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What is a Pointer (}54Z)?

a memory address (2B H)
ean unsigned int (FEEEEY) — 4 bytes

(BiE{EFEHA R5EM - Bl g
1. —EfEZEE2E(—EFILIREMERNEE)
2. —{& address expression B{E (—1E:C!

5 EEEZE)

—EIEtF L FF Sl =7 HX

 To reference (2%) a memory location (via its address)

 To dereference (22 % ~ 2H08) a pointer (to get to the
content)
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L-Value vs. R—Value of an Expression

L-Value ("left—hand—-side" of an assignment)
- BlEtCAIREME
«ffl : {int x; x = 3; y = x + 5;}
X B L-value » A& x B—{EaC[EEEUE N H ] A1Z{E
| —value & 5% expression E{HATFE.
R-Value
- BENAE » BRI B A
S>ABEESFRAIE (FREEHIETR)
s {int x, y; x = 3;}
3 XA R-value. A » ABEM# 3 = x;
By = (x +5);
X B R-value of 3
(x + 5)A R-value of 3 + 5 = 8.
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More about
L-Value vs. R-Value

A variable
« B L-value ¥l R—-value, EEREZFRALENLE

An int, char, floating—point literal (2, 3.1415, 'K")
« H8 R-value, }8F L-value

A string constant ("hello")

* B L-value 1 R-value » {BRBEME EE N (RNBEE IR A E)
(OS-PRHl, immutable)

- ZFEFEFEME
An indexed expression (A[i], A =&1@ array)
« B8 » A L-value 1 R-value
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Declaration and Operations

Syntax
int *p; | 8¢ |int* p;

/* p 1s a pointer variable to an int */
th AT A e mE i B BRI e 15 &

int*, double*, char*, etc.
th A A Z e miats S B RYa 1T &

int **q; /* q is a pointer to a pointer to an int */
(unary) Dereference operator (fEZ2ZE - BBREHF):

*p -- the content at the address expression p.

It has both an L-value and an R-value, like a variable

*(unary) Address-of (reference) operator ({UiESF):

&q -- the address of variable q.
It has only an R-value: CANNOT say &q = 10;
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That's Why We CANNOT Assign an
Array to Another Array

echar strl[10] = "hello", str2[10];
estr2 = strl; // illegal

KA str2 == &str2[0] > [ &str2[0] RE R-
value

—=CANNOT say &str2[0] stri;
—CANNOT say str2 = stril;
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Example of pointer operators

int N;

int *ptr; /* declares ptr as a pointer variable to an int */
N =4; /* store value 4 into variable N */

ptr = &; /* store address of variable N into ptr */

*ptr = 5; /* store 5 at the address pointed to by ptr */

cout << "value of N = " << N << "\n’;

=> this prints
*ptr
N=25
E& N BESEA ptr #HERIENRT name: N name: ptr
value: 4 % value: &N

address: &N M@&ptr

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



Bl (81E)

char b
char a

| |
o
@ o (@)
\o

4T © b

/ T ¢ a

=

\

\

" I
EUIEHS(IE - & == 13 SCIERS(IE : &a == 18

/
2017/2/8 Copyright © 2016 Slighten and GOTC. Permissiofrre o-f

N
TOT




Em (§25)

ZF% 1 b % b 2 a

\ \

v .
EUIEAG(IE * & == 13 | EIEREArE &b B & == 13
Copyright © 2016 Slighten-an h required for reproduction or display

2017/2/8




Elm (B1E1R

char b = 'c’;
char *a = &b;
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Let’s Watch a Video

Vsauce 329G EME T2

https://www.youtube.com/watch?v=y1lx4vsWKOQI
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Simple Pointer Example

void increment(int *n){
(*n)++;

¥

int main(){
for (int 1 = 0; i < 10; increment(&i))
cout << i << ' '
cout << endl;

¥

increment(&1i) FAERM i++
« (*n) FhE main() R i
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Need for Addresses

e Scalars (#ii£) (int, char, float...) are passed by value ({&8)
= can't swap

void uselessSwap(int firstVal, int secondVal){
int tempval = firstVal;
firstVal = secondVal;
secondVal = tempVal;
}
int main() {
int a = 3, b =5;
uselessSwap(a, b);
cout << "a ="

<< a << ", b="<< b << endl;

}
« & firstVal E1 secondVal &R > TiA=R a, b £ |

« BE#? BEBE_

1. Fa, b iV IEEREMUES | (B1E1E)

2. iE firstVal, secondval B{%& a, b By &%, (BIR) (2= R
C++ BHIFE)
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E— ¢ B1ER (REEIH)
/ ° HIwR e
void uselessSwap(int *firstVal, int *secondVal){

int tempVal = *firstVal;

*firstVal = *secondVal;
*secondVal = tempVal,;

}

int main() {
inta=3)b=5.;
uselessSwap(&a, &b);

cout << "a = "< a<< ", b="<«<b << endl;
}
« OK! FHMEIEEE a, b HIRIREUEEZEFA uselessSwap()

- [ERER =

1. WNfAJEX4E a, b BUECIREE(UE ?
— FF & EBEF :%a, &b FLE a, b HECIEREMNE

2. eS8 (28 RefFacIREELE ?
= FMA TEZEE) RELERUE : int *firstval, *secondval;
= firstVal = &a; secondVal = &b;

3. IETRE B TECIBRELE - AfalfZENAR{ERD!

SRR ?

= ¥IEIEEEFIRE * ﬁ%?%ﬁﬂﬁﬁT;%E’Jﬁ%’l%‘ﬁ%q{ﬁ;ﬁﬂ’%@t *firstVal, *secondVal; e
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B 525 (BREE)

void uselessSwap(int &firstVal, int &secondVal)({
int tempVal = firstVval;
firstVal = secondVal;
secondVal = tempVal;

}

int main() {
int a =3, b =5;
uselessSwap(a, b);
cout << "a = " k< a <k ", b="<< b << endl;

}

« B—REREEABERLIRRENE » HiZ:E firstval, secondval & a, b
WE2E (Ba -~ BI& ~ /&~ 1EB) MilF - thiiE:2 firstval, secondval
A a, b TRE) |

* Fnﬁggﬂﬁ_{@
1. W0{9J3E firstVal, secondval % a, b BIBRE?
= FJA T2ZE2 : int &firstVal = a, &secondVal = b;

— firstVal fi@ a ! secondVal Fi= b !
= CSWi =ikt A |

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




Null Pointer (ZE154E)

- AR FI% 2R EETA R AR A (AN ECE
(EIEE =Y vh=y

-ERfMEREas 23R

int *p;
p = NULL; /* p is a null pointer */

‘NULL Z—1& pre-defined macro » EB—1& non-
null pointer FEH/E

BE > NULL == 0 AAMI 0 BAREDIEERAKAZE
—E3FAERECIRREAI &
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Using Arguments for Results

« MEEZE function XAV EE I BEC BB
« I5{F—1& function #EBBE[CIE 2 E4ERAVINEE
« RIABRZASE return FEELENE 0 g 1 H4ER

%=
£ C :B548 scanf() (in <cstdio>) Fif® C++ BY cin
*int num;

*C++: cin >> num;

*C: scanf("%d", &num);

£ C:EBE® printf() (in <cstdio>) Fi& C++ BY cout
*C++: cout << num << "\n";

*C: printf("%d\n", num);
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A8 —#1H

1IN 1IN
« BITREE scanf() EEESHAEIBEAE » cin &

1 scanf() & » cin B9 >> E%%(@Eﬁ)ﬁ.

Jdlinl

°C

o~ wn—

2017/2/8

=B FERF >> IERARMAUNT

istream& operator>>(some_type &n){
n = extract(*this); // this points to cin
return *this; // enables successive >>

}
in >> numl >> num2;

H numl E2EF%8 n

. n A numl NER
. n E3 cin Z891E

olf& cin > {EFRJDAY cin >> num2;

. BESR— IS num2

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Pointer—Variable Declaration

'EIZIEI:EI A
*type *var;
*type* var;

'L\/{J:ﬁﬁ$E%BEJ ? '7:‘:' E_l-ll_,\m& ) 1nt*, Char‘*

(B EEES STEIZ S 7
*int* p, q, r; // i oA |
Btk p ERBIEFEH B q IR r EEEE

« BB int *p, *q, *r;
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Relationship between

Arrays and Pointers (1/2)

BEUE ! )

[BF|ZIEER LMEERE | (25

5 0 {E7c=AvED!

char A[10] = "hello";
char *p = "hello";

p = A; /*¥ p is assigned address of A[Q] (Wt/& &A[O]) */

\L
5

PS4 FE - A

\o'

o'

o'

o'

— 1% 0 itk

HIRLIERENLE

A 5% &A[O]
== 30

PRI - p

2017/2/8 &p == 60
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Relationship between
Arrays and Pointers (2/2)

g '%?mgﬁmtﬁﬁﬁiﬁd‘% | (LFLE5E O fEcRAVECIERS

i

char A[10] = "hello";
char *p = "hello";
p = A; /* p is assigned address of A[@] (Gi/& &A[0]) */

cEHE 7
* sizeof(A) == 10 chars == 10 bytes
(B p 2AHEEE(Nty, chars.)BRE p $55IHE
e sizeof(p) == 4 bytes (32{ijci%2s) ¢ 8 bytes (64iITi%z3)
« A DACK e Eﬁ;ﬁ%ﬁlﬁﬂ’]@(nﬂlaﬁﬂuﬁ) (L-value)
*eg,p =p+1;
 RAT AP R B T AT IR A B (OSSRE) (R-value)
*eg,A=A+1;

- 1E2 RECPESIRIRARRNIE - RILERZAAINE
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Pointer Variable vs.
Array Notation (1/3)

- 5 A B—EfES > p B —(Ea1FE
int A[10] = {1, 3, 5, 7, 9};
int *p;
p = A; /* p is assigned address of A[Q] (EtZ &A[Q]) */

&p[0] &A[O]
(p + n) - &p[n] A+ n - &A[n]
p p[e] p[e] A Afe] Ale]
“(p + n) pln] pln] “(A +n) Aln] Aln]
« FiTA -
+*p == p[0] == *A == A[0] == 1;
+*(p + 1) == p[1] == *(A + 1) == A[1] == 3;
+*p + 1 == p[@] + 1 == *A + 1 == A[@] + 1 == 2 l= 3;

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



Pointer Variable vs.
Array Notation (2/3)

- e A B—EIFES] - p B—1EEIREEN
int A[10] = {1, 3, 5, 7, 9};

int *p;

p = &A[3]; /* p 1is assigned address of A[3] */

Crgroion | oo | e

(p - 3) - &p[-3] == &A[0]
(p - A) - 3 /| 2T SR AR
(p + A) FE L
(p * A) FEIE FHE
o BRI > (p / A) Ik aa
+*p == p[O] == *(A + 3) == A[3] == 7;
**¥(p + 1) == p[1] == *(A + 4) == A[4] == 9;
o*p — p[@] + 1 == *(A + 3) + 1 == A[3] + 1

2017/2/8 J Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 24



Pointer Arlthmetlc ($51E &E 1iT)

address int offset == address
A + i == &A[1i]
:I =1 8 + 6 == 56
XI:IX
double A[10]; double *p = A + 6; sizeof(double)

== 8;
3=l

*P == A+ 6 == 8 + 6%8 == 56 == &A[6] . jmmmnsii p

*p - A== (56 -28) / 8 == FENS B -
fEE 41| 4 i A &p == 88
D o | : | 2 | 2 | 4| s | s |7 |8 |5
%Gﬂﬁlm )| 1.6 3.0 5.6 7.6 9.0 2.6 4.8 6.0 8.0 10.0
FLIERENIE
A 5 &A[0] 8 16 24 32 40 48 56 64 72 80
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Printing pointers (addresses) (1/2)

eint A[10] = {1, 3, 5, 7, 9}, *p = A + 6;

ecout << "p - A =" <K< p<< - T KCAKKKT =" K
p - A << endl;

p - A = 0x22fe28 - 0x22fel0 = 6

«Ox22fe28 - Ox22feld == 18;, == 1x161 + 8x16° == 24
(bytes)

*24/sizeof(int) == 24/4 ==

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Printing pointers (addresses) (2/2)

e char A[10] = "hello", *p = A + 3;
ecout << "p - A ="K p<k< " - T KCAKK" =" < p - A< endl;

p - A = 1o - hello = 3

* What's wrong?

K& char* IR char [] BVITAERR (p FUE > A ZF A[0]
ZUE)

* FRA cout EMMIEREFHRED (BE) cout << *p << *(p +
1) << ... BR@BRERFT \0' &lk)
» QoI R 2
i[gﬁ?l)gﬁ%}ﬂz void* (type-casting AY$5§% unknown type HY
B
ecout << "p - A =" << (void*) p
<« " - " k< (void*) A " = " << p - A << endl;

- A = Ox22fe23 - 0Ox22fe20 = 3
2017/2/8 Copyright © ZUTO Slighten ana GU1C. Fermission required tor reproauction or




Revisited: Copying Arrays with known

length

*Ch. 5 — Array version

void assignIntArray(int source[], int dest[], int size){
for (int 1 = 0; 1 < size; i++)
dest[i] = source[i];

¥

* Here — Pointer version

2017/2/8

// Rewrite in pointer syntax: No need for index variable 1i!
void assignIntArray(int *src, int *dest, int size){
int *end = src + size;
while (src < end)
*dest++ = *src++;

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 28



Revisited: Copying
Null-terminated String

*Ch. 5 p.19 — Array version

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

}

e Here — Pointer version

/* Rewrite in pointer syntax: copy content and post-
increment both pointers until last copied char is null.*/
void assignString (int *src, int *dest){
do {
} while (*dest++ = *src++);

2017/2/8
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Assignment to a
pointer variable

- IRIREE : FRCIRREE
- (BE RN ?

1. NULL: 2BRAREM
2. Allocated statically (F#E& HC)
o ZIHEE -« static-local & : £FFRE = BEREBEIZER
« B (eg., FHEFREH)  £FFE = BEEMEZSER
3. Allocated dynamically (B1E& L)
« Auto-local 8y : & ZEMH = R7E:Z block HIfE47Z (stack frame)
« new : £ FER = %€ new %l delete (heap)

fElw — & R bugs

X B immutable B F (e.g., T F )
X A e local %15 | (local BBESHYH K 1% 32 H B)

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



Examples of assignment to pointer
variable

char myGlobal[23]; /* a global variable */

int main() {
char *p = myGlobal; /* p gets static address -- ok */
static char s; /* like a global but visible within main() */
p = &s; /* also ok, since s has static address */

p = "hello"; /* string literal also has static address */
if (p) {

char w[23] = "world";

char *x = "world";

p = Xx; /* this is ok because p copies the address of
a string literal (which is static) */

p = w; /* Be careful! w no longer exists after { }
w's lifetime is shorter than p's lifetime! */

¥

cout << "w 1s dead, "
<< "w's location will be occupied by others.\n";

¥

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



Revisited: String Library

«C F&: £/ strcpy() or strncpy()
e #include <cstring>
- int strlen(char *s); - EBZE&E s WEE
* char *strcpy(char *sl1, char *s2);
- BETFEH s2 45 s1> HEER s2 Y "\e' FIitT
- E{E{EME s1 HIhiE (R-value)
 char *strncpy(char *sl, char *s2, size t n);
« 8EFH 52 45 s1 BEIAEE| s2 By '\0' FruEEFIESR n EFAIL
%@ﬂ%f s1 EF'EﬁtI: s2 /NAYEHE
C++ F&HE ' HiEZERH = .
e #include <string>
* s.length(); - EEF&E s WRE
esl = s2; - EHFE s2 45 s1> BFBE s2 89 '\0' Fx
- LIRS FIRLEE : (B memcpy ()
e #include <cstring>
e void memcpy(void *sl1, void *s2, size t nBytes);

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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OK to return (the address of) string
literals

char *RPS(int n){
switch (n){
case 0:
return "scissors";
case 1:
I EREENETEEY
' . B (FBEEIMEFRIE
(- (ERRAIE) - Tk
} 10
}
int main(){
srand(time(NULL));
char *p;
. Ps _ . scissors
int rounds = 10 paper
while (I"OUhdS--) scissors
cout << (p = RPS(rand() % 3)) << endl; 22122252
}
scissors
2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Do NOT return a pointer to an auto-

local variab
char *buf = new char [2@];E

™

char *getInput(char *prompt) {
elrar—out 12673
cout << prompt;
cin >> buf;
return buf;

buf HYATFEFREE]E,
—HBfEBEE, buf HYN
NPT HEE e # A N FTH !

main() {

char *r = getInput(“Please enter your name: ");
cout << "your name is " << r << endl;

}
. R — r 23| buf MINLEE,
HiLs - fH. buf AYNZA AIHE

1. (static) char buf[20]; (BXFE global) SR
2. §%:)atic char buf[20]; (local-static & 1FZER 2=

I
3. ENRE4S buf ELIEEEZEE (EFRFENE new Zl delete (heap))
char *buf = new char [20]; ..; delete [] buf;

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 34




Pointer Types

 RNEEAF R BRIV BRIt L 150K 4E 5 — (B B Bl RIFE 1 2 2Y |
* fRazas N RIREEN
- FRIEVREFERNY type—casting

int 1 = 3;

char *q;

q = &i; // illegal

q = (char*) &i; // this forces p to be a char address!

{4} : void pointer

void *p;
p = &i;
- BAE p 8@ void type WEH - MERREAMUZER
type BVIETE

« IRIEEMIEF - 1 1@ void =& 1 1@ byte

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 35



Revisited: pointer version of Sorting

(1/4)

*Ch.5 p.38 — Array version

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

}

-Here — Pointer version

2017/2/8

void selectionSort(int Afjj»int size) {
while (size > 0){
int *minPtr = findMinIndex(A, size--);
swap (A++, minPtr);

Whycanwedo A = A +

rmission require r proauction or aispia
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Revisited: pointer version of Sorting

(2/4)

*Ch.5 p.38 — Array version

e Here — Pointer version

2017/2/8

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

}

int *findMinIndex(int A[], int size) {
int *minPtr = NULL, *p;
for (p = A, A += size; p < A; p++)
if (minPtr == NULL || *p < *minPtr)
minPtr = p;
return minPtr;

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Revisited: pointer version of Sorting

(3/4)

*Ch.5 p.38 — Array version

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

¥

e Here — Pointer version

2017/2/8

void swap(int *x, int *y){
int temp = *x;
X = *y;
*y = temp;

}

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Revisited: pointer version of Sorting

(4/4)

+Ch.5 p.39

int main() {
int A[100], size = 0, i = 0;
while (size < 100 && cin >> A[size++]);

selectionSort(A, --size); // Why we do --size?
while (i < size)
cout << A[i++] << " ';

11011 2375944 Ctrl-Z + Enter to make this

2
123445791011

become

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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Array of Pointers vs. Pointer to Array

(}51ZFEF) vs. PEIIISHE)

<" ~ char

[ &

char *SUlt[4]; T Char __jchar

°E§]E%T—@M 4 @& char* (FroiEiE) BTEH

SER

MARES 7 —Ea1%tam—@EM 4 & char Btx
RYRES |

2 char

>
How about just char *suit;?

* FTLAZIERZ B L 7
typedef char FourCharArray[4];

FourCharArray *ptr; /* pointer to a 4-char array */
FourCharArray

rmission required for reproduction or display . 40
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Array of Pointers vs. Two-dimensional Array

(351EFET vs. —4EFEF1) (1/2)

char *suit[4] = { /* array of 4 pointers to strings */
"Heart"”, "Diamond", "Club", "Spade"

}s

e suit[@], .., suit[3] #BE L-value i R-value (EAA&char*)
FRUARIIA suit[@] = "hello";

« suit[1][@] == 'D'; suit[1][@] = 'C";

« ANR suit[i] &M@ NULL, suit[i][j] RIFE e

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

-}:natrix[@], .., matrix[3] RA R-value (K&=15 &matrix[0][0], ..,
&matrix[3][9])
* matrix[1][0] == 'D'; matrix[1}fe} ="'C'5
FTAARFI A matrix[0] = "hello";
w0ze e matrix[1][F] et evalue CRIZ R Bl ehapon o o 41




Array of Pointers vs. Two-dimensional Array

>~
m

51 vs. —4fET) (2/2)

(1813

2017/2/8

char *suit[4] = { /* array of 4 pointers to strings */
"Heart", "Diamond", "Club", "Spade"

s

suit —

d
C| !l |u|b|\VWV]|..| S|p|la|d]|e]|\
N 7

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

}s

0 1 2 3 4 5 6 7 8
0 H e a r t \0
1 D i a m o n d \0
2lc | 1| ulb]|Vw]| -
3 S p a d e \0

juired for reproduction or display.
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main(int argc, char **argv)
revisited

e |O1I!

= main function B2 &
int argc; /* argument count */

 char **argv; /* argument list (pointer to
strings) */

« M AILAE & RY char *argv[]; /* array of (char*)s */
5 :% 1s -1 ~/hwl ~/hw2
*int main(int argc, char **argv)

[4] o
P

*argv

7 / > - 1]

argv[0]| ¢ _—

argv[1]| e S[ =7 n w10

argv[2] o

argv[3] o S ~| /| h|lw]| 2]

2017/2/8
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i%k3E (Recursion) &9t

« function call B2 =ik
- EEHTABRMEBITAEME > e.q., BF ~ TANE...
- BEF—TITAEMF (BRIP2 - BB « #=HEh0...)

° ﬁ—ﬂﬂ FEﬁIE&E 9 1E_|-H§,Z“:E§E? o fi;iﬁ:iaiéi:: VB i: 1 : n * factorial(n-1);

}
—ZEEE base condition (&R I[F&H&)

// Recursive version
int factorial(int n) {

if (n <= 1) return 1; // base condition
return n * factorial(n-1);

}

// Iterative version

int factorial(int n) {
int res = 1;
while (n > 1) res *= n--;
return res;

2017/2/8 } Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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s NS (Tower of Hanoi)

)
¢ D)

s |

Post 1 Post 2

Post 3

1B 4 {EREF1E Post 1 4%l Post 3 :

1. Sl 3 {ERE T Post 1 #&Z!l Post 2
1) Scif 2 {EREF1i¢ Post 1 #kZ2 Post 3

2) BEE 3 {EAREFE Post 1 #EZl Post 2
3) BB 2 A% F1E Post 3 #kZFl Post 2
2. 15 4 A F1E Post 1 #RZ! Post 3

3. B 3 1%

2017/2/8

21t Post 2 #&Z Post 3
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number
number
number
number

A IEIETVERS

number
number
number
number
number
number
number
number

—_ N = ) = N = ot N = Q) = N —

N==NWNN==(WW=N=—==

WWNW==WWNN=NWWN

void moveDisk(int diskNumber, int startPost, int endPost, int midPost){
if (diskNumber > 1) {

/* Move top n-1 disks from start post to mid post */
moveDisk(diskNumber-1, startPost, midPost, endPost);

cout << "Move disk number " << diskNumber

<< " from << startPost << " to " << endPost << endl,

/* Move n-1 disks from mid post to end post */
moveDisk(diskNumber-1, midPost, endPost, startPost);

}

else cout << "Move disk number 1 from
<< " to " << endPost << endl;

<< startPost

int main() {
moveDisk(4, 1, 3, 2);
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T2 4E

 Binary Tree Traversal (ZJci&IRIEEH)
« (MAER)AIFE (Pre—order): -+ AB*/CDE
e (EHAH)FFE (In-order): (A + B) — ((C / D) *E)
o (A ")1&% (Post-order): AB+CD/E * -

 Prefix Calculator (+ 2 3 = 5)
» Divide and Conquer ((E& %)
» Dynamic Programming (E& %)
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C FEZREB=(C File 1/0) (1/3)

).

/l

« #8172 : Each file is associated with a stream (&

« BER  BUEREEREEREENRE
* C: type of stream = file handle (file pointer) (FILE *)
-#include <cstdio>
I TEZRIE4E  FILE *fh;
Eﬁﬁ“' FILE *fopen(char *name, char *mode);

* name : 1‘”"% » mode : (FAERMNAIL("r" = read, "w" = write, "a"
= append)

- [B{& NULL » RRATAE

1. WERAEFE

2. {REEERFEULIESE

« A if (!fh) FIEMEEESEHBINT
« 3BfgE . fscanf(file handle, scanf() 2&#-z();
« Bfg : fprintf(file handle, printf() B2EH) ;
« (:F : BB _EMNER : fread() and fwrite())

« fANE : int fclose(FILE*);
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FILE *fin; /] BESIRE R

fin = fopen("filename.txt", "r"); // BArE

if (fin){ // if fin != NULL
fscanf(fin, "%d%c%s", &num, &ch, str); // &iE
fclose(fin); // FATE

} else printf("Unable to open file\n");

/* Do some data manipulation */

FILE *fout; /] FESTREZEFRE
fout = fopen("filename.txt", "w"); // BAtE
if (fout){ // if fout != NULL

fprintf(fout, "num = %d, ch = %d, str = %s\n",
num, ch, str); // 50lE
fclose(fout); // [EFE

} else printf("Unable to open file\n");
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C FEZREE(C File 1/0) (3/3)

<

\

- PSR
&&=\ 1/0

- BEtiE =1ZEN (B:E/ BIRE/ B M) — fseek(), ftell()...

« HF I — fflush()
* http://www.cplusplus.com/reference/cstdio/

T8 /O BIEE R
- [E¥E I\ (blocking) EAFEFHIET (non-blocking) I/O

 [E5 |/O — fsync()

«B# 1/0

« Z T2 I/O — select(), poll()

« OREILLY {LINUX Z#FENERET)

Copyright © 2016 Slighten and GOTC. Permission required for repro duction or display.
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C++iEFRiER
(C++ File 1/0) (1/3)

- B2 - Each file is associated with a stream (&77).

« BB BlUERIEERE-BREERN S

* C++: type of stream = fstream, ifstream, ofstream
* #include <fstream>

o BIIFERIGIE : ifstream fin; ofstream fout;
o g : void fstream::open(const char *name, ios::mode);

« name : {83 > mode : {FAERANAS N (ios::in = read, ios::out = write, ios:app =

« [B{& NULL » fGFRBIEE :
1. WERAEE
2. (RERERFEIULES
- BIFA if (Ifin) FIEMERZEREBUNINT
K
« fin >> buf;
« —R—1T ! istream& getline(char* data, int length);
istream& getline(istream& is, string& str);
« —R—5FJT : istream& get(char& c);
- BE
 fout << buf;
e —IR—ZFJT : istream& put(char c);
o (5 FBEEMER : read() and write())
. BE1E : void close();
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C++1EREER
(C++ File 1/0) (2/3)

ifstream fin; /] BENIRE R
fin.open("filename.txt", ios::in); // BEFE
// FIEP0FK ifstream fin("filename.txt",ios::in);
if (fin){ // if (fin.is_open())
string buffer;
while(getline(fin, buffer)) // GEFE
cout << buf << endl;
fin.close(); /] ks

} else cout << "Unable to open file" << endl;

/* Do some data manipulation */

ofstream fout; /] NIRRT
fout.open("filename.txt", ios::out); // BAKE
// FIE0FA% ofstream fout("filename.txt",ios::out);
if (fout) { // if (fout.is open())
fout << "This is a line.\n"; /] Bk
fout.close(); // BirE
}
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C++I8XBE

(C++ File 1/0) (3/3)

« EFEWLE
&, 1/0
- MEHETER17EN (BRE/ S MFE/E M) — seekg(), tellg(),
seekp(), tellp()...
« ¥35 B R — flush()
e http:/ /www cplusplus.com/reference/fstream/fstream/
-FEER I/O BEEARR
BHTE‘E (blocking) E23EFHFEZL (non-blocking) I/O
 [E]# 1/O — fsync()
«Hiz 1/O
«Z T I/O — select(), poll()
« OREILLY {LINUX ZARFZERET)
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588 (struct) &7t

(1/5)

B[R] type HIFHRER data £3/E—d !
* Definition
struct struct_name {
char a[10];
int b;
double c;
¥

* Declaration
struct struct_name variable name;

e Definition & Declaration at Once

struct struct _name {
char a[10];
int b;
double c;

} variable name;

 Struct Reference (FHER 1 '.")
variable name.a[@] = 'c’;
variable name.b = 10;
17/g\/r'lable name.c =

.C%p’yright © 2016 Slighten and GOTC. Permission required for reproduction or display.




#4518 (struct) B7T (2/5)

A AFH typedef {§ code 1F:E
* Syntax:
typedef type name;
- {51
typedef int Color;
typedef struct flightType Flight;
typedef struct ab_type {
int a;
double b;
} ABGroup;
{EF :
Color pixel[500]; // int pixel[5600];
Fllght planel, plane2; // struct flightType planel, ‘plane2;
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#4518 (struct) B77T (3/5)

2017/2/9

typedef struct POS{
int x, y;
} Pos;

struct CHARACTER{
string name;
string weapon;
Pos pos;
unsigned int level, exp;
int health_power;
int attack_dmg;
int defence power;
} mainCharacter;

int main() {
struct CHARACTER csw = {
"CSW", "belly", {1, 3}, 1, 0, 100, 50, 10
}s
mainCharacter = {
"Slighten", "mouth", {2, 4}, 99, ©, 9999, 100, 100
}s

Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display.
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#4518 (struct) f77 (4/5)

mainCharacter.weapon = "handsome";
mainCharacter.pos.y--;

cout << mainCharacter.name << " vs. "
<< csw.name << endl;

cout << "level: " << mainCharacter.level
<< " vs. " << csw.level << endl;
cout << "weapon: " << mainCharacter.weapon
<< " vs. " << csw.weapon << endl;
struct CHARACTER *myPtr = &mainCharacter;
k — n . n .,
(*myPtr).weapon knife"; S _—
myPtr->attack dmg = 150; level: 99 vs. 1
} weapon: handsome vs. belly

‘myPtr 2—E%5Ea1E
* (*myPtr).name == myPtr->name != *myPtr.name
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%588 (struct) /7T (5/5)

‘myPtr 2— A4S EIEIE

* (*myPtr).name == myPtr->name != *myPtr.name ==
*(myPtr.name)

‘A% . HERL * St

« B

1. struct B = (assign) &+ (copy value)
:>e{},mainCharacter = CSW;

2. struct* &EF ==, |=EBEHF

3. Al AE .:.,\E.’%B@U struct CHARACTER
character[100];

. union - [ERERIUAARE type 7HY
. BJREC B el &

.. linked list —— built from struct and dynamic allocation
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PRRECERCIRAER T (1/2)

&% local S —aEF {} MEIHSK (local EE(RYE
BB {} mMEA ] EEREMAER (ﬁ’—{:l:
stack #8)) » FItE function AFEENE local EE] |
« IRiz =B [0]1E local BEUEEEHE ?

—FRRAATECIEEE (21E heap 1) » BB 1BZEC B

EIFE
A ZFEFENE new Fl delete
e Syntax:
type* var_name = new type[{EZX];
delete [] var_name;
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PRRECERCIRAS T (2/ 2)

char *foo(){ char *foo(){
char *p = new char [10]; char p[10];
strcpy(p, "hello\n"); strcpy(p, "hello\n");
return p; return p;

} }

int main() { int main() {
char *ptr = foo(); char *ptr = foo();
cout << ptr; cout << ptr;

} }

(un

e ENEEETREEBRNIENG  WEEZEIHRACE !
ol : int p[1000000]; // GG! Not so much space in the stack.

XA - int *p = new int [1@@@@@@],

2017/2/8 Copyright © 2016 Slighten and GOTC. Permission required for reproduction or display. 6]




7R - FRECERTNER

char *globalHeader = "Chapter"; ”“nupnm
char globalArrayHeader[] = "Chapter";

void displayHeader(){

static char* staticHeader = "Chapter";
static char staticArrayHeader[] = "Chapter";
char* localHeader = "Chapter";

char localArrayHeader[] = "Chapter";

char* heapHeader =
(char*) malloc(strlen("Chapter")+1);

strcpy(heapHeader, "Chapter");

BX B BR 2k A4S AREVE

xxxHeader[2] = 'b'; // illegal
xXxXArrayHeader[2] = 'b'; // legal
heapHeader[2] = 'b"; // legal
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Linked List f1] [

-IJriggl%list 21 —{E—1@ node H pointer FEIERIE
B URAE —1R int array[l@@],

. ]7<ﬁé+4g MHEAL 28 0 & » AR EIREAREE
~990 FEEREEIHR—1E (TMﬂ?ﬁHFI@ﬁATEﬁW FTB A
3%&1&%@])

- ERFESIEMNAINEHEHEN T !

DN'\"OKI-

-QL%EIEB%E’JKEA  Me L FERREE > IRk
T e |
-T:IEE‘E’J inked list H%%%EQTEETMG (reoall —1{Eg1=

18 4 g 8 bytes) !

NULL
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Linked List E§7}

(letn=size) ____|ArrayList _____|lLinkedList ____

add (e) Oo(1)W O(1)W
add (index, e) O(n)W O(n)R + O(1)W
get (index) O(1)R O(n)R
contains (e) O(n)R O(n)R
remove (e) O(n)R + O(n)W O(n)R + O(1)W
remove (index) O(n)W O(n)R + O(1)W

 Array is good for read - intensive access
1. ABHE E R
2. FEEKREENTEATR

» Linked List is good for frequent structure
modification

1. BENTRE
2. K\ (H380) W o2y
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R T H— L5

1.

3.
1)

2)

3)
4)
5)

2017/2/8

EETAERIRIAEE] : enum (FUER) ~ union (BEE)
2. FREA—I4AY project (open source)

100 47 — 500 47 — 1000 17 — 2000 17 ...

2B~ HERHIR - BEEE...

R #HE2s—4HERs > CPUE 23— RaE2S. ..

F1REZZ2R ¢

M E @2 %5 (OOP, Object-Oriented Programming) (ExBsE i)

class, object, overload, inheritance, override, polymorphism, generic...

C++ 1Z#EMERE (STL, Standard Template Library)

<vector><list><queue><stack> <set><map><hash _map><algorithm><utility>...

EREEERE F-oeFERENR . (FHTERE  BERE - EUERE..)
BB EGT st EREE - FE AR BRANRA—. . . (SF51E - Fi7iEN..)

3

) + 4) EfkRBsEt R —. . (BEFRETEENME - BAEIRREREEFITIERET...)
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HEE=R57T (Assembly Language) (1/3)

2 HERES | BRI RIEETIVAR AR = e
» 1825 (ISA, Instruction Set e e
Architecture) : CPU AIfIBTTHR | W . o
- Z0EEE (memory) vs. TREX re L

(Cache) vs. E11725 (registers, in
CPU) Memory (RAM) g g Disk (ROM)

Input R Output
Devices Devices
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« A LC-3 245
- ZF 1723 8 1 (RO ~ R7)

; Program to multiply a number by the constant 6

.ORIG x3050
LD R1, SIX
LD R2, NUMBER

AGAIN ADD R3, R3, R2
ADD Rl, R1, #-1 ; Rl ke p track of
BRp AGAIN ; the iterati on.

HALT

.\. [— AND R3, R3, #0 ; Clear R3. It will
= — 3 ; contain the product.
; The inner loop
4 Siasmir (2 ,-

NUMBER .BLKW 1
SIX _FILL x0006

.END

IS SEMIEEIEA : ADD, NOT, AND, JMP (jump), ...
- 4HEETS = (LABEL) OPCODE OPERANDS

" COMMENTS
s — 11— 17917

- OPCODE W2i2{EtS » BERFiSE—ABUNEE

« e.g., ADD = 0001, NOT =
« OPERAND Fh2{EF (

1001, AND = 0101, ...
RO~ R8)

- iFH230% 16 {E—4B(FB 2 ([ELE—72 )
 FlaNiE 1T : ADD R3, R3, R2 : R3 = R3 + R2

« i ENEERL : 0001 — 011 — 011 — 0 — 00 — 010
Opcodeld) | Dst3) |sam |imm@) o0 |sw@
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* Instruction B 3 18
- BiTEEIES : ADD, AND, NOT
« )28 SUB? MUL? : INE &ML ~ EIMEFRE
- BRlIRENIES : LD (load), ST (store)...
- LD IEERE D IR RE R E B 722
- ST BB R B F2 3B IR
« 1ZHIE<S - JMP (jump), BR (branch), RTI (return),
TRAP (system call)
« JIMP BE4{% function call
- BR 2418 if-else, while, ... BIBBLE test FI)kR
s fmEEasng iz ia S WA AEEREES
« HEEZF AH S E S BN AR 23S
(R 4HEZE G 123G RN CI2HEES)
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