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* Example: finding a number from a set of numbers
 How many comparisons do we need to retrieve 77

In linear array In binary search tree

7)) @

&

8 comparisons 4 comparisons




Array

(a) Basic Initialization (b) Initialization without Size
int numbers([5] = {3,7,12,24,45}; int numbers[ ] = {3,7,12,24,45};

| S/‘ ?" ‘1\2‘2!4‘4]5I | 5{ ‘ 71' ‘1\2‘21-’-1‘4|SI

(c) Partial Initialization (d) Initialization to All Zeros
int numbers[5] = {3,7}; int lotsOfNumbers [1000] = {0};

The rest are

filled with Os All filled with Os



Multi-dimension array

T
/,//’//

1 ]

Second Dimension
(rows)

Third Dimension
(columns)

200 | [ 201 | [ 202 ] [ 2023 |
table [2][0][0] table [2][0][1] table [2][0][2] table [2][0](3]
[ 100 | | 101 | | 102 | | 103 |
table [1][0][0] table [1][0][1] table [1][0][2] table [1][0][3] 213
> [2](1](3]
L o | 1 [ 2 || 3 |
table [0][0][0] table [0][O][1] table [0][0][2] table [O][O][3] 113 | 555
e
table [0][0] > [2]12)(3]
[ 10 | | 11 | [ 12 | [ 18
table [0][1][0] table [0][1][1] table [0][1][2] table [O][1][3] 123 ] e
table [O][1] (21l : [2](3](3]
[ 20 | [ 219 | | 22 | | 23 | .
table [0][2][0] table [0][2][1] table [0][2][2] table [0][2][3]
243
table [0][2] [s1E] EHI[B]
a0 | [ a1 | [ 3 | [ 33 | table[2]
table [0][3][0] table [0][3][1] table [0][3][2] table [O][3][3] 143 ]
table [0][3] (14131
table[1]
| 40 | [ 41 | | 42 | | 43 |
table [0][4][0] table [0][4][1] table [0][4][2] table [0][4][3]
table [0][4] table[0]




Sorting



Array Sorting

e Selection Sort
 Bubble Sort
* Insertion Sort



Selection Sort Concept

Swap *
smallest (a[k]...a[n — 1])

Sorted ' Unsorted



Bubble Sort Concept

Bubble up

>
Sorted Unsorted



Insertion Sort Concept

___v
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—
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-4

Sorted

>

Unsorted




Search



Sequential Search E%

e Unsorted HIE0| CHolM= XS
EH Z HOfol”| 20| H|&=
X0|LCt,

* Worst Case: O(n)

al0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10] a[11]
12136146291822?817710

index
al0]a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10] a[11]

4 (21 | 36 | 14 | 62 | 91 8 |22 | 7 |81 |77 |10
M,

index

5 72 1=21

index

al0] a[1] al2] a[3] al4T a[5] a[6] a[7] a[8] a[9] a[10] a[11]
4 21 36 | 14 | 62 | 91 8 22 7 81 | 77 | 10

12 72 1= 91

index
al0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10] a[1
4 21 36 | 14 | 62 | 91 8 22 7 81 | 77 | 10

Index off
Note: Not all test points are shown. end of list



first mid last

+ Z4M THAH B2 sorted Q1 AEHOIOF Ll-lk\m.@
Ol_l' |:_ al0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10]a[11]

. ‘x-|a=|5| H|O|E{0l| CHEHAl= O|RIZIAHO] 478 ]10]14]21]22]36]62]77]81]01

[ R |
E ” first mid last
|-_I:|- -¥I6 -<8 \K
[7] a

o O iterationt|M BHE(1/2)2 A K|

—_— [0] a[1] a[2] a[3] a[4] a[5] a[6] ] a[9] a[10]a[11]
_?_EO.”A-I I'”Q.l*l?_”:l’(l'”glEl_l 7-|E % El4 a7 al8 a10 E}I4 a21 al22 6;%6 62 a?? El81 a9‘1
Io| HO . . '
=10 HA T flgst mf:d Ia7st
* O(logn) ‘KLQL:I
a[0] a[1] a[2] a[3] a[4] a[5] al6] a[7] a[8] a[9] a[10]a[11]

4 |7 |8 (1014 |21|22|36]|62|77 |81 |91
first mid last
I | [ KA

Function terminates




Pointer



Pointeret?

* OIOJE 20 ArEEl= =45 Mot B — L2 Erl0|Lh

einta=4;charc="a"; int *p = &a;

p : 0x10002200 0x10002204  0x10002205



Call-by-value

// Function Declarations
void exchange (int x,

int main (wvoid)

{
int a = 5;:
int b= 7;
exchange (a, b);
printf("%d %d\n", a, b)
return 0;

} // main

ant yiE

-
r

A

a b

No Change

void exchange (int x,

{

int temp:;

temp = x;

X o '

Yy = temp;
return:;

} // exchange

int y)

| X I

RN Saha-connl gl
— =
[ X y

When Exchanged




Call-by-reference

// Function Declaration Il
void exchange (int*, int¥*);

int main (void)
{
int a
int b

23
71;

exchange (&a, &b);
printf("%d %d\n", a, b);
return 0;

} // main

void exchange (int* px, int* py) Il
{ _ &aI |&bI
int temp;
X

temp = *px;
*px *PYi temp
*py

temp;
return;

} // exchange




Int *p, char *q;
» O{XHI| 37|= 4byte(32 bit)= Ct FZZ2 7 OH7}?

« AFE7I Z2IH= H|Z 2|0 Holl HIOIHZE 0=
o 1 IOIE EFRUY| 2t 71 L= byte =7t E2XICE
2>"int * ZQEH O7|M BE 4byte 7HX| SI0{M He2 A
- “char * Z2IEM 07| £E 1byte 2F SO ZXt=Z &

I int* q; }
float x; | 3.3 I float* r; 3—»

int n;




Hi OIE{ (Pointer to Arrays)

QT QO R VI OV I V)

~ N =+ 0O

or
or
or
or
or

*

*

*

*

*

a+0
a+ 1
a+?2
a+3
a+4

AN AN N N N

2 |e— g
4 |e— 3
6 |-—2
8 |e—3
29 |e— g
a

*(@a+i) () g[j]

+ + + +

B~ W N =



Dynamic Memory Allocation



o MLIQ?

- HIZS 27|15 &F oI 1 Z7|2US2 tiEs U=L o= I

int main(void) {

Int size;

scanf(“%d”, &size);

int array[sizel; Compile Errorl 212 abet M 2{0f 2LOF i,
MO S0]| B SO °“:*5|010F of=0l-- 0| M= HEA?

« D273 M3 50| H22|S SYH H0|EIS MY TS MAoH Y



Accessing Dynamic Memory

/!
/

Local Declarations
int arvI[3];

ary —p

(a) Static Memory Allocation

// Local Declarations |:I
int x; <
Stack
// Local Declarations
=)
X = malloc(...);
X
Stack

Heap

//

BN

Local Declarations
int* ary;
ary = calloc(...);

Stack

=

ary

(b) Dynamic Memory Allocation

Stack

Heap




Dynamic Memory Allocation
e (stdlib.h)

* void *malloc (size_t size);

* void *calloc (size_t element—count, size_t element-size);
* void *realloc (void* ptr, size_t newSize);

e void free (void* ptr);




SHE2R 211 HiE BS7] - Z2H HE

Int **table;

table = (int **)calloc (3, sizeof(int *));

table[0] = (int *)calloc(4, sizeof(int)); EL
table

32 |18 [ 12 | 24

aple[0] [ F— |
table [ 1] - 13 | 11 16 | 12 | 42 | 19 | 14
table [2] =
table [3]| <~
table [41[ ] | 13 | 13 | 14
table [5 ] \
11 18
table = (int**)calloc (rowNum + 1, sizeof (int*)); u
table[0] = (int*)calloc (4, sizeof(int));
table[1l] = (int*)calloc (7, sizeof(int))
table[2] = (int*)calloc (1, sizeof(int));
table([3] = (int*)calloc (3, sizeof(int));
table[4] = (int*)calloc (2, sizeof(int));
table[5] = NULL;




Structure



The Type Definition (typedef)

* A type definition, typedef, gives a name to a data type by
creating a new type that can then be used anywhere a type Is
permitted.

« D2 Jefii= 44 2= A= 208t

Any standard Traditionally
or derived type uppercase

4
typedef type IDENTIFIER,;

typedef int INGETER;




Enumerate Type
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Initializing Enumerated Constants

« enum months {JAN, FEB, MAR, APR};

identifier X}= H{A 0 1 2 3

« enum months {JAN = 1, FEB, MAR, APR};
« enum color {RED, ROSE = 0, CRIMSON = 0, BLUE, AQUA = 1},



Structure Type

= element 2| &t
O EFQO| Hp2te = 4= QUL

e EA|Q elementZ QF EICH QF| H4O Ths

pi CP rI-J

numerator denominator

id name gradePoints
student




Accessing Structure Elements

typedef struct sam1

{
int Y X y : U

float t; ptr
char u;
} SAMPLE;
SAMPLE saml; sam1 |. X (*ptr) |. x ptr |-> X

SAMPLE* ptr;
Direct Selection Indirection Indirect Selection

5tr = &saml;
Three Ways to Reference the Field x

(*pointerName).fieldname €==) pointerName-)fieldName.



String



=AtE2| M

char str[15] = “Good Day”

. BYS 8YS BF AIRY W glsLIL

e char monthl[] = “January”;
« H1E37]7t ZAIE2 0|0 X3 XI5z 4%

e char *pStr = “Good Day”;
char str[9] ={'G’, '0o’, o, 'd’, ", ‘D, @, y, \O}L

month —|Jla|njulalr v \O // Local Declarations
str—L T LTI I PP P
char str[9];
String Declarati
"Good Da.yn ‘ G olo d D a Y ‘1\0 (3.) ring veclaration

DS“‘ B/' // Local Declarations
pStr |3—>

char* pStr;
str —»|Glojo[d| |Djafy[\0

(b) String Pointer Declaration



String Copy?

e char str1[6] = “Hello”;
char str2[6];
str2 = strl; //?



String Input/Output Functions

formatted input/output functions
 scanf/fscanf
e printf/fprintf

special set of string—only functions
* get string (gets/fgets)
e put string ( puts/fputs ).



FLUSH

« AEZ HTIE H|RE
e Scanf & Y&dt= of

@]
=
A
O Hdce. ol

=)
=

=
ALE

SiCt

—

Al

- The string conversion code(s) skips whitespace.

Test)

Int a, char b;
scanf(“%d”, &a);
scanf(“%c”,&b);
printf("%d %c\n”, a, b);

fflush();

W < 0 W N

// Read Month
#define FLUSH while (getchar() !=
char month[10];

printf("Please enter a month. ");
scanf ("%$9s", month);

FLUSH;

// Read Month

|\n|

)

#define FLUSH while(getchar 1= \n’)




String Manipulation Functions

e #include {string.h)

» String Length and String Copy

» String Compare and String Concatenate

* Character in String

» Search for a Substring and Search for Character in Set
» String Span and String Token

» String to Number



List



What to learn--

‘ Lists I

‘ Linear I ‘Non-LinearI
‘ General I‘ Stacks I‘ Queues I ‘ Trees ” Graphs I




Linked List

« 2t210| Element?} Lt= Elementl| HX|E A Z&ot¢ 0|04l GO|E A
E&X
+ H2O02 2 O|0{XICHH of B (Array)S QH&71?2?
e ArrayQ| &7&7 HE?
e Linked List2| Z&7 =7

List Linked List

Space Complexity O(n)
At O(1) O(n)
Insert O(n) O(1)
Remove O(n) O(1)




Linked List

< BOHGE 71212 2 QLT OI27HS 7t2iL 42 YT

list data link data link data link data link
(a) Linear list

= gV \ X

list /Iink data Iink\ list
(c) Empty list

link data link link data link
(b) Non-linear list




General Linear Lists

. JhE UEHEOl K| Bl AE

— 1 L—

* Retrieve
 |[nsert

* Change

* Delete
 Traversing
* Building

list data link data link data link data link
(a) Linear list



Insert a Node to Empty List

pNew->link = pList;

pList
Before Add After Add
pNew [ {789 pNew | =] 39 [X]
oList XI oList j’
pPre E pPre E




Insert a Node at Beginning

pPre pPre

pNew-=link
pList
Before Add After Add
pNew 39 pNew 39 | |
1 =N
pList _—I- 75 | 4= 124 [ |- ... pList ZI 75 | |+ 124



Insert a Node in Middle

pNew->link = pPre—>link;
pPre->link = pNew;

pNew [_~I—> 96 pNew E—» 96

v —»l 75 | tol 124 [ f» - o —»l 75 |\

pPre m/' pPre Ij/

Before Add After Add



Insert a Node at End

pNew->link
pPre->link

pPre->link;

pNeWEI [ 134 pNewEI o[ 134
x
—»| 75 > 124 ... —»| 75 > 124 [\

Before Add After Add



Insert a

10
11
12
13
14
15
16

17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32

Node — Code

NODE* insertNode (NODE* pList, NODE* pPre, DATA item)

{
// Local Declarations
NODE* pNew;

// Statements
if (!(pNew = (NODE*)malloc(sizeof(NODE))))
printf("\aMemory overflow in insert\n"),
exit (100);

pNew->data = item;

if (pPre == NULL)
{
// Inserting before first node or to empty list
pNew->1ink = pList;
pList = pNew;
} // if pPre
else
{

// Inserting in middle or at end
pNew->1ink = pPre->1link;
pPre->1ink = pNew;
} // else
return pList;
} // insertNode




Delete First Node

pList

pPre

‘ pList = pCur->link; I

1

| 124

Cu:\
] »

Before Delete

pList

pPre

(Recycled) | 124

After Delete



Delete — General Case

Before Delete

.. — 75

__>

96 —+—»

124

pPre B/' pCur

a

‘ pPre->link = pCur->link ; I

[

pPre B/ pCur

a

(Recycled)

After Delete

124

Pre, Cur 5 747}
£0[ 22I0|= A &I



Delete a Node — Code

0 1 O L = W N

I e i i e e i
e JETo B » TS B'o ) WS 3 BT S % S % R SR s X e

This function deletes a single node from the link list.
Pre pList is a pointer to the head of the list

pPre points
pCur points
Post deletes and
returns the
*/
NODE* deleteNode (NODE*
{
// Statements
if (pPre == NULL)
// Deleting first

to node before the delete node
to the node to be deleted
recycles pCur

head pointer

pList, NODE* pPre, NODE* pCur)

node

pList = pCur->link;

else
// Deleting other

pPre->1ink = pCur-

free (pCur);
return pList;
} // deleteNode

nodes
>1link:




Search Linear List

//B|AE pListZt QIL}.
struct Node *pWalker = pList;
while(pWalker)

{
If(pWalker—)data == &= O|0|E{)
return 1;
} pWalker = pWalker—)next;

return O;



Linear List Traversal

B—b‘l& —

pList ‘,‘

pWalker

39

P o0

STN




Print Linear List

5 | void printList (NODE* pList)
6 | {
7| // Local Declarations
8 NODE* pWalker;
9
10 | // Statements
11 pWalker = pList;
12 printf("List contains:\n");
13
14 while (pWalker)
15 {
16 printf("%3d ", pWalker->data.key);
17 pWalker = pWalker->1link;
18 } // while
19 printf("\n");
20 return;




Average Linear List

o 13 o W\

11
12
13
14
15
16
17
18
19
20
21
22

double averageList (NODE* pList)

{
//

//

Local Declarations
NODE* pWalker;

int total;

int count;

Statements

total = count = 0;
pWalker = pList;
while (pWalker)

{
total += pWalker->data.key;
count++;
pWalker = pWalker->link;

} // while

return (double)total / count;

} // averageList




Stack

e Last in First out (LIFO)2| H|0|Ef AEE K
* Insertion} deletion0| &4 5t Z(Top)0f| ATt YO AL
* Push : 22 A5 = &Y

* Pop : 2 ?0|A StLt Bi= AR
Q Top

Stack of Coins Stack of Books Computer Stack




Stack Implementations

_ ~ Head .
Top | = :ﬁ tnEl: |_:-3_|
- |_,, Data
. =T |[nodes
L,
) T
L

(a) Conceptual (b) Physical



Stack Data Structure

typedef struct |l
{
count top int count;
truct node* top;
Stack Head Structure . g
} STACK;

typedef struct node

{
] int data;

data link struct node* link;
Stack Node Structure } STACK_NODE;




Stack Push

28] [X
pPNew > data link
stack

2 S [A
count top data link
N
data link

(a) Before

pPNew "|"data  link
stack [ —
10 L, [
count top data link
| [
data link
(b) After



Stack _ Pop

Recycled

ditPtr u-—- @ ditPtr . L o
P data link data link
stack stack
3 (757 | > ~{[757 ]
count top data link count top data link
N [ X
data link data link

(a) Before (b) After



Queue

* First in First out(FIFO)Q] H|0|Ef AE= XA

* Insertion2 & &, Deletion2 CI=E otX Z0f|A{TF LY, :

* Enqueue : 70| ME22 Z 2= &Y (rear)

e Dequeue : FO|AM SILIE HM|7Hot= &Y (front)
Banks'R'Us

CIf RRARES

(a) A queue (line) of people

Remove Insert
(dequeue) (enqueue)
front rear

(b) A computer queue



Queue Implementations

(a) Conceptual queue

front count  rear
{ : )

front rear

(b) Physical queue



Queue Data Structure

- typedef struct node [:k
{

int data:
data next struct node* next;

} QUEUE NODE;

Node Structure

typedef struct

{
QUEUE NODE* front;

int count;
front count rear QUEUE NODE* rear;
} QUEUE;

Head Structure




Enqueue

front count rear front count rear
Queue IE E Queue m m
O = X L 2] [
newPtr data next newPtr data next
Before After

(a) Case 1: Insert into Null Queue

Q front count rear III Q front count rear m
ueue |_|__| |_|__| newPtr ueue |_|__| m newPtr
Y Y v Y Ny
23] [ | | 352 (X B [~ = [
data next data next data next data next
Before After

(b) Case 2: Insert into Queue with Data



Dequeue

Queue

front count rear

Al

y

data

X

next

Before

Queue

front count rear

X [o] X

deleteLoc |

(a) Case 1: Delete only item in queue

Queue

front count rear

n = ¢
Y
e [~ =5
data next data next
Before

Queue

front count rear

Ex ‘*-¢

deleteLoc

data next

(b) Case 2: Delete item at front of queue
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— 1
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» Data StructurediM= CIYSH Implementation0] 7| IH20| £XHH
Q7| ELf= o{EA £olot=X| ConceptEE & 7|4

« DSEE2 T L HtEA| BOf BL L},

o HI7IM S M= E A 7[HotY|

= L 1




	전산 SMP 12주차
	기말고사 대비 총정리
	자료구조
	Array
	Multi-dimension array
	Sorting
	Array Sorting
	Selection Sort Concept
	Bubble Sort Concept
	Insertion Sort Concept
	Search
	Sequential Search 특징
	Binary Search 특징
	Pointer
	Pointer란?
	Call-by-value
	Call-by-reference
	Pointer를 선언할 때 타입이 필요한 이유
	배열 포인터 (Pointer to Arrays)
	Dynamic Memory Allocation
	왜 쓰나요?
	Accessing Dynamic Memory
	Dynamic Memory Allocation
	동적할당으로 2차원 배열 만들기 – 포인터 배열
	Structure
	The Type Definition (typedef)
	Enumerate Type
	Initializing Enumerated Constants
	Structure Type
	Accessing Structure Elements
	String
	문자열의 선언
	String Copy?
	String Input/Output Functions
	FLUSH
	String Manipulation Functions
	List
	What to learn…	
	Linked List
	Linked List
	General Linear Lists
	Insert a Node to Empty List
	Insert a Node at Beginning
	Insert a Node in Middle
	Insert a Node at End
	Insert a Node - Code
	Delete First Node
	Delete - General Case
	Delete a Node - Code
	Search Linear List
	Linear List Traversal
	Print Linear List
	Average Linear List
	Stack
	Stack Implementations
	Stack Data Structure
	Stack _ Push
	Stack _ Pop
	Queue
	Queue Implementations
	Queue Data Structure
	Enqueue
	Dequeue
	한 학기 배운 것 총 정리

