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Artificial Intelligence

UNIT-1

Basic Problem solving methods:

Production systems-state space search, Control strategies
Searching Technique:

Breadth first search

Depth first search

Heuristic search

Best First search

Hill Climbing techniques

Forward and backward reasoning

Staged search.

Introduction of Artificial Intelligence:

Al is the branch of computer science. It needs following two things:
Al FFFeX AT5d 1 Th 5l g1 AL A Tt &) it T 3maeshlm gleil 8 |

1) Thoughts and idea
2) Hardware and software

Definition of AI:

Artificial Intelligence is the study of human intelligence and actions replicated artificially,
such that the resultant bears to its design can think and act like humans.

arEdideh &9 ¥ Artificial Intelligence ST &1 intelligence Td 38 G@RT fohT Silet dTel it s
T eI & 3R 396 it 3T Fr artificial () ST T e &1 9T FIAT ST Bl
qROTHAA: Teh VT SIS IR Y STl & S FeTs o ATt &1 |l f[aaR e Heh U & & ||

Components of Al: (Al & &)

Al requires an'understanding of related terms such as-
Al FT FHST & o0 3TT T term T ST AT g, oi-

-~Intelligence + Knowledge Representation

- Various search method (%f?ﬁr—fr T &r %@'ﬁ) like BES, DFS, Heuristics
- Reasoning and Thought

- Cognition(TeT IT §1%T) and Learning

- Allanguages like LISP, PROLOG
- Al Hardware and software
- Computer terminolgies.
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Artificial Intelligence

History of AI(Early work):

Early 1936: Alan Turing, sometimes regarded as the father of AIl. He had
demonstrated a simple computer processor (also called Turing machine) that
manipulated symbols as well as numbers.

1936 & 9gel: Alan Turing & Al & HIEI & ATH & ST AT g1 Soaled Teh ATUROT &
HFEGeX WHE &I demonstration T AT o gehT HRT symbols T #ad A # manipulate

AT AT
Mid 1950 is the official birth of Al
1950 & 7T Al &7 official 27 ATAT JTAT &

Japanese were first announced fifth generation computer in October1981 that can
converse a natural language, understand speech and visual scenes, learn and refine
their knowledge, make decisions and exhibit other human traits.

NI 1981 A ST o I Tgal 57 e 2re G T HIVUTT Al ST Teh Lol $TST T
3 AT A AR@fcl T, fondlt 3Tarst 3R Het T qHeTe, e, FAlelst T TRSH Hiel U
el FHegsd o T & fAoTT ol T W el

Al and related fields:

Al is generally associated with Computer Science, but it-has many important links with other
fields such as Math, Psychology, Cognition; Biology and Philosophy, among many others.
Our ability is combine knowledge from all these fields forcreating Al systems.

Al 1 GHI: HFGET WIS o WY SIS SWT SAIdLE, T Al o7 Faer 3R 81 37 Hgea Qo1
HTes & TTY § S 01, ATSahictstl, cognition HTS+4, biology T philosophy 3R #f &8 3=
e THAH! STeTgT ST a1 Toh | T Al TIECH 31 Tollet aTel T JIIAT R 3R tar g $r ag o
g1 5T Gt Fres 7 AT TS {eed & i s I |

Application of Al:

Game Playing
Speech Recognition
Understanding Natural Language

Expert Systems
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Artificial Intelligence

Basic Al Problems:

There are number of Basic Al problems. Some of them are:
Al 7 % T 9T 8 Alecled 3T €1 378 T $o =T &
Water Jug Problem, Eight puzzle problem, Traveling Salesman problem etc.

To solve above type of problems we need problem solving methods like Production systems.
It involves state space representation, control strategies and a number of searching technique.

IRFT FisolF g & Tled I & [T Th Moot ATATGT AAS T 3TIIST 8ol S HisarT
fOeca| 393 T¢T T representation, et TN, TATHeT T cFeilen 31T f enfAer forar Sirar
gl

General Problem Solving Method (Production System):

Production system is good way to describe system. It involves all the operation that
can be performed in a search space for a solution to a problem. It is useful to structure of
given problem.

foraY off Riea 1 gasta & forT, giseers Racea Gad Ta8ss Il &aT &1 39 37 T
TR T A fFAT STAT & S WeolsT FT gl Il & folT T T 7 AT FI ST 39T ¢
forely ot &1 978 Siscle T GeFafedrd olish & g7 el oh [T SHAT TgFeR Sllell g gt g
glar gl

A production system consist of-
Teh Hiseere RaeeH [ Srat & Aot aar g

1. State Space Search / State Space Representation

2. Control Strategy
State space search/ State space representation:

To solve any given problem we need many things like- problem description, initial
state, goal state, set of applicable rules(production rule), various searching methods etc. Then
a place or space where all necessary tasks are performed called state space representation.

ey off Hecld &l &F et & TIT &H ohs AT I 3TTThdT 8ldT &,3F Neold T Ui,
3T initial state, Goal state, production rule 31T o9 fehT ST Hehol aTel Fef T Teh set, ATt
YRR T searching EaFieh 31TT¢ | ST SoT TS AT T Teh &1 STITE AT Ueh &T TIH H FoesT ThdT STl
¢ e U8 TIF I 6T state space representation IT state space search gl ST g

For a give problem state space search includes:
R & 31 Wisatd & faT Ve ¥08 ¥9 A fawt diait &1 anfAa id &
1. State Space(Problem Description)
2. Initial State(Start)
3. Goal State(Final)
4. Production Rule( Set of Rule)

Author: Mr. Lokesh Rathore (MCA/MTech)
WhatsApp&Call: 9425034034, website: www.LRsir.net, Email: LRsir@yahoo.com

Page |4



Artificial Intelligence

1) State Space: It define a state space for a given problem that contains all the possible
configurations of the relevant objects.

T Tgol Alecld ol Tee TIH ol IRATNT Fd & TaH Taietd 38T 9Iied & folT Tiseld i
qUT &9 ¥ U9 sgafeud aReniid fhar g |

2) Initial State: Specify one or more states from which the problem-solving process may
start. These states are called the initial state.

Slsola T Th I7 3HTh VI TET T TRATVT AT ST6T A HleelH Sl gol el I YBINA HLeil ¢
U T T initial T HET A 8|

3) Goal State: Specify one or more states that would be acceptable as solutions to the
problem. These states are called goal states.

Giecid T Ueh IT ATH TRATNT T AT Tleeld o ol I TAIhR Hiel AT &I, a9 3o Il T

&eT ST &
4) Set of rules: Specify a set of rules that describe the actions(operators) used to get next
state of any current state.

Ig A= ToH & HHg T TRHATNT AT ¢ ToIeTehT R next state & [T Fe FTH, W HHT TareT
T 3O T JUTH AT gl ¢ |
The problem can then be solved by using the rules, in combination with an appropriate

control strategy, to move through the problem space until a‘path from an initial state to a goal
state is found. Thus the process of search is fundamental to the problem-solving process.

Id: TC TG A WeolH &l §T A o [T 3UGehel Tod o hlieaai2le Dl [hall Ueh T shelel
TSNS & SART Peold TIH (T TIH) A A dh 7 fhar ST § ST deh ¥ initial T F
Mol T & &I Ueh 9T UTC 161 81 S| 3c: T &hdel hl T 8- Hseld Y Aled el TR
RREAES

Control Strategies:

To solve any problem,-initially we have completely ignored the question of how to
decide which rule to apply next during the process of searching. There is not a fixed control
strategy for the solution of problem. It is because there may have more than one rule which
have its left side match the current state.

fREY Wsold &Y §oT et & foIT 3T searching & T, TIH Tgol [EHATT & Th YT ATl
ST g ¢ foh 3menasa o T fond Sor o7 T+t Toham STTT | Hiseld T §ol el foh SIS foATdd strategy
(TTST=TT) BT &Il &1 T STV it Teh H 3T 3178 TF Fof 81 § TSieTehT oI T8, hie T T AT
gt

Even without a great deal of thought, it is clear that how such decision are made will
have crucial impact on how quickly and even wheatear, a problem is finally solved.

mﬁa@mﬁwaﬂmgﬁaa@mﬁwﬁwmammﬁm%ﬁ
UHT 11T TSR ST ST ST Giscla &l qUTd: §eol ohdel & ToIT THAUieh, FaArdY Tgam 3 a8
EIRESSIEIR

Mostly following two steps are used to set good control strategies that can be
applicable to solve a problem:

ISolH I §ol el oh IHhT I3 Thelel Tecoll folv foIT fe=T a1 T 1 ITANT AHIT: FIA € -
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Artificial Intelligence

1) Cause Motion
2) Solve Systematic

Motion based:

The first requirement of a good control strategy is that it causes motion.

Teh T[S shelol F¢eoll foh Fad Ugell HTAarddr I ¢ fob, a8 Weetd fob a1fd(motion) T SEIIAR FemTfad
AT &

For example: in a water jug problem, suppose we implemented the simple control strategy of
starting each time at the top of the list of rules and choosing the first applicable one. If we did
that, we would never solve the problem. We would continue indefinitely filling the.4-gallon
jug with water.

Thus control strategy that do not cause motion will never lead to a solution.

3eTeR0T o fAIT: GleT-ST9T Wseld A, ST 871 fohell Sl T Tt TR ST § ol SHehT YB3 Tod foh
foree & @ad efa & o STl & AT S 3T T & 3TN 98 FY foar STl &1 1 §H 08T X &
TS FseId & e b e Fel Tg T Hehel | §H TN 4-gallon FTeX ST Y ATeX { HTATRIT FHI h
A & &9
37dT: ST el Teeoit At (Motion) FT FHITAT &I AT 3G §ol il I <TgT glet aTer|
Systematically:(cTaf&yd)

The second requirement of a good control strategy is that it be systematic.
Teh 93 Thelol Tl o gl ITAarIcT g & foh, I8 quid: sgaf&ud(systematic) glT =18 T

For example: In water jug problem, choosing any-applicable steps, but it may be possible that
one step is repeated more times. It may be happened when choosing control strategy is not
systematic.

3ETEXT o TIT: aTex-S197 Geotd A fohglt off SUer T 1 JoAT Al ST Fehell €, fehorc] I8 oY Tora & T v
& TT F3 TR Rdie gt W | Tg d9 @Il ¢ ST §1TS ST dTell shelol Teeoll systematic(eTafyd) 8T g1
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Artificial Intelligence

Al Problems and Solution Stratergy (Water-Jug and 8-Puzzels)
Water-Jug Problem:

We have given two jugs, a 4-gallon one and a 3-gallon one. Neither has any
measuring marker on it. There is a pump that can be used to fill the jugs with water. How can
we get exactly 2 gallons of water into the 4 gallon jug?

§H &l ST & 97T §- Teh 4-3TefeT T 3R Teh 3 eleT T Gt &1 A fohell TR T IS ATH
ek 3ifehd 8T &1 T 99 § Todent 39T 5797 R afel & 9el A & Hebdl ¢ | [ YR 8 430l &
STIT 3 2 el gTeAT YT R Tohdl ¢ |

>
4g
3g
X
y

State Space Representation (Production System of Water-Jug Problem)
1) The state space:
The state space for this problem can be described as the set.of ordered pairs of
integers(x,y), such that-

glex ST Wseld T JUTIT Flel o [aIT, (X,y) integers & e TR HATIT pairs FHl T TIT 7
foreT g I IR X Tl €

x=0,1,2,3,4

y=0,1,2,3

x=> represents the number of gallons of water in the 4-gallons jug.

y >represents the number of gallons of water in the 3-gallons jug.

2) Initial State: 0,0)

3) Goal State: (2,n) any value of water in 3-gallon jug.
4) Production Rules:

Following assumptions can be applied to solve this problem.
S WIsold I Gl el oh [T fole=T eTHTeT STaTAT ST Hehell & |

a) Jug'can be filled with pump.
ST T hdol 9T & 4117 ST HhT 2 |
b)  We can pour water out of the jug onto the ground.
§H ST9T & dleT 3l U138 I QT theb Hehel ¢ |
¢) No other measuring devices are available.
TR 3ff TP T IS ATIS IF 78! 8
On the basis of above assumptions we can create a number of production rules in the
form of:

xy)>(x.y).
Left side (x,y) of any rule can be matched against with current state. Whereas its right side
(x',y") gives new state to obtain a result.
39U assumption & 3TUR W & (X,y)>(x’,y’) & T A 5 IR HSFUMT o i el
Thd g TR 8 ToT & e TTST (X,y) T Teold T e Tec T HT fohar o1 Thar g STafd aRome
a?qgﬂ?‘ra?%m TEe AEE’,y’) Wsold i dede T Yeld sidr gl
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Artificial Intelligence

In this way maximum production rules can be generated in following way.
3 YR T &g TR Tisarl Tof HI generate fohdT ST ThdT B |

Rule-1 x,y) 2>4,y) Fill the 4-gallon jug
If x<4 4-3TefeT STIT ST T $=AT
Rule-2 | (x,y) 2>(x,3) Fill the 3-gallon jug
If y<3 3-3TeTeT STT T R AT
Rule-3 | (x,y) 2>(x-d, y) Pour some water out of 4-gallon jug
If x>0 4-3NeToT ST A ¥R S dleX theh &l &
Rule4 | (x,y) 2> (X, y-d) Pour some water out of 3-gallonjug
If y>0 3-3VeTeT ST9T & 8T S dle theh & &
Rule-5 | (x,y) -2>(0,y) Empty the 4-gallon on the ground
If x>0 40T STaT T T AT theh &l B
Rule-6 | (x,y) 2>(x, 0) Empty the 3-gallon on the ground
If y>0 3-31cTet ST9T T U dley theh & B
Rule-7 | (x,y) —>(4, y-(4-x)) | Pour water from the 3-gallon jug into the
If x+y>=4 & y>0 4-gallon jug until the 4-gallon jug is full
43T ST T 3 IeleT STeT % afex { T ;I & &
Rule-8 x,y) -2 (x-(3-y),3) Pour water from the 4-gallon jug into the 3-gallon
If x+y>=3 & x 0 jug until the 3-gallon jug is full
3-3TcTeT STIT S 4-VeteT ST & dTey A IS B
Rule-9 | (x,y) 2 (x+y,0) Pour all the water From the 3-gallon jug Into the 4-
If x4y <=4.& y>0 gallon jug
43071 STaT A 3-3VefeT &l G dle ST & &
Rule-104| (x,y) -2(0,x+y) Pour all the water From the 4-gallon jug Into the 3-
If x+y<=3 & x>0 gallon jug
3-3TeTeT ST9T 7 4-3eeT T I dieT 3T & Bl
Rule-11 | (0,2) -2>(2,0) Pour 2 gallons water From the 3-gallon jug  Into
the 4-gallon jug
2- el giex i 3-3cleT aieX & 4-IeleT it A ST & g
Rule-12 | (2,y) -2(0,y) Empty the 2 gallons water of 4-gallon jug on the

ground.

4-ISTeT ST A A 2-3TNA T dle T3S W ek 2 g
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Artificial Intelligence

Control Strategies for Water-Jug problem :

We use any one searching technique like BFS, DFS etc to solve this problem as—

Wsold &1 T el & [T fodl! off afer Saehen &1 39aer X @ohd @ SHA-BFS, DFS 31fe-

(0,0)
4,0) (0,3)
4,3) (0,0) (1,3) 4.3) (0,0) 3.0)

and we get one solution in following order.

U9 S0 YR A §H foioT A A gl e 81T &

Gallons in the 4-gallon | Gallons in the 3-gallon | Rule Applied
jug(x) jug(y) ) y)
0 0

0 3 Rule-2

3 0 Rule-9

3 3 Rule-2

4 2 Rule-7

0 2 Rule-5 or 12

2 0 Rule-9 or 11

Problem Characteristics:

1) Nondecomposable.

2)_ Recoverable or undone

3) Solution is universal predictable.

4) Solution is absolute.

5) Solution has a path.

6) A little amount of knowledge is required.
7) Does not need human interaction.
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Artificial Intelligence

Ex: 8-Puzzel Problem

Problem Description: A frame that can contain 9 tiles of equal size(3-3-3 in each row), but
it contain 8 square tiles, each labeled 1 to 8 . 9™ one is uncovered. Nearest tiles can be moved
to uncovered place. In this way blank space can be moved towards up, down, left and right.
Blank space can set any position and we move squares to find given tiles position.

AIsal# T gUie: Teh UET Thed ofd ¢ ToTHH Uah &1 TR HI 9 TS (Fcdh I H 3-3-3) &l T@T ST Teh,
fohec] SHA el 8 €1 TTSoH T TWT ST §| Tedeh T olelel 1 § 8 3ifehcT g1 9dT soleh TUH &1 TH soleh
TIH A AU T Sged Hd 81 Hehell § [GH I8 soleh TIF up, down, left AT right & Fa &1 ST &1
Soleh TUH Tl T ANTARNST 7 g1 HehedT & 3N T8 & &Y 918 Erel T NTARAT ATH el & TIT er5ed Y
HI AT L& A G B

State Space: 8-puzzle look like- 8 sTel faa=T YR T &1 HehelT 2-

112 | 3 Tiles
516
718 | Blank space

Here tile number 6 or 8 can move towards to blank space.
TgT tile 6 IT 7 1 Soleh TAF T 3N HJ Y Hehel &
Initial State and Goal State:

In this problem user can decide initial state and goal state. Every time state of this
problem can be altered, like:

3 Weeld A I T 3faATel U4 Jlel T& T3ATSE X Hehell ¢ Tcdeh IR Weold I &€ Fo ot
g Ohar gl o

Initial State Goal State
21813 11213
1|64 8 4
7 5 7165

Set of rules:
R1=> Move blank square left
R2-> Move blank square right
R3-> Move blank square up
R4-> Move blank square down

Up(U)

1 I 3]
Left([) o I |11 Right(R)

7 l 5

Down(D)

Author: Mr. Lokesh Rathore (MCA/MTech)
WhatsApp&Call: 9425034034, website: www.LRsir.net, Email: LRsir@yahoo.com

Page |10
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Control Strategies:
We use any one searching technique like BFS, DFS etc to solve this problem as—

Wsold &1 T el & [T fodl! off afer Saehen &1 39aer X @ohd @ SHA-BFS, DFS 31fe-

2]8 [3

16 |4

7 5

@\Rl
218 13 2]8 [3 2]8 |3
1 4 116 116 |4
716 |5 715 715

N8I3 [28[3] 2] 13
116 45 4
7

a1 [4]—>[1]3[4

51 (7165 [7[65
Initial

v

112[3] & [1[2[3] [ [2]3

8| 4]« | | 84|18 4

7165 7165 [ 765

Problem Characteristics:

1) Non decomposable.

2) Recoverable or undone

3) Solution is universal predictable.

4) Solution is absolute.

5) Solution has a path.

6) A little amount of knowledge is required.
7) Does not need human interaction.

Searching Technique:

Problems are .typically defined in terms of states and solutions correspond to goal states.
Solving a problem then amounts of searching through the different states until one or more of
the goal states are found.

&Y IS YisolFH Fs TR states H il § TUT 3HHT gol fhaT Teh goal T&eH & & A gReT w7
STSelH T gl F FAY Toh T W 3T T W Y HI §U TG & ST b bl Teh AT 37F8h e
T YTe 81 g1 ST

In this way a number of searching techniques have discovered. Each one has some
benefits and limitations. Some of them are following.

$9 9N § 9gd AR searching ¢oFeiish fIhfAT & TehT &1 T o 3791 o 1T & UF
HITET 81| Fo GG SeFellen o1 €|

1) Breadth First Search
2) Depth First Search
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Artificial Intelligence

3) Heuristic Search

4) Best First Search

5) Hill Climbing Search

6) Forward & Backward Reasoning

Breadth First Search: (B.F.S.)

It is one form of Blind and uninformed search because this search begins from initial state
and does not use any other information to select a particular next state.

In this searching technique we explorer all possible next states of current state before
proceeding next level. This means all immediate children nodes of current node will be
generated before generating children’s children. This process will be continues until.any child
node does not match with goal state.

To search goal state, a tree is designed that begins with initial state, consider as root. Apply
all possible production rules on initial state to generate next level of nodes.

g blind dUT uninformed T FT Th AT §, FAITh T TIT H BT gfATT Tee A @I AT ¢
fehec] 3TehT Tl next T A & 33T 95 o T fohd) AT ST, ST SITAhRY T 3GHTIT AgT gl |

39 searching ¢aiteh A &7 fohdl current TET FT T Tgel THT next T &l explore T & 3T
a1E &1 38 next olddl W ST &1 39T 37 g g T current node T T RegsT AgH, 3T &Y
fegeT A3 Sekc gl ¥ Ul &F generate gI1T| I TR ¢« s Told @l & SId o I DIs el
S IS A8 T HT o gr S|

Mol T T T el oh TIT Teh & T TS3SATST el g 51T Heeldl I STeTel T & &8Il 8, fod &
HIST ST &1 3TT e T WX AFHT oidel ST Tt AISH Yred et & folw TR USRI &l 3CATS ol
gl

Example: WaterJug Problem

T 0,0)

3 T~ j
43 (an | [@d [[ o0 || 9 |

Advantages:
1) Itis quit simple as compared to other.
31 T olell 7 TE g T Ahoiieh ¢ |
2) Always finding a minimal path length solution when one exist.

e fReT Hiscle &1 g1 § a9 I8 HYUS Fad & length & path & gof T YaTd AT g
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Disadvantages:

1) A great many nodes may need to be explored before a solution is found.
gl o 3ol ¥ Ugel s IR nodes & explore AT gIT &
2) Need a lot of time.(more time complexity)
ST AHAL TTCT § Feotd o gl 37Tet A |
3) Need a lot of space( more space complexity)
g 378 T Y TR &Il 8
4) Searching process remembers all unwanted nodes which is not a specific use.

g AYS 7 @ 3@ nodes T 3T TATRR TGAT &I § TiaTenT FIS [ 39T 781 2|
Depth First Search: (DFS)

It is also one form of Blind and uninformed search. DFS is performed by diving downward
into a tree as quickly as possible. It does this by always generating a child node from the most
recently expanded node, then generating that child’s children, and so on until a goal node is
found or some cutoff depth point d is reached.

If a goal node is not found when a leaf node is reached or at the cutoff point, the
program backtracks to the most recently expanded node and generates another of its children.
This process continues until a goal is found or failure occurs.

g Y U Blind TT uninformed T dehellh T Th I | 3T FT AUS H WeolH & & TAT &
YRIEHS TT(F) T A1 I 3R TRTAR TS A ST BT & | AT e & fIT T g8t e s i fhay
U child 1S & AT FIA &1 31T child A8 G LT G [T Igell ASes AlS &t e A8 AT 3T
AT5e3 A8 TATd §, 3T TR Tg WA & F depth T JTal 3T &, ST b T HieoteT &Y 3ol T 8T 31T ST
T cutoff ITSE T FgT TG T ST IT o1 &A1 UTecT oTeT & S|

T Ml T 37 & TGl &1 oI &lls AT cutoff IS 31T ST & d9 3T We A8 Fr 37
AT$es FAIS & YIed L &1 T8 A AR G & Tk H Tl Gl § ST deh YleelH I Aol T
TC =T8T 81 STl 3T FAeea 1o el e, AgT A STl

Ex: Water Jug problem

(0,0)
v
(4, 0)
1
NEER RN
: 1\«
I SN
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Advantages: The depth first search is preferred over the Breadth First Search when the
search tree is known to have a plentiful number of goals.

@uw@ﬁﬁwﬁﬁumﬁﬁmmmmmméuﬁa@mmﬁ

Mo ITCd HIT &l

Limitation: DFS may never find a solution for a single goal state. The depth cutoff also
introduces some problems. If it is set to shallow, goals may be missed, if set to deep, extra
computation may be performed.

Weclel &Y helel Teh & el T & T DFS ferper 81 3Urger 81 &1 56 4 & 39 cutoff & 8
g THEITT 3T &1 ATE 38 HA el TR U Y T Il FE Tehell & 3R I HUF el I AT HY

s 31T computation FHIAT g9 el dIeh STl o foIT |

Difference between Breadth First Search and Depth First Search:

S.n. | BFS DFS

1 We place all the children at the end of the | Place all children at the front of the queue.
queue in any order.
Fg & 3d A T Reget A1 Tl ot v A 27 & e O R 1 T ST B
T AT &

2 Need large memory space. Means have | Needless memory space comparatively.
1 lexity. e
arge space complexity T e Y 37 A e
37U AARY T $T ITaRTehT g o | AT
3ghr T complexity 31T gicT &1
Space complexity=0(b") Its has Space complexity=0(d)

4 Need large amount of time to reach goal | It may also need great amount of time to
node. Means have large time complexity. | reach goal node. Means have large time
M Alg d& I & v g 318 gy complexity.
ST & | 37T $FhT TI8A complexity 318 il SIS T STiet & forw g 87 e Fovr word
g gl &1 31T 3T e8 A complexity 37 AT &1
Time complexity=0(b?) Same Time complexity=0(b")

6 Itis sure that we found goal state. we are not sure to found goal state.
81 90 g @ 3MRaEd W@ & b, el A5 | 67 QU AL @ 3MRTEd o181 W ¢ [, el Al
STeeT gra gl gTe gref &Y

7 It has not any cutoff point d for returning | It has a cutoff point d for returning to
to previous level node. previous level node.
A VAT S cutoff UISC =TT 8IdT S8l ¥ | 3TH Teh cutoff UISe gIdT g STeal & UGl A8 W
ol g W 317 T | e ST |

8 Suitable for a goal state solution. Suitable for more goal state solution.
T 1 3MTel 9T &el o ot AES 7 Teh U 3T 3ol ITod el & [T AE5 &
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Flow diagram: Flow diagram:
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Heuristic Search Technique:

Heuristics is one type of informed search because in the state space search, Heuristics define
the rules for choosing branches that are most likely to lead to an acceptable solution.

EIRTECHH Ueh SehIFs YhR T HeI cofelleh o | SHA VT Tl ol TRATNT X & TSietehl Hgraar &
STeeld Y 381 el ol TGl o © ol 31T HIeGAH FTCd glet hr 31T 371 gl

Searching Strategy of Heuristic: Heuristic is like Breadth First Search, except that this
search method does not proceed uniformly outward from start node; instead, it proceeds

preferentially through nodes that heuristics, problem-specific information indicates might be
on the best path to a goal.

Ig T CeFelieh breadth T ¢aeiieh & AT 81 el 8, o] 38 T FafRy 71 e fonely STt & Fere
SAIS I 39T Y 3R §37 761 AT &1 3UTT FIH gt Tl A1y 1 ggRfFeah AT Al ¢ I3/ A
ST HE ASG BT Sheel ST A1S T TMTel hl TG A SEE UL AT 37T 5 STl & |

Heuristic Function: A function which is used to help to decide which node is best one to
expand next called heuristics function.

Teh 0T function [T TErIdr ¥ 3Ucledl Uah H 318 A5 @ & next [AEar & fow Fae frdy v
TS T TTT Tl & T i B

Ex: 8-puzzle problem

28|13 1123
16|44 —* |8 4
7 5 716|5
Initial Goal
21 8|3
16| 4
7 5
Riight i
A A
2183 2 3 2| 8|3
16| 4 164 1 4
7|5 7|5 71 6|5

Here which. move is best? So we find Heuristic Value of each node to proceed further
expand.. We need a Heuristic function to evaluate Heuristic value. Like-

3R EIGI0T H- S 7T oA &7 SHS [T §H Hal Tgel Tedah A3 i ggR e dog 71 et
&1 38 forT g e g T¥ceh thanaleT Y AT g1eft | fAeT T A--

Heuristic function: “Count how far away(How many tiles movement) each tile is from it
correct position. Sum of this count over all tiles and expand which has less number.”

EIRTECh BFRAT: “Tedeh TS 370eA IRcIdeh AT & fovclelt g & (37Tt fohcTell gl T Ha e
£)3oT Toft Fr A X &1 T3 erser F A T TRT XA § T 379Te0 Al T TAEAR A &F fow
hdel 3T FI TFT FIA § ToTGehT J19T TG S AT &l

In Above example, we find heuristic value of each expanded node to select next expanded.
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IR 3aT6X0T A, expand $T 35 Tedeh A5 I gIRTEH dog 7ATd X & forad &I siae expand
T T T Heh|

1) Left Move: Tiles are away from correct position:

Tile Number: 1 2 3 4 5 6 7 8
Count Move: 1 1 0 0 0 1 1 2
Sum of all move=(1+1+0+0+0+1+1+2)=6

2) Right Move: Tiles are away from correct position:

Tile Number: 1 2 3 4 5 6 7 8
Count Move: 1 1 0 0 1 1 0 2
Sum of all move=(1+1+0+0+1+1+0+2)=6

3) Up move: Tiles are away from correct position:
Tile Number: 1 2 3 4 5 6 7 8
Count Move: 1 1 0 0 0 0 0 2
Sum of all move=(1+1+0+0+0+0+0+2)=4

According to heurist value “Up” movement is better because -

Tiles are away from correct position=4(Lowest)

Example: Travelling sales man problem.

125"’f’wﬁ
75
/300
125/300
100 50
E
50
D) C
5 100

It is too complex to be solved via direct/blind search for large number of cities(N) .
‘The nearest neighbor heuristic’ works well most of the time, but with some arrangement of
cities, it does not find the shortest path.

Heuristic search space can be represented as-

Author: Mr. Lokesh Rathore (MCA/MTech)
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128 C

Ha

This heuristic search work well when the distance between city C—A is 125, because total
distance covered is 75(AE)+50(ED)+75(DB)+50(BC)+125(CA-return)=375.

But this heuristic becomes fail if distance between CA is 300 because distance from C to A
via C-B-A(50+100=150) is less then direct path (CA=300). But it is/not possible in this
problem state that any visited city should not repeated and path always minimal when
covered all cities.

On the basis of above example we say that Heuristic select more promising nodes
which works successfully in many cases but its success is not guaranteed.

Hill Climbing Searching

This searching is based on hill-climbing using-altimeter to measure fog pressure. Person will
move towards low pressure.

g T SFaileh “ShigY &l aTd AT dTo) TTelHeT TF T HerIdT A UgIE W IST I TR &1 98T
el 33 3R AT HW A 3R F cald 87|

Vo

So in this searching nedes are selected in similar ways for expansion. At each point in search
path, a successornode that appears to lead most quickly to the top of hill (the goal) is selected
for expansion.

31 39 @9 faf A A5 & gl 58T YhR & faTraR & T a9« e &1 <7 gy & fopadt off aise )
Fadl 38T successor AS & [TEAR & AT fAelee Fa & T 37 hill & 1T @ A1) W ST
&1 3178 gl

Hill climbing is informed and like depth first search technique where the most
promising child is selected for expansion. When the children have been generated, alternative
choices are evaluated using some types of Heuristic function. The path that appears most

promising is then chosen and no further reference to the parent or other children is retained.
This process continues from node to node with previously expanded nodes being discarded.

RoT Feifaer T 5ehiFs T U depth BIE T & TAT § Sloal expansion & o AR
NIFT drers Al o el FXd &1 ST Tl ”egaT A5 generate I ST bl 81, e el Teh Ay

—»
>
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T TIT el o ToIT TafFeet TR & heuristic Hh2AT & GaRT alternet TTSH I AT hdT ST &1 AT
a1y I 31T NTAHRT ST § 3HH TIA H N A3 AR 37 ez Agd 1 Rhea @ o=
R S1E ST €1 TE IRAF 18 § 373 A1 deh id? F+1 Bl 8

Advantages:

- Itis relatively simple to implement.

- Reduces number of visited nodes.

- In some situation, it give better solution in a limited time.
olTH:

- olelIcHS SU o] el 31Teeh Tl BTl &
- Visit 3T ST T 718 & HH AT 8|
- T IR 7 75 DAT T 7 30 GROTA & 5

Drawbacks: &fRar

1) Local Maxima:
A state that is better than all neighbors but is not better than some other state
farther away. At a local maximum, all moves appear to make things worse.

a6 T ST T T Hel T T AES 81 foho] 38 a1 T 37 T A ¥ 181 &1
el AfFEA o Tl HT IFR AT @Y o1 B
2) Plateau:
A plateau is flat area of search space in which a whole set of neighboring state

has same value. It is not possible to determine the best direction in which to move by
making local comparison.

T T A plateau I8 THACS TRAT § S@a @l 3maura & wecq HT U T
dogE &1 X H 3T 7 A oh [T S STSNarIeT ATcl hiell Ho1d g1 ¢ |
3) Ridge:
It is special kind of local maxima. It is an area of search space that is higher
than surrounding areas and that itself has a slop.

Ig ollehed maxima &7 3V YR §1 I TO0F & Ig ar TRIAT g1 § S 399y &
TRAT & 3118 g 31k a8 Wi e aolt &l
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Best First Search:

This searching technique is based on the use of heuristic to select most promising
paths to the goal node. In this searching, all estimates computed for previously generated
nodes and make its selection based on the best among them all.

el A T U FL & TIT T§ T &=l heuristic FHT ITIET A g?ir Aree NifAeT grer
1 T A &1 58 < Faf 7 |@aft generate T ST G previous AISH T estimates AT 3 &,
g 37 T3 A A S SF< § 37T IIA 379 §5o) & AT T o B

Thus at any point in the search process, best first moves forward from the most
promising of all the nodes generated so far.

HA: I T I IR 7 R ¢ dise  hael 38T feRm 3 1Y dgd ¢ T 3R AleTold &1 grel
HTeT ST HHTTAT 3770 &1

Example:

Best First Search V/S Breadth & Depth First Search

In Best First Search’we expand all nodes of current node (like Breadth First Search)
but select any one most.promising node to goal and switch down to generate next nodes(like
Depth First Search).

ST BEC T A breadth FEE T & AT fhalT T A8 H TH Ao A1 & expand FI
g Tohe 378 A hdel fohell Teh U IS & TG X g [ 31T 51 TR el A8 1o glet
THTGAT 378 81| 3R depth HEE AS & THATT THT AlS HT BISH T &7 A3 I ST AT FT 3R
Reaa gl s gl

Forward and Backward reasoning(Bidirectional Search)

When a problem has a single goal state that is give explicitly then bidirectional search
technique can be used.

STeT fohall Siscl Y Shdel Teh 81 JlTel T BT Toldl Tg el & ST 51T Yeh 81 el bidirectional I eeiteh
T 3TN foRT ST FeheT £

In this reasoning process, searching of solution is perform using following two
process-

5 JATaT A A, Hscld 1 WG 3= al Wrid & 9 Fohar Sirar gl
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1) Forward Reasoning:

In which we apply any suitable search on initial state and moves towards goal state.
5aA Tl it SUZFa T Eoreilen Y TRTFHR T W IHTATS il § 3R el T T 3R AT A B

2) Backwards Reasoning:

In which we apply any suitable search on goal state and moves towards Initial state.
Saa o1 fondly ol SUGeF T Earelleh o Aol T TR ICaTS il & 3R IRIFSh T T 3R AT
gl

8 3
1 6 4 |Initial State
Fopwrd 7 s -
Jo e
2| 8 3 2l g | 3 2 |8 |3
1 6 4 1 6 4
7 5 7 |s 7 6 5
Every time Generated node from forward & Backward are compared
3
1] 2] 3 11>
8 8 6 4
7 6 7 5
5
Bagckward 7
ft own
1 2 3
8 4
7 6 5

Goal State

At the same time, forward and<backward processes are done. When we get a common next
state of both reasoning, stopnode generating process and trace path from initial state to goal
state which is minimal path.

Teh ATV U & AT HHRas AR SFars NAF I 31cels foRar ST1ar &1 9 elat AT & ganT g
PIS P AFdc Tee Aol & I generating T &Y b ¢l ¢ 3R IRTFHF R T M e Had
% T T ¢H T oI g |
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UNIT-2

Knowledge Representation:
Predicate logic
Resolution question answering
semantic nets
conceptual dependency
frames
scripts
non monotonic reasoning

statistical and probabilistic reasoning

Knowledge Representation:

In order to solve the complex problems encountered in Al,.one generally needs a large
amount of knowledge, and suitable mechanisms for representing and manipulating all that
knowledge. Knowledge can take many forms. Some simple examples are:

AL 7 5T off SIfeer TaeaT & ured @9 W AT 31fe FAE1 & sAlerst 6T 3T gl & adT
S wiferel 1 F&RId HR hateae & & & fog fhe Surgerd Apiierere g1 wierst & Sgd TR &9 &t
€1 38 S a0l el B |

- John has an umbrella.

- Itis raining.

- An umbrella stops you getting wet when it’s raining.

- An umbrella will only stop you getting wet if it is used properly.
- Umbrellas are not so useful when it is very windy.

So, we need to study, how should an Al agent store and manipulate knowledge like this?
Knowledge Based System:can become effective as problem solvers only when specific
knowledge was brought to bear on the problems. Knowledge representation needs two
different entities:-"fact and Representation of facts.

37cT: &9 ST I T STETTT T Y TARTHT & T fhT TR Al Toic 39 TohR  dAlerel T Tl 3R
AfAYRIT H? FAlelol 95 THECH Shaol TaAT o T Hised I €1 Hied el & ToIv &1 Tsaeiiel g
g1 sATele] Hl TFd P & ToIv e 3R 3AFT YT el T HEIHhdT giar gl

Predicate logic v/s propositional logic:-

Propositional logic is simple to deal. We can easily represent real world facts as logical
propositions written as well formed formula(wff’s).

ferdlY #fY 9o 3 SITER & fAT propositional A Sg TXel &I & | §H I Gfotal & Hfrerd
H%ﬁﬁagﬁﬁmﬁﬁﬁmpropositioné?wﬁﬁlﬁaﬁmﬁﬂgﬁmwm%"l

Ex:

It is raining -RAINING

It is anny -SUNNY.
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If it 1s raining, then it is not sunny.
RAINING - SUNNY(~ for not)
Limitation: &3t

Suppose we want to represent the obvious fact stated by sentence.

HIAR G o arrt 3 58 TR forad & -
1) Scorates is a man. -SCORATESMAN
11) Plato is a man. -PLATOMAN

Which would be totally separated assertion(cldl) and we would not be able to draw any
conclusion about similarities between Scorates and Plato.

ST Qleil aTeral A Ueh E1 STl OR 370197 37eldT S T 91T § foho] Thived 3R wolet o ofier fanely ot
HHTAATHT T ST 8T Hehl |
It would be much better to represent these facts as-

SoT A2 I ToldT TR A TFd aatl 31T HES B

-MAN(SCORATES)
-MAN(PLATO)

111)  All men are mortal - MORTALMAN.

This representation fails to capture the relationship between any individual being a man and
that individual being a mortal. Then‘we write a seprate statement about the mortality of every
known man. In this case, we use predicate logic to represent real world facts as statement
written as wff(well formed formula)

Ig TECTehoT, fhdll Teh man 3R 9 Toh mortal (6TcTh) 8, 3T Qlail o Sl HaEr 3l GTIAS el &
3TAY war g1 v RUfY & 9@ man H AEFIEY & R & 376091 F FU fOG=T 89T 37 IR &
e A, g UfShe difoteh Sl SUANT dReddeh gierdm & Hefetrid T3l T wif TECHE (IeT BIFS Bieem)
# o 8

Advantage of predicate logic over prepositional logic:-

1. Determining the validity of a proposition in propositional logic is straight forward but
it‘may be computationaly hard.

Propositional dffote & fRET proposition(MORTALMAN) &I d&IdT &l AT AT THTA
81T & foho] FHEY CIRT IIH AT SEd HSo gl ¢

2. Predicate logic provides a good way to represent knowledge.
TRy SiTerst a1 UfSehe dlifoleh GaRT 37ea § eherd [T ST HehelT &
3. It provides a deducing new statement from old one.
Afgahe dlifoleh 3UeTs AT AT HUT AT F Fohll 5|

4. Propositional logic does not posses a decision procedure.

Propositional dffeie A fuTaTcas faftr sigi g
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Characteristics of predicate logic:-

1.

It uses formal application of reasoning, necessary to automate reasoning process.
ufSehe diifoten, A {etfoter 9 & forT Astfoter 1 3T=mRes JTeT grer g

FOPL (First Order Predicate Logic) is flexible and it uses accurate representation of
knowledge and natural language.

FOPL(WEE 31T UfSehe wlifoieh) T ww oreiiell gl & hROT HhT ST alelst 3R wgel
$TTYT Y 31T H oTFd el & [oIT T Tohl g

FOPL is widely accepted by workers in the Al field.
THTS & OF H HHATNAT §aRT FOPL &7 T 38 393197 foram STar g

It is used in programming design and literature.

ST YA NIATH Y FoTret 3T A1feed & fmar Srar g

Elementary component of Predicate Logic:-

1.

Predicate Symbol:

a. Connectives = (not), v (or), A(and), —(implication)

b. Quantifiers H(there exist/someone), V(for all)

Constant symbol: Fixed value(.marcus, 12)

Variable symbol: Assumed value (X, y; z)

Function symbol: operational name(f,g,h,mother, father, age etc)

Eg. John’s mother married to John’s father.

FOPL: MARRIED(father(John), mother(John))
Function: father, mother
Constant: John

Example for representing. knowledge in predicate logic:

Sentances FOPL

1. Marcus'was a man. Man(marcus)

2. Marcus was a Pompeian. Pompeian(marcus)

3. All Pompeians were Romans. bx: Prompeian(x) —Roman(x)
4. Caesar was a ruler. Ruler(Casesar)

5. All'romans were either loyal to Caesar or hated him.

N

bx: Roman(x) —Loyalto(x,Caesar) v hated(x, Caesar)
Everyone is loyal to someone. bax: Ay: Loyalto(x,y)
People only try to assassinate rulers they are not loyal to
Vi: Vy: people(x), 4 ruler(y) 4 tryassassinate(x,y) —=loyalto(x,y)
Marcus tried to assassinate caesar.  Tryassassinate(marcus, caesar)
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Resolution & question answering:

To prove a valid statement in predicate logic, resolution attempts to show that the negation of
the statement produces a contradiction with the known statement. This approach contrasts
with the technique that we have been using to generate proofs by chaining backword from the

theorm to be proved to the axioms.Using resolution we can find anser of questions.

YHIegRreT Teh QdT adienT & foaa fanely afdshe diffors & weedie i du g el & fv @@ uga

TETHT Pl APRICHS ST §oT Il ¢ oIl Ueh TARIUTHTHS AT TCCHT I 3cTee] hcT & | T§ TROT
3 cTehoiteh o AU & 1 Al § SigT g ol axiom & Y & YoT: axiom T 3 31T dres

R et FeATerT FAE Yt § 1 THEGRIT 3 GaRT Y& 1T 52& Al Seci} oY ATl &Y Hehdl B

Algorithm: Resolution

Let F= a set of given statement, P=a statement to be proved

1.

2.
3.
4

Convert F into clauses form.

Negate P and convert the result in clause form.

Add result into set of F.

Repeat following three point until a contradiction

a. Select two clause. (parent clause)

b. Resolve them together

c. Ifresolvent is the empty clause, then contradiction has been found.

Algorithm: convert into clause form

1.
2.

Eliminate — convert a—b into ~avb
Reduce — convert =(a4 b) into —a v b

For example: resolution proof of question ““Is, Marcus hate casesar?” its answer will yes if
we get nil at the end of proof chain otherwise answer will be no.

Solution:

Convert all set of statement in clause form (F)=

1.
2.
3.

8.

Man(marcus)

Pompeian(marcus)

bx: Pompeian(x) —Roman(x) Convert to

—Pompeian(x) vRoman(x)

Ruler(Casesar)

bx: Roman(x) —Loyalto(x,Caesar) v hated(x, Caesar)Convert to
=Roman(x) v loyalto(x,c) v hated(x,c)

ba: dy: Loyalto(x,y) Convert to

loyalto(x,y)

Vi: Vy: people(x) 4 ruler(y) 4 tryassassinate(x,y) ——loyalto(x,y)
—[people(x) 4 ruler(y) 4 tryassassinate(x,y)]v [ loyalto(x,y)]Convert to
—people(x) v —ruler(y) v —tryassassinate(x,y)v —loyalto(x,y)
Tryassassinate(marcus, caesar)

Negate proof: “Marcus hate casesar” in clause form and into F.

9.

—hate(m,c)
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Now resolve as

Resolve result using the old sentance with number

—hate(m,c) —Roman(x) v loyalto(x,c) v hated(x,c)-5

—Roman(m) v loyalto(m,c) —Pompeian(x) vRoman(x)-3
loyalto(m,c)~Pompeian(m) Pompeian(marcus)-2

loyalto(m,c) —people(x)v—ruler(y)v—tryassassinate(x,y)v —loyalto(x,y)-7
—man(m)v —ruler(c)v ~tryassassinate(m,c) Man(m)-1

—ruler(c)v —tryassassinate(m,c) ruler(c)-4

—tryassassinate(m,c) tryassassinate(m, c)-8

nil

When resolution process stops then we conclude that statement —hate(m,c) “Marcus hate
casesar’’is true.
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Semantic Nets:

In a semantic net, information is represeneted as a set of nodes connected to each other by a
set of labeled arcs, which represent relationship among the nodes. The main idea behind
semantic net is that the meaning of a concept comes from the ways in which it is connected to
other concepts.

Sementic ST A SFAGNIAT I H§ AR A5 & T A ekl AT SATAT &1 Tedeh IS Ueh GAY W o8 3T
CART hatere TGl & | TUT A Ades 3HTeh, AISH o srel FUT Y FF el & | HAER Ac & NS Tad F&7
faR a8 & o, T O 317 sFediee Sl dhoeiacs 8, 3o0! o GaRT 16 31T FHIFHTT T 7Y ITed fohdT ST g |

Example:

Marcus is a Man.
PL—> Man(Marcus)
SN =2 isa (Marcus, Man)

Marcus

Example:
isa(Person, Mammal)
instance(Pee-Wee-Reese, Person)
team(Pee-Wee-Rees, Brooklyn-Dodgers)
uniform-color(Pee-Wee-Rees, Blue)

isa A

team Instance
Brooklyn—-Dodgers k—————{Pee—Wee—Rees|<———————£:E§£§§E:]

Uniform-folor
A
Blue

Example: John's height is 72 inches.
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Frames:

A frame is a collection of attributes (usually called slots) and associated values that describe
some entity in the world. Sometimes a frame describes an entity in some absolute sence;
some times it represents the entity from a particular point of view. A single frame taken alone
is rarely useful. Instead, we build frame systems out of collections of frames that are
connected to each other by virtue of the fact that the value of an attribute of one frame may
be another frame.

dos T T TIEH &I qUTe A dd attributes(Felic) 3R Holetrid degd & THE I A gl STl
| TR TEIET T Ueh A o SaRT TET & HASIAT ST Tohell & | F5 IR e o GaRT TEIET & forar fay
TR T HT STFT Y Gehel & | el Teh &1 6 Pl FeAThT ITATT et & TATe W, Fg TN A & TH
AT Teh $ha TECH o THHATOT heaT 3118k SUAEN BT &1 S8 YehR Teh he & [Uil(virtue) &I ferdiy
3T A oY 3UIRT W AhA &

Example:
Person
isa: Mammal
cardinality:  6,000,000,000
*handed: Right
Adult-Male
isa: Person
cardinality:  2,000,000,000
*height: 5-10f
ML-Baseball-player
isa: Adult-male
cardinality: 624
*height: 6-10f
*bats: equal to handed
*batting-average. .252
*team:
*uniform-color:

Fielder
isa: ML-Baseball-player
cardinality: 376
*batting-average: .262

Pee-Wee-Rees

isa: Fielder
cardinality: 624

height: 5-10f

bats: Right
batting-average:.309

team: Brooklyn-Dodgers

uniform-color: Blue
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ML-Baseball-Team
isa: Team
cardinality: 26
*team-size: 24
*manage:

Brooklyn-Dodgers

instance: ML-Baseball-Team
team-size: 24

*manage: leo-Durocher
Players: {pee-wee-rees,...... }

In this example of frames, person, Adult-male, ML-baseball-player, fielder and ML-baseball-
team are all classes. The frames pee-wee-reese and Brooklyn-dodgers are instances.

e % 89 3G1eX0T H person, Adult-male, ML-baseball-player, fielder I ML-baseball-team
T FTaA ¢ STl pee-wee-reese 3R Brooklyn-dodgers @I S instances &/
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Conceptual Dependency: - (CD)

Conceptual dependency is a theory of how to represent the kind of knowledge about events
that is usually contained in natural language sentances.

Conceptual dependency Teh TT &I & St T8 FclTclm & fob, fondt ehR foneft steker oigaaet A afola
TICH i silelol & T YhR A UG I [har Sv|

The goal is to represent the knowledge in a way that-
- Facilitates drawing inferences from the sentences.

- Is independent of the language in which the sentances were originally stated.
CD &1 HE 36AY dAlelol hl foldT JehR & ST el A B

- Gl O 3HeTAT ST T G veTel e |

- g AT R fARER el g1 fSaay arerdt ot 7 &9 | forer s am g |

In CD, representations of actions are built from a set of primitive acts.

CD # Taf#e~T Tarerel sl ehercd ahdel o ToIT foia=T Yeh & primitive acts & HHG T STANT fohaT STl
gl

ATRNS used for give
PTRANS used for go
MOVE used for movement of a body

INGEST used for eat

MTRANS used for tell

MBUILD used for decide

ATTEND used for listen/focus on thing
Example: English sentances can be written in CD form as

S = Customer

W= Waiter
C = Cook
M = Cashier
O = Owner
English sentances CD form
1. Custemers are going into restaurant S PTRANS S into restaurant.
2. Customer focuses eyes to table S ATTEND eyes to tables.
3. Customer decides where to sit. S MBUILD where to sit.
4. Customer goes to table S PTRANS S to table.
5. Customers are moving to sitting position S MOVE S to sitting position
6. Customer go memu to other customer S PTRANS menu to S
7. Customer tell signal to waiter S MTRANS signal to W
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Script:

A scrip is a structure that describes a stereotyped sequence of events in a particular context. A
script consists of a set of slots. Associated with each slot may be some information about
what kinds of values it may contain as well as a default value to be used if no other
information is available.

TEpte U TAT TeFaR giaT & Sif fohdT 8T sdT &l Ueh & d1G, Udh shaA2l: TohalT faQy gaT & qufer
AT &1 T f&pee s TR Fale F AR T g1 Tedeh Talle, St 39 ﬁaﬁgﬁg’r 3AA Sde o
et F& o1 T SAARIRAT AT WEell & I Teile A Fo +AE1 &1 dd f3lee dog@ T 39T 8t
o ST Hehel &1

Scripts are useful because, in the real world, there are patterns to the occurrence of
events. These patterns arise because of causal relationships between events. Agents will
perform one action so that they will then be able to perform another. The events described in
a script form a giant causal chain.

feshee sga 3Tl gYch & o Rael aes & gde & ared g1l & g @R a0 7 Fhd &1 T
T T SHTAT 3w Bt & T T TITH A F6 o $ IR FoeT T gielm & ey s
¥ T Sl U R ) S A ¥ TR B g 3 B ) ey B wee ) e e vdew
I Teh BT A qUTeT el § ST TGl ST el T T EROT X AT ¢ |

The beginning of chain is the set of entry conditions which enables the first events of
the script to occure.

et 1 re3nd faffieer gfaset & depg F gl & S 9red g1t dTell Jgell vded I f&shee &

AN o
SIS oI ST &

The end of chain is the set of results which may enable later events or event sequences
to occure. Within the chain, events are connected both to earlier events that make them
possible and to latter events that they enable.

SH YehR 2T o1 3T TafSies] GROTAY ST Ueh g 81 STl & i1 S1G H §lel aToll TAcH AT T6 el 8l
el TACH oh v 1 SiISeT olidieh g1 Heh | Aol A, YA 3R afTe; 1 {3l TdH bl SiTST ST Hebell £

Use of script:

1. It provides the ability to predict events that have not explicitly been observed.

T&hee T FerIc & U o TATH T AT ofaTTT ST Fehell § ToleTe STed &9 & foeTor =7gh
forar s gl

2. It provides a way of building a single coherent interpretation from a collection of
observations.

Ig faffieet fAQ1eTon & Tog & Teh AT GEHITT TEIARIOT T F&TeT el Tl cRIhT T&TeT Hcil
gl

3. It focuses attention on unusual events.
TE I TiTH IR S €Tt AT e ¥

Following example of script shows part of a typical script, the restaurant script. It illustrates
the important components of a script.

Author: Mr. Lokesh Rathore (MCA/MTech)
WhatsApp&Call: 9425034034, website: www.LRsir.net, Email: LRsir@yahoo.com

Page |31



Artificial Intelligence

Script: RESTAURANT
Track: Cofee Shop
Props: Table

Menu

F=Food

Check

Money

Roles: S = Customer
W= Waiter
C =Cook
M = Cashier
O = Owner

Scene 1: Entering

S PTRANS S into restaurant.
S ATTEND eyes to tables.

S MBUILD where to sit.

S PTRANS S to table.

S MOVE S to sitting position

Entry Conditions:

S is hungry.
S has money.

Results:

S has less money.

O has more money:

S is not hungry.

S is pleased (optional)

Scene 2: Ordering
(Menu on table)
S PTRANS menu to S

(W brings menu) (S asks for menu)
S MTRANS signal to W

W PTRANS W to table
S MTRANS ‘need menu’ to W
Ve
W PTRANS W to table
W% ATR?NS menu to S
S MTRANS W to table
*S MBUILD choice of F
S MTRANS signal to W
W PTRANS W to table
S MTRANS ‘Iwant F’ to W
W PTRANS W to C
W MTRANS(ATRANS\Flto C

C MTRANS ‘no F>to W

W PTRANS W to S

W MTRANS ‘noF’ to S

(go back to *) or

(go to Scene 4 at no pay path)

C DO(prepare F script) to Scene3

Scene 3: Eating
CATRANS Fto W
W ATRANS Fto S
S INGEST F
(Option: Return to Scene 2 to order more;
Otherwise, goto Scene 4)
|

A

S MTRAN to W
& (W ATRANS check to S)

W MOVE (write check)
W PTRANS W to S
W ATRANS check to S
S ATRANS tip to W
SPTRANS Sto M
S ATRANS money to M

(no pay path:)
S PTRANS S to out of restaurant

Scene 4: Exiting l
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Non monotonic reasoning:

Traditional systems based on predicate logic are monotonic. In monotonic systems there is no
need to check for in consistencies between new statements and the old knowledge. Non
monotonic reasoning is based on default reasoning or “most probabilistic choice”.

For example when we visit a friend’s home, we buy biscuits for the children because we
believe that most children like biscuits. In this case we do not have information to the
contrary.

Default reasoning ( or most probabilistic choice) is defined as follows:

Definition 1 : If X is not known, then conclude Y.

Definition 2 : If X can not be proved, then conclude Y.

Definition 3: If X can not be proved in some allocated amount of time then conclude Y.

It is to be noted that the above reasoning process lies outside the realm of logic. It conclude
on Y if X can not be proved, but never bothers to find whether X can be proved or not.

This leads to a non monotonic system in which statements can be deleted as well as added to
the knowledge base. When a statement is deleted, other related statements may also have to
be deleted.

Non monotonic reasoning systems may be necessary due to any of the following reasons.
- The presence of incomplete information requires default reasoning.
- A changing world must be described by a changing database.

- Generating a complete solution to a problem may require temporary assumptions about
partial solutions.

Thus non — monotonic systems require more storage space as well as more processing time
than monotonic systems.

Statistical and Probabilistic reasoning:

So far we have considered something being ‘true’ or ‘ not true ‘ or ‘not known’ . There is also
the situation ‘probably. true’: In situations where “the relevant world is random” or “appears
to be random because of poor representation or “not random but our program can not access
large data base”, probabilistic reasoning is to be applied.

(Example of such'situations are — motion of electron, a drug being successful on a patient
etc,). One has to apply probabilistic reasoning in deciding about the next card to play in a
game of cards or in diagnosing the illness from the symptoms. These are random world.
Uncertainties can arise from an inability to predict outcomes due to unreliable, vague,
incomplete or inconsistent knowledge.
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UNIT-3
LISP AND Al PROGRAMMING LANGUAGES:

- Introduction to LISP :

- Numeric Functions

- Basic List Manipulation Functions in LISP
- Predicates and Conditionals

- Input, Output and Defining Functions

- Iteration and Recursion

- Property List and arrays

PROGLOG and Other AI Programming Languages

Brief overview of LISP:

History: LISP is one of the oldest computer programming languages. It was invented by
“John McCarthy” during the late 1950s after FORTRAN.

Tored Tad QT SaTATHT 8197 & & T g1 3§ “Silel McCarthy” & SaRT RS & d1g 1950 &
GIEGRERIEIR IR

Different Flavors of LISP: Several dialects of LISP are FRANZLISP, INTERLISP,
MACLISP, QLISP, SCHEME and COMMON.LISP.

foeT & &8 X §9 § 919 FRANZLISP, INTERLISP, MACLISP, QLISP, SCHEME 3R
COMMON LISP.
Important Features of LISP: 1t is‘suited for Al programming because of its ability to process

symbolic information effectively. LISP has simple syntax with little or no data typing and
dynamic memory management.

fored Al STarmaTHeT & foT Tag) 3R SUGerc Hall Sicll § FYeht 58 [HaTellen & Helotid SeTehrial
PI 3TS U AT el hl BHAT glal ¢ | ToeT & T dhaT 31T =18l o SIaX 31T i T8 el arel
3R SrEATAE AARY T AAeTHeE e Tl T By gy S B

Running the LISP program: LISP program run on an interpreter or as compiled code. The
interpreter examines source programs in a repeated loop (read-evaluate-print). This loop

reads LISP ‘program code, evaluate it, and print the value returned by the program. LISP
interpreter read code using -> prompt.

forea @ gl $¢dex A1 compiled HS & @RI I BIdT gl $eHeX AT IRIA HF T RfUes
d(read-evaluate-print)# GH&TOT AT &1 TE o[ foET WA & HIs G Tgol TS T &
evaluate &Y ST & GaRT AICTS 15 deg Hl BT #¥ar &1 foed $¢3fex -> HiFte & ganr I3 &I I3
AL

Ex:
>((+567)
19

-> Input here next lisp instruction.
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Basic Building of LISP: (atom, list and string)

Atom, list and string are the valid object in LISP, also called “ Symbolic Expressions or S-
expressions”.

e & AT 3feaige Atom, list 3R string &1 3% “ Symbolic Expressions 3T S-
expressions” & AT I 8t ST SATAT |

Atom: A number, continuous character (include digits, alphabets, special characters).
A5 o T, AR % arel e (include digits, alphabets, special characters) T TcH gl
ST gl

Ex: Numbers: 2013, lokesh, this-is-a-atom, ab123

List: A sequence of atoms and/or other lists encloses within parentheses ( ) and‘separated by
space. Elements of list are called top element of list.

Atoms Ta/AT 31 ToIee &l hasg T foleg BIC HhiFas () A fo@r ST 3R Tcdeh Teh T9H & gaR’T
T 81 9 34 Toiee hgd ¢ | foiee & TeldT &l top element of list gL ST &
Ex: (this is a list), (a (a b) ¢ (def)), (mon tue wed thus fri sat sun), () empty list

String: A group of characters enclosed in double quotation marks.
faffiesT $areX T U Tog S 59T T “...” A G 8l 3o o dga 8

Ex: “this is a string”

Special Value:

There are three types under special values-
TR SoH o eIl cileT T T dogH Blell o

1) Constant: any number like 12, 199
2) t: for true and
3) nil: for false or () empty list.

Function call:

Every operation is called function and applying content (atom, list, string) called argument.
Everything will be written in list form and function-name written as prefix.

foreT 7 Uedeh IR T Behelel Tl SITdT & 2T ICTS TohT SITeT dTel shee (atom, list, string) &r
3mHE FEet & | Wl Y ATTET Uk foree & w9 A v ST § 3R et ar aftherd 7 faee

Syntax for function call :
(function-name argl arg2 ----- )
Ex: (+24) +1is a function

When a function is called, the arguments are first evaluated from left to right and function is
executed using the evaluated argument values.

ST faRET therelet T Shicl fhaT SITAT & T FSH Ygol e § T T T 3mefHe A1 fhu S ¢ 3R
Theh2TeT T AT foht 1T 3TefHe T dog & ganT I foham ST B
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Syntax and Numeric function : (+,-,%,/)

Arithmetic function operate only passing numeric arguments (integer or real value).

Arithmetic function 3aer I T STeT dTell numeric arguments (integer or real value) &Y & gef
ERGE]
Syntax: -> (op data-1 data-2 ------ data-n)
Op means (+ or — or * or /)
1) + (plus): Add zero or more given arguments.
->(+246) gives 12
2) * (product): Multiply zero or more given arguments.
-> (*24) gives 8
3) — (minus): Subtract two given arguments.
> (-41)gives 3
4) / (Divide): Divide two given arguments.
-> (/9 3) gives 3
Declaring Variable (setq):

Used to hold data ( atom/ list) for further use and return last bound data. Unbound variable
gives error.

AR & 39T data (atom/ list) T TSR T & [T THAT SATAT § THTH 3Tt IYANIT 1
A 5T ST g |

Syntax: setq(variable-name bound-data)

Ex:

-> (setq x 10)

10

->X

10

Basic List Manipulation function: (car, cdr, cons and list):

Usedto extract data from list .
SoTehT 3UAAT foee A T 31eT I Bea! R & T fFIT AT B
1) Car: Returns top element of given list.

Ig heheld &1 315 folee & T element &Y leTdT g

Example-

-> (car '(abc))

Output: a
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2) Cdr: Returns a list except first top element of list.

I Hen2leT &1 TS fore & 1T element &Y SIS AT oY Tolde &Y olerar &
Example-

-> (cdr '(abc))

Output: (b ¢)

3) Cons: This function need only two arguments, an element (atom or list) and a list, as the
result returns a list with the element inserted at the beginning of list.

Ig theheleT &1 JETHCH (atom or list) 3R Toh foIee O R &l &1 IROTHA: Tgel 3MeHe

T Yehs foree A G M SIS ST dl

Example-

-> (cons 'a '(bc))

Output: (abc)

Element a add at top of list (b ¢)

4) List: This function is used to create a list for given anumber of elements as arguments. It
returns a list.

TE el ITEHCH & 9 H G 1w w3ft vforsics &1 veh foee & &0 7 ffa s &ar g
Example-

-> (list 'a '(bc)'d)

Output: (a (bc) d)

Create a list contain a,(b c)‘and d.

Predicate functions:

Predicates are function that test their arguments for some specific condition and return

true (t) or false (nil).

ISHeH T BT Bl & ST FeTC TohT ITT HTAHCH I Teh TAAT HiST & foaw

TIETOT &l & 3true(t) AT false(nil) o T IGTeT A B
The most common predicates are:

T ™ 39ATeT fhT SATeT dTel predicates &=t g1

1) atom: It needs one argument, if argument is an atom then returns t(true) otherwise

2)

nil(false).
e, e a1am AT Teh TeA ¢ T () T nil oG ATec gl 2
Ex:

-> (atom 'a) output: t

-> (atom '(a)) output: nil

listp: It needs one argument, if argument is a list then returns t(true) otherwise
nil(false).

Ife; feram ara Jmefie weh folee @ I (%) 31T nil do Jred gl 81

Ex:
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-> (listp '(a)) output: t
-> (list 'a) output: nil
3) evenp: It needs one argument, if argument is a even number then returns t(true)
otherwise nil(false).
Ife; e a1 JTefAe weh $aeT AR @ e () 3T nil deg ITed gieh &
Ex:
-> (evenp 8) output: t
-> (evenp 9) output: nil
4) oddp: It needs one argument, if argument is a odd number then returns t(true)
otherwise nil(false).

I T&am a1 3meHe eh 3173 He § e (%) HeIUT nil Fo 1o Bl B
Ex:

-> (oddp 9) output: t

-> (oddp 8) output: nil

The conditional (cond function):

If we want to perform any action based on given condition then it.is possible using
cond function in LISP. It is like the if...then...else construct. afe
TR TarIeT T & IS HTS2AT o TR U TFTeoT T 81 A Tl H T§ BRT cond HehgleT T T
ﬁq\ﬂm%l g if —then —else W*WG’HT%’I

Syntax :
(cond (<test;> <action;>) (<test;> <actions>)...«..... (<testy> <actiony>))
Features of cond:

- Cond function can test one or more conditions.
- If <testl> has t(true) then <action;> portion is performed otherwise control passes to
the next part.

Cond &3 THh IT 3G HiSUAeH HI T X Tohdl gl Il <test1> t & dr <action1>
TEesT BT 3T helel 3Tl 91E T 91 &) Sirall 2l

Ex: Test ginen number is even or odd.
-> (cond ( (evenp 8) 'Even) (t 'odd)))
Even

-> (cond ((evenp 7) 'Even) (t 'odd)))
Odd

Input function: (read)

Read takes no arguments. When read appears in a procedure, processing halts until a
single s-expression is entered from the keyboard.

forell WfioR & Read weheiel ot fohell 3mefde & #IaS @ Tex &1 15 dog &l ued &
ThdT g

For example:
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> (+ 5 (read))
6
11
Assign to variable:
->(setq x (read))
8 (enter)
8 (output, 8 has assigned to x)
-> X (enter)

8 (value of x)
Output function
Print function can print argument from beginning of new line.
Print Teh2leT EQR 3-1'I?j?3|2' &I g line ¥ e FAr gl
For example:
->(print '(hello))
Hello (by print and return to interpreter)
Hello (by interpreter)

Defining Functions:

It is possible to user define functions in LISP. i.e. user can define own function
according to his requirement. In LISP this task is performed using predefine defun function.

ToreT & JER 379 3MaRISHARTHR defun Hehele o SaRT Ge o $T heheleT TRHAT HY Hebell & |

Syntax:

->(defun udfn(pypz ....pa) body )
Here-
defun= function maker
udfn= user define function name
p= list of parameter which receive values
body=single line of logic in list form.
Ex1: function for average of three numbers.
-> (defun averagethree(nl n2 n3) (/ (+ nl n2 n3) 3))
Output: AVERAGETHREE
Now we call this function as usual-
-> (averagethree 10 20 30)
Output: 20
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Ex2: Convert centigrade to Fahrenheit.(f=c*9/5+32)
->(defun ctof(c) (+ (/ (¥ ¢ 9) 5) 32))

Output:ctof

-> (ctof 0)

Output: 32

Iteration and recursion:

Iteration is one form of loop whereas recursion is a special kind of user function that call
ownself. .

foraly off oI & Helfetrcl &I &1 iteration THgd & STaTeh IR TR & JET heh2lel SiT g I 1 hic Y
3! recursion HEc %LI

Iteration:

When a set of statements are executed more than one times using a loop until a given
condition satisfied called iteration. using do function we can create an iteration.

SI9 fRE o0 F GART VAT & T HAG H U AT 30 aR & AT o ¥ a0 a H
&1 915 IS HJEC =gl &1 Sl od Ig I iteration Sgellal &

Do el T 3UAET iteration ST & foIw f&am Srar. g

Syntax:
(do (<var; val;> <var-update;>)
(<var, val,> <var-update,>)
(<test><return-value>)
(<s-expression>)
)
Here:

- <val> are initial values that bounds to <var> variables parallel first time then <test> is
evaluated.

- < If<test> gives nil value then all <var> are parallel updated with <var-update> value.
This process continued until test get non-nil(true).

- If <test> get non-nil any time then iteration process stops and it return <return-value>.

- <s-expression> is optional. If present, executed with each iteration

- g9¥ Ugell 91 variable <var> & aFC‘I'\<val> TEREdrg 3?@ d1E <test> gT BIAT &1

- e <test> &Y 3?{[\nil gl a9 T <var> H T 91 <var-update> é\wg? < gidr g1 Tg I
TR T & ST dah T T <test> non-nil(t) T&TT 7T T T |

- <s-expression> &I J& defeus g1 I8 o & AT I iteration I IT AT &
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Ex: factorial function
->(defun factorial(n)
( do
(in(-1l))
fn*f-11)
((equal 11) f)
)
)
Factorial
-> (factorial 4)
24

Description: Initially value 4 assign to i and f, since i is not 1 so test give nil and second times
i update by 3(- i 1) and f updated by 12(* f (- 1 1). After some iteration 1 updated by 1 then
test give non-nil and iteration will terminate with f value,

qUTe: Y Tgel deg 4 factorial hehelel o AT n A IIH 1IN FH oG do T o ARITT i iR £ A
Teh WY TR BN test OTC A Gfeh i T o | ET § ST variable | B A (- i 1) AT 3 @ 3£ T
oG (* £ (- i 1)) 31T 12 A 39S §MT | F iteration §lel o &€ 1 T 1 A ST M 3K test I1E non-nil
T 3 iteration factorial &Y aﬂﬁ f & GaRT #llel &3]

Recursion:

It is a special kind of function in which all statements of function are executed more than one
times until any condition satisfied, but it will’ called recursion if every times all statements
relocated and previous will remains in memory. Simply when a function calls itself until a
given condition called recursion.

TE BT F UF (AT TR @il ¢ o Hoheld & @l T T & s ax & 718
HiSAT & FISC Blel b I Bl @ gl Thoe] W& algra &l a8l recursion gl STwaT I
gt ®cde A & IR IR RNeae g 3R Ood a8 Tecde off 390 7 59 @

I Qsal A ST i Behelel e I & Toh (AT AT T il A a9 38 recursion FHed
gl

Ex: factorial function using recursion

->(defun factorial(n)
(cond ( (equalnl) 1)
(t (* n (factorial(- n 1))))))
Factorial
-> (factorial 4)
24

Initially value 4 assign to n, since n is not 1 so this function again call with one less value.
When it get 1 then recursively recalculate.

Author: Mr. Lokesh Rathore (MCA/MTech)
WhatsApp&Call: 9425034034, website: www.LRsir.net, Email: LRsir@yahoo.com

Page |41



Artificial Intelligence

qUTeT: Ho Ygel deg 4 AT n A TR BIcl § T ST c7eh T n T value 1 8T &1 STl TE Hehlel Tg
I n A | I G Il He o1l §| ST n H g 1 &1 ST & I T recursively HehelRTel T
g I AT FAT B |

Array:

Collection of items that stores continuously called array. To create and access array we use
following three function.

Teh FAT items T HHE ST ToIc Sl A TR 8 3o¢ array ed ol [oled 7 39T T & hehelel shr
TETIAT & array T FATHT STHT ITAT HT T

Y

2)

make-array: It is used to create a new blank array of given size in memory.

Syntax:
(setf arr-name (make-array '(size)))
Ex:
->(setf myarray(make-array '(5)))
Output: #A(nil,nil,nil,nil,nil)

aref: It is used to access any specific array item.
Syntax:
(aref arr-name index)
Index= 0 to size-1
Ex: Assign values to array
-> (setf (aref myarray 0) 10)
Output: 10
-> (setf (aref myarray 4) 50)
Output: 50

Ex: Read array values
-> (aref myarray 0)
Output: 10

-> (aref myarray 4)
Output: 50

Internal storage of list:

Lists are made through the use of linked cell structures in memory.
fET 3 ol STt arelt faree AA A v o e F v A TR B

For example: (a (b ¢ (d)) e f) can be represented as-
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PROLOG and other Al programming languages

History: PROLOG(PROgramming in LOGic) was invented by “Alain Colmerauer” and his
associates at the university of Marseilles during the early 1970s.

PROLOG(PROgramming in LOGic) I “37elgsT SledRiTT 3R 38 AT & eanr 1970 &
TE el FRA T AR AT H S I 2T,

Resolution process of PROLOG:

It uses the syntax of predicate logic to perform symbolic, logical computations. Programming
in PROLOG is accomplished by creating a database of facts and rules about objects, their
properties, and their relationships to other objects. Queries can then be posed about the
objects and valid conclusions will be determined and returned by the program. Responses to
user queries are determined through a form of inferencing control known as resolution.

YreiteT & symbolic 31X diffohel computations FT TFTeA I & foIT predicat Siioieh sl 3TATT
TR ST & IreiteT & GRIATHT I et & Tolv Jeoided & Aai-ud haed, o, ggerd 3R 3
Jileotaed & FFaHT FT Ueh ST IR fohdl SATdT & | 3isoiared § Tdlewid queries I FTHTIT ST
g, Y valid fIs&Y &l AT T S0 AT G19mH & G dliel & g T8 & TRl &l SfaiT Th
interfacing sglel form @rwﬁwaﬂﬁ%mmﬁm%l

Facts representation in PROLOG:

Facts are declared with predicates and constants written in lowercase letters. The arguments
of predicates are enclosed in parentheses and separated with commas(,).

GISieT # el Afsched & AT f3delk aXd & 3R Fieced #1 BIe oy A forad g1 afstea &
ITHCH I BIE s () A TG HIAT (,) SR separate I &

Ex: some facts about family relationship can be written in PROLOG as-
3eT. SYeilaT 7 B & Hefetid $6 hered I ool TehR I ToIdr ST Fehell 8 |

1) sister(sue, bill) < sueis sister of bill.

2) parent(ann, sam) - annis parent of sam.

3) parent(joe,ann) - joe is parent of ann.
4) male(joe) - joe is a male.
5) female(ann) - ann is a female.

Here sister, parent, male and female are predicate, whereas sue, bill, ann and sam are
arguments.

e sister, parent, male 31X female Sf8ehe &, STafe sue, bill, ann 3 sam A B
Rules in PROLOG:

Rules are composed of a condition or “if”” part and a conclusion or “then” part separated by a
symbol (:-). Rules are used to represent general relations which hold when all of the
conditions in the if part are satisfied. Rules may contain variables(uppercase).

HIIeT A Fob I AR A & folT Hiseret 377d “if” a1 3R sy 3rafa “then” 91€ & GaRT STl
| 32T 3R TSRy -~ & GaRT T2 TEd 8 | T HI 3TN ATAT Ftll i cTFd il & ol B
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¢ IS Tt SiSerey if I1C & FIse gl §1 ®od A variables # g1 Hehel § 5178 uppercase # forgr
ST gl

Ex: PROLOG rules for grand father, we write
3CT. TS BIEX & [T Wil Fod I e YR A forer i1 @erar g1

Grandfather(X,Z):- parent(X,Y), parent(Y,Z), male(X)

This rule has following meaning-

For all X, Y and Z,

X is the grand father of Z

If X is the parent of Y, and Y is the parent of Z and X 1is the male.
Query in PROLOG:

When a database of facts and rules such as that above have given, then' we make queries by
typing after (?) symbol such as-

STd STRIhATAR hered 3R Fod & SaRT SeIaH &A1 311 81 dd (2) Feael & 8l qlg <59 &Y
queries FATA g

?7- parent(X, sam) -who is parent of sam

X=ann -Answer

?- male(joe)

Yes

?7- grandfather(X,Y)

X=hoe, Y=sam

?7- female(joe)

No

PROLOG searches database for submitted query. If a proper match found between predicates
of query and database then returns response with proper result or failure occurs.

SraifeT T 1 318 el & T Ser #1 T aa &1 9 FA & 9 N S A
HT gTod g8 d« del AT ITeld TRUTE & AT response AT g

Lists in PROLOG:

Each item must be separated by commas(,) and enclosed in square brackets| |.

STelTaT A Tedeh HTSTH HIAN(,) SART T TGl & AT T FHAT dehe [ | A FE gl o

Ex: [tom, sue,joe,mary,bill] is the list of student in PROLOG.

A list may be empty or non empty. A non empty list has head and tail. Tom is the head and
remaining sublist [sue,joe,mary,bill] is tail.

memptymﬂﬁemptyﬁm%}l ﬁﬁemptyﬁﬁﬁ@%ﬁ%ﬁéﬁmﬁl Tom §3 § 31X
Ay Fefr e Bl
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Binary tree representation of PROLOG list:

tom

List may be written as [a,b,c,d]=[a,bl[c,d]]=[a,b,c,dI[]].
List manipulate predicates:

A number of list manipulation predicates are also available in PROLOG as-
Siroifar 31 37 3 T Foree Aot IRTeH et i ¥ 3

append, member, conc, add, delete and so on.

For example:

?- member(c,[a,b,c,d])
Yes

?- member(b,[a,[b,c],d])

no

PROLOG has numeric functions, relations and list handling capabilities.
TeAlaT A AR Berglel, =g 3R foree &l g5 it &l SHAT Bl ¢

Other programming languages used in Al:

C, object oriented extensions to LISP such as Flavors, and languages like Smalltalk.
The language C has been used by some Al programmers because of its popularity and its
portability. Although Object oriented languages have been gaining much popularity.

TIeiTeT UF LISP & 3TemraT 3R 8ff &3 37T Al languages il & o8- TY $ITWT, LISP & 3ifeaiere
3NRTee TEdRe #T9T¢ S Flavour 3R Smalltalk | C $TST T 9TATE 3R ST dr swRor e Al
IITET HRT ITANT F Teoh | T ilsolore TS NI T UGN Al FaATHT A TS

31 fFaT Srar €
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UNIT-4

Introduction to Expert System
Structure of an Expert system
Interaction with expert

Design of an expert system.

Introduction to Expert System:

A Knowledge-based expert system use human knowledge to solve problems that
normally would require human intelligence. Expert systems are designed to carry. the
intelligence and information found in the intellect of experts and provide this knowledge to
other members of the organization for problem solving purposes.

A Knowledge-Based Expert System & 8f problem @I solve s & ToIU Hesg &
knowledge T 3UANIT FIAT & fTT# ATHET & & human intelligence ST 3TARIHAT Bl § | TFTUC
faEea @l f3aise el & T fonell Tarque ot & S[gaht 38 Seoeld e Ud STeTeh It T et
R STt § AT 38 knowledge T organization 3 fRET 37T HFsR &I problem Aled Hie & [olT
Yol Y Hhdl & |

Basic Meaning of Expert System:

Expert system is one of the areas of artificial intelligence. An expert system also
known as knowledge based system. It is a computer program that contains the knowledge and
analytical skills of one or more human experts in a specific problem domain.

Expert fa€eca 8 Artificial Intelligence T T 19T g1 Expert f¥cH FI dAlelel s¥3
foEea & =A1e @ oY ST ST §1 I Ueh TAT heoge W gl § fSiae fhdt problem domain &
foIT, Ueh AT 318 AT UFHUC S iolot 3R 3eTeh analytical skill T Tffe d &1

The goal of the design of the expert system is to capture the knowledge of a human
expert in such a way that it can be available to a less experienced user.

TFHIE TOECH 1 Tl T HET 3837 Tg BIcll & T Tehdll 8h GaRT fohdll EgHT THFHTIE &
SATeroT T 1 & T 3THEI JE T 8 IUTSE TN ST Hehell & |

Expert system provides high quality experience, domain specific knowledge; apply
heuristics, forward or backward reasoning, uncertainty and explanation capability.

Teh TrgUC TAECH 3T I[UTdcdl & HIY 3 Hefotid &1 FAlelst &l Taled il §; 8 [T
SN S ART AUS FT 3TATS HIA & SW- heuristics, forward AT backward FSH3T, uncertainty Tar
JUTST et hT §THAT 31T |

Characteristics of an Expert System:

1) The most important ingredient in any expert system is the knowledge.
TFHIE FHECH T Hal HET T dAlelol ¢ |

2) In expert systems, knowledge is separated from its processing i.e. the knowledge base
and the inference engine are split up.
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TFaYe A A, Aleet St 3uhT raffiar vfaefadr & sreer war sar & 3rid s6d feg ar
$9T- Knowledge Base Td Inference engine &It 37eTaT-37¢dT 81t ¢ |

3) Expert system contains a knowledge base having accumulated experience and a set of
rules for applying the knowledge base to each particular situation that is described to
the program.

tFaue fFeA A s Knowledge Base 8iar § fSie& @ 3iefsral 1 Uahfad &dd
€ Td 39 knowledge base 9X & @3l rule e XA & S 9MA A Ffoid Bl

4) Expert system provides the high-quality performance which solves difficult programs
in a domain as good as or better than human experts.

el S @ Ffetrd RAAAT 1 g el A EgHA TFHUE I Jofell Felrdn I
TFHIE AFeA 3Ta-qUdear & WY TEIfA & §

5) Expert systems employ symbolic reasoning when solving a problem. Symbols are
used to represent different types of knowledge such as facts, concepts and rules.

e fRAT problem T gel AT &1 A Tarade @%eA, symbolic AT X FHRT T gl
Symbols 3Te3T-37619T YRR o slieloT 3l 3UANT id & o1& facts(T2), concepts Td rules|

Interaction with Expert:

Expert is a person that has fully knowledge about subject of matter. In the absence of that
person, we want to work according to that expert. Therefore-we need to developed an
intelligence program that reasoning in the same way of that expert and contain his whole life
of knowledge, called Knowledge Base(KB-Set of If Condtition Then Knowledge).

TFAYE Teh O I gielm & fory fohely fawrr & Aeifeert Tqut tet gl &1 O eaferd o arequfeufa
A, §H 3 & TAR R HTAT A ¢ | FHTAT §H Tk intelligence FTITH T developed =T gramm
TSIEhT reasoning foreTeper TRETE ST &1 1. UG 3TH UFHUE T oI5t T FEYUT alolsl 3Telstr 81 o
sAlelsT SE(KB) & #ATH § ST ST ¢ | (KB- If Condition Then Knowledge T HE)

The knowledge base elicited from the expert by a trained knowledge engineer using
various methods can include methodical interviews and the repertory grid technique. Often
the expert knowledge area is "fuzzy" in nature and contains a great deal of procedural

knowledge, so the knowledge engineer must be an expert in the process of knowledge
elicitation.

T trained. knowledge FSlifeR & garT fondl Teade & Knowledge Base &I 9red
fRaT STar g1 394 fov g8 s IRy AUS Y TEAT odr & o8- methodical interview 3R
repertory grid &Fiih HET g1 FT TFAUE FAlelsl HT TRAT “fuzzy” GhR HT gIdT § Td 3&H
ISR ATelsl I 3ol AT @Il g, SATAT Alelol SollfddX &l HT Afelsl gIel el I I
# expert gl ATMGU|

ARCHITECTURE OF AN EXPERT SYSTEM:

Expert system can be built using a piece of development software known as a ‘shell’.
The core components of expert systems are the knowledge base and the reasoning engine.

TFEE OEcH @l Scoddc divedt & fafdes ugepit 1 Ferrar @ AT fRar Srar
¢ e A Fgl Srar g1 veaue @A &1 H&g geah Knowledge Base 3R reasoning
engine 8T &l
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Knowledge Base:

It is a warehouse of the domain specific knowledge captured from the human expert
via the knowledge acquisition module. To represent the knowledge production rules, frames,
logic, semantic net etc. is used.

TFHUC fATEH &7 T Tsh VAT 99T 8T § fod knowledge Acquisition module & CaRT ggHA
TFIYE o domain specific knowledge 3T UTCd &Y Teh wearhouse IR Xl & | SHBI 3TATEN knowledge
production rule, frames, logic, semantic I A %’I

Inference Engine:

Inference Engine is a brain of expert system. It-uses the control structure (rule
interpreter) and provides methodology for reasoning. The major task of inference engine is to
trace its way through a forest of rules to arrive at a conclusion. Here two approaches are used
1.e. forward chaining and backward chaining.

Inference Engine &I Teguc TA¥CH & brain Hgl AT gl I§ heldl TgFAR &l
39T AT & 3R reasoning & faT @& methodology Weld &dT g1 Inference Engine &r
qEY ®A forest of rule & AEFA ¥ Th AT IehT ool for@eh ganrT fordlr foishy oX
qgﬂT ST TF| 30 H1F & ToIU & approch 3U=ATS ST Ahdl g-forward chaning Td backward
chaining |

Knowledge Acquisition:

Knowledge acquisition is the accumulation, transfer and transformation of problem-
solving expertise from experts and/or documented knowledge sources to a computer program
for constructing or expanding the knowledge base. For knowledge acquisition, techniques
used are protocol analysis, interviews, and observation.

Knowledge Acquisiton ag gar § foad fdt tsguc person/ Rt o @ &
knowledge source H HFYX WAH H $H3 N d foham oirar g @@ &1 wh
Knowledge Base @l §«I1aT ST &eh IT §S1AT ST k| Knowledge Acquisition & forw fafdiest
THIAPT I 3TART A AT ST & FAD-Uelhial TATATAY, interiview Td observation.

Explanation Facility:

It is a subsystem that explains the system's actions. Here user would like to ask the
basic questions why and how and serves as a tutor in sharing the system’s knowledge with
the user.

Ig UF H9 TaEeH giar & o e $r fhamsit & ol & gl
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User interface:

It provides facilities such as menus, graphical interface etc. to make the dialog user
friendly. Responsibility of user interface is to convert the rules from its internal
representation (which user may not understand) to the user understandable form.

To build the expert system is known as Knowledge Engineering. The expert and knowledge
engineer should anticipate user’s need while designing an expert system.

Application of Expert System:

Expert system can be applicable in many areas. Some more are-

1) Different type of medical diagnosis.

2) Diagnosis of complex electronic and electromechanical systems.

3) Diagnosis of diesel electric location systems.

4) Diagnosis of software development projects.

5) Planning experiments in biology, chemistry and molecular genetics:

6) Forecasting crop damage.

7) Identification of chemical compound structures and chemical compounds.
8) Location of faults in computer and communications system.

9) Evaluation of loan applicants for lending institution.

10) Analysis of structural systems for design or as a result of earth quake.

Early application area of expert systems -

1) DENDRAL(1960): First Expert System which recognizes the structures of chemical
compounds.

2) MYCIN: which diagnoses bacterial blood infections.

3) PUFF: which diagnose pulmonary disorders.

4) SCHOLAR: which gives Geography Tutorials.

5) SOPHIE: which teaches how to detect breakdown in electrical circuits.

6) SHDRLU: which manipulates polygons in a restricted environment.

7) Waterman's Poker Player: Game playing systems.

8) AM: Automatic theorem Provers.

9) NOAH and MOLGEN: Planning systems.

10) Holland: Prediction systems such as Political Forecasting Systems.

Importance.of Expert System:

The value of expert systems was well established by early 1980s. A number of successful
applications had been completed by then and they proved to be cost effective. An example
which illustrates this point well is the diagnostic system developed by the Campbell Soup
Company.

TFHIE FaECH Y arEcfaeh deg T 1980 gt TECITSeRT fohar a1 A7) 38 dTe g AN Tfeereheret

eIl Gdeh FA1dT 31 R 37 et F hiee ghided 1 Ag o fovar o Iohr 81 vaae feeH &1 v
3CTEXOT Y& & 18 diagnostic FAECH T hauael 1Y Shueil & gaRT fATHd fahar arar ar|

Campbell Soup uses large cookers to cook soups and other canned products at eight plants
located throughout the company. For the maintenance of cooker fault, only a single human
expert was to diagnosis. He had to flying all site when necessary. Since this individual will

retire after some year then company decided computer based expert system to diagnosis
cooker fault problem
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hES TN HA 8 TolieH & FA AR 36 I ThR & canned FISFEH FaTe1 & T g 93 FX
T 3TN BT AT| Fh & Wlec H G Fel & [T el Th & EgAA THFAIE UT| a6
AR ATAR HefT WISEH TR ST AT| Hfeh T 37holl TFAUE S TeT a1, RS gled arell g1T el
HUAT o Teh e I AR TFaUS fHEeH 1 Fa1) &1 Aot foram St e Hree it Wiseld &
gdlsl T Toh |

After some month, Texas Instruments, developed an Expert System used to provide training
to new maintenance personal.

S HEIeAl A1G SFATH SeEcHeH HUaT o off Ueh Taraae FEeH S forgent U2 =g Head udieler
&1 AT &t A fomar Srar 2|

Thus computer expert system never retire, so its very great importance in many-areas.

3T HFegeR TrgUC [aeeH Fel Rerst w7gT g, sufav Taraae [iees &7 Hecd s AR areas H &l
TR g
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UNIT-5

Neural Network:

Basic structure of neuron
Perception

Feed forward and back propagation

Hopfield network

Artificial Neural Network(ANN) or Neural network(NN):

ANN is a network of many simple processor (unit/neuron/node) each possibly having a small
amount of local memory. The neurons are connected by unidirectional ‘communication
channels (connection), which carry numeric data. The neurons operate only on_their local
data and inputs that receive via the connection.

ANN &g &R simple processor(unit/neuron/node) T T network § ST Jedsh H THIAAT Teh
small olehel HART BT §1 38 Acash A W =4 unidirectional UeTel & GaRT Foeiees Ed &
TSiehT 3UNT numeric STET &Y Ha fhAT ST Thll &1 =GF halel Fhetehiel 9T T 31T SAYE STeT TT
lIehel STCT o &1 3iTIRT X &

-_Local Data
Inputs Output

=)

Biological Neurons:

Designs and functionality. of NN are based on human’s brain structures.

HIS o T bl TLAT & TR R Neural Aedeh i SIS Ud R cTdgR H o7 STl &

Dendrites o

Pt \ A
~ Dendron T | |

@( o Synapse |

e A

7/—f / Cell body >< .
a n

Vzrde‘us N

A biological neuron. / )

The human brain contains about 10 billion nerve cells (neurons). Each neuron is connected to
the others through 10000 synapses. A neuron has a branching input (dendrites), a branching
output (the axon). Axon connects to dendrites via synapses. The information circulates from
the dendrites to the axon via the cell body. In this way brain can learn, reorganize itself from
experience.
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forely it FeST & brain A ST 10 billion nerve HeHEIUH) B &1 Tedeh wgiel
STITHIT 10000 synapses Fr FgrIar & connected giar g1 ERED mg‘l’?r HTH s?-l'g?(dendrites) ST, U
W(axon) ST gt &l synapses FT ETIAT & Axon &l dendrites & Folare HAT SATAT g gaEd
STeTehRY dendrites & axon Teh Hel SIST & GART YA WEell &1 SAVDR A ELFHA brain TINAR 337
R ) QAT ET 8|

According to Dr. Robert Nielsen- “A computing system made up of a number of simple,
highly interconnected processing elements which process information by dynamic state
responses to external input known as Neural Network (NN).

ST qC Aol & 3TAR- « Th TH FEcgfed faveA S 9gd & TURT qAr 3Ta-Avl &
interconnected WATHIT UTcrded & fAerens 9= 81, foieTehr Heg maﬁffsﬁﬂ?ﬁm?mm
% T SATAhRT TGTel el 81 7, I« 0T EXAT NN Fgelar g

Most NNs are based on training rule where values (or weight) that inputs at connections are
adjusted for present pattern. In other words NN learn just like a child.

a5 AR NN ¢fefer Fef R MR 81d & 5@ connection T gaA9e I S arell  values(3T
weight) @I present pattern & ToIT USoRee TR ST & | GEY Qrsal # NN Ush &I sed o1 & dr@ar
J

Neurons are often known as elementary non linear single processor. NN is different than

other computing devices, because NN has a high degree of interconnection which allows
parallelism.

=gH T 3R elementary non linear single processor & #ATH @ 8 ST ST g | NN forelt 30
computing devices ¥ fdeer A= 8id &, FYH NN & TH 3= A0l F7 interconnection
parallelism ¥ AT FIATE|

Further NN has non ideal memory contain data, program but rather each neuron in program
continuous active.

$8h 3elar NN & Ush fsha AART 8 g1l & fSraer ster aur Wiarme 1 3@r i ¢ fohed I8 3ifrard
ST61 ¢ T 1T & forg T8l =304 active |

Basic structure of Neural Networks:

NN are typically organized in many layers and each layer is consists using a number
of interconnected neurons which contain ‘activation function’. Structure of NN is dividing
into three layers.

NN &9 df &8 AR layers # organized 8IdT § UF Yo oI Ucddh ol &5 NI T&IT H
8 W inter Feoiehes o & ToTEA ‘activation function’ FHS[g 811 NN &1 == oo layers &
g fr g gl

1) Input Layer

2) Hidden Layer
3) Output Layer
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Neurgns

Connecti

Input Layer Hidden Layer Output Layer

Basic Structure of Neuron Networks

Descriptions: (avi?r)

Input Layer:

Any patterns are presented to network using Input layers.

Input layers &7 Gerddr & fohall 8 pattern &I network & F&dd d &
Hidden Layer:

Input patterns are communicated to one or more hidden layer where the actual processing is
done via a system of weighted connection.

Input patterns T IT 31 hidden layer & §aRT communicate T § gl FA¥CH & Fotaeled W
W 91T weight & GaRT arEd e FATHT Hr ST 2
Output Layer:

When hidden layer is link to an output layer then it present answers of given pattern.
S hidden WWWW@%M?W%@WWW%SW& TEJd AT &

Most ANN contains some.form of a learning rule which modify a weight of the connection
according to input pattern.

&s X ANN & offeiar & o fafdies &9 g § o aa geTqe Yeel o TR W connection & weight &
gRade fFar arar gl

The mathematical structural model of neurons:

Wke=bk (Bias)

I

Sumation Function
euron)

Output
o) |

et

Th 1d
X, reeso

Input Signal
The Mathematical structure of Neuron
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Input Value= x¢, X1, X2,.evvevvvennnn. Xp
Weight Value= Wky, Wk, X2,..ccveennennn.. Wk,

Internal activity of neuron is-
- yP #*
Ve B Wk T

Output of Neuron is —
Yk:Vk+ o
(some activation function value)

Thus an artificial neuron consists of inputs which are multiply by weights and then computed
by a mathematical function. In this way it determines the activation of neuron.

3Hd: Ush artificial neuron Eﬁé' AR inputs T fAe 91T € ToI 9 T mathematical function T HTIAT I
connection line IR adjust fohT 1T weight I multiply THIT STTAT §1 5T bR & T neuron & activation
value T AT AT %’I

Application of NN: Pattern reorganization, predication, system identification and control.
Advantages of ANN:

1) A Neural Network can perform such task which is not possible in linear
programming.
& neural network 0 HAf & 87 HEUed X Thal & ST fhdr linear programming
CaRT "9 gl

2) When a neuron of NN fails then it can continue without any problem.
oI NN ol qﬁé neuron Y T §¢ A Sl %’ de 3 IE neural network foar forar
el & fARaR F1F W FHhaT gl

3) All neurons are always learn, so need not to be reprogrammed.
NN & @ neurons AT AT@T T §, E'Hﬁ"l" 3@' EIESCIEY programo‘-@' FAT BT

4) It can be implemented in any application.
Se¢ TohaT 8T application & 39T X Thd gl

5) It can be implemented without any problem.

NN &I [§ar &y e & implement s Thd %"I

Disadvantages:

1) NN needs training to operate.
NN =Ry operatem & foT f@dw trainingaﬁf 3TaIehdrl @?ﬁ %’I

2) Structure of NN is different than microprocessor therefore NN needs always to
reconstruct.

NN I structure microprocessor T qc\ﬂ' e T e glar & sﬂﬁ'ﬂ' NN & gHT
reconstruct et I LTl Tl TEdr %’I

3) Requires high processing time for large networks.

E§H EI? network & o0 @&y ¥+ processing time T TTLISHAT Eﬁ?ﬁ' %’I
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Neural Network Topology:

The pattern of connection between neurons and propagation of data called NN topology.
Different NN topologies can be classified into following ways.

Neurons T4 data & propagation o ST connection % pattern 3T NN topology gl ST g1 A= NN
topologies aﬁﬁmwﬁmﬁw%mmm%l

Pattern of connection

Feed Forward NN Recurrent NN

Kohenon Network

Perception Adline Hopfield Network

Neural Network Topology

Feed Forward NN:

The Feed Forward NN was the first and simplest type of ANN where data flow from input
neurons to output neurons strictly feed forward.

Feed Forward NN H&# Tgell 31 HTeTcd ANN & HehRT & & Teh @7 & | $HH So9¢ ~qUed ¥ 313CYC
U &I 3N flow et aTel data 3T 37T &Y 3N feed (3T T g T34 S &

In this network the information move in only one direction forward from input neurons
through the hidden layer neurons( if any) and te output neurons.

$H Sieadh H SHRIAT hdel Teh & e & HHY 6 3N se79e ~Xwd A 81T g4 hidden layers &
= A gIell §S 3TICYC 4= 1 IR T37el ¢

Feed Forward NN can be represented as:

Feed Forward NN &l =T JepR H U 1Ad fordT ST TehdT %’—

Input Layer

Hidden layer

Output Layer

There is no any loop or cycle in the network through which information can move to visited
neurons again. In feed forward NN the data processing can extend over multiple layers of
neuron but no feedback connections are present. That is, there is no way to moves output
layer to input layers.
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Example of Feed Forward NN: Perception, Adline.

sﬂ'mﬁmﬁéﬂmmﬂgﬁﬁﬁﬁﬂﬁm%mﬁinmrmmion visit fpT Wﬂ?aj:ﬁﬁ'
L Yel: Ad & Th| Feed Forward NN & data processing ahr F{{:IJFH T g T layers A A& ar
Wmmgwmfeedback connection 39eled] a_-@' eldl %’I H@ﬁasﬂﬁﬂwﬁéaﬁwaﬁ%
WWWIayerﬁinput layeraﬁfﬁTﬂHmTETWI

Feed Forward NN & 3&T&<0T: Perception, Adline|

Perception or Perceptron:

This model was proposed by Rosenblatt on 1959. This was first NN which has the ability to
learn. In this model inputs neurons typically have two states-On / Off. Whereas output neuron
uses a simple threshold activation functions.

NN & & model ¥ Rosenblatt EaRT 1959 H Y& fohar arm AT Ig T Ugell NN U1 f50A o
et T ability &Y SH model # input TV T FEAT: & FE- On/Off  IWT IAT| STTH 3M3TIE
FJ(:{'UI?T FHad Th ﬁ HTIROT threshold activation function 3T 39T &HIAT %’I

/__,8,_— utput Neuron
Q/ Weight

Input Neurons

Perceptron can only solve linear problem.

Perceptron shddl linear problem T & TAled Y The T g |

Perceptron learning process:

If output is not correct, the weights are adjusted according to following formula.

e HT3CYC HET 8T & ST §H g &, oI Toie=T G & GaRT weights 3T adjust T ST & |
Wiew =W + a (desired output-current output) * Input.

a is learning rate.

For example-

1 —AQ\ wil=.5
-—_-___—_-_—-_———
w3 utput Neuron
1 —O—f'—-"‘"#ﬁ’ P
Weight

Input Neurons
Current output=(1 *.5) +(0* 2)+(1*.8)
=13
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But we have to assume output value is 0. So to get O at output, we will adjust weight.
fohed] B 3oET SoAYCH W 0 3T3CYC TMET SATAT &A weight T adjust FHAT g1
Let o=l.
Now apply all values to formula for each existing weight to get new weight value.
Bl A T 8 7 7 weight 3T 3CelTS Hid &
Wiew = Woia + & (desired output-current output) * Input
Wi=5+1*%(0-1)*1=-5
Wo=2+1%(0-1)*0=.2
W;=8+1*(0-1)*1=-2
Now recalculate output value with new weights.
New output=(1 *-5)+(0*.2)+(1*-2)
=-54+0+-2
=-.7 (equivalent to 0)

In Perceptron positive outputs are consider 1(one) and negative values are O(zero).

Perceptron H positive output &I 1 T negative T 0 FAT STl g |

Perceptron Model

Output

N-Inputs
M

Perceptron model

Thus we can_say that perceptron model consist of N-element inputs layer which feeds into a
layer of M association masks or predicate units (hidden) on a single output unit.

3d: eH g Hehcl %’ Fr perceptron model, N-element arer sﬂg@ layer ¥ fAeT a1 %’ St fordt T
33eqe fAe & T 308 3T 3T §5 M HIE 3T predicat units(hidden) T IS AT & |

The goal of the operation of perception is to learn a given transformation learning samples
with input and corresponding outputs.

Perception & operation T q&q 3297 fordlt fedr sT 5+ qc % GTY TITd 313¢Ye gred T & forw afster
transformation sample 3! FH@TAT &

The originally mean of perceptron is that-the activity of predicate unit can be any function of
inputs layers the learning procedure only adjust the connection of output unit.
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Perceptron T AEdTdeh 3 IF § I, ST fohdl predicate qj?-l'cf T input layer & GEIRY FIg H forar
ST § a9 learning procedure 3 3Td3Td shdel output ZI;@IE' % connection T & USSIEC T SATAT §1
U ufeefady aret gfie/=aeT &1 perceptron T AT ¢ |

Back Propagation:

A feed forward did not present a solution to the problem of “ how to adjust the weight from
input unit to hidden unit.” Its solution is back propagation. According to back propagation
rule, to determine errors of hidden layer’s neurons, first we determine errors at output layer’s
neurons.

“fhd YR g4 JfAT A hidden JfAC & weight TSoTEe fhT ST 38 Peold & gl I feed forward
axdd Tel I TehT| STPT §oT back propagation & | Back propagation & fd# & 3JHIX- hidden layers
T error &1 FAT A & [T §H FaA Ugel IT3CYE 7T TR UTCcl Bled ATeN errors T T il B |

Back propagation can also be considered as-generalization of delta value for non linear
function and multilayered network.

Back propagation @I non-linear Ud multilayered network T 3¢ 3 (vqt\aF?f generate et dTell HYS & T
 ATAT T FHT ¢

Back-Propagation method:

When a learning pattern is clamped(adjusting weight for desired output), the
activation values are propagate towards output neurons_and the actual network output is
compared with desired.

STeT FoRET effeiar Yeat Y clamp(TTE 91T IT3CYE & ToIT weight T TSSIEE =) T STl 8,
dd 3TI3'<."EI:E' mg‘l’m #Fr 3R activation aFC‘I'\ propagate(m dGall) gl Jerdr § Ug Acas F actual
3T3TYC FY T1 T IT3TYC & ATY Jeloll e &1

Input Values

—p Feed Forward

----9 Back Propagation

Qutput Values

Back propagation performed in two phases.

Back propagation T3 & phase # g1 g
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Phase 1: In this phase, input is presented and propagated forward through the network to
compute output values for each output neurons. Obtained output is compared with
desired output values. We get result an error signal for each output neurons.

SH phase H, G99 Ugel values HI ERh o-q‘\{\fr{-l " FEJT Y Jecds & IRy T 313 &1
ﬁ?ﬁﬁm@%mmwwa?ﬁmwmﬁcomputeEh_{'?lé"_'|
YTed T3EYE T A1 ITT 3M3CTYC & HTY el I g1 §H TRUMHA & F H YcIsh 33
Fq,\T\I'R:I'WWerror signalW?l?lT%’l

Phase 2: In this phase a backward pass through a network during which the error signal is
pass to each network and appropriate changed.

3H phase & Acas & CAdRT Ueh backward pass T SITaT & fS# error signal @1 Icdeh
ﬁ'c‘fd#ﬁpass W?ﬁ?uﬁﬁﬁwmm?l

Phase 1 and phase 2 will continued until all error signal removes.
Phasel U9 Phase2 e ddh faA{aR §1T Y@ § ST ek 1 Y error f7eTel @cdA g1 &1 ST |

Algorithm: Back Propagation

This algorithm used for adjusting weight when output neuron gets error signal.

ZI%'algorithmWﬁﬂﬁmﬁmmwwenorﬁ?ﬁﬂﬁwaﬁ'?ﬁvweightﬁ
adjust ST gIAT B |

Step 1: Present input for the first pattern to'the input layer:

$eTYC oI 9X TE ! pattern & ToIT $TYC Td &hid &
Step2: Sum the weighted inputs to the next layer and calculate their activation value.

Next oI X T8 weighted 3 qC T sum XA g AR 3FHT activation value 3T calculate A g |

Step3: Present activation to the next layer. Repeat step-2 until the activation of output layer
are known.

YTCd activation a@'\ﬁ' next ol IR T TEdd X &1 Step-2 P IS T repeat Pl & ST deh T
3M3TYC I &I UFTAAT o JTec e 81 Sl |

Step 4: For a given pattern evaluate output activation to get target value, and determine
output layer’s details.

o & 91T pattern & foIT target d‘(vq‘\ﬁ RIS IR G %Tj:' 3T3EYL activation FI AT P 8, T
FT3TYE SR T TS T Iell el ¢ |

Step 5: Using output layer’s detail, errors are propagate to backward so that delta value can
be evaluated for previous layer.

Output Y FI detail T TEAT H, U errors I backward (F1eF Fr 31R) propagate(TSTAT)
L ST & Torad & TSl ol shr Seer 3o ol ed foha ST Heh |

Author: Mr. Lokesh Rathore (MCA/MTech)
WhatsApp&Call: 9425034034, website: www.LRsir.net, Email: LRsir@yahoo.com

Page |59



Artificial Intelligence

Recurrent Network (Hopfield Network):

A NN which has one or more feedback loops called recurrent network. (feed forward does
not contain loop).

Teh UAT NN fS8# Te a1 318 feedback loops 65IT-T %’ 37-%' recurrent network EI%?T é’l (feed forward "
VAT FIS loop T 81T 1)

Hopfield network is one type of recurrent network. It is also called continuous deterministic
network model.  In Hopfield NN every neuron is connected to all other neurons and
connections are symmetric then such connection of neurons called Hopfield model.

Hopfield Network, recurrent @icash & TH THR @idT gl 3d Continous deterministic
network model # &gl ST &1 Hopfield NN # 9@ neuron 31wd H3f #UeH H shoeidcs
EaT § 3R T FoderT symmetric 814 § a9 W8 g8 & FoarlT H Hopfield model &
ATH ¥ ST ST 7l

This structure shows Hopfield network. The basic model of Hopfield is consist using a
number of processing element(neuron) that compute weighted sum of input and threshold to
get output of binary value.

I structure Hopfield network I g2ifdr &1 Hopfield model & 3TURST EI@Ar Fs TR
WATHT THAC(GA) HT HGRIAT § AR ST § S weighted 3ai9eH & IET U4
threshold & ZaRT SIS deg & FT H H13cYC A IIed A gl

In Hopfield network all neurons are both inputs and outputs. It means a pattern is clamped on

neurons thencit iterate on network in looping form. After some time it gets stable state. This
state is output of network. In Hopfield obtained output is new activation value of neuron.

Hopfield network # @t =RXwd SA9cH Ud outputs AT & T H FGER A Fohd g
gHeT 31T I § o fRE T 910 YeeT @ ggel Wl sl W @A ¢ 3N 3H U F ® A
W Acds A aEId ¢ $& TAY &6 Ig TUT a1 A 3 STl §| AAcash & JE aed
output &geliell g1 Hopfield & Ured 3M3eqe =Rd & =g viFedee deg gl &

Thus Hopfield network consist of a set of N interconnected neurons which update their
activation value asynchronously and each neuron does not depends on other neurons to

perform this task, because all neurons of Hopfield are input and outputs. Activation value of
each neuron are binary(1/0).

37: Hopfield network Teh g@ & Sf3 g3 N+Ued & THE & fAeH o1 gIr ¢ S &
dog" # asynchronously (AR FF &) update HAT & U Fedsh wIAUeI 3Hb IROMH &
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T 3 = W AR ot 716 W@, FYH Hopfield & 3l =ReH $e9e Td IM3eYC alal
8 T A S A R § TS ~gUed & deg gAem arsaik(1/0) & &I A consider gl
gl

Mathematically in Hopfield model the net input of a neuron can be calculated using following
formula.

MOIT & A Hopfield model & Yedsh = W A gaAYc &l 9T g & @RI calculate
H Thd &-

Sk(t+ 1 )=z ji(t)ij + o

K=a neuron

t= at time
j= input value
W=Weighted value
o= threshold value
In Hopfield a neuron call stable at time (t)

Hopfield # T time t 9T Teh #JAol T stable Sel Hhc ol

This equation gives following any one value.
Tg FHIRIOT folesT A 4 fordll Uk dog 1 JeTel el g-

+1 (Stable state)
-1 (Unstable state)
Application of Hopfield network:

Hopfield model is basically used to implement concept of associated memory in which
searching is based on given word.

Hopfield model &I #F&Id: 39197 associative memory & 3EURUT &I o] A & fohar
ST & STeT searching feT 6 91T word IR 3meanRa g g1
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