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Required Tools and Technology

Software: NI Multisim 14.0 or newer v Install Multisim:
http://www.ni.com/gate/gb/GB

ACADEMICEVALMULTISIM/
us
v" View Help:
http://www.ni.com/multisim/tec
hnical-resources/

MultisimLive v' https://www.multisim.com/



http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/multisim/technical-resources/
http://www.ni.com/multisim/technical-resources/
https://www.multisim.com/

Lab 4: Karnaugh Maps

The Karnaugh map (K-map) is a tool and procedure used for minimizing Boolean
functions. It is a graphical method that can be used for the manual design of simple
logic functions having a small number of variables. K-mapping usually requires fewer
steps than algebraic simplification and it always produces a minimum expression.

The Karnaugh map of a function is actually its truth table written as a grid. The rows and
the columns of the map correspond to the possible values of the inputs and each cell
represents the outputs of the function for the correlated inputs.

The simplified expressions are always in one of the two standard forms:

e Sum-of-Products
e Product-of-Sums

The cells are formed in a square or rectangle fashion and arranged such that
neighboring cells have a single variable difference, otherwise known as Gray code
ordering. For simplicity, the input values are placed as column and row labels. Each
cell corresponds to a row in the truth table.
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0 0 0 0
0 0 1 3 e SR
0 1 0 0 01 0 0
0 1 1 0
1 0 0 1 " 1 0
1 0 1 1 10 1 1
1 1 0 1
1 1 1 0

Figure 4-1 Truth Table




Learning Objectives

In this lab, students will:

1. Simplify a Boolean expression using Karnaugh maps
2. Use a circuit with inputs to derive:

o The output experimentally and using Boolean algebra
The Karnaugh map
Simplified Combinational Logic Circuit

Expected Deliverables
In this lab you will collect the following deliverables:

e Boolean expressions

o Analysis of gates for Combinational Logic Circuits
e Truth tables

e Conclusion questions

Your instructor may expect you to complete a lab report. Refer to your instructor for
specific requirements or templates.




4.1 Theory and Background

K-Map
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Figure 4-2 Video. View the video here: https://youtu.be/hVifB2hvJic

IE' Video Summary

e Karnaugh maps (K-maps) are used to simplify Boolean functions

e Simplified Boolean functions mean the number of logic gates needed is
minimized

e K-maps are built by taking a truth table and converting it into a grid

e K-maps are useful if the logic functions have a small number of variables

After transferring the truth table to a Karnaugh map, cells with common output values,
either all Os or all 1s, are grouped into the largest possible rectangles. Cells are grouped
in functions of 2" either horizontally or vertically. Cells can be used more than once only
if this generates the least number of groups. Also, all cells sharing the chosen common
output must be contained within a grouping.

The groups generated can be converted to a Boolean expression. Each group
represents a minimal minterm (1s) or maxterm (0s). The term is minimized by
eliminating variables whose non-inverted and inverted forms appear within the same
cell group. The terms left are then converted to a Boolean expression and used to
derive an SOP or POS expression, which may then be converted to a combinational
logic circuit.



https://youtu.be/hVifB2hvJic

When choosing the POS form, the variable combination is supposed to equal 0, as is
the case when deriving a POS from a truth table. Therefore, the variable’s inverse (1) is
used when determining a maxterm.
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Figure 4-3 Karnaugh Map

Seven Segment Display

Karnaugh maps are useful for minimizing the number of logic gates needed in a circuit.
In a practical sense, this reduction also results in a decrease in cost for a manufacturer
since fewer components are needed to create an equivalent circuit.

A common way we work with Karnaugh maps is the Seven Segment Display (SSD).
An SSD is an electronic device used for displaying numerical values. The device
typically consists of seven segments arranged in a figure 8. Any digit, as well as some
alphabet letters, can be displayed when the correct segments are activated. An
example of an SSD as well as possible outputs can be seen in the image shown.
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Figure 4-4 Seven segment display




Truth Tables

The truth table for an SSD consists of four inputs and seven outputs:

A B C D a b c d e f g Numeric
Output

0 0 0 0 1 1 1 1 1 1 0 0

0 0 0 1 0 1 1 0 0 0 0 1

0 0 1 0 1 1 0 1 1 0 1 2

0 0 1 1 1 1 1 1 0 0 1 3

0 1 0 0 0 1 1 0 0 1 1 4

0 1 0 1 1 0 1 1 0 1 1 5

0 1 1 0 1 0 1 1 1 1 1 6

0 1 1 1 1 1 1 0 0 0 0 7

1 0 0 0 1 1 1 1 1 1 1 8

1 0 0 1 1 1 1 1 0 1 1 9

1 0 1 0 X X X X X X X 10

1 0 1 1 X X X X X X X 11

1 1 0 0 X X X X X X X 12

1 1 0 1 X X X X X X X 13

1 1 1 0 X X X X X X X 14

1 1 1 1 X X X X X X X 15

Figure 4-5 SSD Truth Table

Looking at this table, we can make several observations:

« Inputs are noted by capital letters (A-D).

« Outputs are denoted by lower case letters (a-g).

« The Numeric Outputs correspond to the numbers visible on the display.

e For numbers 10-15, “X” values are visible in the table. These are known as don’t
care conditions.

The numerical outputs of 0-9 are necessary in an SSD, but outputs 10-15 are said to be
illegal. In a Karnaugh map, don’t care conditions can be treated either as 0 or a 1,
depending on which one produces a larger block. See below for an example.




00 0 LL 10

01 0 1 1 1
10 X X X X
1" 1 1 X X

Figure 4-6 Karnaugh Map for output “a”

Note: Similar Karnaugh maps can be created for all other segments.

4-1 Create Boolean expressions (SOP and POS) from the Karnaugh map.

E 0 1

00 0 1
01 0 0
1 1 0
10 1 1

Figure 4-7 Karnaugh Map

SOP:

POS:

4-2 Identify how many and which gates are needed to create the simplified
Combinational Logic Circuit for the SOP expression.

AND Gates

OR Gates
NOT Gates




4-3 ldentify how many and which gates are needed to create the simplified
Combinational Logic Circuit for the POS expression.

AND Gates

OR Gates
NOT Gates

4.2 Exercise: Creating a Karnaugh Map from a Combinational Logic Circuit
and simplify the circuit

Combinational Logic Circuit

Create the following circuit in Multisim:

U1 U1
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[0] [ —
Key = A NOT ——
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Ty
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N
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Figure 4-8 Circuit
L - Multisim: Ovopa apxeiou “4 2 exercise.ms14”.
.msl14 MpooBnkn oTo zip file pe évopa "Lab04_ovouartemmwvupo_ AM.zip”




4-4 Vary the inputs as per the truth tables and fill in the output.

>
w
(@)

Output

R IFr[PIPIOIOC|O|O

P IPIO|IOC|IFR | |O|O
PR |IO(RP|O|FL,|O|FL|O

o Simplify the Output using Karnaugh maps.
4-5 What is the resulting Output_simplified expression using Boolean algebra (SOP)?

Output_simplified =

4-6 Create the simplified circuit from the simplified expression:

- Multisim: Ovopa apxeiou “4_2 exercise_simplified.ms14”.
.msl4

MpoaBnkn oTo zip file pe dvopa "Lab04_ovopartemwvupo_AM.zip”

4-7 Vary the inputs as per the truth tables and fill in the output of the simplified circuit.

>
w
(@)

Output

R IFP|IPIPIO|IOC|O|O
P IPIO|IOC|FR,|P|O|O
R |IO|FR,r|O|FL,|O|FL|O

4-8 Does the behavior of the simplified circuit match the expected result?
Do the original and the simplified circuit have the same truth table? (Yes/ No)




4.3 Implement: Using Karnaugh Maps in Seven Segment Displays

Using Karnaugh Maps in Seven Segment Displays and simplify circuits

e Using the truth table for a Seven Segment Display in the introduction, create
Karnaugh maps for segments a, b, and c.

Figure 4-9 Image for Karnaugh maps

4-9 Create simplified Boolean expressions from the Karnaugh map (SOP).
a=
b=

c=

@ (H atrAotroinon va yivel ye xapteg Karnaugh, Toug oTroioug Ba TrpéTrel va emdei§eTe
KATA TNV BIAPKEIQ TOU EPYOCTNPIOU)

« Create a circuit (one sheet) which will output 3 values to control a, b and ¢
segments. Then, if it is possible, minimized them.
Use only gates with 1 or 2 inputs.

- Multisim: Ovopa apxeiou “4 _SSD _abc.ms14”.
.ms14 MpooBnkn aTo zip file pe dvopa "Lab04 ovouartemwvuuo_ AM.zip”




e Run the simulation in Multisim.
4-10 Does the behavior of the simplified circuit match the expected result? (Yes/ No)

4-11 Would it be possible to simplify this circuit? If so, how?
Use only gates with 1 or 2 inputs.

4-12 How many gates do you need in order to implement the simplified circuit?
Use only gates with 1 or 2 inputs.




4.4 Conclusion

4-13 What are Karnaugh maps (K-maps) used for?

A. Graphically minimizing Boolean functions

B. Taking simple expressions of Boolean functions and expanding them
C. Grouping opposite output values together (0’s and 1’s)

D. Determining product-of-sums only

4-14 How many cells can be grouped together in the simplification of Karnaugh maps?

A. No more than 4

B. 2

C. 2"n

D. As many as possible

4-15 Creating Boolean expressions from Karnaugh maps typically leads to in
the number of logic gates needed in a circuit.

A. An increase
B. A decrease
C. No change
D. None of the above

4-16 How are ‘don’t’ care conditions’ treated in Karnaugh maps?

A. They are ignored

B. They are combined with the value on their right

C. They can be treated as either a 0 or 1 depending on the situation
D. They are always given a value of 0

4-17 A Seven Segment Display (SSD):

A. Consists of seven segments arranged in a figure 8
B. Can display any number between 0 and 9 digitally
C. Can be simulated with logic gates

D. All of the above

4-18 AwaoTe Evav opIoPO TNG £VVOIOG TOU OUVOUAOTIKOU KUKAWMNATOG.

A. CLCs are a classification of circuits whose output is dependent on the current
inputs and/or the current outputs and are implemented by Boolean circuits.

B. CLCs are a classification of circuits whose output is only dependent on the
current inputs and are implemented by Boolean circuits.
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4.5 Exercise: EOpgon mmuAng & HDL - Verilog

Bpeite Tnv ouvdptnon Trou uloTrolei TO TTAPOKATW KUKAwpa (Figure 4-10) «ai
QTTAOTTOIEIOTE TNV WOTE VA OEITE YE TTOIA YVWOTH AOYIKI) TTUAN 1I00OUVOEI.
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Figure 4-10
4-19 ApxIk ouvaptnon: E=
4-20 ATtAotroinuévn ouvaptnon: E=

4-21 TMoia TTUAN givai;

1. ©éAoupe va emmaAnBevoouue TNV atmAoTIOINKEVN OUVAPTNON TTOU BPRAKAUE aTTd TO
Figure 4-10, kaBwg Kai TNV TTUAN TTOU ETTIAEEQE.

Na va 10 TETUXOUPE auTd Ba TPETEl va €AEyEouue TNV AEITOUPYIKOTNTA TOU
KUKAWMPOTOG TTOU aTTeikovidel To Figure 4-10.

FpdwTte Aoimrév oe yAwooa Verilog TV TTEQIYPOQPr] TOU TTPONYOUPEVOU KUKAWMATOG
(Figure 4-10). (H mepiypapn 6a mpémer va vyiver ue ng 4 moAe¢ NAND mou
arreikovidovral 010 OXNUA Kai OxI lIE TNV ATTAOTTOINUEV GUVAPTNON TTOU UTTOAOYIoQuE)

OvopdoTte To module: “Which_gate _is”.

2. 'ETTeITa KataokeuaoTe pia povada dokiunig (test bench) étmou Ba dokiuddete To
TTponyoupevo KUKAwPG (module) TTou repiypdyare.

OvopudoTte To module: “t_Which_gate_is”.
Na xpnoigoTroifjoeTe TNV €vioA] $monitor yia va eAEyEeTE TIG £10000UG — £€GOOUCG.

Na xpnoipotrolfoeTe TIG evioAég $dumpfile kol $dumpvars woTe va TTapaydei 1o
apxeio “ved” e TIC KUPMOTOPOPYPES TWV ONUATWV.

‘Emreita va avoiete autd 1o apxeio ye 1o gtkwave yia va S€iTe TIGC KUPOTOUOPYPES
Kal va eAéyEete omTIkKG TOV TPOTTO TTOU METABAAAETal n €¢0dog o€ OAOUG Tou
mMOavoug ouvduaouoUg TIG EI00O0U.




Verilog
RY

- Verilog:

Ovoua apxeiou “Which_gate is.v”.
MpooBnkn aTo zip file pe dvopa "Lab04_ovouartemwvupo_ AM.zip”

4-22  ZUPTTANPWOTE TOV TTivaKa aAnBeiag pe BAon TIG KUPATOUOPYPEG:

4-23 Eival o TTivakag aAnBgiag TG TTUANG TTou uTtoB€0aTe oTNV TTPONYoUEVn AoKNon;

(Na/Oyx) :

Output

Rl|lOo|Rr|O|>
RrlRr|lO|lO|m@

4.6 Exercise: ZuvouaoTIKO KUKAWMO

2xedIdoTe €éva ouvduaoTIKO KUKAwMG TO OTToio atro@acilel eav €vag apiBuog atnv
duadIKA Tou avaTrapdoTacn Pe Xprion Tpiwv bits, gival pikpdTEPOC Tou 3. (€dv gival va
Byader £¢odo “17)

4-24  ZUPTTANPWOTE TOV TTivaKa aAnBeiag

PP IPIPIO OClO|O|X

PP O|O|FR, |k, |O|0 |
P O|RP| O, | O|FL,|O|N




O
O

Verilog
v

4-25 TpdayTte TNV ouvdptnon Tng €€6dou o€ poper) SOP

F=

4-26 [payrte TNV amrAotroinuévn Hoper TG cuvapTnong e€6dou o€ popery SOP

F=

4-27 OENoupe va €TTAANOEUCOUNE TNV ATTAOTTOINWEVN OUVAPTNON TTOU BPAKAUE.

MNa va 1o TeETUXOUME auTO Ba TTPETTEl va eAEYEOUPE TNV AEITOUPYIKOTNTA TOU
KUKAWMOTOG UAOTTOIEI TNV ATTAOTTOINUEVN OUVAPTNON TNG 4-26.

[pawTte Aoirov og yAwooa Verilog Tnv TTEPIypA®r) TOU TTPONYOUNEVOU KUKAWPATOG

(ouvépTnon 4-26).

OvopdoTte To module: “clc”.

4-28 'ETreITa KataokeudoTe pia povada dokiuAg (test bench) émmou Ba dokipaleTe 1O
TTPONYoUnEVO KUKAwPG (module) TTou Treplypayare.

OvopdoTte To module: “t_clc”.

Na xpnoigoTroifoeTe TNV evioA] $monitor yia va eAEyEETE TIG E100D0UG - ££ODOUG.

Na xpnoiyotroifoete TIG evioAég $Sdumpfile kai $dumpvars woTe va Tmapayei 1o
apxeio “ved” e TIGC KUMOTONOPYES TWV ONUATWV.

‘ETTEITO va aVOIgETE AUTO TO apxEio Pe TO gtkwave yia va O€iTe TIC KUUATOUOPPES
Kal va €AEyEeTe OTITIKA TOV TPOTIO TTou METAPAAAeTal n €€000¢ 0€ OAOUG TOU
mOavoug ouvduaouoUg TIG EI00D0U.

- Verilog:

Ovopa apxeiou “clc.v”.
MpooBnkn aTo zip file pe dvopa "Lab04 ovouaremwvuuo_ AM.zip”




4-29 ZUPTTANPWOTE TOV TTivaKa aAnBeiag pe BAon TIG KUPATOPOPPEG:

PP PP O OlOC|O|X
PP O|IO|FP, | P |O|0|X<
P ORP O, | O|FL, |O|N

4-30 Eival o Trivakag aAnBeiag 6poIog e auTdVv TTOU CUPTTANPWOATE OTO EPWTNHA 4-24;

(Na/Oyx) :

4.7 Exercise: HDL - Verilog , AAyeBpikég Ekppaceig
YAotroiote o€ yAwooa Verilog TIG TTApAKATW OAYEBPIKES EKPPAOTEIG:
1. f=a-b+c’
2. f=d(e+a)’+b-c’

2T0 QUOIKO KUKAwPa TTou Ba Treplypdyete, BewpeioTe OTI UTTAPXOUV O EENG
KaBuoTepnoeig dIAdoonG TWV ONUATWY OTIG TTUAEG:

nand, nor: 40 nsec
and: 30 nsec
or: 20 nsec
not: 10 nsec
- Verilog: Ovopa apxeiou “Expressions_4.v”.
v MpooBnkn aTo zip file pe dvopa "Lab04 ovouaremwvuuo_ AM.zip”

Oa trepihapBavel Tig £€1¢ 2 povadeg (modules):

“Expression_4 1”
“Expression_4 2"




4.8 Exercise: OikoupevikoTnTa TNG TTUANG NAND

Otmrwg €xoupe el kKal 0Tn Bewpia Tou paBAuaTog, pe Xprion Tng TUANng NAND
MTTOpOUPE  va  UAoTToIfoouhe  KABe  Aoyikp ouvdptnon Tou  pag  diveral.
Xpnaoiyotroiwvtag, Aoitrév, TTUAeg NAND uloTrolgioTe:

e £vav avTIOTPOYEQ

e Mia TTUAN AND dU0 1060wV
e Mia TTUAN OR dUO0 €106dWV

e Mia TTUAN NOR 800 €1000wv
e Mia TTUAN XOR dU0 €106dWwV

MNa va emmaAnBevoete TNV 0pBOTNTA KABE OXESIAOAG 0AC CUUTTANPWOTE TOV TTiVOKQ
aAnBeiag Pe TIG TIMEC TTOU TTPOKUTITOUV aTTO TO KUKAWMPA 0ag €4v auTd TTPOCOMNOIWBEI
ME TN XPNon KaTdAANAwY BIOKOTITWYV Kal AAUTITAPpWY aTo Multisim.

- Multisim: Ovopa apxeiou “4_All_Nand.ms14”.
Mumlzs;: MpoaoBnkn oTo zip file pe dvopa "Lab04_ovopartemwvupo_AM.zip”
NOT
A Output
0
1
AND OR
A B Output A B Output
0 0 0 0
1 0 1 0
0 1 0 1
1 1 1 1
NOR XOR
A B Output A B Output
0 0 0 0
1 0 1 0
0 1 0 1
1 1 1 1




