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Preface 

 

Dear Student, 

We are extremely happy to present the book of  “Computer Science – II” for you. The 
topics within the chapters have been arranged in a proper sequence to ensure smooth flow of the 
subject.  

Salient Features of the Book are as follows : 

1.    Selective Board Examination Questions till March 2023 have been fully solved in this 
edition.  

2.       Theory is accompanied with neat & clean figures. 

3.       MCQ’s with explanation are also included at the end of each chapter. 
The latest trend  in education is the teaching through multiple choice questions. The MCQ’s 
are intended to enable students to prioritise and plan their learning through regular practice. 
The book contains large number of multiple choice questions on the subject. 

4.       Each chapter is divided into various sections and sub-sections. Entire syllabus is divided into 
Chapters, sections and headings. Each paragraph has been given a unique  section/subsection 
number  which is used to explain that particular section for the students as a cross reference 
to enable them  to refer to the related paragraph. 

5.       Through this book, the author has made an effort to provide rationale for the solutions. The 
book, therefore, meets the expectations of the students as it answers the demand and the 
quest in their mind. It would give rise to real learning which would stand in good stead for 
the student’s career and his life. 

6.       The book is user-friendly and provides information in a well structured manner. It provides 
 comprehensive and critical study of the various concepts of the subject matter. It is felt that 
the contents should be crystal clear. 

7.       Programs are made simple & Outputs are displayed.   

 A word or suggestion from your side may help us add  another feather to the cap of the 
subject matter of the book. The author looks forward to the comments, suggestions and 
criticism from the readers. Constructive suggestions and feedback from users would be 
highly appreciated, acknowledged and suitably incorporated 

We are thankful to team of Target Publications and Tech Neo Publications for the 
encouragement and support that they have extended to us. 
 

- Authors 
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1. Introduction to Microprocessors & Organization of 8085  

 Evolution of Microprocessor, What is Microprocessor? Block diagram of Generic Microprocessor 
and study of various blocks in it. Block Diagram of 8085 µp. Study of various blocks and functions of 
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2. Instruction Set and Programming Of 8085  

 Addressing Modes in 8085, Programming mode of 8085. Study of Instruction Set - Data transfer, 
Arithmetic, Logic, Branching, Stack, I/O and Machine Control Group Instructions. Assembly 
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3. Introduction to Intel X86 Family  

 Introduction to Advance Microprocessors, Introduction to X86 Family and study of major attributes 
of the X86  family processors, Programming Model of X86 family of microprocessors.  
                                                           (Refer Chapter 3)  

4. Introduction to Microcontroller  

 Introduction to Microcontroller, Study of 8051 Architecture and Programming model, Overview of 
other Microcontroller's in the 8051 family. Application of Microcontroller.   

(Refer Chapter 4)  

5. Networking Technology  

 Study of transmission media - Cable media. Coaxial. Twisted pair. Fiber optic. Their comparison. 
Introduction to wireless media. Network topologies - Access methods, Topologies -  Bus, Ring, Star, 
Ethernet, Token ring, Protocols - Internet protocol, Introduction to connectivity devices - Modem, 
Hubs, Repeaters and Routers.                                                            (Refer Chapter 5) 
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6 Marks 
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4 Marks 
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6 Marks 

Q. 3(B) (a) - 4 Marks (b) - 4 Marks 
(Attempt any One) 

4 Marks 
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6 Marks 
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4 Marks 

Q. 5 (a) - 5 Marks (b) - 5 Marks (c) - 5 Marks 
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10 Marks 

Q. 5 (a) - 5 Marks (b) - 5 Marks (c) - 5 Marks 
(Attempt any Two) 

10 Marks 

 Total : 50 Marks 
 
 

COMPUTER SCIE`NCE 

200 Marks Distribution 

Theory Practicals and Team Work 

Paper - I 
(50 Marks) 

Paper - II 
(50 Marks) 

Paper - II 
(50 Marks) 

Paper - I 
(50 Marks) 

Chapter Name Marks 
Introduction to Microprocessors 
and Organization of 8085 

20 Marks 

Instruction Set and Programming of 
8085 

40 Marks 

Introduction to INTEL X86 Family 10 Marks 
Introduction to Microcontroller 10 Marks 
Networking Technology 20 Marks 
  
 

Sample Content



Table Of Contents 

 Chapter 1 : Introduction to Microprocessors & Organization of 8085      1-1 to 1-28 

1.1  Basic Terms used in Microprocessors .......................................................................................................................... 1-2 

1.2   Microprocessors Characteristics ................................................................................................................................... 1-3 

1.3  Functions of a Microprocessor ...................................................................................................................................... 1-3 

1.4  Evolution of Microprocessors ........................................................................................................................................ 1-4 

1.5  Block Diagram of a Microcomputer ............................................................................................................................... 1-5 

1.6  Buses of Microcomputer ............................................................................................................................................... 1-6 

1.6.1 Utilization of three Buses ................................................................................................................................ 1-7 

1.7  Block Diagram of a Generic Microprocessor ................................................................................................................. 1-8 

1.8  Features of 8085 Microprocessor ............................................................................................................................... 1-11 

1.9  8085 CPU ARCHITECTURE ...................................................................................................................................... 1-11 

1.9.1 Board Questions (Interpretation of  Flag register) ......................................................................................... 1-14 

1.10  Pin Diagram of Microprocessor 8085 .......................................................................................................................... 1-17 

1.11   Interrupts ..................................................................................................................................................................... 1-20 

1.12  Timing Diagrams of 8085 ............................................................................................................................................ 1-20 

1.12.1 Rules to Identify Number of Machine Cycles in an Instruction ...................................................................... 1-21 

1.13  Multiple Choice Questions .......................................................................................................................................... 1-21 

• Chapter Ends ........................................................................................................................................... …..1-28 

 Chapter 2 :  Instruction Set and Programming Of 8085                     2-1 to 2-101 

2.1  Programmers Model of 8085 ......................................................................................................................................... 2-1 
2.2  Instruction Types of 8085 .............................................................................................................................................. 2-2 
2.3  Instruction and Instruction set of 8085 .......................................................................................................................... 2-2 
2.4  Data Transfer Group ..................................................................................................................................................... 2-3 

2.4.1 MOV Rd, Rs .................................................................................................................................................... 2-3 
2.4.2 MOV R, M ....................................................................................................................................................... 2-4 
2.4.3 MOV M, R ....................................................................................................................................................... 2-4 
2.4.4 MVI R, D8 ....................................................................................................................................................... 2-5 
2.4.5 MVI M, D8 ....................................................................................................................................................... 2-5 
2.4.6 LXI Rp, D16 .................................................................................................................................................... 2-5 
2.4.7 LDA 16 BIT ADDRESS ................................................................................................................................... 2-6 
2.4.8 STA 16 BIT ADDRESS ................................................................................................................................... 2-6 
2.4.9 LHLD 16 BIT ADDRESS ................................................................................................................................. 2-6 
2.4.10 SHLD 16 BIT ADDRESS ................................................................................................................................ 2-7 
2.4.11 LDAX Rp ......................................................................................................................................................... 2-7 
2.4.12 STAX R ........................................................................................................................................................... 2-7 
2.4.13 XCHG ............................................................................................................................................................. 2-8 
2.4.14 IN 8BIT ADDRESS ......................................................................................................................................... 2-8 
2.4.15 OUT 8BIT ADDRESS ..................................................................................................................................... 2-8 

2.5 Arithmetical Group ........................................................................................................................................................ 2-8 

Sample Content



2.6  Arithmetical Group  (Addition Group) ............................................................................................................................ 2-8 
2.6.1 ADD R ............................................................................................................................................................. 2-9 
2.6.2 ADD M ............................................................................................................................................................ 2-9 
2.6.3 ADI D8 ............................................................................................................................................................ 2-9 
2.6.4 ADC R ............................................................................................................................................................. 2-9 
2.6.5  ADC M ............................................................................................................................................................ 2-9 
2.6.6  ACI D8 ............................................................................................................................................................ 2-9 
2.6.7 DAD Rp ......................................................................................................................................................... 2-10 

2.7  Arithmetical Group  (Subtraction  Group) .................................................................................................................... 2-10 
2.7.1 SUB R ........................................................................................................................................................... 2-10 
2.7.2    SUB M .......................................................................................................................................................... 2-10 
2.7.3    SUI D8 .......................................................................................................................................................... 2-10 
2.7.4 SBB R ........................................................................................................................................................... 2-11 
2.7.5 SBB M ........................................................................................................................................................... 2-11 
2.7.6 SBI D8 .......................................................................................................................................................... 2-11 

2.8  Arithmetical Group  (Increment/Decrement) ................................................................................................................ 2-11 
2.8.1   INR R ............................................................................................................................................................ 2-11 
2.8.2  INR M ............................................................................................................................................................ 2-11 
2.8.3 INX Rp .......................................................................................................................................................... 2-12 
2.8.4  DCR R .......................................................................................................................................................... 2-12 
2.8.5  DCR M .......................................................................................................................................................... 2-12 
2.8.6  DCX Rp ......................................................................................................................................................... 2-12 
2.8.7  DAA .............................................................................................................................................................. 2-13 

2.9  Logical Group .............................................................................................................................................................. 2-13 
2.10  Branching Group ......................................................................................................................................................... 2-14 
2.11  Stack and Machine Control Group .............................................................................................................................. 2-14 
2.12  Addressing Modes of 8085 ......................................................................................................................................... 2-15 
2.12A Instruction Set Summary ............................................................................................................................................. 2-16 
2.13  8085 Programming on Addition ................................................................................................................................... 2-19 

2.13.1 Program of 8-bit Addition .............................................................................................................................. 2-19 
2.13.2 Program for Array of an 8-bit Addition ........................................................................................................... 2-20 
2.13.3 Array of an 8-bit Addition for only  ODD Numbers ........................................................................................ 2-21 
2.13.4 Array of an 8-bit Addition for only EVEN Numbers ........................................................................................ 2-22 
2.13.5 8-bit Array Addition ....................................................................................................................................... 2-23 
2.13.6 BCD Addition of 8-bit Numbers ..................................................................................................................... 2-29 
2.13.7 Array for BCD Addition of 8-bit Numbers ...................................................................................................... 2-31 
2.13.8 Addition of Multibyte Numbers ...................................................................................................................... 2-32 
2.13.9 Addition of 16-bit Numbers ........................................................................................................................... 2-35 
2.13.10 Addition of Reverse Numbers ....................................................................................................................... 2-36 
2.13.11 Addition Examples ........................................................................................................................................ 2-37 

2.14  8085 Programming on Subtraction ............................................................................................................................. 2-38 
2.14.1 Program of 8-bit Subtraction ......................................................................................................................... 2-38 

2.15  8085 Programming on Multiplication ........................................................................................................................... 2-40 
2.15.1  Multiplication of Two 8-bit Numbers .............................................................................................................. 2-40 

Sample Content



2.15.2  Multiplication of 8-Bit Data ............................................................................................................................ 2-43 
2.15.3  BCD Multiplication of 8-Bit Data .................................................................................................................... 2-44 
2.15.4  Multiplication of 8-Bit Reverse Data .............................................................................................................. 2-45 
2.15.5 Multiplication of 8-Bit with 4 Bit Data (Lower Nibble) ..................................................................................... 2-46 

2.16  8085 Programming on Division ................................................................................................................................... 2-47 
2.16.1  Division of 8-bit Numbers .............................................................................................................................. 2-47 
2.16.2  Division of Two 8-bit Numbers ...................................................................................................................... 2-48 
2.16.3  Division of Two 8-bit Numbers using Rotate Instruction ................................................................................ 2-48 

2.17  8085 Block / Array Programming ................................................................................................................................ 2-51 
2.17.1 Block Transfer Program ................................................................................................................................ 2-51 

2.17.2  Block Transfer Program using XCHG Instruction .......................................................................................... 2-55 
2.17.3 Block Exchange ............................................................................................................................................ 2-55 
2.17.4  Reverse Block Transfer ................................................................................................................................ 2-57 

2.18   Array Programming ..................................................................................................................................................... 2-59 
2.18.1  Search Data from an Array ........................................................................................................................... 2-59 
2.18.2 Search Number of odds from an Array ......................................................................................................... 2-62 
2.18.3  Search Number of Evens from an Array ....................................................................................................... 2-65 
2.18.4  Search Number of Evens and Odds from an Array ....................................................................................... 2-68 
2.18.5  Search Number of Times the Data Available in an Array .............................................................................. 2-69 
2.18.6 Smallest Number from an array .................................................................................................................... 2-72 
2.18.7  Largest Number from an Array ...................................................................................................................... 2-73 
2.18.8  Smallest Number from an Array .................................................................................................................... 2-77 
2.18.9  Largest Number and Smallest Number from an Array .................................................................................. 2-78 
2.18.10 Insert Data in an Array .................................................................................................................................. 2-79 
2.18.11 Arrange Array in Ascending Order ................................................................................................................ 2-81 
2.18.12  Arrange array in Descending Order .............................................................................................................. 2-83 
2.18.13  Same Array ................................................................................................................................................... 2-83 
2.18.14  Array Programs ............................................................................................................................................. 2-83 
2.18.15 Nibble Programs ........................................................................................................................................... 2-84 
2.18.16 ASCII Programs ............................................................................................................................................ 2-85 
2.18.17  HEX to BCD Programs ................................................................................................................................. 2-85 
2.18.18 Conversion Programs ................................................................................................................................... 2-85 

2.19  Code Conversion and compliments ............................................................................................................................ 2-86 
2.19.1  BCD to HEX Code Conversion ..................................................................................................................... 2-86 
2.19.2  2’s Compliment ............................................................................................................................................. 2-86 
2.19.3 Programming on Rotate Instructions ............................................................................................................. 2-87 
2.19.4 Count Number of Zeros in Byte ..................................................................................................................... 2-88 
2.19.5   Count Number of Ones in Byte ..................................................................................................................... 2-88 
2.19.6  Count Number of Ones and Zeros in Byte .................................................................................................... 2-89 
2.19.7   Check Validity of Number ............................................................................................................................. 2-89 
2.19.8   Other Programs ............................................................................................................................................ 2-89 

2.20 Multiple Choice Questions .......................................................................................................................................... 2-91 
• Chapter Ends…………………………………………………………………………………………………………...2-101 

Sample Content



 Chapter 3 :   Introduction to Intel X86 Family                                            3-1 to 3-15 

3.1  Introduction to Advance Microprocessor ....................................................................................................................... 3-1 

3.1.1 Characteristics of Advanced Microprocessors ................................................................................................ 3-1 

3.2  Basics of 8086 (16-bit Microprocessor) ......................................................................................................................... 3-1 

3.2.1  Features of 8086 Microprocessor ................................................................................................................... 3-1 

3.3  Architecture of 8086  (Block Diagram of 8086) ............................................................................................................. 3-2 

3.3.1  Bus Interface Unit (BIU) .................................................................................................................................. 3-2 

3.3.2  Execution Unit ................................................................................................................................................. 3-3 

3.3.3  Flag Register of 8086 ...................................................................................................................................... 3-3 

3.3.4 Register Organization of 8086 Microprocessor ............................................................................................... 3-4 

3.4  80286 Microprocessor .................................................................................................................................................. 3-6 

3.4.1 Features and Characteristics of the 80286 ..................................................................................................... 3-6 

3.5  80386 Microprocessor .................................................................................................................................................. 3-6 

3.6  80486 Microprocessor .................................................................................................................................................. 3-7 

3.7  80586 or Pentium Microprocessor ................................................................................................................................ 3-7 

3.7.1 Advantages of 80586 or Pentium Microprocessor .......................................................................................... 3-8 

3.8  Programming model of  32-bit version of X86 family of microprocessors ..................................................................... 3-9 

3.9  Flag register (32-bit) of X86 family .............................................................................................................................. 3-10 

3.10  Comparison of X86 family Microprocessors ................................................................................................................ 3-11 

3.11  Multiple Choice Questions .......................................................................................................................................... 3-11 

• Chapter Ends ...... …………………………………………………………………………………………………………...3-15 

 Chapter 4 :   Introduction to Microcontroller                                             4-1 to 4-13 

4.1  Introduction to Microcontroller ....................................................................................................................................... 4-1 
4.1.1 Comparison between Microprocessor and Microcontroller ............................................................................. 4-1 
4.1.2 Microcontroller Advantages Over Microprocessor .......................................................................................... 4-2 

4.2  Microcontroller 8051  (8-bit Microcontroller) .................................................................................................................. 4-3 
4.2.1 Features of 8051Microcontroller ..................................................................................................................... 4-3 
4.2.2 MCS48 and MCS51 Microcontroller Family .................................................................................................... 4-3 
4.2.3 MCS48 and MCS51 Microcontroller Family Comparison ................................................................................ 4-4 

4.3  Internal Architecture of 8051  (Block Diagram of 8051 Microcontroller) ........................................................................ 4-5 
4.4  Program Status Word (PSW) ........................................................................................................................................ 4-6 
4.5  Data Memory Organisation (Internal Ram Organisation) of 8051 Microcontroller ......................................................... 4-6 

4.5.1 Register Bank in 8051 Microcontrollers .......................................................................................................... 4-7 
4.5.2 Bit Addressable RAM ...................................................................................................................................... 4-7 
4.5.3 Scratch Pad Ram ............................................................................................................................................ 4-8 

4.6  External Memory Interfacing with 8051 ......................................................................................................................... 4-8 
4.6.1 Data Memory Internal and External ................................................................................................................ 4-8 
4.6.2 Program Memory Internal and External .......................................................................................................... 4-8 

4.7  Applications of Microcontroller ...................................................................................................................................... 4-9 
4.8  Multiple Choice Questions .......................................................................................................................................... 4-10 

• Chapter Ends ....................................................................................................................................................... 4-13 

Sample Content



 Chapter 5 :   Networking Technology                                                      5-1 to 5-42 

5.1  Study of Transmission Media ........................................................................................................................................ 5-1 

5.1.1  Introduction to Transmission Media ................................................................................................................ 5-1 

5.1.2  Types of Transmission Media ......................................................................................................................... 5-1 

5.1.3  Characteristics of Transmission Media ........................................................................................................... 5-1 

5.2  Twisted Pair Cable ........................................................................................................................................................ 5-2 

5.2.1  Construction of Twisted Pair Cable ................................................................................................................. 5-2 

5.2.2  Types of Twisted Pair Cable ........................................................................................................................... 5-3 

5.2.3  Comparison between UTP and STP Twisted Pair Cables .............................................................................. 5-4 

5.3  Coaxial Cable ................................................................................................................................................................ 5-5 

5.3.1  Construction of Coaxial Cable ......................................................................................................................... 5-5 

5.3.2  Characteristics of Coaxial Cable ..................................................................................................................... 5-6 

5.3.3  Advantages of Co-axial Cable......................................................................................................................... 5-6 

5.3.4  Disadvantages of Co-axial Cable .................................................................................................................... 5-7 

5.3.5  Applications of Co-axial Cable ........................................................................................................................ 5-7 

5.4  Comparison between Shielded Twisted Pair (STP) and Co-axial Cable ....................................................................... 5-8 

5.5  Thicknet and Thinnet coaxial cable ............................................................................................................................... 5-9 

5.5.1  Compare Thicknet and Thinnet Coaxial Cable................................................................................................ 5-9 

5.5.2  Compare Thicknet Coaxial Cable and Unshielded Twisted Pair (UTP) ........................................................ 5-10 

5.6  Optical Fiber Cable ..................................................................................................................................................... 5-11 

5.6.1  Construction of Optical Fiber Cable .............................................................................................................. 5-11 

5.6.2  Working Principle of Optical Fiber Cable ...................................................................................................... 5-11 

5.6.3  Advantages of Optical Fiber Cable ............................................................................................................... 5-12 

5.6.4  Disadvantages of Optical Fiber Cable ........................................................................................................... 5-13 

5.6.5  Applications of Optical Fiber Cable ............................................................................................................... 5-13 

5.6.6  Comparison between Optical Fiber Cable and Co-axial Cable ..................................................................... 5-14 

5.6.7  Comparison between Optical Fiber Cable and Unshielded Twisted Pair (UTP) ........................................... 5-15 

5.7  Unguided media transmission ..................................................................................................................................... 5-16 

5.7.1  Microwave Transmission .............................................................................................................................. 5-17 

5.7.2  Radio Wave Transmission ............................................................................................................................ 5-18 

5.7.3  Comparison between Wired and Wireless Media ......................................................................................... 5-18 

5.7.4 Advantages of Wireless Media or Wireless Transmission ............................................................................ 5-19 

5.7.5 Disadvantages of Wireless Media or Wireless Transmission ........................................................................ 5-20 

5.8  Network and Networking ............................................................................................................................................. 5-21 

5.8.1 Computer Networks ...................................................................................................................................... 5-22 

5.8.2 Advantages of Computer Networks Include .................................................................................................. 5-22 

5.8.3 Disadvantages of Computer Networks .......................................................................................................... 5-23 

5.9  Classification of Computer Networks .......................................................................................................................... 5-23 

5.10  Local Area Network (LAN): ......................................................................................................................................... 5-24 

5.10.1  Introduction to LAN ....................................................................................................................................... 5-24 

5.10.2  LAN topologies .............................................................................................................................................. 5-24 

5.10.3  Advantages of LAN ....................................................................................................................................... 5-24 

5.10.4  Disadvantages of LAN .................................................................................................................................. 5-25 

Sample Content



5.10.5  Applications of LAN ....................................................................................................................................... 5-26 

5.11  Wide Area Networks ................................................................................................................................................... 5-26 

5.11.1 Comparison between Local Area Network (LAN) and Wide Area Networks (WAN) ..................................... 5-27 

5.12  Access methods of networking ................................................................................................................................... 5-28 

5.12.1  Contention .................................................................................................................................................... 5-28 

5.12.2  Polling ........................................................................................................................................................... 5-29 

5.12.3  Token Passing .............................................................................................................................................. 5-29 

5.13  Network Topologies: ................................................................................................................................................... 5-30 

5.13.1  Bus Topology ....................................................................................................................................................................................... 5-30 

5.13.2 Ring Topology ............................................................................................................................................... 5-31 

5.13.3 Star Topology ................................................................................................................................................ 5-33 

5.13.4  Comparison between Bus, Ring and Star Topology ..................................................................................... 5-35 

5.13.5  Best Topology in computer networks ............................................................................................................ 5-36 

5.14  Ethernet (IEEE 802.3) ................................................................................................................................................. 5-36 

5.15  Token Ring LAN (IEEE 802.3): ................................................................................................................................... 5-37 

5.16  Protocol in Computer Networks .................................................................................................................................. 5-38 

5.17  Network Connecting Devices / Network Devices ........................................................................................................ 5-39 

5.17.1  Role of Network Connecting Devices ............................................................................................................ 5-39 

5.18  Multiple Choice Questions with Answers .................................................................................................................... 5-40 

• Chapter Ends ....................................................................................................................................................... 5-42 

 

 LAB MANUAL…………………………………………………………………………………………………………………L-1 to L-36 

 APPENDIX A :  Board Question Papers with Topic Reference of March 2022, July 2022 & 

April 2023……………………………………………………………………………………………..……A-1 to A-7 

 

 APPENDIX B : Scan the adjacent QR code to view Fully Solved Board Questions Papers 

of March 2022 & July 2022 

 

 Scan the adjacent QR code to view Board Question Papers (CS-II) (Oct. 2003 to March 2019)  

 
 

 Sample Content



(STD-12th) 

Introduction to  
INTEL X86 Family 

 3.1 INTRODUCTION TO ADVANCE 
MICROPROCESSOR 

An advanced microprocessor refers to a high-performance and 
feature-rich microprocessor that incorporates advanced 
technologies and architectural improvements to deliver superior 
processing capabilities. These processors are designed to handle 
complex tasks and demanding applications with enhanced 
efficiency, speed, and functionality. 

3.1.1 Characteristics of Advanced 
Microprocessors 

1. Increased Performance : Advanced microprocessors are
designed to offer higher clock speeds and improved
instruction execution capabilities. They employ advanced
pipelining techniques, superscalar architectures, and multiple
execution units to achieve greater performance levels.

2. Expanded Instruction Set: These microprocessors
typically have an expanded instruction set architecture
(ISA) that includes a wide range of specialized
instructions for advanced operations. These instructions
can accelerate mathematical computations, multimedia
processing, encryption/decryption, and other complex tasks.

3. Enhanced Cache and Memory Hierarchy : Advanced
microprocessors incorporate larger and faster on-chip
caches, such as L1, L2, and sometimes L3 caches. These
caches help reduce memory access latency and improve
overall system performance. They also employ
sophisticated memory management techniques like virtual
memory and caching algorithms to optimize data access.

4. Multithreading and Parallel Processing : To improve
system responsiveness and utilization of available
resources, advanced microprocessors often support
multithreading and parallel processing techniques. These
processors can execute multiple threads simultaneously or
perform parallel computations using multiple cores or
execution units.

5. Advanced Power Management : Power efficiency is a
critical consideration in modern microprocessor design.
Advanced microprocessors employ advanced power
management techniques, such as dynamic voltage and
frequency scaling (DVFS), power gating, and clock gating,
to reduce power consumption during periods of low activity
or idle states.

6. Integrated Peripheral Interfaces : Many advanced
microprocessors feature integrated peripherals and
interfaces, such as USB, Ethernet, SATA, PCIe, and
graphics controllers. These integrated features simplify
system design, reduce costs, and enhance overall system
performance.

7. Security Features : Security is a significant concern in
modern computing environments. Advanced
microprocessors often incorporate hardware-level security
features like encryption/decryption accelerators, secure
boot mechanisms, and hardware-based security modules
to ensure data protection and system integrity.

 3.2 BASICS OF 8086 
(16-BIT MICROPROCESSOR) 

i. The 8086 microprocessor is a 16-bit microprocessor that
was introduced by Intel in 1978. It is considered one of the
first microprocessors to have a significant impact on the
personal computer industry.

ii. The 8086 was the first member of the x86 family of
microprocessors, which has since become the most widely
used architecture in the PC market.

iii. The 8086 microprocessor was a significant advancement
over its predecessors in terms of performance and
capabilities.

iv. It has a 16-bit architecture, which means it could process
data in 16-bit chunks, allowing for larger memory
addressing and more complex calculations compared to
the 8-bit processors of the time.

3.2.1 Features of 8086 Microprocessor 

CHAPTER 

3 

i. It is a 16-bit µp.
ii. 8086 has a 20-bit address bus can access up to 220

= 10, 48,576 memory locations approximately 1 MB of
Memory Space.

iii. 8086 has a 16-bit Data bus can support up to
216 = 65,536 I/O ports.

iv. It provides 14, 16 -bit registers.
v. It has multiplexed address and data bus AD0 - AD15.
vi. 8086 available to works on 5 MHz, 8 MHz and 10 MHz
vii. It requires single phase clock with 33% duty cycle to

provide internal timing.
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viii. It can prefetches up to 6 instruction bytes from memory and queues them in order to speed up instruction execution.
ix. 8086 has pipelined architecture.
x. 8086 is designed to operate in two modes, Minimum and Maximum.
xi. It requires +5V power supply.
xii. A 40-pin dual in line package (DIP).

 3.3 ARCHITECTURE OF 8086 
(BLOCK DIAGRAM OF 8086) 

i. 8086 has two blocks : BIU (Bus Interface Unit) and EU (Execution Unit).
a. The BIU performs all bus operations such as instruction fetching, reading and writing operands for memory and calculating the

addresses of the memory operands.
b. The instruction bytes are transferred to the instruction queue.  EU executes instructions from the instruction system byte queue.
c. Both units operate asynchronously to give the 8086 an overlapping instruction fetch and execution mechanism which is called

as Pipelining. This results in efficient use of the system bus and system performance.
d. BIU contains Instruction queue, Segment registers, Instruction pointer, and Address adder.
e. EU contains Control circuitry, Instruction decoder, ALU, Pointer and Index register, Flag register.
f. The Architecture of 8086 is as shown in Fig 3.3.1.

Fig. 3.3.1 : Internal Architecture of 8086 

3.3.1 Bus Interface Unit (BIU) 

i. It provides a full 16-bit bidirectional data bus and 20 bit
address bus.

ii. The bus interface unit is responsible for performing all
external bus operations. Specifically it has the following
functions:

a. Instructions fetch.
b. Instruction queuing
c. Operand fetch and storage.
d. Address relocation and Bus control.

iii. BIU consist of 6 bytes of a QUEUE and Address
Summer.

iv. The BIU uses a mechanism known as an instruction
stream queue to implement pipeline architecture.

v. Fetching the next instruction while current instruction
executes is known as Pipelining. This queue permits
prefetch of up to six bytes of instruction code.

vi. Whenever the queue of the BIU is not full, it has room for
at least two more bytes and at the same time the EU is not
requesting it to read or write operands from memory, the
BIU is free to look ahead in the program by prefetching
the next sequential instruction.
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vii. These prefetching instructions are held in its FIFO queue.
With its 16 bit data bus, the BIU fetches two instruction
bytes in a single memory cycle.

viii. After a byte is loaded at the input end of the queue, it
automatically shifts up through the FIFO to the empty 
location nearest the output.

ix. The EU accesses the queue from the output end. It reads
one instruction byte after the other from the output of the
queue. If the queue is full and the EU is not requesting
access to operand in memory.

x. These intervals of no bus activity, which may occur
between bus cycles, are known as idle state.

xi. If the BIU is already in the process of fetching an
instruction when the EU request it to read or write
operands from memory or I/O, the BIU first completes
the instruction fetch bus cycle before initiating the 
operand read / write cycle.

xii. The BIU also contains a dedicated adder which is used to
generate the 20bit physical address that is output on the
address bus. This address is formed by adding an
appended 16-bit segment address and a 16 bit offset
address.

xiii. For example: The physical address of the next instruction
to be fetched is formed by combining the current contents
of the code segment CS register and the current contents
of the instruction pointer IP register.

xiv. The BIU is also responsible for generating bus control
signals such as those for memory read or write and I/O
read or write.
The BIU contains the following registers:

a. IP - the Instruction Pointer
b. CS - the Code Segment Register
c. DS - the Data Segment Register
d. SS - the Stack Segment Register
e. ES - the Extra Segment Register

3.3.2 Execution Unit 

i. The Execution unit is responsible for decoding and
executing all instructions.

ii. The EU extracts instructions from the top of the queue in
the BIU, decodes them, generates operands, if necessary,
passes them to the BIU and requests it to perform the read
or write cycles to memory or I/O and perform the
operation specified by the instruction on the operands.

iii. During the execution of the instruction, the EU tests the
status and control flags and updates them based on the
results of executing the instruction.

iv. If the queue is empty, the EU waits for the next
instruction byte to be fetched and shifted to top of the
queue.

v. When the EU executes a branch or jump instruction, it
transfers control to a location corresponding toanother set
of sequential instructions.

vi. Whenever this happens, the BIU automatically resets the
queue and then begins to fetch instructionsfrom this new
location to refill the queue.

vii. 8086 provides 14, 16 –bit Registers

Registers are in the CPU and are referred to by specific 
names : 

a. Data registers
 1. Hold data for an operation to be performed

2. There are 4 data registers (AX, BX, CX, DX)
b. Address registers

1. Hold the address of an instruction or data element
2. Segment registers (CS, DS, ES, and SS)
3. Pointer registers (SP, BP, and IP)
4. Index registers (SI, DI)

c. Status register
1. Keeps the current status of the processor.
2. On an IBM PC the status register is called the

FLAGS register.
viii. In total there are fourteen 16-bit registers in an

8086/8088.

3.3.3 Flag Register of 8086 

Board Exam Question 
Q. Explain X86 flag register with diagram ?

(March 16, Oct. 11, 4 Marks) 

i. It determines the current state of the processor.
ii. It consists of 6 Conditional flags
a. Conditional flags are set according to some results of

arithmetic operation.
b. Programmer do not allow to alter the value of these

conditional flags.
1. Sign Flag (SF)
2. Zero Flag (ZF)
3. Auxiliary carry Flag (AF)
4. Parity Flag (PF)
5. Carry Flag (CF)
6. Overflow Flag (OF)

iii. It consists of 3 Control flags
a. Control flags are used to control some operations of the

Microprocessor.
b. These flags are tobe set by programmer in order to

achieve some specific purposes.
1. Direction Flag (DF)
2. Interrupt-enable Flag (IF)
3. Single-step Flag (TF)

iv. Flag register is as shown if Fig. 3.3.2.

Fig. 3.3.2 : Flag Register of 8086 
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Conditional Flags of 8086 

i. Sign Flag (SF)
a. Set if the most significant bit of the result is one.
b. Since negative binary numbers are represented using

standard two's complement notation, the MSB (copied
in sign flag) indicates the number is positive or
negative.

c. SF indicates sign of the result only in case of signed
operation.

d. SF = 1; Result is Negative
e. SF = ‘0’; Result is Negative
f. In case of unsigned operation, sign bit has no

significance.

ii. Zero Flag (ZF)

a. After Arithmetical and Logical operation results in Zero,
as a result the zero flag is set

b. It is not available for programmer for changing to Zero
flag.

c. If a result is non zero then zero flag is reset

iii. Auxiliary carry Flag (AF)

a. This flag is affected after addition only. If there is a
carry from D3 to D4 bit during an 8-bit addition, this bit
is set otherwise this bit is reset.

b. If there is a carry from D7 to D8 bit during a 16-bit
addition, this bit is set otherwise this bit is reset.

c. This is not a general flag; it is only used internally by
microprocessor to perform binary to BCD conversion.

iv. Parity Flag (PF)

a. This flag is affected after Arithmetical and Logical
operation. This flag is affected by number of 1’s in an
accumulator register.

b. If A register containing odd number of 1’s then this flag
is set, otherwise for number of 1’s in A register is even
then this bit is reset.

v. Carry Flag (CF)

a. If an operation performed in ALU generates a carry after
8-bit addition from D7 bit to next stage, the Cy flag is set.
It works as 9th bit for addition & as Borrow flag for
subtraction. If there is no carry borrow out of MSB bit
i.e., D7 of the result the CY flag is reset.

b. If an operation performed in ALU generates a carry
after 16-bit addition from D15 bit to next stage, the Cy
flag is set. It works as 16thbit for addition & as Borrow
flag for subtraction. If there is no carry borrow out of
MSB bit i.e., D15 of the result the CY flag is reset.

vi. Overflow Flag (OF)

a. In case of signed operations, it indicates that the result is
outside the range (maximum or minimum representable
number).

b. In case of unsigned operation, this bit is insignificant.

Control flags 

i. Direction Flag (DF)

a. This flag supports string instructions of 8086. These are a
special type of instructions that can work on an entire
array of data.

b. Since single instruction can do the operation on an
entire array of data, the time required to fetch and
decode the instruction again and again will reduce
drastically

c. If DF=1, then string manipulation instructions will auto-
decrement index registers. If DF=0, then the index
registers will be auto-incremented.

ii. Interrupt-enable Flag (IF)

a. 8086 has maskable as well as non-maskable interrupts.
Interrupt Enable flag is used to enable or disable the
maskable interrupt.

b. If IF=1, Interrupt Enable

c. If IF=0, Interrupt Disable

iii. Single-step Flag (TF)

a. This flag is used for debugging a program

b. If set then single-step interrupt will occur after the next
instruction.

3.3.4 Register Organization of 8086 
Microprocessor 

Board Exam Question 
Q. Draw and explain the programming model of

16-bit version of Intel X86 microprocessor
family.

  (March 05, 10, 14, 4 Marks) 

i. 8086 provides 14, 16 -bit Registers

Registers are in the CPU and are referred to by specific names :

a. Data registers

1. Hold data for an operation to be performed

2. There are 4 data registers (AX, BX, CX, DX)

b. Address registers

1. Hold the address of an instruction or data element

2. Segment registers (CS, DS, ES, and SS)

3. Pointer registers (SP, BP, and IP)

4. Index registers (SI, DI)

c. Status register

1. Keeps the current status of the processor.

2. On an IBM PC the status register is called the
FLAGS register.
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ii. The Fig. 3.3.3 Shows the register section of 8086.

Fig. 3.3.3 : Register Section of 8086 

General Purpose Registers or Data Registers 
(AX, BX, CX, DX) 

i. Instructions execute faster if the data is in a register. AX,
BX, CX, DX are the data registers. Low and High bytes
of the data registers can be accessed separately.

ii. AH, BH, CH, DH are the high bytes registers. AL, BL,
CL, and DL are the low bytes registers.

iii. Data Registers are general purpose registers but they also
perform special functions

AX Register 

i. It is Accumulator Register. Preferred register to use in
arithmetic, logic and data transfer instructions because it
generates the shortest Machine Language Code.

ii. Used in multiplication and division operations, also used
in I/O operations.

BX Register 

i. It is Base Register. Also serves as an address register.
ii. Used in array operations, Table Lookup operations

(XLAT).

CX Register 

i. It is Count register.
ii. Used as a loop counter,  shift and rotate operations.

DX Register 

i. It is Data register.
ii. Used in multiplication and division, and in arithmetic and

other operations.

iii. It is also used in I/O operations.
iv. It Contains the offset addresses of memory locations.

Pointer and Index Registers (SP, BP, SI, DI) 
i. Contains the offset addresses of memory locations.
ii. Can also be used in arithmetic and other operations.

SP(Stack pointer) 
i. Used to hold the offset Address for stack segment by

Default.
ii. It is used for Physical Address Generation.
iii. Used with SS to access the stack segment.

BP (Base Pointer) 

i. Used to hold the offset Address for stack segment by
Default.

ii. It is used for Physical Address Generation.
iii. Primarily used to access data on the stack.
iv. Can be used to access data in other segments.

SI (Source Index register) 

i. Used to hold the offset Address for Data segment by
Default.

ii. It is used for Physical Address Generation.
iii. Is required for some string operations.
iv. When string operations are performed, the SI register

points to memory locations in the data segment which is
addressed by the DS register. Thus, SI is associated with
the DS in string operations.

DI ( Destination Index register ) 

i. Used to hold the offset Address for Extra segment by
Default.

ii. It is used for Physical Address Generation.
iii. Is also required for some string operations.
iv. When string operations are performed, the DI register

points to memory locations in the data segment which is
addressed by the ES register. Thus, DI is associated with
the ES in string operations.

Segment Registers (CS, DS, ES, SS) 
CS ( Code Segment Register) 

i. Used to hold the Base Address for Code segment.
ii. It is used for Physical Address Generation for Program

Memory. 
iii. Points at the segment containing the current program.

DS (Data Segment Register) 
i. Used to hold the Base Address for Data segment.
ii. It is used for Physical Address Generation for Program

Memory.
iii. Generally points at segment where variables are defined.
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ES (Extra Segment Register) 
i. Used to hold the Base Address for Extra segment.
ii. It is used for Physical Address Generation for Program 

Memory
iii. Extra segment register, it’s up to a coder to define its

usage.

SS (Stack Segment Register ) 

i. Used to hold the Base Address for Stack segment.
ii. It is used for Physical Address Generation for Temporary

Memory.
iii. Points at the segment containing the stack.

Status registers (FLAG and IP) 
IP (Instruction Pointer Register)  
i. This is a crucially important register which is used to

control which instruction the CPU executes.
ii. The IP program counter is used to store the memory

location of the next instruction to be executed.
iii. The CPU checks the program counter to ascertain which

instruction to carry out next. It then updates the program
counter to point to the next instruction.

iv. Thus, the program counter will always point to the next
instruction to be executed.

 3.4 80286 MICROPROCESSOR 

i. The 80286, also known as the Intel 286, is a
microprocessor that was released by Intel in 1982.

ii. It was the successor to the popular 8086 and 8088
processors.

iii. The 80286 represented a significant improvement over its
predecessors and introduced several new features.

3.4.1 Features and Characteristics of the 
80286 

16-bit Architecture

i. The 80286 is a 16-bit microprocessor, which means it
operates on data and instructions in 16-bit data.

ii. This allowed for more efficient processing and improved
performance compared to 8-bit processors.

Protected Mode  
i. The 80286 introduced a new operating mode called

"Protected Mode."
ii. In this mode, the processor had the ability to address up

to 16MB of memory and offered memory protection,
allowing multiple programs to run simultaneously
without interfering with each other's memory space.

Real Mode  
The 80286 also supported the traditional "Real Mode" of 
operation, which was backward compatible with the 8086 and 
8088 processors. In Real Mode, the processor could only 
address up to 1MB of memory and did not provide memory 
protection. 

Virtual 8086 Mode 

i. Another notable feature of the 80286 was the introduction
of the "Virtual 8086 Mode."

ii. This mode allowed the processor to run multiple real
mode programs concurrently within protected mode,
providing a level of compatibility for older software.

Increased Performance 

The 80286 offered a significant performance improvement over 
its predecessors. It had a higher clock speed, improved 
instruction set, and a more efficient memory management 
system. These enhancements made it popular for running 
multitasking operating systems and more demanding 
applications. 

External Coprocessor Support 

i. The 80286 introduced support for an external math
coprocessor (known as the 80287) that provided enhanced
floating-point arithmetic capabilities.

ii. The coprocessor improved the performance of
mathematical and scientific applications.

iii. Despite its advancements, the 80286 had some
limitations. For instance, it lacked a built-in memory 
management unit (MMU), requiring an external MMU to
be used in protected mode.

iv. It also had limited instruction set capabilities compared to
later processors like the 80386.

v. The 80286 played a crucial role in the evolution of x86
processors and laid the foundation for the subsequent
generations of Intel processors.

vi. It was widely used in personal computers, workstations,
and early server systems, but has since been surpassed by
more powerful and advanced processors.

 3.5 80386 MICROPROCESSOR 

Board Exam Question 
Q. List the advanced microprocessor of INTEL X86

family and mention three attributes of anyone
of them.                                  (Oct. 03, 3 Marks)

i. The 80386, often referred to as the Intel 386 or simply the
386, is a microprocessor chip introduced by Intel in 1985.

ii. It is part of the x86 family of microprocessors and is a 
significant advancement over its predecessor, the Intel 
80286.

iii. The 80386 brought several important features and
improvements to the x86 architecture.

Features and characteristics of the 80386 

32-bit Architecture

The 80386 introduced a 32-bit instruction set architecture, 
which allowed it to process data and instructions in 32-bit 
data’s, significantly increasing the amount of memory it could 
access. 
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Protected Mode 

i. The 386 introduced a protected mode, which provided
improved memory management and multitasking 
capabilities.

ii. It allowed the processor to run multiple applications
simultaneously and protected them from interfering with
each other's memory spaces.

Virtual 8086 Mode 

i. The virtual 8086 mode allowed the 386 to run legacy 16-
bit software designed for earlier x86 processors.

ii. It provided a compatibility layer for running older DOS
applications within a protected mode environment.

Enhanced Performance 

i. The 386 offered improved performance compared to its
predecessors.

ii. It had a larger instruction cache, a faster memory
interface, and a more efficient bus architecture, resulting
in faster execution of instructions and increased overall
performance.

Increased Addressable Memory 

i. The 386 could address up to 4 gigabytes (4GB) of
physical memory, significantly more than the 16MB limit
of the 80286.

ii. This expanded memory capacity was particularly
beneficial for demanding applications and operating
systems.

Integrated Math Coprocessor 

i. Some versions of the 386, such as the 80386DX, included
an integrated math coprocessor (known as the 80387).

ii. The coprocessor provided hardware acceleration for
floating-point arithmetic, improving performance in
mathematical and scientific computations.

iii. The Intel 80386 was a landmark microprocessor that
played a crucial role in the evolution of personal
computing.

iv. Its advanced features and increased performance
capabilities set the stage for future x86 processors and
helped pave the way for modern computing systems.

 3.6 80486 MICROPROCESSOR 

i. The 80486, commonly known as the Intel 486 or simply
the 486, is a microprocessor introduced by Intel in 1989.

ii. It is part of the x86 family of processors and is the
successor to the Intel 386 processor.

iii. The 80486 was a significant step forward in terms of
performance compared to its predecessor. It introduced
several architectural enhancements and improvements
over the 386, including an on-chip unified instruction and
data cache, an integrated floating-point unit (FPU), and
a built-in memory management unit (MMU).

iv. These features contributed to faster processing speeds and
improved overall system performance.

v. The 486 was available in various clock speeds, ranging
from 25 MHz to 100 MHz, with later models reaching
speeds up to 150 MHz.

vi. It supported a 32-bit architecture and offered improved
performance for both general-purpose computing tasks
and multimedia applications.

vii. One notable feature of the 486 is that it popularized
the use of the Socket 1 and Socket 2 designs, which
allowed for easy upgrades by simply swapping out the
processor. This made it a popular choice for many PC
users at the time.

viii. The 80486 had a significant impact on the computing
industry and played a crucial role in the evolution of
personal computers. Its performance and capabilities
contributed to advancements in areas such as gaming,
graphics, and software development.

ix. It's important to note that the 80486 is now considered an
outdated processor, and it has been succeeded by several
generations of processors, including the Pentium, Core,
and the more recent Intel Core i series.

 3.7 80586 OR PENTIUM 
MICROPROCESSOR 

Board Exam Questions 
Q. List and explain any four prominent main

features of Pentium processor.
(March 07, 11, 15, Oct. 04, 09,14  3/4 Marks) 

Q. Explain the following terms of advance X86
family microprocessors :
(i) Branch prediction    (ii)   Dual pipeline
(iii) 64 bit data bus (iv) On chip cache

(March 06, 10, 13, 16, Oct. 08, 10, 15, 3/4 Marks) 

i. The term "80586" refers to the microprocessor
architecture developed by Intel, commonly known as the
Pentium processor.

ii. The Intel 80586 is an x86-based CPU that was introduced
as the successor to the Intel 80486 processor.

iii. The name "Pentium" was later adopted as the official
brand name for Intel's fifth-generation microprocessors.

iv. The naming convention for Intel's processors moved
away from the model numbers like "80586" and instead
adopted names like Pentium, Pentium II, Pentium III,
and so on.

Features and characteristics of the 80586 
(Pentium Processor) 

i. Architecture : The Pentium processors are based on the
x86 architecture, which is the foundation of most desktop
and laptop computers.

ii. Clock Speed : Pentium processors were available in a
range of clock speeds, starting from around 60 MHz and
gradually increasing with newer generations.
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iii. Instruction Set : The Pentium processors introduced
several new instructions to enhance performance and
enable more advanced features.

iv. Pipelining : Pentium processors implemented a
superscalar architecture with multiple execution units,
allowing them to execute multiple instructions
simultaneously.

v. Floating-Point Performance : Pentium processors
introduced an improved floating-point unit, which
enhanced their ability to perform mathematical
calculations.

vi. Cache : Pentium processors featured larger and faster on-
chip caches compared to their predecessors, which helped
reduce memory latency and improve performance.

vii. MMX Technology : Later iterations of the Pentium
processors introduced MMX (Multi-Media Extensions)
technology, which provided enhanced multimedia
capabilities, such as faster video and audio processing.

viii. Bus Architecture : The Pentium processors utilized a 32-
bit system bus known as the Front Side Bus (FSB) to
communicate with other components in the computer system.

ix. Overclocking : Some Pentium processors were popular
for their overclocking potential, allowing users to increase
the clock speed beyond the manufacturer's specifications
for additional performance.

x. Compatibility : Pentium processors were designed to be
backward compatible with previous generations of x86
processors, ensuring software compatibility with a wide
range of applications and operating systems.

3.7.1 Advantages of 80586 or Pentium 
Microprocessor 

Board Exam Question 
Q. Explain the advantages of following features of

Pentium processor : (i) Prefetching
(ii) Internal data bus.  (March 16, 2 Marks) 

I. Prefetching

Prefetching is a feature in Pentium processors that helps
improve performance by fetching data and instructions
from memory in advance and storing them in a cache.
Here are the advantages of prefetching:

Reduced memory latency 
i. Prefetching allows the processor to anticipate future data

and instruction needs and fetch them in advance. By doing
so, it reduces the time required to access data from the
main memory, which can be a relatively slow operation.

ii. This helps to minimize memory latency and improves
overall system performance.

Increased instruction execution 
i. Prefetching enables the processor to fetch and store

instructions ahead of time.
ii. This ensures a steady supply of instructions to the

execution unit, reducing potential instruction bottlenecks
and increasing the processor's ability to execute
instructions quickly.

Efficient resource utilization 
i. By prefetching data and instructions in advance, the

Pentium processor can make more efficient use of its
resources.

ii. It can overlap the fetching and execution of instructions,
reducing idle time and maximizing the utilization of
execution units.

Enhanced branch prediction 
i. Prefetching also plays a role in improving branch

prediction accuracy.
ii. The processor can anticipate and prefetch instructions

along predicted branch paths, reducing the impact of
branch mispredictions and improving overall instruction
throughput.

II. Internal data bus

i. The internal data bus, also known as the system bus or
front-side bus, is responsible for transferring data
between the processor and other components of the
computer system.

ii. Here are the advantages of a high-performance internal
data bus in a Pentium processor:

Faster data transfer 
i. A high-speed internal data bus allows for faster transfer

of data between the processor and other system
components, such as memory, input/output devices, and
peripheral devices.

ii. This results in quicker data access and improved overall
system performance.

Increased bandwidth 
i. A wider internal data bus can provide a higher bandwidth

for data transfer.
ii. This allows for more data to be transferred

simultaneously, which is beneficial for tasks that require
large amounts of data, such as multimedia processing or
data-intensive applications.

Improved system responsiveness 

i. The internal data bus plays a crucial role in overall
system responsiveness.

ii. By enabling fast and efficient communication between
the processor and other components, it ensures smooth
operation and reduces delays in data transfer, leading to a
more responsive system.

Support for advanced features 

i. A robust internal data bus can support advanced features
and technologies, such as multiprocessing or multi-core
architectures.

ii. These features allow for better utilization of system 
resources, improved multitasking capabilities, and enhanced 
performance in demanding computing environments.

iii. Overall, both prefetching and a high-performance internal
data bus contribute to the performance and efficiency of
Pentium processors, enabling faster data access, improved
instruction execution, and enhanced system responsiveness.
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 3.8 PROGRAMMING MODEL OF 
32-BIT VERSION OF X86 FAMILY
OF MICROPROCESSORS

Board Exam Question 
Q. Explain the programming model of 32 bit

version of X86 family of microprocessors.
(March 07, 08, 14,16, Oct. 05, 07,13, 

3/4 Marks) 

i. The 32-bit version of the x86 family of microprocessors
follows a specific programming model that governs how
software interacts with the processor.

ii. The programming model defines the registers, memory
organization, and instruction set architecture that software
developers utilize to write programs for the processor.

iii. The Fig. 3.8.1 shows the programming model for the
32-bit x86 microprocessors.

iv. These are some of the key aspects of the programming
model for the 32-bit version of the x86 family of
microprocessors.

Fig. 3.8.1 : Programming model for the 32-bit x86 
microprocessors 

v. Understanding this model is essential for software
developers to write efficient and compatible code for
these processors.

Registers 

i. The 32-bit x86 architecture provides several general-
purpose registers, including EAX, EBX, ECX, EDX,
ESI, EDI, EBP, and ESP. These registers are used for
various purposes, such as storing data, addressing
memory, and holding temporary values during
computations.

Memory Organization 

i. The 32-bit x86 architecture supports a linear address
space of up to 4 GB (2^32 bytes).

ii. This address space is divided into segments, including
code segment, data segment, stack segment, and extra
segments. The segments are used to manage memory
access and provide different regions for storing code and
data.

Instruction Set Architecture (ISA) 

i. The ISA of the 32-bit x86 microprocessors includes a
wide range of instructions for performing arithmetic
and logical operations, data movement, control flow,
and more.

ii. These instructions are encoded in binary format and can
be executed by the processor.

Stack 

i. The 32-bit x86 architecture employs a stack to manage
function calls, local variables, and return addresses.

ii. The stack grows downward in memory, and the ESP
(Extended Stack Pointer) register points to the top of the
stack.

Calling Conventions 

i. The 32-bit x86 architecture has several calling
conventions that define how functions are called and how
arguments and return values are passed.

ii. The most common calling convention is the CDECL
convention, where arguments are pushed onto the stack in
reverse order, and the caller is responsible for cleaning up
the stack.

Interrupts and Exceptions 

i. The x86 architecture supports interrupts and exceptions,
which are mechanisms for handling events and errors
during program execution.

ii. When an interrupt or exception occurs, the processor
transfers control to a specific interrupt handler or
exception handler to handle the event.

Privilege Levels 

i. The 32-bit x86 microprocessors support four privilege
levels, known as rings, ranging from 0 to 3.

ii. Ring 0 (also called the kernel mode) has the highest
privilege level and is used by the operating system,
while rings 1 and 2 are typically reserved for device
drivers and privileged software. Ring 3 (also called the
user mode) has the lowest privilege level and is used for
user applications.
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 3.9 FLAG REGISTER (32-BIT) OF X86 FAMILY 

Board Exam Question 
Q. Draw a neat-labeled diagram of 32-bit flag register of X86 family.    (Oct. 05, 3 Marks) 

The X86 family of processors includes a 32-bit flag register known as the EFLAGS register. The EFLAGS register contains various 
individual flags that indicate the status and control certain aspects of the processor's operation.  Flag register of the X86 family is as 
shown in the Fig. 3.9.1. 

Fig. 3.9.1 : Flag register of the X86 family 

Here are some of the commonly used flags in the EFLAGS 
register. 
i. Carry Flag (CF) : This flag is used for arithmetic

operations and indicates if there was a carry or borrow
during the operation.

ii. Parity Flag (PF) : This flag indicates the parity (even or
odd) of the least significant byte of the result.

iii. Auxiliary Carry Flag (AF) : This flag is used for binary-
coded decimal (BCD) arithmetic operations and indicates
a carry or borrow between bits 3 and 4.

iv. Zero Flag (ZF) : This flag is set if the result of an
operation is zero.

v. Sign Flag (SF) : This flag is set if the result of an
operation is negative.

vi. Overflow Flag (OF) : This flag is set if the result of a
signed arithmetic operation overflows.

vii. Direction Flag (DF) : This flag is used by string
operations to control the direction of data movement
(forward or backward).

viii. Interrupt Flag (IF) : This flag enables or disables the
processor's ability to respond to external interrupts.

ix. Trap Flag (TF) : This flag is used for debugging
purposes and enables single-step execution of
instructions.

x. Resume Flag (RF) : This flag is used for debugging
purposes and allows the processor to resume execution
after handling a debug exception.

IOPL (I/O Privilege level) flag 

i. It is a flag found on all IA-32 compatible x86 CPUs. It
occupies bits 12 and 13 in the FLAGS register.

ii. In protected mode and long mode, it shows the I/O
privilege level of the current program or task. The CPL
(Current Privilege Level) (CPL0, CPL1, CPL2, CPL3)
of the task or program must be less than or equal to the
IOPLin order for the task or program to access I/O ports.

iii. The IOPL can be changed using POPF(D) and IRET(D)
only when the current privilege level is Ring 0.

iv. Besides IOPL, the I/O Port Permissions in the TSS also take 
part in determining the ability of a task to access I/O port.

NT Flag 

If NT = 1, it indicates that the currently executing task is 
nested within another task and it has a valid link to caller task 
i.e., this task is executed using the call instruction.

VM (virtual mode) 

i. The VM flag bit selects virtual mode operation in a
protected mode system.
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ii. A virtual mode system allows multiple DOS memory
par-titions that are 1M byte in length to coexist in the
memory system. Essentially, this allows the system
program to execute multiple DOS programs.

AC (alignment check) 

i. The alignment check flag bit activates if a word or double
word is addressed on a non-word or non-double word
boundary.

ii. Only the 80486SX microprocessor contains the alignment
check hit that is primarily used by its companion numeric
coprocessor, the 80487SX, for synchronization.

VIF (virtual interrupt flag) 
The VIF is a copy of the interrupt flag bit available to the 

Pentium-Pentium II microprocessors. 

VIP (virtual interrupt pending) 

i. VIP provides information about a virtual mode interrupt
for the Pentium-Pentium II microprocessors.

ii. This is used in multitasking environments to provide the
operating system with virtual interrupt flags and interrupt
pending information.

ID (identification) 

The ID flag indicates that the Pentium-Pentium II 
microprocessors support the CPUID instruction. The CPUID 
instruction provides the system with information about the 
Pentium microprocessor, such as its version number and 
manufacturer. 

 3.10 COMPARISON OF X86 FAMILY 
MICROPROCESSORS 

Board Exam Questions 
Q. Compare any four attributes of 80286 and

Pentium microprocessor.
(March 04,09,12,16,17,19,April 2023, 

Oct 04,06,09,11,16) 
Q. Explain in brief different members of X86 family.

    (Oct. 04, 4 Marks) 

Table 1.2 : Evolution of Intel’s Microprocessors 
(from the 8086 to the Pentium) 

Product 8086 80286 80386 80486 Pentium 
Year 
introduced 

1978 1982 1985 1989 1992 

Technology NMOS NMOS CMOS CMOS BICMOS 
Clock rate 
(MHz) 

3-10 10-16 16-33 25-33 60-66

Number of 
pins 

40 68 132 168 273 

Number of 
transistors 

29,000 130,000 275,000 1.2 
million 

3.1 
million 

Physical 
memory 

1M 16M 4G 4G 4G 

Virtual 
memory 

None 1G 64T 64T 64T 

Internal 
data bus 

16 16 32 32 32 

External 
data bus 

16 16 32 32 64 

Address 
bus 

20 24 32 32 32 

Data type 
(bits) 

8, 16 8, 16 8, 16, 32 8, 16, 
32 

8,16, 32 

 3.11 MULTIPLE CHOICE QUESTIONS 

1. The intel 8086 microprocessor is a processor.
(a) 8 bit (b) 16 bit
(c) 32 bit (d) 4 bit

(July 22, 1 Mark)
 Ans. : (b)

2. In 8086 microprocessor, the address bus is bit
wide.
(a) 12 bit (b) 16 bit
(c) 20 bit (d) 8 bit

 Ans. : (c)

3. The microprocessor can read/write 16 bit data from
or to
(a) Memory (b) I /O device
(c) processor (d) register

Ans. : (a)

4. The work of EU is
(a) encoding (b) decoding
(c) processing (d) calculations

Ans. : (b)

5. The 16-bit flag of 8086 microprocessor is
responsible  to indicate_______.
(a) the condition of result of ALU operation
(b) the condition of memory
(c) the result of addition
(d) the result of subtraction Ans. : (a)

6. The SP is indicated by
(a) single pointer (b) stack pointer
(c) source pointer (d) destination pointer

Ans. : (b)

7. The DS is called as
(a) data segment
(b) digital segment
(c) Divide segment
(d) decode segment Ans. : (a)
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8. The BIU contains FIFO register of size_______
bytes
(a) 12 (b) 8 (c) 6 (d) 4

Ans. : (c)

9. The 1 MB byte of memory can be divided into
segment
(a) 1 Kbyte (b) 64 Kbyte
(c) 33 Kbyte (d) 34 Kbyte

Ans. : (b)

10. The index register is used to hold
(a) memory register (b) offset address
(c) segment memory   (d) offset memory

Ans. : (a)

11. The BP is indicated by
(a) base pointer (b) binary pointer
(c) bit pointer (d) digital pointer

Ans. : (a)

12. The BIU prefetches the instruction from memory
and store them in
(a) Stack (b) memory
(c) register (d) queue Ans. : (d)

13. The OF is called as
(a) overflow flag (b) overdue flag
(c) one flag (d) over flag

Ans. : (a)

14. The CF is known as
(a) carry flag (b) condition flag
(c) common flag (d) single flag

Ans. : (a)

15. The SF is called as
(a) service flag (b) sign flag
(c) single flag (d) condition flag

Ans. : (b)

16. Which bus is a bidirectional bus?
(a) address bus
(b) data bus
(c) address bus and data bus
(d) none of the above Ans. : (b)

17. The intel 80286 is a ______ microprocessor.
(a) 16 bit (b) 8 bit
(c) 32 bit (d) None of these

(Oct. 05, 1 Mark)
Ans. :(a)

18. ______ is a 32 bit microprocessor.
(a) 8086 (b) 80386
(c) Intel Pentinum (d) M68000

(Oct. 07, 1 Mark)
Ans. :(b)

19. Data bus of 80286 MPU is of size ______ .
(a) 8 bit (b) 16 bit
(c) 32 bit (d) 64 bit

(March 15, 1 Mark)
Ans. :(b)

20. The maximum physical memory can be addressed
by80286 microprocessor is ______.
(a) 640 KB (b) 1 MB
(c) 16 MB (d) 4 KB

(March 17, April 23,  1 Mark) 
Ans. :(c)

21. The faulty 32-bit microprocessor from the following
is ______.
(a) 8086 (b) 8085
(c) 80386 (d) 80586

(July 17, 1 Mark)
Ans. :(c)

22. The 8051 micro-controller has instruction set of
______ instructions.
(a) 101 (b) 110
(c) 99 (d) 111

(March 19, 1 Mark)
Ans. :(d)

23. The instructions available in the 80386 that are not
available in its real address mode is
(a) addressing techniques
(b) instructions for protected address mode
(c) instructions for interrupt handling
(d) all of the mentioned Ans. :(b)

24. The 16-bit registers are available with their
extended size of 32 bits, by adding the registers
with a prefix of
(a) X (c) E
(c) 32 (d) XX Ans. :(b)
Explanation : A 32 bit register, known as an 
extended register, is represented by the register 
name with a prefix of E. 

25. In a 32-bit register, ESP, the lower 16-bits of the
register can be represented by
(a) LSP
(b) FSP
(c) SP
(d) None of the mentioned Ans. :(c)

26. Which is the microprocessor comprises :
(a) Register section (b) One or more ALU
(c) Control unit (d) All of these

Ans. : (d)

27. What is the store by register?
(a) data (b) operands
(c) memory (d) None of these

Ans. : (a)
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28. Accumulator based microprocessor example are:
(a) Intel 8085 (b) Motorola 6809
(c) a and b (d) None of these

Ans. : (c)
29. A set of register which contain are:

(a) data
(b) memory addresses
(c) result
(d) all of these

Ans. : (d)

30. There are primarily two types of register :
(a) general purpose register
(b) dedicated register
(c) a and b
(d) none of these Ans. : (c)

31. Name of typical dedicated register is:
(a) PC (b) IR
(c) SP (d) All of these

Ans. : (d)

32. BCD stands for:
(a) Binary coded decimal
(b) Binary coded decoded
(c) Both a & b
(d) none of these Ans. : (a)

33. Which is used to store critical pieces of data during
subroutines and interrupts :
(a) Stack (b) Queue
(c) Accumulator (d) Data register

Ans. : (a)

34. The data in the stack is called:
(a) Pushing data (b) Pushed
(c) Pulling (d) None of these

Ans. : (a)

35. The external system bus architecture is created
using from architecture :
(a) Pascal (b) Dennis Ritchie
(c) Charles Babbage   (d) Von Neumann

Ans. : (d)

36. The processor 80386/80486 and the Pentium
processor uses bits address bus :
(a) 16 (b) 32
(c) 36 (d) 64 Ans. : (b)

37. Which is not the control bus signal :
(a) READ (b) WRITE
(c) RESET (d) None of these

Ans. : (c)

38. PROM stands for :
(a) Programmable read-only memory
(b) Programmable read write memory
(c) Programmer read and write memory
(d) None of these Ans. : (a)

39. EPROM stands for:
(a) Erasable Programmable read-only memory
(b) Electrically Programmable read write

memory
(c) Electrically Programmable read-only

memory
(d) None of these Ans. : (a)

40. Each memory location has :
(a) Address (b) Contents
(c) Both a and b (d) None of these

Ans. : (c)

41. Which is the type of microcomputer memory :
(a) Processor memory
(b) Primary memory
(c) Secondary memory
(d) All of these Ans. : (d)

42. Secondary memory can store :
(a) Program store code
(b) Compiler
(c) Operating system
(d) All of these Ans. : (d)

43. Secondary memory is also called :
(a) Auxiliary (b) Backup store
(c) Both a and b (d) None of these

Ans. : (c)

44. Customized ROMS are called :
(a) Mask ROM (b) Flash ROM
(c) EPROM (d) None of these

Ans. : (a)

45. The RAM which is created using bipolar transistors
is called :
(a) Dynamic RAM (b) Static RAM
(c) Permanent RAM   (d) DDR RAM

Ans. : (b)

46. Which type of RAM needs regular referred :
(a) Dynamic RAM (b) Static RAM
(c) Permanent RAM   (d) SD RAM

Ans. : (a)
47. Which RAM is created using MOS transistors :

(a) Dynamic RAM (b) Static RAM
(c) Permanent RAM   (d) SD RAM

Ans. : (a)
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48. A microprocessor retries instructions from :
(a) Control memory   (b) Cache memory
(c) Main memory (d) Virtual memory

Ans. : (c)

49. The lower red curvy arrow show that CPU places
the address extracted from the memory location on
the:
(a) Address bus (b) System bus
(c) Control bus (d) Data bus

Ans. : (a)

50. The CPU sends out a signal to indicate that valid
data is available on the data bus :
(a) Read (b) Write
(c) Both a and b (d) None of these

Ans. : (b)

51. The CPU removes the signal to complete the
memory write operation :
(a) Read (b) Write
(c) Both a and b (d) None of these

Ans. : (a)

52. BIU STAND FOR:
(a) Bus interface unit
(b) Bess interface unit
(c) a and b
(d) None of these Ans. : (a)

53. EU STAND FOR:
(a) Execution unit (b) Execute unit
(c) Exchange unit (d) None of these

Ans. : (a)

54. Which are the four categories of registers:
(a) General- purpose register
(b) Pointer or index registers
(c) Segment registers
(d) Other register
(e) All of these Ans. : (e)

55. Eight of the register are known as:
(a) General- purpose register
(b) Pointer or index registers
(c) Segment registers
(d) Other register Ans. : (a)

56. The four index register can be used for:
(a) Arithmetic operation
(b) Multipulation operation
(c) Subtraction operation
(d) All of these Ans. : (a)

57. IP Stand for :
(a) Instruction pointer
(b) Instruction purpose
(c) Instruction paints
(d) None of these Ans. : (a)

58. CS Stand for :
(a) Code segment (b) Coot segment
(c) Cost segment (d) Counter segment

Ans. : (a)
59. DS Stand for:

(a) Data segment (b) Direct segment
(c) Declare segment   (d)  Divide segment

Ans. : (a)

60. Which are the segment:
(a) CS: Code segment
(b) DS: data segment
(c) SS: Stack segment
(d) ES:extra segment
(e) All of these

Ans. : (d)

61. The acculatator is 16 bit wide and is called :
(a) AX (b) AH
(c) AL (d) DL  Ans. : (a)

62. How many bits the instruction pointer is wide :
(a) 16 bit (b) 32 bit
(c) 64 bit (d) 128 bit

Ans. : (a)

63. How many type of addressing in memory:
(a) Logical address (b) Physical address
(c) Both a and b (d) None of these

Ans. : (c)

64. The size of each segment in 8086 is:
(a) 64 kb (b) 24 kb
(c) 50 kb (d) 16kb Ans. : (a)

65. The address of a memory is a 20 bit address for
the 8086 microprocessor:
(a) Physical (b) Logical
(c) Both (d) None of these

Ans. : (a)

66. The pin configuration of 8086 is available in the :
(a) 40 pin (b) 50 pin
(c) 30 pin (d) 20 pin

Ans. : (a)

67. DIP stand for:
(a) Deal inline package
(b) Dual inline package
(c) Direct inline package
(d) Digital inline package Ans. : (b)
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68. EA stand for:
(a) Effective address   (b)  Electrical address
(c) Effect address (d) None of these

Ans. : (a)

69. BP stand for :
(a) Bit pointer (b) Base pointer
(c) Bus pointer (d) Byte pointer

Ans. : (b)

70. DI stand for:
(a) Destination index   (b)  Defect index
(c) Definition index (d) Delete index

Ans. : (a)

71. SI stand for:
(a) Stand index (b) Source index
(c) Segment index (d) Simple index

Ans. : (b)

72. ALE stand for:
(a) Address latch enable
(b) Address light enable
(c) Address lower enable
(d) Address last enable Ans. : (a)

73. NMI stand for :
(a) Non mask able interrupt
(b) Non mistake interrupt
(c) Both
(d) None of these Ans. : (a)

74. ______is the most important segment and it
contains the actual assembly language instruction
to be executed by the microprocessor:
(a) Data segment (b) Code segment
(c) Stack segment (d) Extra segment

Ans. : (b)

75. The offset of a particular segment varies from :
(a) 000H to FFFH
(b) 0000H to FFFFH
(c) 00H to FFH
(d) 00000H to FFFFFH

Ans. : (b)

76. Which are the factor of cache memory :
(a) Architecture of the microprocessor
(b) Properties of the programs being executed
(c) Size organization of the cache
(d) All of these Ans. : (d)

77. _____is usually the first level of memory access by
the microprocessor :
(a) Cache memory (b) Data memory
(c) Main memory (d) All of these

Ans. : (a)
78. Which is the small amount of high- speed memory

used to work directly with the microprocessor:
(a) Cache (b) Case
(c) Cost (d) Coos  Ans. : (a)

79. The cache usually gets its data from the whenever
the instruction or data is required by the CPU:
(a) Main memory (b) Case memory
(c) Cache memory (d) All of these

Ans. : (a)

80. Microprocessor reference that are available in the
cache are called :
(a) Cache hits (b) Cache line
(c) Cache memory (d) All of these

Ans. : (a)

81. Microprocessor reference that are not available in
the cache are called :
(a) Cache hits (b) Cache line
(c) Cache misses (d) Cache memory

Ans. : (c)

82. Which causes the microprocessor to immediately
terminate its present activity :
(a) RESET signal
(b) INTERUPT signal
(c) Both
(d) None of these Ans. : (a)

83. Which is responsible for all the outside world
communication by the microprocessor :
(a) BIU (b) PIU
(c) TIU (d) LIU Ans. : (a)

84. INTR : it implies the signal :
(a) INTRRUPT REQUEST
(b) INTRRUPT RIGHT
(c) INTRRUPT RONGH
(d) INTRRUPT RESET Ans. : (a)

85. Which of the following are the two main
components of the CPU?
(a) Control Unit and Registers
(b) Registers and Main Memory
(c) Control unit and ALU
(d) ALU and bus Ans. : (c)
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	b. It relies solely on the twisted pair configuration to reduce interference and noise.
	iv. Category Ratings
	a. UTP cables are categorized based on their performance characteristics. The categories, such as Cat 5e, Cat 6, Cat 6a, and Cat 7, indicate the cable's capacity to transmit data at higher speeds and with less interference.
	b. Each category has specific specifications for bandwidth, crosstalk, and attenuation.
	v. Data Transmission
	a. UTP cables are commonly used for data transmission in Ethernet networks, including 10BASE-T, 100BASE-TX, 1000BASE-T, and 10GBASE-T. 
	b. They can support various data rates and are suitable for most residential, commercial, and industrial applications.
	vi. Maximum Cable Length
	a. UTP cables have maximum recommended lengths for reliable data transmission. 
	b. For example, Cat 5e and Cat 6 cables typically support distances up to 100 meters (328 feet) for Ethernet networking.
	vii. Easy Installation
	a. UTP cables are flexible and easy to install. 
	b. They are available in different forms, such as solid and stranded conductors, to accommodate different installation requirements.
	viii Cost-Effective
	a. UTP cables are generally more affordable compared to shielded cables, making them a popular choice for many networking applications.
	ix. Vulnerability to EMI
	a. Since UTP cables lack shielding, they are more susceptible to electromagnetic interference (EMI) and radio frequency interference (RFI) from external sources. 
	b. This vulnerability may result in signal degradation and reduced performance in environments with high levels of interference.
	x. Common Connector Types
	a. UTP cables typically use modular connectors, such as the RJ-45 (Registered Jack) connector, which is the standard connector for Ethernet networking. 
	b. The RJ-45 connector has eight pins and is compatible with various UTP cable categories.
	c. It's important to note that while UTP cables are widely used, they have their limitations in terms of distance, EMI susceptibility, and maximum data rates. 
	d. In certain scenarios, such as high-speed or long-distance transmissions or environments with significant electromagnetic interference, shielded twisted pair (STP) or fiber optic cables may be more suitable.
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	a.  Carrier Sense Multiple Access with Collision Detection (CSMA/CD) 
	 1. CSMA/CD is used in Ethernet networks. In this method, before transmitting data, a device listens to the network to check if it is currently being used by another device. 
	 2. If the network is idle, the device starts transmitting. However, if two or more devices start transmitting at the same time, a collision occurs. 
	 3. When a collision is detected, the devices involved stop transmitting and wait for a random period before reattempting the transmission.
	b.  Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA)
	 1. CSMA/CA is used in wireless networks, such as Wi-Fi. It incorporates a collision avoidance mechanism to reduce the chances of collisions. 
	 2. Before transmitting, a device using CSMA/CA listens to the network to ensure it is idle. Additionally, it sends a request-to-send (RTS) signal to the receiver to reserve the channel. If the receiver acknowledges the RTS with a clear-to-send (CTS) signal, the device can proceed with the data transmission. 
	 3. Other devices in the network defer their transmission until the channel is available again.
	 4. Both CSMA/CD and CSMA/CA help in managing access to the network, but they are suited to different types of networks. CSMA/CD is effective in wired networks where collisions can be detected, whereas CSMA/CA is designed for wireless networks where collisions are harder to detect due to signal propagation and interference.
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	a. Physical Connections
	 1. Devices in a ring topology are interconnected using a point-to-point connection. 
	 2. This can be achieved through physical cables (such as Ethernet cables) or virtual connections (in the case of wireless networks).
	b. Unidirectional Communication
	 1. Data transmission in a ring topology typically occurs in only one direction around the ring. 
	 2. Each device receives data from its predecessor and forwards it to its successor in the ring. 
	 3. This unidirectional flow helps prevent data collisions and ensures orderly transmission.
	c. Token Passing 
	(Oct. 03, 07, March 08, 3 Marks)
	d. Data Transmission
	 1. When a device in the ring receives the token, it can append data to it or create a new token for transmission. 
	 2. The device checks if there is any data to send and if so, it adds the data to the token. Once the data has been transmitted, the device removes it from the token.
	e. Device Identification
	 1. Each device in the ring topology has a unique identifier, such as a MAC address in Ethernet networks. 
	 2. This identifier helps devices determine their position in the ring and identify their neighbouring devices for data forwarding.
	f. Fault Tolerance
	 1. Ring topologies often incorporate fault tolerance mechanisms to ensure network resilience. 
	 2. For example, if a device in the ring fails or its connection is severed, the network can dynamically reconfigure itself to maintain connectivity. 
	 3. This may involve reassigning the token or rerouting data through alternative paths.
	g. Performance Considerations
	 1. In ring topologies, the overall network performance can be affected by the number of devices in the ring and the amount of data being transmitted. 
	 2. As the number of devices increases, the total distance the data must travel around the ring also increases, which can introduce latency. 
	 3. Additionally, if the network becomes congested with data, it may impact the overall performance.
	i. Simplicity
	a. Ring topology is relatively simple to implement and maintain. It consists of connecting devices in a closed loop, where each device is connected to two neighbouring devices, forming a ring structure. 
	b. This simplicity makes it easier to set up and troubleshoot compared to other complex topologies.
	ii. Efficiency
	a. In a ring topology, data travels in one direction around the ring, which can result in efficient data transmission. 
	b. Each device in the network receives the data packet, inspects it, and forwards it to the next device in the ring until it reaches the intended destination. 
	c. This sequential data transmission minimizes collisions and can lead to faster data transfer compared to other topologies like bus or star.
	iii. Scalability
	a. Ring topologies are easily scalable. 
	b. Adding or removing devices to the network is straightforward, as each device only needs to be connected to its neighbouring devices. 
	c. This flexibility makes it convenient to expand the network or accommodate changes in the network infrastructure without disrupting the entire network.
	iv. Equal Access
	a. In a ring topology, each device has equal access to the network and can transmit data without contention. 
	b. This characteristic is particularly beneficial in scenarios where multiple devices need to transmit data concurrently.
	v. Fault Tolerance
	a. Ring topologies can be designed with built-in fault tolerance mechanisms. 
	b. If a device or link in the ring fails, the data can still reach its destination by taking an alternate path in the opposite direction around the ring. 
	c. This redundancy ensures that the network remains operational even in the event of a single point of failure, making it more resilient compared to some other topologies.
	vi. Cost-Effective
	a. Ring topologies can be cost-effective for certain network deployments. 
	b. They typically require less cabling compared to other topologies, such as star, where each device needs to be connected to a central hub. 
	c. Additionally, since the data travels in a single direction, it requires fewer network devices, such as switches or routers, reducing the overall cost of the network infrastructure.
	d. It's important to note that while ring topologies offer these advantages, they may not be suitable for all network scenarios. 
	i. Single point of failure 
	a. In a ring topology, the entire network can be disrupted if a single node or link fails. If any node in the ring fails or breaks, the entire network can become non-functional. 
	b. This lack of redundancy makes the network more vulnerable to failures.
	ii. Limited scalability
	a. Ring topologies are not easily scalable. 
	b. Adding or removing nodes in a ring network can be complex and may require the network to be temporarily taken offline. 
	c. As the network grows larger, it becomes increasingly difficult to manage and maintain.
	iii. Performance degradation with increased nodes
	a. As more nodes are added to the network, the performance can suffer due to increased traffic and delays. 
	b. Each node in the ring needs to receive and forward the data, which introduces latency and can affect the overall network speed.
	iv. Difficult fault identification and isolation
	a. When a failure occurs in a ring network, it can be challenging to identify the exact location of the fault. 
	b. Troubleshooting and isolating the failed node or link can be time-consuming and require manual intervention.
	v. Limited bandwidth sharing
	a. In a ring topology, the bandwidth is shared among all the nodes in the network. 
	b. As the number of nodes increases, the available bandwidth per node decreases, leading to potential performance issues.
	vi. Lack of flexibility
	a. Modifying or reconfiguring a ring topology can be difficult. 
	b. If changes need to be made to the network structure, such as adding new nodes or rearranging connections, it often requires physical intervention and can result in network downtime.
	vii. Costly infrastructure
	a. Implementing a ring topology may require additional cabling and equipment, such as repeaters or signal boosters, to ensure the signal reaches all nodes in the ring. 
	b. This can increase the cost of the network infrastructure compared to other topologies.
	viii. Limited distance coverage
	a. Ring topologies are typically suitable for smaller networks or localized areas. 
	b. As the distance between nodes increases, the signal strength may weaken, leading to communication issues.
	a. Working of Star Topology
	1. The star topology is a network configuration in which all devices in a network are connected to a central hub or switch. 
	2. It is one of the most commonly used network topologies in both local area networks (LANs) and wide area networks (WANs). 
	3. In a star topology, data flows between individual devices and the central hub or switch, rather than directly between devices.
	b. Central Hub/Switch
	1. The central hub or switch acts as a central point of connection for all devices in the network. 
	2. It can be a physical device like a network switch or a logical entity in the case of a virtualized network. 
	3. The hub/switch facilitates communication between devices by receiving data from one device and transmitting it to the intended recipient.
	c. Device Connections
	1. Each device in the network, such as computers, printers, or servers, is connected to the central hub/switch through individual cables. 
	2. These connections can be wired (Ethernet cables) or wireless (Wi-Fi).
	d. Data Transmission
	1. When a device wants to communicate with another device in the network, it sends the data to the central hub/switch. 
	2. The hub/switch receives the data and transmits it to the appropriate destination device. The data travels directly between the sender and the hub/switch and then from the hub/switch to the recipient device.
	e. Communication Independence
	1. In a star topology, each device has its own dedicated connection to the central hub/switch. 
	2. This arrangement provides independence between devices, meaning that the failure of one device or its connection does not affect the rest of the network. 
	3. If a device or its connection fails, other devices can continue to communicate without disruption.
	f. Scalability
	1. The star topology allows for easy scalability. New devices can be added to the network by simply connecting them to the central hub/switch. 
	2. This makes it a flexible option for expanding networks as the number of devices increases.
	g. Network Management
	1. The central hub/switch acts as a control point for managing the network.
	2.  It enables administrators to monitor and control network traffic, configure settings, and apply security measures. 
	3. Additionally, troubleshooting and maintenance tasks are simplified since each device can be individually accessed from the central hub/switch.
	h. Potential Single Point of Failure 
	1. While the star topology offers robustness against individual device failures, the central hub/switch represents a potential single point of failure. 
	2. If the hub/switch malfunctions or loses power, the entire network may become inaccessible. 
	3. To mitigate this risk, redundant or backup central hubs/switches can be deployed for high availability.
	4. Overall, the star topology provides a structured and efficient way of connecting devices in a network, allowing for easy management and scalability while maintaining independence between devices.
	a. Centralized management
	 1. The star topology allows for centralized management of the network. 
	 2. Since all devices connect to a central hub, it becomes easier to monitor and control the network. 
	 3. This makes troubleshooting and maintenance more efficient as issues can be isolated to specific devices without affecting the entire network.
	b. Easy to expand and modify
	 1. Adding or removing devices in a star topology is relatively simple. 
	 2. Each device connects directly to the central hub, so expanding the network or making changes to it can be done without disrupting the rest of the network. 
	 3. This flexibility makes the star topology ideal for networks that may undergo future growth or require frequent modifications.
	c. Fault tolerance
	 1. In a star topology, if one device fails or encounters a problem, it does not affect the rest of the network. 
	 2. Each device has an independent connection to the central hub, so the failure of one device does not impact the connectivity of others. This fault tolerance enhances network reliability and minimizes downtime.
	d. Performance and speed: 
	 1. The star topology can provide better performance and higher data transfer speeds compared to other topologies like bus or ring. 
	 2. Each device has a dedicated connection to the central hub, which eliminates data collisions and allows for simultaneous data transmissions. 
	 3. This setup reduces network congestion and enhances overall network performance.
	e. Isolation and security
	 1. In a star topology, each device is isolated from the others, meaning that the failure or security breach of one device does not affect the security of others. 
	 2. It provides a higher level of security compared to other topologies where devices share the same communication medium. 
	 3. This isolation makes it easier to implement security measures and control access to the network.
	f. Ease of troubleshooting
	 1. The star topology simplifies troubleshooting because it is easier to identify and locate faults. 
	 2. Since each device connects directly to the central hub, network administrators can quickly identify the problematic device and focus on resolving the issue. 
	 3. This reduces the time and effort required for network diagnostics and repair.
	 4. Overall, the star topology offers centralized management, flexibility, fault tolerance, performance, security, and ease of troubleshooting, making it a popular choice for many networking applications.
	a. Dependency on Central Hub
	1. In a star topology, all the nodes are connected to a central hub or switch. If the hub fails or experiences any issues, the entire network may become inaccessible. 
	2. This dependency on a single point of failure can lead to network downtime and disruptions.
	b. Cost 
	1. Implementing a star topology can be costlier compared to other network topologies. 
	2. It requires additional cabling since each node needs an individual connection to the central hub. 
	3. The cost of purchasing and maintaining the hub or switch also adds to the overall expenses.
	c. Limited Scalability
	1. The star topology has limited scalability when it comes to adding more devices to the network. 
	2. Each new node requires a separate connection to the central hub, which can become impractical and complex when dealing with a large number of devices.
	d. Bandwidth Limitations
	1. The performance of the star topology relies on the capacity of the central hub or switch. 
	2. All the data transmitted between nodes needs to pass through the hub, which can lead to bandwidth limitations, especially if multiple devices are transferring large amounts of data simultaneously.
	e. Network Traffic Congestion
	1. In a star topology, all network traffic is funnelled through the central hub. 
	2. This can result in congestion during periods of high network activity, causing delays and reduced performance.
	f. Limited Distance
	1. The physical distance between the nodes and the central hub is limited by the type of cabling used. 
	2. If the network needs to cover a large area, additional equipment like repeaters or switches may be required to extend the reach of the network.
	g. Complex Installation and Maintenance
	1. Setting up a star topology network can be more complex than other topologies, especially when dealing with a large number of nodes. The installation and maintenance of the central hub and individual connections require careful planning and organization.
	2. It's worth noting that while the star topology has its disadvantages, it is still widely used in various applications due to its simplicity, ease of management, and overall reliability. 
	3. The choice of network topology depends on the specific requirements and constraints of the network environment.
	i.  Ethernet (10BASE-T) 
	a. This is the original Ethernet standard and operates at 10 Mbps (megabits per second) over twisted-pair copper cables. 
	b. It uses baseband signalling and employs the CSMA/CD (Carrier Sense Multiple Access with Collision Detection) protocol for media access control.
	ii. Fast Ethernet (100BASE-TX)
	a. Fast Ethernet is an extension of the original Ethernet standard and operates at 100 Mbps. 
	b. It uses the same CSMA/CD protocol as Ethernet but supports faster data rates. 
	c. It also utilizes twisted-pair copper cables for transmission.
	iii. Gigabit Ethernet (1000BASE-T)
	a. Gigabit Ethernet operates at 1 Gbps (gigabit per second) and provides significantly higher data rates compared to Fast Ethernet. 
	b. It uses all four pairs of the twisted-pair copper cables for transmission.
	iv. 10 Gigabit Ethernet (10GBASE-T) 
	a. This type of Ethernet provides data rates of 10 Gbps and requires enhanced cabling and network infrastructure to support higher speeds. 
	b. It typically uses twisted-pair copper cables or fiber optic cables for transmission.
	v. 40 Gigabit Ethernet (40GBASE-T)
	a. 40 Gigabit Ethernet operates at 40 Gbps and is commonly used for data centre and high-performance computing applications. 
	b. It can use either twisted-pair copper cables or fiber optic cables for transmission.
	vi. 100 Gigabit Ethernet (100GBASE-T) 
	a. 100 Gigabit Ethernet provides data rates of 100 Gbps and is designed for high-speed network backbone connections. 
	b. It primarily uses fiber optic cables for transmission.
	vii. 400 Gigabit Ethernet (400GBASE-T) 
	a. This is the latest Ethernet standard, offering data rates of 400 Gbps. 
	b. It is still being deployed and is primarily based on fiber optic cables.
	c. It's important to note that these are just a few examples of Ethernet standards, and there are other variations and specialized Ethernet types available to meet different network requirements.
	a. Token Passing
	 1.  Token Ring LAN uses a token passing mechanism for media access control. A small control frame, called a token, circulates around the ring. 
	 2.  Only the device possessing the token can transmit data.
	b. Media Access Control (MAC) Protocol
	 1.  Token Ring LAN uses a MAC protocol known as the Token Passing Protocol (TPP). 
	 2.  It governs the transmission of data packets and the allocation of the token.
	c. Token Rotation
	 1.  The token circulates around the ring continuously, ensuring fair access to the network. When a device has data to transmit, it waits for the token to arrive, seizes it, and then sends the data. 
	 2.  After transmitting, the device releases the token, allowing it to continue circulating.
	d. Priority Scheme
	 1.  Token Ring LAN supports a priority scheme for data transmission. 
	 2.  Each device is assigned a priority level, and higher priority devices can pre-empt lower priority devices to access the token and transmit their data.
	e. Token Monitor 
	 Token Ring LAN employs a token monitor that checks the integrity of the token as it circulates. If the token is lost or corrupted, the token monitor generates a new token to ensure the network's continued operation.
	f. Wiring 
	 1.  Token Ring LAN typically uses shielded twisted  pair (STP) or fiber optic cables for transmission. 
	 2.  The cabling connects devices in a physical star or  hierarchical star topology, even though the logical  topology remains a ring.
	g. Speed
	  Token Ring LAN initially operated at a data rate of 4 or 16 Mbps (megabits per second). Later enhancements increased the speed to 100 Mbps using Token Ring High-Speed (TRHS) technology.
	h. Decline in Popularity 
	 1. While Token Ring LAN was widely used in the past, it gradually lost popularity and market share to Ethernet, which offered higher speeds, simpler infrastructure, and lower costs. Today, Ethernet has become the dominant LAN technology.
	 2. Note that Token Ring LAN is an older technology and is not commonly implemented in modern networks. 
	 3. Ethernet, particularly the variants based on the IEEE 802.3 standards, has become the de facto standard for LAN connectivity due to its scalability, high speeds, and widespread support.
	a. IP (Internet Protocol)
	1. The Internet Protocol (IP) is a fundamental protocol that provides the foundation for communication on the internet.
	2. It is a network-layer protocol responsible for the addressing and routing of data packets between devices connected to a network.
	3. IP operates by assigning a unique IP address to each device connected to a network. An IP address is a numerical label that identifies a device's location on the network. 
	4. IPv4 (Internet Protocol version 4) addresses are represented as a series of four numbers separated by periods, such as 192.168.0.1. 
	5. However, due to the limited number of available IPv4 addresses, IPv6 (Internet Protocol version 6) was developed to accommodate the growing number of devices connecting to the internet.
	b. Transmission Control Protocol (TCP)
	1. The Transmission Control Protocol (TCP) is a core protocol in the Internet protocol suite. 
	2. It provides a reliable, connection-oriented communication between devices over an IP network. TCP ensures that data packets are delivered in the correct order and without errors, making it suitable for applications that require reliable data transmission, such as web browsing, email, file transfer, and more.
	i. Reliable Communication
	a. TCP ensures reliable delivery of data by using acknowledgments, sequence numbers, and retransmission mechanisms. 
	b. It guarantees that data sent from one device is received correctly by the other device, and it handles any lost or corrupted packets.
	ii. Connection-Oriented
	a. TCP establishes a connection between two devices before transferring data. 
	b. This connection is created using a three-way handshake, where the devices exchange synchronization (SYN) and acknowledgment (ACK) packets to establish the connection. This connection remains open until both devices agree to close it.
	iii. Full Duplex Communication
	a. TCP supports full duplex communication, which means that data can be sent and received simultaneously in both directions. 
	b. This allows for efficient bidirectional communication between devices.
	iv Flow Control
	a. TCP implements flow control mechanisms to manage the rate of data transmission. 
	b. It ensures that the sender does not overwhelm the receiver by regulating the flow of data based on the receiver's capacity to process it.
	v. Congestion Control
	a. TCP employs congestion control techniques to prevent network congestion and ensure fair sharing of network resources. 
	b. It dynamically adjusts the transmission rate based on the network conditions, avoiding network congestion and improving overall network performance.
	vi. Segmentation and Reassembly
	a. TCP breaks the data into smaller units called segments for transmission over the network. 
	b. It reassembles these segments at the receiving end to reconstruct the original data.
	vii. Port Numbers
	a. TCP uses port numbers to identify specific processes or services running on devices. 
	b. These port numbers help in multiplexing multiple network connections on a single device.
	c. TCP is a reliable and widely used protocol for many internet-based applications. 
	d. It works in conjunction with the Internet Protocol (IP) to form the TCP/IP protocol suite, which is the foundation of the modern internet.
	a. Switches 
	 1. Switches are essential devices used in local area networks (LANs) to connect multiple devices together. 
	 2. They operate at the data link layer (Layer 2) of the OSI model and use MAC addresses to forward data packets to the appropriate destination device. 
	 3. Switches provide dedicated bandwidth to each connected device, allowing simultaneous communication and reducing network congestion.
	b. Routers
	 1. Routers are networking devices that operate at the network layer (Layer 3) of the OSI model. 
	 2. They connect multiple networks together and facilitate the exchange of data packets between them. Routers use routing tables to determine the optimal path for packet forwarding based on network addresses. They enable interconnectivity between LANs, wide area networks (WANs), and the internet.
	c. Modems
	 1. Modems, short for modulator-demodulators, are devices that convert digital signals into analog signals and vice versa. They enable the transmission of data over communication channels that support different signal types. 
	 2. Modems are commonly used to connect networks to the internet via various mediums, such as telephone lines (DSL modems), cable lines (cable modems), or fiber optic lines (fiber modems).
	d. Wireless Access Points (WAPs)
	 1. WAPs are devices that enable wireless communication within a network. 
	 2. They serve as central hubs for wireless devices, allowing them to connect to the network without the need for physical cables. 
	 3. WAPs use Wi-Fi technology to transmit and receive data packets between wireless devices and the wired network.
	e. Network Hubs
	 1. Hubs are older and less commonly used devices compared to switches. 
	 2. They operate at the physical layer (Layer 1) of the OSI model and simply pass incoming data packets to all connected devices without any intelligence or filtering. 
	 3. Hubs suffer from network congestion and collisions since all connected devices share the available bandwidth.
	f. Network Extenders/Repeaters
	 1. Network extenders or repeaters are devices used to amplify or regenerate network signals to extend their reach over long distances. 
	 2. They receive weak signals and regenerate them to maintain signal strength and quality. Extenders and repeaters are especially useful in large network deployments where the length of the network cable exceeds its maximum supported distance.
	g. Network Bridges
	 1. Bridges are devices that connect two or more separate network segments or LANs. 
	 2. They operate at the data link layer (Layer 2) of the OSI model and use MAC addresses to forward data packets between networks. 
	 3. Bridges help to extend the size of a network and improve network performance by reducing broadcast traffic.
	 4. These network connecting devices work together to establish and maintain reliable communication within computer networks. They enable data transmission, provide connectivity between different network components, and ensure efficient and secure network operations.
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