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ABSTRACT

Simulation is one of most important technique used for learning, it makes learning
possible without cost and providbesst way tamprove thepractical skills for learners.
The purpose of this research was to design program to simulate processing of
simplifying Boolean expression by using kranaughap depending on rules and
procedures applied to Boolean equation in order minimiz® abtain final optimal
expressiowith minimum number of variables ,and reduction in equipment that leads
to reduce cost, and this research recommend to use modern methods in education
which Simulation programs is one of this method to improveakning to keep up
with universites which care to use-IEarning with traditional education and make
student more intecdive with education progress
Keywords: Simulation, Simplifying, Boolean Algebr&-Learning
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1- Introduction :

Simulation is used in many different statlibis proveghat the flexibility of this
tool for help to solve problemand explainsome reasons for success. Simulation
effectiveness comes from the ability for analyzing and recognizing a complex system,
and explain the possibility of predicting by showing how can the different entities be
structured and related, also how the systém® developed and changes. It is important
to note that simulation is not always the best approach to solve problems, there are
determination andisadvantagel] [3].

Before anysimulating, evaluatioomust be made if simulation advantages more
than simulation disadvantages. So given the large list of areas or fields where simulation
IS used, it is certain thatmulation will continue to have an important servicelmman
lives. [1]

Simulations have a positive effect on learning objectidesine thre learning
branches when we use it into the learning process whichffa&ive, cognitive, and
behavioral. 2]

Simulation works to improve education in computer science in various fields,
including software engineering and computer architecttwaputercommunications
and networks. also provide the functions they develop the education of computer
science .The simulation of devices in education is also a fundamental area allows
students to understand computer architecture and Organizations in aivefieay
.Traditional experiments and textboatannotprovide sufficient expertise&Simulation
canreplace experiments aratld moreinsight inside of the functions of the devices
which cannotin conventionallaboratories bebserved easily. Many of thedis and
simulation languagesre developed tbelp students texecute mor@xperience in this
area [3]

Computers play #ig role in simulation techniques, so they can create random
numbers, tally the outputs, doing experimerdad count probabilitiesfaster than
human. [4

As we know computer simulation is a robust technique for educatiseveral
subjects.Simulation tools aremportant indifferent scienceeducation and Computer
Sciences one dhem, becausthey are aid method to support the edcaprocessand
simulations can improve traditional educat[6h and carbe used in various disciplines
of computerscience.This research submitted to design simulatgystem forthe
processing of simplifying Boolean expression by using kranangh k-map). This
system can be uséd producesuitable way to learning student howda using-map
to minimize Boolearexpression, also

This design consist of explaining rules and step for this subject and involved
testing at the end in order examined&nt if he understand or not .

The importance of this research is that it offers a simulation system for the process
of simplifying the Boolean logical equationsing Karnaugimapping.

The simplificationof Booleanlogical equations one of the importaopics in the field
of computer architecture and electronic digital circuits for students in higher education
in the disciplines of computer and electronic.

Although there are Boolean algebra in simplifying equatibaosusing Boolean
algebra to simplif Boolean expressions méag difficult and the result of solution not
minimize. The Karnaugh map gives a simple and direct method of minimizing Boolean
expressionswhich actcombnational logic circuits A Karnaugh map is araphic
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method for gatheringexpressions with commonmariable andthen eliminating the
unwantednes.

2- Previous works

The simplification of logical equations using the method karnaugh in electronic
circuit design is one of the important topics. And simulation design is wiagksdygl,so

we find there are a lot of studies and research on this subject.

A Rahman et. al. (2019) presented a new algorithatevelopan extensive karnaugh
mapping tool which is made easier for primary level digital logic design learners
where they can operate with big numbevafiable [6].

A Gindi et. al. (2015)pplied implementedlesktop software to automating all the
procedure thaare implicated to solving the digital circuAnd also identifyhow
theDigital Circuit Simplifier will help ingenerating neweand bestircuits [7].

A Ahmad et. al. (2013) presented development tool based on matlab to verify the
Validity of the calculagdd minimum logical equation. this development depend on
the reality that the performance of the digital circuit can be increment by
decreasing number of literal in the Boolean equation[8].

2-1-Comparing previous studies with the proposed simulation sysm

Previous studies have provided algorithms to simplify Boolean expression by
designing simulation program tool based on logical equations,

A Some of these algorithms are based on the law8auflean algebra in the
simplification process, While the reselarpresented, depended omlap method
for simplification.

A this research integrated system because it has teaching students how to simplify
Booleanequations step by step simply and logically ,By providing an explanation
of the steps as well as exampleslarify that. So this not exist in previous studies

A The proposed system allows the possibility of tests for students and identify errors
and address them. This is also not available in previous studies systems.

3- BooleanExpressior-

3-1- Boolean expres®n is created with binary variables ,each variable represent logic
variables in the digital circuit ,which used to determine better method in order to
perform any circuit function also indicate number and type of gates are used to
connected in the combitianal logical gates. Letter used as logical variable aedeth
are three operation logicaladdition ,multiplication ,inversion, Its symbols are
sequent i)aodffsefldlic gatesras (and , or ,not).

Boolean algebra gives a shorthand methodrepresent the logicircuit as
mathematic equation and can be used to analyze, simplify and design logical circuits.

3-2- Boolean Algebrai Rulesand Laws:-

They are laws and rules which are the same as algebra, these laws and rules used
for reducing complex combinational logical circuits in ordeoldtain simplesform for
them. [9]

3-3Truth Table:-

A graphical method for giving the output manner of logiccuits for every
possible set ohput variablesondition in the Booleaaxpression.
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4- Karnaugh- Map: -

A Karnaugh magK-map) is graphical methodused in order to minimize the
Boolean expressions without the need to use Boolean algebra theorems and
Manipulation of theequation.It will serve to simplify of realworld logic requirements
in order to implemented using with less number of physigat Igates .If number of
gates reducing , chip cost and size will be reduced and computing speed also will be
increase t00.[10] Its workable good restricted to six variable .

4-1 K-Map Form:-it is the same as the truth table which show the output level of
Boolean equation for each possible input combinational variabshoutput levelis
putin the specific cell .If therare () number ofvariables2" cells it has in kmap.

4-2 Drawing BooleanExpressionon K-Map:-

There are several steps that mbst implementedin order to draw Boolean
expression on the-kap, thessteps are:

1- Convert Boolean equation in to the sum of product f(B8@P).

2- Fill it to truth table.

3- Put 1in each cell in thenap symmetric or equal to the term for (SOP)

4- Grouping cells teimplifying by neighboring celbifferent onlyby a single variable.

Grouping togethemny adjacentells containing 1's aaording to the following

Rules-

A Groupsshould becontain 1, 2,4,8,1672 cel | s. A

Groups perhaps horizontal or vertical, babhnotbe diagonal.

Groups must bbig aspossible.

Each cell containing a 1 must be in at least one group.

Overlapbetween Groupsay beoccur.

Wrap around the tableetween Groupmay behappenedso The rightmost cell

in a row maybe grouped together with the leftmmedt and the top cell in a

column perhaps grouped with the bottom cell
A It have tobe fewergroups as possible.

5- ObtainingProduct Terms- final expression can be obtained by the variables which
stay constant into each group .Any variables which show complement and un
complementorm togetheiare deleted.

6- By summing tle product term for all groupinghe final expression (SOHR%

obtained

> > > > >

5- Simulation:-

Is amodel toimprove conclusions whiclprovides an insight into the behavior of
the real word beingtudied theirelements. Same concept is compsierulation buthe
model requires to be created by comppteigramming 4].

5-1 Computer simulationis the reproduction for thesystem behaviotby using
acomputerin order to simulate theesult ofamathematical modeklated

To mentioned system. They have become a helpful todhénmathematical
modeling for manynatural, humansystem andso on, used to test and product new
insights into newechnologyand to evaluation the performance of complex systeins [5

Computer simulations can be achieved by runsmgputer programahich may
be small, and running on a small computers orsoigle programs that may benning
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for longtime suchas on network. A computsrmulation isa computer prograrwhich
employor design for simulationof aconceptual model of a given system.

5-2 Simulations in Education-=

Simulation basedn learningtoday especially dependsn the use of computers
and advanced technologies in order to provigear creditable experience for the user
and also enhance learning. Simulations cartdiesidered as learning tool, it relies
mostly on some other learning theory and apply its princi@esaulation tools give
many benefits compared with ehtraditional teaching methodsSome of these
advantage are:

1- Theycan demonstratabstract concepts,

2- Giveinteraction users with simulated equipment,

3- Provideusers by feedback that give users to devéiep skillsand knowledge.
4- Finally they are costeffectivethrough longrun.

Simulation tools camonvert abstractioeoncepts to reactive visual contetitis
make students understand the activity and relationship in the several parts of system.

Simulation tools which used in education ¢enfound in many industries, as new
uses are being implemented with the technology continues to improve. Thenargre
training applications include training in situations that are too dangerous or dangerous
to train in the real world [13]. Feedback helpe student in developing his performance
and taking advantage of hsistakes.

Simulation tools can keep track of studgirbgress andprepare integrated
feedback that carmelp in developing skills. students able to choose which skills
improvement orand obtain specific resources of training, materials of training can be
easily, improved , modified, updated , and training can be achieved regardless of place
and time Simulatedequipment is constantly accessible.

In the technical training based simulation,the student trains and experiences in
a controlledenvironment andafe,reduce theprobability of destroyingan expensive
equipment or hurts Himself. They che reusableand allow to remove the necessity
of equipment can minimize the ¢der the courser program. Alsdhe effectiveness of
a simulation depend on the accuracy of simulation effectiveness so varies relying on the
type of task whiclbe learned12].

Simulation tools which are used in education can be found in many induasies
new uses are being implemented with the technology continues to improve. There are
many training applications include training in situations that are too dangerous or
dangerous to train in the real warld3]. Feedback helps the student in developiigy
performance and taking advantage ofrhistakes.

There aremany keycomponents for simulation training toalghich help them
effective,by Add multimedia and Give immediate feedbadkesecharacteristics add
to the interactivity of simulations, and helps users stay ktyexercisesComponents
of Multimediasuch as audio, animationsjages.text, video make the simulation tool
more Adventure [13[16].

5-3 Stages bSimulation: -

The process of simulation is performed by constant step in any case of type of the
problemand theobjective ofstudy,in generalthere are basic steps fperforming the
simulation, thesare:

1- Definite the Problem- or system youwvanted tosimulate it
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2- Planning for Project- Project divided into work gckagesdesignated responsible

party for each package. It referred to as main milesttm&ack progressrhis able

is necessary to determine whether sufficient time and resources aviailtdidend.

Definition of System:- this step consisbf specifyingthe system components to be

designed and the performance metrics to be analyzed.

4- Formulate of Model- Format the model that you intend to usderstanding the
way that behaves the realkssgm and determine th@sic componentsf the model is
important in theamprovement othevalid model Use flowchart for explanation how
the system works is Simplify to know the variables used react.

5- Enter the data set and Analysidentify and collet thedata needed to test the model.
Analyze the results of the simulation and, if desired, change the solution you are
evaluating.

6- Model Simulation.- The model is translated infsogramming Language

7- Verifying andValidating thesystem:Test the modelcompare its behaviowrith the
behavior of the actual problem. Validate the simulattbrs involves increasing the
chances of the inferences you may draw about the real situation.

8- Experience and AnalysiRerun the simulation to teshe newsolution restarthe
simulation in order totest new solution Experience incla$ developing the
alternativemodel, executing simulations, and comparing statgitormance ofthe
real systenwith the performance of thedternative system

9- SystemImplementation and DocumentatieBxperimental design documentation
consists of a writtemeport orpresentation. It discusses thesults and effect of
study. It is to determine the best course of acti@zommended, and justification
[14]

6- Designof the Simulation System:

w
1

This research is to design simulation algorithm for make simplifying of
Boolean equation by usingrkap .So to design this algorithm we must understand
subject within the simplification of Boolean algebra ,whiclpetels on many steps ,
rules ,graphics, map and procedures applied to the Boolean equation logically and
sequentially in order to obtain the simplest form of this equation.

After designing the conceptuahodel for this research that help to identify
reseach goals. then computational model designing by receiving inputs which are
output of conceptual model(indications or hypotheses )A good deal of repetition may be
needed before the computational model can be seen to represents a conceptual model
satisfactaily.

The interaction mechanisms a computational model cannot provide that
simulation users needed to explore the behavior of the model, and assumptions, and
Analysis of results these can be achieved by simulation programtobhiallow users
to performnumerical experiences, and let them to be visualize processes simulation as
shown afiigure (1)
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Define the problem by
understandingimplifying process

v

Develop the coteptual model

A

design computational model
for simplifying

A

Debug and valid the system

Design simulation model

Y

Run simulation

!

Analyze the result

Implementationresult

Figure (1). Essential steps famplement for studyingimulation

Simulator tool which can bdesigned dependn constansteps.User can choose
method forenter expressiowhich be simplifying and determine how many number of
input variables. Simulation program create truth table and fill the corresponding cell by
expression. Secorstep is fill kmap by putin g 1 6 s

term (SOP).

n

each

corr espaond

Third step is groupingells according ruleof grouping in order

eliminating unwantedariables Finally fourth step is determined how we can obtain the
final expression .as showingfigure (3)
The simulation software also allows to verify and valid the accuracy of the
computational model. Verifications defined as the processof making sure that
computational model meets the specificatiohsonceptuaimodelwhile validationis
process of makiy sure that theomputational modek regular with projecobjectives

[12].

7- Design Practical Aspect- This simulation system is designed to simplify , which
helps students learn how to use method-oh&p to simplify Boolean equations for the
purpose of reducing the physical parts used in logical electronic circuit design
.Characteristics of design are :

1- Allows the student to know the steps required to simplify logical equations in the
designingof theelectronic circuits in computer architace.
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This is achieved by applying the followisteps:
71 Initially the Boolean equation is introduce to be simplified, and enter number

of Variable

Fill the truth table with the corresponding equation inputs.

Fill k-map cells by 1's for eactorrespond @&oolean equatioterms.

Grouping adjacent cell s gudupingh has 10s

In each group eliminate the variable which appear both complenagiat

complemenfA™ + A =1).

1 Get the final equation bsumming allgrouping.

2- Allows the student to learn by providing explanatafnsimplification steps, giving
solved examples with explanation of solution steps,

3- Allows the student to learn and repeat the experiment in case of failure until he
understands the subject cotigavithout timeconstraints.

4- Studentcan test his or her understanding of the actbpy taking a&est wherethe
system provides a set of questions for examine if student understaoid or

5- The system provides high flexibility in the transitioetween interfaces and provides
interactive messages for the purpose of makingléhening proces$un and not
boring. The proposed simulation system consist of several subsystem as shown in
figure @).

E

Simulation system for

simplifying
]
[ I I ]
testing ‘ Simulation ‘ Examples for About simplitying ‘
Simulator tool Help l
two input Steps and rules of Definition
variable example simplify
]
three input

variable example

four input
variable example

Figure (2). Block diagramof simulation system

Simulator tool is an important parts in this research, through this tool student can
execute different input to learn anohderstand simplifyingBoolean equation and
solveddifferent probablynput and these steps are listed in the algorithm (1).
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Algorithm (1) For Simulator Tool

Stepl. Begin
Step2. Input n variable number
Step3. Choose method to start simplifying
if by truth table then
{ create truth table and fill it
convert each one output to minterm form}
else
input Boolean expression
Step4. Create-np[] array with 2 cells
Step5. Fill appropriate kmap cells by 1 corresponding to term in the in
expression.
Step6.Grouping(G) together adjacent cells which contain 1 where:
Gi is minterm of
a. A pair of adjacent cells contain one horizontal or vertical, but
diagonal.
b. Fouradjacentl 0 orjzontal or vertical.
c. Overlapping cells.
e. Wrap around cell.
Step7. Eli minate variables that appg
Gi
Step8. Determine which variables remain constant within each Gi.
Step9. Summing the product term of@dbup to Obtain final expression
Step10. Show simplified equation
Stepll. try again go to step 2
Stepll. End

8- Stages for ImplementationSystem:

The main interface or window of the system designed as in Figure (3) contains the
following options:-
1-Intoductionof Simplifying andDefinition of K-Map
2- StepandRulesof Simplifying
3- Example
4- Simulator
5- Testing
6- Exit
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SIMULATION

FOR SIMPLIFYING BY
KARNAUGH MAP

~ DEFINITION

Steps And Rules of Simplifying

EXAMPLE

SIMULATOR

Testing

Figure (3) main menu of system

When you press the first choice in the maiterface yowvill go to new window
which consists of introduction for minimization and definingkaivanaghmap,in this
window you can continue tobtain moe information about kmap or return to main

menu,thisis shown in Figure4).

Definition

| return to main menu |

Figure (4). Define of kmap

If you want more information about steps of plifying and rules of them, you
click second option in the mamenu,then you moved theinterface of kmap format
which is show the map for two, three and four input variables as shown in figure (5).

9
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k- map format

<*the k-map show the output of boolean
equation for each of the possible input
variable combinations.

UG (T THREE VARIABLE K-MAP

<*each output level is placed in a separate
cell of it

<*Kk-map has 2" cells where (n) is number
of variables

four variable k-map

E

_r 3
ERIT !

2

Figure (5). Screenshot of ¥map format

When you choose next option in this window you go to the interface of plotting of
Boolean expressnin the kmap ,this explaining by several steps as shown in fig(6).

PLOTTING SO0LEAN EXPRSSION CN THE K-MAP

Figure(6). Steps for explaining simplifying process

Whil e rules of grouping ad]jFm@®ealsdthiscel | s
window givenanumber of examples fgrouping.
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example for grouping
» Groups should be as large as possible.
< Groups must contain only 1 ; o €0 (S PP - m
AB
00 T 1 T 1
« Groups must contain 1, 2, 4,8, 16 (2") cells. [
n
< Groups may overlap 1 (—1——1

1 1 )
Continue

< Groups may wrap around the table. The leftmost cell
in a row may be grouped with the rightmost cell and
the top cell in a column may be grouped with the
bottom cell.

Return to Main menu

Figure (7). Rules of grouping

Third option in the main menu allows you to move to an interface of Application
Examples , by entering a Boolean expression and then applying the necessary steps to
simplify them ,This process is perforciearly and in detailsto enable the learner to
understand the subject properly and away from ambiguity and complexity, application
for two input variable equation is shown in fig(8) .

Reduce the following equation using k-map ?

YSAB+AB +AB

Troioe |
-

Reduce the folawing equation using kmap ?

ruth tablo sum of product

Figure (8). Steps of simplifying two input variables
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Also thesystem designingo contain example for explaining steps of simplifying three
input variables of Booleamquation andhe final steps for this shownin figure (9).

Example " -
P Boolean equation is -

Reduce the following equation using k-map ?

Y=ABCD+ ABC D+ABC'D+AB'CD+ABC'D" +ABCD

GI=A'B'C'D+ ABC D +ABC'D+AB C D

first graup

G2=ABC D + ABCD

second group

third group G3= ABC'D' +ABC D

Gl=-A'BCD+ ABC D+ABCD+AB CD

G3i= ABC'D" +ABC'D

= ACD (B +B) +ACD(B +B)

= ACDI1 +ACDI1 = ABC (D +D)
- ACD +ACD _ : 5 ADES

- CDA +A) _ _ .
e - - ABC

RG] TERELE SUMOFPRODUCT T IF FINAL SUM OF PRODUCT

Figre (9). Final step forsimplifying of 3- input variables

The fourth choice in the main menu is the simulator tool .In this window program
is designed for student ,so he can determine number of variables of Boolean equation
he want training about it to understand how process of minimization happens .There
aretwo option one for two variable and other for three variable as shown in figure(10)
,also there is another option which is( Help), provide many ways of help depending on
the choice of user ,last there is (Exaption to go out of this window

Simulation | Help Exit

Option number Variable 3 Two variable

Three Variable

Figure (10). Screenshot of simulatdools (irst window of simulator)

If student choose number of variable ,the program is structured to translate to new
window with two option either he want start by truth table or by equation method
,after he determine his input choice the procedure of simplifying is applied by fill k
map , grouping adjacent cells depending on rules of grouping , delete unwanted
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variables and obtain final expre®n by summing the product for all group , this
procedure executed logically and sequentially so the user can repeat the experiment
as he wish until he understand . The simulation program provides the user with the
ability to retrain in unlimited.lt also provides window for dialogue and messages,
which improve interaction between the program and the user.

As shown infigure (11) windows of simulator for two véable, while fig (12)
screenshot of simulator tool for three variable.

HE EEEER G

Figure (12). Steps of simulator tools for-Biput variables
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enter your option

@ tuth table

© equation - .
grouping After Simplyfying

Figure (13). Implerhntation of simulation by choosing equation input

While the fifth choicewhen selectedthe user move to new window ftesthis
information and measure how much tnederstand subject, thisindow consist ofa
number of questions that have to be resolved where the student must solve the question
to move to the next stage of questions, and so down to the final solstslan m
figure (14) and (15)It also provides dialogue messages for the purpose of interaction
and achieving flexibility in the process of training and education .And finalption of
quit from this system

W |am
=

il
Yo 1] 0
) 1 =5
. s — i
) e L
1 A (e
T T VI
1 T e [ ©
i 1 [N

]
LRV e [H I

(] ¢

0
erayprreryosg | —————' 1
e — Apperyerfeag

Sryrg ey

gty | S
shyytriyz |
i B ) ——

[

Sepiery ot (g
Pz zexyaeay

— = — — —

Figure (14). Steps of examination

14
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Ruestion - Choose correct answer ?

Testing

Choose Boolean expression represented truth table
1)

Which one of the following is K-map for truth table(1)- The following groups are correct, which one is most  Choose Final result

Ou‘[pu‘[ correct ?
-k

[l Kl Kl Bl E=2 =) = K= ]
B

HHOOH;-OOLCE
=1

—lol—|lcl—|cl—|lo|N
—_— o= =l || —<o=

1-P=xXyzZ' +XyZ+Xyz+xyz
3-P=xyz+xXyzZ+xXyz+xyz
A4-P=xXyz+X'yzZ +Xyz+xyz Click number of K-map you are choose:-

Figure (15). Final form of testing

Also this system consist of help option window which contain different reference
that help the user to increase his information about this object ,as shown in figure(16).

Simulation Exit

help about Rules of Grouping
Product Term (sop)

Figure (16). Windows of Help menu
9- Conclusionsand recommendation

The designer system provides an interactive environment for stutesighthis
system make the student is able to perform the processngilifying Boolean
equations by using-kap. This happens by input equations and then applyertain
steps of simplifying by fill them in the truth table and then fiinlap, grouping
removing according to rules and procedure until we obtain final expression which is
simplest form of the equatioAnd this means reducing the cost and physical paft
the electronic circuits, also increasks efficiency of the computer

This researclzoncluded thathe simulation program designed helps the student to
understand the subject of simplification, which is one of the important topics in the
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study of canputer architecture for students of computer technology as well as for
students of electronic disciplines.

The simulation programs increase the student's performance to understanding and
learning,and Provides feedback in order that student learn frorrios.

Although the simulationtools providegood solutions talevelop thepractical

skills for thestudent in the higher educatiand recommenthrough this search

The use of computers in training and learning through simulation programs helps
in devebping the skills of the student and cognition .ABmmoting the use of-e
learning as well as traditional education in order to keep up with international
universities, andinally This simulation system can be developed to contdime than
one way for thesimplification, it is possible to add more interactive options and
environments. It can also be used as an application and published by network so that
students can benefit from it.
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