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H(gosﬁ to study?

‘}~\

O
Q@'\@ * Follow the lectures and the labs

* Read the textbook on a weekly basis

e Get your hands dirty
* Do the exercises in front of the computer



Ag{:ﬁ’%intment

\»‘}\\
Q@'\@ * No office hours. Make an appointment.
* Via email: skalkan@ceng.metu.edu.tr

* Office:

Room B207,
Department of Computer Engineering

* WWW:

* http://kovan.ceng.metu.edu.tr/~sinan/
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ALGORITHM

IMPLEMENTED

PROBLEM

STRUCTURED
DATA
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int alice = 1.

int bob = 456,

int carol;

main(void)

{

carol = alice*bob;
printf("%d", carol);
}

PROGRAM




What is an algorithm?

&
O
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gorithm is a list
'EP 1: Do somet

'EP 2: Do somet

STEP 3: Do somet

that looks like
ning

ning

ning

STEP N: Stop, you are finished

From “Invitation to Computer Science”



T TUNK Nou SHoOUD & MORE
EXPLIOT Here N STeP TwWo. %

From “Invitation to Computer Science”



Machine with finite Memory
iiizzo;:oe:::, I number of states 'y
\ 4
Arithmetic
3 Control | LL(J)r?iltc
\A Symbols on tape Un't -
Accumulator
/// \_\
/ e
Mowving tape Input OUtpUt
A Turing Machine
Turing Machine Von Neumann
Architecture

DIGITAL COMPUTATION
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The Pascaline: One of the Earliest Mechanical
Calculators

Sinan Kalkan ) ) 9 )
Slide from “Introduction to Computing”



Défference engine
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http://www.youtube.com/watch?v=0anlyVGeWOlI
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Slide from “Introduction to Computing”


http://www.youtube.com/watch?v=0anIyVGeWOI

Programming the ENIAC
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Slide from “Introduction to Computing”



A computer

Devices
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Transistors




S0,

A(;;&ansistor

Qo
o
N
& Vee
<
QS
This circuit functions
Vout itch. In oth d
epan e as a switch. In other words,
K’: based on the control voltage,
V rw the circuit either passes Vin
n
Q to output or not.

EMITTER
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Evegything in a PCis Binary
Swell almost ...

States of a Bit

o X wa

2+2=5
FALSE OFF LOW VOLTAGE
1 2+2=4 % EB

TRUE ON HIGH VOLTAGE
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A computer

Devices
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Transistors




()
o - X
X
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AND gate
c}*oo
.o‘}
04\
Q&
X Y | XY
0 O 0
0 1 0
1 0 0
1 1 1
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X Y | X+Y
0 O 0
0 1 1
1 0 1
1 1 1
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Nt Adder
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A3 B3 A2 B2 Al Bl A0 BO

ERIBEREIEREARE

v Ly Ly Ly

S3 C3 382 C2 Si Cl SO




Dgt‘g Representation

QA
é‘o
& * Based on 1s and Os
] . ,
* So, everything is represented as a set of binary numbers

* We will now see how we can represent:
* Integers: 3, 1234435, -12945 etc.
* Floating point numbers: 4.5, 124.3458, -1334.234 etc.
 Characters: /, &, +, -, A, a, », 1, etc.
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Binary Representation of Numeric

Infg}vmatlon
\~\
0;\\0 "Decimal numbering system
¢ * Base-10

* Each position is a power of 10
3052=3x103+0x102+5x 10+ 2 x 10°

* Binary numbering system
* Base-2
* Uses ones and zeros

* Each position is a power of 2
(1101),=1x23+1x22+0x21+1x 2"



Decimal-to-binary Conversion

N

S
. . :
® Divide the number until zero:

& L35/2=17x2+1
17/2=8x2 +1
8/2=4x2 +0
4/2=2x2 +0
2/2=1x2 +0

* Therefore, 35 has the binary representation: 100011
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EER 32bit Floating-Point Number

{éprese ntation

Pe Example: 12.375

Q@\ * The digits before the dot:
(12),, =2 (1100),

* The digits after the dot:

* 1t Way: 0.375 2 0x¥ + 1x% + 1x1/8 = 011

 27d Way: Multiply by 2 and get the integer part until O:
*0.375x2=0.750=0+0.750
*0.750x2=1.50 =1+0.50
*0.50x2=1.0 =1+0.0

*(12.375),,=(1100.011),
* NORMALIZE: (1100.011),=(1.100011),x23
* Exponent: 3, adding 127 to it, we get 1000 0010
* Fraction: 100011
* Then our number is: 0 10000010 00000000000000000




,\'le. Decimal Binary Val. Dec. Unicode Charac.

ér"& 48 | 00110000 0 0x30 0x0030 0

o 49 | 00110001 1 0x31 0x0031 1

‘;\o 50 | 00110010 2 0x32 0x0032 2
;\\o" 51 | 00110011 3 0x33 0x0033 3
Q@ 52 | 00110100 4 0x34 0x0034 4
53 | 00110101 5 0x35 0x0035 5

54 | 00110110 6 0x36 0x0036 6

ASCII 55 | 00110111 7 0x37 0x0037 7

7 bits long 56 | 00111000 8 0x38 0x0038 8

57 | 00111001 9 0x39 0x0039 9

58 | 00111010 0x3A 0x003A

59 | 00111011 | ; 0x3B 0x003B ;

60 | 00111100 | < 0x3C 0x003C <

61 | 00111101 | = 0x3D 0x003D =

62 | 00111110 | > 0x3E 0x003E >

63 | 00111111 | ? 0x3F 0x003F ?
64 | 01000000 | @ 0x40 0x0040 @

65 | 01000001 | A 0x41 0x0041 A

66 | 01000010 | B 0x42 0x0042 B
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Unicode
16 bits long

Partial
listings
only!

25



Con;v,puter Organization

&
N
&

N

By : c
;\\C Loglcal organization of computer

N

»
>
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N(Ig?%ory and Cache (continued)

O
« sRAM (Random Access Memory)

4© Often called memory, primary memory

QKQ’ Address Memory .
* Memory made of addressable Ve
”CEIIS” [ o ~+—— One memory cell
e Cell size is 8 bits ‘ AL
2 ~— MAR [+—
* Nowadays, it is 32 or 64 bits. 3

Memory address register

* All memory cells accessed in : : <~ MDR |[«—»
equal time ON_ 1 Memory data register
° Memory address | .Woro multiple of W bits
. . Memory width
* Unsigned binary number N long TN

» Address space is then 2N cells
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O
Qé"
o
QG}*
3°
Q¥ Machine  Assembly Programming languages English, Spanish,
language  language such as C++, Java Pseudocode Japanese, . . .

Lowlevel languages High-level languages s (€ Natural languages

(closely related to
the hardware)

(not related to

(more removed from details of the hardware) o e

CENG 230 - Spring 2015 Sinan Kalkan 28



01010101 QiDOlODO 10001001 11100101 10001011 00010101 10110010 00000011
OOiOOOOQg&DOUOOOO 10001011 00000101 10110000 00000011 00100000 00000000
OOOOl%?% 10101111 11000010 10001001 00000101 10111011 00000011 00100000
OOO%QBOO 10111000 00000000 00000000 00000000 00000000 11001001 11000011

CaD
2
001000 00000001 00000000 00000000 00000000 00000000

O
Q@\
main:
pushq  %rbp
movq hrsp, hrbp
mov1l alice(%rip), %edx int alice = 123;
movl bob(%rip), %eax int bob = 456;
imull  Yedx, %eax int carol:
movi égaxé carol (%rip) main(void)
mov eax
L] o {
iZ:Ve carol = alicexbob;
alice: y
.long 123
bob:
.long 456
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How gre languages implemented
%

%
<O
&

D7
/2
%

°

T

COMPILATIVE APPROAC

%,

“

int alice = 123;

int bob = 456;

int carol;

main(void)

{

carol = alice*bob;
printf("%d", carol);
}

COMPILER
+
LINKER

SOURCE CODE
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0101010101001000100010011

1000101100010101101100100

00100000000000001000101104 *x
10110000000000110010000000000000
00001111101011111100001010001001
00000101101110110000001100100000
oooQoo00L01110000000000000000000
oooQo000000000001100100111000011
110110000000000110000000001011210
00000111110101111110000101011111
10001011011101110111010011010011
11010010101010101010101001011111
01110110110101010110101111101010

RESULT

Sinan Kalkan

EXECUTABLE CODE

9

LOAD & RUN

30



Phase I:
Programmer creates program
in the editor and stores it on

\ disk.

Q e
Qo'\?’
N
&

oo

Q
o"’ C language Compler

gzevelopment environment
Loader

Memaory
CPU
CENG 230 - Spring 2015 Sinan Kalk

Phase 2:
Preprocessor program
processes the code.

|
=
-
}

Compiler creates

object code and stores

it on disk.

Phase 4:

Linker links the object

code with the libraries,
creates an executable file and
stores it on disk.

Phase 5:
» Loader puts program
in memory.

Phase &:
CPU takes gach
instruction and

¢ BXECULES it, possibly
storing new data
values as the program
EXECULRS.




Q\’
Bugs, Errors

o‘}A
.\o °
& Syntax Errors
Area =3.1415*R * R
Area =3.1415xR xR

e Run-time Errors

>>> def SgrtDelta(a,b,c):

>>> return sqrt(b*b - 4*axc)
P

>>> print SqrtDelta(1,3,1)
2.2360679774997898

>>> print SqrtDelta(1,1,1)
ValueError: math domain error
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Q\’
Bugs, Errors

(_}~\

S .
Q@‘s@ * Logical Errors

—b + /b2 = dac
2

BEE)  >>> rootl = (- b + sqrt(bxb - 4*axc)) / 2*a

root, =

* Design Errors

> Lax? +br4+c=0

—b+ Vb? — 4ac
2a
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o
v
H'@fbry of C
e
;\\o& — Developed by Denis M. Ritchie at AT&T Bell Labs in
< 1972 asa systems programming language
— Used to develop UNIX
— Used to write modern operating systems

— Hardware independent (portable)

e Standardization
— Many slight variations of C existed, and were incompatible

— Committee formed to create a "unambiguous, machine

independent” definition
— Standard created in 1989, updated in 1999
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I dﬁ* Fig. 2.1: fig02_01l.c

Q A first program in C */
o¥ #include <stdio.h>

& 4
% 5 /* function main begins program execution */

6 1int main( void )
7T {
8 printf( "Welcome to C!\n" );
9
10 return 0; /* indicate that program ended successfully */
I1 } /* end function main */

Welcome to C!

Fig. 2.1 | A first program in C.
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Notes

 The lectures notes:

http://www.kovan.ceng.metu.edu.tr/~sinan/ceng230/

* You can also just google my name = Follow “Courses”
- “Ceng 230"

* | ocation:

e Starting from “5 March, 2015”, lectures will be held in
BMB-1 (in Computer Engineering Dept.)

e Midterm:
e 28 April, 2015 at 17:40



Today

e Continue with the overview of C

* Introduction of the basic concepts

* Let me collect the assignment



Variables and identifiers



C has the following basic built-in datatypes.

"int
=float
=double
=char

TABLE 2.4 Type double Constants (real numbers)

Valid double Constants

Invalid double Constants

3.14159

0.005

12345.0

15.0e-04 (valueis 0.0015)
2.345e2 (valueis 234.5)
1.15e-3 (valueis 0.00115)
12e+5 (valueis 1200000.0)

150 (no decimal point)
.12345e (missing exponent)
15e-0.3 (0.3 is invalid exponent)

12.5e.3 (.3 isinvalid exponent)

34,500.99 (comma is not allowed)




Valid Identifiers

letter 1, letter 2, inches, cent, CENT PER INCH, Hello, variable

TABLE 2.2 Invalid Identifiers

Invalid Identifier Reason Invalid
lLetter begins with a letter
double reserved word

int reserved word
TWO*FOUR character * not allowed
joe's character * not allowed

intl and Intl are notthe same identifiers/variables



Keywords

auto double int struct
break else Tong 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

Keywords added in C99

_Bool _Complex _Imaginary 1inline restrict

Fig. 2.15 | C's keywords.
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Basic Input/Output in C



Output

e printf(format string, varl, var2, ... )

* Format string contains:
* d,i: integers
e f: float, double
* e: float, double in exponential notation
* c:character
* s:string



Input

* scanf(format string, &varl, &var2, ...)
e varl, var2, ..: variables!

* Format string contains:
* d,i: integers
e f: float, double
 e: float, double in exponential notation
e c: character
* s:string



/* Fig. 2.3: fig02 03.c
Printing on one line with two printf statements */
#include <stdio.h>

/* function main begins program execution */
int main( void )
{

printf( "Welcome " );

printf( "to C!\n" );

OO~k WN=—

10
11 return 0; /* indicate that program ended successfully */
12 } /* end function main */

Fig. 2.3 | Printing on one line with two printf statements/ (Part | of 2.)

Welcome to C!
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I /% Fig. 2.4: fig02 04.c

2 Printing multiple lines with a single printf */
3 #include <stdio.h>

4

5 /% function main begins program execution */

6 int main( void )

7 {

8 printf( "Welcome\nto\nC!\n" );

9
10 return 0; /* indicate that program ended successfully */
Il } /% end function main */
Welcome
to
C!

Fig. 2.4 | Printing multiple lines with a single printf.

CENG 230 - Spring 2015 Sinan Kalkan
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Escape sequence Description

\n Newline. Position the cursor at the beginning of the next line.

\t Horizontal tab. Move the cursor to the next tab stop.

\a Alert. Sound the system bell.

\\ Backslash. Insert a backslash character in a string.

\" Double quote. Insert a double-quote character in a string.
Fig. 2.2 | Some common escape sequences .
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TABLE 2.8 Placeholders in Format Strings

Placeholder Variable Type Function Use

%c char printf/scanf

%d int printf/scanf

$f double printf

$1f double scanf

FIGURE 2.6 number entered 30.
miles

Effect of

scanf("%1f", 30.5 1<

&miles);

int first, second;
scanf("%d%d", &first, &second);

double miles; /* distance in miles */
scanf("%lIf", &miles);



I /% Fig. 2.5: fig02_05.c

2 Addition program */

3 #include <stdio.h>

4

5 /* function main begins program execution */

6 1int main( void )

T {

8 int integerl; /* first number to be input by user ¥/
9 int integer?; /* second number to be input by user */
10 int sum; /* variable in which sum will be stored */
I
12 printf{ "Enter first integer\n" ); /* prompt */
13 scanf( "%d", &integerl ); /* read an integer */
14
15 printf( "Enter second integer\n" ); /* prompt */
16 scanf( "%d", &integer?2 ); /* read an integer */

17

18 sum = integerl + integerd; /* assign total to sum */

19
20 printf( "Sum s %d\n", sum ); /¥ print sum */
21
22 return 0; /* indicate that program ended successfully */

23 } /* end function main */

Enter first integer

45

Enter second integer
72

Sum is 117

Fie. 2.5 | Addition nrnoram (Part 2 af 71
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Variable names such as integerl, integer2 and sum actually correspond to locations in
the computer’s memory. Every variable has a name, a type and a value.

In the addition program of Fig. 2.5, when the statement (line 13)
scanf( , &integerl ); /* read an integer */

is executed, the value typed by the user is placed into a memory location to which the name

integerl has been assigned. Suppose the user enters the number 45 as the value for
integerl. The computer will place 45 into location integerl as shown in Fig. 2.6.

integerl 45

Fig. 2.6 | Memory location showing the name and value of a variable.

Whenever a value 1s placed in a memory location, the value replaces the previous value
in that location; thus, placing a new value into a memory location is said to be destructive.
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Formating the output of integer values

Specifying the format of an integer value displayed by a C program is fairly easy.
You simply add a number between the % and the d of the 3d placeholder in the
printf format string. This number specifies the field width—the number of col-
umns to use for the display of the value. The statement

printf("Results: %3d meters = %4d ft. %2d in.\n",
meters, feet, inches);

indicates that 3 columns will be used to display the value of meters. 4 columns will
be used for feet, and 2 columns will be used for inches (a number between 0 and
11). [f meters is 21, feet is 68, and inches is 11, the program output will be

Results: 21 meters = 68 ft. 11 in.

TABLE 2.14 Displaying 234 and -234 Using Different Placeholders

Value Format Displayed Output Value Format Displayed Output
234 $4d 1234 -234 $4d -234

234 $5d 1234 -234 $5d 1-234

234 $6d 1234 -234 $6d -234

234 $1d 234 -234 %2d -234




Formating the output of double values

TABLE 2.16 Formatting Type double Values

Displayed Displayed
Value Format Output Value Format Output
3.14159 $5.2f 13.14 3.14159 34 .2f 3.14
3.14159 $3.2f 3.14 3.14159 $5.1f 3.1
3.14159 $5.3f 3.142 3.14159 $8.5f 13.14159
.1234 $4.2f 0.12 -.006 34 .2f -0.01
-.006 $8.3f I-0.006 -.006 $8.5f -0.00600

-.006 3.3f -0.006 -3.14159 $.4f -3.1416




Operators and
Expressions



C operation Arithmetic operator Algebraic expression C expression

Addition - f+7 f+7
Subtraction - p—c p-cC
Multiplication  * bm b * m
Division / x;"_}fnr{ or x+y x/y
Remainder % r mod s r%s

printf( "Welcome to \%d", (3/2) );

Outputis: 1
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Operator(s)

(

+ R~

)

CENG 230 - Spring 2015

Operation(s)

Parentheses

Multiplication
Division
Remainder
Addition

Subtraction

Order of evaluation (precedence)

Evaluated first. If the parentheses are nested,
the expression in the innermost pair is evalu-
ated first. If there are several pairs of parenthe-
ses “on the same level” (i.e., not nested),

they're evaluated left to right.

Evaluated second. If there are several, they're
evaluated left to right.

Evaluated last. If there are several, they're eval-
uated left to right.
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TABLE 2.9 Arithmetic Operators

Arithmetic Operator Meaning Examples
+ addition 5 + 2 is 7
5.0 + 2.0 is 7.0
- subtraction 5 -2 is 3
5-0 - 210 iS B-G
* multiplication 5 % 2 is 10
5.0 * 2.0 is 10.0
/ division 5.0 / 2.0 is 2.5
5/ 2 is 2
% remainder 5% 2 is 1




TABLE 2.10 Results of Integer Division

3/15=0 18 / 3 = 6
15 / 3 =5 16 / -3 =-5
16 / 3 =5 0/ 4=0
17 / 3 =5 4 / 0 isundefined
TABLE 2.11 Results of % Operation
3%5-=3 5% 3 =2

4 35 =4 5% 4 =1

5% 5 =0 15 $ 5 =0

6 35 =1 15 % 6 = 3
7%5 =2 15 ¢ -7 =1

8 $5 =3 15 % 0 is undefined




TABLE 2.13 Mathematical Formulas as C Expressions

Mathematical Formula

C Expression

1. b? — 4dac
2.at+tb—c

a—+b
‘c+d

1
1+ X

5.4 X —(b+ ¢

3

4

b * b -4 * a * ¢
a+ b - ¢

(a + b) / (c + d)

1/ (1 + x * x)

a * —(b + ¢)



Rufee_fer Eeehmﬁng Expressions

d.

Parentheses rule: All expressions in parentheses must be evaluated seperetel}f.
Nested parenthesized expressions must be evaluated from the inside out, with
the innermost expression evaluated first.

Operator preeeden.ee rule: Operators in the same expression are evaluated in
the fellewing order:

unarv +. - first
* /. % next
binary +, - last

Associativity rule: Unary operators in the same subexpression and at the same
precedence level (such as + and =) are evaluated right to left (right associativity).
Binary operators in the same subexpression and at the same precedence level
(such as + and -) are evaluated left to right (left associativity).



Step .

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

y

2 *5 %5 4+ 3 %5 4+ 7;

2 *51s 10

Y

10 * 5 + 3 * 5 + 7;
10 * 5 1is 50
|
v
50 + 3 5 + 7;
3 5 1s 15
|
Y
50 + 15 + 7;
50 + 15 1is 65
|
\
65 + 7;
65 + 7 1s 72
|
Y
72

(Leftmost multiplication)

(Leftmost multiplication)

(Multiplication before addition)

(Leftmost addition)

(Last addition)

(Last operation—place 72 iny)

Fig. 2.11 | Order in which a second-degree polynomial is evaluated.
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Evaluation of a Second-Degree Polynomial

To develop a better understanding of the rules of operator precedence, let’s see how C eval-

uates a second-degree polynomial.

w*

y = a * X + b * x + c;
6 1 2 4 3 5
Step |. y =2 %5%54+3%5 4+ 7; (Leftmost multiplication)
2 *51s 10
Step 2. y =10 * 5+ 3 * 5 + 7; (Leftmost multiplication)
10 * 5 1s 50
Step 3. y =50 + 3 %5 + 7; (Multiplication before addition)
3 % 5 1s 15
Step 4. y =50 + 15 + 7; (Leftmost addition)
50 + 15 is 65
|
v
Step 5. y =65 + 7; (Last addition)
65 + 7 1s 72
Step 6. y =72 (Last operation—place 72 in y)

Fig. 2.11 | Order in which a second-degree polynomial is evaluated.



Zz—(a+b/ 2) +w* -y

10

11




Homework

* Write a C code that calculates the roots of the following
equation:

ax?+bx+c=0

* Your program should read a, b and ¢ from standard
input.

* Bring the print-out of the C code to the next lecture.

* Hint: You will need to use the sgrt() function defined in
the math.h library. Google it for more detail.

CENG 230 - Spring 2015 Sinan Kalkan 64



