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Today

Computer Architecture (Brief Overview)
“Hello World” in detail

C Syntax

Variables and Types

Operators

printf (if there is time)



Von Neumann Architecture

Central Processing Unit

* Data
~ N )
[Program Counter [ } * Instructions
{’ N )
L J\ P,
( D Registers Mai
& / v Met::ry

Control
Unit ]< B

Arithmetic Logic
Unit

A

)

A"

Input/Output
System




Computer Memory Architecture
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Von Neumann Architecture
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PC ———— —+ Address 2

p
The Program Counter (PC) points (= tells
the CPU) to the address in memory where
the next instruction to be executed resides

Main
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Von Neumann Architecture

-+ Address 1
Hello World —+ Address 2 Main

Memory

#include <stdio.h>

PC ———— —Address n | printf("Hello World\n");

int main(){

printf("Hello World\n"); —+Address n+1 | return(0);

return(0);

}

-+ Address N




Von Neumann Architecture

-+ Address 1
Hello World —+ Address 2 Main

Memory

#include <stdio.h>

— Address n | printf("Hello World\n");

int main(){

printf("Hello World\n"); PC =———— —Address n+1 | return(0);

return(0);

}

-+ Address N




The Operating System

Manages the hardware

Allocates resources to programs

Accommodates user requests

First program to be executed when computer starts

(loaded from ROM)

User

Operating
System (OS)

—

* Windows

* Unix

* Mac OS

* Android

* Linux
 Solaris

* Chrome OS

Hardware

Program



Hello World

External Header
(standard C library

.
Global containing functions
Definitions < #include <stdio.h> > for Input/Output )

\ Function definition:

, , ~ *lIt’s called main
. int main(){ " «|t does not take any input ()
*It returns an integer
Body of printf("Hello World\n");
function < \ .
return(0); » Single statements
\




C Syntax

* Statements
— one line commands
— always end with ;
— can be grouped between { }
— spaces are not considered

* Comments
/] single line comment

/* multiple lines comments

*/



Hello World + Comments
/*

* My first C program

*/
#include <stdio.h>

int main(){

printf(“Hello World\n”);

return(0) ; // return 0 to the 0S = OK



Variables and types

* Variables are placeholders for values
int x = 2;

x =x + 3; // x value 1s 5 now

* |InC, variables are divided into types,
according to how they are represented in
memory (always represented in binary)

— int
— float

— double
— char



Variables Declaration

Before we can use a variable, we must declare (=
create) it

When we declare a variable, we specify its type and its
name

int x;

float y 3.2,

Most of the time, the compiler also allocates memory
for the variable when it’s declared. In that case
declaration = definition

There exist special cases in which a variable is declared
but not defined, and the computer allocates memory
for it only at run time (will see with functions and
external variables)



INt

No fractional part or decimal point (ex. +3, -100)

Represented with 4 bytes (32 bits) in UNIX

Sign

— unsigned : represents only positive values, all bites for

value
Range: from 0 to 2732

— signed (default) : 1 bit for sign + 31 for actual value

Range: from -2231 to 2731

Size

— short int : at least 16 bits

— long int : at least 32 bits

— long long int : at least 64 bits

— size(short) < size(int) < size(long)

int x = -12;
unsigned int x = 5;
short (1int) x = 2;




float

Single precision floating point value

Represented with 4 bytes (32 bits)

Fractional numbers with decimal point

float x = 11.5;
Range: -107(38) to 10/(38) .
Exponential notation : - O.f278 *1073
m
sign exponent (8 bits) fraction (23 bits)
| | I I
ojof1f{1f1f1|1|0jojo]1jojojojojojojojojojojojojojojojojojolajolol = 0.15625
31 30 2322 (bit index) 0
\ > A\ ~ J
m f: bit 23 is considered to be 1,

unless m is all zeros

nlo — (_1)3 . ( f . 2—23) . 2m—127




double

* Double precision floating point
* Represented with 8 bytes (64 bits)

exponent fraction

sign (11 bit) (52 bit)

o
53

double x = 121.45;

16

o Q



char

* Character
* Single byte representation
* 0to 255 values expressed in the ASCII table

char ¢ = ‘W




ASCII Table

Dec HxOQct Char Dec Hx Oct Html Chr [Dec Hx Oct Himl Chr| Dec Hx Oct Himl Shr
0 0 000 NUL (nall) 32 20 040 &#32; Space| 64 40 100 &#64; B | 956 60 140 &#96;
1l 1 001 50H (start of heading) 33 Z1 041 &#33; ! 65 41 101 &#65; & a7 6l 141 &#37; a
2 2 002 5TX [start of text) 34 22 04z &#34; 7 66 42z 10Z &«#66; b 95 62 142 &#93; b
3 3 003 ET¥ (end of text) 35 Z3 043 &#35; # 67 43 103 «#67; C | 99 53 143 &#99; ¢
4 4 004 EOT {end of transmission) 36 24 044 #3675 68 44 104 s#68: D |100 &4 144 &#l00; d
5 5 005 ENQ (endquiry) 57 25 045 &#37: % 69 45 105 «#69; E |10l 65 145 &#l01; e
6 6 006 ACE [(acknowledge] 33 Zo 045 &#387 & 70 45 106 #70; T |102 66 146 «#l02; €
7 7 007 BEL (bell) 39 Z7 047 &#39; ) 71 47 107 &#71: G (103 &7 147 &#l03: O
§ & 0l0 BES (backspace) 40 28 050 &#407 | 72 43 110 «#72; H |[104 65 150 &#104; h
9 9 0ll TAE (horizontal tahb) 41 Z9 051 &#4l; ) 75 49 111 «#73; I |105 69 151 &#1l05; 1
10 & 012 LF (NL line feed, new line)| 42 Z4 052 &#d2; + 74 44 112 &#74: T |106 A& 152 &#106; 7
11 B 013 ¥T ([(wertical tab) 43 ZB 053 &#43; + 75 4B 113 &#75: K |107 6B 153 &#107: k
1z C 014 FF (NP form feed, new page)| 44 =ZC 054 &#44: | 76 4C 114 &#76; L (105 6C 154 «#108; 1
13 D 015 CE (carriage return] 45 2D 055 &#45; - 77 4D 115 &#77: M (109 6D 155 &#109:; o
14 E 0lg 30 (shift out) 46 ZE 056 &#46; . 78 4FE 116 &#78; I (110 gE 156 &#llo: n
15 F 017 53I (shift in) 47 ZF 057 &#47: F 79 4F 117 «#79; 0 (111 &F 157 &#lll: o
lg 10 020 DLE (data link escape) 43 30 060 &#45; 0 g0 50 120 «#50; P [11z 70 160 &#llzZ: p
17 11 021 DC1 (dewice control 1) 49 31 061 &#49:; 1 81 51 121 «#51; 0 (113 71 181 &#ll3: o
15 12 022 DC: {dewvice control 2£) 50 32 06z &#50; 2 g2 52 122 «#82: R (114 72 le2 &#lld: r
19 13 023 DC3 (dewvice control 3) 51 33 063 &#51; 3 83 53 123 «#83; 5 (115 73 la3 &#lli; =S
20 14 024 DC4 (dewice control 4) B2 34 064 #5527 4 g4 54 124 «#54; T (115 74 164 &#lle; ©
21 15 025 HNAE [(negatiwe acknowledge) &3 35 065 &#53:; 5 85 55 125 &#55; T (117 75 1lghs &#ll7: u
22 16 026 5¥N (synchronous idle) £d 36 066 &#54: 6 g6 56 125 &«#86; ¥V (115 76 lee &#l15; W
23 17 027 ETE (end of trans. block) 85 37 067 &#55; 7 87 57 127 &#57; W (119 77 167 &#ll9; w
24 18 030 CAN (cancel) BB 358 070 =#56; 8 88 53 130 «#53; X (120 78 170 &#l20; X
25 19 031 EM  (end of medium) 57 39 071 &#57: 9 89 59 131 &«#89; T (121 79 171 &«#l121: ¥
26 1la 032 3UE (substitute) 58 34 072 &#58; 90 54 132 «#90; 2 (122 7Ta 172 &#liZ; =
27 1B 033 EZC (escape) B9 3B 073 =#59; ; 91 5B 133 «#91; [ |125 7B 173 «#123; |
28 1C 034 F5 [(file separator) G0 3C 074 &#60; < 92 5C 134 &#92; % (124 7C 174 &«#l24;
20 1D 035 G35 [group Separartor) 61 3D 075 &#6l; = 93 5D 135 &#93; ] 125 7D 175 &#125; }
30 1E 036 B3 (record separator) g2 JE 076 &#62; = 84 5E 136 «#94; ~ |1z 7E 170 «#126; ~
31 1F 037 U3 [(unit separator) £3 3F 077 «#63; 7 95 SF 137 &#95; _ |127 7F 177 «#l27; DEL

Source: www.LookupTables.com



Extended ASCII Table

122 ¢ 144 B 180 4 17 % 19z L 208 L 124 o 240 =
120 1 145 = 161 i 177 195 L 209 = 225 0 241+
130 ¢ 46 E 162 & 178 B 0 1M . 10 g i R L ¥ S
131 & 147 & 143 o 179 | 195 b 211 L 237 @ 243 <
132 & 148 & 164 @ 130 4 196 — 212 L 228z 24 [
133 & 149 & 145 0181 197 4+ 213 9 o 245 )
134 & 150 1 166 ° 182 198 F 214 230 0 46 =+
135 ¢ 151 167 ° 183 g 199 215 4 7ic) B Y. S
136 & 152 % 162 ;184 1 00 Looz16 £ 232 04 248 e
137 & 153 O 160 — 185 4 01 g o217 53 @ 249

132 ¢ 14 U gm - 1z | 02 L g o 23 o 2500
139 i 155« 171 % 187 g 07 o+ 29 @ 308 231 Ao
140 i 1% & 172 % 13g 4 04 | 20 g 0 23 = 252 =
I 157 £ 173 189 U 05 = 2 | 37 4 153 2
142 A 138 g 174 o« 190 06 4L oz | 23 o= 254 o
43 A 18§ 175 » 191 4 07 L 223 W 139~ 255

Source: www. LookupTables .com



Casting

Casting is a method to correctly use variables of different types
together

It allows to treat a variable of one type as if it were of another
type in a specific context

When it makes sense, the compiler does it for us automatically

Implicit (automatic)

x= 3 compiler automatically casted

it x = 1; (=converted) y to be an integer just for
float y = 2.3; . )

this instruction
X =X + VY,

Explicit (non-automatic)

char ¢ = A" Explicit casting from char to int. The value of x
int x = (int) c; here is 65



Assignment
Arithmetic
Increment
Relational
Logical
Bitwise

Comma

Operators

[ % +
+H -- 4=
< <= > >=
& 11!

& |~ A

< >>



Operators — Assignment

int x = 3;

Xx =7;

1nt = 95;
0= _, The comma operator allows

x=y=7: us to perform multiple
/ assignments/declarations

float y = 2.3@ 7 = 3@ q = 700;

int 1,j,k;
k = (i=2, j=3);

printf( “1 =%, j = %, k = %d\n” ,1,j.k);

22



Operators - Arithmetic |* / % + -

* Arithmetic operators have a precedence
nt x;

X=3+5%*2-41]72;

 We can use parentheses () to impose our precedence order
nt x;

X=(3+95) * @2 - 4)/ 2

* % returns the module (or the remainder of the division)
Int x;
x=5%3; // x=2

 We have to be careful with integer vs. float division : remember
automatic casting!

int x = 3: float y;
float y; y=11/2; //y=0.00

y=x/2;//y=1.00



Operators - Arithmetic |* / % + -

* Arithmetic operators have a precedence
nt x;

X=3+5%*2-41]72;

 We can use parentheses () to impose our precedence order
nt x;

X=(3+95) * @2 - 4)/ 2

* % returns the module (or the remainder of the division)
Int x;

x=5%3; // x=2

 We have to be careful with integer vs. float division : remember
automatic casting!

int x = 3; Possible fixes: float y;
float vy; 1)float x = 3; y=11/2; //y=0.00
2)y = (float) x /2 1 15 e fixy = 1.0/2
= ; = Th = 1. -y = 1. .
y=x/2;//y=1.00 eny = 1.50 Theny = 0.50



Operators - Increment

+H+ -- 4= -=

int x =3, vy, z;

X++; — X is incremented at the end of statement

HX; » X is incremented at the beginning of statement

X +1; v=x+ 3;

y=++x + 3; // X

X +3; x =X + 1;

Zz =x+++ 3; /] z

X -=2; /] x =x - 2;



Operators - Relational

< <= > >= == !:

 Return O if statement is false, 1 if statement is true

int x =3, y=2, z, k, t;
Z =X>V; /] z =1
k =x <=vy; /] k=0

t =x I=y; [/t =1



Operators - Logical
& 11!

 Avariable with value O is false, a variable with value !=0 is true

int x =3, y=0, z, k, t, g =-3;
z=x& vy, [/ z=0; xistruebutyis false
k=x1ly; /] k=1; Xis true

t = 1q; /] t =0:; q is true

27



Review: Operators - Bitwise

 Work on the binary representation of data

« Remember: computers store and see data in binary
format!

int x, y, z, t,q, s, V;

X
y

Z

3; 00000000000000000000000000000011
16; 00000000000000000000000000010000

X << 1; equivalent to z =x - 2% 00000000000000000000000000000110

y >> 3; equivalentto t =y - 23 00000000000000000000000000000010

X &y; 00000000000000000000000000000000
x | y; 00000000000000000000000000010011
X ’l\ y; 00000000000000000000000000010011



printf

printf is afunction used to print to standard output (command line)

Syntax:
printf (“formatl1l format?2 ..

144

variablel, variable?2,..);

Format characters: Format

— %d or%1 integer %0nl.n2t

— 9f float

— %lf double |_I

— 9 char type

— %u unsigned pad with zeros (optional) number of digits after

— %s string the decimal point

number of digits before
the decimal point



printf
#include <stdio.h>

int main() {

int a.,b;

float c.,d;
2 i ;5; 5. Output:
printf ("%d\n”,b);
printf (”"%3d\n”,b) ; U
printf (“%03d\n”,b) 007

c = 15.3%;
d=c / 3;
printf ("%3.2f\n”,d) ; 5.10

return(0) ;



printf

Escape sequences

\n newline

\ t tab

\v vertical tab
\f new page

\b backspace

\ T carriage return



Assignment

 Read PCP Chapter 3 and 4



