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WEEK: 1
TOPIC: CENTRAL PROCESSING UNIT
SPECIFIC OBJECTIVES:
By the end of the lesson, the students should be able to;
1. Define central processing unit
2. List the components of the central processing unit (CPU)
3. State the functions of Arithmetic Logic Unit (ALU) and Control Unit (CU).
Brief history of CPU
The Central Processing Unit (CPU) is the primary component of a computer responsible for processing data and executing instructions. The concept of the CPU dates back to the 1940s with the development of the first electronic computers such as the ENIAC, where processing units were built using thousands of vacuum tubes. These early computers were large, expensive, and consumed a great deal of electricity.
In the late 1950s, transistors replaced vacuum tubes, making computers smaller, faster, more reliable, and more energy-efficient. During the 1960s, integrated circuits (ICs) were introduced, allowing multiple electronic components to be placed on a single chip. 
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A major breakthrough occurred in 1971 when the Intel 4004, the world's first commercial microprocessor, was developed. This innovation placed the entire CPU on a single silicon chip, leading to the development of modern personal computers. Since then, CPUs have evolved to include multiple cores, larger cache memories, higher clock speeds, and advanced technologies that support artificial intelligence, graphics processing, and high-performance computing.
Today, CPUs are found not only in desktop and laptop computers but also in smartphones, tablets, embedded systems, automobiles, and many other digital devices. A PC’s processing capability is measured in terms of the data processed by the CPU processor in one operation. The processor speed is measured in Megabyte and Gigabyte.
DEFINITION OF CPU
The Central Processing Unit (CPU) is an electronic circuit mounted on the motherboard that serves as the brain of the computer, designed to interpret and execute program instructions, perform arithmetic and logical operations, and control the activities of all other hardware components. The CPU communicates with memory, storage devices, and input/output devices through the motherboard's buses, ensuring that data is processed accurately and efficiently.
In simple terms, the CPU is an integrated electronic circuitry on the motherboard that processes data, executes instructions, and controls the overall operation of a computer system.
Don’t forget The Central processing Unit is also known as ”Brain of the Computer” it’s the most important part of the computer where actual processing takes place. The central processing unit is the portion of the computer system that executes the instructions of a computer program and it can be found on the motherboard inside the system unit.

COMPONENTS OF THE CPU
1. The Arithmetic Logic Unit (ALU)
2. The Control Unit (CU)
3. FUNCTIONS OF THE CPU
1. Arithmetic Logic Unit (ALU): It is the part of the CPU that performs all the arithmetic and logic operations on data. It performs the following:
(a) Performs Arithmetic operations such as addition, subtraction, multiplication and division.
(b) Performs logical operations such as comparison between numbers, letter and special characters and bitwise logic operations like AND, OR, NOR etc.
2. Control Unit (CU): It is the most important part of the CPU; it controls and coordinates the activities of all the other units of the computer. It performs all these functions by issuing command to the relevant unit of the computer. The control unit performs the following basic functions on instructions.
(a) It fetches instruction from the main memory.
(b) It decodes instructions into signal, by interpreting the instruction that was fetched to determine the operation it will perform.
(c) It controls the execution of the instruction by coordinating the activities of the ALU, memory, and input/output devices.
(d) It controls the flow of data between the CPU, memory and peripheral devices which facilitate storing of results; the CPU must give some feedback after executing the instruction. The output data is written to the memory.
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Fig: CPU architecture
(a) Input: accepts data and instruction from the user and sends them into the computer i.e. Keyboard, mouse, scanner 
(b) Control unit: directs and coordinates all operations of the computer. It controls the flow of data between the cpu, memory, input, and output devices.
(c) Output: displays or produces processed information for the user. Examples: monitor, printer..etc
(d) Arithmetic & Logic unit: performs arithmetic and logical operation.
(e) Memory unit: temporarily stores data, instructions, and intermediate processing results. i.e RAM and ROM
(f) Secondary storage: stores data and program permanently. 
(g) Data flow: represents the path through which data and instructions move.
(h) System bus: connects the cpu, main memory, and secondary storage, allowing data, addresses, and control signals to move between them. 

EVALUATION:
1. List the components of the CPU
2. State two functions of the ALU
3. State the functions of the control unit


ASSIGNMENT:
1. Define central processing unit
2. Explain the computer execution cycle
3. State the components of the CPU
4. Write three functions of the control units
5. Differentiate Arithmetic logic unit from Control unit

MEMORY UNIT
SPECIFIC OBJECTIVES:
By the end of the lesson, the students should be able to;
1. State the types of memory.
2. Describe the primary and secondary memory.
3. State differences between primary and secondary memory.
4. State the units of storage.
5. Convert from one unit to the other.
6. List auxiliary storage devices.
7. Compare auxiliary storage devices
INTRODUCTION
Memory is the part of the computer that holds data and instruction before processing. Although closely associates with the central processing unit, memory is separated from it. The data and instructions from the input devices are sent into memory for storage by the control units.
THE COMPUTER MEMORY
The computer memory is the storage locations where data, program and information are stored.
TYPES OF MEMORY
1.	Primary storage/Main memory
2.	Secondary storage/Auxiliary memory



PRIMARY STORAGE (MAIN MEMORY)
The primary storage represents the core or internal storage areas of the computer system. It is where information and programs are stored for immediate processing by the CPU, for this reason, the main memory is also called “Immediate Access Memory”(ISA).

The two types of primary memory are:
1. The Read Only Memory (ROM)
2. The Random Access Memory (RAM).
ROM
ROM is a non-volatile memory that retains data stored on it even after the computer has put off.
The data inside the ROM cannot be changed.
There are three different variation of ROM

1. PROM: Meaning programmable ROM. It is the version of the memory chip that can be programmed by the user. Once the PROM is been programmed, the information written is permanent and cannot be erased.
2. EPROM: Stands for Erasable Programmable Read Only Memory. It is the version of the memory that can be erased and reprogrammed. To erase the store data, the EPROM chip is exposed to ultraviolet (UV) light through its transparent quartz window.
3. EEPROM: Electrically Erasable Programmable Read Only Memory. Can be erased and reprogrammed using an electrical charge without the need of moving the chip from the computer.
RAM
The RAM is the part of the primary memory that holds the data and programs that the CPU is processing. They are volatile because the content is lost when the computer is powered off.
SECONDARY MEMORY:
 The secondary storage or auxiliary storage is any storage device that is used to store data, information and programs outside the primary memory. They are non-volatile and higher storage capacity, but the access time is slow compared to the primary storage. It is called “Backup Storage”
Types of secondary storage devices include:
1. Floppy Disk
2. Hard Disk
3. Flash Drive
4. Optical Disks (Compact Disk (CD) and Digital Video Disk (DVD)

DIFFERENCES BETWEEN PRIMARY AND SECONDARY MEMORY
	PRIMARY MEMORY
	SECONDARY MEMORY

	1.
	These are semiconductors memories.
	These are magnetic and optical memories.

	
	
	

	2.
	They are characterized by as volatile random access memories (RAM) or non-volatile memories.
	
They are non-volatile.

	
	
	

	3.
	They contain programs and data that are currently being used by microprocessor.
	
They are used for bulk storage.

	
	
	

	4.
	These memories are fast enough to interact with the microprocessor.
	Slower than the primary memories.

	
	
	

	5.
	
Also known as the main memory.
	Also known as Backup memory or Auxiliary memory. E.g. Tapes floppies, Hard disc, CD ROMs, DVDs.

	6.
	Expensive to purchase and maintain
	Cheap to purchase and maintain

	7.
	They are connected to directly to processor.
	They are not connected to processor.



UNITS OF STORAGE
Units of storage are the various means of representing, storing and measuring data and information in the computer. It is one of the fundamental components of all modern computers. Computers understand 0’s and 1’s which are referred to as binary. The common units of storage in computer are:
1. Bits
2. Byte
3. Nibble
4. Character
5. Word 
6. Kilobyte (KB)
7. Megabyte (MB)
8. Gigabyte (GB)
9. Terabyte (TB)
10. Petabyte (PB)

1. BIT: This is the smallest unit of data that can be stored in the computer memory. This also means ‘BINARY DIGITS’ which is either 0 or 1.
2. BYTE: This is a unit of information consisting of 8 bits.
3. NIBBLE: Nibble is a computing term used for four-bit aggregation.
4. CHARACTER: This is used to express a set of 8bits. It corresponds to an alphabet or letter or a digit or a punctuation mark.
5. WORD: A word is a string of bits stored in computer memory.
6. KILOBYTE (KB): A unit of measurement indicating one thousand and twenty –four bytes (1024bytes).
7. MEGABYTE (MB): A unit of measurement indicating either one million bytes or 1048576 bytes i.e.  1024x1024 byte.
8. GIGABYTE (GB): A gigabyte is one billion bytes. 
It can also be 1000 megabytes or 1024x1024x1024 bytes
9. TERABYTE (TB): Terabyte stands for one trillion byte i.e. 1024 gigabyte which implies 1024x1024x1024x1024 bytes.
10. PETABYTE (PB): This is unit of information that is equal to 1024 terabytes i.e 1024x1024x1024x1024 x1024 bytes.


CONVERSION FROM ONE UNIT TO ANOTHER
Unit conversion is important because we need it to have answers that are universally accepted and meaningful.

	UNITS OF STORAGE
	SIZE

	I Kilobyte(KB)
	1024 bytes

	I Megabyte(MB)
	1024(KB)

	I Gigabyte(GB)
	1024(MB)

	I Terabyte(TB)
	1024(GB)

	I Peta byte(PB)
	1024(TB)

	I Nibble
	4bits

	1 Byte
	8bits



Example 1
Convert 2 byte to bits
Solution:
 Recall that 1 byte=8bits
This implies that 2 bytes=2x8
=16bits
Or 8+8=16bits

Example 2
Convert 2 KB to bytes
Solution:
Recall that 1 KB=1024byte
This implies that 2KB= 2x1024bytes
=2048bytes.

Example 3
Convert 4 Nibbles to bits
Solution:
Recall that 1 Nibble=4bits
This implies that 4 Nibbles= 4x4bits
=16bits.

Example 4
Convert 4GB to Megabyte.
Solution:
Recall that 1 GB=1024 MB
This implies that 4GB=4x1024
=4096MB

Comparison of auxiliary storage devices under size, speed and technology
· SIZE: Flash drive is small and portable than the DVD and CD Rom
· SPEED: Floppy disk is very slow in terms of speed than the flash drive and DVD
· TECHNOLOGY: Flash drive in terms of technology, portability, organization is better than the CD, DVD AND Floppy drive.           
EVALUATION
1. Convert 1.44MB to bytes
2. Differentiate between primary and secondary memory
3. Convert 3GB to megabyte
ASSIGNMENT
1. List three examples of secondary storage
2. Convert 5 Nibbles to bits
3. Convert 2 KB to bytes
4. Convert 4 MB to bits



TOPIC: LOGIC CIRCUITS (STANDARD SINGLE LOGIC GATES)
SPECIFIC OBJECTIVES:
By the end of the lesson, the students should be able to;
1. Define logic gate
2. List types of logic gates
3. Identify symbols of each logic gate
4. Recognize and state the input/output signals of each logic gate
5. Construct truth table for each logic gate
6. Write simple equation for each logic gate
7. State the differences in the standard logic gates
INTRODUCTION:
Logic gates takes on one or more logic-level inputs in binary form and produces a single logic-level output of either logic 1 or logic 0. The output can also serve as input to one or more logic gates. These essential function of the logic gates in digital circuits is to determine which circuit will give outputs of true (logic 1) or false (logic 0), when set of binary inputs are assigned to them.

LOGIC GATES
Logic gates are the basic building blocks of digital circuits. Circuits are collection of transistors or resistors.
Logic gates can be defined as the type of circuit that regulates the flow of electricity or optical signals in fiber optic computing system which the Boolean logic computers use to make complex decisions.

TYPES OF LOGIC GATES
There are three basic types of logic gates called the simple gates and they include:
a. AND gate
b. OR gate
c. NOT gate
d. 
AND GATE
The AND gate is a Boolean operator which gives the value one if and only if all the operands are one, and otherwise has a value of Zero.
Mathematically, AND gate means multiplication i.e if we have two inputs P and Q equal to an output R, this means
R=P.Q or R=PxQ
Example1.
If P =1 and Q =1
P and Q=1x1=1
Example2.
If P=1 and Q=0
P and Q=1x0=0

OR GATE
The OR gate is logic gate that gives an output of logic 1 if either or both of the inputs is 1. The output is usually 0 whenever both inputs are 0. Mathematically OR gate means addition i.e if we have two inputs P and Q equal to an output R, this means R=P+Q
Example1
If P=1 and Q=1
Then P+Q=1+1=1
Example2
If P=1 and Q=0
Then P+Q=1+0=1
Example3
If P=0 and Q=0
Then P+Q=0

NOT GATE (INVERTER)
The NOT gate is also known as inverter. It is a logic gate that gives a reversed output of its given input. A NOT gate can only have one input.
Exampl1
If P=0
NOT P=1 and vice versa.

LOGIC GATE REPRESENTATION
Logic gates are represented in a number of ways such as:
1. Logic gate symbols
2. Truth tables, and
3. Logic equation

LOGIC GATE SYMBOLS
Logic gates have symbols that distinguish them; these symbols are referred to as logic gate symbols.
There are basically two types of symbols for logic gates.
1. The Traditional Symbols: They are well recognized symbols and widely used in industries and education.
The traditional logic gate symbols are shown below.
Input1     P



Input    Q
Output R




Traditional AND logic gate symbol

Input1      (P)
Input2      (Q)
Output    (R)




Traditional OR logic gate symbol 	
Input   P
Output  R




Traditional NOT logic gate symbol

2. The IEC (International Electro-technical commission) Symbols:
They are rectangles with a symbol inside which shows the gate function, although they are not commonly used.
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IEC OR symbol
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IEC AND symbol
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                           IEC NOT symbol





INPUT AND OUTPUT SIGNALS OF LOGIC GATES
All logic gates have two types of signals namely:
1. High signal which is represented as 1
2. Low signal which is represented as 0

The logic gates generate their output signals based on these signals as well as the type of the logic gate used.

1. AND Gate
Example 1
If P =1 and Q =1
P and Q=1x1=1
1
    



1
1



Example 2
If P=1 and Q=0
P and Q=1x0=0
1
0
0





TRUTH TABLE
A truth table is a table that describes the behavior and functions of a logic gate. It is a table that contains the lists of value of the output for every combination of logic inputs.
The truth table for AND, OR and NOT logic gates are as follows:

AND GATE TRUTH TABLE
	INPUT  (P)
	INPUT (Q)
	P and Q. OUTPUT (R)

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1



OR GATE TRUTH TABLE
	INPUT  (P)
	INPUT (Q)
	P OR Q. OUTPUT (R)

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1



NOT GATE TRUTH TABLE
	INPUT  (P)
	NOT (P) OUTPUT(R)

	0
	1

	1
	0




LOGIC EQUATIONS
Another form of representing logic gates apart from logic gate symbols and truth table is the uses of logic equations, every input and output Boolean variable is represented using Alphabetic letters such as A,B,C,D……P,Q,R and so on.
1. For AND logic gates
P AND Q=R
Or
P^Q=R

2. For OR logic gates
PORQ= R
Or
PvQ=R

3. For NOT logic gates
NOT P=R
Or
~P=R

USES OF LOGIC GATES
1. ELECTRONICS
Logic gates are in fact building blocks of digital electronics they are formed by combining transistors to realize some digital operations like logical OR,AND,NOT.
Every digital product such as computers, mobile phones calculations and even digital watches contain logic gates.

2. DECISION MAKING
The term logic is usually used to refer to a decision making process. A logic gate is a circuit that can decide to say Yes or No as output based on inputs they get.

3. ALARMS
Logic gates are used to construct alarms used in cars and homes. When the alarm button in front of a house is depressed, the output is a logical 1(ON, TRUE or High signals) when send sound signals to the person inside the house informing him of the presence of someone.

4. FLASH MEMORY
Flash memory is a type of non-volatile memory allocation. The technology is common with flash drives. The most commonly used flash memories ar the NOR flash and NAND flash.

5. DIGITAL COMPARATOR
It is a very useful application of logic circuit. They are made from logic gates XOR, NOR, NOT, AND etc.


STUDENTS EVALUATION
1. Define logic gate
2. List three types of standard signals logic gates
3. Construct a truth table for
i. AND gate
ii. OR gate
iii. NOT gate



TOPIC: LOGIC CIRCUITS II (ALTERNATIVE LOGIC GATES)
 SPECIFIC OBJECTIVES:
By the end of the lesson, the students should be able to;
1. Describe alternative logic gates
2. List types of alternative logic gates
3. Identify symbols of each alternative logic gates
4. Recognize and state the input/output signals of each logic gate.
5. Construct truth table for each logic gate
6. Write simple equation for each logic gate
7. State the uses of logic gates
8. Construct a sample comparator using XOR.

DESCRIPTION OF ALTERNATIVE LOGIC GATES
Apart from the simple logic gates we treated earlier, we also have the complex logic gates these includes: XOR (Exclusive OR), NAND (NOT AND), NOR (NOT OR) and XNOR (Exclusive NOT OR).
The alternative logic gates form the pillar of logic in that other gates such as AND, NOT, OR, XOR, and XNOR can be created from their simple network. They are called the UNIVERSAL Gates.


The two alternative logic gates we have are:
1. NAND and
2. NOR gates.

TYPES OF ALTERNATIVE LOGIC GATES
NAND Gate
The NAND gate is an AND gate with a reversal or inverted output. The logic gate gives an output of logic1 or True only when the output of both P AND Q is a logic 0 or false. The output of both inputs P AND Q is a logic 1. Mathematically, NAND gate means inverse multiplication.
E.g
1. If P=1 and Q=1
Then P AND Q=1x1=1
NOT (P AND Q) =0
2.  If P=0 and Q=0
Then P AND Q=0x0=0
NOT (P AND Q) =1

NOR GATE
The NOR gate is an OR gate with a reversed inverted output. The logic gate gives an output of both inputs P OR Q is logic 0 or false. The output usually 0 or false whenever the output of either P OR Q is a logic 1.
E.g
1. If P=1 and Q=1
Then P OR Q=1+1=1
NOT (P OR Q) =0
2. If P=0 and Q=0
Then P OR Q=0+0=0
NOT (P OR Q) =1

REPRESENTATION OF ALTERNATIVELOGIC GATES
The alternative logic gates can also be represented as:
1. Logic gate symbol
2. Truth tables
3. Logic equations

1. Logic gate symbol
The alternative logic gate symbols are shown below 
Input 1
Input 2
Output R


 




                                   

                                                 
NOR Logic Gate Symbol (P+Q)

TRUTH TABLES
	
INPUT  (P)
	
INPUT (Q)
	
P and Q
	P NAND Q
OUTPUT(R)

	0
	0
	0
	1

	0
	1
	0
	1

	1
	0
	0
	1

	1
	1
	1
	0


Truth Table for NAND Logic Gate
	
INPUT  (P)
	
INPUT (Q)
	
P OR Q
	
P NOR Q=R

	0
	0
	0
	1

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	1
	0


Truth Table for NOR Gate

COMBINATIONAL GATES
1. EXOR Gate: This is called Exclusive –OR gate. It is a circuit that gives high output if any of its two inputs  are  high  but not both inputs     A
     B






	A
	B
	A (+) B

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	0



2. EXNOR gate (Exclusive NOR gate). It does the opposite of EXOR gate. It gives a low output of either of the two inputs are given high but not both
                                                                                       A
           B


                                                                                

	A
	B
	A (+) B

	0
	0
	1

	0
	1
	0

	1
	0
	0

	1
	1
	1




USES OF LOGIC GATES
1. ELECTRONICS
Logic gates are in fact building blocks of digital electronics they are formed by combining transistors to realize some digital operations like logical OR,AND,NOT.
Every digital product such as computers, mobile phones calculations and even digital watches contain logic gates.

2. DECISION MAKING
The term logic is usually used to refer to a decision making process. A logic gate is a circuit that can decide to say Yes or No as output based on inputs they get.

3. ALARMS
Logic gates are used to construct alarms used in cars and homes. When the alarm button in front of a house is depressed, the output is a logical 1(ON, TRUE or High signals) when send sound signals to the person inside the house informing him of the presence of someone.

4. FLASH MEMORY
Flash memory is a type of non-volatile memory allocation. The technology is common with flash drives. The most commonly used flash memories ar the NOR flash and NAND flash.

5. DIGITAL COMPARATOR
It is a very useful application of logic circuit. They are made from logic gates XOR, NOR, NOT, AND etc.

STUDENT EVALUATION
1. Describe a named-example of an alternative logic gate
2. List two types of standard alternative logic gate
3. Construct a truth table for 
a. NAND Gate
b. NOR Gate
 
TOPIC: COMPUTER DATA CONVERSION
SPECIFIC OBJECTIVES:
By the end of the lesson, the students should be able to;
1. Define the term register, address and busses 
2. List the types of register and their functions
3. State the differences between register and main memory
4. Outline the operating procedure of computer data processing
5. State factors affecting speed of data transfer.



INTRODUCTION
Computer data conversion involves the computer register, address and Bus. This is a type of transmission, communication and exchange of data that takes place during data processing in CPU.
DEFINITION OF COMPUTER REGISTER
Register are temporary storage areas for instruction or Data. They are high speed storage within the CPU all data must be represented in a register before it can be processed. E.g. If two numbers are to be multiplied, both numbers must be in register and the result also placed in a register. The register can contain the address of a memory location where data is stored rather than the actual data itself.
ADDRESS
An address is used to reference a storage location in main memory. It is a label name or number identifying where information is stored in the computer.
BUS
It is a collection of wires through which data is transmitted from one part of a computer to another. E.g. the data is responsible for transferring words from the central processing unit to the main memory. The two main computer buses are the internet (or system) bus and the external (or expansible bus).


TYPE OF REGISTERS
The types of registers are memory data Register (MDR) and current instruction Register (CIR).

FUNCTION OF A REGISTER
Memory Data Register (MDR)
1. It is used to hold data or the memory address that contains either the next piece of data or an instruction that is to be used.
2. It acts like buffer and holds data that is transferred from the memory to the processor.
3. It is used whenever the data is being transferred between central processing unit and main memory.

Current Instruction Register (CIR)
1. It is usually in control unit that contains the instruction that is to be executed by the CPU.
2. It is the instruction currently being executed by simple processors each instruction to be executed is located into the instruction register which holds it while it is prepared and executed. 
Accumulator Register
This register is used for storing the results that are produced by the system. When the CPU will generate some results after the processing, all the results will be stored in the AC register.
Index Register
A hardware element which holds a number that can be added to (or in some cases, subtracted from) the address portion of a computer instruction to perform an effective address.
Memory Buffer Register (MBR)
MBR is a type that holds the contents of data or instruction read or written in memory. It means that, this register is used to store data/instruction coming from or going to the memory.
DIFFERENCES BETWEEN REGISTER AND MAIN MEMORY
	REGISTER
	MAIN MEMORY

	1. Register temporary storage in the CPU that hold the data, the processor is currently working on.
	Main memory also known as the RAM holds the program instructions and the data the program requires.

	2. Register are located in the processor instead of RAM, so data can be accessed and stored faster.
	It is a fast storage that is directly accessible by the CPU data to be read and write.

	3. Have address for every data and identification.
	Does not have data address for location identification.

	
	

	4. Can transfer data to CPU
	Have no capacity to transfer data to the CPU.

	
	



DATA FETCH-EXECUTE CYCLE
Fetch execute cycle is the very basic way a computer works. All commands are executed through the running of this cycle.
The cycle contains 3 main parts
1. Fetch the instruction
The next instruction is fetched from the memory address that is currently stored in the instruction register (IR). At the end of the fetch operation, the pc points to the next instruction that will be read at the next cycle.
2. Decode the instruction
The decoder interprets the instruction. During this cycle the instruction inside the IR (instruction register) gets decoded.
3. Execute the instruction
The control unit of CPU passes the decoded information as a sequence of control signal to the relevant function units of the CPU to perform the action required by the instruction such as reading values from registers, passing them to the ALU to perform mathematical or logic functions on them.

OPERATING PROCEDURE OF COMPUTER PROCESSING
Data processing consists of all activities which are necessary to transfer data into information. This can be grouped under five basic categories as shown below

Collection

Conversion

Manipulation

Storage

Communication




1. Collection: Data originates in the form of events transaction or some observation.

2. Conversion: Once the data is collected, it is converted from its source documents to a form that is more suitable for processing.
3. Manipulation: Once data is collected and converted, it is ready for the manipulation function which converts data into information. Manipulation consists of the following activities:

a. Sorting: The arrangement of data items in a desired sequence.
b. Calculating: It is the arithmetic manipulation of data.
c. Summarizing: To condense or reduce masses of data to a more usable and concise form.
d. Comparing: To perform an evaluation in relation to some known measure.

4. Managing the output results: Once data has been captured and processed the following activities may be carried out.
a. String: To store is to hold data for continued or later used.
b. Retrieving: To recover or find again the stored data or information.

5. Communication: It is the process of sharing information.
6. Reproduction: To copy or duplicate data or information.
FACTORS AFFECTING SPEED OF DATA
1. BUS SPEED
The bigger the data bus the more data can be fetched at once and processed, making the computer faster
2. BUS WIDTH
This refers to how many bits of information the RAM can send to the CPU at the same time.
3. DATA TRANSFER MEDIUM
Different data transfer medium have different transfer rates.

STUDENT EVALUATION
1. Define
a. Register
b. Bus
2. List the types of register
3. State one function of
a.MDR
b.CIR
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Use the diagram below to answer questions 17 to 24.
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