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Id = 2011210048
Midterm = 0
Final = 0
Attendance = 0

Assignment = 0

Id = 2011210047
Midterm = 0
Final = 0
Attendance = 0
Assignment = 0

= Al: =58 HI0[E £re| ot

Id = 2011210045
Midterm =0
Final = 0
Attendance = 0
Assighment = 0

Student 90

Ild = 2011210245
Midterm =0

Final = 0
Attendance = 0
Assignment = 0




Student | Student 2 Student 3 Student 90
Id = 2011210048 Id = 2011210047 Id = 2011210045 Ild = 2011210245

Midterm = 0 Midterm = 0 Midterm = 0 Midterm = 0
Final = 0 Final = 0 Final = 0 .. Final = 0
Attendance = 0 Attendance = 0 Attendance = 0 Attendance = 0
Assignment = 0 Assignment = 0 Assignment = 0 Assignment = 0




Student |

Id = 2011210048
Midterm = 58
Final = 0
Attendance = 0

Assignment = 0

Student 2

Id = 2011210047
Midterm = /0
Final = 0
Attendance = 0
Assignment = 0

Student 3

Id = 2011210045
Midterm = 4/
Final = 0
Attendance = 0
Assignment = 0

Student 90

Id = 2011210245
Midterm = 90
Final = 0
Attendance = 0
Assignment = 0




of - Cl|O|Ef &t2| ot
o™ LS

Id = 2011210045
Midterm = 47/
Final = 0
Attendance = 0

Assighment = 0




Student 90

Id = 2011210245
Midterm = 90
Final = 0
Attendance = 0

Assignment = 0

Student 2

ld = 2011210047
Midterm = /0
Final = 0
Attendance = 0
Assignment = 0

Student |

Id = 2011210048
Midterm = 58
Final = 0
Attendance = 0
Assignment = 0

Student 33

Id = 2011210045
Midterm = |/
Final = 0
Attendance = 0
Assignment = 0




int main(){
int mid _scorel = 85;
int mid _score2 = 90;

int mid _score90 = 70;

int mid total = mid scorel + mid score2 + ..
float mid average = total/90;

return 0;

+ mid_score90;




int main(){
int mid scorel
int mid score2

35;
90;

int mid score90 = 70;

return 0;

}




int main() A

if (a
if (a
if (a
if (a

vV V V V

e
-+ —-h
N\ N
ooy
vV VvV

c)

return 0;

int a, b, ¢, d, e;

printf("5702| M+E
scanf("%d %d %d %d ?

swap(&a,
swap(&a,
swap(&a,
swap(&a,

swap (&b,
swap (&b,
swap (&b,

swap (&c,
swap (&c,

swap (&d,

Jl'IJ

1SIMIQ:\n");
', &a, &b, &c, &d, &e);

N
“

void swap(int *a, int *b) {
int temp = *a;

*3
*h

temp;




int find median(int a, int b, int ¢, int d, int e, int f, int g, int h, int 1) { ‘l
// 971e| H==0 CHsl] FEES 3 if (d > e)
if (a > b) swap(&a, &b); if (d > )
if (a2 > ¢) swap(&a, &c); if (d > g)
if (a2 > d) swap(&a, &d); if (d > h)
if (a2 > e) swap(&a, &e); if (d > 1)
if (a > ) swap(&a, &f);
if (a > g) swap(&a, &g); if (e > f)
if (a > h) swap(&a, &h); if (e > g)
if (a > 1) swap(&a, &i); if (e > h)

if (e > 1)
if (b > c¢) swap(&b, &c);
if (b > d) swap(&b, &d); if (f > g)
if (b > e) swap(&b, &e); if (f > h)
if (b > f) swap(&b, &f); if (f > 1)
if (b > g) swap(&b, &g);
if (b > h) swap(&b, &h); if (g > h)
if (b > 1) swap(&b, &i); if (g > i)
if (c > d) swap(&c, &d); if (h > 1)
if (c > e) swap(&c, &e);
if (¢ > f) swap(&c, &f); /] =212
if (c > g) swap(&c, &g); eturn o
if (c > h) swap(&c, &h); ’
if (c > i) swap(&c, &i); J

|




. (Array)= S€¢t H|O|E EfE 71 ie= Y5 S210| A& o= Atz
Student | |||Student 2|||Student 3 Student 89|||Student 90
O’th | ’th 2’th 89’th 90’th

o HIE X2+ L5l 7|is== Mae

e create(type,size) : FHTl EfR(type)t ZO|(size)E 7K HIES MM

e read(arr,index) :HiE(arr)0M FO{ZI QIH A (index)0l| SiE5t= Xf= S Hret

 update(arr,index,value) :HiE (arr)0l[Al 0%l 2= A(index) { X0l 22 H|O|E{(value)E M&



Create

e create(type,size) : FOTI EI(type)lt ZO|(size)E 7tX|= HIES MM

i Student R
e |d:int
e Midterm :int
e Final :int
e Attendance:int (—|StudentH
e Assignment:int o Id =27
\- / Midterm =? e Midterm = Midterm =?
Type C re ate Final =? e Final =? Final = ?
Attendance = ! e Attendance = Attendance = !
Assighment = ! e Assignment =? e Assignment =?
J I\ y, - Y,

90

Size

student_array



Create

e create(type,size) : FOTI EI(type)lt ZO|(size)E 7tX|= HIES MM

typegefdstr‘uct { = Student student array[90];
11 1d,

int midterm; e Student EF2!2| Z10| 90©! H{<
int final;

int attendance;
int assignment;
} Student;




typedef struct {
int id; Create
int midterm;
int final;

int attendance; =~ Student student array|[90];

int assignment;
} Student;

=i  OZ2E

* student_arr[0]
2001

midterm

final

attendance
assignment

student_array

1101

2003
id

midterm

final , * student_arr[89]

attendance
assignment




Create

e create(type,size) : FOTI EI(type)lt ZO|(size)E 7tX|= HIES MM

Student *student _array = (Student *) malloc(sizeof(Student) * 90);

typedef struct { e Student Eft2l2e| 20| 909! Ui
int 1d;
int midterm;
int final;

int attendance;
int assignment;
} Student;




Create

Student *student_array = (Student *) malloc(sizeof(Student) * 90);

typedef struct {
int 1d;

int midterm;

int final;

int attendance;
int assignhment;

=Ao  HHe

* student_arr[0]
2001

midterm
final

student_array

} Student; attendance
assignment

1101

2003
id

midterm

final , * student_arr[89]

attendance
assignment




Create

e create(type,size) : FTHZl Ef(type)dt ZO|(size)E 7HK|= HIES

#include<stdio.h>
#inc lude<stdlib. h>

typedef struct {
int id:;
1nt midterm;
int final;
int attendance;
int assignment,;
} Student;

int main(){
Student student_array[90];
printf("Size of int type : %lu Bytes\n", sizeof(int));
printf("Size of Student type : %lu Bytes\n", sizeof(Student));
printf("Size of student_array : %lu Bytes\n", sizeof(student_array));
printf("Value of student_array : %p\n', student_array);
printf("Address of student_arrayl[@] : %p\n", &student_arrayl0]);
printf("Address of student_arrayl[@].id : %p\n", &student_arrayl[0].id);

Student *student_ptr = (Student *) malloc(sizeof(Student) x 90);

printf("Initial midterm score of the first student : %d\n",student_ptr[0].midterm);

free(student_ptr);
// free(student_array); // error

return 0;

¢§

S



Create

e create(type,size) : FTHZl Ef(type)dt ZO|(size)E 7HK|= HIES

#include<stdio. h>
#include<stdlib. h>

typedef struct {

} Student:

Studentx f(){

}

int main(){

int id;

int midterm;
int final;

int attendance;
int assignment,

Student xstudent_array = (Student %) malloc(sizeof(Student) % 2);
// Student student_arrayl[2];
return student_array;

Student xptr = f();

// free(ptr); // error
printf("sd\n", ptr[o]l.id);
return 0,

)g

S



Read

e read(arr,index) :H{E(arr)0llA 0%l QIEA (index)0l| S ot= At= = Eret

o Student ~N e Student ~
Id =2011210048 e |[d=2011210123

Midterm = 58 e Midterm = 92

Ild = 2011210048
Midterm = 58

Final = 88 cee e Final =33

Attendance = 10 e Attendance = |0
Assignment = |0 e Assignment = |0
v, \_ o

—_— Final = 88
Read Attendance = |0

Assignment = |0

student_array

0

index




Read

e read(arr,index) :HiQ@arr)0M FO{ZI QIEA (index)0l| sliEst=

student = student array|[0];

o student array H{EO0l| 0F1&| H|O|E] HZ2 = studentOl| X

x5}



Update

update(arr,index,value) : Bi{S(arr)H| A 0%l QIEA (index) 9 X|0f| M=2F2 |O|E{(value)E K&t

Iindex =O| !index =69 I_

c Student B s Student|——
e |d=2011210048 e [d=2011210123
e Midterm = 58 e Midterm =92
e Final = 88 oo e Final = 33
e Attendance = |10 e Attendance = |0 . .
e Assignment = 10 e Assignment = 10
s = & J
& Student S ( Student )
array d = 201 1210048 e Id=2011210123
: — e Midterm = 92
> Midterm = 90
| tudent ‘ U P d ate Final = 88 e * Fimal = 33
L Id - 20| |2|0048 Attendance e |O ® Attendance = IO
* Midterm = 90 — Assignment = |0 * Assignment = |0
e Final = 88 - L )
e Attendance = |0
e Assignment = |0
- / Updated array
value

0

index



Update

* update(arr,index,value) :HiE (arr)0|A =&l QIElA(index) | X0 =22 O|O|E(value)E ME

student array|0] = new data;




int main() {
int arr[90] = {85,..,70};
int n = 90;
sort(arr, n);

int median = arr[n / 2];
printf("&7tdt: %d\n", median);

return 0;

void sort(int arr[], int n) {
int 1, j;
for (1 = 0; 1 < n-1; i++) {
for (j = 0; j < n-1i-1; j++) {
it (arr[j] > arr[j+1]) {
swap(&arr[j], &arr[j+1]);
}

void swap(int *a, int *b) {
int temp = *a;

*a = *b;
*b = temp;
}




create(type,size) : FOZE El(type)t ZO|(size)E 7HX|= HIES MM

read(arr,index) : B (arr)0llAM = ZI Q1B A(index)0l| sliEot= At= & Hiet

update(arr,index,value) : I (arr)KA] FO0{Zl QIEIA (index) { X0 M= O[O|E(value)E X &

size(arr) : H{|ES| 3V|E dtelket

search(arr, value) : HIEQ| H[O|E & valuel| QIHEIA(index)utsS Hieke!



L. O = L—

o B (Array) SUst H|OJE] EIQUS 717l S S I4E Z7tol| KEsHe AIETE,
. I RIEREE CH2O| 7|55 AIZE:

e create(type,size) : FOHZE El(type)zt ZO|(size)E 7IX|= HIES MM

HIS}

i

e read(arr,index) :Hi@(arr)0l|A FO0{Zl QIEIA(index)0l| Sl dt= At=

* update(arr,index,value) :BiE (arr)0|A =0{Zl QI A(index) 2 X[0l] =2 H|O|E](value)E M E

e size(arr) : HiES| 3AV|E dietel

e search(arr, value) : H{EQ| HIO|H & valuel| QHIA(index)di= Hrake!

HiE 2| =& XI=2d(Abstract Data Type)

e ADT of array in Java: https://docs.oracle.com/javase/8/docs/api/java/util/Arrays.html

o ADT of array in Ocaml: https://ocaml.org/manual/5.2/api/Array.html



https://ocaml.org/manual/5.2/api/Array.html
https://docs.oracle.com/javase/8/docs/api/java/util/Arrays.html

idx=1 idx=2 idx=3

data? data3 data4

0| A 7|2 AFRAH A | HA (HHEQ| F4 Xt=H)

. QINT|E RS ZOLFEE J|AQLICE Ao O 0|E{S HAE TZH0l| MESHE RIRLE.

o SIM7|= O MIZIX| HHELE AFSotH ELIL. ; H{E 2 otz 47}X| 7|52 M2t




o Ar=3d (Abstract Data Type)

o AISXIS| EHAM Xtz1t227} HIO|EE Xe|ots B8 10)| Chet AU E Xtz x2 S HH

- ArEXAS] IZ0M S EQS BEE 54

. HHQL Of2lo} ZHe IALS R Zsle XIR X!

e create(type,size) : FOHZT ElR(type)zt ZO|(size)E 7IX|= HIES MM

e read(arr,index) :Hi& (arr)0l|A] F=O{ZI Q1B A(index)0| shEot= Atz E Hhet

* update(arr,index,value) :H{ZE(arr)0l[A 01 &l QIEA(index) €I X[0f| {22 O|O[E](value)E ME

e ADT of array in Java: https://docs.oracle.com/javase/8/docs/api/java/util/Arrays.html

e ADT of array in Ocaml: https://ocaml.org/manual/5.2/api/Array.html



https://ocaml.org/manual/5.2/api/Array.html
https://docs.oracle.com/javase/8/docs/api/java/util/Arrays.html

Example: List (Z|AE

[
Ral
HL
]

Ya

o C|2E(List)y= 2717t DEEX| 51 B0 It Xrs2= 37|71 S0Lt

o C[AEQ| FH K=Y (Abstract Data Type):

e istx create() : gl 2|AEE MM = HISl

rir
0

e int read(List *arr, int index) : Z|AEONAM FOZI QlHAQ SHES|

e void update(List xarr, int index, int element) : EBIAEONM FTHZ QA X0 MME2 M4 OO E XZ

e void append(List xarr, int element): Z|AE Z0| ME2 HE FIteh. 7I5E 42 Z|AEQ 20| 0.

e void destroy(List xarr) : ZAEJ}l XX[el1Rq= HEZ2|E sHAE



Example

o ADT: ArEXIS| LHHO0f|AM Xtz 227} C|O|E{ S XMelot= JEt 10] Cfer Lo

#include “List.c”

int main() {
List *1st = create();

for (int 1 = 0; i<70;++1){
append(1lst, i);

}

update(lst, 0, 100);

printf(“elements:\n");

for (int 1 = 0; 1 < 70; i++) {

printf("%d ", read(lst, i));
}

destroy(lst);

return 9;




OrF 2| (Wrap-up)

o 22|= 355 1¥E £0|2f Ef= 7K = HIO|EE &2f(E2 E ’E|0[E)sHorFet. (GIAl: COSE213 +=Z°d H|O|E £tE])

o Hi(Array): U3 CIO|E] EIUS 71El 4SS GIAE Z7H0| RESHE RIBTE.

. HI® RIEREE CH20| 7IS5S AZE (H

e
10
2l
0%
Pa
HL
0

e create(type,size) : FOZI EI(type)t Z0|(size)E 7HX|= HIES 44
e read(arr,index) :HiZ(arr)0l|lA 0TI CIElA(index)0ll SiEst= Atz S dhet

* update(arr,index,value) :HiE (arr)0l|A = ZI QlEHA(index) $IX[0| {22 G|O|E{(value)E M &

create read update
° Al‘% OZHA‘; Student arr[70]; Student student = arr[i]; arr[i] = value;

o ¥ Xt=Y(Abstract Data Type):

o AIEXQ| ZHHOIM X2 ZTt C|O|E S AElot= B0t 10f| Ciet AMo = XIS H
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C 2101 2|& : & | (Structure)

o TZX|(Structure)= CrEet Gi[O|E] EfR= otLt= 70 M=Z2 ArEAT 2| H|O|E Efgis Tes U

o “»Z AF5101 CIO|El0 M2 L HEIOIE & 2 S

typedef struct {

int 1d;

int midterm; student

int final; - ~N N
} StUdent, id =1 Midterm =? final = ?
int main(){ - < J

Student student;
student.id = 2011210048;
student.midterm = 60;
student.final =



http://student.id

C 2101 2|& : & | (Structure)

o TZX|(Structure)= CrEet Gi[O|E] EfR= otLt= 70 M=Z2 ArEAT 2| H|O|E Efgis Tes U

o “»Z AF5101 CIO|El0 M2 L HEIOIE & 2 S

typedef struct {

int 1d;
int midterm; student
int final; - ~N N
} Student; ]
id = 2011210048 Midterm = ? final = ?
int main(){ - J L )\

Student student;

student.id = 2@1121@@48;«

student.midterm = 60;
student.final =



http://student.id

C 2101 2|& : & | (Structure)

o TZX|(Structure)= CrEet Gi[O|E] EfR= otLt= 70 M=Z2 ArEAT 2| H|O|E Efgis Tes U

o “»Z AF5101 CIO|El0 M2 L HEIOIE & 2 S

typedef struct {

int 1d;
int midterm; student
int final; - ~N N
} Student; ]
id = 2011210048 Midterm = 60 final = ?
int main(){ - J L )\

Student student;
student.id = 2011210048;
student.midterm = 60;
student.final =

-



http://student.id

C 2101 2|& : & | (Structure)

o TZX|(Structure)= CrEet Gi[O|E] EfR= otLt= 70 M=Z2 ArEAT 2| H|O|E Efgis Tes U

o “»Z AF5101 CIO|El0 M2 L HEIOIE & 2 S

typedef struct {
int 1d;

student

int midterm;

¥

int final; -

Student;

int mailn

St
st
st
st

uder
uder
uder

uder

()4

t student;

t.id =

t.midterm
t.final =

2011210048,

= 60;

-

=

id =2011210048

~

_

~

=

Midterm = 60

N

J

final

=70



http://student.id

o A ALK} "&"S ArESI0] Hi9

o AXX (Dereferencing):

o HLOIFE I

of

-

E17t 72| 7|= =204

int main(){

include <stdio.h>

int var = 10;

int *ptr;

ptr = &var;
printf("%d\n", *ptr);




include <stdio.h>
int main(){
int var = 10;
int *ptr = &var;
printf("%d\n", *ptr);

}

Example

0x1001
0x1002

0x1003
0x1004

0x1007
Ox1008
Ox1009

OxX100A
Ox1008B

0x100C

0x100D
OX100E

Memory

var = |0

otr = Null

int: 4byte

int*: 8byte



include
int main(
int var =\/10;

# int *ptr = &var;

printf("%d\n", *ptr);
}

Referenéing

Example

0x1001
0x1002

0x1003
0x1004

0x1007
Ox1008
Ox1009

OxX100A
Ox1008B

0x100C

0x100D
OX100E

Memory

var = |0

ptr = 0x |00 |

int: 4byte

int*: 8byte



1

int main(){

Example

include <stdi

1 DeReferencing

int var = 10;

int *ptr = &var;

» printf("%d\n",

}

|

*ptr);

|

ptr

Hp9| X0l sliFst= a0 SOU=E W

=10

0x1001
0x1002

0x1003
0x1004

0x1007
Ox1008
Ox1009

OxX100A
Ox1008B

0x100C

0x100D
OX100E

Memory

var = |0

ptr = 0x |00 |

int: 4byte

int*: 8byte



HO|E IO

o HOIE ZEQIE] (void*) = &<

2IE] (Void pointer)

2| CIOJE] EtRi= 7tElZE &+ A= SEet (3¢ 72| Z2IH

— L [

o ChHOIE ZQIHE AFZ5H U Y EfY2 2 FHAZSHOF 2.

e Example

#include <stdio.h>

int main() {
int x = 10;
void *void ptr = &x;
int *int ptr = (int *) void ptr;

return 0;

printf("Value of x through void pointer:

%d\n", *int ptr);




C 2101 2|& : & | (Structure)

A (Structure)'= CI2F3 GIOJE] EFRIS SHLIZ S0 {22 AFRXL Ho| HIO|E] EFYS DI i urd

o EOIE Tt AXNE 7IE|7[= R “->"E ArE5H0] H|O|E0f| B2 S ”O[O|E & == U2

typedef struct {
int 1d; ptr
int midterm;
: : NULL
int final; U

} Student;

int main(){ student
Student student; « address = Ox 101 |
Student* ptr = &student; - N N
ptr->id = 2011210048; S Mderc = 5 PN
ptr->midterm = 60; | .
ptr->final = 70; - /- /

}




C 2101 2|& : & | (Structure)

A (Structure)'= CI2F3 GIOJE] EFRIS SHLIZ S0 {22 AFRXL Ho| HIO|E] EFYS DI i urd

o HOIE| Ut JAEH|E 712|7|= R “->"5 ArE510] H[O[E{0] 2 H HHIOIE & = U2

typedef struct {
int 1d; ptr
int midterm;
: : 1011
int final; 0x10

} Student;

int main(){ student
Student StUdent; address = Ox | 0| |
Student* ptr = &student;« - ~N N
ptr->id = 2011210048; S Mderc = 5 PN
ptr->midterm = 60; | .
ptr->final = 70; - /- /

}




C 2101 2|& : & | (Structure)

A (Structure)'= CI2F3 GIOJE] EFRIS SHLIZ S0 {22 AFRXL Ho| HIO|E] EFYS DI i urd

o HOIE| Ut JAEH|E 712|7|= R “->"5 ArE510] H[O[E{0] 2 H HHIOIE & = U2

typedef struct {
int 1d; ptr
int midterm;
. : 1011
int final; 0x10

} Student;

int main(){ student
Student StUdent; address = Ox | 0| |
Student* ptr = &student; - N N
ptr->1q = 2011210048; ‘ id = 2011210048 Midterm = ? final = ?
ptr->midterm = 60; .
ptr->final = 70; - /o /

}




C 2101 2|& : & | (Structure)

A (Structure)'= CI2F3 GIOJE] EFRIS SHLIZ S0 {22 AFRXL Ho| HIO|E] EFYS DI i urd

o HEOIE HIt L2HE 712|7|= R “->"8 Ar&6t0] H|O|E{0f]| H2 R ®IHO|E & = U2
typedef struct {
int 1d; ptr
int midterm;
int final; Ox1011
} Student;
int main(){ student
Student StUdent; address = Ox | 0| |
Student* ptr = &student; - N N
ptr->1q = 2011219048; id = 2011210048 Midterm = 60 final = ?
ptr->midterm = 60; «
ptr->final = 70; - SRS -
}




C 2101 2|& : & | (Structure)

A (Structure)'= CI2F3 GIOJE] EFRIS SHLIZ S0 {22 AFRXL Ho| HIO|E] EFYS DI i urd

o HQIE It AXN|S 7127 82 “->"S ArE5i0] [O|E0] B2 &L GHOIE & == US

=< — AA

typedef struct {
int ld; ptr
int midterm;
int final;

} Student;

OxI011

int main(){ student

Student student; address = Ox 101 |

Student* ptr = &student; - N N
ptr->id = 2011210048;

: id = 2011210048 Midterm = 60 final =70
ptr->midterm = 60;

ptr->final =

41'.... N J o




C 0 2|/ : S8 022 g5

e C= mallog, calloc, realloc 2! freeQt 242 =M 0|2 2| 22| E et 0] 7|s= HEZe!

A= O

. 9| B

e malloc

=2 stdlib.hZE B&ll AF2 7H58 (e,

o \NE =X EF o HZ2e|S £

® Example:

e realloc

PY Al-_g_ B X.

S /|

® Example:

e free
PS Al—.@. B X.

o |

® Example:

= O

include <stdlib.h>)

int* int_arr = (int *) malloc(5*sizeof(int));
Student* std arr = (Student *) malloc(70*sizeof(Student));

O|Z0f| =

= O

22| 220 27|85 W,

int* ptr =

(int *) malloc(5*sizeof(int));

int* ptr_ = (int *) realloc(ptr, 10*sizeof(int));

OFof| 2=l

=

HI2E| S oiAlet.

int* ptr =
free(ptr);

(int *) malloc(5*sizeof(int));




C 0 2|/ : S8 022 g5

e C= mallog, callocg, realloc 2! freelt 242 =& H|E22| 22| £ et 03] 7|s= H|&e!

=
e malloc: £ o| 0|2 2| E atttst

#include <stdio.h>

#include <stdlib.h>

typedef struct {

int id;
int midterm;
int final;

} Student;

int main(){

Student *s; <efj——

s = (Student *)malloc(sizeof(Student));
s -> 1id = 2011210048;
return 9;

}




e Ct= malloc, calloc, realloc

e malloc: EX &o| O 2]

3 free®t 22 SH 0|22| B2|Z Y3t 042 715S XIBe

#include <stdio.h>
#include <stdlib.h>

typedef struct {
int id;
int midterm;
int final;

} Student;

int main(){
Student *s;

s -> 1d = 2011210048;
return 9;

}

s = (Student *)malloc(sizeof(Student)); emmm

—

S
OxI101 1
Student
address = Ox|101 |
4 N )
id = Midterm =?
\_ /U J

final =?
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A
e malloc: £ o| 0|2 2| E atttst

#include <stdio.h>
#include <stdlib.h>

typedef struct {
int id;
int midterm;
int final;

} Student;

int main(){
Student *s;
s = (Student *)malloc(sizeof(Student));
s -> id = 2011210048 ; <

return 9;

}

2e|E flet 0] 7|s= Ml
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OxI011
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id =2011210048
\_ _/

address = Ox 101 |

Student

~
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Midterm =?
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final =?
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S
#include <stdio.h>
#include <stdlib.hs Ox 1011
typedef struct {
int id; Student
int midterm; address = Ox |01 |

int final;

Student:
} Studen 0 [id=20||2|0048] [Midterm=? ] [ final =? )

int main(){

Student *s;

s = (Student *)malloc(2 * sizeof(Student)); | [id=20||2|0047] [ Midterm = ] [ final = ? j
s[0].1id = 2011210048;

s[1].1d = 2011210047 ; <ejmmm

return 0;
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e realloc: O|T0| I E M2 S5

#include <stdio.h>
#include <stdlib.h>

typedef struct {
int id;
int midterm;
int final;

} Student;

int main(){
Student *s;
= (Student *)malloc(2 * sizeof(Student));
s[0].id = 2011210048;
s[1].id = 2011210047;

return 0;

3

= (Student *)realloc(s, 4 * sizeof(Student)) ;e

4

OxI011

Student

address = Ox |01 |

d= 20II2IOO48} [Mldterm—7 ] [ final =?

(
-

20||2|0047] [M'dterm" ] [ final = ?

(=
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e free: O|M0| =l |2 E|S sliA|et.

¥

#include <stdio.h>
#include <stdlib.h>

typedef struct {

int id;

int midterm;
int final;
Student;

int main(){

Student *s;

s = (Student *)malloc(2 * sizeof(Student));
s[0].id = 2011210048;

s[1].id = 2011210047;

s = (Student *)realloc(s, 4 * sizeof(Student));
free(s); <«

s = NULL;

return 0;

OxI011
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2| AE (List.c)2| & Xt=3 (Abstract Data Type):

e Listx create() : gl 2AEE MY = dizt

e int read(List *arr, int index) : Z[AEO0NA FOZI QEA0| oliEst= H4if2 Pret
e void update(List *arr, int index, int element) : E|AENM FO{T QA 2{X|0| M2 ™M CO|EHE HH

e void append(List *arr, int element): 2lAE Z0| MEE F+E F7Iet. 7IS& 42 2lAEQ 0| =0d

o o (-

e void destroy(List xarr) : ZAEJ}l XX[el1Rq= HEZ2|E sHAE



Example

o AREXIS| £

#include “List.c”

int main() {
List *1st = create();

for (int 1 = 0; 1i<70;++1){
append(lst, i);

}

update(lst, 0, 100);

printf(“elements:\n");

for (int 1 = 0; 1 < 70; i++) {

printf("%d ", read(lst, 1i));
¥

destroy(lst); >
return 0,




typedef struct {
int *array,;
int size,;
int capacity;
} List:

e create : Hl Z|AEE MM = Higl

List* create() {
List *1st = (List *) malloc(sizeof(List));
lst->array = (int *)malloc(10 * sizeof(int));
lst->size = 0;
lst->capacity = 10;
return 1lst;
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read : 2|AEO0|AN FOZI QIEA siFst= HeufS Bret

int read(List xlst, int index) {
if (index >= lst—->size) {
printf("Index out of bounds\n");
return =1; // error

}

return lst—->array[index];

—
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void update(List *lst, int index, int element) A
if (index >= lst->size) {
printf("Index out of bounds\n");
return; // error

}

lst—>arrayl[index] = element;
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void append(List *1st, int element) {
if (lst->size == lst->capacity) {
lst->capacity *= 2;
lst->array = (int *)realloc(lst->array, lst->capacity * sizeof(int));
}
lst->array[lst->size]
lst->size++;

element;

* destroy: 2[AET}XEX[SI = HEE| S oA e

void destroy(List *xlst) A
free(lst—>array);
free(lst);




