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DEPARTMENT VISION AND MISSION

VISION

To be recognized as a premier education center providing state of art
education and facilitating research and innovation in the field of Electronics
and Communication Engineering.

MISSION

We are dedicated to providing high quality holistic education in Electronics
and Communication Engineering that prepares the students for successful
pursuit of higher education and challenging careers in industry, R&D and
academics.
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Course description:

This course is primarily meant to teach undergraduate students the basic operations
of computing hardware and how it interfaces to software. It would provide the
students the understanding of system-level programming and provide a high-level
understanding of the role played by the central processing unit, instruction sets, and
hardware associated with it. Students would know how to represent fixed-point and
floating point numbers in computer and develop hardware algorithms using them for
fixed-point and floating point arithmetic. The course would display understanding of
pipelining concepts with parallelism and develop understanding of how memory is
organized and managed in a modern digital computer, including cache, virtual and
physical memory. It discusses input-output units and how they communicate with
the processor, and how their performance is computed.

Course Overview:
This course on Computer Organization and Architecture will enable students to:

1. Explain the basic sub-systems of a computer, their organization, structure and
operation.

lllustrate the concept of programs as sequences of machine instructions.
Demonstrate different ways of communicating with /0 devices.

Describe memory hierarchy and concept of virtual memory.

s woN

lllustrate organization of simple pipelined processor and other computing
systems.

o
Course Pre-requisites:

ES216EC “Digital Electronics” (11l SEM ECE)
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Marks Distribution:

CIE: 30 Marks (Max)

Comprising of Internal Test 1 & Internal Test 2 for 10 marks each plus 10

Marks assigned for Assignments/Quiz/Slip test

SEE: 70 Marks (Max) — 0.U Pattern (Consisting of PART — A comprising of short
type compulsory questions and PART — B consisting of long type questions

having choice)

POs and PSOs

Establish the correlation between the courses and program outcomes (POs)

and Program Specific Outcomes (PSOs)
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Program Outcomes (POs)

PO1: Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering

problems.

PO2: Problem analysis: Identify, formulate, research literature, and analyse complex
engineering problems reaching substantiated conclusions using first principles of mathematics,

natural sciences, and engineering sciences

PO3: Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety. and the cultural, societal, and environmental

considerations.

PO4: Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and

synthesis of the information to provide valid conclusions.

POS: Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modelling to complex engineering

activities with an understanding of the limitations.

PO6: The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities

relevant to the professional engineering practice.

PO7: Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need

for sustainable development.
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PO8: Ethics: Apply ethical principles and commit to professional ethics and responsibilities and

norms of the engineering practice.

PO9: Individual and team work: Function effectively as an individual, and as a member or

leader in diverse teams, and in multidisciplinary settings.

PO10: Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive

clear instructions.

PO11: Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and

leader in a team, to manage projects and in multidisciplinary environments.

PO 12: Life-long learning: Recognize the need for, and have the preparation and ability to

engage in independent and life-long learning in the broadest context of technological change.

Program Specific Outcomes (PSOs)

PSO1: VLSI Design: The ECE Graduates will acquire state of art analysis and design skills in
the area of digital and analog VLSI design using modern CAD tools.

PSO2: Embedded System Design: The ECE Graduates will develop preliminary skills and
capabilities necessary for embedded system design and demonstrate understanding of its societal

impact.
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PSO3: Communication and Signal Processing: The ECE Graduates will obtain the knowledge

of the working principles of modern communication systems and be able to develop simulation

models of components of a communication system.

PSO4: Software Design Engineering: The ECE Graduates will develop soft skills, aptitude and

programming skills to be employable in IT sector.

Course Outcomes (COs):

On successful completion of the above course, the student shall be able to

i [

Relate the number representation of digital computers to devise the
Hardware arithmetic algorithms for fixed and floating point operations.
Apply the knowledge of Bus structure, registers, micro-operations, control
unit design using Hardwired and Micro-programmed organization.
Comprehend various Instructions and Addressing modes of CPU;
Implement the various techniques of pipelining and parallelism in stored
program structures, to analyze the processor performance.

Interpret different ways of processor communication with 1/O devices and
peripherals with their relative merits and demerits.

Conceptualize the memory hierarchy of a typical computer system and
interpret various schemes for efficient memory utilization and performance
improvements.
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CO mapping with POs and PSOs:

CO - PO mapping

Courses

Program Outcomes

PO

Po

PO
5

PO
6

PO
7

PO
8

PO
10

PO
11

PO
12

PC 234 EC — Computer Organization
and Architecture
Second Year Semester IV

PC234EC.1: Relate the number
representation of digital computer to
devise the llardware arithmetic
algorithms for fixed and floating
point operations.

PC234EC.2: Apply the knowledge
of Bus Structure, Registers, Micro-

ﬁperations, Control unit design
using Hardwired and Micro-

programmed organization.

PC234EC.3: Comprehend various
Instructions, addressing modes of
CPU: implement the
pipelining  and
parallelism in stored program
structures to analyze the
performance of a processor.

various
techniques  of

PC234EC.4: Interpret different ways
of processor communication with
I/0 devices and peripherals with
their relative merits and demerits.

PC234EC.5:  Conceptualize  the
‘nemory hierarchy of a typical
computer system and inferpret
various schemes for efficienf
memory utilization and performance
improvements.
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Justification of Mapping between course and Program Outcomes

The subject deals with the study of various data representations in computer and the digital
algorithms required for implementing arithmetic and logical operations in a basic computer, which
requires knowledge of mathematics fundamentals. They are further required in designing of digital
circuit elements that form a basic part of a basic computer. Hence CO1 strongly maps with PO1.

Studying of the remaining functional blocks of a computer, processing of data in the CPU and various
interfacing methods for achieving performance in the system forms a major part of the subject. This
part moderately maps with PO2 and PO3.

Justification of Mapping with course outcomes and Program Outcomes:
PC234EC.1

COl strongly maps with PO, as it describes and explains data representations, arithmetic and
logical operations for basic functional blocks of a basic computer. CO1 moderately maps with
PO2 as it deals with analyzing computer arithmetic, identify the various data inputs to computer
and formulating to process the data.

PC234EC.2

CO2 moderately maps to POI in applying knowledge of digital circuits to design a basic
computer.

It moderately maps with PO2 to identify and analyze the complex control organization and its
implementation.

CO2 also moderately maps with PO3, as it deals with design of Hardwired and Micro-
programmed control unit.

PC234EC.3

CO3 strongly maps with PO2, as this unit identifies the key attributes of CPU and explains
various processing techniques with their merits and limitations.
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PC234EC.4

CO4 moderately maps with PO2 as it deals with analyzing different ways of communicating with

input-output devices.

CO4 strongly maps with PO3, as it deals with communication with the external environment for

its processing in the computer.

PC234EC.5

COS5 moderately maps wit PO2, as it deals with memory organization including cache and virtual

memories along with their mappings and different ways of storing data in memory system.

CO-PSO Mapping

Courses

Program Specific Qutcomes

PSO1

PSO2

PSO3

PSO4

PC 234 EC - Computer Organization and Architecture
Second Year Semester IV

Pz edrARbideettle number representation of digital
computer to devise the Hardware arithmetic algorithms for
fixed and floating point operations.

PC234EC.2: Apply the knowledge of Bus Structure, Registers,
Micro-operations, Control unit design using Hardwired and
Micro-programmed organization.

PC234EC.3: Comprehend various Instructions, addressing
modes and implement the techniques of pipelining and
parallelism in stored program structures to analyze the
performance of a processor.

PC234EC.4: Interpret different ways of communicating with
I/0 devices and peripherals with their relative merits and
demerits.

PC234EC.5: Conceptualize the memory hierarchy of a typical
computer system and interpret various schemes for efficient
memory utilization and performance improvements.
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Justification of Mapping between course and Program Specific Outcome:

The course on Computer Organization and Architecture deals with the design and implementation of
computer arithmetic algorithms and key attributes of CPU which is prerequisite for designing of an
embedded system and hence it is moderately mapped to PSO2.

The course also deals with input-output organization along with their interfaces and communication
with basic computer, and hence is weakly mapped to PSO3.

CO1 deals with the design and implementation of computer arithmetic and hence is moderately
mapped to PSO2. It is not relevant to other PSOs.

CO2 deals with design of basic computer and its internal operations, and hence weakly mapped to
PSO2.

C04 deals with Input-output organization and other part of this unit deals with input output
interfaces and communication, and hence is moderately mapped to PS02 and weakly mapped to PS03

Syllabus, Textbooks and Reference Books

!C'-ourse Code Course Title Core/Elective

PC234EC Computer Organisation and Architecture Core

‘ Contact Hours per Week

Prerequisite CIE SEE Credits

- 3 - = - 30 70 3

Course Objectives
» Implement the fixed-point and floating-point addition, subtraction, multiplication & Division.




Describe the basic structure and operation of a digital computer.

Discuss the different ways of communicating with /0 devices and standard /O interfaces.
Analyze the hierarchical memory system including cache memories and virtual memory.
Understand issues affecting modern processors.

YV VY

! Course Outcomes
l. Perform mathematical operations on fixed and floating point digital data.

2. Tllustrate the operation of a digital computer.

3. Understand 1/0 interfacing of a computer.

4. Interface microprocessor with memory devices.

5. Understand latest trends in microprocessors.
UNIT-I

Data representation and Computer arithmetic: Introduction to Computer Systems,
Organization and architecture, evolution and computer generations; Fixed point
representation of numbers, digital arithmetic algorithms for Addition, Subtraction,
Multiplication using Booth’s algorithm and Division using restoring and non-restoring
algorithms. Floating point representation with |EEE standards and its arithmetic
operations.

UNIT-II

Basic Computer organization and Design: Instruction codes, stored program
organization, computer registers and common bus system, computer instructions, timing
and control, instruction cycle: Fetch and Decode, Register reference instructions;
Memory reference instructions. Input, output and Interrupt: configuration, instructions,
Program interrupt, Intérrupt cycle, Micro programmed Control organization, address
sequencing, micro instruction format and micro program sequencer.

UNIT-lI

Central Processing Unit: General register organization, stack organization, instruction
formats, addressing modes, Data transfer and manipulation, Program control. CISC and
RISC: features and comparison. Pipeline and vector Processing, Parallel Processing,
Pipelining, Instruction Pipeline, Basics of vector processing and Array Processars.

UNIT-IV
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Input-output Organization: |/O interface. 1/O Bus and interface modules, 1/O versus

;fer: Strobe Contrd¥étendgi2aking, Asynchronous serial cidish

transfer. Modes of Transfer: Programmed |/O, Interrupt driven 1/O, Priority interrupt; Daisy

Chaining, Parallel Priority interrupt.Direct memory Access, DMA controller and transfer. Input

Output Processor, CPU-IOP communication, 1/0 channel.

UNIT-V

Memory Organization: Memory hierarchy, Primary memory, Auxiliary memaory,
Associative memory,Cache memory: mapping functions, Virtual memory: address

mapping using pages, Memory management.

Suggested Readings:

. . Morris Mano, M., "Computer System Architecture," 3/e, Pearson Education, 2005.
2. William Stallings, "Computer Organization and Architecture: Designing for

performance," 7/e,Pearson Education, 2006.

3. John P. Hayes, “Computer Architecture and Organization,” 3/e, TMH, 1998.
Govindarajulu, “Computer Architecture and Organization” TMH.

5. Hebbar, “Computer Architecture”, Macmillan,2008

Gaps in syllabus

Mapping of Course outcomes with PO to identify Curricular Gaps
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SI.No | Module and " PO co Comments/Gaps
Course
1. PO1 C01,C02,C0O3,CO4
Embedded COl strongly maps with PO1, as it describes
Electronics PO2 | CO1,C02,€03,C04 | and explains data representations. Arithmetic
and logical operations for basic functional
PO3 | CO2,C03,C04 blocks of a basic computer.
Computer . . .
Organization and | poa | co1 ‘COSls_trongly maps ‘wnh PO2, as this unit
Architectura identifies the key attributes of‘CPU and
(PC234EC) 555 | NOTWIAPPED explains various processing techniques.
CO4 strongly maps with PO3, as it deals with
PO6 | NOT MAPPED communication with the external environment
for its processing in the computer.
PO7 | NOT MAPPED In order to design complex systems, curriculum
should include Verilog code representations of
PO8 | cO1 various digital components of a basic
computer.
PO9 | CO2
PO10 | CO1,CO5
PO11 | CO2,C05 o
PO12 | CO1,CO3
PSO1 | NOT MAPPED
Since the course of Computer Organization
PSO2 | CO1,CO4 and Architecture is related to the study of a
typical controller chip and its implementation
‘PSO3 | NOT MAPPED design in particular, it strongly maps to PSO2
which is in the area of embedded system
PSO4 | NOT MAPPED design.
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Course Plan/Lesson Plan

MICET

Banjara Hills, Hyderabad — 500034

Department of ECE
LESSON PLAN

Faculty Name: Mr. J.K.Nag Dept: ECE
Subject Name: COMPUTER ORGANIZATION AND ARCHITECTURE Code: PC234EC
Year: Il Semester: IV
Degree & Branch: BE (ECE A) Academic Year: 2020-2021
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Data representation and Computer arithmetic:

Introduction to Computer Systems,
1.

Organization and Architecture, evolution and computer PPT 1 co1

generations;
2. Fixed point representation of numbers PPT 1 co1

Digital arithmetic algorithms for Addition, Subtraction,
3. PPT

Multiplication hardware algorithm for signed magnitude data 2 co1
4. Multiplication using Booth’s algorithm and numerical example PPT 1 co1
5. Division using restoring and non-restoring algorithms PPT 1 Cco1
6 Floating point representation with IEEE standards and its PPT 3 co1

' arithmetic operations

Basic Computer Organization and Design:
7. PPT

Instruction codes, Stored program organization 1 Cco2
8. Computer registers and common bus system PPT 1 co2
9. Computer instructions, Timing and Control PPT 2 Cco2

Instruction cycle: Fetch and Decode 1 Co2
10. PPT
1. Register reference instructions, Memory reference instructions PPT 2 co2
12 Input, output and interrupt: configuration, instructions, program p— 2 Cco2

: interrupt, interrupt cycle

Hardwired Control organization, 2 co2
13. PPT

Microprogrammed Control organization, address sequencing

PRINCFQLL
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14. Micro-instruction format and micro program sequencer PPT 2 C0o2
Central Processing Unit:
15. PPT
General register organization, Control Word 1 co3
16. Stack Organization: Register Stack, Memory Stack PPT 2 co3
17. Reverse Polish Notation, Evaluation of Arithmetic Expressions PPT 1 Cco3
18 Instruction formats, Single Accumulator, General Register and PPT 1 Cco3
' Stack organized CPU organizations
19. Addressing modes: Types, Numerical Example PPT 1 co3
20. Data Transfer and manipulation, Program control. PPT 2 co3
21. CISC and RISC: features and comparison PPT 1 co3
Pipeline and Vector processing, parallel processing, pipelining,
22. instruction pipeline PPT 2 cO3
23. Basics of vector processing and Array processors PPT 1 co3
Input-output organization:
24, . . PPT
I/O interface, /O Bus and interface modules, 1/O versus Memaory 2 co4
Bus: Isolated Vs. Memory-Mapped /0
25. Example of I/O Interface PPT 1 Co4
Asynchronous data transfer: Strobe control, Handshaking 1 co4
26. PPT
Timing Diagrams
Asynchronous serial transfer, Asynchronous Communication 2 co4
27. | Interface PPT
28. Modes of transfer: Programmed 1/0, interrupt-initiated |/O PPT 1 co4

Cci P?ﬂ’.?
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29. Priority interrupt, Daisy Chaining Priority PPT co4
30 Parallel Priority interrupt, Priority Encoder, Priority interrupt PPT Cco4
' Hardware, Interrupt Cycle
31 Direct Memory Access, DMA controller and DMA Transfer in a PPT Cco4
’ computer system
Input output processor (IOP), CPU-IOP Communication, 1/0
32. channel PPT
Co4
33. Memory Organization:
Memory hierarchy, Primary memory,(RAM & ROM Chips) PPT co5
Memory Address Map, Memaory connections to CPU
34. PPT
Auxiliary Memory, Associative Memory, Hardware organization CO5
35. : : PPT
Cache memory, locality of reference property, Types of Mapping Cco5
procedures
36. Cache memory: mapping functions PPT co5
Direct Mapping, Associative Mapping — Numerical example

PRINCIPAL
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37. Set-Associative Mapping — Numerical example BB 1 CcOo5
Writing into cache, cache Initialization

38. Virtual memory: Address Space and Memory Space, BB 2 CO5
Address mapping using pages

39

Memory Management Hardware: Basic components, Segmented- BB 1 CO5
Page Mapping

BB
Solving Numerical Problems related to V Unit 1 1

Course Coordinator
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Lecture Notes:

Unit wise notes uploaded on Google Classroom

Unit wise Question Bank
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PO NR

L4

7.
8.
9,

COMPUTER ORGANIZATION AND ARCHITECTURE (PC234EC)
QUESTION BANK (2020-2021)

B.E. ECE IV SEM (AICTE) SECTION A

REVISED QESTION BANK

MNOTE: These are sample questions only for preparation purpose.

UNIT Il [Central Processing Unit]
Short Type Questions
What the advantages are of stack organized computer?
Write the need for different addressing modes.
Write the differences between RISC and CISC processors.
Determine the number of clock cycles that it takes to process 200 tasks
in a six segment pipeline.
Mention the different types of instruction formats.
What is a stack and what is its role in the operation or execution of

computer instructions?

Discuss various types of CPU organizations.
Write the features of a RISC processor.
What is meant by pipeline hazard?

10.Draw a space-time diagram for a six-segment pipeline showing the time

it takes to process eight tasks.

11.What are the different addressing modes of a basic computer?
12. What is vector processing?

Essay Type Questions

1.

Explain instruction formats for various types of computer organizations
as single accumulator, general register and stack.
Explain various types of interrupts in brief.

. What is the need for addressing mode? Explain various addressing

modes of general purpose computer.

Explain data manipulation operations of a basic computer.

How is vector processing is different from Array processing. Give their
application areas.

PRINCIPAI
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6. Explain pipeline conflicts and discuss their remedies. 4.,

7. Compare CISC and RISC Architectures.

8. Classify the instructions based on the fields of a instruction format.

9. A non-pipeline takes S0 ns to process a task. The same task can be 5,
processed in a six-segment pipeline with a clock of 10 ns. Determine the
speed up ratio of the pipeline for 100 tasks. What is the maximum speed 6.
up that can be achieved?

10.Draw a flow chart for a six stage CPU instruction pipeline and explain.

UNIT Il [Basic Computer Organization & Design]

Short Type Questions

juy

What is stored program organization?
Write the instruction formats for memory reference and register shor
reference instructions of a basic computer.

3. What is the difference between a direct and an indirect address
instruction? IHustrate with an example.

N

B

. Explain the use of the following registers in basic computer:
(i) PC (i) DR (iii) IR
5. Campare Hardwired and Microprogrammed Control Organization.
6. What are the sub phases in an Instruction cycle of a basic computer?
7. Define the following terms: i) Micro operation i) Micro instruction
iii) Micro program. 8.
8. Hardwired Control is faster than micro-programmed control unit. Justify

Al L oI

this statement. Q.
9. Draw the microinstruction format and specify sach field.

Essay Type Questions 1

1. With a neat diagram of a common bus system, show how to execute the
micro operation
AC <« AC+DR
2. Draw the block diagram of a control unit of a basic computer and

) Shor

explain.
3. Explain the various phases of an Instruction cycle with a flow chart. 1
2.

Cioa | M1
Muffakharm Jah Collage of
Erginee ing & Techn .-‘}-‘Ill_;qy
BFi",ij‘F_T i losd Na ! !

HYDERAS



Previous University Question papers

Code No: 20I0AICTE

FACULTY OF ENGINEERING

B.E. IV - Semester (ACTE) (ECE) (Mali) Exanunation, Oeceniber 2620
Subject: Computer Omganization & Arghitacture
Time: 2 Hours

Note: (Missing data IF, any can be
PART A

Max Marky 70
assumed sultable)
Answer any five quastions. (6X 2= 10 Marks}
- Define addoess soace and mamory $phce
£ Draw the Basic Computer instuction fonmats
A& Differentiate
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Internal Question Papers with Key
INTERNAL TEST - 1 (Online mode)
PART — A (Compulsory section)

1. The product of 1101 and 1011 is
a. 10001111
b. 10101010
c. 11110000
d. 11001111

2. In IEEE 32-bit representation, the mantissa of the fraction is said to
occupy __ bits.
a. 24
b. 23
c. 20
d. 16

3. The load instruction is mostly used to designate a transfer to a
processor register known as
a. Program Counter
b. Instruction register
c. Accumulator
d. Address register

Y ",/\?,ﬁv
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4. The number of address lines required to access memory with 16 K
words will be
a. 16
b. 15
c. 14
d. 17

5. ___ Register keep track of the instructions stored in program stored
< in memory.
a. AR
b. PC
c. IR
d. DR

6. Individual control words of the microroutine are called as
a. Micro task .
b. Micro operation
c. Micro instruction
¢ d. Micro code

Solution:1-a,2-b,3-c¢,4-c¢,5-b, 6 -c

(aq \’2;0?)/
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PART — B (answer any Two)

7. Draw the hardware required for implementing Booth's
multiplication algorithm and show the step-by step multiplication
process for the following example (+15) x (+13). Assume 5-bit
registers that hold signed numbers.

8. a) Write the micro operations needed for the fetch and decode
Phases of an. Instruction Cycle in Basic computer.
b) List the control functions and micro operations needed for the
execution of the following memory reference instructions:

(i) ADD (ii) LDA

9. What is the purpose of microprogram sequencer? Explain with a
block diagram, how the sequencer present addresses to control

memory.
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INTERNAL TEST — 2 (Online mode)
PART — A (Compulsory section)

1. A program counter contains a number 835 and address part of the
instruction contains the number 24. The effective address in the
relative address mode, when an instruction is read from the
memory is _

a. 859
b. 860
c. 811
d. 812

2. The number of clock cycles needed to process 200 tasks in a six-
segment pipeline will be
a. 305
b. 210
c. 205
d. 310

3. In the memory-mapped I/O
a. The 1/O devices has a separate address space
b. The I/O devices and memory share the same address space
c. A part of the memory is specifically set aside for the I/O device
d. None of the above




4. In a DMA write operation, the data is transferred
a. From /O to memory
b. From memory to 1/0
c. From memory to memory
d. From 1I/O to I/O

5. The average time required to reach a storage location in memory
and obtain its contents is called the
a. Seek time .
b. Turnaround time
c. Access time
d. Transfer time

6. How many 256 x 8 RAM chips are needed to provide a memory
capacity of 4096 bytes?
a.8
b.18
c. 16
d. 32

solution:1—-b,2-c¢,3-b,4-3,5-¢,6-cC
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PART - B (answer any Two)

7. (a) What are the basic differences between a Branch instruction, a
Call subroutine instruction and Program interrupt?

(b) Draw the space time diagram for a four-segment pipeline

showing the time it takes to process five tasks.

8. Draw the block diagram of an Asynchronous Communication
Interface and explain its operation.

< 9. (a) What is the disadvantage of transferring data through Strobe

control method? How Handshaking overcomes this
disadvantage? Explain.

(b) Explain the need of Memory Hierarchy in a computer system

with the help of a block diagram.

Unit wise Assignment Questions
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MJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 1: Submission Date: 03-05-2021

Perform the arithmetic operations (+46) + (-15) and (-46) — (-15) in binary
using signed-2’s complement representation for negative numbers. Use eight
bits to accommodate each number together with its sign.
Perform the arithmetic operations (+60) + (+70) and (-60) + (-70) with
binary numbers in signed-2 complement representation. Use eight bits to
accommodate each number together with its sign. Show that overflow occurs
in both cases.
Show the hardware for signed-2’s complement addition and subtraction.
Show the hardware for implementing Booth’s algorithm. Show the step-by-
step multiplication process using Booth algorithm for the following
example (+15) x (-13). Assume 5-bit registers that hold signed numbers.
. Differentiate between restoring and non-restoring algorithm. What is divide overflow
condition?
. Represent the number (+37.5) as a floating-point binary number with 24 bits. The

normalized fraction mantissa has 16 bits and the exponent has 8 bit bits.
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7. Differentiate between single precision and double precision IEEE standard floating point
representations with their formats.

8. Explain the procesé of floating point number multiplication with a neat flow chart.

9. What is normalization and alignment in floating point arithmetic?

10. Explain the floating point division operation using a neat flow chart. What is meant by
dividend alignment?

J.K.NAG
Assoc.Prof. (ECED)

MJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 2: Submission Date: 28-06-2021

1. a) What do you understand by stored program concept? Explain.

b) With a neat sketch of a common bus system. show how to execute the
micro operation AC +—AC + DR.

2. a) List the control functions and micro operations needed for the
execution of the following instructions and explain.
i) ADD i) BSA iii) ISZ

b) Explain various phases of an instruction cycle in detail with flow chart.

3. Explain input-output configuration of a computer and list any three
1/0 instructions with their control functions and micro operations.

4. Describe the various phases of an interrupt cycle and its micro operations.




5. a) Differentiate between Hardwired and Micro programmed control.
Mention their merits and demerits.

b) Explain the operation of a address sequencer in a micro programmed
control unit.

6. What is the purpose of micro program sequencer? Explain with
Block diagram, how the sequencer present address to control memory

JK.NAG
Assoc.Prof. (ECED)

MIJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 3: Submission Date: 23-08-2021

I. Explain instruction formats for various types of computer organizations as single
accumulator, general register and stack.
3. What is the need for addressing modes? Explain about the various addressing modes in a

general purpose computer.

4. An instruction is stored at location 300 with its address field at location 301. The address
field has the value 400. A processor register R1 contains the number 200. Evaluate the
effective address if the corresponding mode of the instruction is (a) direct; (b) immediate;
(c) relative; (d) register indirect; (¢) index with R1 as the index register.

5. Convert the following arithmetic expressions from infix to reverse polish notation.

L ™~ £
Muffakham Jah Ccllege Of
Engineering & Tachnaiagy,
Banjara HlE, °
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10.

11,

12.

13.

14.

a. A*B+C*D+E*F b. A +B*[C*D+E *F +G)]
Convert the following numerical arithmetic expression into reverse polish notation and
show the stack operations for evaluating the numerical result.

@B+ 102 +6) + 8]

Write the features of RISC Processor. Write the differences between RISC and CISC
Processors.

Explain any four data manipulation instructions of a general purpose computer.

What are the basic differences between a branch instruction, a call subroutine instruction
and program interrupt?

Draw the space time diagram for a four segment pipeline showing the time it takes to
process five tasks.

Draw the flow chart for a six-stage CPU instruction pipeline and Explain.

A non-pipeline system takes 50 ns to process a task. The same task can be processed in a
six-segment pipeline with a clock cycle of 10 ns. Determine the speed up ratio of the
pipeline for 100 tasks. What is the maximum speed up that can be achieved?

Explain pipeline conflicts and briefly discuss the remedies for those conflicts.

How vector processing is different from array processing and give their application areas?

JK.NAG
Assoc.Prof. (ECED)
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MJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 4: Submission Date: 30-08-2021

1. Explain the need for an I/O interface. Show an example of a typical I/O
Interface unit.

2. Compare memory mapped /O and I/O mapped 1/0 with merits and demerits.

s

What is the disadvantage of transferring data through strobe control method? How handshaking
overcomes this disadvantage? Explain.

Design parallel priority interrupt hardware for a system with eight interrupt sources.

Draw the block diagram of an asynchronous communication interface and explain its operation.

Explain the DMA transfer with block diagram.

I L

What is an Input-output processor (IOP)? Explain how CPU and IOP communicate with each
other through a flow chart.

JK.NAG
Assoc.Prof. (ECED)
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MJCET
IV-SEMESTER ECE A (2020-2021)
COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 5: Submission Date: 14-09-2021

1. How many 128 x 8 RAM chips are needed to provide a
memory capacity of 4096 bytes? How many lines of the address bus
be used to access 4096 bytes? How many lines must be decoded for
chip select? Specity the size of the decoders.

2. Derive the Match logic for one word of associative memory and explain how the read
operation is performed.

3. Explain the need of memory hicrarchy with the help of a Block diagram.

4. Explain Direct and Associative address mapping techniques in Cache memory with an
example.

5. Consider a set-associative cache that consists of 256 blocks divided into 4-block sets and a
byte addressable main memory of size 512K bytes, with block size of 32 bytes each. How
many bits will be there in the TAG, SET and WORD fields respectively?

6. Why page-table is required in a virtual memory system? Draw and explain the
organization of typical memory mapping table in a paged system.

7. Using block diagram explain the mapping of logical address into physical address in a

segmented-page memory management unit. What is the importance of a TLB in the
memory management unit?

JLK.NAG

Assoc.Prof. (ECED)
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N/A

Methodology used to identify weak and bright students:
Support extended to weak students —
Assessment thro Tutorial questions unit wise

Solving the question bank unit wise

Faculty instructor: J.K.NAG
Designation: Associate Professor
Dept: ECE

Class: ECEA Sectioﬁ
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MJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 1: Submission Date: 03-05-2021

. Perform the arithmetic operations (+46) + (-15) and (-46) — (-15) in binary
using signed-2’s complement representation for negative numbers. Use eight
bits to accommodate each number together with its sign.

. Perform the arithmetic operations (+60) + (+70) and (-60) + (-70) with
binary numbers in signed-2 complement representation. Use eight bits to
accommodate each number together with its sign. Show that overflow occurs
in both cases.

. Show the hardware for signed-2’s complement addition and subtraction.

. Show the hardware for implementing Booth’s algorithm. Show the step-by-
step multiplication process using Booth algorithm for the following

example (+15) x (-13). Assume 5-bit registers that hold signed numbers.

. Differentiate between restoring and non-restoring algorithm. What is divide
overflow condition?
. Represent the number (+37.5) as a floating-point binary number with 24

bits. The normalized fraction mantissa has 16 bits and the exponent has 8 bit

bits. o
/}/7.«’7 /97
&éz//(/’z}}aﬂ
F‘PI {CIPAL
\ﬂ‘rl \I' flegsﬁOf
Eng g & Technoiogy,
ch-"-:"‘ ad No.3,

HYDERAEAD - 500 034, AP



7. Differentiate between single precision and double precision IEEE standard
floating point representations with their formats.

8. Explain the process of floating point number multiplication with a neat flow
chart.

9. What is normalization and alignment in floating point arithmetic?

10. Explain the floating point division operation using a neat flow chart. What
is meant by dividend alignment?

JK.NAG
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— ~

n
C.OA J\Q\'I(mNM('M" 1 ’—_,ﬁﬂ

\) _ )
(ue) - (el
*’HAC- S (\(\\0\110
+\5 - ocooo'\l)
-\g - \]llOOO'

(498 & (ag) = 4[ub-15)

00 10110

+ 1| 1l00’0|
_@_mtl) .
DO O I |11

. P&ﬁ;ﬁ\fej- ouqilow CR-LKJ-é .
(ovovitl) . (s,

2 ('“’D)l,,‘- [001111060) ,

r N
(410),, = [01000\10) 2| 20- o
2 15— 0
PRI S
+e0 = ©Oo0lll00O s b -
| S z-
p0110 2| 3
( *'10) > : ou N .
+ TR L —-j v k
“PRINCIPAL
l D 0 aﬁ 0 , b " Muffakhem Jah Collage Of
: E!‘!QII?’{H' y Ten
- - Banjara Hi

HYDERAE
ouaJ{ow ; E

%, (o3 [2en



|

|

(2)

O\Jhg\gu’ s oletected

9 ~Hae g%ﬁ LSt

thgB s '\"(C.al}:zl al

(-60) = {1000 (00O

& (—WO)

-. 1000t

{ O

(V-
g () v

| ©

t \..L-
‘OUQVW stuigad) Bei) of s %C'ZS‘“ b1

G

/

V€A (ﬂow B |8




(H5) ‘ -\2) % w1 = 0B,
BR, - OUN ' @R = 10010 ; 8
X - —as
BR""( = ]0001 C_‘_‘S))k(_‘z)_
3t
Gn Qs Ac 8 R Bn Sc
Buidia] — 00000  [0DOT] ° 10,
M1 — i
1 o sue - 10091
BR 1000 |
loo
kber = (obO - 1100 \
‘ | ..
t | Ay — Ll OLlOD l )1
O Ut APD - Ol '
= 010\
Y . - . ) O . O‘D
; Areatry 'O 0\O 1 (0110 . ‘

\] by ©OOOLD  1l0\l , O 00

o © '
., © soe looOo| o
BR iooy (
ety Lt 0o { "\lot t oo
. i VQ_‘J'CA.%G 1 d
— oil)/0o ~—
Ac 8% Yo _ >(00110000“3‘ (mr\m
— 193 .
S L e
Muffakham Jah ¢ a= Of
3 : = Ergineering & Technalogy,

. Banjgra Hifis, Foac ','.«._:'s',
‘ HYDERMBAD - 500 034, AP

L



Restoodag | ton < Ruboring

¢ T,n 'u’.-e’s:‘-dv‘fnpg CHUO\W’\OH L] ,_rin glel) '*'Mﬁ':h)"(';w,? ch'w‘t)r-‘,
ﬁdsos«jdfhvm W’l‘?A VWMJ& GJCKUY:\J‘D'M e ﬂ'ﬁ%q}":\!rzq
1 %e,ﬂ-{‘&»th (Dq-’ﬂcocil‘maa. e Alvigern 2 Mﬂaﬂ;ﬂ [-.;4:

) 18
c“u\\so«b o negcd’iu\e. and ~Hae added wor

Aiviget’ Aluiseor:
| * &

p whe s ‘. Nuen He

ta-BYw56 ' ;’ . _ &.(p,_..a')‘,j.g “’_-.9:""*.',\3 .
FR Wy
o) vemairden vertoring estoring s 0T

fe W,Yujyt_;ﬂi 9461/\.{;'!1((.:& -
e

(6) (4 315 )

ocoooo0l!l D
\_/\/’-J
e‘?‘.\'—?m".m't

? (001010000 ©C° 000
gl _

;-__ -_,_-—-"’""""'""""

e 017 Mo 2.



/ —~

(¥ o
g?y\?‘\ﬂ Precd g0 n Pouble Pwoa‘;f?(,.., s
™ E’b 3 ) / ‘ T
oleffmce . 33 -bit « It deltnes a oy,
Hingle  formad  with it Double [ovmat
¥-bX  exponesd and with -kt exponesst
*ruvmlm‘w\% blte ac ound -rmo.ivt_;w? bite
Mamtissa, ey cc_F-t‘ ﬁn‘%fn as wmanbissa excafﬁ_
L - Q’\\éd\n bit -
| |
Plaged " gy :
expowent | L [ Hated | frntion
, ’f expowesdt
¢ ] L
$9n ¢-its Madiss o ' 9\7% uis-k M::d-i
bt e,(weu'.f' 23 - ki b e o o
e $2L ~bits

e 1 Lyt g +8& - bit
* 1 -kt Gem 411~ Lyt

e et +23 -bY T )
xpon ) 3-\('4&:"‘)0?1 el(‘aoutv\T 2 e ¢

. ll *p‘\'a.bh"of\

—_——

@) Novwitlzadon: o | ~§-H_H__w

o A Hoading pold qumber s sald te p
no~maline 4 f Hue MIB of menhison s
nov —zeto

e ! 1lOIODOOD

PRINCIPAL

’ -Al;'?mmc/wj'.' :ll‘t‘.l'p' ~Hre Pra(eopwm 0
eponet packs eqpiad LY f‘fu'f‘*""“} e e ssec o

Banjarz Hil ‘ No.3,
HYDERABAD - 500 034, A.P



C/(\Dov\c.fn:‘l",_ 1o Fae yﬂ.abd' and

P]V‘CVCVV\C—M}' ~e

Syvall s,

%)
ear:omem'ﬂ" leua (- Qo‘aﬂ-dv ot

Llw-’r:\\c, QJUPDVI endt b-‘-—d’bw‘ e a\(f..A.ﬂJ d

MLL“L“?F\&{ s : :

R |

[Mw\ UP Ueom d W BR ’
@&\41"7\"%' n R '

e g

"m&'—bia’f j L |
W iy Jl




.'l) MQJHPU'M au’if) NW}OUU&. ascl- (Lgdﬁ,c“ "ty
C&d&&wua L’O‘V I

Y a g =
P o{pt)\cun 18 LG'VL,LQJ £5 T

P"Wo!ud“ Mo AC s Sej zvu: and e
OPM@OY\ :q .bdMM‘:}-C_J
3) Q’P neHe e 0’}‘ sHae orwg- is. ¢"V““°J
-tb Zzend ~Hae F'chw l‘-DV)"HV\LAu UO'\"H" -es(rb"\-faj‘
a ddiHon . |
4] The e,(Povxc,qu o | ol @ue.;\, ?§ 'Eﬁaﬂ{/—’v—taJ
(o) o '
‘r’ ﬂﬂu\& VML,LAH \o\.)ga_g{";' an 0? "\ﬂ.aV\."Hgga, ‘;_g oL'Jﬂ-'(
at %xd ?ofvd" cokl w’\:H,. PWO\UJ‘
tam n A @ § - '
¢) Quaflow connot oo 7n‘muj+|"oll'ud‘;’0n_
4o <the MSB of A be hecle el
N gy Aol gk nomelived
) Y A=0 1 wantssa Tn o AQ \‘c.ﬁbv{&f{'uﬂ ['*'-Jﬁ'
a,r\_&o C.L\oowévd‘ Ae Ly e ente ¥ I

1] fined prdvet e °""*“"‘“’*§m.ﬁ’~5

Bam ‘-‘.
HYDtR; BHJ




Phuiser
. .t')‘l' %} fc\ma

n BR
"tv! P&C.'




thore Tt 0 R . W
= ~“The ¢9n e-ﬂ&?ua\e/.}\e\ o T e tf“"‘w
B pe e G eﬁq{,._a,ywyr\ou

Sy -+
—- “The, 8B 9154ﬁ<~+ex, ‘e c,le.au.aag awtol gc s ““g

4o N -\ .h'\-)-s G e é[/uo’ﬁuj" 1,

Jhep -2 !
— The J{u‘\c}mo\ aﬁqmmm*'\s Aundlan
Avide oOves Bf(,ow Ju.@b 1A e ﬁxcch f)o‘\ﬂt

<t

'Y(_,‘m& ch‘—dd‘l o)+ r .
; ) DWW P e CJ 9 L
« e oo ro-cHons A8 pake ﬁ%
. ' X PRINCIPAL ¢
uJat‘f a_,h,o N« Muffakham Jah Ceoilege. Of !
$ Engineering & Tachnoiogy,
Banjara Hilis, Foad No.3,
v HYBERABAD - 500 024. AP

[ ] I’

. i



i \.”wl
o5 - , Slesben wulnay Az W, ?"."'5'1"'1 i

sesdoa \
€ ‘e c“uu:\w\\cb hrc.(rlf;on '\DLJ c.xo‘cl,;l/\.?

A & Hien gLt "ﬁﬁ'Ldﬂ e
&’U\J\AQ«V\A ('ﬂ\ C\‘V\C& ‘]r\(\lgl\x\od/\j’ (,ﬂlool’lb\/\j— 3)
Avidey d (o) .

» Shep =Y
- Nt e 91';053.'@«\. QA]D*oncA/d' V.8 qulp'f.'v’at{‘f—cﬁ

B’Y‘em @Hu'lctc_noj _e;\]ﬂonc/vof = a—fhlo'-\-\)

™
= The Wlou s adde sf and mesudt 't‘*romq/]wag
pln"f‘b ap-
> Step - S
-~ The V\L(ﬂ?\/;['..‘-qole‘q of e, poonhses oul Avided
as T pred point ol
»

-— -A)'\-u, Je. o,Pu_g&’{tDn ~ The VUOO@HA@ F“‘vxﬁ—
QUM'H-Q..J ~esh ales i gk.
° r_lj‘ e O)AU\\O\MJ ‘ls o’YGC‘J“D‘- “Fen oo CW\AGJ

4 e diviser e dividend proH on As
‘ZWW‘EJ “to ~Hao Njw and Haa exzaowemj

0 T Ty Twcvw""iwe cy !



MJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 2: Submission Date: 28-06-2021

1. a) What do you understand by stored program concept? Explain.

b) With a neat sketch of a common bus system, show how to execute the
micro operation AC+—— AC + DR.

2. a) List the control functions and micro operations needed for the
execution of the following instructions and explain.
i) ADD ii) BSA iii) ISZ

b) Explain various phases of an instruction cycle in detail with flow chart.

3. Explain input-output configuration of a computer and list any three
I/O instructions with their control functions and micro operations.

4. Describe the various phases of an interrupt cycle and its micro operations.

5. a) Differentiate between Hardwired and Micro programmed control.
Mention their merits and demerits.

b) Explain the operation of a address sequencer in a micro programmed
control unit.

6. What is the purpose of micro program sequencer? Explain with
Block diagram, how the sequencer present address to control memory
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MJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 3: Submission Date: 23-08-2021

. Explain instruction formats for various types of computer organizations as
single accumulator, general register and stack.

. What is the need for addressing modes? Explain about the various addressing

modes 1n a general purpose computer.

. An instruction is stored at location 300 with its address field at location 301.
The address field has the value 400. A processor register R1 contains the
number 200. Evaluate the effective address if the corresponding mode of the
instruction is (a) direct; (b) immediate; (c) relative; (d) register indirect; (e)
index with R1 as the index register.

. Convert the following arithmetic expressions from infix to reverse polish
notation.

a. A*B+C*D+E*F b. A+ B *[C * D+ E *(F +G)]

. Convert the-following numerical arithmetic expression into reverse polish

notation and show the stack operations for evaluating the numerical result.
(3 +4)[10(2 + 6) + 8]

. Write the features of RISC Processor. Write the differences between RISC
and CISC Processors.

PRINCIPAL
Muffakham Jah Cotlege of
Engineering & _ chnotogy
BRanjara Hills

HYDERAE/




7. Explain any four data manipulation instructions of a general purpose
computer.

8. What are the basic differences between a branch instruction, a call subroutine
instruction and program interrupt?

9. Draw the space time diagram for a four segment pipeline showing the time it
takes to process five tasks.

10. Draw the flow chart for a six-stage CPU instruction pipeline and Explain.

11. A non-pipeline system takes 50 ns to process a task. The same task can be
processed in a six-segment pipeline with a clock cycle of 10 ns. Determine
the speed up ratio of the pipeline for 100 tasks. What is the maximum speed
up that can be achieved?

12. Explain pipeline conflicts and briefly discuss the remedies for those
conflicts.

13. How vector processing is different from array processing and give their
application areas?

JK.NAG
Assoc.Prof. (ECED)
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MJCET
IV-SEMESTER ECE A (2020-2021)

COMPUTER ORGANIZATION AND ARCHITECTURE
ASSIGNMENT SHEET 4: Submission Date: 30-08-2021

. Explain the need for an I/O interface. Show an example of a typical I/O
Interface unit.

. Compare memory mapped I/O and I/O mapped I/O with merits and
demerits.

. What is the disadvantage of transferring data through strobe control method?
How handshaking overcomes this disadvantage? Explain.

. Design parallel priority interrupt hardware for a system with eight interrupt
sources.

. Draw the block diagram of an asynchronous communication interface and
explain its operation.

. Explain the DMA transfer with block diagram.

. What is an Input-output processor (IOP)? Explain how CPU and IOP

communicate with each other through a flow chart.

JK.NAG
Assoc.Prof. (ECED)
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MJCET

IV-SEMESTER ECE A (2020-2021)
COMPUTER ORGANIZATION AND ARCHITECTURE

ASSIGNMENT SHEET 5: Submission Date: 14-09-2021
. How many 128 x 8 RAM chips are needed to provide a

memory capacity of 4096 bytes? How many lines of the address bus
be used to access 4096 bytes? How many lines must be decoded for
chip select? Specify the size of the decoders.

. Derive the Match logic for one word of associative memory and explain how
the read operation is performed.

. Explain the need of memory hierarchy with the help of a Block diagram.

. Explain Direct and Associative address mapping techniques in Cache
memory with an example.

. Consider a set-associative cache that consists of 256 blocks divided into 4-
block sets and a byte addressable main memory of size 512K bytes, with
block size of 32 bytes each. How many bits will be there in the TAG, SET
and WORD fields respectively?

. Why page-table is required in a virtual memory system? Draw and explain
the organization of typical memory mapping table in a paged system.

. Using block diagram explain the mapping of logical address into physical
address in a segmented-page memory management unit. What is the

importance of a TLB in the memory management unit?
JK.NA

Assoc.Prof. (ECED)
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Figure 10-1 Hardware for signed-magnitud

the adder is equal to the sum A + B. When M = 1, the 1's complement rz“@'
is applied to the adder, the input carry is 1, and output § = A + B + 1. Thus
is equal to A plus the 2's complement of B, which is equivalent to the subtrac-
tion A =~ B. '-

Hardware Algorithm

The flowchart for the hardware algorithm is presented in Fig. 10-2. The two
signs A, and B, are compared by an exclusive-OR gate. If the output of the gate
is 0, the signs are identical; if itis 1, the signs are different. For anadd operation,
identical signs dictate that the magnitudes be added. For a subfract operation,
different signs dictate that the magnitudes be added. The magnitudes are
added with a microoperation EA +=A + B, where EA is a register that com-
bines E and A. The carry in E after the addition constitutes an overflow if it is
equal to 1. The value of E is transferred into the add-overflow flip-flop AVF..
The two magnitudes are subtracted if the signs are different for an add

operation or identical for a subiract operation. The magnitudes are subtract
by adding A to the 2's complement of B. No overflow can occur if the numbers
are subtracted so AVF is cleared to 0. A 1 in E indicates that A = B and the
nurnber in A is the correct result. If this number is zero, the sign A, must be
made positive to avoid a negative zero. A 0in E indicates that A < B. For this
case it is necessary to take the 2's complement of the value in A. This operation
can be done with one microoperation A «+-A + 1. However, we assume that
cormplement and the A register has circuits for microoperations complement and increment, so the
increment 2's complement is obtained from these two microoperations. In other paths of
: the flowchart, the sign of the result is the same as the sign of A, 50 no change
in A, is required. However, when A < B, the sign of the result is the comple-
ment of the original sign of A. It is then necessary to complement 4, to obtain

SV
6'\,\



CHAPTER TEN Computer Arithmetic S

Subtract operation Add operation

, :
Minuend in A Augehd inA
Subtrahend in B Addend in B

A, # B, A, =B,
Al‘:BS AS#:BI
| ! ¥ Y 3
EA«A+B+1 EA+~A+B
AVF+0
v
- = AVE<E

E
A<B \\/[_ A>B

4' v
A+ A,

Y 4

END
(result isin A and A4,)

Figure 10-2 Flowchart for add and subtract operations.

the correct sign. The final result is found in register A and its sign in A,. The
value in AVF provides an overflow indication. The final value of E is immaterial.

Addition and Subtraction with Signed-2’s
Complement Data

The signed-2’s complement representation of numbers together with arith-
metic algorithms for addition and subtraction are introduced in Sec. 3-3. They
are summarized here for easy reference. The leftmost bit of a binary number
represents the sign bit: 0 for positive and 1 for negative. If the sign bitis 1, the
entire number is represented in 2's complement form. Thus +33is represented
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CHAPTER FIVE Basic Computer Organization and Design
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\} T;
IR «— M[AR), PC &« PC+1
v

Decode operation code in /R (12 - 14)
AR «IR(0-11), I « IR (15)

(Registeror I/0) =1

N

=0 (Memory-reference)

A 4

Y

10) =1 =0 (register) (indirect) =1 =0 (direct)
AV v
A T3 A T3 vy T Yy T3
Execute Execute AR « MI[AR) Nothing
input-output register-reference -
instruction instruction ,
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one of the other seven values 000 through 110, specifying a memory-reference
instruction. Control then inspects the value of the first bit of the instruction,
which is now available in flip-flop I. If D; = 0 and I = 1, we have a memory-
reference instruction with an indirect address. It is then necessary to read the
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<

A |

Fetch and decode
instruction Storﬁ: return address
in location 0
M [0] « PC
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Execute
instruction
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Branch to location 1
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IEN « 0
R«0

4 4 4 A 4 4

o

Figure 5-13 Flowchart for interrupt cycle.

The way that the interrupt is handled by the computer can be explained

by means of the flowchart of Fig. 5-13. An interrupt flip-flop R is included in

~ the computer. When R = 0, the computer goes through an instruction cycle.
During the execute phase of the instruction cycle IEN is checked by the control.

If it is 0, it indicates that the programmer does not want to use the interrupt,
so control continues with the next instruction cycle. If IEN is 1, control checks"

the flag bits. If both flags are 0, it indicates that neither the input nor the output

registers are ready for transfer of information. In this case, control continues

with the next instruction cycle. If either flag is set to 1 while IEN = 1, flip-flop

Ris set to 1. At the end of the execute phase, control checks the value of R,

and if it is equal to 1, it goes to an interrupt cycle instead of an instruction cycle.

interrupt cycle The interrupt cycle is a hardware implementation of a branch and save
return address operation. The return address available in PC is stored in a

specific location where it can be found later when the program returns to the

instruction at which it was interrupted. This location may be a processor
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Figure 7-7 Decoding of microoperation fields.
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