The Solution of DFS revolves around the pseudo-code and the actual programming code:

The pseudo-code of DFS is given as:

Graph Traversal Universal Code

DFS(G, u)
u.visited = true
for each v € G.Adj[u]

if v.visited == false
DFS(G,v)

init() {
Foreachu € G
u.visited = false
Foreachu € G
DFS(G, u)



Lab 2

Topic: Simulate DFS
Problem Statement: You are required to simulate DFS technique with the

help of following stimulator.
Download simulator from the Link https://visualgo.net/en/dfsbfs

° _ ° Source Node

DFS(u)
for each neighbor v of u
if v is unvisited, tree edge, DFS(v)
else if v is explored, bidirectional/back edge

else if v is visited, forward/cross edge



Lab 3

Topic: Breadth First Search (BFS)

Problem Statement: You are required to code breadth first strategy for the
following directed graph in C/C++. Your program is capable to input source
vertex.

Source Node




// Program to print BFS traversal from a given
// source vertex. BFS(int s) traverses vertices
// reachable from s.

#include<bits/stdc++.h>

using namespace std;

/] This class represents a directed graph using
// adjacency list representation

class Graph

{

int V; // No. of vertices

// Pointer to an array containing adjacency
/] lists
vector<list<int>> adj;
public:
Graph(int V); // Constructor

// function to add an edge to graph
void addEdge(int v, int w);

// prints BFS traversal from a given source s

void BFS(int s);

Graph::Graph(int V)

{
this->V = V;



adj.resize(V);

void Graph::addEdge(int v, int w)

{

adj[v].push_back(w); // Add w to v’s list.

void Graph::BFS(int s)

{

// Mark all the vertices as not visited
vector<bool> visited;

visited.resize(V,false);

/l Create a queue for BFS

list<int> queue;

// Mark the current node as visited and enqueue it
visited[s] = true;

queue.push_back(s);

while(!queue.empty())
{

// Dequeue a vertex from queue and print it
s = queue.front();

cout << g <<""

queue.pop_front();

// Get all adjacent vertices of the dequeued



// vertex s. If a adjacent has not been visited,
// then mark it visited and enqueue it
for (auto adjecent: adj[s])
{
if (!visited[adjecent])
{
visited[adjecent] = true;

queue.push_back(adjecent);

// Driver program to test methods of graph class
int main()
{
// Create a graph given in the above diagram
Graph g(4);
g.addEdge(0, 1);
g.addEdge(0, 2);
g.addEdge(1, 2);
g.addEdge(2, 0);
g.addEdge(2, 3);
g.addEdge(3, 3);

cout << "Following is Breadth First Traversal "
<< "(starting from vertex 2) \n";

2 BFS(2);



return O;



Lab 4
Topic: Breadth First Search through simulator

You are required to stimulate BFS technique with the help of following stimulator.

https://visualgo.net/en/dfsbfs

Source Node
° °



Lab 5

Topic: N-Queen Problem

Problem Statement: You are required to code 04 N Queen Problem using using C/C++




Lab 6

Topic: Simulate N Queen Problem

Problem statement: You are required to stimulate n-queen technique with the help of
following stimulator. You are initially required to take 4x4 matric to solve n-queen
problem

https://www.cs.usfca.edu/~galles/visualization/RecQueens.html|

Q

Solution:
Step 1:

First you enter the queen Size(1-8)

Recursive N-Queens

Board size: (1-8) 4 Queens

Skip Back || Stap Back || Pause || Step Forward || Skip Forwar w:|1200 |h: so0 Change Canvas Size || Move Controls
Animation Speed

Step 2:

In Step 2, you will enter board size i.e, 4


https://www.cs.usfca.edu/~galles/visualization/RecQueens.html

Recursive N-Quee

Board size: (1-8) 4 Queens

Skip Back || Step Back | Pause | S

ard | Skip Forward w: 1200 h: 800 Change Canvas Size = Move Controls
ik B Animation Speed g A N | RPN e

== abs(osrdfcumend] = board] -

dene

Step 3: After all simulations the final result will be

Recursive N-Quee

Board size: (1-8) 4 Queens

Skip Back || Step Back = pause | Siep Forward | Skip Fc

Wi 1200 h: soo Change Canvas Size  Move Controls
Animation Speed




Lab 7
Topic: CLIPS Installation Guide
Problem Statement: You are required to install CLIPS from the following link.

Download link:

clipsrules.sourceforge.net/

Solution:
Step:1
i3 cups — x

Welcome to the CLIPS Setup Wizard

The installer will guide you through the steps required to install CLIPS on wour computer.

W AENING: This computer program is protected by copyright law and international treaties.
Unauthorized duplication or distribution of this program, or any portion of it, may result in severe civil
or criminal penalties, and will be prosecuted to the maximum extent possible under the law.

Step 2:




i cues — pre

Select Installation Folder

The installer will install CLIFS to the following folder.

Toinstall in this folder, click "Mext". Tao install to a different folder, enter it below ar click "Browse".

Eolder:
CAProgram Files (=361CLIPSY Browse...

Disk Cost...

Install CLIPS for yourself. or for anyone who uses this computer:

(@) Everyone
() Justme
Cancel < Back
Step 3:
72 CLIPS — X

Confirm Installation

The installer is ready to install CLIFS on wour computer.

Click "MNext" to start the installation.

Step 4




72 CLIPS — X

Installation Complete A

CLIFS has been successfully installed.

Click "Close" to exit.

Flease use Windows Update to check for any critical updates to the NET Framework.

Step 6:

& curs iDE - o
File Edit Environment Debug Help
Dir: CAWINDOWS system32

CLIPS (Cypher Beta 8/21/18)
CLIPS




Lab 8
Topic: Introduction to CLIPS

Problem Statement: Procedure of using CLIPS:

Solution:

To start CLIPS, double-click on the CLIPSWin.exe file. You’ll get a window with nothing
in it but the command prompt CLIPS>. For the time being, this is where you type in your
commands and programs. To exit CLIPS, type (exit) or shut down the program like any
other windows application. Note that CLIPS commands are always encased in brackets
thus: (assert (foo)). Here is a list of some important commands:

(exit) |Shuts down CLIPS

Removes all rules and facts from memory. Equivalent to shutting down and

(clear )
restarting CLIPS.

(reset) Removes facts information from memory (but not rules) and resets the agenda.

(run) Starts executing a CLIPS program.

The above commands can also be executed from the CLIPS menu bar.

Data Types
e Integer
e Float
e Symbol
e String

e External-address
e Fact-address

e Instance-name
e Instance-address

Numeric information can be represented using floats and integers. Symbolic
information can be represented using symbols and strings. A number consists



only of digits (0-9), a decimal point (.), a sign (+ or -), and, optionally, an (e) for
exponential notation with its corresponding sign.

A number is either stored as a float or an integer. Any number consisting of an
optional sign followed by only digits is stored as an integer (represented
internally by CLIPS as a C long integer). All other numbers are stored as floats
(represented internally by CLIPS as a C double-precision float).

Some examples of integers are
237 15+12-32

Some examples of floats are
237e315.09 +12.0 -32.3e-7

A symbol in CLIPS is any sequence of characters that starts with any printable
ASCII character and is followed by zero or more printable ASCII characters. When
a delimiter is found, the symbol is ended. The following characters act as
delimiters: any non-printable ASCIl character (including spaces, tabs, carriage

returns, and line feeds), a double quote, opening and closing parentheses “(” and

ll(”
“)”, an ampersand “&”, a vertical bar “|”, a less than “<”, and a tilde “~”.

“.n

A semicolon “;” starts a CLIPS comment and also acts as a delimiter.

“

Delimiters may not be included in symbols with the exception of the “<
character which may be the first character in a symbol. In addition, a symbol may
not begin with either the “?” character or the “S?” sequence of characters
(although a symbol may contain these characters). These characters are reserved
for variables

CLIPS is case sensitive (i.e. uppercase letters will match only uppercase letters).
Note that numbers are a special case of symbols

Some simple examples of symbols are
foo Hello B76-HI bad_value

127A 456-93-039 @+=-% 2each
String:

A string is a set of characters that starts with a double quote (") and is followed
by zero or more printable characters.



* A string ends with double quotes. Double quotes may be embedded within a
string by placing a backslash (\) in front of the character.

* A backslash may be embedded by placing two consecutive backslash characters

in the string.
* Some examples are
* "foo" "aandb" "1 number" "a\"quote"
Example 1:
Write a code that enter two integer values and add them?
Example 2:

Write a code that adds five values?

L

£ CUPS IDE - O
File Edit Environment Debug Help
Dir: CAWINDOWS\system32

CLIPS (Cypher Beta 8/21/18)
CLIPS> (+ 2 4 6 8 3)
23
CLIPS> |




Lab 9

Topic: Function in clips
Problem statement: use given below function using CLIPS?

Write code for the following:

e Toadd3,4,5

e To multiply 5,6.0,2

e (+3(*89)4

o (*8(+3(*234)9)(*34))
e (+23(-105))

e (+23(-510))

e (+23(-515))



Lab 10

Topic: Insert Facts in CLIPS
Problem Statement: Using CLIPS you required to put data in the fact-list, you can use

the assert command. For this purpose. You can insert any fact in fact list.
Solution:
CLIPS> (assert (duck))
<Fact-1>
CLIPS> (facts)
f-0 (initial-fact)
f-1 (duck)
For a total of 2 facts.
CLIPS>
* What happens if you try to put a second duck into the fact-list?
* Let'stry it and see. Assert a new (duck), then issue a (facts) command as follows
FACTS COMMANDS:

* The keyboard command to see facts is with the facts command. Enter (facts) in
response to the CLIPS prompt and CLIPS will respond with a list of facts in the
fact-list.

* Be sure to put parentheses around the command or CLIPS will not accept it. The
result of the (facts) command in this example should be

CLIPS> (facts)

f-0 (initial-fact)

f-1 (duck)

For a total of 2 facts.

CLIPS



Lab 11

Topic: Clearing Up The Facts:

Problem Statement: Using clips clear command actually does more than just remove
facts. Besides removing all the facts, (clear) also removes all the rules.

Solution:

CLIPS> (facts)

f-0 (initial-fact)

f-1 (duck)

f-2 (quack)

For a total of 3 facts.

CLIPS> (clear)

CLIPS>
* CLIPS> (clear)
* CLIPS> (assert (a) (b) (c))
* <Fact-3>
*  CLIPS> (facts)

* f-0 (initial-fact)

« f-1(a)
« f-2(b)
* f-3(c)

* For a total of 4 facts.

* Removing facts from the fact-list is called retraction and is done with the retract
command.

* Toretract a fact, you must specify the fact-index.

CLIPS> (retract 3)



CLIPS>
* You can also retract multiple facts at once, as shown by the following.
CLIPS> (retract 1 3)
CLIPS> (facts)
f-0 (initial-fact)
f-2 (animal-sound quack)
For a total of 2 facts.

You can just use (retract *) to retract all the facts, where the "*" indicates all .



Lab 12
Topic: Installation guide MATLAB

Problem Statement: You are required to install a MATLAB 2017 through DVD. Installation guide is
available on following link

https://www.kth.se/polopoly fs/1.492736!/matlab_withma.pdf
Solution

Step 1

Select “Log in with a MathWorks Account” and press Next.

Select installation method

MATLAB

(¢ Log in with a MathWarks Account Connection Settings | SI MULH\TK.
Requires an Internet connection

(" Use aFile Installation Key tithat is this?

Mo Internet connection required

MathWorks products are protected by patents (see www.mathworks, com/patents) and
copyright laws. By entering into the Software License Agreement that follows, you will also
agree ko additional restrictions on your use of these programs. Any unauthorized use,
reproduction, or distribution may result in civil and criminal penalties.

MATLAB and Simulink are registered trademarks of The MathWorks, Inc, Please see
wiw,mathworks,com/trademarks for a list of additional trademarks. Other product or brand
names may be trademarks or registered trademarks of their respective holders.

B )tk

Read the license agreement, mark “yes” to accept the terms, and press Next.



Step3

The Mathiarks, Inc, Software License Agreement ﬂ
IMPORTANT NOTICE

READ THE TERMS AMD COMDITIONS OF YOUR LICENSE AGREEMEMT CAREFULLY BEFORE COPYING, INSTALLING, OR
LISIMG THE PROGRAMS OR. DOCUMENTATION,

THE LICEMSE AGREEMENT TOGETHER WITH AMY APPLICABLE ADDEMDUM REPRESENTS THE ENTIRE AGREEMENT
BETWEEM ¥OU {THE "LICENSEE") AND THE MATHWORKS, INC, ("MATHWORKS") CONCERNING THE FROGRAM(S) AND
DOCUMENTATION,

BY COPYING, INSTALLING, OR USING THE PROGRAMS AND DOCUMENTATION, YOU ACCERT THE TERMS OF THIS
AGREEMEMT, IF YOU ARE MOT WILLING TO DO 50, DO NOT COPY, INSTALL, OR LISE THE PROGRAMS AND
DOCUMENTATION,

The MathiWarks, Inc, Software License Agreement j

Do you accept the terms of the license agreement? + Yes {7 Mo

«) MathWorks

Select “Log in to your MathWorks Account”, provide your MathWorks account login information,
and press Next.



Step 4

* Login

Email address:

to your MathiWorks Account

}v it Pt e

Password: ekt

(" Create a MathWorks Account (requires an Activation Key)

Forgot your password?

MATILAB
SIMULINK

) MathWorks

Select products to install

I Product Check this box to install all toolboxes I

MATLAB
Simulink

Aerospace Blockset

Aerospace Toolbox

Bioinformatics Toolbox

Communications System Toolbox

Computer Vision System Toolbox

Control System Toolbox

Curve Fitting Toolbox

Data Acquisition Toolbox

Database Toolbox

DSP System Toolbox

Econometrics Toolbox

Embedded Coder

jj_ljjﬂjﬂjjj_ljﬂﬂl-

Filter Design HOL Coder

MATLAB
SIMULINK®

_‘. MathWorks*




Step5

Enter the full path to the installation folder

|C:1Program Files\MATLABIR Browse. .. MISSXI’E\‘}IJ{}EI.I\YK‘

Restore Default Folder

) MathWorks

Make your selection and press Next to continue.



Step6

Select desired installation options

Add shortcuts to MATLA B.
[~ Desktop SIMULH\rK'

[V Programs folder on the Start menu

BT ) vt

A last chance to review all the choices before proceeding. If ready, press Install to commit.

License number: _‘J

MATLAB
SIMULINK

Installation folder:
C:\Program Files\MATLAB\R

Installation Size: 8,784 MB

Products:

MATLAB

Simulink

Aerospace Blockset

Aerospace Toolbox
Bioinformatics Toolbox
Communications System Toolbox
Computer Vision System Toolbox
Control System Toolbox

Curve Fitting Toolbox

Data Acquisition Toolbox
Database Toolbox j

BT ) Maivorks




Step7

After the installation, the installer will notify about any requirements if needed. Press Next to

Installing MATLAB

0%

« ) MathWorks:

continue.



Step 8

Your installation may require additional configuration steps. MATL A B‘

1, The following products require a supported compiler: SIMULH\*K'

MATLAB Compiler 5.1
MATLAB Builder NE 4.2.1 R
MATLAB Builder 14 2.3.1
Simulink Coder 8.6
Simulink Real-Time 6,0
MATLAB Coder 2.6

) Matioks

Make sure the “Activate MATLAB” box is checked and press Next.

Installation is complete.

[V Activate MATLAB MQ%GEINK

Mote: You will not be able to use MATLAB until you activate the software,

See the Help to learn more about activation,

« ) MathWorks




Stepress Next to start the activation process.

Activate MathWorks Software

Activation is a process that verifies licensed use of MathWorks products, This process validates MATLA B .
the license and ensures that it is not used on mare systems than allowed by the license option SIMULINK
you have acquired.

BT ) Maivorks

Provide your user name on the computer (the local user on the computer for whom Matlab is

being installed) and press Next to proceed.

Provide user name

Only one person can use this license. Specify the Licensed End User, MATLA B

SIMULINK®

User Name: P- wodve,

B ) Veivorks




Confirm activation settings:

License number: X .
Activation type: Total Academic Headcount Student - Standalone Named User ) SIMULINK
Activated by: ‘ - . '

W e Name: v an wd Prby R2012a

This information will be sent to MathiWorks,

=

13



Press Finish to end the MATLAB installation.

Activation is complete.

MATLAB
SIMULINK

s

. y! MathWorks:

Mechanism to Conduct Lab:

Students and teacher will communicate through google meet/ zoom platform. Student
will run the code OR show the procedure for a given problem and share the screen with

instructor.

14



Lab 13

Topic: Tutorial of MATLAB Interface

Problem Statement: How to use MATLAB for fuzzy inference system
Solution:

Following is the default interface that appears on starting the MATLAB R2017a software. This is divided
into three windows i.e. command window, workspace window and current folder window are shown in
Figurel.

Command window allows commands to be executed are written and results from the executed
commands are also displayed.

Workspace window displays the variables to be used.the variables used for analysis are displayed.
Current folder window displays the files displayed and the researcher can access same.

o)

4\ MATLAB R2017a [o @[ =]
S o pe—
=1 L o 5 " | Lz, New Variable Analyze Code (G} Preferences e ’% Community
L G U (grnaries & O = = Ca) | BB - S @8
. {17 Open Variable ~ {5 Run and Time b [ SetPath ) Request Support

New MNew Open || |Compare Import  Save 4 - Simulink ~ Layout Add-Ons  Help
Script v v Data Workspace (7 Clear Workspace ~ [’ Clear Commands ~ ~ [l Parater ~ - v [Zl Learn MATLAB

FiE VaRiSiE coos s ENVOH RESOUR 2
> EA » C: » ProgramFiles » MATLAB » R2017a » bin » R

Current Folder ®  Command Window ®

Name S>>

B bt ot : Command Window

|| mexutils.pm

Commands are written
and execute here

4\ matlab.exe
| ledata_utf8.xml
i Current Folder Window:
[&] deploytool.bat
=i Provide access to files being

Workspace

used

Name « Value

Figure 1. MATLAB R2017a
Screen Layout

Workspace Window
Display all the variables

«| Ready

Understanding the Quick Access Toolbar

Further, the MATLAB interface consists of a toolbar on top of the window called “Quick Access Toolbar”
consisting of three tabs namely “HOME”, “PLOTS” and “APPS”. These are called Global Tabs. The figures below

<\ MATLAB R2017a S IEr=]
(=1 1 " [ 1] [tz New Variable Analyze Code {O} Preferences (% (o % Community
i ™
Bl o8 O Ceee | @ Od = & WOREE= ON
{1 Open Variable + {7 Run and Time ; [} Set Path =7 Request Support
New New Open H Compare Import Save e = Simulink  Layout Add-Ons Help
Script ¥ - Data Workspace [’ Clear Workspace ~ [’ Clear Commands ~ ~ il paratel ~ - ~  [Zl Learn MATLAB

M

FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

s“ﬁow the “HOME”, “PLOTS” and “APPS” tab respectively.

Figure2a. Quick Access Toolbar for HOME tab in MATLAB



4\ MATLAB R2017a — e

PLOTS E?B 8 L ahe e @ ®IfearchDw:w:»,-mentatu:n )D

O Reuse Figure

- ! Select variable to .
INoVanable Sefecéed o Mooy - )
7 2 New Figure
plot Plot as mult... Plot as mult... area bar scatter pie histogram contour surf
SELECTION PLOTS OPTIONS »
4\ MATLAB R2017a — i
APPS LQ_L | L,‘E] ) E @I Search Documentation ,O
R — = _— == E = =
(=] oy = (oo ol 2 [333] £ 2
a E/ \/ FID (o) e Q C g E-.".'[ E J
Get More Install Package Curve Fitting Optimization PID Tuner System Signal Analyzer Image Instrument SimBiology = MATLAB Coder  Application Classification Distribution
Apps  App  App Identification Acquisition Control Compiler Learner Fitter

»l

FILE APPS

Figure2b. Using Quick Access Toolbar for PLOT tab in MATLAB

Figure2c. Quick Access Toolbar for APPS tab in MATLAB interface
Fuzzy Inference Systems

You use the following tools to build, edit, and view fuzzy inference systems:
Fuzzy Logic Designer

. Membership Function Editor

. Rule Editor

. Rule Viewer

. Surface Viewer

I NI SR

1. Fuzzy Logic Designer:

Fuzzy Logic Designer is used to handle the high-level issues for the system. How many input and output
variables? What are their names?

Fuzzy Logic Toolbox software does not limit the number of inputs. However, the number of inputs may
be limited by the available memory of your machine. If the number of inputs is too large, or the number
of membership functions is too big, then it may also be difficult to analyze the FIS using the other tools.

2. Membership Function Editor:

Membership Function Editor is used to define the shapes of all the membership functions associated
with each variable

3. Rule Editor:
Rule Editor is used to edit the list of rules that defines the behavior of the system.
4. Rule Viewer:

Rule Viewer is used to view the fuzzy inference diagram. Use this viewer as a diagnostic to see, for
example, which rules are active, or how individual membership function shapes influence the results

5. Surface Viewer:

Surface Viewer is used to view the dependency of one of the outputs on any one or two of the inputs, that
is, it generates and plots an output surface map for the system.



These User Interfaces (Uls) are dynamically linked, in that changes you make to the FIS using one of them,
affect what you see on any of the other open Uls. For example, if you change the names of the membership
functions in the Membership Function Editor, the changes are reflected in the rules shown in the Rule Editor.

You can use the Uls to read and write variables both to the MATLAB® workspace and to a file (the read-only
viewers can still exchange plots with the workspace and save them to a file). You can have any or all of them
open for any given system or have multiple editors open for any number of FIS systems.

Fuzzy Logic Designer

| .
=— Membership
e m—— Function Editor
Rule Editor = |
- —
Inference / - - = |
| = |
{ Read-only ' —— - = =
) = = =
tools ; = =
T e e B = = = =
P s e o [ we | s | e e |
= l [P | ==
Surface Viewer Rule Viewer

Figure 3. components of a fuzzy inference system

The above figure.3 shows how the main components of a FIS and the three editors fit together. The two viewers
examine the behavior of the entire system.



1. The Fuzzy Logic Designer

The Fuzzy Logic Designer displays information about a fuzzy inference system. To open the Fuzzy Logic
Designer, type the following command at the MATLAB prompt:

>>fuzzyLogicDesigner or Simply type: >> fuzzy
(%] Fuzzy Legic Designer: Untitled
File Edit View
Untitled
{mamdani)
it1 outputl
FIS Name: Untitled FIS Type: mamdani
And method — — Current Variable
Or method max - B inputt
Impication — m ([ £
Range [o1]
Aggregation T -
Defuzzification centroid - Help Close | ‘
System "Untitied™ 1 input, 1 cutput, and 0 rules ‘




L VIRILAD RLULF3 —

HOME

= EE:' (i Lo Find Files & g

Mew New  Open |1=| Compare Import Save
-

i1

Script - Data Workspaci
FILE
== 5 = v C » ProgramFiles » MATLA
Current Folder ()]
Mame fx »» fuzzy

| worker.bat
5] mw_mpiexec.bat
|| mexutils.pm

Figure 4. Fuzzy logic design of a fuzzy inference system
The Fuzzy Logic Designer opens and displays a diagram of the fuzzy inference system with the
names of each input variable on the left, and those of each output variable on the right, as
shown in the above figure. The
sample membership functions shown in the boxes are just icons and do not depict
the actual shapes of the membership functions.

Alternative Method

1: Click at: APPS

2: Click at Arrow Tip

4\ MATLAB R2017a

Padlbae @ @Ifearth Documentation

= = ) p| = = ol a o > ii Iy £
B8 E © 4 B & & @

Get More Install Package Curve Fitting Optimization PID Tuner System Signal Analyzer Image Instrument SimBiology ~ MATLAB Coder  Application Classification
Apps App App Identification Acquisition Control Compiler Learner

FILE APPS

Distribution
Fitter

»
N

Figure 4a. open new Fuzzy logic design file GUI based

3: Click at: Fuzzy Logic Designer icon as shown at in below figure 4b.



HOME PLO

umentation
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Install  Package | ¥ FAVORITES
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e v e e = o

< |k
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e

Curve Fitting Optimization PID Tuner ystem Signal Analyzer Image Instrument SimBiology MATLAB Coder Application
Current Folder Wentitication Acquistion Control Compler
Details
MATH, STATISTICS AND OPTIMIZATION
* *
A & & &) & ) [54] [
Classification  Curve Fiting  Distriouti el NeuralNet  NeuralNet  NeuralNet  NeuralNet  Optmization FoE Regression
Learner Fi Optimzation  Clustering Fiting  Pattern Reco...  Time Series Learner

CONTROL SYSTEM DESIGN AND ANALYSIS
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i " .
w ] e e ® m
Name ~ Vall L
i “ o om
Sensor Array  Signal Analyzer Wavelet ‘Window
Analyzer Analyzer Designer

Figure 4b. open new Fuzzy logic design file GUI
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Lab 13

Topic: Tutorial of MATLAB Interface

Problem Statement: How to use MATLAB for fuzzy inference system
Solution:

Following is the default interface that appears on starting the MATLAB R2017a software. This is divided
into three windows i.e. command window, workspace window and current folder window are shown in
Figurel.

Command window allows commands to be executed are written and results from the executed
commands are also displayed.

Workspace window displays the variables to be used.the variables used for analysis are displayed.
Current folder window displays the files displayed and the researcher can access same.

o)

4\ MATLAB R2017a [o @[ =]
S o pe—
=1 L o 5 " | Lz, New Variable Analyze Code (G} Preferences e ’% Community
L G U (grnaries & O = = Ca) | BB - S @8
. {17 Open Variable ~ {5 Run and Time b [ SetPath ) Request Support

New MNew Open || |Compare Import  Save 4 - Simulink ~ Layout Add-Ons  Help
Script v v Data Workspace (7 Clear Workspace ~ [’ Clear Commands ~ ~ [l Parater ~ - v [Zl Learn MATLAB

FiE VaRiSiE coos s ENVOH RESOUR 2
> EA » C: » ProgramFiles » MATLAB » R2017a » bin » R

Current Folder ®  Command Window ®

Name S>>

B bt ot : Command Window

|| mexutils.pm

Commands are written
and execute here

4\ matlab.exe
| ledata_utf8.xml
i Current Folder Window:
[&] deploytool.bat
=i Provide access to files being

Workspace

used

Name « Value

Figure 1. MATLAB R2017a
Screen Layout

Workspace Window
Display all the variables

«| Ready

Understanding the Quick Access Toolbar

Further, the MATLAB interface consists of a toolbar on top of the window called “Quick Access Toolbar”
consisting of three tabs namely “HOME”, “PLOTS” and “APPS”. These are called Global Tabs. The figures below

<\ MATLAB R2017a S IEr=]
(=1 1 " [ 1] [tz New Variable Analyze Code {O} Preferences (% (o % Community
i ™
Bl o8 O Ceee | @ Od = & WOREE= ON
{1 Open Variable + {7 Run and Time ; [} Set Path =7 Request Support
New New Open H Compare Import Save e = Simulink  Layout Add-Ons Help
Script ¥ - Data Workspace [’ Clear Workspace ~ [’ Clear Commands ~ ~ il paratel ~ - ~  [Zl Learn MATLAB

M

FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

s“ﬁow the “HOME”, “PLOTS” and “APPS” tab respectively.

Figure2a. Quick Access Toolbar for HOME tab in MATLAB



4\ MATLAB R2017a — e
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Figure2b. Using Quick Access Toolbar for PLOT tab in MATLAB

Figure2c. Quick Access Toolbar for APPS tab in MATLAB interface
Fuzzy Inference Systems

You use the following tools to build, edit, and view fuzzy inference systems:
Fuzzy Logic Designer

. Membership Function Editor

. Rule Editor

. Rule Viewer

. Surface Viewer

I NI SR

1. Fuzzy Logic Designer:

Fuzzy Logic Designer is used to handle the high-level issues for the system. How many input and output
variables? What are their names?

Fuzzy Logic Toolbox software does not limit the number of inputs. However, the number of inputs may
be limited by the available memory of your machine. If the number of inputs is too large, or the number
of membership functions is too big, then it may also be difficult to analyze the FIS using the other tools.

2. Membership Function Editor:

Membership Function Editor is used to define the shapes of all the membership functions associated
with each variable

3. Rule Editor:
Rule Editor is used to edit the list of rules that defines the behavior of the system.
4. Rule Viewer:

Rule Viewer is used to view the fuzzy inference diagram. Use this viewer as a diagnostic to see, for
example, which rules are active, or how individual membership function shapes influence the results

5. Surface Viewer:

Surface Viewer is used to view the dependency of one of the outputs on any one or two of the inputs, that
is, it generates and plots an output surface map for the system.



These User Interfaces (Uls) are dynamically linked, in that changes you make to the FIS using one of them,
affect what you see on any of the other open Uls. For example, if you change the names of the membership
functions in the Membership Function Editor, the changes are reflected in the rules shown in the Rule Editor.

You can use the Uls to read and write variables both to the MATLAB® workspace and to a file (the read-only
viewers can still exchange plots with the workspace and save them to a file). You can have any or all of them
open for any given system or have multiple editors open for any number of FIS systems.

Fuzzy Logic Designer

| .
=— Membership
e m—— Function Editor
Rule Editor = |
- —
Inference / - - = |
| = |
{ Read-only ' —— - = =
) = = =
tools ; = =
T e e B = = = =
P s e o [ we | s | e e |
= l [P | ==
Surface Viewer Rule Viewer

Figure 3. components of a fuzzy inference system

The above figure.3 shows how the main components of a FIS and the three editors fit together. The two viewers
examine the behavior of the entire system.



1. The Fuzzy Logic Designer

The Fuzzy Logic Designer displays information about a fuzzy inference system. To open the Fuzzy Logic
Designer, type the following command at the MATLAB prompt:

>>fuzzyLogicDesigner or Simply type: >> fuzzy
[#] Fuzzy Legic Designer: Untitled
File Edit View
L VIAILAL RZULSE -—
HOME H Untitied
-.Uz {mamdani)
l=2n ':: IF' L e mr
Mew MNew Open |-|Compare Import Save AT 7T Tl
Script - - Data Workspac:
| FIS Name: Untitled FIS Type: mamdani
FILE
= w5 3 L v G v ProgramFiles » MATLA And method - || Current Variable
Current Folder @ Or mathod max - Joi S nput1
M Implication RS EEL
ame : i -

= .f-}: > F HzZzY ' = Range [o1

wh| worker.bat Aggregation max -

"‘;, mW_mpiEKEC.hEt Defuzzification e - Help Close | ‘

| mexutils.pm

. System "Untitied™ 1 input, 1 output, and 0 rules ‘

Figure 4. Fuzzy logic design of a fuzzy inference system
The Fuzzy Logic Designer opens and displays a diagram of the fuzzy inference system with the names of each
input variable on the left, and those of each output variable on the right, as shown in the above figure. The

sample membership functions shown in the boxes are just icons and do not depict the actual shapes of
the membership functions.

Alternative Method

1: Click at: APPS

2: Click at Arrow Tip
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Figure 4a. open new Fuzzy logic design file GUI based
3: Click at: Fuzzy Logic Designer icon as shown at in below figure 4b.
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Lab 14

Topic: Development of Fuzzy inference system

Problem Statement: You are required to make a fuzzy inference system with following
requirements

e Defining input, output variables FIS system.

e Defining ranges of input and output variables.



Double-click the input variable icon to
open the Membership Function Editor

gic Designer: Untitled

e

Double-click the system Double-click the aut
put variable icon to
diagram to open the Rule Editor open the Membership Function Editor
Name of the system.

To change it, select
File > Export > To Workspace.

l
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Figure 5. Overview of a Fuzzy logic design Interface

In this example, you use the default Mamdani-type inference. In the Fuzzy Logic Designer:

1|Page



The drop-down lists let you modify the fuzzy inference functions.

The Current Variable area displays the name of either an input or output variable,
its type, and default range.
The generic untitled Fuzzy Logic Designer opens, with one input inputl, and one output

outputl.

] Fuzzy Logic Designer: Untitled = = £
File Edit View

Untitled

{mamdani)}

output!

FIS Hame: Untitled FIS Type: mamdani
And method — — Current Variable
Or method max - Name input
T input
Implication — - ype npu
Range [o 1]
Aggregation —=- -
Lofemieni centroid - Help Close | |

System "Untitlied™ 1 input, 1 output, and 0 rules |

Add Input Variables

To add a second and third input variables and change the variable names to reflect these
designations:

1 SelectEdit —> Addvariable — Input. SecondandThirdyellowboxeslabeled
input2andinput3

Click the yellow box inputl. This box is highlighted with a red outline.

Edit the Name field from inputl to Simulation, and press Enter.

Click the yellow box input2. This box is highlighted with a red outline.

Edit the Name field from input2 to Kindle, and press Enter.

Click the yellow box input3. This box is highlighted with a red outline.

Edit the Name field from input3 to Computer/Tab, and press Enter.

Click the blue box outputl.

Edit the Name field from outputl to Use-of-Technology, and press Enter.

O 0~ ON Dt kW
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D Select File > Export > To Workspace.

4 Fuzzy Logic Designer: Technology - [
Edit  View
New FIS... L4
Import 3
Export L To Workspace... Ctrl+T
Print Ctrl+P o FIlE
T TeGTGogy
Close Ctrl+W
o N Ry (mamdan)
Kinden /

XX

Computer/Tab

Use-of-Technology

Iy =ER
Save current FIS to workspace
Workspace variable Technology
0K Cancel

| FIS Name: Technology FIS Type:

mamdani | 4

Figure 7a. Export existing FIS file to workstation

1 Enter the Workspace variable name Technology and click OK.
R Orsave in your desired location in computer by:

B Select File > Export > To File

4| Fuzzy Logic Designer: Technology

[

Edit  View

New FIS... 2
Import
Export

P

Print
Close Ctrl+W
o ey

Kinden

[ -
Ctrl+P < To File... Ctrl+S ,

v

(mamdani)

XX

Computer/Tab

Use-of-Technology

‘ FIS Name: Technology

FIS Type: mamdani ‘

Figure 7b. Export existing FIS file to file (Desired folder)

The diagram is updated to reflect the new names of the input and output variables. There
is now a new variable in the workspace called Technology that contains all the information

about this system. By saving to the workspace with a new name, you also rename the
entire system. Your window looks something like the Figure6.

Leave the inference options in the lower left in their default positions for now. You have
entered all the information you need for this particular Ul. Next, define the membership

functions associated with each of the variables. To do this, open the Membership

Function Editor.
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Lab 15

Topic: Development of Fuzzy inference system

Problem Statement: You are required to make a fuzzy inference system with following
requirements

e Defining input, output variables FIS system.

e Defining ranges of input and output variables.



Double-click the input variable icon to
open the Membership Function Editor

gic Designer: Untitled

e

Double-click the system Double-click the aut
put variable icon to
diagram to open the Rule Editor open the Membership Function Editor
Name of the system.

To change it, select
File > Export > To Workspace.

l
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Figure 5. Overview of a Fuzzy logic design Interface

In this example, you use the default Mamdani-type inference. In the Fuzzy Logic Designer:

1|Page



The drop-down lists let you modify the fuzzy inference functions.

The Current Variable area displays the name of either an input or output variable,
its type, and default range.
The generic untitled Fuzzy Logic Designer opens, with one input inputl, and one output

outputl.

] Fuzzy Logic Designer: Untitled = = £
File Edit View

Untitled

{mamdani)}

output!

FIS Hame: Untitled FIS Type: mamdani
And method — — Current Variable
Or method max - Name input
T input
Implication — - ype npu
Range [o 1]
Aggregation —=- -
Lofemieni centroid - Help Close | |

System "Untitlied™ 1 input, 1 output, and 0 rules |

Add Input Variables

To add a second and third input variables and change the variable names to reflect these
designations:

1 SelectEdit —> Addvariable — Input. SecondandThirdyellowboxeslabeled
input2andinput3

Click the yellow box inputl. This box is highlighted with a red outline.

Edit the Name field from inputl to Simulation, and press Enter.

Click the yellow box input2. This box is highlighted with a red outline.

Edit the Name field from input2 to Kindle, and press Enter.

Click the yellow box input3. This box is highlighted with a red outline.

Edit the Name field from input3 to Computer/Tab, and press Enter.

Click the blue box outputl.

Edit the Name field from outputl to Use-of-Technology, and press Enter.
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D Select File > Export > To Workspace.

4 Fuzzy Logic Designer: Technology - [
Edit  View
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Import 3
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Print Ctrl+P o FIlE
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Close Ctrl+W
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Figure 7a. Export existing FIS file to workstation

1 Enter the Workspace variable name Technology and click OK.
R Orsave in your desired location in computer by:

B Select File > Export > To File
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Figure 7b. Export existing FIS file to file (Desired folder)

The diagram is updated to reflect the new names of the input and output variables. There
is now a new variable in the workspace called Technology that contains all the information

about this system. By saving to the workspace with a new name, you also rename the
entire system. Your window looks something like the Figure6.

Leave the inference options in the lower left in their default positions for now. You have
entered all the information you need for this particular Ul. Next, define the membership

functions associated with each of the variables. To do this, open the Membership

Function Editor.
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