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INTRODUCTION TO COMPUTERS 

 

          A computer is an electronic device which converts raw data into valid meaningful information. 

 It automatically accepts and store input data, process them and produce desired output..  

 A computer may defined as a machine that can solve problems by accepting data, performing certain 

operations and presenting the results of those operations under the direction of detailed step by step 

instructions. 

 Set of sequenced instructions which perform the operations is called a program 

 

     Computer is a programmable device. It consists of the following two principal characteristics. 

 It responds to a specific set of instructions. 

 It can execute a prerecorded list of instructions (program). 

      Hardware: 

Computers are actually machines. It has wires, transistors and circuits called hardware.  

Software: 

The data and instructions are called software.  

APPLICATION OF COMPUTER 

Business 

A computer has high speed of calculation, diligence, accuracy, reliability, or versatility which made it an 

integrated part in all business organizations. 

Computer is used in business organizations for: 

 Payroll calculations 

 Budgeting 

 Sales analysis 

 Financial forecasting 

 Managing employees database 

 Maintenance of stocks etc. 

Banking 

Banks provide following facilities: 

 Banks provide online accounting facility, which includes current balances, deposits, overdrafts, 

interest charges, shares, and trustee records. 

 ATM machines are making it even easier for customers to deal with banks. 
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Insurance 

Insurance companies are keeping all records up-to-date with the help of computers. The insurance 

companies, finance houses and stock broking firms are widely using computers for their concerns. 

Insurance companies are maintaining a database of all clients with information showing 

 procedure to continue with policies 

 starting date of the policies 

 next due installment of a policy 

 maturity date 

 interests due 

 survival benefits 

 bonus 

Education 

The computer has provided a lot of facilities in the education system. 

 The computer provides a tool in the education system known as CBE (Computer Based Education). 

 CBE involves control, delivery, and evaluation of learning. 

 The computer education is rapidly increasing the graph of number of computer students. 

 There are number of methods in which educational institutions can use computer to educate the 

students. 

 It is used to prepare a database about performance of a student and analysis is carried out on this 

basis. 

Marketing 

In marketing, uses of computer are following: 

 Advertising - With computers, advertising professionals create art and graphics, write and revise 

copy, and print and disseminate ads with the goal of selling more products. 

 At Home Shopping - Home shopping has been made possible through use of computerised 

catalogues that provide access to product information and permit direct entry of orders to be filled by 

the customers. 

Health Care 

Computers have become important part in hospitals, labs, and dispensaries. The computers are being used in 

hospitals to keep the record of patients and medicines. It is also used in scanning and diagnosing different 

diseases. ECG, EEG, Ultrasounds and CT Scans etc., are also done by computerized machines. 

Some major fields of health care in which computers are used are: 

 Diagnostic System - Computers are used to collect data and identify cause of illness. 

 Lab-diagnostic System - All tests can be done and reports are prepared by computer. 

 Patient Monitoring System - These are used to check patient's signs for abnormality such as in 

Cardiac Arrest, ECG etc. 

 Pharma Information System - Computer checks Drug-Labels, Expiry dates, harmful drug’s side 

effects etc. 

 Surgery : Nowadays, computers are also used in performing surgery. 
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Engineering Design 

Computers are widely used in Engineering purpose. 

One of major areas is CAD (Computer aided design). That provides creation and modification of images. 

Some fields are: 

 Structural Engineering - Requires stress and strain analysis for design of Ships, Buildings, 

Budgets, Airplanes etc. 

 Industrial Engineering - Computers deal with design, implementation and improvement of 

integrated systems of people, materials and equipments. 

 Architectural Engineering - Computers help in planning towns, designing buildings, determining a 

range of buildings on a site using both 2D and 3D drawings. 

Military         

Computers are largely used in defense. Modern tanks, missiles, weapons etc. Military also employs 

computerized control systems. Some military areas where a computer has been used are: 

 Missile Control 

 Military Communication 

 Military Operation and Planning 

 Smart Weapons 

Communication  

Communication means to convey a message, an idea, a picture or speech that is received and understood 

clearly and correctly by the person for whom it is meant for. Some main areas in this category are: 

 E-mail 

 Chatting 

 Usenet 

 FTP 

 Telnet 

 Video-conferencing 

Government 

Computers play an important role in government. Some major fields in this category are: 

 Budgets 

 Sales tax department 

 Income tax department 

 Male/Female ratio 

 Computerization of voters lists 

 Computerization of driving licensing system 

 Computerization of PAN card 

 Weather forecasting 
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Components of Computers 

 

Block diagram of computer 

 

The physical equipment & component which you can see, touch and feel in the computer system is called 

hardware. 

  The component of computer hardware is, 

 CPU 

 Memory 

 Input device 

 Output device 

Central processing unit: 

 

 The CPU is referred to as the “brain of the system”. 

 The part of the computer that executes program instruction is known as the processor or 

central processing unit.  

 CPU is on a single electronic component, the micro processor chip, within the system unit or 

system cabinet . 

 The system unit also includes circuit board, memory chip, ports and other components.  

The three parts of CPU: 

 ALU 

 Memory  

 Control unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control unit: 

 The control unit tells the rest of the computer system how to carry out the program’s instructions.  

 The control section of a computer sequences the operation of the computer,controlling the actions 

of all other units. 

 It directs the movement of electronic signals between memory-which temporarily holds data, 

instructions and processed information-and the ALU.  

 It also directs these control signals between the CPU and input/output devices. 

 

Arithmetic logic unit: 

 Arithmetic logic unit, usually called the ALU, performs two types of operations-arithmetic and 

logical.  

 Arithmetic operations are fundamental mathematical operation consisting of addition, 

subtraction, multiplication and division.  

 Logical operations consist of comparisons.  

Secondary or backup 

memory 

 

 

Input 

 

 

Output 

 

Memory unit 

 

ALU 

 

Control unit 
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 Two pieces of data are compared to see whether one is equal to, less than, or grater than the 

other. 

 

Memory: 

 Memory-also known as the primary storage or main a part of the microcomputer holds data for 

processing, instruction for processing the data and information. 

 The memory or storage section of the computer consists of the devices used to store the 

information that will be used during the computations. 

 Part of the contents of the memory is held only temporarily. 

 When you turn the machine off, the contents are lost.  

 The capacity of the memory to hold data and program instruction varies in different computers.  

Input device: 

Input device read the necessary data into the machine 

Input device is a conduit through which data and instruction enter a computer.  

Example: Keyboard, Mouse. 

Output device:   
 Output device is used to display the output to the user. 

 The output devices are used to record the results obtained by the computer and present them to 

the outside world 

      Example: Monitor, printer. 

Mass storage device: 
 It allows a computer to permanently retain large amount of data. 

 

            Computer has the following main components. 

  
a) Hardware: 

 Computer is a collection of several components working together.  

 Some of these components are essential, others add more performance. Adding extra parts 

expends the variety of task. 

 Computer is made up of the following parts. 

                   1) CPU 

                   2) Peripherals 

b) Software: 

 Software is the program that is run on the hardware. 

 It is classified into application software and system software. 

 System software is a set of programs that are used to control and co-ordinate the entire computer 

system. Eg) MS-DOS, MS-Windows. Etc. 

 Application software is a set of programs that are used to perform particular task. Eg) 

accounting software, banking etc. 

 

 Central processing unit 

Hardware       Software 

       CPU PERIPHERALS SYSTEM 

SOFTWARE 

APPLICATION 

SOFTWARE 
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 The CPU controls and executes all computer operations. 

 Cables are connected into back of CPU with Keyboard, Monitor, Mouse, Printer, etc. 

 

Components of CPU 

 

 The brain behind all processes of the computer is contained within the System Unit. 

 

o Motherboard 

o Processor 

o RAM Chips 

o Floppy Disk Drive 

o Hard disk drive 

o Power supply Box 

o Rom chips 

o Speaker 

o Empty RAM Chips Slots 

 

 Motherboard 

 All the electronic components in a pc are mounted on a Printed Circuit Board called Motherboard 

Processor 

 Microprocessor or CPU is most important component. 

 It carries out all the operation inside the computer. 

 Pentium II 

RAM Chips 

 It holds data and program. 

 When the computer is switched off, anything held in RAM is lost. 

Empty RAM Chip Slots 

 By adding extra RAM Chips or modules. 

Floppy Disk Drives 

 It consist slot to accept a floppy disk. 

 A recording/reading moves across the disk to write and read. 

Hard disk drive: 

 Main permanent unit. 

 It holds large amount of data. 

Power supply box 

 Components in a PC need electric power supply. 

 SMPS converts AC TO DC supply. 

Rom chips 

 Read Only Memory  chips have data written during manufacturing. 

 We cannot delete and alter content of ROM. 

Speaker 

Computer sound output. 

 

Different Types of computer Systems 

 

       Computers can be classified by size and power 

 Personal computer 

 Workstation 

 Minicomputer 

 Mainframe 

 Super computer 

Personal computer 
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 A small, single user computer. 

 It has a keyboard for entering data, a monitor for display the information, and a storage device for 

saving data. 

 Workstation 

 A powerful single user computer. 

 A workstation is like a personal computer. 

 More powerful microprocessor. 

 High quality monitor. 

 

 

Mini computer 

 A multi user computer capable of supporting 10 to hundreds of users simultaneously. 

Main Frame 

 A powerful multi user computer capable of supporting many hundreds of users simultaneously. 

Super computer 

 An extremely fast computer. 

 It cans Perform Hundreds of millions of instructions per second. 

 

CLASSIFICATION OF COMPUTERS 

 

Classifications: 

Computers may be classified according to the principles of operation, purpose and on the basis of 

their size and speed. 

       Types of computer: 

 Micro computer 

 Mini computer    

 Super computer    

 Network computer 

Micro computer: 

 Micro computer uses a microprocessor as the basic CPU.  

 Microprocessor consists of integrated circuits contained on LSI chips.  

 These are the smallest units. CPU, I/O unit, Memory are all implemented by integrated circuits 

contained on an LSI (large-scale integrated chip). 

Types: 

 Personal computer 

 Workstation 

 Portable  

Personal computer: 

 It is a single user computer.  

 It consists of less sophisticated video display screen, operating systems and networking capabilities. 

 Personal computer uses easy-to-use applications such as word processor, spreadsheets etc. 

 Example:  Acers Aspire, Compaq Presario, Intel, and Pentium.  

Workstation computer:  

 It is also a single user computer.  

 Workstations are a recently used computer and it is very expensive & powerful computer.  

 It is mainly used by engineers & Scientists. 

 It can handle the complex data, resolution is very high.   

 Most powerful workstation is called super micro. 

Portable Computer: 

 Portable computer are becoming smaller yet more powerful.  

 There are three categories of portable computer which can be easily carried around. 

Laptops/notebooks: 

 It may be AC-powered, battery powered or both.  
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 It is a very small size compares to digital computer.  

Sub note books: 

 It is small in size compare to laptop.  

 It has full display screen and keyboard.  

 These computers fit easily in to any briefcase.  

 Additionally have an external floppy disk drive and monochrome monitors.  

Personal Digital Assistants: 

 It is a pocket size computer that contains the scheduling message, address which you want to store.  

 It can have pen input, writing recognition, personal organizational tools and communicating 

capabilities.  

 The users of PDAs are executives and businessmen etc. 

Mini computer: 

 Mini computer also called as mid range computers were first developed as special purpose 

mainframe computers.  

 They were used to control machines in a manufacturing unit.  

 Most powerful minicomputer models is called super minis. 

 Minicomputers work well in distributed data processing (DDP). 

 Example: Client/Server model.  

Mainframe computer: 

 It is a room size system that is very large in size. 

 At the same way it has the large data to process. 

 It can handle large amount of data per second. 

 The users of this computer are insurance company, banking, and airline reservation. 

Super computer: 

 It is the fastest calculating device. 

 A super computer can operate a speed measured in nanoseconds and even in picoseconds. 

 Super computers are used by government agencies.  

 Large amount of data must be process quickly. 

 The difference b/w super computer and a mainframe is that a super computer channels all its power 

in to executing a few to execute as fast as possible. 

Network computer:   
 These are computers with minimal memory, disk storage and processor power designed to connect to 

a network, especially the internet.  

 Network computers designed to connect to the internet are sometimes called internet boxes.  

 Oracle corporation & sun micro systems are the leading developing company for network computers.  

 

PROGRAMMING LANGUAGES 

 Programming languages are said to be lower or higher, depending on whether they are closer to 

the language the computer itself uses or to the languages that people use higher. 

Five level of language. 

1) Machine language / first-generation languages. 

2) Assembly languages / second-generation languages. 

3) Procedural languages / third-generation languages. 

4) Problem-oriented languages / fourth-generation languages. 

5) Natural languages / fifth-generation languages.  

 

Machine languages: 

 Computers as being quite complicated ways of representing data have been constructed using 

the binary system of numbers. 

 This binary system is based on two digits 0 and 1. 

 The decimal system that we all use is based on ten digits-0 through 9. 

 Letters of the alphabet are also represented as number. 

 The letter A is represented as 1000001. 
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 Commas, semicolons and other special character are also represented as bunches of 0s and 1s. 

 In the early days of computers, with machines as the ENIAC, which uses vacuum tubes, 

machine switches have been replaced by machine programming –program with statements 

consisting of 0s and 1s that electrically set the switches, with 0 representing off and 1 

representing on. 

 Programming directly in machine language- the lowest level of programming language, in 

which information is represented as 0s and 1s. 

Advantages: 

 Its execution is very fast and efficient because the computer can accept the machine code. 

Disadvantages: 

 Complexity. 

 The language are machine dependent. 

 

Assembly languages: 

 

 1950s, to reduce programming complexity and provide some standardization, assembly 

languages were developed.  

 Assembly languages, also known as symbolic languages use abbreviation or mnemonic code-

codes more easily memorized-to replace the 0s and 1s of machine languages. 

 

 The machine languages segment we saw above is as follows: 

o 11110010        01110011     11010010 

 This could be expressed in assembly languages statement as: 

o PACK 210(8, 13) 

 Assembly languages do not replace machine language. 

 for an assembly language program to be executed ,it must  be converted to machine code.  

 The assembly language program is referred to as a source program whereas; the machine 

language program is an object program. 

 Assembly language is very similar in form to machine language code. Assembly language 

instruction called macro instruction executed batches of one-to-one instruction. 

  

Assembly languages offer several advantages: 

 They are more standardized and easier to use than machine languages. 

 They operate very efficiently, although not as the machine languages. 

 They are easier to debug because programs locate and identify syntax errors. 

 

Disadvantages: 

 Assembly language programs are usually very long. 

 Through less abstract than machine languages, assembly languages programs are still complex. 

 Through more standardized than machine languages, assembly languages are still machined 

dependent. 

HIGH LEVEL LANGUAGES 

 It is used by reducing number of computer operations. 

 This is third generation language. 

 It is sub divided into 3 generations. 

 

 Procedural –oriented or third generation 

 Problem oriented or fourth generations 

 Natural or fifth generations 

Procedural –oriented or third generation 
 High level languages are often classified as general problems or specific problems. 

 General problems programming languages are called procedural languages or third generation 

languages. 
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 Languages are Pascal, BASIC, COBOL, FORTRAN. 

Advantages: 

 Program statements are resemble English 

 Less time 

 Programs are easier to understand and to modify. 

 Machine independent. 

Disadvantages: 

 Programs are executed slowly. 

 Languages use computer resource less efficiency. 

Problem oriented or fourth generations 

 Specific problems programming languages are called Problem-oriented languages or third 

generation languages. 

 To solve the problems. 

Several kinds of application development tools: 
 Personal computer application software 

 Query languages and report generators. 

 Decision support systems and financial planning languages. 

 Application generators. 

Natural or fifth generations 
 Natural Languages are still in development stages. 

 Two characteristics 
o They are designed to make the connection that human have with computers more natural 

more humanlike. 

o They are designed to allow the computer to become smarter. 

 Examples: LISP, PROLOG. 

 

NUMBER SYSTEM 

 

               "A set of values used to represent different quantities is known as Number System".  

Some important number systems are as follows. 

 Decimal number system 

 Binary number system 

 Octal number system 

 Hexadecimal number system 

Decimal Number System  

 Decimal number system has 10 symbols or digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9). Hence, its 

base = 10  

 

 The maximum value of a single digit is 9 (one less than the value of the base)  

 

 Each position of a digit represents a specific power of the base (10)  

 

Example 
258610 = (2 x 103) + (5 x 102) + (8 x 101) + (6 x 100) 

= 2000 + 500 + 80 + 6 

Binary Number System 

 A Binary number system has only two digits that are 0 and 1.  

 Every number (value) represents with 0 and 1 in this number system.  

 The base of binary number system is 2, because it has only two digits. 
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Octal number system 

Octal number system has only eight (8) digits from 0 to 7. 

 Every number (value) represents with 0,1,2,3,4,5,6 and 7 in this number system.  

The base of octal number system is 8, because it has only 8 digits. 

Hexadecimal number system 

 A Hexadecimal number system has sixteen (16) alphanumeric values from 0 to 9 and A to F. 

 Every number (value) represents with 0,1,2,3,4,5,6, 7,8,9,A,B,C,D,E and F in this number system. 

 The base of hexadecimal number system is 16, because it has 16 alphanumeric values. 

 Here A is 10, B is 11, C is 12,D is 13, E is 14 and F is 15. 

 

COUNTING IN THE BINARY SYSTEM: 

Decimal Binary              Hex 

0 0000 0 

1 0001 1 

2 0010 2 

3 0011 3 

4 0100 4 

5 0101 5 

6 0110 6 

7 0111 7 

8 1000 8 

9 1001 9 

10 1010 A 

11 1011 B 

12 1100 C 

13 1101 D 

14 1110 E 

15 1111 F 

 

 

 

BINARY ADDITION & BINARY SUBTRACTION: 

Binary Addition 

It is a key for binary subtraction, multiplication, division. There are four rules of binary addition. 
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In fourth case, a binary addition is creating a sum of (1 + 1 = 10) i.e. 0 is written in the given column and a 

carry of 1 over to the next column. 

Example − Addition 

 

Binary Subtraction 

Subtraction and Borrow, these two words will be used very frequently for the binary subtraction. There 

are four rules of binary subtraction. 

 
Example − Subtraction 

 
Binary Multiplication 

Binary multiplication is similar to decimal multiplication. It is simpler than decimal multiplication because 

only 0s and 1s are involved. There are four rules of binary multiplication. 

 
Example − Multiplication 

 



Page 13 of 18 

 

Binary Division 

Binary division is similar to decimal division. It is called as the long division procedure. 

Example − Division 

 

CONVERSION: 

Decimal to binary conversion 

Decimal System 

Base 10 numbering system since it is based on 10 following symbols: 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. 

Binary System 

Binary is the simplest kind of number system that uses only two digits of 0 and 1.  

Decimal to binary conversion examples 

 (51)10 = (110011)2 

 (217)10 = (11011001)2 

 (8023)10 = (1111101010111)2 

Decimal Binary Conversion Chart Table 

 
Other example: 
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Example: Decimal to Binary Conversion 

Decimal to Octal 

 
Example: Decimal to Octal Conversion 

For example, to convert the decimal number 8610 to octal: 

Divide 8610 by the system radix, which when converting to octal is 8. This gives the answer 10, with a 

remainder of 6. 

Continue dividing the answer by 8 and writing down the remainder until the answer = 0 

Now simply write out the remainders, starting from the bottom, to give 1268 

Therefore 8610 = 1268 

Decimal to Hexadecimal 

 
Example: Decimal to Hexadecimal Conversion 

It also works to convert decimal to hexadecimal, but now the radix is 16: 

As some of the remainders may be greater than 9 (and so require their alphabetic replacement), you may 

find it easier to use Decimal for the remainders, and then convert them to Hex. 

Therefore 286110 = B2D16 

Binary to Decimal 

Convert 11012 to decimal. 

The same method can be used to convert binary number to decimal: 

= (1x23)+(1x22)+(0x21)+(1x20) 

= 8 + 4 +0 +1 
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= 1310 

Therefore 11012 = 1310. 

Octal to Decimal 

For example the system radix of octal is 8, since any of the 8 values from 0 to 7 can be written as a single 

digit. 

Convert 1268 to decimal. 

Using the values of each column, (which in an octal integer are powers of 8) the octal value 1268 can also 

be written as: 

(1x82) + (2x81) + (6 x 80) 

As (82 = 64), (81 = 8) and (80 =1), this gives a multiplier value for each column. 

Multiply the digit in each column by the column multiplier value for that column to give: 

1x64 = 64       2x8 =16       6x1 = 6 

Then simply add these results to give the decimal value. 

64 + 16 + 6 = 8610 

Therefore 1268 = 8610. 

 

Octal to Binary 

Converting from octal to binary is as easy as converting from binary to octal. Simply look up each octal digit 

to obtain the equivalent group of three binary digits.  

Octal: 0 1 2 3 4 5 6 7 

Binary: 000 001 010 011 100 101 110 111 

 

Octal  = 3 4 5 
 

Binary = 011 100 101 = 011100101 binary 

Octal to Hexadecimal 

When converting from octal to hexadecimal, it is often easier to first convert the octal number into binary 

and then from binary into hexadecimal. For example, to convert 345 octal into hex:  

(from the previous example) 

Octal  = 3 4 5 
 

Binary = 011 100 101 = 011100101 binary 

http://www.learnabout-electronics.org/Digital/dig11.php#columns
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Drop any leading zeros or pad with leading zeros to get groups of four binary digits (bits): 

Binary 011100101 = 1110 0101 

Then, look up the groups in a table to convert to hexadecimal digits. 

Binary: 0000 0001 0010 0011 0100 0101 0110 0111 

Hexadecimal: 0 1 2 3 4 5 6 7 

Binary: 1000 1001 1010 1011 1100 1101 1110 1111 

Hexadecimal: 8 9 A B C D E F 

 

Binary = 1110 0101 
 

Hexadecimal = E 5 = E5 hex 

Hexadecimal to Decimal 

Convert B2D16 to decimal. 

Using the same method to convert hexadecimal to decimal. 

= (Bx162)+(2x161)+(Dx160) 

= (11x162)+(2x161)+(13x160) 

= 2816 + 32 +13 

= 286110 

Therefore B2D16 = 286110. 

 

 

NEGATIVE NUMBER: 

Ones Complement 

The complement (or opposite) of +5 is −5. When representing positive and negative numbers in 8-bit 

ones complement binary form, the positive numbers are the same as in signed binary notation described 

in Number Systems Module 1.4 i.e. the numbers 0 to +127 are represented as 000000002 to 011111112. 

However, the complement of these numbers, that is their negative counterparts from −128 to −1, are 

represented by ‘complementing’ each 1 bit of the positive binary number to 0 and each 0 to 1. 

For example: 

+510 is 000001012 

−510 is 111110102 

http://www.learnabout-electronics.org/Digital/dig14.php
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.  

 Adding Positive & Negative Numbers in Ones Complement 

 
Adding Positive & Negative Numbers in Ones Complement 

Two’s Complement: 

Two’s complement notation solves the problem of the relationship between positive and negative 

numbers, and achieves accurate results in subtractions. 

Two’s Complement Addition 

Fig 1.5.4 shows an example of addition using 8 bit twos complement notation. When adding two positive 

numbers, their the sign bits (msb) will both be 0, so the numbers are written and added as a pure 8-bit 

binary addition. 

 
Adding Positive Numbers in Twos Complement 

 

 

 

9'S 10'S COMPLEMENT: 

   

9's 10's complement, it is relatively easy to find out the 10's complement after finding out the 9,s 

complement of that number. We have to add 1 with the 9,s complement of any number to obtain the desired 

10's complement of that number. Or if we want to find out the 10's complement directly, we can do it by 

following the following formula, (10n - number), where n = number of digits in the number. An example is 

given below to illustrate the concept of obtaining 10’s complement 

 

Let us take a decimal number 456, 9's complement of this number will be 
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10's complement of this no 

 

 
9's complement subtraction We will understand this method of subtraction via an example A = 215 B = 155 

We want to find out A-B by 9's complement subtraction method 

First we have to find out 9’s complement of B 

 

Now we have to add 9’s complement of B to A 

 

The left most bit of the result is called carry and is added back to the part of the result without it 
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FUNDAMENTAL CONCEPTS OF BOOLEAN FUNCTIONS: 
  

1) A binary variable can take the value of 0 and 1. 

2) A boolean function is an expression formed with binary variables, the two binary 

operators OR  and AND, the unary operator NOT, parentheses, equal sign. 

3) For a given value of the variables, the function can be either 0 or 1. 

 

Example: 
  

F1 = xyz' 

F1 = 1 if x = 1 and y = 1 and z' = 1; 

otherwise F1 = 0 

  

GATES: 

 

A logic gate is an elementary building block of a digital circuit. Most logic gates have two inputs 

and one output.  

every terminal is in one of the two binary conditions low (0) or high (1), represented by 

different voltage levels.  

 

There are seven basic logic gates: AND, OR, XOR, NOT, NAND, NOR, and XNOR. 

 

AND GATES AND OR GATES: 

The  + and . operations are physically realized by two types of electronic circuits called OR gates 

and AND  gates. 

AND gate 

   

http://searchcio-midmarket.techtarget.com/definition/digital
http://searchcio-midmarket.techtarget.com/definition/circuit
http://searchcio-midmarket.techtarget.com/definition/binary
http://whatis.techtarget.com/definition/voltage
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The AND gate is an electronic circuit that gives a high output (1) only if all its inputs are high.   

A dot (.) is used to show the AND operation i.e. A.B. 

  Bear in mind that this dot is sometimes omitted i.e. AB 

 

 

 

OR gate: 

   

The OR gate is an electronic circuit that gives a high output (1) if one or more of its inputs are 

high. 

 A plus (+) is used to show the OR operation. 

  

COMPLEMENTATION AND INVERTERS: 

Singular or unary operations, which define an operation on a single variable. 

NOT gate 

The NOT gate is an electronic circuit that produces an inverted version of the input at its output. 

 It is also known as an inverter.  

 

   

 If the input variable is A, the inverted output is known as NOT A.  This is also shown as 

A', or A with a bar over the top, as shown at the outputs. 

 The diagrams below show two ways that the NAND logic gate can be configured to 

produce a NOT gate.  

 It can also be done using NOR logic gates in the same way. 

  
 

NAND GATE 
The NAND and NOR gates are the universal gates. Each of this gates can realize the logic 

circuits single handedly. The NAND and NOR are also called as universal building blocks. Both 

NAND and NOR has the ability to perform three basic logic functions such as AND,OR and 
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NOT. NAND gate is a combination of an AND gate and a NOT gate. The expression for the 

NAND gate is ‘—‘whole bar. The output of the NAND gate is at logic 0 level only when each of 

the inputs assumes a logic 1 level. The truth table of two-input NAND gate is given below: 

 
2 Input NAND Gate -Truth Table 

 

NOR GATE 
NOR means NOT OR. That means, NOR gate is a combination of an OR gate and a NOT gate. 

The output is logic 1 level, only when each of its inputs assumes a logic 0 level. For any other 

combination of inputs, the output is a logic 0 level. The truth table of two-input NOR gate is 

given below: 

 
2 Input NOR Gate – Truth Table 

http://www.circuitstoday.com/wp-content/uploads/2010/04/2-Input-NAND-Gate-Truth-Table.jpg
http://www.circuitstoday.com/wp-content/uploads/2010/04/2-Input-NOR-Gate-Truth-Table.jpg
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3 Input NOR Gate -Truth Table 

EXCLUSIVE-OR GATE (X-OR) GATE 

 

An X-OR gate is a two input, one output logic circuit. X-OR gate assumes logic 1 state 

when any of its two inputs assumes a logic 1 state. When both the inputs assume the logic 0 state 

or when both the inputs assume the logic 1 state, the output assumes a logic 0 state. The output 

of the X-OR gate will be the sum of the modulo sum of its inputs.  

X-OR gate is also termed as anti-coincidence gate or inequality detector. An X-OR gate 

can also be used as inverter by connecting one of the two input terminals to logic1 and also by 

inputting the sequence to be inverted to the other terminal. 

 
X-OR Gate – Truth Table 

EXCLUSIVE-NOR (X-NOR) GATE 

 

An X-NOR gate is a combination of an X-OR gate and a NOT gate. The X-NOR gate is also a 

two input, one output concept. The output of the X-NOR gate will be logic 1 state when both the 

inputs assume a 0 state or when both the inputs assume a 1 state. The output of the X-NOR gate 

http://www.circuitstoday.com/wp-content/uploads/2010/04/3-Input-NOR-Gate-Truth-Table.jpg
http://www.circuitstoday.com/wp-content/uploads/2010/04/X-OR-Gate-Truth-Table.jpg


 

Page 5 of 11 
 

will be logic 0 state when one of the inputs assume a 0 state and the other a 1 state. It is also 

named as coincidence gate, because its output will be 1 only when the inputs coincide.  

X-NOR gate can also be used as inverter by connecting one of the two input terminals to logic 0 

and also by inputting the sequence to be inverted to the other terminal. 

 
X-NOR Gate – Truth-Table 

 

EVALUATION OF LOGICAL EXPRESSIONS: 

The tables of values for the three operation just explained are sometimes called truth tables, or 

tables of combinations. 

One of the variables, Z is complemented in the expression X+YZ. 

X Y Z 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

 

X Y Z  Z 

0 0 0 1 

0 0 1 0 

0 1 0 1 

0 1 1 0 

1 0 0 1 

1 0 1 0 

1 1 0 1 

1 1 1 0 

http://www.circuitstoday.com/wp-content/uploads/2010/04/X-NOR-Gate-Truth-Table.jpg
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X Y Z   Z     y Z 

0 0 0 1 0 

0 0 1 0 0 

0 1 0 1 1 

0 1 1 0 0 

1 0 0 1 0 

1 0 1 0 0 

1 1 0 1 1 

1 1 1 0 0 

 

X Y Z  Z y Z X+YZ 

0 0 0 1 0 0 

0 0 1 0 0 0 

0 1 0 1 1 1 

0 1 1 0 0 0 

1 0 0 1 0 1 

1 0 1 0 0 1 

1 1 0 1 1 1 

1 1 1 0 0 1 

 

EVALUATION OF AN EXPRESSION CONTAINING PARENTHESES: 

x ( y + z ) = xy + xz 

x y Z y+z 

0 0 0 0 

0 0 1 1 

0 1 0 1 

0 1 1 1 

1 0 0 0 

1 0 1 1 

1 1 0 1 

1 1 1 1 

 

 x  y  z  y+z x.(y+z) 

 0  0  0    0      0 

 0  0  1    1     0 

 0  1  0    1     0 

 0  1  1    1     0 

 1  0  0    0     0 

 1  0  1    1     1 

 1  1  0    1     1 
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 1  1  1    1     1 

 

x y Z x.y 

0 0 0 0 

0 0 1 0 

0 1 0 0 

0 1 1 0 

1 0 0 0 

1 0 1 0 

1 1 0 1 

1 1 1 1 

 

 x  y  z x.z 

 0  0  0   0 

 0  0  1   0 

 0  1  0   0 

 0  1  1   0 

 1  0  0   0 

 1  0  1   1 

 1  1  0   0  

 1  1  1   1 

 x  y  z x.y x.z xy + xz 

 0  0  0   0   0      0 

 0  0  1   0   0      0 

 0  1  0   0   0      0 

 0  1  1   0   0      0 

 1  0  0   0   0      0 

 1  0  1   0   1      1 

 1  1  0   1   0       1 

 1  1  1   1   1      1 

 

 x  y  z  y+z x.(y+z) x.y x.z xy + xz 

 0  0  0    0      0   0   0      0 

 0  0  1    1     0   0   0      0 

 0  1  0    1     0   0   0      0 

 0  1  1    1     0   0   0      0 

 1  0  0    0     0   0   0      0 

 1  0  1    1     1   0   1      1 

 1  1  0    1     1   1   0       1 

 1  1  1    1     1   1   1      1 
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BASIC LAWS OF BOOLEAN ALGEBRA: 

RULES: 

1) 0+X=X 

2) 1+X=1 

3) X+X=X 

4)  X+X=1 

5) 0.X=0 

6) 1.X=X 

7)  X.X=0 

8) X.X=X 

9) X=X 

10) X+Y=Y+X 

11) X.Y=Y.X 

12) X+(Y+Z)=(X+Y)+Z 

13) X(YZ)=(XY)Z 

14) X(Y+Z)=XY+XZ 

15) X+XZ=X 

16) X(X+Y)=X 

17) (X+Y)(X+Z)=X+YZ 

18) X+XY=X+Y 

19) XY+YZ+YZ=XY+Z 

These rules may be used to construct a Boolean algebra. 

If X = 0, then X=1 and if X  = 1, then X=0 

  OR  OPERATION   AND OPERATION        COMPLEMENT RULES

   

PROOF BY PERFECT INDUCTION: 

There are at least two paths to demonstrate a theorem: the classic algebraic method and perfect 

induction case, very useful in Boolean Algebra. 

This last path says that if you check the veracity of a theorem for all possible input combinations, 

then the theorem is true in its entirety. This is, if it is fulfilled in each case, it is fulfilled in 

general. This path can be used in Boolean Algebra since the variables have only two possible 

values: 0 and 1, whilst in our algebra each variable can have infinite values. 
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For example, to demonstrate the distributed property of the sum against the product (which is not 

fulfilled in common algebra). X+(Y·Z) = (X+Y)·(X+Z) 

  

X Y Z X+(Y·Y) (X+Y)·(X+Z) 

0 0 0 0 0 

0 0 1 0 0 

0 1 0 0 0 

0 1 1 1 1 

1 0 0 1 1 

1 0 1 1 1 

1 1 0 1 1 

1 1 1 1 1 

In the table you can see that all possible values for X, Y and Z, the expressions X+(Y·Z) y 

(X+Y)·(X+Z) are identical, and thus, by perfect induction, both expressions are equivalent. The 

mechanism of demonstration by perfect induction is very useful in Boolean Algebra. 

Example: 

xy + x'z + yz             =          xy + x'z + yz ( x + x' ) 

                                    =          xy + x'z + xyz + x'yz 

                                    =          xy ( 1 + z ) + x'z ( 1 + y ) 

                                    =          xy + x'z 

Therefore  

xy + x'z + yz  = xy + x'z 

SIMPLIFICATION OF EXPRESSIONS: 

 Complex combinational logic circuits must be reduced without changing the function of 

the circuit. 

 Reduction of a logic circuit means the same logic function with fewer gates and/or inputs. 

 The first step to reducing a logic circuit is to write the Boolean Equation for the logic 

function. 

 The next step is to apply as many rules and laws as possible in order to decrease the 

number of terms and variables in the expression. 

 To apply the rules of Boolean Algebra it is often helpful to first remove any parentheses 

or brackets. 

 After removal of the parentheses, common terms or factors may be removed leaving 

terms that can be reduced by the rules of Boolean Algebra. 

 The final step is to draw the logic diagram for the reduced Boolean Expression. 

 Some Examples of Simplification 
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Perform FOIL (Firt - Outer - Inner - Last) 

AA = A (Anything ANDed with itself is itself) 

Find a like term (A) and pull it out. (There is an A in A, AC, and AB). Make sure you leave the 

BC alone at the end. 

Anything ORed with a 1 is a 1 (1+C+B=1). 

Anthing ANDed with a 1 is itself (A1=A) 

 

Some Examples of Simplification (cont.) 

Find like terms and pull them out. 

Anything ORed with its own complement equals 1. 

Anything ANDed with 1 equals itself. 

  

DEMORGAN’S THEOREM 

 De Morgan's theorem allows large bars in a Boolean Expression to be broken up into 

smaller bars over individual variables. 

 De Morgan's theorem says that a large bar over several variables can be broken between 

the variables if the sign between the variables is changed. 

 De Morgan's theorem can be used to prove that a NAND gate is equal to an OR gate with 

inverted inputs. 

 De Morgan's theorem can be used to prove that a NOR gate is equal to an AND gate with 

inverted inputs. 

 In order to reduce expressions with large bars, the bars must first be broken up. This 

means that in some cases, the first step in reducing an expression is to use De Morgan's 

theorem. 

 It is highly recommended to place parentheses around terms where lines have been 

broken. 
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 For example: 

 

  

 DeMorgan (cont.) 

   

Applying DeMorgan's theorem and the distribution law: 

 

BASIC DUALITY OF BOOLEAN ALGEBRA 

De morgan’s theorem expresses a basic duality which underlies all Boolean algebra. The 

postulates and theorems which have been presented can all be divided into pairs. 

For example (X+Y)+Z=X+(Y+Z) is the dual of (XY)Z=X(YZ),and X+0=x is the dual of X.1=X. 

INPUTS INPUTS OUTPUT 

X Y Z 

0 0 1 

0 1 0 

1 0 1 

1 1 1 

 

****************** UNIT II COMPLETED ************************* 



MUTHAYAMMAL COLLEGE OF ARTS & SCIENCE, RASIPURAM. 

DEPARTMENT OF    COMPUTER SCIENCE 

Staff Name : A.RAJA PRABHU     B.Sc., COMPUTER SCIENCE      Unit  :   III 

Paper Code  : 179UCS01         Paper Name :  DIGITIAL COMPUTER  FUNDAMENTALS    

 

INTERCONNECTING GATES: 

 

 

Converting a logic diagram to a Boolean expression 

Given the logic gates below. First look at how the gates are connected to each other. Notice how 

there are 2 sets of AND gates going into an OR gate. Lay it out logically like this (something 

AND something) OR (something AND something). 

In this case it would be: (A AND B) OR (C AND B) Change the AND / OR to their Boolean 

symbols and you have: (A*B) + (C*D). So Q=(AB) + (CD)  (Notice The AND gates are 

generally grouped together with parenthesis. I also dropped the *. When terms are placed next to 

one another a multiplication is implied. 

 

 Here is another example 

 Keeping gates together, think about how they are grouped. 

 F and J are going into an OR gate. 

Highlight
MUTHAYAMMAL

Free Hand

Free Hand



  

Page 2 of 19 
 

 T and U are going into an AND gate 

 The outputs of those 2 gates goes to an OR gate. 

 The final output would be: R = (F + J) + (TU) 

  

 When NAND and NOR gates are used. Just make sure you place the bar over the expression that 

is inverted. 

  

 Boolean Expression to Logic Diagram 

Take the expression: H=(A+B)C 

This tells us that A is ORed with B and that is ANDed with C. The logic gates would look like 

this. 

 

 How about: A = R + GJK + FW 
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 More examples: 

 

 

 How to interpret A•B+C? 

Is it A•B ORed with C? Is it A ANDed with B+C? 

Order of precedence for Boolean algebra: AND before OR. 

The following is correct. 

 

Sum of Products (SOP) and Product of Sums (POS): 
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SUM OF PRODUCTS (SOP) 

A boolean expression consisting purely of Minterms (product terms) is said to be in canonical 

sum of products form.  

Example 

lets say, we have a boolean function F defined on two variables A and B. So, A and B are the 

inputs for F and lets say, output of F is true i.e., F = 1 when any one of the input is true or 1. 

Now we draw the truth table for F.  

Now we will create a column for the minterm using the variables A and B. If input is 0 we take 

the complement of the variable and if input is 1 we take the variable as is.  

To get the desired canonical SOP expression we will add the minterms (product terms) for 

which the output is 1.  

F = A’B + AB’ + AB  

PRODUCT OF SUMS (POS) 

A boolean expression consisting purely of Maxterms (sum terms) is said to be in canonical 

product of sums form.  

Example 

Lets say, we have a boolean function F defined on two variables A and B. So, A and B are the 

inputs for F and lets say, output of F is true i.e., F = 1 when only one of the input is true or 1.  

now we draw the truth table for F  

Now we will create a column for the maxterm using the variables A and B. If input is 1 we take 

the complement of the variable and if input is 0 we take the variable as is.  

To get the desired canonical POS expression we will multiply the maxterms (sum terms) for 

which the output is 0.  

F = (A+B) . (A’+B’)  

NAND GATE AS UNIVERSAL GATE 

The below diagram is of a two input NAND gate. The first part is an AND gate and second part 

is a dot after it represents a NOT gate. So it is clear that during the operation of NAND gate, the 

inputs are first going through AND gate and after that the output is reversed and we get the final 

output. Now we will look at the truth table of NAND gate. 

We will consider the truth table of the above NAND gate i.e. a two-input gate. The two inputs  

 

https://www.electrical4u.com/logical-and-gate/
https://www.electrical4u.com/not-gate/
https://www.electrical4u.com/truth-table/
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are A and B.  

Now we will see how this gate can be used to make other gates. 

 

This is the circuit diagram of a NAND gate used to make work like a NOT gate, the original 

logic gate diagram of NOT gate is given beside. 

 

The above diagram is of an OR gate made from combinations of NAND gates, arranged in a 

proper manner. The truth table of an OR gate is also given beside the diagram. Now we will see 

the design of an AND gate from NAND gates. 

 

The above diagram is of an AND gate made from NAND gate. So we can see that all the three 

basic gates can be made by only using NAND gates, that’s why this gate is called Universal 

Gate and it is appropriate. 

NOR gate as universal gate 

We have seen how NAND gate can be used to make all the three basic gates by using that alone. 

Now we will discuss the same in case of NOR gate.  
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The above diagram is of an OR gate made by only using NOR gates. The output of this gate is 

exactly similar to that of a single OR gate. As we can see the circuit arrangement of OR gate 

using NOR gates is similar to that of AND gate using NAND gates.  

 

 
 

The above diagram as the name suggests is of AND gate using only NOR gate, again we can see 

that the circuit diagram of AND gate using only NOR gate is exactly similar to that of OR gate 

using only NAND gates. Now we will finally see how a NOT gate can be made by using only 

NOR gates. 

 

The above diagram is of a NOT gate made by using a NOR gate. The circuit diagram is similar 

to that of NOT gate made by using only NAND gate. So, from the above discussion it is clear 

that all the three basic gates (AND, OR, NOT) can be made by only using NOR gate. And thus, 

it can be aptly termed as Universal Gate. 

 

 

SIMPLIFICATION OF BOOLEAN FUNCTIONS : 
  

The MAP method: 

  
The complexity of the digital logic gates that implement a BOOLEAN function is related to the 

complexity of the algebraic expression. 

The map method provides a simple straightforward procedure for minimizing BOOLEAN 

functions. 

This method may be regarded as: 

. a pictorial form of a truth table 

or 
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. as an extension of the venn diagram 

  

The map method first proposed by Veitch and modified by Karnaugh. 

The map is a diagram made up of squares. 

Each square represents one minterm. 

  

The simplest algebraic expression is any one in a sum of products or product of sums that has a 

minimum number of literals. 

  

Two and Three Variable Maps: 
  

There are four minterms for two variables. Since the map consists of four squares, one for 

each minterm. 

  

m0 m1 

m2 m3 

  

   0            1 

x'y' x'y 

xy' xy 

  

This map shows  the relationship between the squares and the two variables. 

  

The 0's and 1's marked for each row and each column designate the values of variables a and y 

respectively. 

  

x appears primed in row 0 and unprimed in row 1. 

y appears primed in column 0 and unprimed in column 1. 

  

The function xy is shown in the following figure. 

  

 

 

 

     0         1 

0   

  

  

1   

  

1 

                xy 

  

Since xy is equal to m3, 1 is placed inside the square that belongs to m3. 

The function x + y is represented in the following map by three squares marked with 1's. These 

squares are found from the minterms of the function: 
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x + y = x'y + xy' + xy = m1 + m2 + m3 

  

0 

  

 0 1 

1 

  

1 1 

         x + y 

  

A three variable map is shown in the following figure. 

  

 

m0 

  

m1 m3 m2 

m4 

  

m5 m7 m6 

            (a) 

  

            00           01           11             10 

0 

  

x'y'z' x'y'z x'yz x'yz' 

1 xyz' 

  

xy'z xyz xyz' 

            (b) 

  

This figure is marked with numbers to show the relationship between the squares and the three 

variables. 

  

There are 23 = 8 minterms for 3 binary variables. 

  

Therefore a map consists of 8 squares. 

For example: the square assigned to m5 corresponds to row 1 and column 01. When these 

numbers are concatenated, they give the binary number 101, whose decimal equivalent is 5. 

  

To understand the usefulness of the map for simplifying Boolean functions; 

Any two adjacent squares in the map differ by only one variable which is primed in one square 

and unprimed in the other. For example m5 and m7. 

Variable y is primed in m5 and unprimed in m7, the other two variables are the same. 

From the postulates, the sum of minterms in adjacent squares can be simplified to a single AND 

term consisting of only two literals. 

m5 + m7 = xy'z + xyz  = xz ( y' + y ) = xz 

  

Example: 
  

Simplify the Boolean function: 
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F = x'yz + x'yz' + xy'z' + xy'z 

  

1 st, 1 is marked in each square as needed to represent the function  as shown in the 

following figure. 

  

    y' y' y y 

    00 01 11 10 

x' 0     1 1 

X 1 1 1     

  

This can be done in two ways. 

  

1. By converting each minterm to a binary number and then marking a 1 in the corresponding 

square. 

  

2. By obtaining the coincidence of the variables in each term. 

For example, the term x'yz has the corresponding binary number 011 and 

represents minterm m3 in square 011. 

 

The second way to recognize the square is by the coincidence of the variables x', y, z, which is 

found in the map by observing  that x' belongs to the four squares in the first  row, y belongs to 

the four squares in the two right columns, and z belongs to the four squares in the two middle 

columns. The area that belongs to all three literals is the single square in the first row and third 

column 

  

F = x'y + xy' 

 Example: 

 Simplify the Boolean function 

F = x'yz + xy'z' + xyz + xyz' 

 

     y' y' y y 

    00 01 11 10 

x' 0     1   

X 1 1   1 1 

    z' z z z' 

  

F = yz + xz' 

The vertical group corresponds to yz and the horizontol group corresponds to xz' 

  

Example: 
 Simplify the Boolean function 

 F = A'C + A'B + AB'C + BC 

         B B 
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    00 01 11 10 

A' 0   1 1 1 

A 1   1 1   

      C C   

 F = C + A' B 

 C :        central four group 

A' B:     Right - Top 2 group 

 

 FOUR VARIABLE MAP 

  

m0 m1 m3 m2 

m4 m5 m7 m6 

m12 m13 m15 m14 

m8 m9 m11 m10 

  

     y' y' y y   

    00 01 11 10   

w' 00         x' 

w' 01         x 

w 11         x 

w 10         x' 

    z' z z z'   

  

In four variable Karnaugh maps: 

  

.  One square corresponds to a single minterm. 

  

. Two adjacent squares corresponds to a term with three literals. 

  

. Four adjacent squares corresponds to a term with two literals. 

  

. Eight adjacent squares corresponds to a term with one literal. 

  

. Sixteen adjacent squares corresponds to a term of logic 1. 

  

Example:           Simplify the Boolean function 

 

F (w, x, y, z ) = ( 0, 1, 2, 4, 5, 6, 8, 9, 12, 13, 14 ) 

      y' y' y y   

    00 01 11 10   

w' 00 1 1   1 x' 

w' 01 1 1   1 x 

w 11 1 1   1 x 

w 10 1 1     x' 

    z' z z z'   
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 F          =          y'          +          w'z'       +          xz' 

            =          8 adjacent + upper 4 adjacent + lower 4 adjacent 

  

FIVE AND SIX VARIABLE MAPS: 
  

Maps with more than four variable gets more complex to use. For 5 variable map we need 25 = 

32 and for 6 variable map 64 cells. 

  

Five Variable Map: 

  

F ( A, B, C, D, E ) 

  

            C C C C   

    000 001 011 010 110 111 101 100   

  00                   

  01                 B 

A 11                 B 

A 10                   

        D D D D       

      E E     E E     

  

Six Variable Map: 

  

F ( A, B, C, D, E, F ) 

             D D D D     

    000 001 011 010 110 111 101 100     

  000                     

  001                   C 

  011                 B C 

  010                 B   

A 110                 B   

A 111                 B C 

A 101                   C 

A 100                     

        E E E E         

      F F     F F       

  

  

Example: 
  

Simplify the 5 variable Boolean function 

  

F ( A, B, C, D, E ) = (0,2,4,6,9,11,13,15,17,21,25,27,29,31) 
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           C C C C   

    000 001 011 010 110 111 101 100   

  00 1     1 1     1   

  01   1 1     1 1   B 

A 11   1 1     1 1   B 

A 10   1         1     

        D D D D       

      E E     E E     

  

F = BE + AD'E + A'B'E' 

  

PRODUCT OF SUMS SIMPLIFICATION 
  

So far we have seen Karnaugh map simplification in sum of products form. With little 

difference, we can implement this method as " product of sums " form. 

In this method we mark the zeros into the box, we form F' in sum of products form, negate F' 

by DeMorgan's rule and obtain the product of sums form. 

  

Example: 
  

Simplify F ( A, B, C, D ) = ( 0, 1, 2, 5, 8, 9, 10 ) in 

  

a. Sum of Products 

  

b. Product of Sums form 

and draw the logic circuits. 

  

Solution: 

  

a. F = B'D' + B'C' + A'C'D 

  

        C C   

    00 01 11 10   

  00 1 1 0 1   

  01 0 1 0 0 B 

A 11 0 0 0 0 B 

A 10 1 1 0 1   

      D D     

   

b. Applying DeMorgan to the solution in (a) 

  

F = B'D' + B'C ' + A'C 'D 
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F '= (B + D ) . ( B + C ) . ( A + C + D' ) 

  

  

By table: 

  

        C C   

    00 01 11 10   

  00 1 1 0 1   

  01 0 1 0 0 B 

A 11 0 0 0 0 B 

A 10 1 1 0 1   

      D D     

  

F ' = AB + CD + BD' 

  

Mapping methods: 

Simplification of Boolean expressions is an important step while designing any digital system. 

Karnaugh Maps or K-maps & subcube covering: 

Karnaugh Maps or K-maps is one among such simplification technique, introduced by Maurice 

Karnaugh in 1953, which is graphical in nature. This method of minimizing the logical 

expressions is most suitable when the number of variables involved is less than or equal to four. 

This is because, K-map employs the use of two-dimensional tables to simplify the expressions, 

whose size increases at a very high rate with the increase in the number of variables.  

1) One Variable. 

2) Two Variables. 

3) Four Variables. 
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Figure 1 which shows the K-maps for two, three and four variables in order.

 

For example, if the number of input variables is 2, then we have to consider a K-map with 4 

(=22) cells, while if there are 3 input variables, then we require a 8 (=23) cell K-map, and 

similarly for 4 inputs one gets 16 (=24) cell K-map and so on. 

Advantages of Karnaugh Map 

Advantages of K-map are showing below  

1. K-map simplification does not demand for the knowledge of Boolean algebraic theorems 

2. Usually it requires less number of steps when compared to algebraic minimization 

technique 

Disadvantages of Karnaugh Map 

Disadvantages of K-map are showing below  

1. Complexity of K-map simplification process increases with the increase in the number of 

variables 

2. The minimum expression obtained might not be unique 

The following are the steps to obtain simplified minterm solution using K-map.  

Step 1: Initiate Express the given expression in its canonical form. 

https://www.electrical4u.com/boolean-algebra-theorems-and-laws-of-boolean-algebra/
https://www.electrical4u.com/k-map/
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 Step 2: Populate the K-map Enter the value of 'one' for each product-term into the K-map 

cell, while filling others with zeros.  

Step 3: Form Groups  

 

1. Consider the consecutive 'ones' in the K-map cells and group them (green boxes). 

 
2. the largest number of 'ones' and no blank cell. 

 
3. 

 
4. Grouping has to be carried-on in decreasing order meaning, one has to try to group for 8 

(octet) first, then for 4 (quad), followed by 2 and lastly for 1 (isolated 'ones'). 

 
5. Grouping is to done either horizontally or vertically or interms of squares or rectangles. 

Diagonal grouping of 'ones' is not permitted. 
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6. The same element(s) may repeat in multiple groups only if this increases the size of the 

group. 

 
7. The elements around the edges of the table are considered to be adjacent and can be 

grouped together.  

8. Don’t care conditions are to be considered only if they aid in increasing the group-size 

(else neglected).  
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DON’T CARE CELLS IN THE KARNAUGH 

 Map 

In a logic table, except the o's and 1's;  there are cases where the truth value of a certain 

combination is significant. For example, for a logic circuit  which accepts 4 - bit Decimal 

number, there are 6 combinations which are not used. Any logical circuit which operates on 

these 4 - bit decimal code will ignore the combinations greater than decimal 9. 

So we "Don't care" these combinations.In the Karnaugh map, we mark the don't care cells with 

"x" and may group into 1s boxes or 0's boxes as convenient. 

Example: 

Simplify the Boolean function F (w,x,y,z) =  (1,3,7,11,15) with Don't-care conditions d (w, x,y,z) 

=   ( 0, 2, 5 ) 

a. 

 

 when dealing with BCD (Binary Coded Decimal) numbers encoded as four bits, we may not 

care about any codes above the BCD range of (0, 1, 2…9). The 4-bit binary codes for the 

hexadecimal numbers (Ah, Bh, Ch, Eh, Fh) are not valid BCD codes. Thus, we do not have to 

fill in those codes at the end of a truth table, or K-map, if we do not care to. We would not 

normally care to fill in those codes because those codes (1010, 1011, 1100, 1101, 1110, 1111) 

will never exist as long as we are dealing only with BCD encoded numbers. These six invalid 

codes are don’t cares as far as we are concerned. That is, we do not care what output our logic 

circuit produces for these don’t cares. 

Don’t cares in a Karnaugh map, or truth table, may be either 1s or 0s, as long as we don’t care 

what the output is for an input condition we never expect to see. We plot these cells with an 

asterisk, *, among the normal 1s and 0s. When forming groups of cells, treat the don’t care cell 

as either a 1 or a 0, or ignore the don’t cares. This is helpful if it allows us to form a larger 

group than would otherwise be possible without the don’t cares. There is no requirement to 

group all or any of the don’t cares. Only use them in a group if it simplifies the logic. 

 

Above is an example of a logic function where the desired output is 1 for input ABC = 101 over 

the range from 000 to 101. 

The lamp logic needs to respond to the six codes out of the A to D. For ABC=000, no motion, 

no lamps light. For the five codes (001 to 101) lamps L1, L1&L2, L1&L2&L3, up to all lamps 
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will light, as speed, voltage, and the A to D code (ABC) increases. We do not care about the 

response to input codes (110, 111) because these codes will never come out of the A to D due 

to the limiting in the tachometer block. We need to design five logic circuits to drive the five 

lamps. 

 

 Since, none of the lamps light for ABC=000 out of the A to D, enter a 0 in all K-maps 

for cell ABC=000. Since we don’t care about the never to be encountered codes (110, 

111), enter asterisks into those two cells in all five K-maps. 

 Lamp L5 will only light for code ABC=101. Enter a 1 in that cell and five 0s into the 

remaining empty cells of L5 K-map. 

 L4 will light initially for code ABC=100, and will remain illuminated for any code 

greater, ABC=101, because all lamps below L5 will light when L5 lights. Enter 1s into 

cells 100 and 101 of the L4 map so that it will light for those codes. Four 0‘s fill the 

remaining L4 cells 

 L3 will initially light for code ABC=011. It will also light whenever L5 and L4 

illuminate. Enter three 1s into cells 011, 100, 101 for L3 map. Fill three 0s into the 

remaining L3 cells. 

 L2 lights for ABC=010 and codes greater. Fill 1s into cells 010, 011, 100, 101, and 

two 0s in the remaining cells. 

 The only time L1 is not lighted is for no motion. There is already a 0 in cell ABC=000. 

All the other five cells receive 1s. 
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 Group the 1‘s as shown above, using don’t cares whenever a larger group results. The 

L1 map shows three product terms, corresponding to three groups of 4-cells. We used 

both don’t cares in two of the groups and one don’t care on the third group. The don’t 

cares allowed us to form groups of four. 

 In a similar manner, the L2 and L4 maps both produce groups of 4-cells with the aid of 

the don’t care cells. The L4 reduction is striking in that the L4 lamp is controlled by the 

most significant bit from the A to D converter, L5=A. No logic gates are required for 

lamp L4. In the L3 and L5 maps, single cells form groups of two with don’t care cells. 

In all five maps, the reduced Boolean equation is less complex than without the don’t 

cares. 

 

 

****************** UNIT III COMPLETED ************************* 
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MICROPROCESSORS 

WHAT IS A MICROPROCESSOR? 

A microprocessor is a computer processor which incorporates the functions of a computer's 

central processing unit (CPU) on a single integrated circuit (IC),[1] or at most a few integrated 

circuits.[2] The microprocessor is a multipurpose, clock driven, register based, digital-integrated 

circuit which accepts binary data as input, processes it according to instructions stored in its 

memory, and provides results as output. Microprocessors contain both combinational logic and 

sequential digital logic. Microprocessors operate on numbers and symbols represented in the 

binary numeral system. 

Special-purpose designs 

A microprocessor is a general purpose system. Several specialized processing devices have 

followed from the technology: 

 A digital signal processor (DSP) is specialized for signal processing. 

 Graphics processing units (GPUs) are processors designed primarily for realtime 

rendering of 3D images. They may be fixed function (as was more common in the 

1990s), or support programmable shaders. With the continuing rise of GPGPU, GPUs are 

evolving into increasingly general purpose stream processors (running compute shaders), 

whilst retaining hardware assist for rasterizing, but still differ from CPUs in that they are 

optimized for throughput over latency, and are not suitable for running application or OS 

code. 

 Other specialized units exist for video processing and machine vision. 

 Microcontrollers integrate a microprocessor with peripheral devices in embedded 

systems. These tend to have different tradeoffs compared to CPUs. 

(8085 is pronounced as "eighty-eighty-five" microprocessor. It is an 8-bit microprocessor 

designed by Intel in 1977 using NMOS technology. 

It has the following configuration − 

 8-bit data bus 

 16-bit address bus, which can address upto 64KB 

 A 16-bit program counter 
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https://en.wikipedia.org/wiki/Central_processing_unit
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 A 16-bit stack pointer 

 Six 8-bit registers arranged in pairs: BC, DE, HL 

 Requires +5V supply to operate at 3.2 MHZ single phase clock 

It is used in washing machines, microwave ovens, mobile phones, etc. 

A computer, large or small, can be represented functionally (in a simplified form) by the block 

diagram in Figure. 1.1. As shown, it comprises of three basic parts or sub-systems: 

 

2  Advanced Microprocessors 
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Figure 1.1 Block Digram of Microcomputer 

 

(a) Central Processing Unit (CPU) 

 

It performs the necessary arithmetic and logic operations and controls the timing and general 

operation of the complete system. 

 

(b) Input/Output (I/O) Devices 
 

Input devices are used for feeding data into the CPU,  

Examples of these devices are toggle switches, analog-to -digital converters, paper tape readers, 

card readers, keyboards, disk etc.  

The output devices are used for delivering the results of computations to the outside world; 

examples are light emitting diodes, cathode ray tube (CRT) displays, digital-to-analog 

converters, card and paper-tape punches, character printers, plotters, communication lines etc.  

 

The input-output subsystem thus allows the computer to usefully communicate with the outside 

world. Input-output devices are also called as peripherals. 

(c) Memory 
 

It stores both the instructions to be executed (i.e., the program) and the data involved. It usually 
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consists of both RAMs (random-access memories) and ROMS (read-only memories). 

 

A microprocessor is an integrated circuit designed to function as the CPU of a microcomputer.  

 

WHAT IS INSIDE A MICROPROCESSOR ? 
 

The microprocessor or CPU reads each instruction from the memory, decodes it and executes it. 

It processes the data as required in the instructions. The processing is in the form of arithmetic 

and logical operations. The data is retrieved from memory or taken from an input device and the 

result of processing is stored in the memory or delivered to an appropriate output device, all as 

per the instructions. 

 

which determines how it operates, is known as its architecture. 

 

A typical microprocessor architecture is shown in Figure 1.2. The various functional units 

are as follows: 

 

 

 

 

INPUT  OUTPUT 

   

 

INTERNAL BUS (ADDRESS, DATA) 

 

                                                                          

                            

 

                                 CONTROL 

 MEMORY 

 

 

 

Figure 1.2 Architecture of Microprocessor 

 

Busses 
 

referred to as a word. The number of bits making-  

-word have also of late entered the market). 

Another binary terms that will be of interest in subsequent discussions are the byte and the 
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nibble, which represent a set of 8 bits and 4 bits, respectively. 

 

Figure 1.2 shows busses interconnecting various blocks. These busses allow exchange of 

words between the blocks. A bus has a wire or line for each bit and thus allows exchange of all 

 is also in parallel. The busses can thus 

be viewed as data highways. The width of a bus is the number of signal lines that constitute the 

bus. 

 

The figure shows for simplicity three busses for distinct functions. Over the address bus, the 

 address of that I/O device or memory locations which it desires to access. This 

address is received by all the devices connected to the processor, but only the device which has 

been addressed responds. The data bus ta to and from 

different devices (I/O and memory) including instructions stored in memory. Obviously the 

address bus is unidirectional and the data bus is bi- directional. The control bus is used for 

P and various devices in the system. 

 

 Arithmetic-Logic Unit (ALU) 
 

The arithmetic-logic unit is a combinational network that performs arithmetic and logical 

operations on the data. 

 

Internal Registers 
 

A number of registers are normally included in the microprocessor. These are used for temporary 

storage of data, instructions and addresses during execution of a program. Those in the Intel 

 

Advanced Microprocessors 

 

8085 microprocessor are typical and are described below: 

 

(i) Accumulator (Acc) or Result Register 
 

This is an 8-bit register used in various arithmetic and logical operations. Out of the two 

operands to be operated upon, one comes from accumulator (Acc), whilst the other one may be 

in another internal register or may be brought in by the data bus from the main memory. Upon 

completion of the arithmetic/logical operation, the result is placed in the accumulator (replacing 

the earlier operand). Because of the later function, this register is also called as result register. 

 

(ii) General Purpose Registers or Scratch Pad Memory 
 

There are six general purpose 8-bit registers that can be used by the programmer for a variety of 

purposes. These registers, labelled as B, C, D, E, H and L, can be used individually (e.g., when 

operation on 8-bit data is desired) or in pairs (e.g., when a 16-bit address is to be stored). Only 

B-C, D-E and H-L pairs are allowed. 

 

(iii) Instruction Register (IR) 
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This 8-bit register stores the next instruction to be executed. At the proper time this stored word 

(instruction) is fed to an instruction decoder which decodes it and supplied appropriate signals to 

the control unit. When the execution has been accomplished the new word in the instruction 

register is processed. 

 

(iv) Program Counter (PC) 
 

This is a 16-bit register which holds the address of the next instruction that has to be fetched 

from the main memory and loaded into the instruction register. The program controlling the 

operation is stored in the main memory and instructions are retrieved from this memory 

normally in order. Therefore, normally the address contained in the PC is incremented after each 

instruction is fetched. However, certain classes of instruction can modify the PC so that the 

programmer can provide for branching away from the normal program flow. Examples are 

instructions in the “jump” and ‘call subroutine’ groups. 

 

(v) Stack Pointer (SP) 
 

This is also a 16-bit register and is used by the programmer to maintain a stack in the memory 

while using subroutines. 

 

(vi) Status Register or Condition Flags 
 

A status register consisting of a few flip- flops, called as condition flags (in 8085 the number of 

flags is five) is used to provide indication of certain conditions that arise during arithmetic and 

logical operations. These are: 

 

‘zero’ Flag is set if result of instruction is 0. 

 

‘sign’ Set if MSB of result is 1. 

 

‘parity’ Set if result has even parity. 

 

‘carry’ Set if carry or borrow resulted. 

 

‘auxiliary carry’  Set if instruction caused a carry out of bit 3 and 

 

into bit 4 of the resulting value. 

 

 

(vii) Dedicated Registers 
 

 

 

Instruction Decoder and Control Unit 
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It decodes each instruction and under the supervision of a clock controls the external and internal 

units ensuring correct logical operation of the system. 

 

 

FROM LARGE COMPUTERS TO SINGLE-CHIP MICROCONTROLLERS: 

LARGE COMPUTER: 

 These are large, general purpose, multiuser, multitasking, computers designed to perform 

such data processing tasks as complex scientific and engineering calculations,and 

handling of records for large corporations or government agencies. These computers can 

be broadly classified into mainframes and supercomputers, and mainframes are further 

classified according to their sizes. the prices ranges from $100,000 to millions of dollars. 

Typical examples are IBM System/390 series, Cray computers (Cray-2, Y-MP), the 

Fujitsu GS8800, and the Hitachi MP5800. 

   Mainframes are high-speed computers, and their word length generally ranges from 32 

to 64 bits. They are capable of addressing megabytes of memory and handling all types of 

peripherals and a large number of users. Supercomputers such as the Cray-2 and Y-MP 

are 64 bits high performance and high-speed computers. They  are the fastest computers, 

capable of executing billions of instructions per second, and are used primarily  in 

research dealing with problems in areas such as global climate and high-energy physics. 

PC: 

 These microcomputers are single user system and are used for a variety of purposes, such 

as payroll, business accounts, word processing, legal and medical record keeping, 

accessing  Internet resources (email, Web search). They are also known as personal 

computers (PC). Typically the price ranges from $500-$5000 for a single user system. 

E.g- IBM Personal Computers (Aptiva series), The HP Pavilion series, Apple Macintosh 

series, DELL series, etc. 

       A typical configuration of the microcomputer spectrum includes a 32/64 bit 

microprocessor, 256MB-1GB of system memory (RAM), a monitor, a hard disk with 

storage capacity more than 80 GB, a CD-ROM drive, and a 31/2" high density floppy 

disk drive, etc. 
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SINGLE-BOARD COMPUTER (SBC): 

 SINGLE-BOARD COMPUTER (SBC) is a complete computer built on a single circuit 

board, with microprocessor(s), memory, input/output (I/O) and other features required of 

a functional computer. Single-board computers were made as demonstration or 

development systems, for educational systems, or for use as embedded computer 

controllers. Many types of home computers or portable computers integrate all their 

functions onto a single printed circuit board. 

 Unlike a desktop personal computer, single board computers often do not rely on 

expansion slots for peripheral functions or expansion. Single board computers have been 

built using a wide range of microprocessors. Simple designs, such as built by computer 

hobbyists, often use static RAM and low-cost 8 or 16 bit processors. Other types, such as 

blade servers, would perform similar to a server computer, only in a more compact 

format. 

 A computer-on-module is a type of single-board computer made to plug into a carrier 

board, baseboard, or backplane for system expansion 

SINGLE-CHIP MICROCOMPUTER : 

 

These microcomputer are designed on a single chip, 

 

MICROPROCESSOR ARCHITECTURE AND ITS OPERATIONS: 

The microprocessor has a set of instructions, designed internally, to manipulate data and 

communicate with peripherals. This process of data manipulation and communication is 

determined by the logic design of the microprocessor called the architecture. 

 Microprocessor-initiated operations 

 Internal operations 

 Peripheral operations. 

 

MICROPROCESSOR-INITIATED OPERATIONS AND 8088 BUS: 

The MPU performs primarily four operations. 

 Memory read: reads data from memory. 

 Memory write: Writes data into memory. 

 I/O Read: Accepts data from input devices. 

 I/O Write: sends data to output devices. 

all these operations are part of the communication process between the MPU and peripherals 

https://en.wikipedia.org/wiki/Computer
https://en.wikipedia.org/wiki/Circuit_board
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https://en.wikipedia.org/wiki/Microprocessor
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https://en.wikipedia.org/wiki/Expansion_slot
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devices . 

To communicate with a peripheral , the MPU needs to perform following steps. 

 

Step1: identify the peripheral or the memory location. 

Step2.: transfer binary information 

step3: provide timing or synchronization signals. 

 

the 8085 MPU perform these functions using three sets of communication lines called 

buses:these address bus , and the control bus called system bus. 

 

ADDRESS BUS 

 

The Address bus is a group of 16 lines generally identified as A0 to A15. The address bus is 

unidirectional :bits flow in one direction - from MPU to Peripherals devices. the MPU uses the 

address bus to perform the first function identifying a peripheral or a memory location. 

 

In a computer system each peripherals or memory location is identified by binary number, called 

the address and the address bus is used to to carry a 16 bit address. this is similar to the postal of 

a house. a house can be identified by various number by two digit number scheme for example, 

the 45 th house in a lane can be identified by two digit number 45 or 0045 . the two digit 

numbering scheme can identified only a hundred house from 0000 to 9999 . similarly , the 

number of address lines of the MPU determine it's capacity to identify the different memory 

location . the MPU with its 16 address line is capable of addressing 2^16=65,536 known as 64 K 

memory location.. 

Most 8 bit processor have 16 bit address line . this may explain why micro-computer systems 

based on 8 bit micro-processors have 64 K memory . however ,not every micro-computer system 

have 64 K memory .In fact most single board micro-computers have less than 4 K memory , 

even if the MPU is capable of addressing 64 K memory .  

The number of address lines is arbitrary ; it is determined by the designer of a micro-processor 

based on such considerations as availability of pins and intended applications of the processors . 

For example the intel 8085 processors have 20 and the Pentium processor has 32 address lines. 
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Data Bus:As name tells that it is used to transfer data within Microprocessor and Memory/Input  

or Output devices. It is bidirectional as Microprocessor requires to send or receive data. The data 

bus also works as address bus when multiplexed with lower order address bus. Data bus is 8 Bits 

long. The word length of a processor depends on data bus, thats why Intel 8085 is called 8 bit 

Microprocessor because it have an 8 bit data bus. 

 

Control Bus: Microprocessor uses control bus to process data, that is what to do 

with the selected memory location. Some control signals are Read, Write and Opcode fetch etc. 

Various operations are performed by microprocessor with the help of control bus. This is  a 

dedicated bus, because all timing signals are generated according to control signal. 

 

 

 
 

INTERNAL DATA OPERATIONS AND THE 8085 REGISTERS 

 

The internal architecture of 8085 micro processor determines how and what operations can be 

performed with the data . these operations are. 

1. stores 8 bit data 

2. perform arithmetic and logical operations. 

3.test for conditions. 
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4.sequence the execution of instructions. 

5.store data temporarily during the execution in the defined R/W memory location called the 

stacks. 

To perform these operations the micro processor require register , an arithmetics logic units and 

control logic , and internal buses . 

 

The 8085 programming model includes six registers, one accumulator, and one flag register, as 

shown in Figure. In addition, it has two 16-bit registers: the stack pointer and the program 

counter. 

Registers 

The 8085 has six general-purpose registers to store 8-bit data; these are identified as B,C,D,E,H, 

and L as shown in the figure. They can be combined as register pairs BC, DE, and HL - to 

perform some 16-bit operations. The programmer can use these registers to store or copy data 

into the registers by using data copy instructions. 

Accumulator 

The accumulator is an 8-bit register that is a part of arithmetic/logic unit (ALU). This register is 

used to store 8-bit data and to perform arithmetic and logical operations. The result of an 

operation is stored in the accumulator. The accumulator is also identified as register A. 

Flags 

The ALU includes five flip-flops, which are set or reset after an operation according to data 

conditions of the result in the accumulator and other registers. They are called Zero(Z), Carry 

(CY), Sign (S), Parity (P), and Auxiliary Carry (AC) flags; their bit positions in the flag register 

are shown in the Figure below. The most commonly used flags are Zero, Carry, and Sign. The 

microprocessor uses these flags to test data conditions. 

after an addition of two numbers, if the sum in the accumulator id larger than eight bits, the flip-

flop uses to indicate a carry -- called the Carry flag (CY) -- is set to one. When an arithmetic 

operation results in zero, the flip-flop called the Zero(Z) flag is set to one. The first Figure shows 

an 8-bit register, called the flag register, adjacent to the accumulator. However, it is not used as a 

register; five bit positions out of eight are used to store the outputs of the five flip-flops. The 

flags are stored in the 8-bit register so that the programmer can examine these flags (data 

conditions) by accessing the register through an instruction. 

These flags have critical importance in the decision-making process of the microprocessor. The 

conditions (set or reset) of the flags are tested through the software instructions. For example, the 

instruction JC (Jump on Carry) is implemented to change the sequence of a program when CY 

flag is set. The thorough understanding of flag is essential in writing assembly language 

programs. 
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Sign Flag (S): After execution of any arithmetic and logical operation, if D7 of the result is 1, 

the sign flag is set. Otherwise it is reset. D7 is reserved for indicating the sign; the remaining is 

the magnitude of number. If D7 is 1, the number will be viewed as negative number. If D7 is 0, 

the number will be viewed as positive number. 

Zero Flag (z): If the result of arithmetic and logical operation is zero, then zero flag is set 

otherwise it is reset. 

Auxiliary Carry Flag (AC): If D3 generates any carry when doing any arithmetic and logical 

operation, this flag is set. Otherwise it is reset. 

Parity Flag (P): If the result of arithmetic and logical operation contains even number of 1’ s 

then this flag will be set and if it is odd number of 1’ s it will be reset. 

Carry Flag (CY): If any arithmetic and logical operation results any carry then carry flag is set 

otherwise it is reset. 

Program Counter (PC) 

This 16-bit register deals with sequencing the execution of instructions. This register is a 

memory pointer. Memory locations have 16-bit addresses, and that is why this is a 16-bit 

register. 

The microprocessor uses this register to sequence the execution of the instructions. The function 

of the program counter is to point to the memory address from which the next byte is to be 

fetched. When a byte (machine code) is being fetched, the program counter is incremented by 

one to point to the next memory location 

Stack Pointer (SP) 

The stack pointer is also a 16-bit register used as a memory pointer. It points to a memory 

location in R/W memory, called the stack. The beginning of the stack is defined by loading 16-

bit address in the stack pointer. 

This programming model will be used in subsequent tutorials to examine how these registers are 

affected after the execution of an instruction. 

Peripheral or Externally initiated operations 

                 There are four externally initiated operations, for which individual pins on the 

microprocessor chip are assigned. These operations are RESET, READY, HOLD and 

INTERRUPT. The details of all these operations have been discussed in section 3.1.2 
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Memory Elements • Combinational logic cannot remember Output logic values are function of 

inputs only Feedback is needed to be able to remember a logic value • Memory elements are 

needed in most digital logic circuits to hold (remember) logic values • 2 basic types of memory 

elements Latches • Level-sensitive to inputs Flip-flops • Edge-triggered on active edge of 

clock 

FLIP FLOP OR LATCH AS A STORAGE ELEMENT 

Flip-flops and latches are used as data storage elements. A flip-flop stores a single bit (binary 

digit) of data; one of its two states represents a "one" and the other represents a "zero". Such data 

storage can be used for storage of state, and such a circuit is described as sequential logic. When 

used in a finite-state machine, the output and next state depend not only on its current input, but 

also on its current state (and hence, previous inputs). It can also be used for counting of pulses, 

and for synchronizing variably-timed input signals to some reference timing signal. 
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Memory map and addresses: 

Memory mapping is the translation between the logical address space and the physical memory.  

The objectives of memory mapping are  

(1) to translate from logical to physical address,  

(2) to aid in memory protection (q.v.), and 

 (3) to enable better management of memory resources.  

Mapping is important to computer performance, both locally (how long it takes to 

execute an instruction) and globally (how long it takes to run a set of programs). In effect, each 

time a program presents a logical memory address and requests that the corresponding memory 

word be accessed, the mapping mechanism must translate that address into an appropriate 

physical memory location. The simpler this translation, the lower the implementation cost and 

the higher the performance of the individual memory reference. 

There are two fundamental situations to be handled. When the logical address space is smaller 

than the physical address space (common to microcontrollers, microprocessors, and older mini- 

and mainframe computers, mapping is needed to gain access to all of physical memory). When 

the logical address space is larger than the physical address space, mapping is used to insure that 

each logical address generated corresponds to an existing physical memory cell. 

The size of the logical address space is determined by the number of bits in a memory address. 

Typically, the size of an address is limited by the word length of the computer. On a 

typical 1980s vintage computer with a 16-bit word, only 216 or about 65000 words could be 

addressed.  

Technology now permits such systems to be attached physically to many times this memory, but 

there is no direct way to address it without redesigning the instruction set. Thus, the primary 

purpose of a memory mapping mechanism on such a system is to enable the logical address 

space to be assigned to a desired portion of a larger physical address space. In paging, the logical 

address space is divided into a set of equal-sized blocks called pages, and each is mapped onto a 

block of physical memory called a page frame. Each page must begin at a page frame boundary 

in physical memory.  

The primary advantage of paging is that it allows a contiguous logical address space to be split 

into several noncontiguous physical frames. This permits sharing of some of a program's pages 

among multiple processes without complete overlap of physical addresses. The page map file is 

often kept in a cache memory. 

Segmenting breaks the logical address space into several blocks, but does not require them to be 

of any particular size or to be mapped into any particular physical frames. Physical addresses are 

obtained by biasing the individual segments. This approach is the most flexible but also the most 

costly, both in hardware and performance. It requires both a segment table and an extra addition 

operation per memory reference. 
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  Microprocessor does not execute using external memory. It performs the execution using its 

internal registers. So Microprocessor performs two major activities externally. Read from 

Memory and Write to Memory are these two major activities. 

Let us discuss a Generic microprocessor which has 16 address  and 8 data lines. 

In this case the Microprocessor can access up to 64 K locations because it has 16 address lines 

(2^16 = 64K). Since this microprocessor has 8 data lines each location contains 8 bits (1 byte). 

    Now let us see the address range of Microprocessor 

 Since representing in binary is quite laborious, we use Hexa-Decimal Representation which 

is nothing but a short form of Binary. 

     So the  microprocessor which has 16 address lines can address 0000 - FFFF locations. The 

same way the 64K memory has 16 address lines has locations 0000 - FFFF. Since both are 

identical and made for each other. Every address location addressed by Microprocessor has 

corresponding location in Memory.  Every address of Microprocessor is mapped to every 

location of Memory (0000 -> 0000, 0001 -> 0001, 0002 -> 0002, FFFE -> FFFE, FFFF -> 

FFFF). This is the simplest Memory Mapping. 1 Microprocessor, 1 Memory and Microprocessor 

to memory are directly connected. 

     Here the Memory Map of Microprocessor. Let us assume the Memory is RAM. 

 The above memory map is very simple because there is only one device and that is also 

have the maximum size addressable by Microprocessor. 

Now let us consider how to connect two devices of 32K size. 

Now we have two 32K devices. 

Since we have multiple device, we have introduce a new signal to select the Chip or we can 

call that signal as Chip Select. Now let see how to introduce the Chip Select in the above 32K 

device. 
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Memory classification: 

 

 Memory Classification 

Memory can be classified into two groups: prime(or main) memory and storage memory .The 

RIWM and ROM discussed in the last section are examples of prime memory; this is the 

memory the microcomputer uses in executing and storing programs. This memory should be able 

to respond fast enough to keep up with the execution speed of the microprocessor. Therefore. it 

should be random-access memory, meaning that the microprocessor should be able to access 

information from any register with the same speed (independent of its place in the chip). 

Storage memory includes examples such as magnetic disks and tapes (see Figure 13). This 

memory is used to store programs and results after the completion of program execution. 

Information stored in' these memories is nonvolatile, meaning information remains intact even if 

the system is turned off. Generally, these memory devices are not a part of any system; they are 

made part of the system only when stored programs need to be accessed. The microprocessor 

cannot execute or directly process programs stored in these devices: programs must be copied 
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into the prime memory first. Therefore, the size of the prime memory (e.g., 64K or 128K) 

determines how large a program the system can process. The size of the storage memory is 

unlimited; when one disk or tape is full. Another can be used. 

Figure 13 shows two subdivisions of storage memory: secondary storageand backup storage. The 

secondary storage is similar to what you put on your shelf in your study, and the backup is 

similar to what you store in your attic. Storage memory includes such devices as disks, magnetic 

tapes, magnetic. bubble memory, and charged-coupled devices (CCD),  

The primary features of all these devices are high capacity, low cost, and slow access. A disk is 

similar to a record; the access to the stored information in the disk is semi-random.  

The remaining devices are serial: if information is stored in the middle of the tape, it can be 

accessed only after running half the tape. We will discuss some of these memory storage devices 

again in In this chapter, we will focus on various types of prime memory. 

The prime memory is divided into two main groups: 

Read/Write Memory (R/WM) and Read-Only Memory (ROM), and each group includes several 

different types of memory. 

R/WM (READIWRITE MEMORY) 

 As the name suggests, the microprocessor can write into or read from this memory, and it 

is popularly known as Random-Access Memory (RAM). It is used primarily for 

information that is likely to be altered, such as writing programs or receiving data. This 

memory is volatile, meaning that when the power is turned off, all its contents are 

destroyed. 

 Two types of R/W memories-static and dynamic-are available . Static memory is made of 

flip-flops ,and it stores the bit as a voltage. Dynamic memory is made MOS transistor 

gates, and it stores the bit as a charge . the advantage is of the dynamic memory are that it 

has higher density. Lower power consumption, and is cheaper than the static memory. 

 The disadvantage is that the charge(bit information). therefore, stored information needs 

to be read and written again every few milliseconds. This is called refreshing the memory 

,and it requires extra circuitry, which adds to the cost of the system. It is generally 

economical to use dynamic memory when the system memory size is larger than 16K; for 

smaller systems, the static memory is appropriate. 
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ROM (READ-ONLY MEMORY) 

The ROM is a nonvolatile memory; it retains stored information even if the power is turned off. 

This memory is used for programs and data that need not be altered because, as the name 

suggests, the information can be read only so that once a bit pattern is stored, it is permanent or 

at least semi permanent.  

The permanent group includes two types of memory: masked ROM and PROM, and the semi 

permanent group also includes two types of memory: EPROM and EE-PROM  

MASKED ROM 

In this ROM, a bit pattern is permanently recorded by the masking and metallization process. 

which memory manufacturers are generally equipped to do.  

It is an expensive and specialized process, but economical for large production quantities. 

PROM (PROGRAMMABLE READ-ONLY MEMORY) 

 This memory has nichrome or polysilicon wires arranged in a matrix; these wires can be 

functionally viewed as diodes or fuses.  

 This memory can be programmed by the user with a special PROM programmer that 

selectively burns the fuses according to the bit pattern to be stored. 

 The process is known a "burning the PROM," and the information stored is permanent. 

EPROM (ERASABLE PROGRAMMABLE READ-ONLY MEMORY) 

 This memory stores a bit by charging the floating gate of a field-effect transistor (FET). 

Information is stored by using an EPROM programmer .which applies high voltages to 

charge the gate.  

 All the information can be erased by exposing the chip to ultraviolet light through its 

quartz window, and the chip can be reprogrammed. Because the chip can be reused many 

times, this memory is ideally suited for product development, experimental projects, and 

college laboratories. 

EE-PROM (ELECTRICALLY ERASABLE PROM) 

 This memory is functionally similar to EPROM, except that information can be altered by 

using electrical signals at the register level rather than erasing all the information. This 

has an advantage in field and remote control applications. 

  In microprocessor systems, software update is a common occurrence. If EE-PROMs are 

used in the systems, they can be updated from a central computer by using a remote link 
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via telephone lines. Similarly, in a process control in which timing information has to be 

changed, it can be done by sending electrical signals from a central place.  

 This memory also includes a chip-erase mode whereby the entire chip can be erased in 10 

ms as opposed to 15 to 20 minutes for an EPROM. 

RECENT ADVANCES IN MEMORY TECHNOLOGY 

 Memory technology has advanced considerably in recent years. In addition to static and 

dynamic R/W memory, there are now more options available in memory devices. Recent 

examples include Zero Power RAM from MOSTEK, Non-Volatile RAM from Intel, and 

Integrated RAM from several manufacturers. 

 The Zero Power RAM is a complementary metal-oxide semiconductor (CMOS) 

Read/Write memory with battery backup built internally. It includes lithium cells and 

voltage-sensing circuitry. When the external power supply voltage falls below + 3 Y, the 

power switching circuitry connects the lithium battery; thus, this memory provides the 

advantages of both R/W and Read-Only Memory. 

 The Non- Volatile RAM is a high speed static R/W Memory array backed lip, bit for bit, 

by an EE-PROM array for nonvolatile storage. When the power is about to go off, the 

contents of R/W memory are quickly stored in the EE-PROM by activating a STORE 

signal on the memory chip, and the stored data can be read into the R/W memory 

segment when the power is turned on again. This memory chip combines the flexibility 

of static R/W memory with the novolatility of EE-PROM. 

 The Integrated RAM (iRAM) is a dynamic memory with the refreshed circuitry built on 

the chip. For the user. it is similar to the static R/W memory. The user can derive the 

advantages of the dynamic memory without having to build the external refreshing 

circuitry. At present, this memory is economical for a system with medium-sized memory 

(between 8K and 64K). 

Memory and instruction fetch: 

The address is inserted to the main memory from the processor through the address bus. After 

being decoded by the address decoder, the address selects a respective memory location for read 
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or write operation. The type of the operation depends on the control signal supplied through the 

control bus to the memory control unit. 

We will describe execution of instructions of the program using a symbolic notation. We will use 

for this a register transfer language. The name of this language comes from the fact that the 

basic operations of this language are data transfers between registers, memory locations and 

functional (computational) units of a computer. Such languages belong to a larger group of 

languages which are used to describe computer hardware and its functioning - hardware 

description languages. 

A hardware description language is based on the use of symbolic representations of memory 

devices and computational units (registers, main memory, auxiliary memory, arithmetical-logical 

unit), which usually correspond to the mnemonics of their names or full names, e.g. A, IR , PC, 

M, ALU, memory, incrementer, flags, etc. 

The contents of memory device or the operation result of a computational unit (understood as a 

sequence of bits) are represented as a name of the device (unit) taken in rectangular brackets, e.g. 

[A], [IR], [DBR], [ALU]. 

Addressing information inside a memory device or inside an output word of a computational unit 

is described by using the name of the device (unit) followed by a specification of the selected 

fragment of the entire contents written in standard brackets, e.g. 

IR (Op code) - the IR register field that bears the name Op code, 

IR (Address) - the IR register field named Address. 

ALU (bits 10 - 24) - bits from 10 to 24 of a word, which is the result of an ALU operation. 

Memory locations can be described using the name of the entire memory, e.g. M for the main 

memory and the address specification put into standard brackets, e.g. 

M (999) - the location of the memory M that has the address 999, 

M (ABR) - the location of the memory M determined by the address contained in the ABR 

register, 

M (PC) (Op code) - the field called Op code in the location of the memory M that has the address 

contained in the PC register. 

On the contents of memory locations one can specify operations, which are denoted by operators, 

e.g. 

 send, + add, - subtract, etc. 
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So, [A]  M (1024) - means - send the contents of the register A to the memory M location 

which has the address 1024, 

[IR (Address)]  PC - send the contents of the Address field of the IR register to the PC register, 

[A (0-15)] + [PC]  PC - add the contents of bits 0 to 15 of the register A to the contents of the 

PC with the result written into PC. 

When transferring bit contents, bits are written into the same positions in the target element as 

they had in the source element (source bit 0 is written into 0 target position), unless it is specified 

in another way, as e.g. 

[IR (Address)]  PC (14 -31) - transferring the Address field from the IR register into bits 14-31 

of the PC register. 

Using a register transfer language we will now describe execution of our exemplary program. 

The elements of the computer that participate in the described operation will be denoted in red. 

We will first describe fetching of the first instruction of our program. 

Instruction fetching phase 

Before any program execution can be started, the main memory address of the location, which 

holds the first instruction of the program, has to be introduced into the computer program counter 

PC. This is done by the operating system based on an appropriate directive of the user such as 

"execute the program named alpha". In contemporary computers such a directive is just the name 

of the file, which contains the binary code of the program - alpha.exe. Its name is converted into 

the address of the first instruction of the program named "alpha". 

Memory Mapped I/O 

 

- 16-bit device address  

- Data transfer between any general-purpose register and I/O port.  

- The memory map (64K) is shared between I/O device and system memory.  

- More hardware is required to decode 16-bit address  

- Arithmetic or logic operation can be directly performed with I/O data  

 

 

Peripheral MappedI/O 

 

- 8-bit device address 

- Data is transfer only between accumulator and I.O port 

- The I/O map is independent of the memory map; 256 input device and 256. output device can 

be connected 

- Less hardware is required to decode 8-bit address 

- Arithmetic or logical operation cannot be directly performed with I/O data 
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–> uses IOR(bar)/IOW(bar) as control signals for inout and output. 

–> only IN and OUT instruction are available. 

–> Data transfer occurs only between I/o and accumulator. 

–> the I/O map is independent of memory map and 256 input and 256 ouput devices can be 

connected. 

–> general execution speed of 10 T states. 

–> less hardware is needed to decode 8 bit address line. 

–> no arithmetic and logical operation are available. 

Example 

  

8085 MICROPROCESSOR ARCHITECTURE AND MEMORY INTERFACING: 

The pins of a 8085 microprocessor can be classified into seven groups − 

Address bus 

A15-A8, it carries the most significant 8-bits of memory/IO address. 

Data bus 

AD7-AD0, it carries the least significant 8-bit address and data bus. 

Control and status signals 

These signals are used to identify the nature of operation. There are 3 control signal and 3 status 

signals. 

Three control signals are RD, WR & ALE. 

 RD − This signal indicates that the selected IO or memory device is to be read and is 

ready for accepting data available on the data bus. 
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 WR − This signal indicates that the data on the data bus is to be written into a selected 

memory or IO location. 

 ALE − It is a positive going pulse generated when a new operation is started by the 

microprocessor. When the pulse goes high, it indicates address. When the pulse goes 

down it indicates data. 

 

 

 The microprocessor is a clock-driven semiconductor device consisting of electronic logic 

circuits manufactured by using either a large-scale integration (LSI) or very-large-scale 

integration (VLSI) technique. 

 

 The microprocessor is capable of performing various computing functions and making 

decisions to change the sequence of program execution. 
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 In large computers, a CPU implemented on one or more circuit boards performs these 

computing functions. 

 The microprocessor is in many ways similar to the CPU, but includes the logic circuitry, 

including the control unit, on one chip. 

 The microprocessor can be divided into three segments for the sake clarity, 

arithmetic/logic unit (ALU), register array, and control unit. 

 8085 is a 40 pin IC, DIP package. The signals from the pins can be grouped as follows 

1. Power supply and clock signals 

2. Address bus 

3. Data bus 

4. Control and status signals 

5. Interrupts and externally initiated signals 

6. Serial I/O ports 

Power supply and Clock frequency signals: 

 

 Vcc        + 5 volt power supply 

 Vss        Ground 

 X1, X2 :    Crystal or R/C network or LC network connections to set the frequency of 

internal clock generator. 

 The frequency is internally divided by two. Since the basic operating timing frequency is 

3 MHz, a 6 MHz crystal is connected externally. 

 CLK (output)-Clock Output is used as the system clock for peripheral and devices 

interfaced with the microprocessor. 
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Fig (a) - Pin Diagram of 8085 & Fig(b) - logical schematic of Pin diagram. 

2. Address Bus: 

 A8 - A15   (output; 3-state) 

 It carries the most significant 8 bits of the memory address or the 8 bits of the I/O 

address; 

 

3. Multiplexed Address / Data Bus: 

 AD0 - AD7 (input/output; 3-state) 

 These multiplexed set of lines used to carry the lower order 8 bit address as well as data 

bus. 

 During the opcode fetch operation, in the first clock cycle, the lines deliver the lower 

order address A0 - A7. 

 In the subsequent IO / memory, read / write clock cycle the lines are used as data bus. 

 The CPU may read or write out data through these lines. 
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4. Control and Status signals: 

 

 ALE  (output) - Address Latch Enable. 

 This signal helps to capture the lower order address presented on the multiplexed address 

/ data bus. 

 RD (output 3-state, active low) - Read memory or IO device. 

 This indicates that the selected memory location or I/O device is to be read and that the 

data bus is ready for accepting data from the memory or I/O device. 

 WR (output 3-state, active low) - Write memory or IO device. 

 This indicates that the data on the data bus is to be written into the selected memory 

location or I/O device. 

 IO/M (output) - Select memory or an IO device. 

 This status signal indicates that the read / write operation relates to whether the memory 

or I/O device. 

 It goes high to indicate an I/O operation. 

 V It goes low for memory operations. 

 

5. Status Signals: 

 

 It is used to know the type of current operation of the microprocessor. 

 

 

Pin description of 8085 

 

http://www.8085projects.info/Pin-description-of-8085.html
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MICROPROCESSOR COMMUNICATION AND BUS TIMING 

To understand the function of various signals of the 8085 , we should examine the process of 

communication ( reading from the and writing into the memory ( for example when a boy read 

his lesson, data write to his brain . when he told to someone data is read from his brain in the 

same manner this process happen in micro-processor)) between the micro-processor and memory 

and the timing of these signal in relation to the system clock . The first step in the 

communication process is reading from memory or (fetching the instruction ) 

 a courier gets the address from the office ; he or she drives pickup van ,find your home 

address ( you have one home name or address) so he can find your home if he know the 

address or name . we know that MAR hold address. 

 The courier ring bell. So you can know that some one there in front of your home. same way 

register can know when it is selected 

 Somebody in the house open the door and give packages to the courier, and the courier return 

to the office with the packages. In our discussion data is for read or write. data is gone through 

bus ( AD0-AD7) to its destination 

 Internal office staff check the packages according to the instruction given by the customer 

Now let study how the micro processor works. Fetching or get a machine code from memory 
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Resent logic levels of group of lines; some lines are high and other are low . the crossover of the 

lines indicates that new bytes( information) is placed on the , and a dashed straight line indicates 

the high impedance state . to fetch the byte , MPU perform the following steps 

when we draw the timing diagram there are two onefor op code fetch and other for memory read 

or write.op code fetch containing for 4 cycle,memory read or write containing 3 cycle.it's general 

, if we have more instruction cycle increase accordingly. 

demultiplexing the bus ad7-ad0 

In Intel 8085 microprocessor lower order address bus is multiplexed with data bus. This is done 

to reduce the size of nicroprocessor. Because we dont require address and data bus at the same 

time, we can have a common bus for address and data. To select a memory location, we nned 

address first, when the location is selected after that we have to transfer the data with that 

selected location. 

 

In the first T-satet of a machine cycle we need the address bus because we have to address to 

memory. At this time ALE(Address latch enable) signal becomes active and it enables the latch. 

 

When the latch is enabled, output of the latch becomes equal to the output of AD7-AD0, hence 

demultiplexing of AD7-AD0 to lower order address bus(A7-A0) is achieved. 

The higher order address bus is already available as A15-A8. 

 

The data bus contains unspecified data and is in no use because the processor is just addressing 

at this time, no data transfer could take place. 
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Aftre first T-state, ALE becomes Low, hence disables the latch. So the output of latch gets 

disconnected from the microprocessor. 

 

Now the data from microprocessor is transferred to data bus i.e D7-D0. 

- See more at: http://www.notes4exams.com/2015/01/intel-8085-demultiplexing-

addressdata.html#sthash.6gOFtbcL.dpuf 

8085 Architecture 

We have tried to depict the architecture of 8085 with this following image − 

) 

8085 Bus Structure: Address Bus: 

 The address bus is a group of 16 lines generally identified as A0 to A15. 

 The address bus is unidirectional: bits flow in one direction-from the MPU to peripheral 

devices. 

 The MPU uses the address bus to perform the first function: identifying a peripheral or a 

memory location. 

http://www.notes4exams.com/2015/01/intel-8085-demultiplexing-addressdata.html#sthash.6gOFtbcL.dpuf
http://www.notes4exams.com/2015/01/intel-8085-demultiplexing-addressdata.html#sthash.6gOFtbcL.dpuf
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Bus: 

 The data bus is a group of eight lines used for data flow. 

 These lines are bi-directional - data flow in both directions between the MPU and 

memory and peripheral devices. 

 The MPU uses the data bus to perform the second function: transferring binary 

information. 

 The eight data lines enable the MPU to manipulate 8-bit data ranging from 00 to FF (28 = 

256 numbers). 

 The largest number that can appear on the data bus is 11111111. 

Control Bus: 

 The control bus carries synchronization signals and providing timing signals. 

 The MPU generates specific control signals for every operation it performs. These signals 

are used to identify a device type with which the MPU wants to communicate. 

Registers of 8085: 

 The 8085 have six general-purpose registers to store 8-bit data during program execution. 

 These registers are identified as B, C, D, E, H, and L. 

 They can be combined as register pairs-BC, DE, and HL-to perform some 16-bit 

operations. 
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 The accumulator is an 8-bit register that is part of the arithmetic/logic unit (ALU). 

 This register is used to store 8-bit data and to perform arithmetic and logical operations. 

 The result of an operation is stored in the accumulator. 

Flags: 

 The ALU includes five flip-flops that are set or reset according to the result of an 

operation. 

 The microprocessor uses the flags for testing the data conditions. 

 They are Zero (Z), Carry (CY), Sign (S), Parity (P), and Auxiliary Carry (AC) flags. The 

most commonly used flags are Sign, Zero, and Carry. 

The bit position for the flags in flag register is, 

 
1.Sign Flag (S):       

  After execution of any arithmetic and logical operation, if D7 of the result is 1, the sign  flag is 

set. Otherwise it is reset. D7 is reserved for indicating the sign; the remaining is the magnitude of 

number. If D7 is 1, the number will be viewed as negative number. If D7 is 0, the number will 

beviewed as positive number. 

2..Zero Flag (z):       

  If the result of arithmetic and logical operation is zero, then zero flag is set otherwise it is reset. 

3.Auxiliary Carry Flag (AC):If D3 generates any carry when doing any   arithmetic and logical 

operation, this flag is set.              Otherwise it is reset. 

4.Parity Flag (P): 

If the result of arithmetic and logical operation contains even number of 1's then this flag will 

be  set and if it is odd number of 1's it will be reset.  

5.Carry Flag (CY): 

If any arithmetic and logical operation result any carry then carry flag is set otherwise it is  reset. 

Arithmetic and Logic Unit (ALU): 

 It is used to perform the arithmetic operations like addition, subtraction, multiplication, 

division, increment and decrement and logical operations like AND, OR and EX-OR. 

 It receives the data from accumulator and registers. 

 According to the result it set or reset the flags. 

Program Counter (PC): 

 This 16-bit register sequencing the execution of instructions. 

 It is a memory pointer. Memory locations have 16-bit addresses, and that is why this is a 

16-bit register. 
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 The function of the program counter is to point to the memory address of the next 

instruction to be executed. 

 When an opcode is being fetched, the program counter is incremented by one to point to 

the next memory location. 

Stack Pointer (Sp): 

 The stack pointer is also a 16-bit register used as a memory pointer. 

 It points to a memory location in R/W memory, called the stack. 

 The beginning of the stack is defined by loading a 16-bit address in the stack pointer 

(register). 

 

Temporary Register: It is used to hold the data during the arithmetic and logical 

operations. Instruction Register:  When an instruction is fetched from the memory, it is loaded in 

the instruction register. Instruction Decoder: It gets the instruction from the instruction register 

and decodes the instruction. It identifies the instruction to be performed. Serial I/O Control:  It 

has two control signals named SID and SOD for serial data transmission. Interrupt Control Unit: 

 It receives hardware interrupt signals and sends an acknowledgement for receiving the 

interrupt signal. 

Arithmetic and Logic Unit (ALU): 

 It is used to perform the arithmetic operations like addition, subtraction, multiplication, 

division, increment and decrement and logical operations like AND, OR and EX-OR. 

 It receives the data from accumulator and registers. 

 According to the result it set or reset the flags. 

Program Counter (PC): 

 This 16-bit register sequencing the execution of instructions. 

 It is a memory pointer. Memory locations have 16-bit addresses, and that is why this is a 

16-bit register. 

 The function of the program counter is to point to the memory address of the next 

instruction to be executed. 

 When an opcode is being fetched, the program counter is incremented by one to point to 

the next memory location. 
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Stack Pointer (Sp): 

 The stack pointer is also a 16-bit register used as a memory pointer. 

 It points to a memory location in R/W memory, called the stack. 

 The beginning of the stack is defined by loading a 16-bit address in the stack pointer 

(register). 

Timing and Control unit: 

 It has three control signals ALE, RD (Active low) and WR (Active low) and three status 

signals IO/M(Active low), S0 and S1. 

 ALE is used for provide control signal to synchronize the components of microprocessor 

and timing for instruction to perform the operation. 

 RD (Active low) and WR (Active low) are used to indicate whether the operation is 

reading the data from memory or writing the data into memory respectively. 

 IO/M(Active low) is used to indicate whether the operation is belongs to the memory or 

peripherals. 

 
Interrupt Control Unit: 

 It receives hardware interrupt signals and sends an acknowledgement for receiving the 

interrupt signal. 
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Programming of 8085 Processor: 

Instruction Format 

The 8085 instruction set is classified into the following three groups according to word 

size: 

One-word or 1-byte instructions 

Two-word or 2-byte instructions 

Three-word or 3-byte instructions 

In the 8085, "byte" and "word" are synonymous because it is an 8-bit microprocessor. 

However, instructions are commonly referred to in terms of bytes rather than words. 

1 One-Byte Instructions 

 A 1-byte instruction includes the opcode and operand in the same byte. Operand(s) are 

internal register and are coded into the instruction. 

 

  



 

 

These instructions are 1-byte instructions performing three different tasks. In the first 

instruction, both operand registers are specified. In the second instruction, the operand B is 

specified and the accumulator is assumed.  

Similarly, in the third instruction, the accumulator is assumed to be the implicit 

operand. These instructions are stored in 8- bit binary format in memory; each requires one 

memory location. 

 MOV rd, rs 

 rd  rs copies contents of rs into rd. 

Coded as 01 ddd sss 

 where ddd is a code for one of the 7 general registers which is the destination of the data, sss 

is the code of the source register. 

 Example: MOV A,B 

 Coded as 01111000 = 78H = 170 octal (octal was used extensively in instruction design of 

such processors). 

 ADD r 

 A  A + r 

2 Two-Byte Instructions 

 In a two-byte instruction, the first byte specifies the operation code and the second byte 

specifies the operand. Source operand is a data byte immediately following the opcode. For 

example: 

 Table 2.2 Example for 2 byte Instruction 



 

 

 

 

 The instruction would require two memory locations to store in memory. 

 MVI r,data 

 r  data 

 Example: MVI A,30H coded as 3EH 30H as two contiguous bytes. 

 This is an example of immediate addressing. 

 ADI data 

 A  A + data 

 OUT port 

 0011 1110 

 DATA 

 Where port is an 8-bit device address. (Port)  A. 

 Since the byte is not the data but points directly to where it is located this is called direct 

addressing. 

  



 

 

3 Three-Byte Instructions 

 In a three-byte instruction, the first byte specifies the opcode, and the following two bytes 

specify the 16-bit address. Note that the second byte is the low-order address and the third 

byte is the high-order address. 

 opcode + data byte + data byte 

 Table 3.3 Example for 3 byte Instruction 

 

 This instruction would require three memory locations to store in memory. 

 Three byte instructions - opcode + data byte + data byte 

1) LXI rp, data16 

 rp is one of the pairs of registers BC, DE, HL used as 16-bit registers. The two data bytes are 

16-bit data in L H order of significance. 

 rp  data16 

 LXI H,0520H coded as 21H 20H 50H in three bytes. This is also immediate addressing. 

2) LDA addr 

 A  (addr) Addr is a 16-bit address in L H order. 



 

 

 Example: LDA 2134H coded as 3AH 34H 21H. This is also an example of direct addressing. 

ADDRESSING MODES: 

These are the instructions used to transfer the data from one register to another register, 

from the memory to the register, and from the register to the memory without any alteration 

in the content. Addressing modes in 8085 is classified into 5 groups − 

Immediate addressing mode 

In this mode, the 8/16-bit data is specified in the instruction itself as one of its operand. 

 For example: MVI K, 20F: means 20F is copied into register K. 

Register addressing mode 

In this mode, the data is copied from one register to another. 

 For example: MOV K, B: means data in register B is copied to register K. 

Direct addressing mode 

In this mode, the data is directly copied from the given address to the register.  

For example: LDB 5000K: means the data at address 5000K is copied to register B. 

Indirect addressing mode 

In this mode, the data is transferred from one register to another by using the address pointed 

by the register. 

 For example: MOV K, B: means data is transferred from the memory address pointed by the 

register to the register K. 

Implied addressing mode 

This mode doesn’t require any operand; the data is specified by the opcode itself.  

For example: CMP. 

 

 



 

 

The 8085 Instruction Set  

Instructions can be categorized according to their method of addressing the hardware registers 

and/or memory. 

1. Data Transfer Croup 

2. Arithmetic Group 

3. Logical Group 

4. Branch Group 

Data Transfer Croup: 

The data transfer instructions move data between registers or between memory and registers. 

 

Examples: 

MOV - Move 

MVI  - Move Immediate 

LDA  - Load Accumulator Directly from Memory 

STA - Store Accumulator Directly in Memory 

LHLD  - Load H & L Registers Directly from Memory 

SHLD  -  Store H & L Registers Directly in Memory 

 

An 'X' in the name of a data transfer instruction implies that it deals with a register pair (16-

bits); 

 

LXI  - Load Register Pair with Immediate data 

LDAX -  Load Accumulator from Address in Register Pair 

STAX  - Store Accumulator in Address in Register Pair 

XCHG - Exchange H & L with D & E 

XTHL  - Exchange Top of Stack with H & L 

ARITHMETIC GROUP: 

The arithmetic instructions add, subtract, increment, or decrement data in registers or 

memory. 

 

ADD  - Add to Accumulator 

ADI  - Add Immediate Data to Accumulator 

ADC  - Add to Accumulator Using Carry Flag 

ACI  - Add Immediate data to Accumulator Using Carry 



 

 

SUB  - Subtract from Accumulator 

SUI  - Subtract Immediate Data from Accumulator 

SBB  - Subtract from Accumulator Using Borrow (Carry) Flag 

SBI  - Subtract Immediate from Accumulator Using Borrow (Carry) Flag 

INR  - Increment Specified Byte by One 

DCR  - Decrement Specified Byte by One 

INX  - Increment Register Pair by One 

DCX  - Decrement Register Pair by One 

DAD - Double Register Add; Add Content of Register 

Pair to H & L Register Pair 

 

****************** UNIT V COMPLETED *************************  


