¢k SMP 65X}

AL
U

bskim45@gmail.com

Special thanks to 27| (kisuk0521@gmail.com)


mailto:bskim45@gmail.com

= 017171 0

« SUIA ORLIR? Hp=?

* Welcome to Array & Pointer






Input Devices
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Auxiliary Storage Devices

> Monitor

Output Devices



M\ #include <stdio. h>.
Programmer . int - main (void )
Text Editor {
} /7 main Source
| Compiler
Object

00110 10010101010
001100110 10010 O1

Linker

01001 01110110100 / Executable

Library

Runner

Results




‘ C Types I
Integral I

Floating-pointl‘ Derived I
|

Character I‘ Integer ” Real I

Imaginary I‘ Complex I
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XZH2 (Selection Statement)

o X741 (Condition)0f| [i2fA] MEHMO Z T2 7 2HS XIGH

e IZ=TJ2HO| FlowE X

2—-\Way Selection
e if~else

Multi-Way Selection
e if~else if~else, switch

« Z71F Of0f| HOLEX| £ ZHES 22 = UL (nested)




Loop (Z2])

* pre—-test loop: BAlotLl &lal5}7|
while &, for &

* post—-test loop: &alot1! ZHAGH |
do~while &

* Requirement
 [nitialization
* Update
e Condition Check

o QK| RS MLIQ - “FE”
fore g2 3145 2 I, while, do~while2 25 I



not

Zero or more data
values can be passed.
| I 11

b dbwmd b

YV YV ¥

Side Effects

At most one data value
or structure can be returned.




HXe2| SZ+= 2f=0iCt M=M=

}

int sgr (int X)

// Statements
return (X * X);
// sqr

Two values received
from calling function

{

double average (int x,int y) Il

double sum;

sum = X + y;
return (sum / 2);

// averagi//kfmu___ﬁﬁﬁﬁh\\
One value returned

parameter variables
X

y

local variable
sum

to calling function




Call-by—Value

// Function Declaration Il
void downFun (int x, int y);
int main (void)

{

// Local Definitions

int a = 5;

15
// Statements

downFun (a, 15);
printf("%d\n",
return 0;

} // main

— — (]

I
I
)i |

One-way
communication

void downFun (int x, int y) Il | |

{ x| # 20 y| 15

// Statements

X = X +Y;
return; Only a copy
} // downFun




Call-by—Reference

// Function Declaration Il
void biFun (int* ax, int* ay);

int main (void)

{
// Local Definitions
int a = 2;
int b = 6; Z 4 £ 2

// Statements

biFun (&a, &b);

return O0;
} // main

Dereferences

void biFun (int* ax, int* ay) Il \ |
{ ax ay
*ax = *ax + 2;
*ay = *ay / *ax;
return;
} // biFun




SWAP

void exchange (int* numl, int* num2); Note that the type

// Function Declarations
includes an asterisk.

int main (void)

// Local Definitions
int a;
int b;

// Statements

exchange (&a, &b);

return 0;
} // main

Address
operators

void exchange (int* numl, int* num2)|l

{ numi  num2
// Local Definitions

int hold; num1 and num2

are addresses

// Statements

hold = ‘*numl; Note the indirection I:I

*numl = *num2; operator is used for hold

- dereferencing.
*num2 hold;

return;
} // exchange




Recursion

IIL| A
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* Base Case (n=1)
e n=k 2 n=k+17?
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Program

Data Source

Data Destination



FILE I/O

Steam

#include <stdio.h> |
FILE *infile; g' — BN
- - “ - I TR A\ int main (void)
infile = fopen( anyflle.txt , W ), FILE* spData;

~ o~ spData = fopen ("MYDATA.DAT", "w");

- ] } ;/ main xterna
fclose(infile); ®—

FILE

— |— IspData

MYDATA . DAT —
Physical File
u q Stream (@




CHEX FILE 1/0 & e

ruln

int fprintf(FILE * out, const char * format, )
Filestream, out & FE| formatl| HEj= S=HolL}.

H|1)int printf(const char * format, )

int fscanf(FILE * in, const char * format, --*)
File stream, in 22 2EE| format2| YEj=Z dHt=C}

H| 1)int scanf(const char * format, )

0 http://weezzle.net/1611



FLUSH

« AEZ HIIZ HIQE o3t
Hi= 5}
—_

= =
e Scanf & == st ALE
« DRt scanf S ALO[Of|=-+ 27} O

—
- 1
Sk

Test)

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

fflush();
#define FLUSH while(getchar != \n’)
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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




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

3/ 7" 1\2 2‘4 4l5 | SI‘ 71' ‘1\2‘2[1‘45'

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

The rest are

filled with Os All filled with Os
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* String

* Multi—-dimensional Array
» Sorting

» Search



=X (string) Z=2 H{EO|C}

» char 2| HIE & 20 E=Xt \O’
» H{E & E2IHE 2ol BT stringW CHoliA & AtM|5| &FLILCE,

D G

H H|\0 \0

beginning of end of strin Part of the array,
gstringg delimiter J but not part of the
string
H \O

char str[l1ll];|Glolo|d| [D|a y\d? ?)

ell|l]o




=AtE2| M

e char str[9] = "Good Day’;

e char month[] = “January”;

e char *pStr = "Good Day’;

e char str[9] ={'G’, '0o’, ‘o, d, ", ‘D, a,y, \O}L

month —s=|J|alnjufalr|y|[\0

‘Good Day" —»|Glo|o|d]| |Dla]y|\O

Str B//'

str —|Glojo[d| |Djafy[\0




Usage

e char str[100];

e printf(“Input your povis id: “);
e scanf("%s”, str);

e printf("%s”, str);



Two—-dimensional Array (Matrix)

First Dimension
(rows)

Second Dimension
(columns)

table [0][0]

table [0][1] table [0][2] table [0][3]

table [0]

table [1][0]

table [1][1] table [1][2] table [1][3]

table [1]

table [2][0]

table [2][1] table [2][2] table [2][3]

table [2]

table [3][0]

table [3][1] table [3][2] table [3][3]

table [3]

table [4][0]

table [4][1] table [4][2] table [4][3]

table [4]

table




Declaration

* Int tab
* Int tab
* Int tab
* Int tab
* Int tab

e table[r
e &table]

e
e
e
e

e

5.
3.
3

4];
2]
=

={0,. 1,2, 3, 4, 5}
={{0, 1}, {2, 3}, {4, B} };

1[2] = 10, 1}, 12, 3}, 14, 51

3][2] = {0};
[w]
r][w]



Memory Layout

00| 0102|0304
10|11 |12 |13 | 14

User’s View

row O row 1

oo |[ot1]|[o2| 03| 04| |10 11 ]|[12][ 13 || 14

Ol[o][O][1][O](2] [O](3][O](4]  [tIlO] (1] T[1]I2] [(M][3] ][4

Memory View



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]




Declaration

int arr[2][3][4] = {{{1, 2, 3, 4}, {1, 2, 3, 4}, {1, 2, 3, 4} },
{{1,2,3,4},{1,2,3,4},{1,2,3,4} } };

int array[]][1={ { {0,1,2}, {3,4,5}, {6,7,8} },
{{9,10,11}, {12,13,14}, {15,16,17} },
{{18,19,20}, {21,22.23}, {24,25.26} } };



Sorting



o ZXt7| Sorting

* Array= Atz
« 22|71 Eol= H|IO[HE ArrayOl|A] BH=H RO 2{H?
o NS M & KoM JHLH = IH HohOf otCt

* OIS a=X2= delot=s dY
HIO|HE Motz Atz+£ + H0|HE K=

dilclE



Array Sorting

e Selection Sort
 Bubble Sort
* Insertion Sort



Selection Sort Concept

Swap *
smallest (a[k]...a[n — 1])

Sorted ' Unsorted



Selection Sort

After pass 3

After pass 4

523 78 145| 8 (32|56 | Original list 78145 | 56
= > -+— .
Unsorted Sorted Unsorted
7o ] 23] 02 58] At s 4 ﬁm .
>l—
Unsorted > - Sorted
45178 |32 |56 | After pass 2 _Afler pass 5
- > - >

Unsorted

Sorted



Algorithm
(Selection Sort'

cur = 0

cur < last

smist = cur

2

Exchange
cur & smist

?

walk =
vl cur + 1

++ |walk <= last

listfwalk]

smist = walk

T

o



Code

W ~J O U bW N =

e R R e R = I =y
O 00O ~J O U b W N R O W

*/

================== gelectionSort ===================
Sorts by selecting smallest element in unsorted
portion of array and exchanging it with element at
the beginning of the unsorted list.
Pre list must contain at least one item
last contains index to last element in list
Post 1list rearranged smallest to largest

void selectionSort (int 1list[], int last)

{
//

//

Local Declarations
int smallest;
int tempData;

Statements
// Outer Loop
for (int current = 0; current < last; current++)

{

smallest = current;




Code #2

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

}

// Inner Loop: One sort pass each loop
for (int walk = current + 1;
walk <= last;
walk++)
if (list[walk] < list[smallest])
smallest = walk;
// Smallest selected: exchange with current

tempData = list[current];
list[current] = list[smallest];
list[smallest] = tempData;
} // for current

return;

// selectionSort




Bubble Sort Concept

Bubble up

>
Sorted Unsorted



Bubble Sort Example

78

45

8

32

56

'223
-

Unsorted

Original list ifm
o= 4>

——————i
Sorted Unsorted

123

78

45

32

56

Unsorted

32

78

45

56

< e
Unsorted

78

56

After pass 1

Sorted

After pass 2

56

78

S e

After pass 3

After pass 4
Sorted!



Bubble Sort Design
(Gaesa)

cur = 0

cur < last

( Return '

walk = Iast\
walk

walk > cur

listfwalk]
< list [walk-1

Exchange
cur & smist

—QO




Code

O 1 O 1 = W N

e e e i i
~ O W NN RO W

/* ==================== buybbleSort ====================
Sort list using bubble sort. Adjacent elements are
compared and exchanged until list is ordered.

Pre the list must contain at least one item
last contains index to last element in list
Post list rearranged in sequence low to high

*/

void bubbleSort (int list [], int last)

{

// Local Declarations
int temp;

// Statements
// Outer loop
for(int current = 0; current < last; current++)

{

// Inner loop: Bubble up one element each pass




Code #2

18
19
20
21
22

23
24
25
26
27
28
29

}

for (int walker = last;
walker > current;
walker--)

if (list[walker] < list[walker - 1])

{

temp .
list[walker] =
list[walker - 1] =

Yy // if
} // for current
return;
// bubbleSort

list[walker];
list[walker - 1];
temp;




Insertion Sort Concept

___v

0

—

J

-

Sorted

>

Unsorted




Insertion Sort Example

45

8

32 | 56

-

>

Unsorted

--------
s

Sorted

32 | 56

>

Unsorted

-

*
w

8

32 | 56

-

Unsorted

Original
List

After
pass 1

After
pass 2

' After
32 | 56 nass 3
- -
Sorted
After
o6 pass 4
=
Sorted
After
pass 5
- =
Sorted



Insertion Sort Design

(Insertion Sort' Q
_ walk =
cur = 1 cur - 1\

walk >= 0 &&

cur <= last
llocated

located = false

temp <
list [walk]

temp = list[cur]

listiwalk + 1]
= list[walk]

located = true

walk - -

—O




Code

o 1 O N =W N

e e e = = T T T SR
W 00~ O U W Nk O W

*/

================== jnsertionSort ==================
Sort list using Insertion Sort. The list is divided
into sorted and unsorted lists. With each pass, first
element in unsorted list is inserted into sorted list.
Pre list must contain at least one element
last contains index to last element in list
Post list has been rearranged

void insertionSort (int list[], int last)

{
//

//

Local Declarations
int walk;

int temp;

bool located;

Statements
// Outer loop
for (int current = 1; current <= last; current++)

{




Code #2

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34 | }

// Inner loop: Select and move one element
located = false;
temp = list[current];
for (walk = current - 1; walk >= 0 &&
if (temp < list[walk])
{
list[walk + 1] =
walk--;
y // if
else
located
list [walk + 1] =
y // for
return;
// insertionSort

!located;)

list[walk];

true;
temp;




Search



a[0]

a[1]

Searching on Array

Location wanted

al2]

(4)

a[3]

a[4]

a[5]

a[6]

al7]

a[8]

a[9] a[10] a[11]

4

21

36

14

62

91

8

22

-

81

77

10

Target given

(62)




Sequential Search Design

index

index

Location wanted

SeqgSearch

looker =0 |

looker < last

&& target !=
list[looker]

looker++

N S

index

4
al0) al[1] a[2] a[3] al[4] a[5] a[6] al7] al8] a[9] a[10]a[11]
4: 21 36 | 14 EE 21| 8 22 T 81| 77| 10
) u Target given
62 =4 (62)
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
index HEEH“Mnht‘
al0) a[1] a[2] al3] a[4] a[5] a[&] a[7] a[B] a[9] a[10]a[11]
4 |21 |36 | 14 | 62 | AN g |22 | 718 | 77|10
=
index \
am]aﬁlaﬁraﬁ]am]aw]am]aﬁ]am]am]m1maﬁﬂ
4 | 21| 36 1? 62 | 91 8 |22 | 7 |8 | 77|10
——
al0] a[1] al2] ﬁﬂ“a{-’-ﬂ a[5] a[6] a[7] alB] a[9] a[10]a[11]
4 21| 36 | 14 | B2 | 91 8 | 22 7 81| 77 | 10

*|locn = looker

set found

(Bewn )

Return



Sequential Search E%

* Unsorted HE0| CHolM= MSEE & EiOfol”| =0i| H|2=Z0|C}.
e Worst Case: O(n)
d:L:gt

a[0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10] a[11]
4‘2136146291 8 |22 | 7 | 81|77 | 10

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

a[0] a[1] a[2] a[3] a[4T a[5] a[6] a[7] a[8] a[9] a[10] a[11]
42136146291 8 |22 | 7 |81 |77 | 10

i2 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




Code
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*/

==================== gegSearch ====================
Locate target in an unordered list of size elements.
Pre list must contain at least one item
last is index to last element in list
target contains the data to be located
locn is address for located target index
Post Found: matching index stored in locn
return true (found)
Not Found: last stored in locn
return false (not found)

bool segSearch (int 1list[], int last,

{
//

//

int target, int* locn)

Local Declarations
int looker;
bool found;

Statements

looker = 0;

while (looker < last && target != list[looker])
looker++;

*locn = looker;

found (target == list[looker]);
return found;

// segSearch




Binary Search

first mid last
11

al0] a[1] a[2] a[3] a[4] al5] a[6] a[7] a[8] a[9] a[10]a[11]

4 | 718 |10(14|21[22|36|62(77|81 |91

first mid last
6 I 8 111

a[0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10]a[11]

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

first mid last
6 6 7

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

4 |17 |18(10]|14|21|22|36|62|77 |81 |91

Function terminates

Unsuccessful Binary Search Example

first mid last targef
0 5 11 _ 11
I ————,

al[0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10]a[11]
4 |78 (10142122 (36|62 |77 |81 |91

first mid last
o] 2|4

al0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10]a[11]
4|7 [8]|10|14]21]22|86|62|77|81|91|

first mid last
S E K

al0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10]a[11]
4 |78 |10|14|21]22|36|62|77 |81 |91

first mid last
3 3 4

bes

al0] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9] a[10]a[11]
4 7|8 (10[14]21]|22|36(|62|77|81 |91

first mid last
all 4]l s

Function terminates

11> 10




Binary Search Design
0

first=0
last = end

mid =
(first + last) / 2

target >
list [mid]

target <
list [mid]

first <= last

e first = last + 1

‘ first = mid + 1 |

last = mid — 1

*locn = mid
set found

—O)
)




Binary Search =%

o« ZAM [H& H{E 2 sorted QI &FE{O{OF B,
- “HZ &l H|O|E0] CHoll M= OZIHAO0] =Lt

» Of iterationOf|l A BtE(1/2)E MA| SEUHAM HLAAZICHFILIE H=
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=================== binarySearch ===================
Search an ordered list using Binary Search
Pre list must contain at least one element
end is index to the largest element in list
target is the value of element being sought
locn is address for located target index
Post Found: locn = index to target element
return 1 (found)
Not Found: locn = element below or above target
return 0 (not found)

*/

bool binarySearch (int list[], int end,
int target, int* locn)

{

// Local Declarations

int first;
int mid;
int last:

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

// Statements

first = 0;
last = end;
while (first <= last)
{
mid = (first + last) / 2;
if (target > list[mid])
// look in upper half
first = mid + 1;
else if (target < list[mid])
// look in lower half
last = mid - 1;
else
// found equal: force exit
first = last + 1;
} // end while
*locn = mid;
return target == list [mid];
// binarySearch
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* http://youtu.be/kPRAOW1kECg



http://youtu.be/kPRA0W1kECg

Efficiency

Best Average Worst
Selection n? n? n?
Bubble n n? n?
Insertion n n? n?




Search Efficiency

 Sequential O(n) vs Binary O(logn)

Size Binary Sequential Sequential
(Average) (Worst Case)

16 4 8 16
50 6 25 50
256 8 128 256
1,000 10 500 1,000
10,000 14 5,000 10,000
100,000 17 50,000 100,000
1,000,000 20 500,000 1,000,000




Functions Graphed Using “Normal” Scale

f(n) = 1 - f(n)=nlgn
S : S fmy=2n

0 a0 50 ™

? ~ f(n) = n?
/f(n) =lgn §

- f(n)=n N

fi - f(n)=n’

o 30 0 50 60 7
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e Pointer, 12|11 Array2}2| &
* Pointer Application
* Dynamic Memory Allocation
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