SURESH ANGADI EDUCATION FOUNDATION’S 4,
ANGADI INSTITUTE OF TECHNOLOGY AND MANAGEMENT : “ /@,

Savagaon Road, BELAGAVI - 590 009. A §
(Approved by AICTE, New Delhi &Affiliated to Visvesvaraya Technological University, Belagavi, D
Accredited by NAAC) N

Department of Artificial Intelligence and Data Science

Digital Design and Computer Organization
BCS302

Prepared By:
Prof. Chetan S. Patil
Assistant Professor, AI and DS, AITM, Belgaum.

Prof. Dattatreya M. Choudhari
Assistant Professor, AI and DS, AITM, Belgaum.




Digital Design and Computer Organization BCS302

Syllabus
Digital Design and Computer Organization Semester 3
Course Code BCS302 CIE Marks 50
Teaching Hours/Week (L:T:P: S) 3:0:2:0 SEE Marks 50
Total Hours of Pedagogy 40 hours Theory + 20 Hours of Practicals Total Marks 100
Credits 04 Exam Hours 3

Examination nature (SEE) Theory
PRACTICAL COMPONENT OF IPCC

1. Given a 4-variable logic expression, simplify it using appropriate technique and simulate the
same using basic gates.

N

. Design a 4 bit full adder and subtractor and simulate the same using basic gates.

w

. Design Verilog HDL to implement simple circuits using structural, Data flow and
Behavioural model.

S

. Design Verilog HDL to implement Binary Adder-Subtractor - Half and Full Adder, Half and
Full Subtractor.

Ul

. Design Verilog HDL to implement Decimal adder.

)

. Design Verilog program to implement Different types of multiplexer like 2:1, 4:1 and 8:1.

~J

. Design Verilog program to implement types of De-Multiplexer.

o]

. Design Verilog program for implementing various types of Flip-Flops such as SR, JK and D.

Course outcomes (Course SKkill Set):

At the end of the course, the student will be able to:

CO1: Apply the K-Map techniques to simplify various Boolean expressions.

CO2: Design different types of combinational and sequential circuits along with Verilog
programes.

CO3: Describe the fundamentals of machine instructions, addressing modes and Processor
performance.

CO4: Explain the approaches involved in achieving communication between processor and
[/0 devices.

CO5:Analyze internal Organization of Memory and Impact of cache/Pipelining on Processor
Performance.

i
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Assessment Details (both CIE and SEE)

The weightage of Continuous Internal Evaluation (CIE) is 50% and for Semester End Exam (SEE) is 50%.
The minimum passing mark for the CIE is 40% of the maximum marks (20 marks out of 50) and for the
SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). A student shall be
deemed to have satisfied the academic requirements and earned the credits allotted to each subject/
course if the student secures a minimum of 40% (40 marks out of 100) in the sum total of the CIE
(Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.

CIE for the theory component of the IPCC (maximum marks 50)

e [PCC means practical portion integrated with the theory of the course.

o CIE marks for the theory component are 25 marks and that for the practical component is 25
marks.

e 25 marks for the theory component are split into 15 marks for two Internal Assessment Tests (Two
Tests, each of 15 Marks with 01-hour duration, are to be conducted) and 10 marks for other
assessment methods mentioned in 220B4.2. The first test at the end of 40-50% coverage of the
syllabus and the second test after covering 85-90% of the syllabus.

e Scaled-down marks of the sum of two tests and other assessment methods will be CIE marks for the
theory component of IPCC (that is for 25 marks).

e The student has to secure 40% of 25 marks to qualify in the CIE of the theory component of IPCC.
CIE for the practical component of the [PCC

e 15 marks for the conduction of the experiment and preparation of laboratory record, and 10 marks
for the test to be conducted after the completion of all the laboratory sessions.

e On completion of every experiment/program in the laboratory, the students shall be evaluated
including viva-voce and marks shall be awarded on the same day.

e The CIE marks awarded in the case of the Practical component shall be based on the continuous
evaluation of the laboratory report. Each experiment report can be evaluated for 10 marks. Marks of
all experiments’ write-ups are added and scaled down to 15 marks.

e The laboratory test (duration 02/03 hours) after completion of all the experiments shall be
conducted for 50 marks and scaled down to 10 marks.

e Scaled-down marks of write-up evaluations and tests added will be CIE marks for the laboratory
component of IPCC for 25 marks.

e The student has to secure 40% of 25 marks to qualify in the CIE of the practical component of the
IPCC.

SEE for IPCC

Theory SEE will be conducted by University as per the scheduled timetable, with common question
papers for the course (duration 03 hours)

1. The question paper will have ten questions. Each question is set for 20 marks.

2. There will be 2 questions from each module. Each of the two questions under a module (with a
maximum of 3 sub-questions), should have a mix of topics under that module.

3. The students have to answer 5 full questions, selecting one full question from each module.

4. Marks scored by the student shall be proportionally scaled down to 50 Marks

The theory portion of the IPCC shall be for both CIE and SEE, whereas the practical portion will
have a CIE component only. Questions mentioned in the SEE paper may include questions from
the practical component.

ii
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1. Given a 4-variable logic expression, simplify it using appropriate

technique and simulate the same using basic gates.

We can minimize Boolean expressions of 3, 4 variables very easily using K-map without
using any Boolean algebra theorems. K-map can take two forms Sum of Product (SOP) and
Product of Sum (POS) according to the need of problem. K-map is table like representation but
it gives more information than TRUTH TABLE. We fill grid of K-map with 0’s and 1’s then

solves it by making groups.

Components Required:
NOT Gate 7404—2 Nos

=

G w N

F(ABCD)=Y m (1,3,4,6,8,9,11,13,15) +d (0,2,14)

AND Gate 7408 ---2 Nos

OR Gate 7432--- 2 Nos
Digital trainer kit
Patch Chords

CD

AB

F(ABCD)=A’D’ + B'C'+B’'D+AD OR

Truth Table to be Verified: -

F(ABCD)=A’D’ + B'C’'+A’B’+AD

Department o_fAI&DS, AITM

Decimal
SLNO|Value MINTERMS |mterms |A |B |C |D |A"|B' |C'|D' |A'D' B'C' B'D AD F(ABCD)=A'D'+B'C'+B'D+AD
1 0 A'B'C'D m0 gjofjofoj1|1(1)1 1 1 1 0 1
2 1 A'B'C'D ml gjofjof1j1|1(1|0 0 1 0 0 1
3 2 A'B'CD' m2 0jo0f(1|0|1|]1]|0|1 1 0 1 0 1
4 3 A'B'CD m3 0jof1|1|1|1|0|0 0 0 1 0 1
5 4 A'BC'D' m4 gj1(0f0j1|j0(1]1 1 0 0 0 1
6 5 A'BC'D m5 gj1(0f1|1|0(1|0 0 0 0 0 0
7 6 A'BCD' mb 0j1(1]|0|1|0]0|1 1 0 0 0 1
8 7 A'BCD m7 gj1(1(1|1|0|0|0O 0 0 0 0 0
9 8 A'B'C'D m8 1({0j0j0|0O|1 |11 0 1 1 0 1
10 9 AB'C'D m9 1({0|0|1|0|1 |10 0 1 0 1 1
11 10 AB'CD' m10 110|1(0(0|1]|0|1 0 0 0 0 0
12 11 AB'CD mll 1(0(1|1|0|1 |00 0 0 0 1 1
13 12 ABC'D' m12 1(1(0|0|0|0 (1|1 0 0 0 0 0
14 13 ABC'D ml3 1(1(0|1|0|0 (1|0 0 0 0 1 1
15 14 ABCD' mi4 1)11|1(0(0|0]|0Of1 0 0 0 0 0
16 15 ABCD ml5 1(1(1|1|0|0 |00 0 0 0 1 1
1
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module p1lverilog(a,b,c,d,y);
input a;
input b;
input c;
input d;

outputy;

regy;
always @ (a, b,c,d)

begin

y=(~a&~d) [(~b&~c) | (~b & d) | (a & d);

end
endmodule
OUTPUT:
= [~ =[]

B2 LM o e ELETENER | il e e of o ol

= signals

File Edit  ¥iew Window
a

sim:/plverilog

91889 ps

0 ps to 1412096 ps
—_—
74 start e

2
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2. Design a 4-bit full adder and subtractor and simulate the same using
basic gates.

Full adder

BOOLEAN EXPRESSIONS:

sum=A@BPC

carry=AB+BC+AC

TRUTH TABLE:
INPUTS OUTPUTS
A B C |sum |carry
0 0 0 o O
0 0 1 11 0
0 1 0 11 0
0 1 1 0 1
1 0 0 11 0
1 0 1 0 1
1 1 0 o 1
1 1 1 11 1

3
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Full adder: -

Step 1

module pZupdated(a,b,sum,carry,c);
input [3:0] a;
input [3:0] b;
output [3:0] sum;

output carry;

4
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input c;

wire c1,c2,c3;

fa FAO(sum[0],c1,a[0],b[0],c);

fa FA1(sum[1],c2,a[1],b[1],c1);

fa FA2(sum[2],c3,a[2],b[2],c2);

fa FA3(sum[3],carry,a[3],b[3],c3);

endmodule

Xilinx - Project Mavigator - C:\Copyofp2updatedip2updated.npl - [pZupdated.v¥]

File Edit VYiew Project Source Process MWindow Help

U e d | =5 AL HE EER R B @ E - 4% %

2lx)
Sources in Praject: |
E p2updated
= £ Auto wer3000x-
= p2updated [p2updated.«)
fa [fa.v]

B Wocule tiew | (8 Snogshot iew | (2 Livary view |

=]
Processes for Source: “'p2updated” Ii
=@  Design Entry Utiities
¥ Create Schematic Symbal
n Launch bodelSim Simulator
@ Vizw Command Line Lag File —
Wiew Yerilog Instantiation T emplate
=@  User Constraints
ﬁ Create Timing Constraints
fid Assign Package Ping
\.@s Edit Constraints [Text)
=43 Implement Design
= Syntbesiza -wsT -

|1 | o
B Process View

1 module pZupdated(a,b, s, carry, el ;
= input [3:0] =

3 input [3:0] b

4 output [3:0] =
5 OULPUL CREFY}

=] input o)

-
=]

9 wire el,ec2,c3;

10 fa FAOQ (sum[0],cl,a[0],b[0],2);

i Tfa Fil(sum[1],c2,all],b[1],e1);

1z Tfa Fiz (sum[2],c3,al2],b[a],c2);

13 fa FAS (sum[3],carry,a[3],b[3].,03);
14  endmodule

¢

] p2updated.v | faw

x|
i

Launching &pplication for process "Launch MadelSim Simulator",

£
‘ | ‘ [\CDnSDleA Findin Files_p\_ Wamings _}_Emors f

Process "Launch ModelSim Simulator” is up to date,

14 start Y silire

Step 2 (create the file fa.v under the main module p2updated.v)

iJright click on main module p2updated.v

ii)select new source ->Verilog module ->enter file name as fa.v

iii) fa.v sub module gets created under the main module as seen in the process window
iv)type the code in the sub module fa.v and save.

v)compile both the main module p2updated.v and sub module fa.v

5

Department o_fAI&DS, AITM




Digital Design and Computer Organization BCS302

module fa(sum,carry,a,b,cin);
output sum;
output carry;
input a;
input b;

input cin;

wire wl,w2,w3,w4,w5w6,w7,w8,w9,w10;
not G1(w1l,a);
not G2(w2,b);
not G3(w3,cin);
and G4(w4,a,b,cin);
and G5(w5,w1,w2,cin);
and G6(w6,w1,b,w3);
and G7(w7,a,w2,w3);
and G8(w8,a,b);
and G9(w9,b,cin);
and G10(w10,a,cin);
or G11(sum,w4,w5,w6,w7);

or G12(carry,w8,w9,w10);

endmodule

6
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linx - Project Navigator, - C:\Copyofp2updatedip2updated.npl - [fa.¥]

File Edit VYiew Project Source Process MWindow Help J
DS W@ = E S E| R B @ ™ A% | Q
BE
eSO FIRE: | 10 module fa(sum, carry,a, b, ocin);
z oUChULT Sum}
B p2updated " 3 OULPUT CREEY
= £ Auto w3000 4 input a:
= p2updated [p2updated.«) 5 input b;
fa lfa] 5 input cing
-
= wire wil,w2,w3,wd,ws, we, w7, ws, wI, wio;
-] not Gliwl,a);
10 not G2 (w2, h);
11 not G3 (w3, cin);
12 and G4 (wd,a,b,cin);
13 and G5 (w5, wl, w2, cin);
|- 14 and G6(we,wl, b, w3);
B Wocule tiew | (8 Snogshot iew | (2 Livary view | 15 and G7(v7,=,2,93);

15 and GS(ws,a,b);
| x| i and G2 (Wl b, cin);

Processes for Source: "p2updated” Ii e and G10(wll,a,cin);
" 19 or Gl1({sum, w4, ws,we,w7r);
= @ Design Entry Utilities L. r Ll (oateg b w0y
¥ Create Schematic Symbal B VW3, W, H
n Launch bodelSim Simulatar
; i : ’ =l dmodul
@ view Command Line LogFile ~ — B endmodule

Wiew Yerilog Instantiation T emplate
=@  User Constraints
Create Timing Constraints
el Assign Package Ping
[ Edit Constiaints [Text)
=43 Implement Design
= Syntbesiza -wsT -

IS | | v S >
B Process View p2updated.v faxw

x| -
i
Launching &pplication for process "Launch MadelSim Simulator",
v
£ >
‘ | ‘ [\CDnSDleA Findin Files_p\_ Wamings _}_Emors f
Process "Launch ModelSim Simulator” s up to date. Ln 21 Cal 21 L4

Step1 output
= BEE

EEHE BRI LK ko 0@ [ ELENELEE ¢ Gefede o0

sim:/p2updated

22450 pg

0 ps to 105 ns e

7
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Step2 output

= - [=]x]

EEHE BRI LK ko 0@ P ELENEEE G e e of S0

= signals

File Edit  View Window

sim:/fa

99080 ps to 101803 ps A
—_——

8
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BOOLEAN EXPRESSIONS:

Full subtractor

diff=A@B®C

borr=AB+BC+AC

TRUTH TABLE
INPUTS OUTPUTS
A B C | diff |borr
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

9
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Full subtractor: -

10
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Changes to be made for full subtractor
Step1l

module ps(diff,B4,a,b,B0);
input [3:0] a;

input [3:0] b;

input BO;

output [3:0] diff;

output B4;

wire B1,B2,B3;

fs FSO(diff[0],B1,a[0],b[0],BO);
fs FS1(diff[1],B2,a[1],b[1],B1);

fs FS2(diff[2],B3,a[2],b[2],B2);

fs FS3(diff[3],B4,a[3],b[3],B3);

endmodule
i s = . = | I
Xilinx - Project Navigator - C:\skisk.npl - [pa.¥] |._||E|rz|
File Edit Wiew Project Source Process  Window Help ﬂ - a8 x
o PR - = o .
DEE@ =5 L E BE&R W | - 4% %
2| x
- B 1= dul diff, B4 I, BO) ; -
Sources in Project: | Tocu E_DS[ iff,B4,8.b,BO) =
E . 2 input [3:0] ar
E .
. 2 input [3:0] h:
= £ Auto xer3000x)- . input BO:
= ps [pa.v] 5 output [3:0] diff;:
Fe [fa.v] 8 output E4:
7 wire B1,B2,B3:
2 fs F30(diff[0] ,B1l,a[0],.b[0O],BO);
= =] fs F31(diff[1] ,B2,a[1],b[1],B1);
.'I:hﬂodulell'ieuu‘uSnapshotUieuu @Lihraryll’ieuu] 10 f= F32(diff([z2],B3,al2] . b[2],.B2):
11 fs F33(diff[3],.B4,a[3],b[3],B3);
2=l 12 endmodule
Pracesses for Source: "ps" Ii 13
=& Desian Entry Utiities [ 14
3 Create Schematic Symbol 15
Launch MadelSim Simulator 1= —
@ iew Command Line Lag File 1
Wiew Verilog Instantiation Template 18 2
@&  User Constraints - 1<Q I >—
4| o || = -
N B Process Wiew pav fa.v
x|
i Launching Application for process "Launch ModelSim Simulator.
< | ¥
\ Congole A Findin Files A Wamings } Emors f
Process "Launch Modelsim Simulator” is up to date. Ln1cColl L

——————
?.' start f i 3 Microsoft OFfi...  ~ wilirz: - Project Ma. .. [zl vish - | & ry Documents ® )L': % 10:02 PM
¢

11
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step2

module fs(diff,borr,a,b,cin);
input a;

input b;

input cin;

output diff;

output borr;

wire wl,w2,w3,w4,w5w6,w7,w8w9,w10;
not G1(w1l,a);

not G2(w2,b);

not G3(w3,cin);

and G4(w4,a,b,cin);

and G5(w5,w1,w2,cin);
and G6(w6,w1,b,w3);

and G7(w7,a,w2,w3);

and G8(w8,w1,b);

and G9(w9,b,cin);

and G10(w10,w1,cin);

or G11(diff,w4,w5,w6,w7);
or G12(borr,w8,w9,w10);

endmodule

12
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Xilinx - Project Navigator, - C:\skisk.npl - [fa.¥]

File Edit W%iew Project Sowrce Process  Window Help » |
LEeEdd =5 L EE R W G | - A%
2| x
S 7 Pt | 1= wodule f3(diff,borr,a,b,cin) ;2 A
2 input a;
B sk . 3 input i
= £ Auto xer3000x)- 4 input cing
= ps [pav] 5 cutput diff;
s Ifa.v) 5 output borr;
-
=] wire wl, w2, w3, wd, w5, we, w7, wd, wd, wld;
=] not Gliwl,a):
10 not G2 (w2, b))
N 11 not G3 (w3, cin)
B hoddule View ‘ X Shapshot iew m Library Wiewn J 12 and Gtiwd,a,b,oin)
13 and GS5iwS,wl, wd, ocin)
2lx | 4 and Ge(we,wl,b, w3 ;
Processes for Souwrce; "ps" I; 19 and GV (w7, a,wa,wd);
= W Design Entry Utilities = and GB(wd,wl, b
Y% Create Schematic Symbol - and G3 (w3, b, ein)
“ Launch ModelSim Simulator = and G10(wld,wi,cin):
M Wiew Command Line Log File = or G1l1(diff,wd, w5, ws,w?):
Wiew Werilog Instantiation Template e or Glz (borr,ws, w3, wll] ;
= W Uzer Constraints - endmodule
% Create Timing Constraints o
B8 Azzign Package Pins - e d
N | | |12 2
B Process Wiew pay faw

_LJI % Congale A Findin Files & Wamings A Emors f

Far Help, press Fl Ln 1 Cal 1 L0

Output:-

= - [=][x]

& FdBREB LhX o Q@ EF O EIEIEE | el e ol

1111 T0m om0 ::)1111
110

(I |

=

121

(K] Tl i:) Tiin

....f.ff

] signals g@@

0 ps to 816538 ps A

13
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3. Design Verilog HDL to implement simple circuits using structural, Data
flow and Behavioural model.

Structural Model
module p3structural(a,b,c,d,ey);

input a;

input b;

input c;

input d;

input e;

output y;
wireY1,Y2;
and G1(Y1,a,b);
and G2(Y2,c,d,e);

or G3(Y,Y1,Y2);

endmodule OUTPUT: -

= MEE

FEHE SRR LN o | RS Q® | ZF | CLEIERE | (ebe el oBn]

sirn:ipal

0 ps to 7OGSE0 ps
—_
72 start [ @ adelab manual.doc -

14
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Data Flow Model
module p31(a,b,c,d,e,y);
input a;
input b;
input c;
input d;
input e;

outputy;

wire Y1,Y2;
assign Yl=a & b;
assign Y2= c&d&e;

assigny=Y1|Y2;

endmodule
OUTPUT: -
= = ]

SRS FRE LK e Q@ ! [EF ! ELEIEE | e e of i

[Ei=I]

sim:fp3al

0 ps to 706048 p=

u.-' start

15
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Behavioral Model
module p3behavioral(a,b,c,d,e,y);
input a;
input b;
input c;
input d;
input e;

outputy;

regy;

always @(a,b,c,d,e)
begin

y=(a&b)| (c & d &e);
end

endmodule

OUTPUT: -
=

=] signals E @ @
a

sim:/p3behavioral

226911 ps

16
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4.Design Verilog HDL to implement Binary Adder-Subtractor - Half and Full
Adder, Half and Full Subtractor.

Half adder: -

BOOLEAN EXPRESSIONS:
sum=A @ B
cout=A B

TRUTH TABLE

INPUTS [ OUTPUTS

A B |sum cout

0

o

| k| O] O

0
1
0
1

ol | | O

(BN

module p4addsub(a,b,sum,cout);
input a;
input b;
output sum;

output cout;

reg sum, cout;
always @(a,b)
begin

sum=a " b;

cout=a&b;
end
endmodule

17
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OUTPUT: -

= HER

SHE ! SRR LK o QAQR I EFEEIEE  jufiefesf o

sim:/pdaddsub

23917 ps to 376941 ps ’
Yistart [ Ol adelehmon.

18
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Half Subtractor

BOOLEAN EXPRESSIONS:

Diff=A & B

Borr = AB

TRUTH TABLE
INPUTS | OUTPUTS
A B | Diff| Borr
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

module p4hs(a,b,Diff,Borr);
input a;
input b;
output Diff;

output Borr;

reg Diff, Borr;
always @(a,b)
begin

Diff =a " b;
Borr = (~a) &b;
end

endmodule

Department of AI&DS, AITM
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OUTPUT: -
= - = [x]

SHE SRR LN Teof  QQQ@& | EF EEIELE | felefesioling

] signals

File Edit  Wiew Window

sim:/pdhs

300000 ps

0 ps to 706045 ps g

i start | Thad

20
Department of AI&DS, AITM




Digital Design and Computer Organization

BCS302

Full Adder

BOOLEAN EXPRESSIONS

Sum=A @ B & Cin

Cout=A B + B Cin + A Cin

TRUTH TABLE

INPUTS OUTPUTS

A B Cin sum cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

module p4fa(a,b,cin,sum,cout);
input a;
input b;
input cin;
output sum;
output cout;
reg sum, cout;
always @(a,b,cin)
begin
sum = a’b”cin;
cout=(a&b) | (b &cin) | (a &cin);
end

endmodule

21
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OUTPUT: -
=

EES ! LBRB LK T  QQQR I ET ELEIERE | elciesiinl

= signals E@@

sim:/pdfa

300000 ps

- [= x|

0 ps to 70045 ps

7y start | adel

22
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Full Subtractor
BOOLEAN EXPRESSIONS
Diff=A@BEHC
borr=AB+BC+AC

TRUTH TABLE

INPUTS OUTPUTS

diff

borr

0

0

o L L e =1 K=l =1 =] >
RlR|O|Oo|R||o|lo|@
RlO|R|Oo|r|o|R|o|lO

R|lo|lo|r|o|r|-

R|lo|lo|lo|lr|r|+-

module p4fs(a,b,c,diff,borr);
input a;
input b;
input c;
output diff;

output borr;

reg diff, borr;

always @(a,b,c)

begin

diff = a*b”c;
borr=(~a&b)|(b&c)|(~a&();
end

endmodule
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OUTPUT: -
= - [=x]

EES ! LBRB LK T  QQQR I ET ELEIERE | elciesiinl

simn: Apdfs

300000 ps

0 ps to 70045 ps g

7y start | adel
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5.Design Verilog HDL to implement Decimal adder.

This Verilog module, "DecimalAdder," takes two 4-bit decimal inputs A and B and produces
a 4-bit sum (Sum) and a carry-out (CarryOut) output. The logic inside the "always" block
performs decimal addition with carry propagation, and it also handles the case when the
result is greater than 9. In such cases, it adds 6 to the result and updates the carry

accordingly.

module p5deci(a,b,sum,cout);
input [3:0] a;
input [3:0] b;
output [3:0] sum;
output cout;

reg [3:0] sum;

reg cout;

always@ (a,b)

begin

{cout,sum} = a+b;
if(a>9 || b>9 || sum>9)
begin

{cout,sum} = sum+6;
end

end

endmodule

OUTPUT: -

=

= = &

0000 b
390061 ps

ELER B4 F | d e de b o ol

BEE

P aBE ] KK o | RQ QR | EF ;
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6.Design Verilog program to implement Different types of multiplexer like
2:1,4:1 and 8:1.

2:1 Mux

module p621(y,d0,d1,A);
outputy;
input d0;
input di;
input A;
regy;
always @ (d0,d1,A)
begin
y=((~A & d0)|(A & d1));
end
endmodule
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output: -
= - [=]x]

EEHE ! dBRR I LY o B GO  [FF i ELEIEIE | jeielesd Mk

= signals E@@

sim:/pE21

0 ps to 353024 ps 4

—_——
iy Start r@. ade lab manual.... L. jef ault r‘ﬁ structure S signals
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4:1 Mux

module p641(y,d0,d1,d2,d3,a0,al);
outputy;
input dO;
input d1;
input d2;
input d3;
input a0;
input al;

regy,;

always @ (d0,d1,d2,d3,a0,a1)

begin

y=(~a0 & ~a1 & d0) | (~a0 & a1l & d1) | (a0 & ~al & d2) | (a0 & a1l & d3);
end

endmodule
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OUTPUT: -
= - [=]x]

FHE sBRRBLE *of | QR R EIEIEE | jeiele i

L
o = 50
@ /pbdifal 3

= signals g@@

sim:/pE41

5000 153
455462 ps

176512 ps to 529536 ps a
—_—— :
vy start
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8:1 Mux

module p681(y,d0,d1,d2,d3,d4,d5,d6,d7,a0,a1,a2);
outputy;
input dO;
input d1;
input d2;
input d3;
input d4;
input d5;
input d6;
input d7;
input a0;
input al;
input a2;
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regy;
always @ (d0,d1,d2,d3,d4,d5,d6,d7,a0,a1,a2)

begin

y=(~a0 & ~al1l & ~a2 & d0) |
(~a0 & ~al & a2 & d1) |
(~a0 & a1l & a2 & d2) |
(~a0 & al&a2&d3) |
(a0 & ~al & ~a2 & d4) |
(a0 & ~a1 & a2 & d5) |
(a0 & a1l & ~a2 & d6) |
(a0 & a1l & a2 & d7);
end
endmodule

OUTPUT: -

= - [=]x]

FEHES BB LK e KA FELHEBRR! §_§_§_ﬁiﬁﬁ

1
51
510
5h
5t
510

St
St0
51
St

i

I

=14
(]

0 ps to 705045 ps

Vs start [ hjackl
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7.Design Verilog program to implement types of De-Multiplexer.

1:2 Demultiplexer

module P712(D,Y0,Y1,A);
input D;

output YO;

output Y1;

input A;

regY0,Y1;
always @ (A,D)
begin

Y0=(~A & D);
Y1=(A & D);
end
endmodule
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OUTPUT: -
- [=]x]

dEBE LN o RO e  EF ELEIEIE | jeleie s ofinf

= signals g@@

sim: /P72

70799 ps

0 ps to 353056 ps 4
—_—
4y Start r‘@. ade lab manual....
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1:4 Demultiplexer

module P714(D,A0,A1,Y0,Y1,Y2,Y3);

input D;

input AO;

input A1;

output YO;

output Y1;

output Y2;

outputY3;

regY0,Y1,Y2,Y3;
always @ (A0,A1,D)
begin

Y0=(~A0 & ~A1 & D);
Y1=(~A0 & A1 & D);
Y2=(A0 & ~A1 & D);
Y3=(A0 & A1 & D);
end

endmodule
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OUTPUT: -
= - [=]x]

EEHE ! dBRR LY o H GO  [FF ELEIEIE | jele e il

] signals E] @ @

sim:/F714

100000 ps

0 ps to 353024 ps 4

—_————
iy Start r@ ade lab manual.... L. default r‘ﬁ structure
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1:8 Demultiplexer

module P718(D,A0,A1,A2,Y0,Y1,Y2,Y3,Y4,Y5,Y6,Y7);
input D;
input AO;
input Al;
input A2;
output YO;
output Y1;

output Y2;
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output Y3;
output Y4;
output Y5;
output Y6;

output Y7;

regY0,Y1,Y2,Y3,Y4,Y5,Y6,Y7;
always @ (A0,A1,A2,D)
begin

Y0=(~A0 & ~A1 & ~A2 & D);
Y1=(~A0 & ~A1 & A2 & D);
Y2=(~A0 & A1 & ~A2 & D);
Y3=(~A0 & A1 & A2 & D);
Y4=(A0 & ~A1 & ~A2 & D);
Y5=(A0 & ~A1 & A2 & D);
Y6=(A0 & A1 & ~A2 & D);
Y7=(A0 & A1 & A2 & D);
end

endmodule

Department of AI&DS, AITM
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OUTPUT: -

= - =]
P K o me Qe P ELEE[EEEE | fe e e o ol 0l

] signals g @ @

sim:/P718

0 ps to 353024 ps y
—_—— :
(@

vy Start

38
Department of AI&DS, AITM




Digital Design and Computer Organization BCS302

8.Design Verilog program for implementing various types of Flip-Flops such
as SR, JK and D.

SR FLIP-FLOP

module p8sr(s,r,clk,rst,q,gbar);
inputs;
input r;
input clk;
input rst;
output q;

output gbar;
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reg q,qbar;

always@(posedge clk)

begin

if(rst)

q<=1'b0;
else if (s==1'b0 && r==1'b0) q<=q;
else if (s==1'b0 && r==1'b1) q<=1'b0;
else if (s==1'b1 && r==1'b0) q<=1'b1;
else if (s==1'b1 && r==1'b1) q<=1'bx;

assign gbar=~q;

end

endmodule

OUTPUT: -

= - [=]x]

EEHS | LRB LK o RRIQR I ET ELEIEE | jeleleiial

sirm:/pBsr

299050 ps to 301808 ps e
—_——
iy Start r—!ﬂadel‘ anual,...
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JKFLIP-FLOP

module p8jk(jk,clk,rst,q,qbar);
input j;
input k;
input clk;
input rst;
output g;

output gbar;
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reg q,qbar;

always@(posedge clk)

begin

if(rst)

q<=1'b0;
else if (j==1'b0 && k==1'b0) q<=q;
else if (j==1'b0 && k==1'b1) q<=1'bO0;
else if (j==1'b1 && k==1'b0) q<=1'b1;
else if (j==1'b1 && k==1'b1) q<= ~q;
assign gbar = ~q;
end

endmodule
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OUTPUT: -
= - [=x]

EES ! LBRB LK T  QQQR I ET ELEIERE | elciesiinl

] signals

File Edit View window

sim:/pajk

500000 ps

SHE ! SRR LK o QAQR I EFEEIEE  jufiefesf o

= signals

File Edit View Window

sim:/pdjk

298388 ps

0 ps to 1413120 ps 4
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D FLIP-FLOP

module p8dff(d,clk,q);

input d;
input clk;

output g;

regq;

always @(posedge clk)
begin

q<=d;

end

endmodule
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OUTPUT: -
= =]

EHS PRI LK T R Q@ I EELEIERE | jebke e

sim:/padfi

299050 ps to 301808 ps P

i start [T
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STEPS TO BE FOLLOWED FOR EXECUTING
THE VERILOG PROGRAMS USING XILINX SOFTWARE

1. click on the project navigator.

N

T ade lab manual.doc - ... rd ... 0 & 6:03PM
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2. go to the file and select new project.

Xilinx - Project Navigator - c:\p2fs\p2fs.npl
(=N Edit Wiew Project

OpenPrnjct |@|§‘|E&‘*?HJ%Q|E’Q|% 'l|/‘%%%|@‘

=k

Source  Process Window Help

Cpen Example. ..

Close Project |

Save Project As. ..

New Chrl+M
Qpen... Chrl+0
Close

Save Chrl+5
Save Bs...

Frint... Chrl+P

Save Al

Recent Projects 3
Recent Files 3

Exit i |E Libraty Wiew I
2l x|
Processes for Souwrce: "p2fs" I;l
B AddExisting Source
B Create New Source
Design Entry Utilities
- ¥3  Create Schematic Symbal
Launch ModelSim Sirmulatar

/ “Wiews Command Line Log File

“iew WYHDL Instantistion Template
= @’ Uszer Constraints

- Create Timing Congtraints
8 Agsign Package Ping

£ Edit Congztraints [Text) -
< | JJ

B Process iiew I

x|
< Il | 3
<[4 » ¥ Consale £ Findin Files A Wamings p_Emors f

Creake a new project
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3. enter the project name and click next.

Xilinx - Project Navigator

File Edit Yiew Project Source Process SWindow  Help

2N

EE&R|[s=e|oem | +%%%[Q]

SP A
BF

Sources in Project: I

EEE Auta xer3000:4-7
p2fs [p2fs.v)

New Project

- Enter a Mame and Location for the Project

Project Mame: Project Location:

|D1| chpl _I

1% ttonule view | I Srapshot view | [) Library

-~ Select the type of Top-Level module for the Project

Processes for Souce: ''p2fs” Top-Level Module Type:
Add Eristing Source HOL ~|
Create New Source
Dezign Entry Utilities
9 Create Schematic Symboal
M Launch ModslSim Simulator
] ’ iew Command Line Log File
Wiew WHOL Instantiation Tem
User Constraints
Create Timing Constraints
- Azzign Package Pins
Edit Conztraints [T ext]

g S

.-:PI'DCESS Wigw I

< Back I Mext > Canicel Help

%[ [Empty Log]
5 mpty Log

< i | 3
A4 F[F M Consale £ Findin Fles A Wamings p_Enors f

Hierarchy is up ko date, B
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4. select device family cool runner XPLA3 CPL (by default) click next.

Xilinx - Project Navigator - c:\p2fs\p2fs.npl
File Edit Yiew Project Source  Process  Window  Help
B E|E R
2=l

“Dm’*uﬁ

EEe |(||ree|oc @ s a3 %|Q |

Sources in Project:

New Project

- Select the Device and Design Flow for the Project
Property Hame Yalue
Device Family -
Device Auto xera000s|
L Package *
B htodule iew I X Snapshot Wiew |D Library Speed Grade -
Top-Level Module Tyvpe HOL
Framosses (o Sauee "Fds" S_.l,lnthems Tool #5T NHDLNerllog]
—— Simulatar td odelsim
8  AddEsisting Source Generated Simulation Language YHOL
B Create Mew Source
=] @ Diesign Entry Utilities
- Create Schematic Symbal

Launch ModelSim Simulatar
' ‘Wiew Command Line Log File
Wiew WHOL Instantiation Tem

Create Timing Constraints
Azzign Package Pins
Edit Constraints [Text]

| o]

< Back I Mext » I Cancel Help

B3 Process isw I

[ [Empty Log)
5 ity Log

£ 1l ] 3
[ F [P Console £ Findin Fles A Wamings A Emors f
Hierarchy is up ko date,
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5. click on new source.

Xilinx - Project Navigator - c:\p2fs\p2fs.npl

File Edit Yiew Project Source  Process  Window  Help

“Dm’*uﬁ

EEe |(||ree|oc @ s a3 %|Q |

HPE R E
2l
|

Sources in Project:

=1 £3 Auto xer3000:4-
p2fs [p2fsv)

New Project

Create a Mew Source

| | Source File I Type I Mew Source... I
1 | |
Femove |

B htodule iew I X Snapshot Wiew |D Library

Processes for Source: "'p2fs"

-8 Add Existing Source Create a new source to add ta the praject [optional]. Only one new source can be specified now.
-3 Create Mew Source Additional new sources can be added after project creation using the "Project->New Source”
command

Diesign Entry Utilities
L2 Create Schematic Symbol
“ Launch ModelSim Simulatar
' ‘Wiew Command Line Log File
Wiew WHOL Instantiation Tem
Uszer Constraints
ﬁ Create Timing Constraints
i3l Azzign Package Pins
|)® Edit Constraints [Text]

| o]

Mext > Cancel

B3 Process isw I

[ [Empty Log)
5 ity Log

£ 1l ] 3
[ F [P Console £ Findin Fles A Wamings A Emors f
Hierarchy is up ko date, [
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