 0; i < size; i++) {
int m = findMinIndex(A, i, size);
swap(A, i, m);

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Example: code of Selection Sort (2/2)

int main() {
int A[100], size = 0, 1 = 0O;
while (size < 100 && cin >> A[size++]);
selectionSort(A, --size); // Why do we do -
-size?
while (i < size)
cout << A[i++] << ' '

Ctrl-Z or Ctrl-D to make
this become
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sh(t Selection Sort BS[E{EEE

1. 55 1 BHLRAE = 0~n-1 HB/VE » Lh8 n =K
2.5 2 ERAZ = 1~n-1 HB/IME » LE8 n-1 R
3.5 3 B{ERIE = 2~n-1 HE/IME » L8 n-2
4....

5.5 n-1 BHERAE = n-1~n-1 HE/IME - tHB 1 X
RRIERE 0 Y, i= 2 & 0(n?)
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Example: Insertion Sort

*|dea
« Partition: index [0,j—1] sorted, index [j,n—1] unsorted
« BR3Pk Alj] B2 A[O~j-1] BER (1€ j—1 LEZI O) » j++
«HE|j==n
* Example
*Input: [62 4 61 3]
«j=11[5][24613]
«j=2:[5 2][4 6 1 3], shift element 2 up=>[2 5][4 6 1 3]
«j=3: :%6][6 1 3], shift element 4 up=>[2 4 5](6 1 3]
«j=4:[2 45 6][1 3], no shift =>[2 4 5 6][1 3]
«j =5:[2 45 6 1][3], shift element 1 up=>[12 4 5 6][3]
~.
«j=6:[1 2@], shift element 3 up =>[12 34 5 6]
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Code for Insertion Sort

void insertionSort(int list[]) {
for (int j = 1; j < MAX_NUMS; j++) { // J: unsorted index

int unsortedItem = list[j];

for (int sorted = j - 1;
(sorted >= 0) & & (list[sorted] > unsortedItem);
sorted--)
list[sorted+1] = list[sorted]; /* 7L:{&#Hi */

list[sorted+1l] = unsortedItem;
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S0(t Insertion Sort BSfE{EEEE

1. & 1 [ list[1] IE list[O] EE » LEE&® 1 &

2.'5;%')2 2| list[2] BB list[1] &0 list[O] EE > EEER 2 7 (&
=

3.8 3 & list[3] IR list[2] ~ list[0] EE » EE#ER 3 X (&%
%)

4. ...

5.5 n-1 B listin=1] IE list[n-2] ~ list[0] EE 5 EE#&
n-1x (&%)

RRIERE Y= 0 ~ 0(m?)
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C String Manipulation

#include <cstring>

- EFERE
 size t strlen(const char* str);
« BBIFE src 4AFFE dest
* char* strcpy(char* dest, const char* src);
e char* strncpy(char* dest, const char* src, size t num);
* FE src HIRFFE dest BE
* char* strcat(char* dest, const char* src);
* char* strncat(char* dest, const char* src, size t num);
« LEERFER strl, str22&HEE
 int strcmp(const char* strl, const char* str2);
 int strncmp(const char* strl, const char* str2, size t num);
- O 0 KFRMEF; < 0 &K strl NWFHBFFLE str2 BIACN) 5 > 0 RZ -

e http://www.cplusplus.com/reference/cstring/
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C++ String

e finclude <string>

- 81 C K[| : (1) A2HMEY > 'RBEFRRE (2) BEMIHESE

E|:|-

« C string:

e char stril[100];

» C++ string:
* string str2;

- EEIFIRIE

J

» C string:

* char strl[100] = "hello";
» C++ string:

* string str2 = "hello";

* string str2("hello");

* string str2 = stri;

* string str2(strl);

* string str3(5,

« Assignment:
« Cstring: R75F ! // use strcpy(str2, stril);

2017/2/8

* C++ string: str2

s

strl; // C strings get promoted to C++ strings
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Passing by value vs. Passing by
reference (1/2)

‘StringS are passed by Value w[] is "hello”, x[] is "world"

1 void swapStrings(string a, string b) {

2 string temp;

3 temp = a;

4 a = b;

5 b = temp;

6 }

7 int main() {

8 string w = "hello";

9 string x = "world";

10 swapStrings(w, Xx);

11 cout << "w[] is \"" << w << "\", x[] is \""
<< X << "\"\n";

12 }
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Passing by value vs. Passing by

reference (2/2)

*How to fix it? add &s. (B2 %)

void swapStrings(string& a, string& b) {

2017/2/8

Ww[] is "world”, x[] is "hello"

¥

LCooNOUVID WNER

R
R o

12 }

string temp;

temp = a;
a = b;
b = temp;

int main() {

string w = "hello";

string x = "world";

swapStrings(w, Xx);

cout << "w[] is \"" << w << "\", x[] 1s \"" <K
X << "\"\n";
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C++ String's Operators

+

+=

[]

<<
>>

2017/2/8

ek
AR

strl
strl

BT FRIR strl

— Ilabcll; Str‘cpy(str‘l, "abC");
+ str2

+= str2; strcat(strl, str2);

FR strl == str2 Ilstrcmp(strl, str2);
REERR strl != str2 strcmp(strl, str2);
/N strl < str2, {K ASCII LK

/INAREIR strl <= str2, {K ASCII Lhig

KIR strl > str2, & ASCII k&

KIRZER strl >= str2, {K ASCII kg

(R stri[2]

By HH cout << stri;

i A cin >> stri;
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C++ String's Member Functions

AR

assign()
append()
compare()
insert()
replace()

erase()

length()
size()
capacity()
find()
swap ()
empty ()
at()

2017/2/¢ substr()

ek

R FETR
A A {1 5 R
AT
AR AR

o
4im
&
=
I=F
]
Gy
‘_H
=

strl.
strl.
strl.
strl.
strl.

strl.
strl.

strl.
strl.
strl.
strl.
strl.
strl.
strl.
strl.

assign(str2);

append(str2);
compare(str2);
insert(BALANLIE, str2);
replace(BRLGNLE , R, str2);

erase(BAAENLIE , IGFRTFI0H) ;
erase(PAthiterator, fii/Eiterator);
length()

size()

capacity()

find(str2)

swap(str2);

empty() // true if empty

at(3)
substr (BIGENLE , K ) 58



Example: C++ String

#include <iostream>
#include <string>
using namespace std;

int main(){
string strl, str2, str3;
char c[100] = "hello";
string str("Test string");
str = ¢;
cin >> stril;
cout << "len=" << str.length()

<« " size=" << str.size()

<< " capacity=" << str.capacity() << endl;
str2 = stril;
str3 = strl + str2;
strl.swap(str3);

cout << "strl=" << stri

<« " strl=" << str2

<< " str3=" << str3 << endl;
cout << strl.at(l) << " " << strl[1l] << endl;
if (strl > str3)

cout << "strl is larger than str3\n";
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hello
len=5 size=5 capacity=11
stri=hellohello stri=hello str3:=hello

e e
str1 is larger than str3
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=M ag (1/5)

BHERE—EHRHAT C++ # » operator th2—1{@ function?

- BTHEECES operator ZINERHERS ?
« TBREETEE expression EH1E ?
« (&% expression BEFLE function BIE{EEM | +: ZXZ - Z
« Recall: In Abstract Algebra, + is a function! Jr(?&bg)zczlilz
=8 I string BY = BEHELUAT '

string& operator=(const string& b){

this->assign(b); // this is a pointer that points to this object
return *this;

}

o EixiER M AMEEEIEIK
string a, b, c;

a=b = c;

// 5 b=c>OfF bAME>HB a=>bBOE a WECGIAE)
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=R aa (2/5)

EES string B9 = BIAT ¢

void operator=(string &b){
this->assign(b);

}
- LRI EMEE TR T IE |

string a, b, c;

a=b=c;

// % b =cRFELOEEGE a FHIEBE gets HEERA
- HAE

string a, b, c;

b = c;

a = b;
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=M aa (3/5)

« A{TEEE return reference MARZHEIZ return string?

string operator=(const string& b){

this->assign(b); // this is a pointer that points to this object
return *this;

}

return by reference ;& function call RFIARTE = &

2

2017/2/8

#include <iostream> #include <iostream>

using namespace std; using namespace std;

int n; int n;

int& test() { int test() {
return n; return n;

} }

int main() { int main() {
test() = 5; test() = 5; // compile -error!!
cout << n; cout << n;

} }
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=21 ad (4/5)

-return by reference & function call AJLARTE = =
2 > Ho]DA%EAE get HiERVE

#include <iostream> stri=fg srt2:=fg str3:=fg
#include <string> str1=fq srt2=de str3:=fg
using namespace std; stri=de srt2=de str3=fg
string (string &a, string &b){

a. (b);

return a;
}
int () {

string strl = "abc", str2 = "de", str3 = "fg";
strl = str2 = str3;
cout << "strl=" << str << " srt2=" << str2 <<
strl = "abc", str2 = "de", str3 = "fg";
(strl = str2) = str3;
cout << "strl=" << str << " srt2=" << str2 << " str3=" << str3 << endl;
strl = "abc", str2 = "de", str3 = "fg";

(strl,str2) = str3;
cout << "strl=" << str << " srt2=" << str2 << " str3=" << str3 << endl;

str3=" << str3 << endl;
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=2 9Mag (5/5)

- 2EER
* http://www.programiz.com/cpp-programming/return-reference

* http://www.tutorialspoint.com/cplusplus/returning_values_by_reference.htm
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Some Practices



1L TH2ED

#5E1t T 2688307

SO EZE j.mp/29YmIaS
WE &[@ 7 bit.ly/29Ym2Nv
P& j.mp/29XJfAE

24 kSR HES -
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Mini Project |l

|
a2
N<xS<c 3%s %
[ N ]
|

AT Ehot R il
* f87 MorseCoder.cpp %:E:-_ =-:::::

*% g++ MorseCoder.cpp -0 MorseCoder

- 122 (Eng2Morse) % ./MorseCoder e
« fZ2%(Morse2Eng) % ./MorseCoder d

. jfﬂUZ\ZE}EfEE A ARsRZRAYA~ZEA0~9

https://zh.wikipedia.org/wiki/ %E6%91%A9%E5%B0%94%E6%96 % AF%E7%94%B5%E7%A0%81?0ldformat=true)
BRI R ERRAKE
INEX/NEEPEBEINZ
«i5_L Morse Translator #uhE4 A=

(http://morsecode.scphillips.com/translator.html)
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+ "D is Ctrl-D
Slighten@SlightenCheng ttys000-bash 11:40 ~/codes/c++/hw4 $ g++ MorseCoder.cpp -o MorseCoder

Slighten@SlightenCheng ttys@00-bash 11:41 ~/codes/c++/hw4 $ 1s
MorseCoder MorseCoder. cpp

Slighten@SlightenCheng ttys@00-bash 11:41 ~/codes/c++/hw4d $ ./MorseCoder
hello world

= o=e. —.. ND

)0-bash 11:41 ~/codes/c++/hw4d $ ./MorseCoder

AD

Slighten@SlightenCheng ttys@00-bash 11:41 ~/codes/c++/hw4 $ ./MorseCoder
abcdefghijklmnopqgrstuvwxyz0123456789

Slighten@SlightenCheng ttys@00-bash 11:42 ~/codes/c++/hw4d $ ./MorseCoder

ABCbéFGHIJKLMNOPQRé%UVWX+ié1234éé%89
Slighten@SlightenCheng ttys@00-bash 11:50 ~/codes/c++/hw4 $ ./MorseCoder
Usage: ./MorseCoder [eld]




> o A W N

You Need argc, argv

You may need toupper(), isalpha(),
isdigit() in <cctype>

You may need strcmp(), strlen() in
<cstring>

Recall in Ch2, how 'e', '1', '2'.. -> 0, 1,
2. ( - '9")

Recall in Ch2, how 'A', 'B', 'C'.. -> 0, 1,
2. ( - "A"Y)

Recall type—casting: int 1 = 65; cout <«
(char) i << endl;
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Template (1/2)

2017

#include <iostream>

#include <cstring> // strlen(), strcmp()

#include <cstdlib> // exit(), atoi()

#include <cctype> // toupper(), isalnum(), isalpha(),
isdigit()

using namespace std;

char map[36][6] = {

’ T m ’ " " ’ ] ’ " ’
11 _ 11 ||__ 11 11 11 11 11 11 ___ll
" " ’ " ’ " . ’ . ’ " ’
||_ _|| 11 L\ 11 ||__|| ||_ 11 11 11
’ ’ ’ ’ ’
11 R 11 ||__ _|| 11 _ 11 11 11 ||_||
’ ’ L ’ ’ ’
11 _|| 11 _|| 11 __ll ||_ _|| ||_ __ll ||__ 11
’ ’ ’ ’ ’ ’
/* A~Z x/
m_______ 11 11 ____ll 11 ___ll 11 __ll 11 _||
’ ’ ’ ’ ’
11 11 ||_ 11 ||__ 11 ||___ 11 ||____ 11
..... ’ ’ ’ ’
/* 0~9 x/

};
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Template (2/2)

void decode(){ /* @Q@@TODO: Morse to English */ }
void encode(){ /* @@@TODO: English to Morse x/ }

int main(int argc, char =k argv){
if (argc '= 2 ||
(argv[1][0] '= 'd" && argv[1]l[0] '= 'e')) {

cerr << "Usage: " << argv[0] << " [e]|d]\n";
return 1,

¥

else if (argv[1][0] == 'd') decode();

else encode();

return 0;
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Mini Project lll:
Bulls and Cows (#a%b - J52(5)

« 1§ AN nanb.cpp
- WRLFRAIF 2 —RRAYZE a 22 b A9FR Al
FoEE—H 4 U FAEE(EE digit ZAE)
1E§E>’%’;.“ =2 5487
E{ERAEE 1234 > BIEET 0alb
-Eﬁ 1& %5 5678 > HIZET 1a2b
- H{FEREIE 5478 > BIFETR 2a2b
- E{EAENE 5487 > BIEETR 4a0b
5 » BEENASR |
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enter

enter

enter

enter

enter

enter

enter

enter

enter

enter
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a

4-digit
4-digit
4-digit
4-digit
4-digit
4-digit
4-digit
4-digit

4-digit

4-digit

answer 1is

integer:
integer:
integer:
integer:
integer:
integer:
integer:
integer:
integer:
integer:

8034.




enter

enter

enter

enter

enter

enter

enter
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4-digit
4-digit
4-digit
4-digit
4-digit
4-digit

4-digit

4-digit

answer 1s

integer:
integer:
integer:
integer:
integer:
integer:
integer:

integer:




1. 5% random E4

O ZRAfTEF?
o MRS TRANS ?
2. prompt "Please enter a 4-digit integer: "

3. cin

« SZF{TEF cin ?
4. FER=E a 2 b

o N{al IR ?

5. output "?a?b"
6.(a) & 1EHfE (4a0b) >

- —#H
]

Rl Bz 5N 4T

The answer is " + answer +

(b) &5 » Al

O

%5

=2 %

X

)

=HVE AN PO

\

routput "You win!
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- Use int arrays.
* Every digit is an element of the array.

*Use a nested loop to compare every digit of
answer with new random digit.

*Use a nested loop to compare every digit of
answer with guess.
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Template (1/2)

#include <iostream>
#include <cstdlib>
#include <ctime>
using namespace std;

/* random generate a 4 distinct-digit number */
void generateAnswer(int answer[]){
/¥ 2P %/

¥

/* calculate how much a and b are
* think why passing by reference instead of by value */
void calNaNb(int answer[], int guess[], int &a, int &b){
/¥ 22?2 */

¥
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Template (2/2)

int main(int argc, char **argv){

}

int answer[4], num, a = 0, b = 0;
srand(time(NULL));
generateAnswer(answer);
do {
a=>b=20; // Why?
cout << "Please enter a 4-digit integer: ";
cin >> num;
int guess[4] = {?,?,?,?}; // recall 4-digit.cpp in Ch2
calNaNb(answer, guess, a, b);
cout << a <<« "a’' << b << 'b" << endl;
} while (a != 4);
cout << "You win! The answer is ";
for (int 1 = 0; i < 4; i++) cout << answer[i];
cout << ".' << endl;
return 9;

2017/2/8

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.

79



AN RFFELENRY n—digit AR 4-digit AREEHFLEFE
VI E N ?

* A better way

#define LEN 4
int answer[LEN];

int guess[LEN];

for (int 1 = 0; 1 < LEN; i++)
cout << answer[i];
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