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What is a Computer?

Computer is one that computes; specifically : a programmable usually
electronic device that can store, retrieve, and process data

- Merriam-Webster English Dictionary

Image from Forbes, Dell Gives Sneak Peek Of New XPS 15 Laptop On Windows 10



High-level vs Low-level

- 21ZH ARE S =0A O 72712

2= (High Level)

A= (Low Level)




Low-level Language

7|4, 8=E0 S
- OF7[HIA{ Ot Lh&

- d50| 26X T Hi 27| OleA=

arith:
pushl

{

int arith(int x,

int tl1 = x+y;
int t2 = z+tl;
int t3 = x+4;
int t4 = y * 48;
int t5 = t3 + t4;

int rval = t2 * t5;

return rval:;

int y,

int z)

mowvl

movl
movl
leal
sall
leal
addl
addl
imull

popl
ret

%ebp
%esp, %ebp

8 (%3ebp) , %ecx

12 (%ebp) , %edx
(%edx, %edx,2), %eax
54, %eax

4 (%ecx, teax), %eax
Tecx, %edx

16 (¥ebp) , %edx
fedx, %eax

%ebp

} Set
Up

J

> Body

/

:}-Hnmh



High-level Language

» C, C++, Java, Python &
- A0l 27| 2= 202 22 0:T A0
- FoEH ER

- 7t=5d0| &1 CE7| it

riginOne = new Point(23 :
gle rectOne ey C gle{originOne, 100, 200);
gle rectTwo = n ctangle(50, 100);

d area

ystem_out _println{"Height e- " + rectOne_getHeight(
System_out _println("Area of rectOne: " + rectOne.gethArea());




2B

nEL
 High-level to Low-level
cpulCh BH =t
ot3 =L}
>
HE=C|lHIE HE=ClHIE HeE=clH3E

Image retrieved from http://sessionk.tistory.com/123




C ¢iof

7t a4l == 2T AHOy

19724 &l A4 Kenneth Thompson, Dennis Ritchie

UNIX 23 A|AH[0f| M AZot7| floff 7HEet == 121 2104

He| B = ARE AARM AME 7ts (BE C2t0|E2]2])
« ‘OEE| A0 = A AR 2t CEECt > 0]41440| 2

A2} A|2F A (imperative) 10

* Imperative programming is about modifying mutable variables, using assignments and control structures
such as if-then-else, loops, break,continue, return.

« The most common informal way to understand imperative programs is as instruction sequences for a
Von Neumann computer.

- Martin Odersky, “Functional Programming Principles in Scala”



C A0j0|AM =213 (Executable) 2.2

M\ #include <stdio. h>

Programmer _ int  main (void )
Text Editor {
}mff main
—p‘ Compiler |

Linker

Source

Object

00110 10010101010
001100110 10010 O1

01001 01110110100 / Executable

Library

Results




CoojojM =2 13o 3

Code
file(test.c)

« preprocessor : Code fileZ compilest?| 22 HEi2
« compiler : Code fileg 7| 40| 2 HY

Object
file (test.obj)

e linker: start-up codeZ £°ICt.
library routine2 2ILCt.
{24 7H2| object fileg HZSICL.

Executive

file (test.exe)

» start-up code : 0s2t HA| file| Ct2| Heh: maing F211 AEUAE main0f| A4l BAZL.
« library routine : &= library (printf, scanf) 2| 7|40 code E250| EH 2= A2
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Loading Executable Object Files

Memaory

Executable Object File

ELF header

Program header table
(required for executables)

.init section

text section

.rodata section

.data section

.bss section

.symtab

.debug

dine

.strtab

Section header table

(required for relocatables)

0Ox100000000

0x£7e9ddc0

0x08048000

0

Kernel virtual memory

User stack
(created at runtime)

!

outside 32-bit

address space

'
T

Memory-mapped region for
shared libraries

T

Run-time heap
(created bymalloc)

Read/write segment
(.data, .bss)

Read-only segment
(.init, .text, .rodata)

Unused

+

tesp
(stack

pointer)

+«— brk

e

Loaded
from

the
executable
file

FEF
| Stack L

2
—

o

Heap

Data

Text
08

POSTECH CS211, Fall 2013 © 2013 Prof. Jong Kim



Stored Program (von Neumann) Architecture

Stored-program architecture

- Instructions in a linear memory array
* Instructions (as well as data) are in memory

- Instructions can be modified just like data
 Both forms consist of Osand 1s

Sequential instruction processing

- Program counter identifies the current instruction

- Instruction is fetched from memory and executed

- Program counter is advanced (according to instruction)
- Repeat

POSTECH CS311, Spring 2015 © 2015 Prof. Jangwoo Kim & J. C. Hoe



A= 0| 220

. Stack
Example
yoo (..) | yoo
([ (who(..)
q1 1 Yoo
14t
| . |amI (...} 1
| .| amI who
) . |amI (..)
1 ar
L } . - { >
. am ° amI amI
-y -
. amI () ; +
} . aml amT
] ebp——
amI
esp———

POSTECH CS211, Fall 2013 © 2013 Prof. Jong Kim



H 2]

* 1 byte =8bits = 0101 0101
* 10”3 =Kilo/ 10”6 = Mega / 10°9 = Tera
«2"10=1024 =Kilo / 2720 = Mega / 2730 = Tera

e 32bit OS = 2732 = 4GB = 22 4GB7}A|
* 1 word =4 bytes = 32 bits

* 64bit OS - 2764 = 72| st
» 1 word = 8 bytes = 64 bits






Hello World!

Preprocessor directive to
#include <stdio.h> ~— include standard input/output
functions in the program.

int main (void) FVF"
{

printf("Hello World!\n"); p1| Hello World
return 0;
} // main




Scopes

Preprocessor Directives

Global Declarations

int main (void)

{
Local Declarations
Statements

} // main

Other functions as required.




=M (Comments)

« FE9IUt=EY

1| /* The greeting program. This program demonstrates
d EEJ%'I LHO'” }E.F?:IEI_' D‘”E 2 some of the components of a simple C program.
= = — 3 Written by: your name here
AlGHZ4 o (o] A~
¢ E%I;I Ej—l'o'” %:'%I:E D|7‘|7‘| Létl:l-- 4 Date: date program written
« Compile CH&0IIA A< > |
6 | #include <stdio.h>
7
=L = = 8 | int main (void)
// °._|'ET}5|I 9| ¢
[* 10 | // Local Declarations
11
¥ O:|E'| 12 | // Statements
% % 13

=
=

printf("Hello World!\n");

%k
N
Z
= =
gy N

return 0;
} // main

k
~
'—l
~J]




A== (Types)



AR

‘ C Types I
‘ Void I Integral I Floating-pointl‘ Derived I
|

I Boolean I Character I‘ Integer ” Real I Imaginary I‘ Complex I




Character Types

char

wchar t

» 1byte = 28 = 2567l2| 2A}
o« 21210 AV} OtAT| ZEO| LS




| BUEE ELE Bl B R

O A; ASCII q E 108 167 B 108 167 FX 108 168 Bx 108 168 PR
— e e 0 | ox00 JHOE 32 | o020 BSBN s4 | oa0 [ os | oxs0

1| ow01 - 33 | o2t - 65 | oxa1 (NAN 37 | ox61 [NEN

2 |oxoz S 34 o2 ] s5 | 042 BB 58 | 0xe2 B

£ s o3[l 57 os: BEN 9 | oxs3 el

a 36 ox2a ]l 52 | oxaa 1B 100 | oxea L

L " 5 37 oz [l &0 101 | 0x65 (e

= = L | & | | o< 70 102 | OxE6 |

* C9‘| Char: ASC”iEE Ol'g'OH Ll'E|'|=|L_ 7 39 ux2?=, Tl 103 ngE?E:
El_ 8 40 72 104 | 0x68 LR

. 3 ar | | 73 105 | owe3 Ll

o 10 az | B 106 | oxBa [

- | — |_ H H_ " 43 75 107 | OxBB

¢ _|'__Z|-Q|- i_j 1 I: 1 I: o-. 12 a4 ES 108 | DBC =:
13 45 | 77 109 | 0«60 m

14 a5 78 110 | oxee R
15 47 79 111 | ox6F e

16 a8 &0 112 | ox70 (N
D i H ]
) A |- ( ) ( ) 17 43 Bl 113 | OxT1 n
_I__'I—_Z a 97 to Z 1 1 2 18 50 82 114 | ox72 [N
| 19 51 B3 115 | Ox7T3

° I:H_?_Zl- A(65) to Z(90) | 20 52 | 84 116 Dx?ﬂg.
= 21 53 | a5 17 | ox75 A
22 54 | ¢ 86 118 | 0x76 e

b _j\tll- 0(48) to 9(57) 23 55 | 87 19 | 0x77 [
| 24 56 | a8 120 | ox78 [
= A O 25 57 89 121 | 0x79 [NW

* =T I'_Zl- & (38)9 *(42)9 +(43) | = 58 | ox3s s 122 | ox74 RN
27 54 -1 123 EIK?EI-
28 60 az 124 [ox7c [
29 E1 93 125 I:I:-m:--:
30 62 | 34 126 | ox7e [

Y 63 a5 127 | ox7F JBEN




Integer Types

short int

int

long int

long long int

Byte Minimum Value Maximum Value
Size
short int 2 -32,768 32,767
int 4 -2,147,483,648 2,147,483,647
long int 4 -2,147,483,648 2,147 ,483,647
long long int | 8 -9,223,372,036,854,775,807 | 9,223,372,036,854,775,806




Floating Point Types (&43)

float

double

long double




Type Summary

Category Type C Implementation
Void Void void
Integral Boolean bool
Character char, wchar _t
Integer short int, int, long int, long long int
Floating-Point | Real float, double, long double
Imaginary float imaginary, double imaginary, long
double imaginary
Complex float complex, double complex, long double

complex




7|12 A2 (Primitives) 2| S5 2} [|0|E{2| &3 EH2|

A2 37| el Z3He
char 1byte -128 ~ 127
unsigned char 1byte 0~255
short 2byte -32768~32767
unsigned short 2byte 0~65535
int 4dbyte -2,147,483,648~2,147,483,647
49
unsigned int 4byte 0~4,294,967,294
long 4byte -2,147,483,648~2,147,483,647
unsigned long 4byte 0~4,294,967,294
long long 8byte -9,223,372,036,854,775,808~9,223,372,036,854,775,808
unsigned long long 8byte 0~%| =AtQ| 2t
float 4byte +3.4x1073 ~ £3.4x10"38
Ay double 8byte +1.7%107307 ~ £1,7% 107308
long double 8byteO| &t doubleO| 42| ESHQ




o = A A= 2| S0 232 0|5

o HAE MOISHH 0| 22| 3710 2|11 1 57H0]| 0| 50| E=LCt.
o QU EH--OF IIOIE] EH

e const 7|HEHLE

int num; //int:Ad$0 HAS QSN 22| 27| &t
num : 2= M 22| Z7t2| 0|& (declare)

num=20; //tH4 num0i| 2510 205 A& (assign)

printf("%d", num); //nume| &S 102 H+E &4

AFAS Variable's Variable's
A4SHAIZIC, Q Q

N 4
char code; [El
int 1i;
long long national_debt;

float payRate;

double pi;

Program



Al 2} (Identifier) 0| S12!

2o, AL, EHEO) 2 8

int ab3; int 4ab;

char num_char; char num-char;

double AB3; doouble ?q;




C0ie &= 7|HE

Ofie| Ho{E2 7154 Qo|7t Hali2l, CA0e| 2EHa F-ddok= HOE (7|9 E)0|
O= 0|2 E AR+ Gl

auto double int struct break
else long switch case enum
register typedef char extern return
union const float short unsigned
continue for signed void default
goto sizeof volatile do if

static while




o< (Constant) t?

s TAL S

« 2At(Character) &<
» TAFE (String) &=

e Ij3.= (Macro) &=




#define

« X2|2| (Preprocessor Directive) £=0| A
» AL} A AAFZ L 2 LA | (substitution) &[0 S0{ZIC}.

#define PI 3.141592 // MNO|=Z2&= o =<
float pi = PI; // float pi = 3.141592;
#define square(x) (x * x)

int a = square(2) // int a = 2*2;



3-ways to use constants

10
11
12
13
14
15
16
17
18

#include <stdio.h>
#define PI 3.1415926536

int main (void)

{

// Local Declarations
const double cPi = PI;

// Statements
printf("Defined constant PI:
printf ("Memory constant cPi:
printf("Literal constant:
return 0;

} // main

$f\n",

PT);

sf\n", cPI);

$f\n",

3.1415926536);

Results:

Defined constant PI: 3.141593
Memory constant cPi: 3.141593
Literal constant: 3.141593




3 3 (Type Conversion)

* Implicit Conversion
o« AL 2lol ArEAL REH 5L 2 OI—.—01 Al= gzt
* Promotion, Demotion : H4HA| 2429 =2 0| A CFE H|O|E{ Het
( bool { char (integer ( real number )
» 2[SHL 2 L i (assing) Al HEEl= SZFC| EFYO| T2t 24

eint a = 3.14; // a = ??

» Explicit Conversion(casting)
e T2 )7} QIQAO 2 EIRIS HHE., AFRA| =9]!
e double a = (double) 4/3 // a
e double b = (double) 4 / (double) 3 // b

?
?



AtS (implicit) & et

double a=1.7 + 30; // a=31.7
int b=1.7 + 30; // b=31

int main(void) {
int a = -1;
unsigned int b = 100;
if(a > b)
printf(“a is bigger”);
else
printf(“b is bigger”);




Z Al (explicit) & HEt
#include <stdio.h>

int main(void) {
int numl = 3;
int num2 = 4;
double result = numl/num2;

printf(“Result: %f \n", result); // ©.000000



/O



Overview

I | A
| .

Keyboard ! CPU Primary Monitor

---------- ! Storage

Input Devices

— e o e e e Ee e e Ee Ee e Ee e e .

Auxiliary Storage Devices Output Devices



Standard I/O Stream

» Header <stdio.h>: Standard input/output libraries

Data Source Program

________________________________________________________________________

Input Text Stream @—> Data
Output Text Stream G{—| Data

________________________________________________________________________

Data Destination




Output Formatting Concept

________________________________________________________________________

________________________________________________________________________

Data Destination Program



printf

int a = 1;
int b = 2;
int ¢ = 3;

printf(“%d %d %d\n”, a, b, c);

MAIEXHFormat String) : H|0|E{Q] &2 YEIE XA

ex. %d : B2 U= 107 = S=olf!



Output Stream Formatting Example

(a) Basic Concept

Format Control String | "Qty: %d Tot: $%f"

'

(I’ext Stream ( printf (...) 23 48.53
Data Values

printf("Qty: %d Tot: $%f ", 23, sum);| Sum |48.53
v

Vl\ [ 1

H---Qty: 21 3 Tl o|l £ = $48.53---(}_

(b) Implementation



Format String

go

70 i

o | 18
3 © -
e\ L)
d .y
|_._.@, w __OO
__..oL © m__m
8|5 |Z
= |2 =
70 | B -
I
|| |
20 R0 R0\
i F 1
JRREIEELE
] ; 0| o | M
% | o | B % 5|3 |4 =
o | <k 5| ALk
EIPAE AN
<! | 2k k8| K AREIK:
<2 | ot | OH ol R
2|® = <S8 58
° | YR
__o_ _u_.|_ m =l rO_M
3 T

IS

R| .| IR 2% ol
%Au O o o %_v A )
o | o
o | oX

44



\” = I8 &9
1

\? =i &4
\\ W (=A==
printf (“C\tSH\n”); // C  AG

printf(“\”Hello World\”\n”); // “Hello World”



printf

#include <stdio.h>

int main(void) {
int a=30, b=10, c=20;
double d1=1.23e-4, d2=1.23e-5;
printf(”%d %x\n”, a, a);
printf(“%o %#o\n”, b, b);
printf(“%x %#x\n”, c, c);
printf(“%f \n”, ©.12345678);
printf(“%e\n”, 0.12345678);
printf(“%g \n”, dl);
printf(“%g \n”, d2);

//
//
//
//
//
//
//

30, 1le
12, 012

14, ox14

09.123457

1.234568e-001

9.000123 => 0.000123
0.0000123 => 1.23e-005



printf

#include <stdio.h>

int main(void) {
printf(“%c %d %s \n”, ‘A’, ‘A’, “ABC”);

printf(“%10d \n”,123); // LERHH
printf(“%-10d \n”,123); // 2E
printf(“%10.2f \n”,123.456789); /] YE HE ***x123 46(*2 HIFH

printf(“%+f %+f\n”,123.45,-123,45); // +123.45 -123.45
printf(“% f % f\n”, 123.45,-123,45); // *123.45 -123.45(* HIZ})
printf(“%-6s %6s \n", “AAA", “BBB");

}

/] 258 Off= 6ARRIMAITH EA7F 1 , 7AE|RE 2A ZM



Formatting Text from an Input Stream

Data Source

R 10! Scanf(...) 2342

__________________________________________________________________________

Standard Input Program



scanf

int a;
char b;

scanf(“%d %c”, &a, &b);

scanfE w= 7| floiMe B= ?IXl, & F24= ARz =0{0F o,
O|F= Lig *I7*01I 2 2RAY

& 7t H= 0|5 Y0l 5 Al 11 BVt 7te|7|= =42 20|,

A:H 0|85/ &a:Hyra o F4

MAIEXt SME precision, flag, size 2t & 4= QICt 2&! width2t 7ts



Input Stream Formatting Example

(a) Basic Concept

Format Control String "c Sf"

(Text Stream G—» scanf(...) B 18.23

Data Values

scant(*“%c %f’, &code, &price);

I
_>( DD @—»1!23 t

L DiscardedJ price  code

(b) Implementation



scanf

« scanf(“Format string”, variable a, b, +);
/[ ANEAZRE] 229 I11|0|F—1E =Eof B0 A&

. E23t)

float, double, long double : %f %f %Lf

. Y2ty

float, double, long double : %f %If %Lf



2 B AR N AZ ALt F|Q| HaT} LSOl OF STt
A
T

» A0 2= 27[Rloll M= H 41 & F0{0F oL,

. 2 MAIEALE QIS 2R QUOM QI2IA| HENS I oF Bt

“%d %d” > 1-2

« Format string OFA|2}0f| SEHO| QO H OF=! |
¢« “%d%d” X > “%d %d” O



Usage of scanf

#include <stdio.h>

int main(void) {
int numl, num2, num3;
printf ("M ZHe| A4 &©H: ");

scanf("%d %o %x", &wuml, &num2, &num3); //12 12 12

printf("QHE dx 102 FH: ");
printf("%d %d %d\n", numl, num2, num3); // 12 10 18

return 9;
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