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Text: Mano and Ciletti, Digital Design, 51" Edition, Chapter 2

Required software:
Xilinx ISE 14.7

5.1 Boolean Algebra is a mathematical approach to deriving equivalent functions. It is
desirable to be able to simplify a function in order to design a circuit that uses fewer
gates which can result in a more compact, lower-power design or to reduce the
propagation delay of a signal through the circuit in order to speed up the circuit.

The table below shows the various identities that can be used to simplify a function.

Boolean Algebra Identities:

Name Identity
Involution (Double Negative) A'"=A
Law of Intersection A+0=A Asl=A
Complementary Law A+A =1 A*A' =0
Idempotent Law A+A=A A*A=A
Null Law A+1=1 A*0=0
Identity Law A+0=A Asl=A
Commutative Law A+B=B+A AB = BA
Associative Law A+(B+C)=(A+B)+C A(BC) = (AB)C
Distributive Law AB+C)=AB+AC A+BC=(A+B)(A+C)
DeMorgan’s Law (A+B)' = A'B' (AB) =A"+B'
Law of Absorption A+AB=A AA+B)=A
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The easiest to derive form of a function is the canonical representation, either Sum of Minterms or
Product of Maxterms. A minterm is a product term that contains every input variable and a maxterm is a
sum term that contains every input variable. Minterm i will evaluate to true (1) for input combination i.
Maxterm i will evaluate to false (0) for input combination i. The table below shows the minterms and
maxterms for all possible input combinations for a 3-variable function with inputs variables A, B, and C.

A B C| minterm Maxterm
0 0 O m0 = MO = A+B+C
A'B'C'

0 0 1| ml=ABC Ml=A+B+C

0 1 0|m2=ABC' M2=A+B+C

0 1 1| m3=ABC M3=A+B+C

1 0 0| m4d=ABC M4=A+B+C

1 0 1| ms=ABC M5=A+B+C

1 1 0] m6=ABC M6 =
A'+B'+C'

1 1 1| m7i=ABC M7=A+B'+C

A function can easily be expressed using a Sum of Minterms expression by taking the logical sum (OR)
of the functions minterms (e.g., for every input combination that produces a one on the output). Likewise,
a function can easily be expressed using a Product of Maxterms expression by taking the logical product
(AND) of the functions maxterms (e.g., for every input combination that prodcues a zero on the output).

Consider the XOR and XNOR functions shown in the table below.

A|BIAD®B| (AD
B)'
0|0 0 1
0]1 1 0
10 1 0
1)1 0 1

The exclusive-or of A and B, A @ B, can be expressed as the sum of minterms 1 and 2. That is,
A®B=>m(l,2)=AB+ AB'

The exclusive-nor of A and B, (A €@ B)' can be expressed as the sum of minterms 0 and 3. That is,
(A @ B)'=Ym(0,3)=AB'+ AB

The exclusive-or of A and B, A @ B, can be expressed as the products of Maxterms 0 and 3. That is,
A@®B=]IM(0,3)=(A+B)A'+B
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The exclusive-nor of A and B, (A @ B)' be expressed as the product of minterms 1 and 2. That is,

(A @ B) =[IM(1,2)=(A+B)A"+B)

In this part of the experiment you should do the following (in your lab notebook):

e We will explore three different functions for implementing the majority voter, V, described in

Experiment 4. The first, referred to as F1, is the function for V from Experiment 4.
F1=AB+BC+AC

e Write the truth table for the majority voter, V, with inputs A, B, and C (this was derived in
Experiment 4).

e Express the majority voter function V using the sum of minterms canonical notation. Call this
function F2.

e Express the majority voter function V the product of maxterms canonical notation. Call this
function F3.

e Use the Boolean Algebra identities to prove that F1 = F2. Show the steps and label each step with
the appropriate identity/Law. Hint, you can use the Idempotent law to add additional redundant
minterms.

e Use the Boolean Algebra identities to prove that F1 = F3. Show the steps and label each step with
the appropriate identity/Law.

5.2* In this part of the experiment you will verify the Consensus Theorem (AB + A'C + BC = AB + A'C)
by implementing the following two functions using the Verilog Hardware Description Language (HDL),
simulating the Verilog functions using the 1Sim simulator, and verifying that they both produce the same
simulation waveform.

F1=AB+A’C +BC

F2=AB+A’C

The purpose of this Experiment is to help you learn the basics of designing combinational logic circuits
using a hardware description language (HDL), to learn the basic of how to model a circuit using structural
(gate-level) modeling in Verilog, and how to verify that a circuit works properly using a simulator.

Follow along with the instructions provided to implement F1 and F2 in Verilog and to simulate the
circuits to verify that F1 is equivalent to F2. Record notes and observations in your manual to assist you
in the future when designing circuits in Verilog.
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Turn on the lab computer. Open up the Xilinx ISE Design Suite 14.7 (located on the Desktop).

ISE Design
Surte 14.7

Click ok after reading the tip of the day (don’t worry if you don’t understand the tip). Click on New
Project.

A
G | |o | » 138
Start <+ F X

Welcome to the ISER Design Suite

Project commands
Open Project... | |Project Browser...
Mew Project... Open Example. ..

Add your username in the path for Location after “C:\Users” (ex: “C:\Users\nwarter). Don’t click the ...
to navigate as there appears to be a bug in the installation and ISE will crash®. Then give the project a
name (ex: concensus?).

1 Also don’t use the Add Source feature in ISE at this point. This will also crash the tool. These bugs have been reported to
the IT consultants.
2Note, in the project and filenames used in this design, consensus was misspelled as concensus.



EXP.5 (pg.5)

& MNew Project Wizard >

“Create New Project
Specify project location and type.

Enter a name, locations, and comment for the project
Name: concensus|
Location: C:\Users\nwarter\concensus

Working Directory: | C:\Users\nwarter\concensus

Description:

Select the type of topJevel source for the project

Top-evel source type:

HDL

Mare Info Cancel

In this experiment we will be simulating the results in software. It is also possible to synthesize the code
to run on hardware. However, we will not be doing that in lab this semester. Therefore, you do not need
to specify the device or any of the information in the top half of the Project settings window. You do

need to specify (if not already specified) that the Simulator is 1Sim and the Preferred Language is
Verilog. Then click Next and Finish.



& New Project Wizard

< Project Settings

Spedfy device and project properties.

Select the device and design flow for the project

Property Mame

Evaluation Development Board
Product Category

Family

Device

Package

Speed

Top-Level Source Type

Synthesis Tool

Simulator

Preferred Language

Property Specification in Project File
Manual Compile Order

VHDL Source Analysis Standard

Enable Message Filtering

iValue

MNone Specified
All

Artin?
ACTAI00T
C5G324

-3

HOL

XST (VHDL/Verilog)
1Sim (VHDL/Verilog)
Verilog

Store all values

|

VHDL-93

|

L4 B9 K9 K

SH<U<H<H<SU<E |

More Info
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To add a source file to the project, under Project, select New Source (we’ll abbreviate this instruction as
Project -> New Source). In the Select Source Type window, select Verilog Module and specify the
File name (ex: concensus). Also make sure Add to project is checked.

& New Source Wizard

“Select Source Type
Select source type, file name and its location.

. IP (CORE Generator & Architecture Wizard)
Schematic

User Document

Verilog Module

Verilog Test Fixture

j| VHDL Test Bench
7% Embedded Processor

Moare Info

VHDL Module File name:
VHDL Library concensus|
VHDL Package

Location:

C:\Users\nwarter\concensus

Add to project

Cancel

Click Next. Specify the names of the input and output ports. In our example, A, B, and C are inputs and

F1 and F2 are outputs. Make sure to change the Direction of F1 and F2 to output.
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& Mew Source Wizard *
< Define Module
Specify ports for module.
Module name | concensus
Port Name Direction Bus MSB LSB K
A input ~
B input ~ O
C input ~
F1 output ~
? TR |
input ~| [
input ~
input ~| [
input ~ O
input v v
More Info < Back Cancel

Click Next, review the summary to make sure it is correct and then click Next again. If there you notice a
mistake in the summary, click Back and go back to correct it.

& MNew Source Wizard X

“Summary
Project Navigator will create a new skeleton source with the following specifications.

Add to Project: Yes

Source Directory: C:\Usersiwarter concensus

Source Type: Verilog Module

Source Name: concensus. v

Module name: concensus

Port Definitions:
A Pin input
E Pin input
C Pin input
Fi Pin output
F2 Fin output

More Info < Back Cancel

A template for your Verilog design should appear. Since we are simulating the circuit, click on the
Simulation radial button under Design next to View. If the Verilog code is not showing in the large
window, select the Verilog file (concensus.v) in the Hierarchy window.

Notice in the template below for concesus.v, there is a module named concensus. The module has three
input ports, A, B, and C, and two output ports F1 and F2.
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 |SE Project Navigator (P.20131013) - C:\Users\nwarter\concensus\concensus.xise - [concensus.v] - m] x
File Edit View Project Source Process Tools Window Layout Help - 8 X
o2 | & ¥ B (o = 2APRARAR|A ZREDI=| AP L
Design <03 x| & 1 "t 1
[ [ View: O {8} Implementation @ [ simulation = 2 S
& Behavioral ~ — 3
4
H;J Hierarchy “ 5 /
. '\L“j CONCENSUS 6 / Create Date: 15:52:55 058/19/2016
=z | B £ xc7al00t-3csg324 7 // Design Name:
g concensus (concensus.v) 2 8 // Module Name: concensus
= — 9 '
A 10
% 11
= | 2
= Al 1z
) “ 14 // Dependencies:
)

¥ | B2 Mo Processes Running
71 | Processes: concensus 20 h CLCLELE SRR ES TS
5 . . 21 wodule concensus(
B W 15im Simulator . inpor &,
;{: 23 input B,
" 24 input C,
m 25 output F1,
26 output F2
27 )i
28
29
30 endmodule
a
< >
& Start B2 Design [ Fies [ Libraries CONCensus.v B8 | = Design Summary
Console <08 X|
Launching Design Summary/Report Viewer... ~

3y INFO:HDLCompiler:1845 - Analyzing Verilog file "C:/Users/nwarter/concensus/concensus.v" into library work
i INFO:ProjectMgme — Parsing design hierarchy completed successfully.

<
E‘ Console @ Errors 1% Warnings (@4 Find in Files Results

Save the active file Ln21 Col1 Verilog

Implement the functions F1 and F2 in the module concensus using Verilog HDL. The following logic
primitives are available to be used:
not, and, or, nand, nor, xor, xnor

Notice that these primitives are the same as our basic gates that you tested in Experiment 3. Notice that
the primitives are all lower case (case matters in Verilog) and that they turn blue when you type them
indicating that they are reserved words. When using a primitive, after the name of the primitive there is a
set of parentheses () and between the parentheses are the ports. The ports are the inputs and outputs to
the function. When using a primitive, the output port is always first because the basic logic functions
(gates) only have one output. However, they can have multiple inputs. For example, we have seen both a
two input NAND and a three input NAND. There is no need to indicate the number of inputs in Verilog,
instead all ports after the output port are assumed to be inputs).

Consider the Verilog statement
and (AB, A, B);

Notice that the output of the and primitive (gate) is given the name AB and that the inputs to the and
primitive (gate) are A and B. Since the Verilog language is case sensitive, input A would be different
from a. The name of the output, AB, could be any name (as long as it is a letter, number or underscore
and starts with a letter). AB was chosen here because it signifies the product term AB. Notice that the
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statement ends with a semicolon (;). Before proceeding, convince yourself that the following code
implements the functions F1 = AB + BC + A’Cand F2 = AB + A’C.

Notice that the underscore () is often used to indicate not (e.g., A_is A not or not A). Also notice that
the code for the design is indented (tabbed over) so that it is easy to see what is contained in the module.
Extra white space is ignored by the HDL Compiler but you should use tab to make your code more

readable.

Type the code for F1 and F2 into your source file (ex: concensus.v). Also modify the comments as shown

but include your and your partners names under Engineer.

E'_I'l:u:uls Window Layocut Help

o | 2 ALPBRFAIABETID| LN

34 endmodule
35

k| 4= 1 ‘timescale 1ns / 1p=
= 2 (I TLITTIE T IITIE LTI TT LT
— 3
= 4 . Warter-Perez
i3 5
& f Create Date: 15:52:55 09/19/20
7 /{ Design Name: Experiment 4
8 { Module Name: COnCensus
=] { Project Hame:

-
A 10 { Target Devices:
- 1 11 f Tool wversions:
1z f Description:
A 13
. 14 f Dependencies:
- is
) 1& / Revision:
(5] 17 / Revision 0.01 - File Created
18 f Additional Comments:
19
20 JSIFFSSS S
21 module concensuas |
22 input A,
L 23 input B,
24 input C,
25 output Fl,
N 26 output F2
27 )i
28 not (B, R):
29 and (AB, A, B):
30 and (BC, B, C):
31 and(fk C, & ,C):
32 or{Fl, AB, BC, L C):
33 or(F2, BB, A C)i
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After you finish entering the design, save the file. If there are any syntax errors indicated in the console
window, fix them. For example, delete the semicolon (;) after the not primitive and click save. You’ll
notice that there is an error message indicating that there is a syntax error (Syntax error near "and").
When the HDL Compiler tries to analyze the code it encounters the and primitives and it notices that
there is an error because there should have been a semicolon (;) encountered before the and. Replace the
semicolon after the not statement and save the file again. The syntax error message should go away.

Under Processes, expand the 1Sim Simulator dropdown and click on Behavioral Check Syntax. Again, if
there are any mistakes, fix them, save the file, and run Behavioral Check Syntax again (click on it again).

 |5E Project Mavigator (P.20131013) - C\Users\nwarter\concensus\.concensus.xise - [concensus.v]
m Edit View Project 5Source Process Tools Window Layout Help
FEET IR R R Y- Y P Y
Design +08 x 1
B View: () It‘:a}lmplememﬁﬁon @ Simulat’on 2
u‘E_.l Behavioral = 3 e -
4 // Engineer: Prof. Warter-Perez
HIEJ Hierarchy = 5 ;
= '-Eﬂ concensus &€ // Create Date: 15:52:55 08/1%/201a
s | = B3 xcTal00t-3csg324 7 // Design HName: Experiment 4
él concensus (concensus.v) g 8 // Module Hame: CONnCensus
o T g // Project Name:
A 10 // Target Devices:
— o 11 // Tool wversions:
T s
iﬁ £ 12 // Description:
= Al 1s
i % 14 // Dependencies:
= 2k
o 16 " Re
&) 17 i Re n 0.01 - File Created
— 18 / Bdditional Comments:
2Lt
20
21 module concensus|(
22 input &,
23 input B,
: 24 input C,
: €2 Mo Processes Running 55 output F1,
T | Processes: concensus 28 output F2
= e 27 )i
,'E{: = ﬁ‘ :Sim Slmu.lator >a not(A , A):
€2  Behavioral Check Syntax e and (3B, A, B);
Ely = = & - " r Olr
B8 Simulate Behavieral Model = and(BC, B, C):
31 and(a C, & ,C);
32 or(F1, B, BC, A C):
B, or(F2, AB, A C):
34 endmodule
S

In the console window you should see the following message if there are no errors.

& Start Y Files

E‘Iﬁ Design

Console

E Libraries

CONCENSUS. v

B

1

Frocess "Behavioral Check Syntax" completed successfully

Bnalyzing Verilog file "C:/Xilinx/14.7/I5E DS/ISE//wverilog/src/glbl.v" in

Console e Errors 1.!_\1 Warnings  {§ Find in Files Results
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To simulate the circuit, we need to provide test inputs just as we use switches or the counter output to

provide test inputs to our circuits in Experiments 3 and 4.

Under Project, select New Source (or right click in the Hierarchy window and select New Source).
Select Verilog Test Fixture and name the file (ex: test). Make sure Add to project is selected. Click
Next, Next, and Finish. Note, that you do want it associated with concensus.v since it will be providing
the inputs for that module.

& Mew Source Wizard X

select Source Type
Select source type, file name and its location.

BMM File
&% Chip5Scope Definition and Connecticn File

Implermentation Constraints File
[ P (CORE Generator & Architecture Wizard)
MEM File
Schematic
Uszer Document
Verilog Module test|
Verilog Test Fixture
YHDL Module
VHDL Library C:\Users\nwarter \concensus
VHDL Package
YHDL Test Bench
Embedded Processor

File name:

Location:

Add to project

Maore Info Cancel

Notice that the test fixture provides a template for you with the inputs for the uut (uevice under test)
already inserted (ex: A, B, C). To test the circuits, values have to be loaded into registers (components
that hold values) A, B, and C. This is similar to what we have done in hardware on the breadboard where
we have driven the inputs from the counter (which can hold values) or from the switches which can be
mechanically/physically set to a particular value. The outputs will be driven on the wires F1 and F2.
Under the comment Add stimulus here, you should assign various test input combinations to A, B, and
C. Notice they have already been initialized to 0. In between each test case, insert a delay using the
statement #10 (the value of the delay doesn’t matter in this case because we are only simulating for
behavior and not for timing).
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 |ISE Project Mavigator (P.20131013) - C\Users\nwarter\concensus\concensus.xise - [test.v®]
File Edit View Project 5Source Process Tools Window Layout Help
D.'}Hﬂ|:_db- ﬁl"’“l”; -*'t'ﬁ'@ﬂ'-§|-’*§E;TTE"‘“'¢?;’Z'{=?
Design + 08 X & 17 // Dependencies:
[l |view: @ {&F Implementation O [ simulation = i8 /f/f
i i 19 J/ Revis=ion:
d5| | Hierarchy 20 // Revision 0.01 - File Created
E’é] f"ﬂ CONCENSUS “ 21 // Bdditional Comments:
— | = £ xc7al00t-3csg32d 33 S/
s ‘[l concensus (concensus.) 23 SISSEEIIEEAEERET AP FRT I P8P EE S i AT iriiiititiriis
o= - 24
£|; — 25 module test;
A 25 -
o 27 ff Inputs
s 28 reg A;
- * 29 reg B;
% 30 reg C;
— 31
€] 32 f/ Omtputs
) 33 wire F1;
- 34 wire F2;
=i
36 S/ Instantiate the Unit Under Test (UUT)
37 concensus uut |
38 CR(R),
39 .B(B),
: 2 Mo Processes Running :2 ;if;ij :
r;'?]: Processes: concensus 42 -F2 (F2)
_'EH: [ ] Design Summary/Reports :: b5
= g Design Ut|||t|les - T T
o User Constraints SERR o O —
ety £ 46 ff Imitialize Inputs
— 2  Synthesize - XST = e
2  Implement Design o co 0:
+- P2  Generate Programming File == o 0:
G#  Configure Target Device = 3
e hetes DesanitbaxyC g Seupr 51 ff Wait 100 ms for global reset to finish
52 #100;
I
54 ff Bdd stimulus here
o
56 end
I
58 endmodule
L,
A0

The various test cases have been inserted into the code below. Note, that this will test every combination
from ABC =000 to ABC = 111. The last statements sets the inputs back to 000 (similar to the counter
rolling over). The last test case (ABC = 000) is redundant and was inserted so that you can easily see the
test cases in the simulation waveform. Our test cases will start after a delay of 100 (indicated by #100).
Note that one unit of delay has been set to 1 ns by default.
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a |5E Project Navigator (P.20131013) - Ch\Users\nwarter\concensushconcensus.xise - [test.v]

File Edit Yiew Project 5Source Process Tools Window Layout Help
[ |
LDAEHF | S| ¥ I X|wa| 2 ppRpRARIA BB AR IPC L
| Design «O8X| & 23 /////177777777777777777711111171711777777717111
D View: () i:f.!:EImplememﬁﬁon ® ﬁ Simulation = 24
Behavicral -] — 25 module test;
EE' 26
Eﬂi-l Hierarchy 27 // Inputs
T CONCENSUS e 28 reg A;
st | B £3 xcTal00t-3esgld 29 reg B
= -- test (test.v) v 30 reqg C:
% = ShE
A 32 // Outputs
g 1 33 wire F1;
E"—‘l 34 wire F2;
= A 35
o g, ! 36 // Instantiate the Unit Under Test (UUT)
b= 37 concensus uut |
'L:) 38 JA(R),
8| 39 .E(B),
—- 40 LCIEY,
41 .F1(F1),
42 .F2(F2)
43 Vi
44
45 initial begin
1 P2 Mo Processes Running jj ;f;lgjtlallze RS
Eﬁ"' Processes: test 48 B =0
E‘t E\‘ﬁ ISim Simulator :2 Saa
% % EiemhLEJTETErEEI»ECh:iTIo(;TRt'IZXdEI L5 Sf Wait 100 n= for global reset to finish
Fute 52 #100;
IT] =151
B 54 f/f bdd stimulus here
S5 #10 C = 1;
56 #10 B =1; C = 0;
57 $i10 C = 1;
58 #10 A =1; B = 0; C = 0;
S #10 C = 1;
&0 #10 B =1; C = 0;
61 $i10 C = 1;
82 #10 A = 0; B = 0; C = 0;
63
64 end
65
13 endmadule

Save the file and make sure that there are no syntax errors. Make sure that your Design window still has
the Simulation View clicked. Next, click on test.v in the hierarchy and then click on Simulate

Behavioral Model under the 1Sim Simulator drop down in the Processes window.
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The simulator window will pop up.

. 1Sim (P.20131013) - [Default.wcfg] — m} *
__| File Edit View Simulation Window Layout Help
nD2al: ® v o | M= = B8
Instances and Processes +~+ [0 & X||Objects L m|
= J = " Simulation Objects for test
W =] G "= Il
PSS I & 16518 B 6 1,000,000 p
w15
Instance and Process Name D =
I test te | Object Name Value
4F giol gl & R ]
e F2 i
B A 0
o B o
b c a
< >
,5%, Instanc.. Memory 3 Source <
Console 3
WARNING: A WEBPACK icense was found. 1
WARNING: Please use Xilinx License Configuration Manager to check out a full ISim license.
WARNING: ISim will run in Lite mode. Please refer to the ISim documentation for more information on the differences between the Lite and the Full version,
This is a Lite version of ISim,
Time resolution is 1 ps
Simulator is deing dircuit initialization process.
Finished dircuit initialization process.
ISim> g
B Console j CompilationLog @ Breakpoints | Findin Files Results  [gg Search Results
Sim Time: 1,000,000 ps

Click on the Zoom to full view button ymmm. You should now see the following waveform. If you do not,
you need to go back and check your code to see if there are any mistakes.

%” . E—
e
—

To expand you can click on the + magnifier and move the slider at the bottom over (this is similar to
adjusting the settings on the oscilloscope).
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100 ns

In the waveform, note that the starting at 100 ns, the values of ABC count from 000 to 111 and at 180 ns
go back to 000. Reading the simulation waveform is similar to reading the oscilloscope waveforms
except in this case we can see all inputs and outputs together. This is a very useful function and in fact,
there are logical analyzers that are similar to oscilloscopes that capture and display multiple inputs and
outputs in a digital hardware design.

Note that F1 and F2 have the same waveform which proves that they are the same function. If you do not
obtain the correct results, there must be an error in your design that you need to fix. In this example, if
your results do not show that F1 and F2 are the same, there is an error in your design in the consensus
module. Go back and fix it and repeat the steps to simulate the code.

The yellow bar can be moved over the waveforms to check the values of the inputs and outputs at
different times during the simulation. For example, at time 135.23 ns, ABC are 011 and F1 and F2 are 1.

135.230 ns

Show your instructor your code and simulation results. Also, print out and paste the code and simulation
results into your lab notebook.

Answer the following question in your lab notebook.
Question: Describe institutively why the term BC is redundant in F1. Hint: consider the other two terms
AB and A’C and the possible values of A.

5.3* Use Xilinx ISE to implement the three functions for the majority voter in Verilog and runa
behavioral simulation to verify that the three functions are the same.
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F1=AB+BC+AC

F2 = Sum of Minterms (determined in part 5.1)
F3 = Product of Maxterms (determined in part 5.1).

Follow the process outlined in section 5.2 to design your circuit in Verilog using structural modeling and
to simulate your design. Show your instructor your code and simulation results. Also, print out and paste
the code and simulation results into your lab notebook.

Answer the following question in your lab notebook.

Question: what is the benefit to designing (and simulating) a circuit in a hardware description language
(HDL) such as Verilog before building it in hardware?



