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Common Powers

Prefix  Symbol Power of 10 Power of 2 Prefix  Symbol Power of 10

Kilo K 1thousand = 103  2°=1024 | Milli m 1 thousandth = 1073
Mega M 1 million = 108 220 Micro m 1 millionth = 107°
Giga G 1 billion = 10° 2% Nano n 1 billionth = 10~°

Tera T 1 trillion = 10'2 0 Pico p 1 trillionth = 1072
Peta P 1 quadrillion = 10'° 250 Femto f 1 quadrillionth = 1071°
Exa E 1 quintillion = 1078 290 Atto a 1 quintillionth = 10718
Zetta Z 1 sextillion = 102" 919 Zepto z 1 sextillionth = 10721
Yotta Y 1 septillion = 1024 299 Yocto y 1 septillionth = 10724

2n: Byte, Memory capacity
107n: Bit, Data processing speed or data transfer speed
Bit/second: Microprocessor operating speed, speed of data transfer




Laws of Exponents

* Let a and b be positive numbers and let x and y
be real numbers. Then,
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Computer Arithmetic Operations

Four operations: + (-, *, /)
Logical: AND, OR, NOT, ...
Comparison: <, >, 2, <, ==, #, ...

Microprocessor ALU (Arithmetic Logic Unit) has only addition
operation and performs multiplication and division operations with
shift.

Rotate / Shift left (Multiplication)
Rotate / Shift right (Division)
Exponential operations



Data Transmission
on
Computer Systems



Data transmission and modes

Data transmission

‘ Parallel I ‘ Serial I
‘ Asynchronous I ‘ Synchronous I ‘ Isochronous I




Serial Transmission

Data is transmitted, on a single channel, one bit at a time one after another
- Much faster than parallel

Sender transmitted Recelver received




Parallel Transmission

-each bit has it's own piece of wire along which it travels
- often used to send data to a printer

Receiver received

paniwsues) Japuas

All bits are sent simultaneously




Data can be transmitted by either serial transfer or parallel transfer.
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Asynchronous transmission

Sender

Direction of flow

Stop bit

Data
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Synchronous transmission

Sender

Direction of flow

Frame

Frame
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Symbols

A symbol is a mark, sign, or word that indicates, signifies, or is understood as
representing an idea, object, or relationship.

Symbols allow people to go beyond what is known or seen by creating linkages
between otherwise very different concepts and experiences.

All communication (and data processing) is achieved through the use of symbols.

Symbols take the form of words, sounds, gestures, ideas, or visual images and are
used to convey other ideas and beliefs.

For example, a red octagon is a common symbol for "STOP"; on maps, blue lines
often represent rivers; and a red rose often symbolizes love and compassion.

Numerals are symbols for numbers; letters of an alphabet may be symbols for certain
phonemes; and personal names are symbols representing individuals.



Data — Information

* Data: Facts or pieces of information that have not gained meaning, have not been
associated, have not been assimilated, and have not been processed. They are in forms
devoid of any content. They carry no comments but are available for processing. Raw data.

* The computer takes data as input to process it and stores it in memories; processed and
produced as output. The produced output is recorded in memory, displayed on the screen or
transferred to other systems via I/O devices.

* [nformation: Giving meaning to data by adding value to it. It is the result of bringing together
and arranging interrelated data for a certain purpose and has a meaning and news quality.
From an institutional perspective, information is a database with meaning. Data is
transformed into information by adding value through content processes. Information arises
from data and information turns into knowledge.

* [nformation: In general, it emerges through the interpretation of data and information.

e Big Data: The concept of "Big Data" has emerged as data has increased greatly in terms of
speed, diversity and capacity (volume) and technology has supported this increase and
produced new solutions.



Data — Information — Knowledge - Wisdom

Symbols: Numbers and symbols are pieces of information such as numbers, words, images, video and
sound that are transferred to the computer's memory during the input phase.

Signals: electrical, electromagnetic, akustic, gravity

Data: Facts or pieces of information that have not gained meaning, have not been associated, have not
been assimilated, and have not been processed. They are in forms devoid of any content. Sometimes it
is a physical event, uninterpreted observations. They carry no comments but are available for
processing. They are not effective in decision making.

Information: What, who, when and where questions need to be answered. Information is processed,
organized and meaningful data. Information is organized, meaningful and useful data. During the
output phase, the information created is put into presentation form with printed reports, graphics and
visuals. The information is stored on the computer for future use.

Knowledge: Increasing performance in decision-making, estimation and searching for the truth.
Understand: To become conscious by understanding, comprehending and feeling.

Wisdom: It is evaluated understanding. It is about making decisions and interpreting by questioning and
guessing.



Data Types

Symbols
Numbers: integer, float, complex, character, string, binary, boolean

Signals: Sound, heat, electricity, electromagnetic, smell, vibration,

picture
texts . .

, e Data types are of three basic types: Numeric,
Graphics Alphabetic, and Alphanumeric. Numeric Data
Tables consists of numbers only.
images * Alphabetic Data consists of only letters and a

. space character, while alphanumeric data
Transactions consists of symbols.

Videos



Data Quality

* Data quality issues:
— Noise
— Qutliers (Aykiri degerler)
— Wrong data
— Fake data
— Missing Values
— Duplicate Data (Yinelenen veriler)
— Similarity and Dissimilarity Measures (Benzerlik ve Farkllik Olculeri)



Data Science

* Veri Bilimi, bilgiler hakkinda sonuclar cikarmak amaciyla istatistik ve makine
ogrenimi tekniklerini kullanarak ham verileri analiz etme bilimidir.

e Data Science is the science of analyzing raw data using statistics and machine
learning techniques to draw conclusions about the information.

Data Science is the science of analyzing raw data.

* Data gathering; Sensors, Telemetry systems, Internet, Data base management
* Data visualization

* Finding statistical measures by evaluating data

* Creating mathematical models and algorithms



Data Structures

Lists
Arrays
Queue
Trees
Stacks

Storage — Hash structure
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* Addition:  Subtraction: « Multiplication:  Division:
— Add — Minus

— Product — Quotient
— Plus — Difference — Times — divide
— Sum — Subtract — multiply
— Total — Less than
— Increased by — Decreased by

— More than — less



Add Subtract Multiply Divide

Plus Minus Times Divided by

The sum of The difference of The product of | The quotient of

Increased by Decreased by of




IomMmMoU O ®mp

Translating Verbal Phrases

A number increased by 5
7 less than a number
3 more than twice a number

4 decreased by the quotient of a number and 7
16 increased by a number is 27
The difference of twice a number and 3 equals -4
The product of 2 and a number is 36
-3 is equal to twice the sum of a number and 2
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Numbers

Natural Numbers: zero and any number obtained by repeatedly

adding one to it.
Examples: 100, 0, 45645, 32

Negative Numbers: Avalue less than 0, with a — sign
Examples: -24, -1, -45645, -32

INntegers: Anatural number, a negative number, zero
Examples: 249, 0, - 45645, - 32

Rational Numbers: An integer or the quotient of two integers
Examples: -249, -1, 0, 3/7, -2/5



Representing Numbers

e Positive whole numbers

— We already know one way to represent them: i.e., just use base 2
number system

* All integers, i.e., including negative integers

— Set aside a bit for storing the sign
e 1 for+, Ofor—

* Decimal numbers, e.g., 3.1415936, 100.34

— Floating point representation:
* sign * mantissa * 2 &P
— 64 bits: one for sigh, some for mantissa, some for exp.

25



Decimal Numbering System

Knowledge of different number systems and digital codes is quite useful when working with almost
any type of digital computer. This is true because a basic requirement of these devices is to represent,
store, and operate on numbers. In general, computer work on binary numbers in one form or

another; these are used to represent various codes or quantities.

The decimal system, which is most common to us, has a base of 10. The radix or base of a number
system determines the total number of different symbols or digits used by that system. For instance,
in the decimal system, 10 unique numbers or digits—i.e., the digits 0 through 9—are used: the total
number of symbols is the same as the base, and the symbol with the largest value is 1 less than the

base.



The value of a decimal number depends on the digits that make up the number and the place value of
each digit. A place (weight) value is assigned to each position that a digit would hold from right to left. In
the decimal system the first position, starting from the rightmost position, is 0; the second is 1; the third
is 2; and so on up to the last position. The weighted value of each position

can be expressed as the base (10 in this case) raised to the power of the position.For the decimal system
then, the position weights are 1, 10, 100, 1000, and so on. Figure 6.1 illustrates how the value of a
decimal number can be calculated by multiplying each digit by the weight of its position and summing

the results.

Decimal
number
\ 3 2 1 0
1196 | 2
10
2 x10% = 2 x 1 = 2
6x10' =6x 10= 60
9x10° = 9% 100 = 900
1 x10° = 1 % 1000 = 1000
1962,

(Sum of products)

Figure 6.1 Weighted value in the decimal system.



Natural Numbers

How many ones are there in 6427
600 + 40 + 2 ?

Oris it

384 +32+27?

Or maybe...

1536 + 64 + 2 ?

642 is 600 + 40 + 2 in BASE 10

The base of a number determines the number of digits and the value of digit
positions

28



Positional Notation

Continuing with our example...
642 in base 10 positional notation Is:

6x 102= 6 x 100 =600
+4x101 = 4x10 =140

+2x10° = 2‘&2 = 642 in base 10

This number Is In
base 10




Positional Notation

Example: 642is 6* 102+ 4*10* 2

As a formula: / -

d *R*™+d , * RM2%4 .+ d,*R+d,

! \

d is the digit in the
it position
In the number




The Number System

When learning about ‘data representation” we understand the importance and

versatility of binary numbers (ikili sayilarin dnemi ve cok yonluligi) and how binary is
used to store data in computer systems.

* Numbers

* Text

* |Images
 Sound

* |nstructions

e ..areall stored in binary and we will understand how this is done!

It is fairly easy to understand how numbers are stored in binary format in computer

systems. But what about text, images and sound? The key thing to remember is that
text, images and sound



Types of number

* Number types are used to define the type of a variable. It defines what type of numbers we are going to store in a
variable. The data stored in memory as binary numbering (1/0: bit) can be of many types. For example, a person's
age is stored as a numeric value and his or her address is stored as alphanumeric characters.

* The decimal, binary, octal, and hexadecimal numbering systems and be able to convert from one numbering or
coding system to another. The terms bit, byte, word, least significant bit (LSB), and most significant bit (MSB) as
they apply to binary memory locations.

— Numeric - int, float, complex

— String - str

— Sequence - list, tuple, range

— Binary - bytes, byte array, memoryview
— Mapping - dict

— Boolean - bool

— Set - set, frozenset

— None - NoneType



Data Representations

e Sizes (in Bytes)
— Data Type Compaqg Alpha Typical 32-bit Intel IA32

* int 4 4 4
* long int 8 4 4
e char 1 1 1
e short 2 2 2
* float 4 4 4
e double 8 8 8
* long double 8 8 10/12
e char * 8 4 4



Numbering systems

— Decimal

— Binary (Iki sayi sistemi 0/1)

— Bits:Oyadal

— Bytes: 8bit

— Hexadecimal: 4bit

— Numbers conversion among different systems

The on and off states of the capacitors in RAM can be thought of as the
values 1 and O, respectively.

Therefore, thinking about how information is stored in RAM requires
knowledge of the binary (base 2) number system.



The Decimal Number System

The decimal number system is also known as base 10. The values of the
positions are calculated by taking 10 to some power.

Why is the base 10 for decimal numbers?
o Because we use 10 digits, the digits O through 9.

The decimal number system is a positional number system.

Example:
5 6 21 1 X100 = 1
102 102 101 109 2X10t= 20

6 X 102 = 600
5 X 103 = 5000



Decimal Numbering System

Ten symbols: 0,1, 2,3,4,5,6,7,8,9

Represent larger numbers as a sequence of digits

Each digit is one of the available symbols

Example: 7061 in decimal (base 10)

(7061)10 = (7 x 1073) + (0 x 1072) + (6 x 1071) + (1 x 1070)



Number-Base Conversion

Name Radix Digits
Binary 2 0,1
Octal 8 0,1,2,3,4,5,6,7
Decimal 10 0,1,2,3,4,5,6,7,8,9
Hexadecimal | 16 0,1,2,3,4,56,7,89,AB,C,D,E,F

¥ The six letters A, B, C. D, E, and F in hexadecimal represent: 10, 11, 12, 13, 14, and 15,
respectively.
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Numbering Systems

Decimal is base 10 and has 10 digits:
0,1,2,3,4,5,6,7,8,9

Binary Is base 2 and has 2 digits:
0,1

For a number to exist in a given base, it can only contain the digits in that
base, which range from 0 up to (but not including) the base.

What bases can these numbers be In? 122, 198, 178



Binary Numbering System

The decimal number system consists of symbols 0 through 9. It is multiplied by 10 to create a two-
digit decimal number system. It is multiplied by 100 to create a three-digit number system. The
steps are continued in multiples of 10.

The binary number system consists of 0 and 1. It is expressed by the 0 or 1 output of the
transistor. It exists as an electrical signal. Digits are expressed as multiples of 2.

Example: (1079)10=1*1072+0*1071+9*1070
Example: (1071)2=1*2A2+0*271+1*2/0=(5)10
In the computer, everything is kept as 1 or 0.

(100 0001)b is the symbol, which corresponds to the value 65 in the decimal number system, or
the character A.

In the binary world, everything can be expressed as 1 or 0. Its equivalent in computer memory is
called a bit.

Bits come together to identify more bits. For example, in a 2-bit system, four different states or
symbols 00, 01,10,10 can be created. When it is desired to be displayed numerically, it can be
expressed as 0, 1, 2, 3.



Algebraic Expressions



Key Vocabulary

Expression —a math sentence without equal signs

Equation — a math sentence with equal signs

Variable — a letter that is used to represent a number

Terms — the part of an expression that is being added together

Coefficient — the number part of the term that has a variable with it
Constant Term — a term that has a number but no variable

Like Terms — terms that have identical variables

Inverse Operation — the opposite operation used to solve an equation




Expressions vs Equations

Expressions — written as phrases

Example — the sum of six and a number
X+ 6

Equations — written as sentences

Example — the sum of six and a number IS ten
X+6=10



What is the difference between a numeric expression and an
algebraic or variable expression?

Numeric Expression Algebraic Expression
-3+ 2 +4-5 -3X +2y—4z-5

An algebraic or variable expression consists of three parts
 Variable

e Coefficient
e (Constant




In the expression 12 + B, the letter “B” is a variable.

The variable is a symbol or letter that represents a number.
What are the variables in the expression below?

f(x,y,z)=-4x + 3y - 82 + 9

X,Y,Z2: Independent variable
f(x,y,z): Dependent variable



What are coefficients?

A coefficient is the number multiplied by the variable in an algebraic

expression.
Algebraic Expression Coefficient
6m + 5 6
8r + /'m + 4 3, 7

14b - 8 14



The coefficient is the number that multiplies the variable. More
plainly, it is the number in front of a variable.

What are the coefficients in the expression below?

f(x,y,z)=-4x + 3y - 82 + 9
f(x,y,z)=ax + by +cz + d



What is a term?

A term is the name given to a number, a variable, or a number and a
variable combined by multiplication or division.

Algebraic Expressions Terms

a + 2 a, 2

3m + 6n - 6 3m, 6n, - 6



The constant is any term that does not have a variable.

What is the constant in the expression below?

f(x,y)=- 8 + 5y + 3x



What are constants?

* A constantis a number that cannot change its value.

In the expression: 5x + 7y - 2
the constant is - 2.



An algebraic expression can also be classified as a polynomial
which is an expression that consists of more than one term.
Two types of polynomials are binomials and trinomials.

A binomial has two terms. Ex: 3x+4

A trinomial has three terms. Ex: 432 + 3a +7



Evaluating expressions examples

Example 1 Example 2 Example 3

Evaluate 4y—-15 fory=-9 Evaluate 3ab +c? fora=2, b =-10, Evaluate 6(g+ h)forg=8 and h =
e 4y-15 and c=5. 7.

e 4(-9)-15 * 3ab+c? * 6(8+7)

e -36—-15=-51 * 3(2)(-10) + 52 * 6(15)=90

e -60+25=-45



Ikili sayi sisteminde degiskenler ve katsayilar

* |kili sayi sisteminde degiskenler ve katsayilar sadece 1 ya da 0
degeri alirlar.



Binary Numbering System
Bit (0/1)



Data Representation in Computer

In all computers, all information is represented by using binary
numbering system (bit: 0/1).

Each storage location (cell - Transistor): has two states

— low-voltage electrical signal =>0

— High-voltage electrical signal => 1

— it can store a binary digit, bit

Eight bits grouped together to form a byte

Two bytes grouped together to form a word

— Data bus length of a computer, e.g., 8bits computers, 16bits computers, 32
bits computer, 64 bits computer, 128 bits. Data bus length of processor is 8,

16, 32, 64 or 128

54



Why Binary Arithmetic?

All data is recorded as 1 or 0 in the computer's memory.
All operations in the processor are done with 1s and Os.

he hardware is made with electrical signals only in the binary number
system of 1 and O.

Must represent all numbers, integers or floating point, positive or negative,
by binary digits, called bits.

Can devise electronic circuits to perform arithmetic operations: add,

subtract, multiply and divide, and logical operations, comparisons on binary
numbers.

55



Why Binary Arithmetic?

0011 + 0101

= 1000

56



Binary Number System

Computers use the binary number system, which consists of only the digits O and 1.

1 represents presence, O represents absence. 1 means there is voltage (5Volts), 0 means there is
0 voltage.

Symbols (All numbers, alphabets), text, picture, video, signals represent in the binary system
consist of 1 and 0 inside the computer.

— Numbers (positive, negative, integer, float, fraction), strings, booleans, images, sounds,
programming instructions represent as bits.

— For unsigned integer values, we can store them directly using binary. The numbers we use in
our daily lives are in base ten, also known as decimal.

— As we know, the numbers that make up the decimal systemareO, 1, 2,3,4,5,6, 7, 8, 9.

In computer systems we focus on the binary number system (base 2), Why? Because the digital
components that make up the computer can be in one of two states: on or off.

The bit name binary digit is derived from the binary number system.

While the numbers and letters typed on the keyboard are translated into a form that the
computer can understand, the binary number system comes into play.



Basic Units of Digital systems

The basic unit of information in computer systems is bit: (1/0)

Bit: 0/1; bits are represented by electrical signals. Electronic circuit
element Transistor. Data Bus, Memory compartment contents,
Registers

Byte: Represents 8 bits of data. Or it points to the 1 byte memory slot.
It represents base-2 operations in memory. Address Bus; memory and
memory choose the eye.

Bit/sec: Represents the amount of data to be transferred or processed
per second. It is represented by exponential operations in base 10.

Qubit: Represents the smallest data in quantum caomputers. Qubits
are represented by electrons.



Digital Data (Binary numbering system)

* Types of data

— Text: ASCIl code, unicode

— Numbers: Integers, Reals, Floating point numbers, Fractional number, binary, ...

— Binary Number systems: Ondalikli sayi sistemi (Decimal) asagidaki sayi sistemine donuisturalur.
* Binary (iki sayi sistemi 0/1)
e Bits:Oyadal
* Bytes: 8bit
* Hexadecimal: 4bit
e Octal

* Numbers
— Binary number representation of integers
— If we save one bit to signify positive (+) or negative (-), then an n-bit binary word can represent integers in the
range: -27(n-1) -1 .. +27(n-1)
= ASCIl code (American Standard Committee on Information Interchange)
A unique 8-bit binary code for each character:

* A-Z, a-z,1-9, .,-1"£SS%N&*() +
» Special unprintable characters such as the
 ENTER key (CR for carriage return)



Binary Signals- Bit (0/1)

Binary signal, binary state signal: Two-state data (0/1).

— off & on

— It is carried and stored by electrical signals.

low voltage & high voltage; Ov & 5v

Bit: It is not only a mathematical concept, but also has its counterpart in the
physical world.

— The binary number system has the value 0 or 1 and nothing else.

— A bit is the smallest unit of information in a computer

0 1 | =0~
3.3V —
2.8V —
0.5V —
_‘,,..—-..._____,_.----...___J '\--'\J_.

0.0V



Bit

Bit is the basic concept, the cornerstone of information used in computer systems.
Bits consist of Os or 1s. They are mathematical objects, and they correspond to
physical situations.

A bit (0/1) is the basic unit of information. Bits are used to represent information in
computers. Regardless of its physical implementation, a bit is always understood to
be either a 0 or a 1. An analogy to this is a light switch with O representing the off
position and 1 representing the on position.

In normal or "classical” computing, the basic unit of information is the bit. A bit can
be in one of two states, 0 or 1.

The building block of classical computing devices is represented by the two-state
system (0/1).

In fact, any system that has a finite set of discrete, steady states with controlled
transitions between them will do.



Bit
The values a bit can take are 0 or 1. Number of states=271=2, State: 0.1

If we have two bits of information, how many states are there? There are 2"2= 4 situations.
Status: 00, 01, 10,11.

There are 8 states that three bits can take: 000, 001, 010, 011, 100, 101, 110, 111. Number of
states=273=8

The number of states that n bits can take = 2”n. It is defined as a state space.

For example, the temperature of the room is 25 degrees, this is information.

(25)d=274+7273+2"0; Indexing = 43210
(25)d=(11001)b , [(25)]_10=[(11001)]_2

How to convert a binary number to decimal? It is indexed starting with O from the right. Index
values from 1 to 2 are added together. [[((11001))_2=2/24+2"3+270=25.

(11001)b: this is information stored in the computer. It represents data in the binary number
system.

In the computer, all physical systems and signals are represented by bits.



Bit (0/1)

BIT is a unit of information equivalent to the result of a choice between only 2 possible
alternatives in the binary number system.

Bits consist of Os or 1s. They are mathematical objects and correspond to physical
situations.

It is information that is asked to a system and is one of two answers given as true or
false.

Bit is the basic concept, the cornerstone of information used in computer systems.
Bits are used to represent information by computers.
Regardless of its physical implementation, a bit is always understood to be O or 1.

An analogy to this is a light switch with O representing the off position and 1
representing the on position.

There are two types of bits, a classical cbit, bit (0,1) and a quantum bit, qubit (|0) , |0
).



Bit

Bit: In digital electronics and the binary number system, there are only values 0 and 1. All
operations are performed on these two values. Each piece of information O or 1 is called a bit.

Information consisting of bit—=>0/1

e Bits are the units used to describe an amount of data in a computer systems.
— 1 kilobit (Kbit) =1 x 103 bits = 1,000 bits
— 1 megabit (Mbit) =1 x 108 bits = 1,000,000 bits
— 1 gigabit (Gbit) =1 x 10° bits = 1,000,000,000 bits



Bit/Sec

Bit/Second: Bit/sec—>Serial bits (Data) are transmitted from one point to another. Or it is the
bit, that is, the amount of information processed in one second. BPS (Bit Per Second); The
number of bits transmitted per second is called bps.

* Seconds are the units used to measure time
— 1 millisecond (msec) =1 x 103 seconds =0.001 seconds
— 1 microsecond (msec) =1 x 10° seconds = 0.000001 seconds
— 1 nanosecond (nsec) =1 x 107 seconds =0.000000001 seconds
* Bits per second are the units used to measure channel capacity/bandwidth and throughput
— Bit per second (Bps)
— Kilobits per second (Kbps)
— Megabits per second (Mbps)



Calculating Memory Capacity

* The bit grouping created by the address lines of CPU selects the memory, memory slot and I/O unit by
using address lines. If the number of address lines is n bits, the memory capacity is 2n bytes.

e How many bytes in 64kbytes? 64*2210 bytes=2"6 * 2210=2716 bytes=2"n. Here n=16 is number of the
address lines of the memory.

* Then, if the number of address lines is 19, how much bytes is the memory capacity? How many Kbytes is
it?2719 bytes=2"9Kbytes=512Kbytes

* |f the memory capacity is 128Kbytes, what is the number of address lines? 128Kbyte=(227)*(27210)=2"17
bytes, number of address lines=17.

 The memory capacity is calculated by an enginner and its value is 397Gbytes, what is the number of
address lines? We don’t use 397, because we are looking for 2”n. So we take 512 (279) instead of 397.
Why? Because nearst and greater than 397. 512Gbyte = (229)*(2730) = 2739 bytes. Number of address
lines =39.

Question: How many address lines? 16 pieces. From where? Number of bit groupings, n=16

* Description: Since it defines the memory capacity of 64 Kbytes, there are 16 address bus lines. 2216=2+6 *
2710=64Kbytes



Bits and Bytes are Slightly Different

“Kilo” or “Mega” have slightly different values when used with bits per second or with bytes.

When Referring to Bytes (as in computer memory capacity)
— Kilobyte (KB) 210 =1,024 bytes
— Megabyte (MB)  220=1,048,576 bytes
— Gigabyte (GB) 230=1,073,741,824 bytes
— Terabyte (TB) 240 =1,099,511,627,776 bytes

 When Referring to Bits Per Second (as in transmission rates): It is the data processing or data
transfer rate.

— Kilobit per second (Kbps) = 1000 bps (thousand)

— Megabit per second (Mbps) = 1,000,000 bps (million)

— Gigabit per second (Gbps) = 1,000,000,000 bps (billion)

— Terabit per second (Tbps) = 1,000,000,000,000 bps (trillion)



Byte
Byte: Gives the memory size; alsa represent 8bits data. In electronics and computer science, it is
a memory measurement unit that generally incorporates 1 or O values along an 8-bit sequence
and is independent of the type of information recorded.

The term bit is defined as the smallest unit of memory that marks or describes an 8-bit value.
Byte->memory defines the 8-bit address box or memory size.

* Kilobyte (K) 2'°=1,024 bytes

* Megabyte (M) 22° = 1,048,576 bytes

* Gigabyte (G) 23°=1,073,741,824 bytes

* Terabytes (T) 24°=1,099,511,627,776 bytes

* Petabytes (P) 2°°=1,125,899,906,842,624 bytes

* Exabytes (E) 29°=1,152,921,504,606,846,976 bytes

« Zettabytes (Z) 27°=1,180,591,620,717,411,303,424 bytes

*  Yottabytes (Y) 28 = 1,208,925,819,614,629,174,706,176 bytes



Examples

How many Bytes is 12Gbyte?
* Instead 12 we take 16 alinir. (2”*n olmalidir.)
e 16GByte=2% 230 =234 Byte

How much Bytes is 16Gbyte?

How much Bytes is 128 Mbyte?
o 128MByte=27 220 =227 Byte

How much Bytes is 256Gbyte?
 256MByte=28 220 =228 Byte

How much Bytes is 4Kbyte?
4KByte=22 210 =212 Byte

How much Bytes is 32Tbyte?

«  32TByte=25 240 =245 Byte

32TByte=2> 240 =24 /210 =235 KByte
32TByte=2° 240 =24 /220 =225 MByte
. 32TByte=2> 240 =245 /230 =215 GByte
32TByte=2> 240 =24 /240 =25TByte

How much Bytes is 8Pbyte?
8PByte=23 2°0 =2°3 Byte



Baud Rate

Baud Rate is the unit for symbol rate or modulation rate in symbols per second or pulses per
second.

Example: Let the transmission speed of a data transmission line be 4800 baud/sec. If this
transmission contains information encoded with 4 bits per baud (symbol), our speed in bps is
4800 * 4 = 19200 bps. The purpose of using Baud Rate is to use bandwidth more efficiently.

* The symbol duration time T, can be calculated as: Ts=1/fs,where f, is the symbol rate.

 Example: Communication at the baud rate 1000 Bd means communication by means of
sending 1000 symbols per second. The symbol duration time
is 1/1000 second (that is, 1 millisecond). In digital systems with binary code, 1 Bd = 1 bit/s. By
contrast, non-digital (or analog) systems use a continuous range of values to represent
information and in these systems the exact informational size of 1 Baud varies.



https://en.wikipedia.org/wiki/Modulation
https://en.wikipedia.org/wiki/Digital_data
https://en.wikipedia.org/wiki/Binary_code
https://en.wikipedia.org/wiki/Analog_signal

Example
In the lab...

#7761 | [Tl | 1. Double click on My Computer
=y Labsl | 2. Right click on C:
eI L acal Disk 3. Click on Properties
File sp=tem: FAaT3z2
l - Uzed zpace: 1.97°7.475.072 bytes 1.845GE
Free zpace: 8065 7384 128 byte=s ¥.51GE

- Ilzed space: 1.977. 4750772 bptes 1.845E

Cirive Dizk Clearnup... I g /

Ok, I Cancel I Sl
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Bit processing

Data types: decimal, integer, floating, complex, binary, boolean, hex

Digital numbering system: bit (1/0), byte (8 bit), word (16 bit), double word (32 bit),
quad word (64 bit), double quad word (128 bit), ten byte (80 bit)

Converting binary number system to decimal or hex number system

Addition and Shift

Logic circuits, Boolean Algebra

Comparison: <,s, >, 2, #, =

Data transfer: bit/s

Data processing: bit/s

Data storage (memory): byte (2*n byte; n: number of the address bus lines)
Memory and memory slot selection (address bus lines are coming out of CPU)

Data bus: Number of parallel lines (bytes) written or read to memory in 1 plock period;
8bit, 16bit, 32bit, 64bit, 128bit, ...
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In binary numbering system Data Types and Size

* Abitis asingle binary digit (a 1 or 0).
* A byte is 8 bits

« A word is 16 bits or 2 bytes
 Double word is 32 bits or 4 bytes

* Long word = 8 bytes = 64 bits

* Quad word = 16 bytes = 128 bits

* Programming languages use these standard number of bits when organizing data
storage and access.

 What do you call 4 bits? (hint: it is a small byte) (Nibble)

Question: 1079 bit/sec (Data processing or data transfer speed)



Bits and Bytes

Most Signeficant Bit Least Significant Bit
{MSB) Bit (LSEBE)

! ) |
L LEEEEEE LR

I°— NIBSLE —’l-'— NIBEBLE —|=— NIBBLE —’|~— NIBEBLE —’I

l‘ BYTE -l BYTE "

I: WORD :I

Bit positions: 7 (S 5 4 3 2 1 0

RAM

address bus

-2
.22
23
»24
=25
»2°
=27

e
8]
o




DATA SIZE

Nibble 4 bit
Nibble = 4 bit (n=0-3) 4
Range:0-15 —
3 0
Byte 8 bit Byte = 8 bit (n = 0-7) |
Range: 0-255 —
Sign bit 7 Upper 4 LDwerRJibble
Nibble
Word 16 bit
Word = 16 bit (n=0-15) VIS IE
Range: 0-65535 —
Sign bit 15 Upperbyte 8 7 Lower byte 0
Long word 32 bit - biticaai -

Sign bit 31 Upperword

(Most significant Bit)

Ty

16 15 Lower word

Long Word = 32 bit (n = 0-31)
Range: 0 -4 294 967 295

0
LSB
(Least significant Bit)
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Data Types - size

63

15 87 O

High Low
Byte Byte
31 16 15 0)
High Word Low Word
32 31 0]

High Double Word

Low Double Word

64 63

High Quad Word

Low Quad Word

Byte

Word

Double Word

Quad Word

Double Quad
Word



Binary Numbering System



Binary System
The binary system uses the number 2 as the base. The only allowable digits are 0 and 1. With digital

circuits it is easy to distinguish between two voltage levels (i.e., +5 V and 0 V), which can be related to

the binary digits 1 and O (Figure 6.2). Therefore, the binary system can be applied quite easily to
computer systems. Since the binary system uses only two digits, each position of a binary
number can go through only two changes, and then a 1 is carried to the immediate left

position

e |
i

Vot -— High (H) (1)

I]]I‘III

0 -=— Low (L) (O)
Time

Figure 6.2 Digital signal waveform.



Binary Numbering System

Binary is base 2
Y
Symbols: 0, 1

Convention: (2)10 =(10)2 = (10)b
What is (110)b in base 10?
(110)b = (110)2 = (1 x 272) + (1 x 271) + (0 x 1”0) = (6)10




Binary number system

All computers use the binary system :
— Binary number system: Base = 2. Thus there are 2 numbers: 0 and 1.
— A single binary number is called a Binary diglT, or bit.
Computers perform operations on binary number groups called bytes.
Today, most computers use 32- or 64- bit :
Bytes are subdivided into 8-bit groups called bytes.
One-half a byte is sometimes referred