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Digital Techniques and Microprocessor (313305)

Preface

The primary focus of any engineering laboratory/field work in the technical education
system is to develop the much needed industry relevant competencies and skills. With this in
view, MSBTE embarked on this innovative ‘K’ Scheme curricula for engineering diploma
programmes with outcome-based education as the focus and accordingly, a relatively large
amount of time is allotted for the practical work. This displays the great importance of
laboratory work, making each teacher, instructor and student realize that every minute of the
laboratory time needs to be effectively utilized to develop these outcomes, rather than doing
other mundane activities. Therefore, for the successful implementation of this outcome- based
curriculum, every practical course has been designed to serve as a 'vehicle' to develop this
industry identified-competency in every student. The practical skills are difficult to develop
through "chalk-and duster” activity in the classroom situation. Accordingly, the "K” scheme
laboratory manual development team designed the practical to focus on the outcomes, rather
than the traditional age old practice of conducting practical to ‘verify the theory" (which may
become a byproduct along the way).

This laboratory manual is designed to help all stakeholders, especially the students,
teachers.and instructors to develop in the student the predetermined outcomes. It is expected.
from each student that at least a day in advance, they have to thoroughly read through the
concerned practical procedure that they will do the next day and understand the minimum
theoretical background associated with the practical. Every practical in this manual begins by
identifying the competency, industry relevant skills, course outcomes and practical outcomes
which serve as a key focal point for doing the practical. The students will then become aware
about the skills they will achieve through the procedure shown there and necessary precautions
to be taken, which will help them to apply in solving real-world problems in their professional
life.

This. manual also provides guidelines to teachers and instructors to effectively facilitate
student- centered lab activities through each practical exercise by arranging-and managing
necessary resources in- order that the students follow the procedures and precautions
systematically ensuring the achievement of outcomes in the students.

The basic aim of this course is that, the student must learn the basic concepts, rules and laws
of electric and magnetic circuits and practical thereof. The basic concepts of electrical
engineering in this course will be very-useful for understanding electrical circuits.

Although best possible care has been taken to check for errors (if any) in this laboratory
manual, perfection may elude us as this is the first edition of this manual. Any errors and
suggestions for improvement are solicited and highly welcome.

Maharashtra State Board of Technology (K Scheme) i



Digital Techniques and Microprocessor (313305)

Program Outcomes (POs) to be achieved through Practicals of this Course

Following programme outcomes are expected to be achieved through the practical of the course.

PO 1. Basic and Discipline specific knowledge: Apply knowledge of basic mathematics,
sciences and engineering fundamentals and engineering.specialization to solve the
engineering problems,

PO 2. Problem analysis: Identify and analyze well-defined engineering problems using
codified standard methods.

PO 3. Design/ development of solutions: Design solutions for well-defined technical
problems and assist with the design of system components or processes to meet specified
needs.

PO 4. Engineering tools: Apply modern engineering tools and appropriate technique to
conduct standard tests and measurements.

PO 5. Engineering practices for Society, Sustainability and Environment: Apply
appropriate. technology in context of society, sustainability, environment and ethical
practices.

PO 6. Project Management: Use engineering management principles individually, as a
team member-or a leader to manage projects and effectively communicate about well-
defined engineering activities.

PO 7. Life-Long Learning: Ability to analyze individual needs and engage in updating in

the context of technological changes.

Maharashtra State Board of Technology (K Scheme) ii



Digital Techniques and Microprocessor (313305)

List of Industry Relevant Skills

The following industry relevant skills of the identified of competency “Test digital
systems by applying principles of digital techniques and microprocessors.” are expected to be
developed in the student by undertaking the laboratory work as given in
laboratory manual

1. Analyze problem definition.
2. Build digital circuits.
3. Develop assembly programs for Real life applications.

4. Ability to solve application-level problems.

Maharashtra State Board of Technology (K Scheme)



Digital Techniques and Microprocessor (313305)

Practical-Course outcome matrix

COURSE LEVEL LEARNING OUTCOMES (COS)

COLl - Test logic gates and digital systems.

CO2 - Use basic combinational and sequential logic circuits employing digital 1Cs.

CO3 - Perform operations on registers using 8086 instructions.

CO4 - Use 8086 microprocessor environment to build and execute assembly language programs.

COS5 - Develop assembly language programming in 8086 to implement loops and branching instructions.

Sr. Title of the Practical Co1 CO2 COo3 Cco4 CO5
No.
1 * Verification of truth table of basic logic gates, special \/

logic gates and Identify various Logic gate ICs.

2 Implementation and verification of expression using \/
universal logic gate ICs

3 Verification of De-Morgan’s theorems using basic logic
gates
4 * Conversion of expression to Sum-of- Product (SOP)

and Product-of-Sum (POS)

5 * Implement Multiplexer and Demultiplexer logic
(The practical may be performed using virtual lab)

ST S

6 Implementation of Latch

7 * Verification of contents of general purpose, segment \/
registers, flags and memory locations of different
segments during execution of the program

8 * Assembly language programming for addition and
subtraction for hexadecimal numbers

9 Apply assembly: language programming logic for
addition, subtraction-and multiplication for BCD
numbers.

10 * Assembly language programming for multiplication
and division

11 Assembly language programming to find smallest
/largest hexadecimal numbers

ANERANERNEN

12 * Assembly language programming for sorting of data

13 Assembly language programming for transfer of block
of data

14 Count the occurrence of a given number from a block of
data

15 * Implement shift and rotate instructions on given data

ANERNERNERN

Maharashtra State Board of Technology (K Scheme)




Digital Techniques and Microprocessor (313305)

10.
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Guidelines to Teachers
Teacher should provide the guideline with demonstration of practical to the students with all

features.
Teacher shall explain prior concepts to the students before starting of each practical.
Involve students in the performance of each experiment.
Teacher should ensure that the respective skills and competencies are developed in the students
after the completion of the practical exercise.
Teachers should give opportunities to students for hands-on experience after the demonstration.
Teacher is expected to share the skills and competencies to be developed in the students.
Teacher may provide additional knowledge and skills to the students even though not covered in
the manual but are expected of the students by the industry.
Finally give practical assignments and assess the performance of students based on tasks assigned
to check whether it is as per the instructions.
Teacher is expected to refer complete curriculum document and follow guidelines for
implementation
At the beginning of the practical, which is based on the simulation, teacher should make the
students acquainted with any simulation software environment.

Instructions for Students
Listen carefully to the lecture given by the teacher about the subject, curriculum, learning
structure, skills to be developed.
Organize the work in the group and record all programs.
Student shall develop maintenance skills as expected by industries.
Student shall attempt to develop related hand-on skills and gain confidence.
Student shall develop the habits of evolving more ideas, innovations, skills etc. those
included in scope of manual
Student shall refer to technical magazines.
Student should develop the habit of submitting the practicals on date and time.
Student should prepare well while submitting a write-up of exercise.

Attach/paste separate papers wherever necessary.

Maharashtra State Board of Technology (K Scheme) %



Digital Techniques and Microprocessor (313305)

Content Page

List of Practical and Progressive Assessment Sheet

Sr.

No.

Title of the Practical

Page
no.

Date of
Performance

Date of
Submission

Assessment
Marks
(25)

Dated sign.
of

Teacher

Remarks

(If any)

* Verification of truth
table of basic logic gates,
special logic gates and
Identify various Logic
gate ICs.

Implementation and
verification of expression
using universal logic gate
ICs

Verification of De-
Morgan’s theorems using
basic logic gates

* Conversion of expression
to Sum-of- Product (SOP)
and Product-of-Sum (POS)

* Implement Multiplexer
and Demultiplexer logic

(The practical may be
performed using virtual
lab)

Implementation of Latch

* Verification of contents
of general purpose,
segment registers, flags
and memory locations of
different segments during
execution of the program

* Assembly language
programming for addition
and subtraction for
hexadecimal numbers

Apply assembly language
programming logic for
addition, subtraction and
multiplication for BCD
numbers.

10

* Assembly language
programming for

Maharashtra State Board of Technology (K Scheme)
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Digital Techniques and Microprocessor (313305)

multiplication and
division

Assembly language
11 programming to find
smallest /largest
hexadecimal numbers

* Assembly language

12 Programming for sorting
of data
Assembly language

13 programming for transfer
of block of data

14 Count the occurrence of a
given number from a
block of data

15

* Implement shift and
rotate instructions on
given data

Total

Note: Out of above suggestive LLOs —
e '"*'Marked Practicals (LLOs) Are mandatory.
e Minimum 80% of above list of lab experiment are to be performed.
e Judicial mix of LLOs are to be performed to achieve desired outcomes.

Maharashtra State Board of Technology (K Scheme)
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Digital Techniques and Microprocessor (313305)

Practical No.1: Verification of truth table of basic logic gates, special logic Gates and Identify

VI.

various Logic gate ICs.
Practical Significance
Logic gates are the basic building blocks of complex logic circuits and all types of digital
systems. Logic gates are used in all digital circuits such as switches, memories,
microprocessors and embedded systems. Knowledge of functions of logic gates will help the
students to build the digital circuits and the implementation of logic circuits with a minimum
number of logic gates.

Industry/Employer Expected Outcome(s)

This course aims to help the student to attain the following-industry identified outcomes
through various-teaching learning experiences:

Test digital systems-by applying principles of digital techniques and microprocessors.

I11. Course Level Learning Outcome(s)

Students will be able to achieve and demonstrate the following COs on completion of course
based learning
Test logic gates and digital systems.

Laboratory Learning Outcome(s)
Identify various logic gate ICs.
Verify truth tables of basic logic gates (AND-7408, OR- 7432, NOT-7404) using breadboard
Verify truth tables of universal gates (NAND-7400, NOR-7402).
Verify truth tables of special logic gates EX-OR-7486, EX-NOR-74266

Relevant Affective Domain related outcome(s)
1. Handle IC and Equipment carefully.
2. Follow safe practices.

Relevant Theoretical Background

A logic gate is an electronic circuit which makes logical decisions. It has only one output and
one or more inputs. In digital logic design-only two voltage levels or states are allowed and
these states are generally referred to as logic “1” or High represented by +5V and logic “0” or
Low represented by OV.

Digital systems are said to be constructed by using logic gates like AND, OR, NOT and EX-
OR gates. These gates are verified using Truth Tables which help to understand the behavior
of logic gates.

Maharashtra State Board of Technology (K Scheme) 1



Digital Techniques and Microprocessor (313305)

Classification of Logic gates

Logic Gates
Basic Gates Universal Gates Special Purpose Gates
NOT, AND & OR Gate NAND & NOR Gate EX-OR & EX-NOR Gate

VII. Circuit diagram/Layout of Laboratory
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Fig 1.1 NOT Gate IC 7404 and its Truth Table
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Fig 1.2 NOT Gate Connection
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Vee
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Fig 1.3 AND Gate IC 7408 and its Truth Table
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Fig 1.4 AND Gate IC 7408 Sample Circuit
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Fig 1.5 OR Gate IC 7432 and its Truth Table
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Fig 1.6 EX- OR Gate IC 7486 and its Truth Table
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Fig 1.7 EX- NOR Gate IC 74266 and its Truth Table

VI11. Resources Required

Maharashtra State Board of Technology (K Scheme)

;;’ Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter 3 and 1/2 digit 1
2 x0-30V; 0-2 Automatic Overload (Current
Protection) Constant VVoltage and Constant
DC Regulated Power Supply. Current Operation Digital Display for 1
2 Voltage and Current Adjustable Current
Limiter Excellent Line and Load Regulation
Basic logic gates (AND-7408,
3 OR- 7432, NOT- 7404) 3 1 Each
EX-OR- 7486, EX-NOR-74266
4 Bread board 55cm X 17 cm 1
5 Connecting wires Single strand 0.6mm Teflon coating A .
required
4




Digital Techniques and Microprocessor (313305)

Iig Name of Resource Suggested Broad Specification Quantity
6 IC Tester Digital IC Tester 1

7 LEDs Red/Green/Yellow 5mm 5

8 Resistors 330Q2/0.25W 1

o Stripper -- 1

Digital IC’s Data sheets of ICs
10 .
used in Lab

IX. Precautions to be followed
1. Test the IC using digital 1C tester before conducting the experiment
2. Check Circuit connections before switch on the power supply
3. Give suitable power supply (0-5 VV/ 500mA)

X.  Procedure

1. Make the connections as per the circuit diagram of logic gates and give the supply
voltage to relevant pin.
Connect the inputs from'the source to logic gates as per the logic levels.
Observe the output on LED for each combination of input as per truth table.
Verify the truth table.
Repeat the process for all other logic gates.

o

XI. Resources Used

Sr. Name of Resource Suggested Broad Quantity
No. Specification

XI1. Actual Procedure followed

Maharashtra State Board of Technology (K Scheme) 5




Digital Techniques and Microprocessor (313305)

XI11. Observations and Calculations

Inputs 7404(NOT) 7408(AND) 7432(0OR) 7486(EX-OR) 74266(EX-
NOR)
A B LED Output LED Output LED Output LED Output LED Output
Status | Voltag Status Voltag Status | Voltag Status | Voltag Status | Voltag
ON/OF e ON/OF e ON/OF e ON/OF e ON/OF e
F F F F F
ov) | o(v)
ov) | 1(5Vv)
1(5V) | 0(0V)
1(5V) | 1(5V)

XIV. Result(s)

XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teachers must
design more such questions so as to ensure the achievement of identifying CO.

VCC?

Write down voltage at logic level 0 and 1.
List the functions of pin 7 and 14 in IC 7432.

What will happen if pin number 14 is.connected to-ground and pin number 7 is connected to

List the number of NOT gates available in IC 7404.
Write the name of manufacturers of Digital IC used in your Practical Lab.
State the need for a resistor connected in series with LED. Write its value.

Maharashtra State Board of Technology (K Scheme)
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[Space for Answers]

Maharashtra State Board of Technology (K Scheme) 7



Digital Techniques and Microprocessor (313305)

XVIII. References / Suggestions for further reading
https://academo.org/demos/logic-gate-simulator
https://www.youtube.com/watch?v=AT_GjUjNFpo
https://www.youtube.com/watch?v=EBIgoycFNJ8
https://www.youtube.com/watch?v=WGYEpZQnRE8
http://www.ti.com/lit/ds/symlink/sn741s00.pdf

orwdPE

XIX. Assessment Scheme

Performance Indicators Weightage
ProcessRelated:15 Marks 60 %
1 | Handling of the components 10%
2 | Identification of components 20%
3 | Measuring value using suitable instrument 20%
4 | Working in teams 10%
ProductRelated:10 40%

Marks
5 | Calculated the or ethical values of given component 10%
6 Interpretation of result 05%
7 | Conclusion 05%
8 | Practical related questions 15%
9 | Submitting the journal in time 05%
Total(25 Marks) 100
%
Marks Obtained Dated signature of Teacher
Process Product Related Total
Related (10) (25)

(15)

Maharashtra State Board of Technology (K Scheme) 8
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Practical No.2: Implementation and verification of expression using universal logic gate ICs

VI.

VII.

Practical Significance

NAND and NOR universal gates that can implement basic gates and any Boolean function. Any
basic gate AND,OR and NOT gates can be implemented using universal gates which means any
digital circuit can be implemented using universal gates.

Industry/Employer Expected Outcome(s)

This course aims to help the student to attain the following industry identified outcomes through
various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

Course Level Learning Outcome(s)
Test logic gates and digital systems.

Laboratory Learning Outcome(s)

Design a circuit for a given logical expression using the universal gates (NAND)
Design a circuit for a given logical expression using the universal gates (NOR).

Relevant Affective Domain related outcome(s)

1. Handle IC and equipment carefully.
2. Follow safe practices

Relevant Theoretical Background

NOR and NAND gates have the property that they individually can be used to hardware-
implement a logic circuit corresponding to any given Boolean expression. That is, it is-possible
to use either only NAND gates or only NOR gates to implement any Boolean expression. The
Basic gates’/AND, OR, NOT can be realized from it. The NAND gate is AND gate succeeded
by NOT gate. The NOR gate is OR gate succeeded by NOT gate.

Circuit diagram
Layout of Laboratory

Input Output

A A B Y= A58
0 0 1
B NAND 0 1 1
1 0 1
1 1 0

Figure 2.1 Symbol and Truth Table of NAND gate

Maharashtra State Board of Technology (K Scheme) 9
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14

13 12
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7400
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e NAND GATE

5 67GND

Wy DI
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<TEXT>

Figure No 2.2 NAND gate using 1C 7400

Input Output
A B A+B
0 0 1
0 1 0
1 0 0
1 1 0

Figure 2.3 Symbol and Truth Table of NOR gate

INPUT A
—

INPUT B
— NOR GATE

Figure No 2.4: NOR gate using IC 7402

VIIIl. Resources Required

N\, D2
N DIODE-LED
<TEXT>

Sr. No. Name of Resource Suggested Broad Specification Quantity

1 Digital Multimeter Digital Multimeter: 3 1/2 digit display. 2

2 Breadboard General Purpose Breadboard 1

3 DC power supply +5 V/500mA Regulated power supply 1

4 IC 7400, 7402 1 Each

5 LED, Resistors Red color 5 mm ,3300hms 1 Each

6 Connecting wires Single strand 0.6 mm Teflon coating LS
Tests a wide range of Digital IC's

7 Digital IC tester such as 74 Series, 40/45 Series of 1
CMOS Ic's

Maharashtra State Board of Technology (K Scheme)
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Digital Techniques and Microprocessor (313305)

IX. Precautions to be followed
1. Test the IC using digital IC tester before conducting the experiment
2. Check Circuit connections before switch on the power supply
3. Give suitable power supply

X.  Procedure

Make the connection as per circuit diagram and give supply voltage to relevant pin
Connect the inputs from source to logic gates as per logic level.

Observe the output on LED for.each combination of input as per truth table.
Verify the truth table.

Repeat the process for other universal logic gate.

agrwdE

XI. Resources Used

Sr. Name of Suggested Broad Quantity
No. Resource Specification

XI1. Actual Procedure

XI11. Observations and Calculations (use blank sheet provided if space not sufficient)

Inputs 7400(NAND) 7402(NOR)
A B LED Status Output LED Status Output
(ON/OFF) voltage (ON/OFF) voltage

o(0v) | o(@V)
0(0V) 1(5V)
15v) | 0(0V)
1(5V) 1(5V)

XIV. Result(s)

Maharashtra State Board of Technology (K Scheme) 11



Digital Techniques and Microprocessor (313305)

XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identifying CO.

1. Construct basic gates NOT, AND, OR using NAND gate. Write necessary

outputs.

2. List number of NOR gates used-in IC 7402.

3. Construct basic gates using NOR gates only.

4. How many NAND gates are there in a single 7400 NAND gate 1C?

5. Design a logical circuit for the expression Y=AB+CD

[Space for Answers]

Maharashtra State Board of Technology (K Scheme) 12
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XVI11. References/Suggestions for further reading
1. https://youtu.be/TQ1DgsdUe5A?feature=shared
2. https:/lyoutu.be/uUOIV4DgFHc?feature=shared

Maharashtra State Board of Technology (K Scheme) 13
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XIX. Assessment Scheme

(15) Related (10) (25)

Performance Indicators Weighta
ge
Process Related : 15 Marks 60 %
1| Handling of the components 10%
2 | identification of components 20%
3 | Measuring value using suitable instrument 20%
4 | working in teams 10%
Product Related: 10 Marks 40%
5| Calculated theoretical values of given component 10%
6 | Interpretation of result 05%
7 | Conclusion 05%
8 | Practical related gquestions 15%
9 | Submitting the journal in time 05%
Total ( 25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total

Maharashtra State Board of Technology (K Scheme)
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Digital Techniques and Microprocessor (313305)

Practical No.3: Verification of De-Morgan’s theorems using basic logic gates

I.  Practical Significance
Logic gates are the basic units used to implement complex logic circuits that are constructed
using various combinations of gates known as combinational logic circuits. It requires the use of
two or more gates to form useful complex functions. These functions begin with Boolean
equations. De Morgan’s Theorem is used to simplify Boolean expressions and hence in turn the
complex logic circuits.

Il.  Industry/Employer Expected Outcome(s)
This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

I11. Course Level Learning Outcome(s)
Students will be able to achieve & demonstrate the following COs on completion of
course based learning
Use basic combinational and sequential logic circuits employing digital 1Cs.

IVV. Laboratory Learning Outcome(s)
Verify the truth table of De-Morgan’s first theorem using basic logic gates
Verify the truth table of De-Morgan’s second theorem using basic logic gates.

V. Relevant Affective Domain related outcome(s)
1. Handle IC and Equipment carefully.
2. Follow safe practices.

VI. Relevant Theoretical Background

De Morgan’s Theorem is used to simplify Boolean expressions and Digital circuits.
De-Morgan’s First theorem

De-Morgan’s First theorem states that for any two elements A and B in a Boolean algebra
the complement of the Sum is equal to Product of complements.

In other words a NOR gate is equivalent to a bubbled AND gate.

NOR gate = Bubbled AND gate

ool

A+ B A
A P [ J—
) o= T

Logically it is given by expression-

Dy

¥y

A+B =A.B

Maharashtra State Board of Technology (K Scheme) 15



Digital Techniques and Microprocessor (313305)

De-Morgan’s Second theorem

De-Morgan’s Second theorem states that for any two elements A and B in a Boolean algebra
the complement of the Product is equal to Sum of complements.

In other words a NAND gate is equivalent to a bubbled OR gate.

NAND gate = Bubbled OR gate

AR A+ B
A — : [ —_— F p——
B = - b=

Logically it is given by expression-

VII. Circuit diagram/Layout of Laboratory

Output
Y=A+B

3R=33ﬁn

A— 3| LN B
8— T ows AT L 3
- . |y=AB - P =
L_loT400 =g | =
SrR=100 BT % — 2 L
vICT7404 ¢ ICT432
Soemmeemet b §R=33{Jn
LED
AV LED
r

Fig 3.2 De-Morgan’s Second Theorem

Maharashtra State Board of Technology (K Scheme) 16
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VI11. Resources Required
Sr. | Name of Resource Suggested Broad Specification Quantity
No.
1 Digital Multimeter 3 and 1/2 digit 1
2 x 0-30 V; 0-2 A Automatic Overload
2 DC Regulated Power Supply (Current Protection) Constant Voltage and |1
Constant Current Operation Digital Display
for VVoltage and Current Adjustable Current
Limiter Excellent Line and Load Regulation
3 Basic logic gates (NOT- 7404,
AND-7408, OR- 7432) -- 1 Each
Universal gates (NAND-7400,
NOR-7402)
4 Bread board 5.5cm X 17 cm 1
5 Connecting wires Single strand 0.6mm Teflon coating As
required
6 IC Tester Digital IC Tester 1
LEDs Red/Green/Yellow 5mm 5
7
Resistors 330 Q/0.25 W
8 1
Stripper --
9 1
Digital IC’s Data sheets of ICs
10 jused.in Lab
IX. Precautions to be followed
1. Test the IC using digital IC tester before conducting the experiment
2. Check Circuit connections before switch on the power supply
3. Give suitable power-supply. (0-5 V/ 500mA)
X.  Procedure

1. Make the connections as per the circuit diagram of De-Morgan’s First theorem (Fig 3.1)
and give the supply voltage to the relevant pin.

Verify the truth table.

ok wn

Connect the inputs from the source to logic gates as per the logic levels.
Observe the output on LED for each combination of input as per truth table.

Repeat the process for De-Morgan’s second theorem. (Fig. 3.2)
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XI. Resources Used

Sr. Name of Suggested Broad

No. Resource Specification Quantity

XI1. Actual Procedure followed

XI11. Observations and Calculations

De-Morgan’s First theorem Observation:

Input Outputs

A B LHS=A+ B RHS =A.B
0 0

0 1

il 0

1 1

De-Morgan’s Second theorem Observation:
Input Outputs

A B LHS=A.B RHS=A4+B
0 0

0 1

1 0

1 1
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XIV. Result(s)

XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teachers must design
more such questions so as to ensure the achievement of identifying CO.

Name the ICs required for De-Morgan’s First Theorem

Name the ICs required for De-Morgan’s Second Theorem
Realize Ex-OR gate using NAND gate.

Realize ExX-NOR gate using NOR gate

Draw 3 input NOR gate using 2 input NOR gate.

Simplify the following equation using De-Morgan’s Theorem

Y=AB+ A+ AB

o N

[Space for Answers]
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XVIII.
1.
2.
3.

References & suggestions for further reading
https://www.allaboutcircuits.com/textbook/digital/chpt-7/demorgans-theorems/
https://www.youtube.com/watch?v=W7Y TfLaPWRY
http://hyperphysics.phy-astr.gsu.edu/hbase/Electronic/DeMorgan.html

XIX. Assessment Scheme

Performance Weighta
Indicators ge
Process Related: 15 60 %
Marks
1 | Handling of the components 10%
2 | identification of components 20%
3 | Measuring value using suitable instrument 20%
4 | working.in teams 10%
Product Related: 10 40%
Marks
5 | Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Product Related Tota
Related (15) (10) | (25)

Maharashtra State Board of Technology (K Scheme)
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Practical No.4: * Conversion of expression to Sum-of-Product (SOP) and Product-of-Sum (POS)

VI.

Practical Significance

The standard forms of Boolean functions help the logic circuit designer by simplifying the
derivation of the function to be implemented. The goal of logic expression minimization is to
find an equivalent of an original logic expression that has fewer variables per term, has fewer
terms and needs less logic to implement. The minimization will result in reduction of the
number of gates (resulting from less number-of terms) and the number of inputs per gate
(resulting from less number of variables per term)-the minimization will reduce cost, efficiency
and power consumption.

Industry/Employer Expected Outcome(s)

This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:

Test digital systems by applying principles of digital techniques and microprocessors.

Course Level Learning Outcome(s)
Use basic combinational and sequential logic circuits employing digital ICs.

Laboratory Learning Outcome(s)
Design and test the circuit for converting expression into Sum-of- Product (SOP)
Design and test the circuit for converting expression into Product-of-Sum (POS).

Relevant Affective Domain related outcome(s)
1. Handle I1C and equipment carefully.
2. Follow safe practices

Relevant Theoretical Background

SOP stands for Sum of Product which is sum of minterms or number of 1s whereas POS stands
for Product of Sum which is product of maxterms or number of 0s. These provide a systematic
way of expressing -and simplifying logical expressions. SOP form combines multiple OR
operations applied to AND ed terms, whereas POS form involves AND operations applied to
ORed terms. Examples of SOP and POS equations are as below-

SOP Equation-
Y=AB+BC+AC
Can be implemented by using AND-OR Logic

POS Equation-
Y =(A+B).(B+C).(A+C)
Can be implemented by using OR-AND Logic
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Table 4.1 Expressions for minterm and maxterm.

Variables Min terms Max terms

A B C m; M;

0 0 0 A'B C=m0 A+B+C=MO
0 0 1 A'B'C=m1 A+B+C' =M1
0 1 0 A'BC'=m2 A+B'+C=M2
0 1 1 A'BC=m3 A+B'+C'=M3
1 0 0 AB'C'=m4 A'+B+C=M14
1 0 1 AB'C=m35 A'+B+C'=M>5
1 1 0 ABC'=m6 A'+B'+C=M6
1 1 1 ABC=m?7 A'+-B'+C'=M7

VIl. Truth Table and Circuit diagram Layout of Laboratory

Table 4.2 Truth table of a sample digital circuit

Inputs
A B C Output
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 0

For SOP expression by referring to table no 4.2

f=ml+m3+m5
=>m (1,3,5)

Table No 4.3 SOP implementation from a truth table

NN el =k=1=1 B~
RrRroorroo|m

RrorORORO|O

SOP Implementation
from a
Truth Table

OCORFRORFROPFP,O| T

1

F = ABC + ABC + ABC

Maharashtra State Board of Technology (K Scheme)
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A SOP Implementation
From a Truth Table

B {>c AND-OR Gates

C

F =ABC +ABC +ABC

Fig 4.1 Truth Table and Logic circuit for SOP form

For POS expression by referring table 4.2

f=M0.M2.M4.M6.M7
=[IM (0,2,4,6,7)

Table 4.4 POS implementation from a truth table

POS implementation
from a Truth Table

RROORROO|m
ROrRORORO|QN
ocorororo|m

A
o
0
0
0
1
1
1
1
F

:(K+§+E:) (A+§+E) (A+ §+C) (A+B+E)(A+ B+C)

YYY
b?

-D F =(A+B+C)A+B+CHA B+CI{A+BAT)(A+B-+T)

Fig 4.2 Truth Table and Logic circuit for SOP form
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VI11. Resources Required

Name of e L. .
Sr. No. Resource Suggested Broad Specification Quantity
Digital - . P,
1 Multimeter Digital Multimeter: 3 % digit display. 2
2 Breadboard General Purpose Breadboard 1
3 DC power supply | +5V Fixed power supply 1
4 IC 7404,7408,7432 1 Each
5 LED, Resisters Red color 5 mm ,330R 1 Each
6 Connecting wires Single strand 0.6 mm Teflon coating LS
- Tests a wide range of Digital IC’s such as
/ Digital IC Tester: | 4 Series, 40/45 Series of CMOS IC’s 1

IX. Precautions to be followed
1. Test the IC using digital IC tester before conducting the experiment
2. Check Circuit connections before switch on the power supply
3. Give suitable power supply

X.  Procedure
1. Make connections as shown in the respective circuit diagram in Fig No.2 using breadboard
2. Connect +5 V to pin 14 and connect ground to pin no.7 of all IC's used.
3. Apply inputs as shown in observation table No.2 and observe the output on LED.
4. Note down the output in the observation table No.2.

XI. Resources Used

Sr. Name of Suggested Broad Quantity
No. Resource Specification

XI1. Actual Procedure
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XI11. Observations and Calculations (use blank sheet provided if space not sufficient)

Inputs Output
N B c Outpgt of Outpyt of_
SOP circuit POS circuit
0 0 0
0 0 1
0 % 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

XIV. Result(s)
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XVII. Practical related questions
Note: Below given are a few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identifying CO.

1. Define Min Term and Max Term.

2. Give the definition of Canonical form
3. Explain Significance of SOP

4. Standardize following Boolean expression into SOP form.
Y =AC +BC

[Space for Answers]
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XVIII. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total ( 25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total
a5) Related (10) (25)
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Practical No.5: Implement Multiplexer and Demultiplexer logic (The practical may be
performed using virtual lab)

I.  Practical Significance

In most of the electronic systems, the digital data is available on more than one line. It is
necessary to route this data over a single line. Under such circumstances we require a circuit
which selects one of the many inputs at a time. This circuit is a multiplexer (Mux), which has
many inputs, one output and some select inputs. Multiplexer improves the reliability of the
digital system because it reduces the number of external wired connections.

A Demultiplexer (or De-mux) is a device taking a single input and selecting one of the many
data output lines, which is connected to the single input. An electronic demultiplexer can be
considered as a-single-input, multiple-output switch. De-multiplexers are mainly used in
Boolean function generators and decoder circuits.

Il.  Industry/Employer Expected Outcome(s)
This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

1. Course Level Learning Outcome(s)

Students will be able to achieve & demonstrate the following COs on completion of course
based learning
Use basic combinational and sequential logic circuits employing digital ICs.

IV. Laboratory Learning Outcome(s)
Design a Combinational Circuit using Multiplexer IC-74LS153 (4:1 MUX).
Design a Combinational Circuit using Demultiplexer IC -741309.

V. Relevant Affective Domain related outcome(s)
1. Handle IC and Equipment carefully.
2. Follow safe practices.

V1. Relevant Theoretical Background

Multiplexer:

Multiplexer is~a combinational circuit which accepts multiple analog signals or digital
signals and selects one signal and transmits-over a shared medium. It has maximum of 2" data
inputs, ‘n’ selection lines-and single output line. One of these data inputs will be connected to
the output based on the values of selection lines. Multiplexer is also called as Mux. Since
there are ‘n’ selection lines, there will be 2" possible combinations of zeros and ones.

Types of Multiplexer

a. 2-to-1 (1 select line)
b. 4-to-1 (2 select lines)
c. 8-to-1 (3 select lines)
d. 16-to-1 (4 select lines)
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m —
D1
D3
n:1 Y
Data ' 0
1P x| O
Dn-l
E —
(Enable
w ]
om-1 §2 51 50
Select Inputs

Fig. 5.1 N:1 Multiplexer Block Diagram

Table No 5.1: Truth table of 8:1 MUX

Select Data Inputs Output
S, 5 So ¢
0 0 0 D,
0 0 1 D,
0 1 0 D,
0 1 1 D;
1 0 0 Dy
1 0 1 Ds
1 1 0 Ds
1 1 1 D,
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Multiple Sources Selector Single Destination

| I |
I | { | I |

MP3 Player
Docking Station

\E_ Do
Laptop
Sound Card e X |y
_ 2| 2 -
By = \
/ . D3 = :
."f If/ Surround Sound System
_— - ,II Iu‘
| |
Digital [ B A Selected Source
Satellite |
/ 0 0 MP3
e /
/ 0 1 Laptop
4 10 Satellite
Digital -

Fig 5.2 Application of Multiplexer
Applications of Multiplexer-

a. Multiplexers are used in Communication Systems like telephone networks, Satellite systems,
Telemetry.

b. Broadcasting of Radio and Television signals would have been impossible without
multiplexers.

c.  Multiplexer is also used in data routing within the computer.
Multiplexers are widely used in computer memory to fetch data from specified memory
locations.

e. Multiplexer is used as a switch setting Comparator and Function Generator.

Multiplexer IC 74L.S153
74L.S153 MUX has two separate 4:1 MUXs with separate enable signals on it.

1G 41016~ vDD
S1 42 15l 2G

1D3 3 14 S0

1D2 {a ° 13| 2D3
1D1 5 121- 2D2
1D0 s 1 2DA1
1Y 7 10 2D0
GND —{s 9l 2Y

Fig 5.3 Pin Diagram of IC 74LS153 4:1 Multiplexer
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Table No 5.2: Available Multiplexer ICs

Sr. No 1C No. Function Output State

1 74157 Quad 2:1 MUX Output is same as input given

2 74158 Quad 2:1 MUX Output is inverted input

3 74153 Dual 4:1 MUX Output is same as input given
4 74352 Dual 4:1 MUX Output is inverted input

5 74151A 8:1 MUX Both outputs are available

6 74151 8:1 MUX Output is inverted input

7 74150 16:1 MUX Output is inverted-input

Demultiplexer:

A Demultiplexer is a digital switch with a single input (source) and multiple outputs (destinations).
The select lines determine which output the input is connected to. It has maximum of 2n data
outputs, ‘n’ selection lines and single input line. One of these data outputs will be connected to the
input based on the values of selection lines. Demultiplexer is also called as De-Mux. Since there
are ‘n’ selection lines, there will be 2n possible combinations of zeros and ones.

Types of Demultiplexer

. 1-to-2 (1 select line)

. 1-to-4 (2 select lines)
. 1-to-8 (3 select lines)
. 1-to-16 (4 select lines)

o O T o

1x4
De-Multiplexer

—_—
—> )
R——

—> Y

$1

30

Fig. 5.4 1:4 Demultiplexer Block Diagram
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Table No 5.3 Truth table of 1:4 Demultiplexer

INPUTS Output
5 So Y Y Y1 Yo
0 0 0 0 0 A
0 1 0 0 A 0
1 0 0 A 0 0
1 1 A 0 0 0
Single Source Selector Multiple Destinations
( : \ f : \ f : \
B/W Laser
Printer
Fax
Machine
Color Inkjet
Printer

B A Selected Destination

0 0 B/W Laser Printer Pen
0 1 Fax Machine Eiter
10 Color Inkjet Printer

11 Pen Plotter

Fig 5.5 Application of Demultiplexer

Applications of Demultiplexer:

De-multiplexers are used in several input and output devices for data routing.
De-multiplexers are also employed for data transmission in synchronous systems.
De-multiplexers are also utilized in data acquisition systems.

De-multiplexers can be used for generating Boolean functions.

De-multiplexers can be used in serial to parallel converters.

De-multiplexers are used for broadcasting of ATM packets.

DO 00T

Demultiplexer 1IC SN74HC139 (74139)

The SN74HC139 (74139) IC provides two individual 2-line to 4-line decoders in a single package.
The decoders take as input a two digit binary number 1 thru 4 (00, 01, 10, 11) and output by
selecting one of four lines.
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1G []1 “ 16[] Vg
1A ]2 15[] 2G
1B [] 3 14]] 2A
1Y0 [| 4 13{] 2B
1¥1 []s 12[] 2Y0
1y2 [|6 11]] 21
1¥3 []7 10[] 2Y2
GND [|8 9[] 2y3

Fig 5.6 Pin Diagram of IC 74L.S139 1:4 Demultiplexer

Table No 5.4 Available Demultiplexer ICs

S.No. | ICNo Function Output State

1 74139 Dual 1:4 demux Output is inverted input

2 74156 Dual 1:4 demux Output is open collector

3 74138 1:8 demux Output is inverted input

4 74154 1:16 demux Output is inverted input

5 74159 1:16 demux Output is open collector and same as input

VII. Circuit Diagram/Pin Diagram
(The students are expected to draw circuit diagram using above Multiplexer and Demultiplexer to verify the
truth table)
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VI11. Resources Required

Sr. Name of Resource Suggested Broad Specification Quantity
No.
1 Digital Multimeter 3 and 1/2 digit 1
2 x 0-30 V; 0-2 Automatic Overload
(Current Protection) Constant Voltage 1
2 DC Regulated Power Supply and Constant Current Operation Digital

Display ~ for =~ Voltage and Current
Adjustable Current  Limiter- Excellent
Line and Load Regulation

3 | MUX IC 74LS153, 1 Each
DEMUX IC 74139 --
4 | Bread board 55cm X 17 cm 1
5 | Connecting wires Single strand 0.6mm Teflon coating As
required
6 IC Tester Digital IC Tester 1
7 LEDs Red/Green/Yellow 5mm 5
8 | Resistors 330 Q/0.25 W 1
9 | Stripper - 1

10 | Digital IC’s Data sheets of ICs
used.in Lab

IX.  Precautions to be followed
1. Testthe IC using digital IC tester before conducting the experiment
2. Check Circuit- connections before switch on the power supply
3. Give suitable power supply (0-5 V/ 500mA)

X.  Procedure
1. Make the connections as per the circuit diagram of multiplexer and give the supply voltage to
relevant pin.
Connect the inputs from the source to input pins as per the logic levels.
Observe the output on LED for each combination of input as per truth table.
Verify the truth table.
Repeat the process for Demultiplexer.

abrown
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XI. Resources Used

Sr. Name of Resource Suggested Broad Quantity

No. Specification

XI1. Actual Procedure followed

Link of V Lab — Operation of 4:1 Multiplexer & 1:4 Demultiplexer
Students can perform and study the operation of 4:1 Multiplexer & 1:4 Demultiplexer using following

Virtual Lab experiment:
https://de-iitr.vlabs.ac.in/exp/multiplexer-demultiplexer/simulation.html
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XI11. Observations and Calculations

Truth table for 4:1 Multiplexer (IC 74153)

Inputs Output
Strobe Data Select Inputs
input Y
G’ Dn S1 SO
0 0 0
0 0 1
0 1 0
0 1 1
1 X X
Truth table for 1:4 Demultiplexer (1C 74139)
Strobe Data Select inputs Outputs
input
G’ Din S1 SO Y3 Y2 Y1 YO0
0 0 0
0 0 1
0 1 0
0 1 1
1 X X

XIV. Result(s)
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XVII. Practical related questions
Note: Below given are a few sample questions for reference. Teacher must design
more such questions so as to ensure the achievement of identifying CO.

1. State the function of enable input in a Multiplexer 1C?
2. Give the applications of MUX and DEMUX.

3. Determine the output of IC 74153 if SO=1, S1=0
4

Implement the following functions using demultiplexer.
i. fl=%m(0,2,4,6)
. 2=Zm(1,3,5)

[Space for Answers]
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XVII1. References/Suggestions for further reading
1. https://www.youtube.com/watch?v=FKvnmxte98A
2. https://www.youtube.com/watch?v=t3Ed13z9uz8&t=5s
3. https://lwww.tutorialspoint.com/demultiplexers-and-their-applications
4. https://www.youtube.com/watch?app=desktop&v=kWPgbW28zA0
5. https://www.geeksforgeeks.org/difference-between-multiplexer-and-demultiplexer/

l. Assessment . Scheme

Performance Indicators Weightage
ProcessRelated:15Marks 60 %
1 | Handling of the components 10%
2 | Identification of components 20%
3 | Measuring value using suitable instrument 20%
4 | Working in teams 10%
ProductRelated:10Marks 40%
5 | Calculated the or ethical values of given component 10%
6 Interpretation of result 05%
7 | Conclusion 05%
8 | Practical related questions 15%
9 | Submitting the journal in time 05%
Total(25Marks) 100 %
Marks Obtained Dated signature of Teacher
Process Product Related Total (25)
Related (15) (10)
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Practical No 6: Implementation of Latch

l. Practical Significance
Latches are primarily used to store digit values within a circuit until they are required. They are
often used in combination with other digital circuits to implement sequential circuits, Latches are
widely used in digital systems for various applications, including data storage, control circuits, and
flip-flop circuits.

Il.  Industry/Employer Expected Outcome(s)
This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

I11. Course Level Learning Outcome(s)
Use basic combinational and sequential logic circuits employing digital ICs.

IV. Laboratory Learning Outcome(s)
Verify states of the Latch using IC 74373.

V. Relevant Affective Domain related outcome(s)
a. Follow precautionary measures.

b. Demonstrate working as a leader/ a team member
c. Follow ethical practices.

VI. Relevant Theoretical Background

The 74HC373 high speed octal D-type latches utilize advanced silicon-gate CMOS technology.
They possess the high noise immunity and low power consumption of standard CMOS integrated
circuits, as well as the ability to drive 15 LS-TTL loads. Due to the large output drive capability
and the 3-STATE feature, these devices are ideally suited for interfacing with bus lines in a bus
organized system.

When the LATCH ENABLE input is HIGH, the Q outputs will follow the D inputs. When the
LATCH ENABLE goes LOW, data at the D inputs will be retained at the outputs until LATCH
ENABLE returns HIGH again. When a high logic level is applied to the OUTPUT CONTROL
input, all outputs go to a high impedance state, regardless of what signals are present at the other
inputs and the state of the storage elements. All inputs are protected from damage due to static
discharge by internal diode clamps to Vcc and ground. In high impedance it does not draw
current.
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VII. Actual Circuit diagram used in a laboratory

® &6 0 6 6 6 o0 6

ﬁn D4 D)
o | Ho | Yo

LATCH o | ol
ENABLE |G

G G
e al e al b

ounininininininin

Op 01

® 06

0 |03
® 0

04 Os5 Og

07
® ® ® 6

Figure 6.1: Internal Logic Diagram of 1C 74373
Op

Vcc O7r D7 Ds

D5

Dy O4 LE

{20l 1ol s]f17 |l 6|15 14 13]f12]] 11 |

D

EHEBHIBIEIRE BB

OE ©Ogp Dgp Dy

04

02

D2

D3 03 GND

Figure 6.2: Pin diagram of 1C 74373

Table 6.1 Truth table of IC 74373

D LE OE Qn
H H L H
L H L L
X L L Qo
X X H z*

DO0-D7 are data inputs.
QO0-Q7 are data outputs
OE —Output Enable
LE-Latch Enable
H=HIGH Voltage Level
L=LOW Voltage Level
X=Don’t Care

Z=High Impedance
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VIII. Required Resources/apparatus/equipment with specifications

Sr. Name of Resource Suggested Broad Specification Quantity
No.
1 | Digital Multimeter 3 and 1/2 digit 1
2 2 x 0-30 V; 0-2 Automatic Overload
DC Regulated Power (Current Protection) Constant Voltage and 1
Supply Constant Current Operation Digital Display

for Voltage and Current Adjustable Current
Limiter Excellent Line and Load Regulation

3 | LATCH IC 74LS373 1
20 piniC
4 | Bread board 55cm X 17 cm 1
5 | Connecting wires Single strand 0.6mm Teflon coating As
required
6 | IC Tester Digital IC Tester 1
7 /| LEDs Red/Green/Yellow 5mm 5
8 | Resistors 330 Q2/0.25 W 1
9 | Stripper - 1

10 | Digital IC’s Data sheets
of I1Csused in Lab

IX. Precautions to be followed
1. Test the IC using digital IC tester before conducting the experiment
2. Check Circuit connections before switch on the power supply
3. Give suitable power supply (0-5 VV/ 500mA)

X.  Procedure
1. Make the connections as per the circuit diagram of multiplexer and give the supply voltage
to relevant pin.
2. Connect the inputs from the source to input pins as per the logic levels.
3. Observe the output on LED for each combination of input as per truth table.
4. Verify the truth table.

XI. Resources used

Sr. No. Name of Resource Specifications Quantity
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Sr. No. Name of Resource Specifications Quantity

XII. Actual Procedure

XI11. Observation Table

Ii: D input LE OE Qn
1 1 1 0
2 0 1 0
3 X 0 0
4 X X 1

XIV. Result(s)
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XVI1.Practical related questions
Note: Below given are a few sample questions for reference. Teacher must design
more such questions so as to ensure the achievement of identifying CO.
1. Give advantages and disadvantages of latches?
2. Draw latch using NAND gates only.
3. Draw latch using NOR gates only.

[Space for Answers]
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XVIII. References/Suggestions for further reading
1. https://youtu.be/W4g0CLsD6bQ?feature=shared
2. https:/lyoutu.be/MEC7iiK6nV4?feature=shared

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total ( 25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total
(15) Related(10) (25)
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Practical No. 7: Verification of contents of general purpose, segment registers, flags and

VI.

memory locations of different segments during execution of the program

Practical Significance

A Microprocessor is an important part of a computer architecture without which one will not be
able to perform anything on computer. It is a programmable device that takes in input, performs
some arithmetic and logical operations over it and produces the desired output. In simple words,
a Microprocessor is a chip that can fetch instructions from memory, decode and execute them,
and give results. It is important to study and know the use of different registers and memory
available in 8086 microprocessors so that programmers can make efficient use of these while
programming microprocessor based systems.

Industry/Employer Expected Outcome(s)

This course aims to help the student to attain the following industry identified outcomes through
various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

Course Level Learning Outcome(s)

Students will be able to achieve & demonstrate the following COs on completion of course
based learning
Perform operations on registers using 8086 instructions.

Laboratory Learning Outcome(s)
Develop an assembly language program to verify the contents of general purpose, Segment
registers, flags and contents of memory locations of segments

Relevant Affective Domain related outcome(s)

1. Handle IC and Equipment carefully.
2. Follow safe practices.

Relevant Theoretical Background

There are 8 general-purpose registers in the 8086 microprocessor. All general purpose registers
of the 8086 microprocessor can be used for arithmetic and logic operations. General-purpose
registers are used to store temporary data within the microprocessor.

The 8086 microprocessor has segmented memory architecture, which means that memory is
divided into segments that are addressed using both a segment register and an offset. The
segment registers points to the start of a segment, while the offset specifies the location of a
specific byte within the segment

The flag register is an important component of the 8086 microprocessor because it is used

to determine the behavior of many conditional jump and branch instructions. The various
flags in the flag register are set or cleared based on the result of arithmetic, logic, and
other instructions executed by the processor.

Following diagram shows the general organization of different registers in 8086 and flag register
of 8086.
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AH IAL

| BL |

Axl
BX | BH

p——

CXiCH | cL

4
DX | DH

General data registers

DL

| s | | ep
“——DS .[—le .
e | s

Segment registers Pointers and index registers

Fig. 7.1 Register organization of 8086 Microprocessor

Functions of general purpose and segment registers-
General purpose registers can be used for some specific functions apart from temporary data

storage.
Table No 7.1 General purpose registers
Sr. | Name of the register Function
No

1 AX Accumulator

Accumulator can be used for I/O operations and string
manipulation

2 BX Base Register

indexed or register indirect addressing.

3 CX Count Register

a counter in string manipulation,

4 DX Data Register

This register can be used as a port number in 1/O operations. In
integer 32-bit multiply and divide instruction the DX register
contains high-order word of the initial or resulting number.

Segment Registers-
There are four different 64 KB segments for instructions, stack, data and extra data. To specify

where in 1 MB of processor memory these 4 segments are located the processor uses four
segment registers. Segment registers are used to hold the starting address (Base address) of the
segment-defined by the user.

Table No 7.2 Segment registers

Sr. | Name of the register Function

No

1 CS Code Segment The processor uses CS segment for all accesses to instructions
referenced by instruction pointer (IP) register.

2 DS Data Segment All data referenced by general registers (AX, BX, CX, DX) and
index register (SI, DI) is located in the data segment.

3 SS Stack Segment All data referenced by the stack pointer (SP) and base pointer
(BP) registers is located in the stack segment

4 ES Extra Segment The Destination Index (DI) register references the ES segment in
string manipulation instructions.
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Flag Registers:

Flsgs, Flags,
IX‘X|xIx]OFIDFIIFITFISFIZFIXIAFIXIPFIX‘ICFI
*Bits marked X are fined 1

Overﬂ(;q I Carry flag

Directio Parity flag
Interrupt enabl Anuxiliary flag
Trap Zero
Sign

6 are status flags
3 are control flag

Fig. 7.2 Flag register/Program Status Word (PSW)

Table No 7.3 Functions of different flags in flag register-

Sr.

No Name of the flag

Function

1 Overflow Flag (OF)

Set if the result is too large positive number, or is too small
negative number to fit into the destination operand.

2 Direction Flag (DF)

If set then string manipulation instructions will auto-
decrement index registers. If cleared then the index registers
will be auto-incremented

3 Interrupt-enable Flag (IF)

Setting this bit enables maskable interrupts

4 |'Single-step/Trap Flag (TF)

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

5 Sign Flag (SF)

Set if the most significant bit of the result is set otherwise
reset.

6 Zero Flag (ZF)

Set if the result of operation is zero otherwise reset.

7 Auxiliary carry Flag (AF)

Set if there is a carry from or borrow to bits 0-3 in the AL
register otherwise reset.

8 Parity Flag (PF)

Set if parity (the number of "1" bits) in the low-order byte of
the result is even otherwise reset.

9 Carry Flag (CF)

Set if there is a carry from or borrow to the most significant
bit during last result calculation otherwise reset.

VII. Algorithm/Flowchart

Add two 8-bit numbers in order to understand-the use of different registers and memory

location in 8086

1. Initialize the data segment with numbers on which operation is to be performed.

2. Initialize necessary variables to store the number and the result generated after operation.
3. Perform arithmetic operations by using appropriate instruction.

4. Use proper instructions to store the result in memory.

5. See the status of different registers and memory location after final result.
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VI11. Resources Required

Z:)' Name of Resource Suggested Broad Specification Quantity
Personal Computer Intel Pentium Onwards Minimum 2GB
1 RAM. 500GbyteHDD) installed with
Windows 2000 onwards
2 | Any Editor to write/edit programs EDIT/ Notepad As per
3 | Turbo/Macro Assembler (TASM / MASM) batch size
4 | Turbo Linker (TLINK/LINKS5)
5 Turbo Debugger (ID/Debug), (DOSBOX utility for
higher-end operating systems)
IX. Precautions to be followed

XI.

1. Handle computer systems and its peripherals properly.
2. Shut.down computers properly.

Procedure

1. . Write an algorithm and draw a flowchart of a given program. (Use blank space provided or
attach more pages if needed)

2. - Double click on the DOSBOX TASM 1.4 icon.

3. » Type edit filename.asm on DOS prompt and press Enter Key

4. Type the program and save on disk.

5. Once the assembly language program is created, hen type tasm filename.asm on the
command prompt and press Enter Key to create filename.obj file

6. Type tlink filename.obj or tlink filename on command prompt and press Enter Key to create
filename.exe file.

7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter
Key to debug your program step by step

8. Observe the contents of registers, memory location used and status of flags.

Resources Used

Sr.

No.

Name of Resource Suggested Broad Specification Quantity
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XI1. Actual Procedure followed

XII1. Program code with comments- Sample program with explanation
Students should refer to the below sample program and try to write and execute simple programs
and observe the content of different general-purpose registers, segment registers, flags and
memory locations after executing the program in TASM.

Label Instruction code Comments
DATA SEGMENT
NO1 DB 0B6H Declaration of variable
NO2 DB 7CH Declaration of variable
SUM DB ? Declaration of variable
DATA ENDS
CODE SEGMENT

START: ASSUME CS:CODE, DS:DATA | Initialization of data segment & code segment
MOV DX, DATA

MOV DS, DX

MOV AL, NO1 First number in register AL

MOV BL, NO2 Second number in register BL
ADD AL, BL Add second number to first number
MOV SUM, AL Store final result in memory

MOV AH, 4CH

CODE ENDS

END START
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Power Programming Tools 64 Bit By Sagar Taware :Computer Dep. NESGOI

Type Proper Command To Perform the Desired Action
Command . Action

Edit Open MS-DOS Editor
TASM Compilation

tlink Perform Linking

td Launch Turbo Debugger
Exit Exit Tasm 1.2

For Compiling your files tasm “yourfilename”.asm
e.g for compiling st.asm command is : tasm st.asm
For Linking and debugging same as 32 bit : tlink,td. tlink st.obj
For RUN Use stl.exe sdlse Alt + ENTER for Maximize Windouws
Complink,DPMIload and TasmX also available using 3Z2bit commands

C:NTASM:

Fig No 7.3 TASM Window

File Edit Search View Options Help
C:N\NTASM\NADD . ASM

DATA SEGMENT
NO1 DB OB6H
NOZ DB ?CH
SUM DB 7
DATA ENDS

CODE SEGMENT
Start :ASSUME CS:CODE, DS:DATA
MOU DX, DATA
MOV DS, DX
MOV AL, NO1
MOV BL, NO2
ADD AL, BL
MOV SUM, AL
MOV AH, 4CH
CODE ENDS
END START

Fi=Help

Fig No 7.4 View of Editor (TASM)
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TASHM - Compilation
tlink - Perform Linking
td - Launch Turbo Debugger
Exit - Exit Tasm 1.2

For Compiling your files tasm “yourfilename".asm
e.q for compiling st.asm command is : tasm st.asm
For Linking and debugging same as 32 bit : tlink,td. tlink st.obj
For RUN Use stl.exe  ==llse Alt + ENTER for Maximize Windows=
Complink,DPMIload and TasmX also available using 32bit commands

C:\NTASM>edit

C:\TASM>tasm add.asm
Turbo Assembler VUersion 3.0 Copyright (c) 1988, 1991 Borland International

Assembling file: add.asm
Error messages: None
Harning messages: MNone
Passes: 1
Remaining memory: 476k

C:\NTASM>

Fig No 7.5 View of Assembler

= File Edit View Run Breakpoints Data Options Window H

cs:0000 BAAD48 mov dx,48AD ax 0032 c=1

cs:0003 B8EDA mov ds,dx bx 0O?C z=
Ccs 0005 AGOOOO al, [0OOEO] i CX s=

cs:0008 BA1EQ100 mov bl, [0OO1] | dx 48AD 0=
cs:000C 02C3 add al,bl si p=
cs:000E AZ0200 mov [0062],al di OO0 a=1
cs:00110B44C mov ah,4C bp GOOO i=
cs:0013 OO add [bx+sil,al sp 0O d=
cs:0015 add [bx+sil,al ds 48AD
cs:0017 add [bx+sil,al es 489D
cs:0019 OO add [bx+sil,al ss 48AC
cs:001B [bx+sil,al cs 48AE

cs:001D

[bx+sil,al

48 BE ||iHa & $5:0002 6474
] 0,000 40.000)

1-Help F2-Bkpt F3-Mod F4-Here F5-Zoom F6-Next F?-Trace F8-Step F9-Run F10-Menu

Fig No 7.6 View of TD (Turbo Debugger)

XIV. Observations
Addition operation will be performed in the following way in a microprocessor during which an
auxiliary carry and carry is generated which can be seen in AF and CF, Parity of number in AL
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register is odd hence PF = 0. MSB is zero hence SF = 0, result is non zero hence ZF = 0.
Data and results can be seen in DS.

AF
Carry 11111
Operation  B6H 1011 0110
+7CH 0111 1100
1 32H 0011 0010 Content of AL register

CF

Different registers and memory locations can be observed as below after execution of the
program in Turbo Debugger.

General Purpose Registers

cs 0005 AGGOOO mov al, [0000] Flag

Registers

Code
Segment

Segment
Registers

Data Segment

Fig No 7.7- Output Window showing all Registers, Code and Data Segment

XV. Result(s)/Output of the program
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XVII. Practical related questions
Note: Below given are a few sample questions for reference. Teacher must design
more such questions so as to ensure the achievement of identifying CO.

1. Write an ALP to add 16-Bit numbers and check the content of different registers.
2. Write the content of AL register and flag after execution of following code-
MOV AL, 99
ADD AL,01

[Space for Answers]
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XVI1I1. References /Suggestions for further reading
1. https://www.geeksforgeeks.org/architecture-of-8086/?ref=Ibp

2. https://www.geeksforgeeks.org/general-purpose-registers-8086-microprocessor/?ref=lbp

XIX. Assessment. Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total
(15) Related (10) (25)
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Practical No. 8: * Assembly language programming for addition and subtraction for
hexadecimal numbers.

I.  Practical Significance
Assembly language programming is useful to be aware of the programming
environment and development of code and debugging and execution skills. It is easier
to understand and saves a lot of time for the programmer and code optimization.

Il.  Industry/Employer Expected Outcome(s)
This course aims to help the student to attain the following industry identified

outcomes through various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

I11.  Course Level Learning Outcome(s)
Students will be able to achieve and demonstrate the following COs on completion of course

based learning
Use an 8086 microprocessor environment to build and execute assembly language programs.

IV. Laboratory Learning Outcome(s)
Develop an assembly language program to add 8 bit and 16-bit signed/ unsigned hexadecimal

numbers.
Develop an assembly language program to Subtract two 8-bit and 16-bit signed/ unsigned
hexadecimal numbers.

V. Relevant Affective Domain related outcome(s)
1. Handle IC and Equipment carefully.
2. Follow safe practices.

V1. Relevant Theoretical Background
ADD / ADC destination, source

The ADD instruction adds a number from source to-a number from destination. The ADC
instruction adds the carry flag into the result of addition. The source may be an immediate
number, a register,-or-a memory location as specified by any 24 addressing modes. The
destination may. be a register or a memory. The source and destination must be of the same type
and cannot both be memory locations. Destination should not be an immediate number.

Flag affected: OF, CF, PF, AF, SF, ZF

Syntax & Operation:
1. ADD <DEST> ,<SRC> Destination <— destination + source

2. ADC <DEST>,<SRC> Destination <— destination + source + CF
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SUB / SBB destination, source

The SUB instruction is used to subtract the data in source from the data in destination and the
stores result in destination. The SBB instruction is used to subtract the source operand and the
borrow [CF], which may reflect from the result of the previous operations, from the destination
operand, and the result is stored in destination operand. Source must be a register or memory
location or immediate data and the destination must be a register or a memory location. The
destination operands should not be immediate data and the source and destination both should
not be memory operands.

Flag affected: OF, CF, PF, AF, SF, and ZF.

Syntax & Operation:

1. SUB <DEST> ,<SRC>
Destination <—— destination - source

2. SBB <DEST> ,<SRC>
Destination <— destination + source - CF

VII. Algorithm/Flow chart

Algorithm for program to arithmetic operation.

1. Initialize the data segment with numbers on which Arithmetic operations to be performed.
2. Initialize necessary variables to store the number and the result generated after operation.
3. ~Perform arithmetic operations by using appropriate instruction.

4.~ Store the final result.

VIIl. . Resources Required
Sr. Name of Resource Suggested Broad Specification Quantity
No.
1 | Personal Computer Intel Pentium Onwards Minimum 2GB RAM.
500GbyteHDD) installed with Windows 2000
onwards
2 | Any Editor to write/edit | EDIT/ Notepad
programs As per
3 | Turbo/Macro Assembler [(TASM / MASM) batch size
4 | Turbo Linker (TLINK/LINKS5)
5 | Turbo Debugger (ID/Debug), (DOSBOX utility for higher-end
operating systems)

IX. Precautions to be followed
1. Handle computer systems and their peripherals properly.
2. Shut down computers properly.

X. Procedure
1. Write an algorithm and draw a flowchart of given program
2. Double click on the DOSBOX TASM 1.4 icon.
3. Type edit filename.asm on DOS prompt and press Enter Key
4. Type the program and save on disk.
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5. Once the assembly language program is created, then type tasm filename.asm on the command
prompt and press Enter Key to create filename.obj file

6. Type tlink filename.obj or tlink filename on command prompt and press Enter Key to create
filename.exe file.

7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter
Key to debug your program step by step

8. Observe the contents of registers, memory location used and status of flags.

XI. Resources Used

Sr. Name of Suggested Broad Specification Quantity
No. Resource

XI1. Actual Procedure followed

XII1. Program code with comments
Program for addition of 8 bit numbers:

Label Instruction code Comments
DATA SEGMENT
NO1 DB 26H Declaration of variable
NO2 DB 54H
NO3 DB ?

DATA ENDS

CODE SEGMENT
START: | ASSUME CS:CODE, DS:DATA | Initialization of data segment & code segment
MOV DX, DATA
MOV DS, DX
MOV AL, NO1 First number in register
ADD AL, NO2 Add second number to first
MOV NO3, AL Store final result in memory
MOV AH, 4CH
CODE ENDS
END START
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Program for subtraction of 8 bit numbers:

Label

Instruction code

Comments

DATA SEGMENT

NO1 DB 26H

Declaration of variable

NO2 DB 54H

NO3 DB ?

DATA ENDS

CODE SEGMENT

START:

ASSUME CS:CODE, DS:DATA

Initialization of data segment & code segment

MOV DX, DATA

MOV DS, DX

MOV AL, NO1

First number in register

SUB AL, NO2

Add second number to-first

MOV NO3, AL

Store final result in memory

MOV AH, 4CH

CODE ENDS

END START

XIV. Observations

[0 ]1=CPl BMHBG———--o-onwon--aow o

48AE : 0013 CD21

ax 0192
bx OGOB
cx F70B
dx 098D
si F70E
di F70F
bp 0100

0106

2110

012D
0192
0000

Figure 8.1: Program output after adding two 8 bit numbers.
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= i1 SR ]

48AE : 0013 CDZ21

Figure 8.2: Program output after subtracting two 8 bit numbers.

Student Activity:
Observe and write the contents of registers, memory location in Code and Data Segment using
debugger TD or Debug after the execution of the program.

b

Registers Flag Register
After Before
AX Carry Flag CF
BX Zero Flag ZF
CX Sign Flag SF
DX Overflow Flag OF
Sl Parity Flag PF
DI Auxiliary Carry AF
Flag

BP Interrupt Flag IF
SP Direction Flag DF
DS

ES

SS

CS

IP
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Address Contents Address Contents
CS:0000 CsS:0008

CS:0001 CS:0009

CS:0002 CS:000A

CS:0003 CS:000B

CS:0004 CS:000C

CS:0005 CS:000D

CS:0006 CS:000E

CS:0007 CS:000F

Address Contents Address Contents
DS:0000 DS:0008

DS:0001 DS:0009

DS:0002 DS:000A

DS:0003 DS:000B

DS:0004 DS:000C

DS:0005 DS:000D

DS:0006 DS:000E

DS:0007 DS:000F

XV. Result(s)/Output of the program
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XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identifying CO.

1. Write down the function of flags used in arithmetic operation.

2. Explain the instruction ADC and SBB used in the program.

3. Complete the following table after execution of above programs.

For 8 bit/16 bit addition
8 bit numbers 16 bit numbers
No 1 48H 1234H
No 2 19H 5678H
Sum result
For 8 bit/16 bit Subtraction
8 bit numbers 16 bit numbers
No 1 48H 1234H
No 2 19H 5678H
Sub

4. Write the program for 16 bit addition
5. Write the program for 16 bit subtraction.

[Space for Answers]
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XVIII. References /Suggestions for further reading

1. https://www:.tutorialspoint.com/assembly_programming/

2. https://mysc.altervista.org/biginners-guide-8086/

3. https://www.geeksforgeeks.org/8086-program-add-2-bcd-numbers/

4. https://lwww.geeksforgeeks.org/8086-program-subtract-two-16-bit-bcd-numbers/

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total
(15) Related (10) (25)
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Practical No. 9: Apply assembly language programming logic for Addition, Subtraction and

V.

VI.

Multiplication for BCD numbers.

Practical Significance

In high level language programming, the decimal numbers system is used to perform
arithmetic operations. However in microprocessors all arithmetic operations are
performed on Hexadecimal or Binary numbers. Hence Binary Coded Decimal (BCD)
representation of decimal number system which is easy to encode and decode helps to
understand microprocessor based systems.

Industry/Employer Expected Outcome (s)

This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:

Test digital systems by applying principles of digital techniques and microprocessors.

Course Level Learning Outcome (S)

Students will be able to achieve and demonstrate the following COs on completion of
course based learning

Use an 8086-microprocessor environment to build and execute assembly language = programs.

Laboratory Learning Outcome(s)

Develop an assembly language program to add 8-bit and 16-bit BCD numbers
LLO 9.2 Develop an assembly language program to subtract two 8-bit and 16-bitBCD numbers

Relevant Affective Domain related outcome(s)
1. Handle IC and Equipment carefully.
2. Follow safe practices.

Relevant Theoretical Background

In assembly language program special instructions are required to convert arithmetic operation
result of decimal numbers to appropriate result in BCD format. It is require using DAA, DAS
and AAM instructions to.perform Addition, Subtraction and Multiplication operations on BCD
numbers. The operation of these instructions is explained as below-

1. DAA ( Decimal Adjust Accumulator)

This instruction is used to convert the result of the addition of two packed BCD numbers to a
valid BCD number. The result has to be only in the AL register. DAA instruction should be used
after ADD/ADC instruction. DAA instruction affects AF, CF, PF and ZF. OF is undefined.

a. After addition if the lower nibble is > 9 or AF =1, then AL = AL+ 06H

b. After addition, if the upper nibble is > 9 or CF =1, then AL = AL+ 60H

c. If both the above conditions are satisfied, then AL= AL+ 66H

Unpacked BCD uses one byte (eight bits) to represent each decimal digit, while packed BCD
uses four bits to represent each decimal digit. Packed BCD is more space-efficient but requires
additional processing to convert to and from unpacked BCD.
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VII.

2. DAS (Decimal Adjust After Subtraction)

This instruction is used to convert the result of the subtraction of two packed BCD numbers to a
valid BCD number. The result has to be only in the AL register. DAS instruction should be used
after SUB/SBB instruction. DAS instruction affects AF, CF, PF and ZF. OF is undefined.

. After subtraction if the lower nibble is > 9 or AF =1, then AL = AL - 06H

a. After addition, if the upper nibble is > 9 or CF = 1, then AL = AL - 60H

b. If both the above conditions are satisfied , then AL= AL - 66H

3. AAM (ASCII Adjust After Multiplication)

This instruction is used to convert the product in AL after the multiplication into unpacked BCD
format. The higher nibble of multiplication operands is filled with zeros. The instruction should
be used after MUL and the result-is placed in the AX register.

The binary number in AL register is divided by 10 and quotient is stored in the register AH,
Remainder in AL. Operation Performed:--

AL = AL MOD 10

AH ="AL /10

Algorithm/Flow chart

Algorithm for program to Add/Sub/Multiply two BCD numbers in order to understand
BCD arithmetic operation.

1. Initialize the data segment with numbers on which BCD operations to be performed.

2. Initialize necessary variables to store the number and the result generated after operation.
3. Perform arithmetic operations by using appropriate instruction.

4. Use proper instruction to convert the result into BCD.

5. Store the final result.

Flowchart for Addition of two 8 bit BCD numbers

C_ START j
.

[ INITIALISE ADDRESS OF *DS’ J

.

| INITIALISE FIRST NUMBER IN ‘Al l

v

I INITIALISE SECOND NUMBER IN *‘BI’ l

.

[ ADD NUMBER IN ‘Al WITH ‘BI’ |

!

l AJUSTIT TO VALID BCD NUMBER l

.

I STORE ANSWER OF “Al’ AS ‘RESULT”

.
C STOP )
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VI11. Resources Required

Islg Name of Resource | Suggested Broad Specification Quantity
Personal Computer Intel Pentium Onwards Minimum 2GB RAM.
1 500GbyteHDD) installed with Windows 2000
onwards
2 Any Edl'tOI’ to EDIT/ Notepad
write/edit programs
Turbo/Macro As per
3 Assembler (TASM/ MASM) batch size
4 | Turbo Linker (TLINK/LINKS5)
5 Turbo Debugger (ID/Debug), (DOSBOX utility for higher-end
operating systems)

IX. Precautions tobe followed
1. Handle computer systems and their peripherals properly.
2. Shut down computers properly.

X. Procedure

1. Write an algorithm and draw a flowchart of a given program. (Use blank space provided

or attach more pages if needed)

Double click on the DOSBOX TASM 1.4 icon.

Type edit filename.asm on DOS prompt and press Enter Key

Type the program and save on disk.

Once the assembly language program is created, hen type tasm filename.asm on the command

prompt and press Enter Key to create filename.obj file

Type tlink filename.obj or tlink filename on command prompt and press Enter Key to create

filename.exe file.

7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter
Key to debug your program step by step

8. Observe the contents of registers, memory location used and status of flags.

ok wmn

=

XI. Resources Used

Sr. Name of Suggested Broad Quanti
No. Resource Specification ty
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XI1. Actual Procedure followed

XI11. Program code with comments
Sample program for BCD addition of 8 bit numbers:

Label Instruction code Comments
DATA SEGMENT
NO1 DB 26H Declaration of variable
NO2 DB 54H
NO3 DB ?

DATA ENDS

CODE SEGMENT
START: | ASSUME CS:CODE, DS:DATA | Initialization of data segment and code segment
MOV DX, DATA

MOV DS, DX

MOV AL, NO1 First number in register
ADD AL, NO2 Add second number to first
DAA Decimal adjust

MOV NO3, AL Store final result in memory
MOV AH, 4CH

CODE ENDS

END START

Note: Students should refer to the above program and write for other BCD operations like Subtraction
and Multiplication.
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XI1V. Observations

Observe and write the content of Register, memory locations in Code and Data Segment using

debugger TD or Debug after the execution of the program.

Registers Flag Registers
Types of
registers Before After Carry flag CF
AX Zero flag ZF
Purpose CX Overflow flag OF
register
DX Parity flag PF
Index Si Auxiliary Carry flag AF
register
DI Interrupt flag IF
Base BP Direction flag DF
Pointer
Stack SP
Pointer
DS
Segment ES
Register SS
CS
Instruction IP
Register
Address Contents Address Contents
DS:0000 DS:0008
DS:0001 DS:0009
DS:0002 DS:000A
DS:0003 DS:000B
DS:0004 DS:000C
DS:0005 DS:000D
DS:0006 DS:000E
DS:0007 DS:000F
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XV. Result(s)/Output of the program

XVII. Practical related questions
Note: Below given are a few sample questions for reference. Teacher must design
more such questions so as to ensure the achievement of identifying CO.
1. Write down the function of flags used for BCD arithmetic operation.
2. Explain the instruction DAA and DAS used in the program.
3. Write some applications of BCD numbers.
4, Complete the following table after execution of above programs.

For 8 bit/16 bit BCD addition

8 bit numbers 16 bit numbers
BCD No 1 48H A5SC4H
BCD No 2 19H 6E78H

Sum result before DAA

Sum result after DAA

For 8 bit/16 bit BCD Subtraction

8 bit numbers 16 bit numbers
BCD No 1 48H 9845H
BCD No 2 19H A372H
Sub result before DAS
Sub result after DAS

For 8 bit/16 bit BCD Multiplication

8 bit numbers 16 bit numbers
BCD No 1 04H 2500H
BCD No 2 06H 3000H
Result before AAM
Result after AAM

[Space for Answers]
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XVIII. References /Suggestions for further reading
1. https://www.tutorialspoint.com/assembly _programming/
2. https://www.geeksforgeeks.org/8086-program-add-two-16-bit-bcd-numbers-carry/
3. https://www.geeksforgeeks.org/8086-program-subtract-two-16-bit-bcd-numbers/
4. https://www.geeksforgeeks.org/8086-program-multiply-two-16-bit-numbers/

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related: 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated signature of Teacher
Process Related Product Total
(15) Related (10) (25)
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Practical No. 10: * Assembly language programming for multiplication and division

VI.

Practical Significance

Multiplication is developed for equal group situations in advanced computations.
Various real-world problems can be solved with multiplication. Divide means to
split, separate, distribute, share or make groups of equal items.

Industry/Employer Expected Outcome(s)
This course aims to help the student to attain the following industry identified

outcomes through various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

Course Level Learning Outcome(s)

Students will be able to achieve and demonstrate the following COs on completion of course
based learning

Use 8086 microprocessor environment to build and execute assembly language programs.

Laboratory Learning Outcome(s)
Develop assembly language programming for multiplication and division.

Relevant Affective Domain related outcome(s)
1. Handle IC and Equipment carefully.
2. Follow safe practices.

Relevant Theoretical Background
MUL SOURCE 8/16
This instruction is used to multiply an unsigned byte (8 bits) by a byte (8 bits) or to multiply two
unsigned words (16 bits).
a) Byte Multiplication:

a. The 8-bit Multiplicand should be in the AL register.

b. “The 8-bit-Multiplier should be loaded in an 8 bit register or a memory location.

c. After multiplication,

AX«Product (16 bits).

b) Word Multiplication:
a. A 16-bit multiplicand must be loaded in the AX register.
b.  The 16 Multiplier must be loaded in'a 16 bit register or a memory location.
After multiplication
DX « 16 bit Most Significant Word of the product
AX « bit Least Significant Word of the product.

IMUL SOURCES8/16: This instruction is used to multiply 8 bit signed number in source register
or memory location to an 8 bit signed number in AL register. Similar to MUL instruction, the 16-
bit signed result is available in AX register.

The 32-bit product for 16-bit signed multiplication is available in DX and AX registers.
DIV/IDIV source

Maharashtra State Board of Technology (K Scheme) 72



Digital Techniques and Microprocessor (313305)

DIV source: divides an unsigned word by an unsigned byte during 16/8 division, and to divide
unsigned double word i.e., 32-bits by an unsigned word during 32/16 division.

The word (dividend) must be in the AX register and a byte (divisor) may be in any 8-bit register
or memory location during the division of a word by a byte.

After the division, 8-bit quotient will be stored in AL register and 8-bit remainder will stored in
AH register

IDIV source: This instruction is used to divide signed word by a signed byte or to divide signed
double word by a single signed word.
Flag affected: None and OF, CF, PF, AF, SF, ZF are undefined.
Operation
a. If source is byte, then
AL« AL/unsigned 8-bit source (Quotient)
AH«<— AL MOD unsigned 8-bit source (Remainder)
b. If source is word then
AX<—DX:AX/unsigned 16-bit source (Quotient)
DX« DX MOD unsigned 16-bit source (Remainder)

VII. Algorithm/Flow chart

Multiply/Divide two numbers in order to understand hexadecimal arithmetic operation.
1. Initialize the data and code segment

2. Read the 8-bit multiplicand/Divisor

3. Read the 8-bit multiplier/Divident

4. Use MUL/DIV instruction to multiply the two 8-bit numbers.

5. Store the product.

6. End

Flow Chart for multiplication and division:

AL = First number BL = 8-bit nmumber
BL = Second nmumber AL = 16-bit number

S Dpcinhy Store AX into memory
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VI11. Resources Required

Sr.
No Name of Resource Suggested Broad Specification Quantity
Personal Computer Intel Pentium Onwards Minimum 2GB RAM.
1 500GbyteHDD) installed with Windows 2000
onwards
Any Editor to write/edit | EDIT/ Notepad
2 programs
As per
3 Turbo/Macro (TASM / MASM) batch size
Assembler
4 | Turbo Linker (TLINK/LINKS5)
5 Turbo Debugger (ID/Debug), (DOSBOX utility for higher-end
operating systems)

IX. Precautions to be followed
1. Handle computer systems and their peripherals properly.
2. Shut down computers properly.

X.  Procedure

Write an algorithm and draw a flowchart of given program

Double click on the DOSBOX TASM 1.4 icon.

Type edit filename.asm on DOS prompt and press Enter Key

Type the program and save on disk.

Once the assembly language program is created, then type tasm filename.asm on the

command prompt and press Enter Key to create filename.obj file

6. Type tlink filename.obj or tlink filename on command prompt and press Enter Key to
create filename.exe file.

7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter
Key to debug your program step by step

8. Observe the contents of registers, memory location used and status of flags.

orkRw o

XI. Resources Used

Sr. Name of Resource Suggested Broad Quantit
No. Specification y
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XI1. Actual Procedure followed

XII1. Program code with comments
Multiplication of 8-bit numbers:

Label

Instruction code

Comments

DATA SEGMENT

NO1 DB 12H

Declaration of variable

NO2 DB 34H

NO3 DW ?

DATA ENDS

CODE SEGMENT

START:

ASSUME CS:CODE, DS:DATA

Initialization of data segment & code segment

MOV DX, DATA

MOV DS, DX

MOV AL, NO1

First number in register

MOV BL, NO2

Second number in register

MUL BL

Multiply two numbers

MOV NO3, AX

Store final result in memory

MOV AH, 4CH

CODE ENDS

END START

Division of 8 bit numbers:

Label Instruction code Comments

DATA SEGMENT
NO1 DB 26H Declaration.of variable
NO2 DB 54H
NO3 DB ?
DATA ENDS
CODE SEGMENT

START: | ASSUME CS:CODE, DS:DATA Initialization of data segment & code segment
MOV DX, DATA
MOV DS, DX
MOV AL, NO1 First number in register
MOV BL, NO2 Second number in register
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DIV BL

Store final result in memory

MOV AH, 4CH

CODE ENDS

END START

XI1V. Observations

48AE : 0014 CD21

Fig No 10.1: Output Window

Observe and write the contents of Registers, memory location in Code Segment and Data Segment
using debugger TD or Debug after the execution of the program.

Registers Flag Register
After Before
AX Carry Flag CF
BX Zero Flag ZF
CX Sign Flag SF
DX Overflow Flag OF
Sl Parity Flag PF
DI Auxiliary Carry Flag AF
BP Interrupt Flag IF
SP Direction Flag DF
DS
ES
SS
CS
IP
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Address Contents Address Contents
CS:0000 CS:0008

CS:0001 CS:0009

CS:0002 CS:000A

CS:0003 Cs:000B

CS:0004 Cs:000C

CS:0005 CS:000D

CS:0006 CS:000E

CS:0007 CS:000F

Address Contents Address Contents
DS:0000 DS:0008

DS:0001 DS:0009

DS:0002 DS:000A

DS:0003 DS:000B

DS:0004 DS:000C

DS:0005 DS:000D

DS:0006 DS:000E

DS:0007 DS:000F

XV. Result(s)/Output of the program

XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identifying CO.

1. Write the program for 16 bit multiplication.

2. Write the program for 16 bit division.

3. Write down the function of flags used in arithmetic operation.

4 Complete the following table after execution of above programs.
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For 8 bit/16 bit multiplication

8 bit numbers 16 bit numbers
No 1 25H 2345H
No 2 18H 6789H
Result
For 8 bit/16 bit Division
8 bit numbers 16 bit numbers
No 1 5CH 5678H
No 2 2AH 1234H
Result

[Space for Answers]
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XVIII. References /Suggestions for further reading
1. https://www.tutorialspoint.com/assembly_programming/
2. https://mysc.altervista.org/biginners-guide-8086/
3. https://www.geeksforgeeks.org/8086-program-divide-two-16-bit-bcd-numbers/
4. https://www.geeksforgeeks.org/8086-program-multiply-two-16-bit-numbers/
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XIX. Assessment Scheme

(15) Related (10) (25)

Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related guestions 15%
9 Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total
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Practical No. 11: Assembly language programming to find smallest/largest Hexadecimal
numbers

| Practical Significance
In assembly language programming, flags are affected after Compare instruction. The
status of the flags can be used to make decisions about smaller or greater numbers.
Students will be able to use the Compare instruction and decision making instruction
to find the smallest and largest number.

I Industry/Employer Expected Outcome(s)
This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

Il Course Level Learning Outcome(s)

Students will be able to achieve & demonstrate the following COs on completion of
course based learning

Use 8086 microprocessor environment to build and execute assembly language
programs

v Laboratory Learning Outcome(s)

Develop assembly language programming for finding smallest /largest hexadecimal
numbers.

\ Relevant Affective Domain related outcome(s)
1. Handle IC and Equipment carefully.
2. Follow safe practices.

VI Relevant Theoretical Background

Array is the set of N numbers i.e., byte or word. Hence, memory pointer and counter is
required to read or write numbers from or to memory location in the array.

To find the smallest/largest number from the array, the numbers in the array must be
compared with-each other. Array may consist of 8 bit numbers i.e. byte or 16 bit numbers i.e.
word, so a memory pointer is required to read numbers from the array. Also, one counter
called a byte ‘or word counter which indicates how many numbers are there in the array, is
required in the program.to read and compare only desired numbers from the array. In 8086,
the CMP instruction is used to numeric data fields.

CMP destination, source

The CMP instruction compares a byte/word from the specified source with a byte/word from
the specified destination. The source and the destination can be a register, immediate data or
memory location

It subtracts the source operand from the destination but does not store the result anywhere.
The flags (OF, CF, PF, AF, SF, ZF) are affected depending on the result of subtraction.
Source and destination both cannot be memory locations.
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Operation Performed: --
— If destination > source then CF =0, ZF=0,SF=0
— If destination < source then CF=1,ZF=0,SF =1
— If destination = source then CF=0,ZF=1,SF =0

Conditional Jump Instruction is used after Compare instruction to check the flag status and
then the desired result can be obtained about the number is smaller, greater or equal. There are
many conditional Jump instructions such as-

Instruction Description Condition/
Flag affected

JC Jump if carry Carry =1
JNC Jump'if no carry Carry =0
JENZ Jump if equal or Jump if zero Zero=1
JNE/INZ Jump if not equal or Jump if not zero Zero =0
JA/INBE Jump if Above or Not Below/Equal CF, ZF
JAE/JNB Jump if Above/Equal or Not Below CF
JB/INAE Jump if Below or Not Above /Equal CF
JBE/JNA Jump if Below/Equal or Not Above AF, CF
JG/NLE Jump if Greater or if not Less/Equal OF, SF, ZF
JGE/JNL Jump if Greater/Equal or if not Less OF, SF
JL/INGE Jump if Less or if not Greater/Equal OF, SF
JLE/ING Jump if Less /Equal or if not Greater OF, SF, ZF

Conditional Jump Instruction is used to jump to a certain location/memory address after the
condition is satisfied.

VIl Algorithm/Flow chart
Algorithm for program to find smallest number

1. Initialize the data segment with an array of numbers from which the smallest number is to be
found.

Initialize necessary variables to store the number and the result generated after operation.
Perform comparison of 1% number from array with second number check which one is smaller.
Compare the next number with the smaller number from the previous 2 numbers.

Again check which one is smaller and repeat the procedure with all numbers in the array until the
smallest number is found.

6. Store the final result.

o bk~ w
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Flowchart for finding smallest number-

[ START

Y

INITIALIZE DATA SEGMENT WITH BYTEAYORD COUNTER AND MEMORY
PMNTE ST REANKUMBER FROM ARRAY

'

READ NUMBER FROM THE ARHAY

'

INCREMENT MEMORY FOINTER TO POINT NEXT NUMBER  (BY 1 FOR
BYTE OR I FOR WORD

i

COMPARE NUMBER WITH NEXT AUMBER IN ARRAY

I5 NUMBEHR <NEXT
NUMRBER?

REPLACE NSUMBER WITH NEXT KUMRER

i

INCREMENT MEMORY POINTER BY | ANDDECREMENT BYTE COUNTER
BY 1 OR WORD COUNTER 0Y 2 T READNEXT SUMBER FROM THE ARRAY

IS BY TR COUNTER =10 7
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VIl Resources Required
Sr. Name of Resource Suggested Broad Specification Quantity
No.
1 Personal Computer Intel Pentium Onwards Minimum 2GB
RAM. 500GbyteHDD) installed with
Windows 2000 onwards As per
2 Any Editor to write/edit programs EDIT/ Notepad batch size
3 | Turbo/Macro Assembler (TASM / MASM)
4 | Turbo Linker (TLINK/LINKS5)
5 | Turbo Debugger (ID/Debug), (DOSBOX utility for
higher-end operating systems)

IX  Precautions to be followed
Handle computer system and its peripherals properly.
2. Shut'down computers properly.

=

X Procedure

1. Write an algorithm and draw a flowchart of a given program. (Use blank space provided or
attach more pages if needed)

2. Double click on the DOSBOX TASM 1.4 icon.

3. Type edit filename.asm on DOS prompt and press Enter Key

4. Type the program and save on disk.

5. once the assembly language program is created, hen type tasm filename.asm on the command
prompt and press Enter Key to create filename.obj file

6. Type tlink filename.obj or tlink filename on command prompt and press Enter Key to create
filename.exe file.

7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter
Key to debug your program step by step

8. Observe the contents of registers, memory location used and status of flags.

Xl Resources Used

Sr. Name of Resource Suggested Broad Quantity
No. Specification

X1l Actual Procedure followed
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X1l Program code with comments
Sample program for finding smallest number from array of 5 numbers:

Label Instruction code Comments

DATA SEGMENT
ARRAY DB25H,08H,37H,03H,64H Declaration of ARRAY
SMALLEST DB 00H Declaration of variable for result
DATA ENDS
CODE SEGMENT

START: | ASSUME CS:CODE, DS:DATA Initialization of data'segment & code

segment

MOV DX, DATA
MOV DS, DX
MOV CL, 04H Load Counter
MOV SI, OFFSET ARRAY Load offset address of 15T No of array to Sl
MOV AL, [S]] Load 1% number to AL

UP INC SI Increment Sl
CMP AL, [SI] Compare 1t no with 2" number
JC NEXT Jump if carry to next

MOV AL, [S1]
NEXT DEC CL

IJNZ UP

MOV SMALLEST, AL Store final result in memory
MOV AH, 4CH
CODE ENDS
END START

Student should refer the above program and write an assembly language program for
finding greatest number.
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X1V  Observations

Content of memory location and AL register while finding smallest number

Address Original Loop 1 Loop 2 Loop 3 Loop 4 Loop 5
Contents

DS:0000 25

DS:0001 08 AL=__ |AL=__ |AL=___ [AL=_  |AL=__

DS:0002 37

DS:0003 03

DS:0004 64

Content of memory location and AL register while finding Greatest number

XV

XVI

Address Original Loop 1 Loop 2 Loop 3 Loop 4 Loop 5
Contents

DS:0000 25

DS:0001 08 AL=  |AL=__ |AL=__ |AL=__ |AL=___

DS:0002 37

DS:0003 03

DS:0004 64

Result(s)/Output of the program
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XVII Practical related questions
Note: Below given are a few sample questions for reference. Teacher must
design more such questions so as to ensure the achievement of identifying CO.

Write down the function of Compare instruction.

State the conditional jJump instructions used for finding the greatest number.
[Space for Answers]
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XVIII References /Suggestions for further reading
1. https://www.tutorialspoint.com/assembly_programming/
2. https://ankurm.com/8086-assembly-program-to-find-smallest-number-from-given-
numbers/
3. https://www.tutorialspoint.com/8086-program-to-find-the-min-value-in-a-given-array
4. https://lwww.geeksforgeeks.org/8086-program-find-min-value-given-array/

XIX  Assessment Scheme

Performance Indicators Weighta
ge
ProcessRelated : 15 Marks 60 %
1 | Handling of the components 10%
2 | identification of components 20%
3 | Measuring value using suitable instrument 20%
4 | working in teams 10%
Product Related: 10 40%
Marks
5 | Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 | Conclusion 05%
8 | Practical related questions 15%
9 | Submitting the journal in time 05%
Total ( 25 Marks) 100 %
Marks Dated signature of Teacher
Obtained
Process Product Total
Related (15) Related (10) (25)
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Practical No. 12: * Assembly language programming for sorting of data

VI.

Practical Significance

Sorting is a progress that organizes a collection of data into either ascending or descending order.
This operation requires comparison of data and exchanging the position of data. Students will be
able to use XCHG or MOV instruction while implementing sorting algorithms.

Industry/Employer Expected Outcome(s)
This course aims to help the student to attainthe following industry identified

outcomes through various teaching learning experiences:
Test digital systems by applying principles of digital techniques and microprocessors.

Course Level Learning Outcome(s)
Students will beable to-achieve and demonstrate the following COs on completion of

course based learning
Develop assembly language programming in 8086 to implement loops and branching
instructions.

Laboratory Learning Outcome(s)
Develop an assembly language program to Sort numbers of given arrays in ascending order.

Develop an assembly language program to Sort numbers of a given array in descending order.

Relevant Affective Domain related outcome(s)
a. Follow precautionary measures.

b. Demonstrate working as a leader/ a team member.
c. Follow ethical practices

Relevant Theoretical Background

If numbers in an array are arranged such that every nth number is greater than (n-1)" number,
then that array is in ascending order. If numbers in an array are arranged such that every nth
number is smaller than (n-1)" number, then that array is in descending order. There are many
sortingalgorithms such as Selection sort, Insertion sort, Bubble sort, Merge sort, Quick sort.
Arranging numbers involves different operations such as comparing numbers, swapping humbers
depending on result of comparison, repeating comparison operation forall numbers in an array

XCHG destination, source
This instruction exchanges the contents of a register with the contents of another register or
memory location. The instruction cannot directly exchange the contents of two memory
locations. A memory location can be specified as the source or as the Destination. The source
and destination should both be words or they must both be byte. The segment register cannot be
used in this instruction
Operation performed by XCHG instruction:

Destination <= Source
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VII. Algorithm/Flow chart

(_ START _)

¥
LOAD THE STARTING ADDRES, LOAD COUNT WVALUE

F
LOAD COUMNT VALUE TO SECOND COUNTER, INITIALIZE

THE STARTIMNG ADDRESS, LOAD FERST DATA
T

¥
INCREMENT S0OURCE ADDRESS COMPARE THE
SECOND DATA WITH FIRST DATA

YES
I5 earry

WO

EXCHAMGE FIRST AND SECOND DATA

o
i

INCREMENT THE S0UACE POYNTER, DECREMENT
THE COUNT
v
EFL=0
NO
YES
DECREMENT THE COUNT
@ YES
B
STOP
VI11. Resources Required
Iﬁg Name of Resource Suggested Broad Specification Quantity
Personal Computer Intel Pentium Onwards Minimum 2GB RAM.
1 500GbyteHDD) installed with Windows 2000
onwards
Any Editor to EDIT/ Notepad
2 | write/edit programs
Turbo/Macro (TASM / MASM) As per
3 | Assembler batch size
4 | Turbo Linker (TLINK/LINKS)
5 Turbo Debugger (1ID/Debug), (DOSBOX utility for higher-end
operating systems)
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IX. Precautions to be followed
1. Handle computer systems and their peripherals properly.
2. Shut down computers properly.

Procedure

Write an algorithm and draw a flowchart of given program

Double click on the DOSBOX TASM 1.4 icon.

Type edit filename.asm on DOS prompt and press Enter Key

Type the program and save on disk.

Once the assembly language program is created, then type tasm filename.asm on the command

prompt and press Enter Key to create filename.obj file

6. Type tlink filename.obj or tlink filename on command prompt and press Enter Key to create
filename.exe file.

7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter
Key to debug your program step by step.

8. Observe the contents of registers, memory location used and status of flags.

ook X

XI. Resources Used

Sr. No. Name of Resource Suggested Broad Specification Quantity

XI1. Actual Procedure followed
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XII1. Program code with comments
Program for ascending order:

Label Instruction code Comments
DATA SEGMENT
ARRAY DB Declaration of Variables.
15H,05H,08H,78H,56H
DATA ENDS
CODE SEGMENT
START: ASSUME CS:CODE,DS:DATA Initialization of Data segment and code
segment
MOV DX,DATA
MOV DS,DX
MOV BL,05H Load counter in BL register
STEP1: MOV SI,OFFSET ARRAY
MOV CL,04H
STEP: MOV AL,[SI] Get the first number into AL register
CMP AL,[SI+1] Compare the first number with next
number
JC DOWN If the number is smaller keep it as it is.
XCHG AL,[SI+1] Exchange the numbers
XCHG AL,[SI]
DOWN: ADD SI,1 Take the next number
LOOP STEP Repeat the process.
DEC BL Decrement the counter
JNZ STEP1
MOV AH,4CH Terminate the program.
INT 21H
CODE ENDS
END START

Student’s activity:
Program for descending order of numbers:

Label

Instruction code

Comments
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XIV. Observations
Observe and write the contents of Registers, memory location in Code Segment and Data Segment
using debugger TD or Debug after the execution of the program.

Registers .
AfteiJ Before Flag Register
AX Carry Flag CF
BX Zero Flag ZF
CX Sign Flag SF
DX Overflow Flag OF
Sl Parity Flag PF
DI Auxiliary Carry Flag AF
BP Interrupt Flag IF
SP Direction Flag DF
DS
ES
SS
CS
IP
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Address Contents Address Contents
CS:0000 CsS:0008
CS:0001 CS:0009
CS:0002 CS:000A
CS:0003 CS:000B
CS:0004 CS:000C
CS:0005 CS:000D
CS:0006 CS:000E
CS:0007 CS:000F
Address Contents Address Contents
DS:0000 DS:0008
DS:0001 DS:0009
DS:0002 DS:000A
DS:0003 DS:000B
DS:0004 DS:000C
DS:0005 DS:000D
DS:0006 DS:000E
DS:0007 DS:000F

XV. Result(s)/Output of the program
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XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identifying CO.

1. If numbers in an array are 07H,02H,09H,10H,06H, write the array contents in each pass
while arranging numbers in ascending order

2. If numbers in an array are07H,02H,09H,10H,06H, write the array contents in each pass
while arranging numbers in descending order.

3. List different sorting algorithms?

4. Describe the use of XCHG instruction?

[Space for Answers]
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XVI11. References /Suggestions for further reading
1. https://www.tutorialspoint.com/assembly_programming/
2. https://www.geeksforgeeks.org/8086-program-ascnding order/
3. https://www.geeksforgeeks.org/8086-program-descending order/

XIX. Assessment Scheme

X1X.  Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total
@5) Related (10) (25)
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Practical No. 13: Assembly language programming for transfer of block of data

VI.

Practical Significance

In operating system programs such as video device drivers, memory management
modules are normally written in assembly language where a memory block of large data
is to be transferred from main memory to video memory continuously to display steady
video on screen. In this practical students will be able to use MOV and MOVS
instruction for data transfer operation in assembly language programs. Block transfer
helps in improving performance and to allow prefetching of data for processing in
microprocessor based systems.

Industry/Employer Expected Outcome(s)

This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:

Test digital systems by applying principles of digital techniques-and microprocessors.
Course Level Learning Outcome(s)

Students will be able to achieve and demonstrate the following COs on completion of
course based learning

Develop assembly language programming in 8086 to implement loops and branching
instructions.

Laboratory Learning Outcome(s)

Develop assembly language programming for transfer of block of data

Relevant Affective Domain related outcome(s)

1. Handle IC and Equipment carefully.
2. Follow safe practices.

Relevant Theoretical Background

Block transfer operation is transferring of a block from source memory locations to destination
locations. Counter is required to perform a block transfer operation which is equal to the length
of the data block. On-each transfer of data from source to destination, the counter must be
decremented by one and memory pointer must be incremented by one or two depending on byte

or word transfer. This process is repeated till the counter becomes zero.
Before Block Transfer

Source Block Destination Block
Memory location Data Memory Location Data
DS:0000H 52H DS:0000H 72H
DS:0000H 79H DS:0000H 39H
DS:0000H 4AH DS:0000H C4H
DS:0000H 90H DS:0000H 8DH
DS:0000H F3H DS:0000H 25H
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After Block Transfer

Source Block Destination Block
Memory location Data Memory Location Data
DS:0000H 52H DS:0000H 52H
DS:0000H 79H DS:0000H 79H
DS:0000H 4AH DS:0000H 4AH
DS:0000H 90H DS:0000H 90H
DS:0000H F3H DS:0000H F3H

If the number of bytes or words in block is 5, then initialize this as byte counter or word counter
in CX register. Then two memory pointers are required to point source block and destination
block. Hence use of Sl and DI registers respectively as source and-destination memory pointers.
The block can be transferred from source to destination either-using string instruction
i.e. MOVS/ MOVSB/ MOVSW or without string instructions such as simple MOV instruction.
For MOVSB/MOVSW instruction, the default memory pointer for source and destination blocks
are DS:Sl and ES: DI respectively. Two arrays must be declared in the array where in one array
contains actual numbers and another array must be empty. To declare an empty array, we can use
the DUP directive for example 5 dup (0) statements allocates five memory locations and
initializes them with 0.

VII. Algorithm/Flow chart
Algorithm for block transfer program
Initialize the data segment with address of source and destination block.
Load effective address of BLOCK 1 to SI and BLOCK 2 to DI.
Enter data in the source block.
Initialize counter in CX register
Transfer content from source location to destination location.
Decrement counter, increment Sl and DI
If counter is not equal to O then go to step no 5
Display the content and stop.

© N O AN

Flow chart for Block transfer (student should draw flow chart by referring above algorithm)
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VI11. Resources Required
ili)l Name of Resource | Suggested Broad Specification Quantity
Intel Pentium Onwards Minimum 2GB RAM.
1 Personal Computer 500GbyteHDD) installed with Windows 2000
onwards
2 Any Edl'tOI’ to EDIT/ Notepad
write/edit programs
Turbo/Macro As per
3 Assembler ASM /MM batch size
4 | Turbo Linker LINK/LINKS5)
5 | Turbo Debugger (1D/Debug), (DOSBOX utility for higher-end
operating systems)
IX. Precautions to be followed
1. Handle computer systems and its peripherals properly.
2. Shut down computers properly.
X. Procedure
1. 'Write an algorithm and draw a flowchart of a given program. (Use blank space provided or
attach more pages if needed)
2. Double click on the DOSBOX TASM 1.4 icon.
3. Type edit filename.asm on DOS prompt and press Enter Key
4. Type the program and save on disk.
5. Once the assembly language program is created, then type tasm filename. asm on the command
prompt and press Enter Key to create filename.obj file
6. Type Tlink filename.obj or tlink filename on command prompt and press Enter Key to create
filename .exe file.
7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter
Key to debug your program step by step.
8. Observe the contents of registers, memory location used and status of flags.
XI. Resources Used

Sr.No. Name of Resource Suggested Broad Specification Quantity
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XI1. Actual Procedure followed

XII1. Program code with comments

Sample program for block transfer using simple counter:

Label Instruction code Comments
DATA SEGMENT
NO1 DB Declaration of variable
12H,24H,45H,67H,89H
NO2 DB 05H DUP(0)
DATA ENDS
CODE SEGMENT

START: | ASSUME CS:CODE, Initialization of data segment & code segment
DS:DATA
MOV DX, DATA
MOV DS, DX
LEA SI, NO1 Load source memory pointer
LEA DI, NO2 Load destination memory pointer
MOV CL, 05H Load Counter in CL register
UP: MOV AL, [S]] Move 1% number from source memory to AL register
MOV [DlI], AL Move 1% number from AL register to destination
memory

INC Sl Increment source memory pointer
INC DI Increment destination memory pointer
DEC CL Decrement counter
JNZ UP Jump up if counter is not zero
MOV AH, 4CH
INT 21H
CODE ENDS
END START

Student should refer the above program and write for block transfer using Loop, String instructions
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XI1V. Observations

Observe and write the content of Register, memory locations in Data Segment using debugger TD or
Debug after the execution of the program.

Maharashtra State Board of Technology (K Scheme) 101



Digital Techniques and Microprocessor (313305)

XV. Result(s)/Output of the program

Registers Flag Registers
Types of
registers Before After Carry flag CF
AX Zero flag ZF
General BX Sign flag SF
Purpose CX Overflow flag OF
register i
DX Parity flag PF
Index Sl Auxiliary Carry AF
register flag
DI Interrupt flag IF
Base BP Direction flag DF
Pointer
Stack SP
Pointer
DS
Segment ES
Register SS
CS
Instruction IP
Register
Address Contents Address Contents
DS:0000 DS:0008
DS:0001 DS:0009
DS:0002 DS:000A
DS:0003 DS:000B
DS:0004 DS:000C
DS:0005 DS:000D
DS:0006 DS:000E
DS:0007 DS:000F
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XVI. Conclusion and recommendation

XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teacher must
design more such questions so as to ensure the achievement of identifying CO.
Write an operation of instruction used for initializing - memory pointers.

State the use of Loop-instruction in block transfer program.

Explain the instruction MOVSB and MOVSW used in the string operation.
Write some applications of Block transfer program.

Write an ALP to Block transfer in reverse order.

Write an ALP to Block transfer in overlapping order.

I A

[Space for Answers]
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XVIII.References /Suggestions for further reading

1. ~https://www.tutorialspoint.com/assembly_programming/
2. https://www.geeksforgeeks.org/8086-program-add-2-bcd-numbers/

3. ~https://www.geeksforgeeks.org/8086-program-subtract-two-16-bit-bcd-numbers/

4. https://www.geeksforgeeks.org/8086-program-multiply-two-16-bit-numbers/

XIX. Assessment Scheme
Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total ( 25 Marks) 100 %
Marks Dated signature of Teacher
Obtained
Process Related Product Total
(15) Related (10) (25)

Maharashtra State Board of Technology (K Scheme)

104



Digital Techniques and Microprocessor (313305)

VI.

Vil

Practical No. 14: Count the occurrence of a given number from a block of data

Practical Significance

Tracking occurrences of any event can help in quality control and manufacturing, market
analysis, research, language processing and monitoring etc. This can reduce the redundancy of
any system. It can easily identify repentance of any occurrence.

Industry/Employer Expected Outcome(s)

This course aims to help the student to attain the following industry identified outcomes through
various teaching learning experiences:

Test digital systems by applying principles of digital techniques-and microprocessors.

Course Level Learning Outcome(s)

Students will be able to achieve and demonstrate the following COs on completion of course
based learning

Develop ~assembly - language programming in 8086 to implement loops and branching
instructions.

Laboratory Learning Outcome(s)
Apply assembly language programming logic for counting the Occurrence of a given number.

Relevant Affective Domain related outcome(s)

a. Follow precautionary measures.

b. Demonstrate working as a leader/ a team member
c. Follow ethical practices.

Relevant Theoretical Background

CMP (Compare)

Syntax: CMP operandl, operand2
Description: The CMP training performs a subtraction among operandl and operand2, but it
does not save the result. It only updates the flags primarily based on the result of the
comparison.

Example: CMP AX, BX — Compares the content.

Conditional Jumps:

i) JC : Stands for "Jump.if Carry’
It checks whether the carry flag is set or not. If yes, then jump takes place, that is: If CF =1,
then jump.

i) JINC : Stands for 'Jump if Not Carry’
It checks whether the carry flag is reset or not. If yes, then jump takes place, that is: If CF =0,
then jump.

i) JE / JZ : Stands for 'Jump if Equal’ or '‘Jump if Zero’
It checks whether the zero flag is set or not. If yes, then jump takes place, that is: If ZF =1,
then jump.

. Algorithm/Flow chart

1. The array contains the block of data in which we want to count occurrences.
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2.

6.

7.
8.

Array length calculates the length of the array.

3. Search value holds the number we want to count occurrences of.
4,
5. The algorithm loops through each element of the array using a loop counter (CX) and

Count is a variable to store the count of occurrences.

a pointer (SI).

Inside the loop, it compares each element with the search value. If it finds a match, it
increments the count variable.

After looping through all elements, it displays the count using DOS interrupt 21H
Finally, it exits the program using DOS interrupt 21H function 4CH.

VI11. Resources Required

Zz Name of Resource Suggested Broad Specification Quantity
Intel Pentium Onwards Minimum 2GB RAM.
1 Personal Computer 500GbyteHDD) installed with Windows 2000
onwards
2 Any Edl_tor 0 EDIT/ Notepad
write/edit programs
3 | Turbo/Macro (TASM / MASM) As per batch size
Assembler
4 | Turbo Linker (TLINK/LINKDS)
5 Turbo Debugger (ID/D(_ebug), (DOSBOX utility for higher-end
operating systems)
IX. Precautions to be followed
1. Handle computer systems and their peripherals properly.
2. Shut down computers properly.
X.  Procedure
1. Write an algorithm and draw a flowchart of given program
2. Double click on the DOSBOX TASM 1.4 icon.
3. Type edit filename.asm on DOS prompt and press Enter Key
4. Type the program and save on disk.
5. Once the assembly language program is created, then type tasm filename.asm.on the
command promptiand press Enter Key to create filename.obj file.
6. Type tlink filename.obj or tlink filename on command prompt and press Enter Key to create
filename.exe file.
7. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter

Key to debug your program step by step
Observe the contents of registers, memory location used and status of flags
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XI. Resources Used

Sr.
No.

Name of
Resource

Suggested Broad Specification

Quantity

XI1. Actual Procedure followed

XII1. Program code with.comments

Label Mnemonic Comments
DATA SEGMENT
ARRAY DB Declaration of variables.
10H,20H,30H,40H,50H,20H,60H
,70H,20H,80H
LEN DB 10 Length of the array
NUM DB 20H Number to be searched for
COUNTDBO Count of occurrences
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Label Mnemonic Comments

DATA ENDS

CODE SEGMENT

ASSUME DS:DATA,CS:CODE | Initialization of Data and Code Segment
START MOV AX,DATA

MOV DS,AX Initialize data segment

MOV CX,LEN L.oad length of array

MOV SI,OFFSET ARRAY Load offset-of array

MOV AL,NUM Load number to be searched for

XOR BL,BL Clear bl to use as a counter
NEXT CMP AL,[SI] Compare al with current element
ELEMENT:

JNE NOT_EQUAL If not-equal, jump to not equal

INC BL Increment counter
NOT_EQUAL | INCSI Move to the next element
LOOP NEXT_ELEMENT Loop until cx becomes zero

MOV COUNT,BL Store the result in count

MOV AH,4CH Terminate the program

INT 21H

CODE ENDS

END START
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XIV. Observations
Observe and write the contents of Registers, memory location in Code Segment and Data Segment
using debugger TD or Debug after the execution of the program

Registers Flag Register
After Before

AX Carry Flag CF
BX Zero Flag ZF
CX Sign Flag SF
DX Overflow Flag OF
Sl Parity Flag PF
DI Aucxiliary Carry Flag AF
BP Interrupt Flag IF
SP Direction Flag DF
DS
ES
SS
CS
IP

Address Contents Address Contents

CS:0000 CS:0008

CS:0001 CS:0009

CS:0002 CS:000A

CS:0003 CS:000B

CS:0004 CS:000C

CS:0005 CS:000D

CS:0006 CS:000E

CS:0007 CS:000F
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Address Contents Address Contents
DS:0000 DS:0008
DS:0001 DS:0009
DS:0002 DS:000A
DS:0003 DS:000B
DS:0004 DS:000C
DS:0005 DS:000D
DS:0006 DS:000E
DS:0007 DS:000F

XV. Result(s)/Output of the program

XVII. Practical related questions

Note: Below given are a few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identifying CO.

1. List conditional-and unconditional-Jump instructions used in 8086 microprocessors.
2. Write a program to count the number of 1’s in a given byte.

3. List comparison instructions used in 8086.

[Space for Answers]
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XVIII. References /Suggestions for further reading

1. https://www.tutorialspoint.com/assembly_programming/
2. https://mysc.altervista.org/biginners-guide-8086/
3. https://www.geeksforgeeks.org/8086-program/

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total ( 25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total
(15) Related (10) (25)
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VI.

Practical No. 15: Implement shift and rotate instructions on given data
Practical Significance
Any machine (system) works on machine language, which consists of binary numbers. In
the 8086 microprocessor, we have 16-bit registers to handle our data. Sometimes, the need
to perform some necessary shift and rotate operations on our data may occur according to
the given condition and requirement. So, for that purpose, we have various Shift and
Rotate instructions present in the 8086 microprocessor.
Rotate instructions in 8086 can be used to manipulate data in a single register, without
requiring additional memory space. This can save memory space and improve overall
performance. Rotate instruction can be used to swap the nibble.
Shift instructions can be used to multiply or divide a binary number with powers of 2.

Industry/Employer Expected Outcome(s)

This course aims to help the student to attain the following industry identified outcomes
through various teaching learning experiences:

Test digital systems by applying principles of digital techniques and microprocessors.

Course Level LLearning Outcome(s)

Students will be able to achieve & demonstrate the following COs on completion' of
course based learning

Develop assembly language programming in 8086 to implement loops and branching
instructions.

Laboratory Learning Outcome(s)

Develop an assembly language program to shift given hex number to the left /right (with and

without carry).

Develop an assembly language program to rotate given hex number to the left /right (with and

without carry).

Relevant Affective Domain related outcome(s)
1. Handle 1C and Equipment carefully.
2. Follow safe practices.

Relevant Theoretical Background

Shift instructions-move a bit string (or operand treated as a bit string) to the right or left, with
excess bits discarded (although one or more bits might be preserved in flags). In arithmetic shift
left or logical shift left zeros are shifted into the low-order bit. In arithmetic shift right the sign
bit (most significant bit) is shifted into the high-order bit. In logical shift right zeros are shifted

into the high-order bit.

Rotate instructions are similar to shift instructions, except that rotate instructions are circular,
with the bits shifted out one end returning on the other end. Rotates can be to the left or right.

Rotates can also employ an extended bit for multi-precision rotates.
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VII. Algorithm/Example

There are four Shift and Rotate instructions as stated below-

SAL
ROL
ROR

ONoGarWONE

Example:

SHR:
SAR :
SHL :

RCL:
RCR:

Shift Logical Right
Shift Arithmetic Right
Shift Logical Left

: Shift Arithmetic Left
: Rotate without Carry Left
: Rotate without Carry Right

Rotate with Carry Left
Rotate with Carry Right

Use of SHL instruction for Multiplication: -

MOV CL,

03; Load CL register for the count

SHL BH, CL; Shift the contents of BH register by 3 towards left
If CF=0,BH =04H

BH = 20H (32D) [ 04 * 2°= 32 D, 20H = 32D]
Note: -- SHL can be used to multiply a number with powers of 2.

SHL / SAL (Shift Logical/Arithmetic Left)Cntd..

CF BH

° o o o |o |o [12 o o ou
S S S S S S
o |0 |0 |0 |0 |1 |0 |0 |O o8

VT
AV aVERy.

° o Jo /2 lo lo lo |o o k-

BH =20H withCF =0

Fig 15.1 SHL Execution

VIII. Resources Required
Sr. Name of Resource Suggested Broad Specification Quantity
No
1 Personal Computer Intel Pentium Onwards Minimum 2GB
RAM. 500GbyteHDD) installed with
Windows 2000 onwards
2 | Any Editor to write/edit EDIT/ Notepad
programs As per batch
3 | Turbo/Macro Assembler (TASM / MASM) Size
4 | Turbo Linker (TLINK/LINKS5)
5 | Turbo Debugger (ID/Debug), (DOSBOX utility for higher-
end operating systems)
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IX. Precautions to be followed

1.
2.

Handle computer systems and its peripherals properly.
Shut down computers properly.

X. Procedure

1.

okrwn

o

Write an algorithm and draw a flowchart of a given program. (Use blank space provided or
attach more pages if needed)

Double click on the DOSBOX TASM 1.4 icon.

Type edit filename.asm on DOS prompt and press Enter Key

Type the program and save on disk.

once the assembly language program is created, hen type tasm filename.asm on the command
prompt and press Enter Key to create filename.obj file

Type tlink filename.obj or tlink filename on command prompt and press Enter Key to create
filename.exe file.

. Finally, type debug filename.exe or td filename.exe on the command prompt and press Enter

Key to debug your program step by step

. Observe the contents of registers, memory location used and status of flags.

XI. Resources Used

Sr. Name of Resource Suggested Broad Quantity
No. Specification

XI1. Actual Procedure followed
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XII1. Program code with comments
Students should refer to the above example and try the following examples using Shift and
Rotate instructions. Observe the content of destination register and carry flag after executing the
below instructions in TASM and justify the answer using the above method.

Examples:-

1.1f CF =0, BX = E6D3H
SARBX, 1

2.1fCF=1,BX=C7A2H
SHR BX, 1

3. If CF =1, DX = 98F4H
ROR DX, 2

4. 1f CF =1, CX = B586H
ROL CX, 2

5. 1f CF=0,DX =E749H
RCR DX, 2

6. If CF =0, AX =15D2H
RCL AX, 2

XIV.  Observations: Students should observe and write the result from destination registers

Sr No. | Name of Register | Result
1. BX
2. BX
3. DX
4. CX
5. DX
6. AX

XIV. Result(s)/Output of the program
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XVI. Practical related questions
Note: Below given are a few sample questions for reference. Teachers must design
more such questions so as to ensure the achievement of identifying CO.

1.

oA W

Write an instruction to rotate register BH left 4 times with carry.

Write an instruction to arithmetically shift the content of register AH right 5 times.
Write an ALP to check whether the number is POSITIVE or NEGATIVE.

Rotate the contents of DX to write 2 times without carry.

Write an ALP to check whether the number is ODD or EVEN.

[Space for Answers]
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XVII. References /Suggestions for further reading
1. https://www.includehelp.com/embedded-system/shift-and-rotate-instructions-in-8086-

MICroprocessor.aspx
2. https://www.youtube.com/watch?v=0c8iKrco6nl
3. https://www.youtube.com/watch?v=b2fbAnfsBvs

Maharashtra State Board of Technology (K Scheme) 118



Digital Techniques and Microprocessor (313305)

XVIII. Assessment Scheme

(15) Related (10) (25)

Performance Indicators Weightage
Process Related : 15 Marks 60 %
1 Handling of the components 10%
2 identification of components 20%
3 Measuring value using suitable instrument 20%
4 working in teams 10%
Product Related: 10 Marks 40%
5 Calculated theoretical values of given component 10%
6 Interpretation of result 05%
7 Conclusion 05%
8 Practical related questions 15%
9 Submitting the journal in time 05%
Total ( 25 Marks) 100 %
Marks Obtained Dated signature of
Teacher
Process Related Product Total

Maharashtra State Board of Technology (K Scheme)

119



