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|F the car will not start
THEN the problem may be in the electrical system
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STEP2:
Expert System : is the battery voltage below 10 olts ?
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0l 3 THIS a8 wlie v (S35 51 b sls SAIf .03 & talss Sojg ol Jos ol Sy 0dd e b Cto gl 4 o

sl Be b

Logic gk
bl il 5wl Gl bg, S e eslimal Syl 4 Jiay ol 51614 Ol b Ll il Glate 5 a8 55 I sliil iy opp e S
3ol g3 b ol OL3 B e 6 st e L PIOIOG 05 Bl 5 ol Glate oleil 612 545 PPOIOG Jte b 4. ool 2315
r.:.au,s@.«im;.w)da let.&w“‘.:‘cb Sl s ilwasl 4 L;g;t{;«f‘uﬁ;m J;MJLSA‘}EAA{‘CE.N SrAoml o3 2l el (a\.djc_,.w\
3,8 o p sl
315 3929 Glw £45 90
Sl oyl £ b )
Sloyl ¥ sk
2 o gl 4 gss lad g ot b3 3sh o 23l Joew b5l &K Loyl F gl o)l S Gt o
A= The car will start
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.C_._..ﬂ\o.l-&u’.iu)bA JL@JL&ZL& QL &;})Jtﬁw‘).}

g dale s Se 4 B /\A;,'a.b.:«J.«pLg|ﬂ6:..~ﬁJJ.\?JEA))JQq.:}i@aal.&mlduﬁdjl.x?j\ct;ul‘_;\ﬁ

A [ B [ B A ]

=TT

—|4|n|mn
—|T(m|m

>

—|<|n|m
|||
—|=|H|n

B=EA o e sl

A B | B A
F F T
F T F
T F F
T T T
:(".’.)‘:NOT Jil&é‘fj
' A NOT A '
F T
T F
L eols o KT Sas L IMPLIES Shee (s 5
C=A>Bv ~A=B
A B C
F F T
F T T
T F F
T T T

S VW ] e

il ¢ s g ke Sheslizal b sy ol bilei o p b OISl 3l 31 (65 383 (i3l o Sl sl S plate Bl i a8 oS (s Dl
.:}fb@aéuﬁm|chl3}ﬁé:ﬁjﬁ;{lj}wli:uj| Gk late 53 ey o 5 gugs ) NS

SR el o s o iales S ST 5 o L1 LT Constant i estisal 1

s 3 () 4 gl

like (john,mary)

sdalie &5 shilen 5 Lzws Predicate sls zl,L JONN , mary ; .. Predicate b ws liKe b ol 55 ool (alis o ool Predicate
Al o g5 S S S b5 dimen Sl 53 2 JONN, Marys”
o3 il 5 s Ly s ks

Likes(X,Y)
.ﬁmuu:.{ugﬂ;},fpbx,Ytﬁ;mx@ﬂduﬂ\,g)mywlike Jle pl ys

il o+ True LFase s | Lispredicate o5 S Jb- 53wl Object o5 b (s 5
Father(jack) = bob

.
AR
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Mother(judy) = kathy
&]ﬂ.’.&).ﬁ...)J«a_éjg_,'a.b.cLa\?OTﬂJ&J&Lﬁﬂs&dbﬂ)}bA{.Ml{@r.hLg-f\i.«w&]ﬂ.’.ﬁ).\aéw‘&gé‘a)\;&&JbJﬁyébﬁwtw
rt‘fo'it""’)l‘ Iy 5 odomy sla L;Jlaaﬁﬁn\js-)zﬁhjiwj sslizul L LaPredicate .S 5 L s oslinal L (g

Likes(X,Y) A likes(Z,Y) Implies Not like(X,Z)
OR
~likes(X,Z)—Likes(X,Y) A likes(Z,Y)

Ayls Cengs 1y KK 5 X, Z Sc,éf@ol,:@;u;u\;w,;bﬁi&)gz,Y)ul{wb@pbﬁ&X,Yf\

RGOS Igw 9 (BO9T 9 I P90

6:;;—3J}M.rt:fw)ﬂwlf@w):\)&T:}?jr:n\ﬁli Ml{g;.f»\;>}>,-):)yu.al.d‘5\ﬂ‘5>)}»4§ﬁﬁ@)l§4e@}u«)yd3}
LS g el s 1) 350 G Bl 7355 0 ST 4 Sle

Als S gs [y Mary aes

Vv X likes(X,mary)

AL il Cags [y Mary &S s ls 3 5oy a5 ¢S Jili-
3 likes(X,mary)

2
A~

VTSLSAJi"\‘: d}a&J}MA{q.})w Lgf.»:dgi.)l?q“‘.f}:ﬁ‘_;zfj‘)yu r}.@.‘u é‘j}))‘a S99 L;d}.q&‘)yl@.ﬁprOlog‘)J :m
Ll S g Glate 45 0 5 Sl N 45 0 (61,15 (658 O3 1 5 S (sl 03l HIST gl 45 50 3hate O & (sl e ysbme 5 (651288 OL5 ks

M odus Ponens
5 sl &S Sl glas )8 55wl A;de‘.}) ol A8 s sbul ad gl dlus ols 51y W Sledl Modus Ponens «5™ i ), 058 G

Ll pld Olan Modus Ponens e e

IF A isTrue
AND A—B isTrue
THEN B isTrue

.g:ﬁ»u|g:~w).>r.hB b::b)}vL&L:s;m)Jf::A—)B)ML@)JAJf‘
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Resolution
LS o AW Eg) pl 358 (oo 03linal (ASSEMION) (S b by s oand sl (ilaie gl (et 33 & ol izl (6 51 1l ¢SS Resolution

v\;‘jw "‘Pﬁ\fv\.f(_utw‘)édsdwél})}..a\.iLwCJU‘A.n.waL,b..i'fd}.ﬁ‘)‘6‘@}&»}‘0)@”4‘)'30)\;@\.6@4.&\1Lg‘)}ifu
sleul s b slgsle Sy ol Lo g, s (proof by Refutation) .5 sé e edsl Calss Ol Olea b jaii L DU g ol 51 Al Sy

355 o odwl Resolvent «57 5 35 o

BvA Cv~™B

NS

CvA

s bl o elsl gy pl 5358 o LI 5 g g0 J ol @ adeT o ResOIVeNt. ool Resolvent ¢ Cv A Js ol s

Tl peaalsl ¢ Sloj ax b s Resolvent sl | Wy, 1 pow g3 >

sl SaSG b alas s alete 531 ol 53 45 das o ) Glej (BB . Asl 4ils 3 gy LS Sl 53 oS b5 6
BT oy ol dom b 03 g0 03l [ LT 5 4 5 1, Caliibes 3150 45 ol pl RESOIULION 25, VL e ;5B 5~B

Resolution 9 Modus Ponens z-luiiw! 4w o

LT 5 cpl Al azdls 3k b ,d Sl gllle BT o ol LB opl (595 st 5 oST 0 5 4dsl Sledbl bl besls M.P s
@f&éb‘}”\@i@@)Jﬁ))\)‘@‘bTQQ‘%J)S&ML;)J;J«S'Reg)lution QB)J)}L(‘&J}MQ@W‘CLJ&)J%L

5,8 o s el o 3L Cada ol L
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A/
55l jsb a4 Wil e L, Planning b g5 asb » S by &S5 6l s Jo o o leijl 4o haie las )8 51 (& 1SS ‘”\
lodosls0lis « Dby y oSS N F-0 S

Table

LSl gl )3 b IV P-O IS

:&:«uﬂ‘auaf;ﬁj)-’y\{\b‘{)-’)jﬁ)bﬂjw‘ﬁ

1) Cube(a) cube(b) cube(d) pyramid(c) sphere(e) hand(hand) table(table)
2) On(atable) on(b,table) on(d,a) on(c,b) on(etable)
3) Holding(hand,nothing)

handu,.(sl_.,;sphere‘(,a;upyramid‘m.,&;uCube.mW}ﬁ}&ﬁsolﬁ@,\{u@@,xl,d@&bﬂm@s\};@\
rj:jubl_édj)dj\ﬂb\_;.u;@QLL';.3}.'2u,aa.al.&:,»lﬁ.sgk;iéjjé\k;i&éﬁ)\}s\jonc\:.@l}y '[ab|ecQLuL;))'L1LLaJ;.<:.~J
f‘)dﬂ@b)d@\wdd;w‘):J})@)KQ@‘OM‘\L&‘JJJQL)‘S)}LL};Sé\;@&@é‘fhold|ng GU.))‘J}‘J,;

.vufTrace\)WJ,x}'bﬁPlanningliLgﬁ)uuﬂg.u\,:@,w;m;:ﬁ;uue\,;ﬁTﬁ@yﬂqumalﬁ.gﬂum

Loyl ga wﬂ,b&@!a\oTU@J:ﬁ@qﬁ,ﬁpUtOn(b,a) Olgie S oo s Jl>
Hand —holding(b) A clear(a) —putOn(b,a)

J‘J)\}ad))bbd“’:@GC_MA‘L;b—adjjju\.&bu‘éj\)bcd)bj‘)d‘j)la;\JQ‘WJ‘A;Q";BJ"

..b),.:/o:h:..n\LAQL))‘_;,:)AAJJ):u|j@m}_§?a‘;@jwéhgb3k§k¢u\f§&;&::&ﬁ»@g

e
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. 4

»

iy 8 oo g mal b IVl | e 4 Oy (51 Al Jom (s 515l 5 ol ¢ 2015 L5187 T 3

s S b sl s el e SVl 5 oozl R

(Deductive Reasoning)  Jolaiw! ¥ !

Implication: I will get wet if | am standing in therain
Axiom: | am stunding in therain
Conclusion: I will get wet
(2l O 25 B ks ol g5 s o
SRl e ey ¢ plealiasl OLL 5 e
BIFA = A-B
A
B

V‘Ss‘ o3l Modus Ponens 1 bl ~lzal o

(Inductive Reasoning) (g sdiw! % il
LS 5 gl 513 3dmn (sl saze 31 oalinel L ¢ ST 55 s by 51 1y (el IVl Ll sl oo S a5 o ¢ il izl 3

Premise; Monkeys in the pittsburgh zoo eat bananas
Premise: Monkeysin the cleveland zoo eat banana
Conclusion: In general , all monkeys eat banana

Ao S A s h o g ses
Ly 550 B s Pl o g e

57 50 550 g e pled A o
L;J.:fd_?r.:ﬁg‘,_i\gjju:uﬂ\ev\_i oalawwwg}fgbd)jiﬁdhMj‘eau:m‘gc);bu@hd}dg')v\ialg«{:}i@akkmdbQ.i|)>
s S 33 e

2
A~

A‘fk.;a oiw‘cebﬁu@) é‘f L'):J‘};‘)‘ L;ELM:M‘ J})‘K{JB)J 6}}—&@0}@‘&‘}5}@\ Lg\_)" Lsg_‘ﬁ;w‘jj) :m
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(Abductive Reasoning) &35 b waszo ¥ il
Eo@_ﬁj&ubcw‘\)JY&»‘w_‘rr»)@d&ﬁd}l’tﬁj“w&g)?@‘)) 6@)}.4):MJ@J}MA;&;)I‘L;EW\JYMU:

Al (Plausible Inference) oS” 4o 55

Implication: Ground iswet if it israining

Axiom: Ground is wet
Conclusion: Itisraining ?
S sh e ety ekl Ol S
el e )
¢ okeT OI,L
BIFA = A-B
B
A
(Andogical Reasoning) (gwbd J¥ !
AT o s B0 g b on ke (5 e Sl ¢ guld Yz
Tiger Frame:

Specidization of : Animals
Number of legs: 4

Eats : meat

Lives: Indiaand Southeast Asia
Color : tawny wuth stripes

S opl gl Aabotss i o il odydi G b 4 b a8 Wil paied Sl cCslodeT oy Slis 1 cim 5 6o sla S 55 e opl s
35 s S o 3l a3 sl K S Ol o Sleslinal b esed U s b o bl b gle Cals 5 baislis & S o iluliin 1) o 5l 4

as oo LSS 555 85 )3 iy Sl o b 1 eeslie 51 a3 ke S5 513 Yl § 5 o

(Common Sense Reasoning) palw  fae J¥ ol
d@‘)HJJ‘UQ&S@dYM‘@}Q‘J})@)M‘Séﬁddy..\h‘6‘4;4{u§})d‘J3.&§‘5«36}ﬁ:‘Sﬁlﬁ-éla;ﬁj“dy.\h‘w‘
&“_»«w‘&L«ﬂ)b))‘f}{\))é}MbJY&ﬂ‘dﬁﬁ@‘u&

crl el sl led s o JE s o 61 S L AT o b 851 0L s il oS ol Osis s (Sloge 4 Ll oo Lad ST 55

AT e Ot g 8 515031 ST s S n ygeas &5 Ll & s

315 (S 3 05 sl Sl i 5 Con s 0T (Sladite & Sl (o Jie b a5 (o sme Jpp e g 1 (S

Lal sl d it oSS JEg e e JdVueul oles (Default Reasoning) s - i JYAwl LT 4™ uiS” G w,»b@f
S s K b lacalss
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(Non Monotonic Reasoning) o190 g Y il

;}?Hé‘:ﬁaﬁsw&);f\‘duﬁ)}b@.,u,:&;,ﬂ,;u,y\w,@mg,&ww\Qﬁwu\iu\?&bouu}pww,\md\,;
osb 4 ss BLS1 6 Kos sl (ol b 5 il a8y o 1 (olem Sl (Kae 355 0313 el (olen & Sea b 55 s e ol (£ 5
Q\ﬁgéuJYM\C}JJIJW\éuJYJ;_M\.:}&@J&.\TJq)\&\&d)uﬁ@sﬁos\suwﬁsj:)?bﬁd)%flJ\i.«

9 St 55 L ledVatial b b Fosle St oS5 (sladV kil 2 gauw 9

=

.:ﬁu\.a‘}ﬁ-g;.!ﬁcQ:J\}Ej‘j.lU:.e-aj;’-W@\J.]aQLAJ'dj.]o).aj4:.:-\.‘\.7:ﬁjL@JT):Lg)lfijJJ:f&qaf&l\wm.c&lfiléhd\(&w\

.J)\.S.ﬁjq-j ngfi.sdﬁl.x:.w\ LngJj)Ag-uu\.flmJﬁrU J‘Y.\:.w\ éuj})ﬁcngww:&ﬁ/@

(Inference) gLl

do o 53 5 Ll 5 53 e sete Inference | ~kzal J, 33,5 )8 4 50 Oludl (gl Ll g o 9 ol ﬁl“ U@.&.aé_ﬁ”Reasoning L JYue

ol Reasoning (g jlwesly bl sla s Inference s, o 418 4 (gjlwesly

Tl o w3y 3o Modus Ponens (g5 & p 15

State-0 State-1
1 2 El 2
E —E N
E* —E° E2 LE3
E' —temperature >37°
State-2 Stlate-?,2
1 2 E' SE
E —E . 2
£2 g3 E? —E
E' —temperature >37° E2 —temperature ?37
E? patient has high temperature E_ —patient has high temperature
E” —Advice two Aspirins

5l slew (YL Lo E? 5 ol aom j5 ¥4 (YL (glos S ol 0T Statel s E p sie Jb- E? das ot B S EP das pedns BN StaE s

(Forward Chainig) § yaw © w3 )

,‘\Q‘,ﬁﬁ;&@uju,u”wl,;p@aﬁ&,\i,\?G,_L:J"L@;T,'lnu;wlb.,;};@ﬂﬂm\;uu&bjlélwwpfw\@mu%aﬂaj

Al o aals! 3 S eslazul Cl::‘”" Ly 556
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Cyclel
. Temp =37
ggrls%l’_lzrrig'sel True S Sick for 2 months
Sore Throat
Rulel,Premise2 Temp =37
Bactrial Infection Unknow ——— Sick for 2months
Sorethroat
Rule2,Premisel
’ < True —— Temp =37
Temperature>100 Sick for 2 months
FireRule?2 Sore throat
Patient has fever Conclude ——— patient hasfever
Cycle 2 Note: Rule 1 again unknown and Rule 2 fired
Temp =37
Rule3,Premisel ) True | Sick for 2 months
Sick over aMonth ™ Sorethroat
patient has fever
Rule3,Premise?
7 P True —— Temp =37
patient has fever Sick for 2 months
) Sorethroat
FireRule3 :
. . Conclude > patient has fever
Bactrial Infection Bactrial Infection
Cycle3
Temp =37
. Sick for 2 months
Rule 1,premisel
S(I)JreTr?roatl < True ——— Sorethroat
patient has fever
Bactrial Infection
Rule 1,premise2
. : < True — | Temp =37
Bactrial Infection Sick for 2 months
FireRulel Sore throat
Sore Throat Conclude ——» patient has fever
Bactrial Infection
Stop Strep throat
IS

YA
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Rule 1:

If the paitent has a sore throat

AND we suspect abacterical Infection
THEN we believe the paitent has strep throat

Rule 2:
|F the paitent’s tempreture is>37
THEN the patient has afever

Rule 3:

|F the paitent has been sick over amonth
AND the paitent has afever

THEN we suspect a bactrial infection

Rule 4:
|F the patient has afever
THEN the paitent can’t go out on a date

Rule5:
|F the paitent can’t go out on a date

bl Oslae b STL Cphe 4 s il il 355 8 ey S
it st w55 203 S 4 LS L

3,15 5l Sl 455 MY (YL Hles O sles S

sl 23l 55 3 ey 5 A3l e ole 65 51 2ty slay S

.&FA\‘,}O}J&»@}#:):}KQL:

s gl &l S e See sl e 315 5 e S

THEN the paitent should stay home and read a book

Ll OS5 il G 3 Ll ey 358 b Sike gl 6 155 ey S

(Backward Chaining) § sws & s )

L;J)wa‘)é\szuwghﬁwJg;‘w‘ggﬁlfhﬂ‘)ﬂ oﬁ?dj.&f@oéu:#n‘MOdUSPonenscm\j\jJﬁjﬂ:)jMLghcj:?dj

ng_iy Q;SU@_AL.«}?J;,M\ 5B sl L Primitive -0l 68 ¢s,ls 5 9 adsl 5048 (‘U%@é‘}‘gﬁ‘“\f\:\zﬁ Al ST L e Sledbl

.u\.w‘)@ OL,L:““6)‘54]‘31"6‘“);')°ML:~‘l‘.C“”*‘““;'-1“":“')u:-"}sui‘“SJQ‘CW‘“‘J})J-’JiPQ)L‘“-'ﬁi'*"‘“u'“"‘:i'

Jj..::L;cdw)jstrepThroddjwd\jjﬂaﬁJL\—9Jg."ﬂ)b
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Strep throat
1 ,// E | 1 3 \\\ 5
AL 12 N\
4 . R P\
Throat | nfection Organism
Signs | streptococcus |,
Rayay 6. /A T1* w10
2"/ 4 R 1 N NN
AT 19 11
» ‘ X ’ v | . R ‘4

Red Throat Stain Grampos M or phology Growth Chains

Coccus

1- U

Lk 503 5 pose S SV ) o (S o) Redthroat o (8 <5 sie e ) throat Infection signs slel 035" JLis b 1-5 S )
Bsh e o (g5 OT 3l dm 092 ol rimitive L 4ol o 56 ¢S Red throat isw ol 53 A8 s OK 1) 4o 5355 o p Vb al 0 4,

L e S8 (5508 5 o5 Oia b 5 335 o Cishe e I3 4 e Do SITEP TIOAL (5le 41 ey 57 S o 5 &S Jle ol 55
Ll ods ST 5 8 5 Sl 03 S odalie

o sas aalan b5 gd b ud g3 SU o a5 555 o ola o313 Jis 0 395 30 O S 4 4 5 b 5 355 e 03) o Backward iy, ;o
3 edalicn S pie Cudle ST 5 Sl Sigie (sl Cudle 6 S 05 5 (6508 Jle sk 4 il e RUIE S 505 51 el 2 YL 4 ol
st strep throat ¢l bl 4 Wiy

LRUle KLl (aimy o 4 168 5D Yl 4 ol 515 3l o DACKWAND ol 15 ,( 18 5y S 4 5D (ol 40 YU 5l asdllae oy
AL o

sl S asl ansls Sade U gl STl slite il 5 oo &8 sl 4l 355 8 (oley o8 BT oS ol g 0bpm pl LSS M3 g il 4 YL
|, growth Chains 5 morphology coccus 5 Stain Grampos sk aw Syl oo bl oL STL ST 55 0000 oy 520 I8 Sl axils S sie
IREAETS

iy ST 4 ST ST L 4T ol 3 g g S 40 g s 455801 53 il ST 1) gy i hs Sl Sae

-

¢ Backward b Coul 5 mlis FOrward i s, bl xbls Colal 51 (sl ae gazmae MERT

G LS (G s 03 50 40 (515 5 AEL o 5000 4 05,00 5 5 edae 5 5 Coda 1 g, Sl Cle 4 ol jewwlie Backward 5
D (38 43 Ok

S e S e 5 LS L izl L5, 6 558 by Module: Colutal ¢ 5158 b bz Colutal ol Conl 2 bl O iz (5115 2 STl

-M,gb‘.;jﬁﬁféhsﬁ‘)’.-)J‘yMUJﬁJ@C&Qé&JﬁL‘@‘Jﬁ(‘?ﬂ
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(Intelligent User) daoi g 93 5l5”
L 51 g yls DU gl p Coda i 555 o Run Wu.:sjg;,zla@\};;ﬁ?_;aﬁswkdbmé@Module Coldal 487 ol 5l Uy
M}a.\i\eﬁjlfm.J.:Mﬁ.Ml};\)w;}.upjagquywugxs&wbp .MQMC!SQQ\&)JMA;M\?@@%

S abetialy gt 03 pdoea 5 3 g0 oAl I L B a8 518 1 Colal 1 d 031 13 L i 355 53

(9343 9 95 S 9 )ST0 i) ST LT3 9 el

9yt (S0 iy (SLI 30
ST e S Il 5 ST il (6l ey ) ol b ST (o 090 DD ST o b Ples J sl a5 i sty )

el gy il 51 gl 450 CLIPS 0L, dzus cawls i yls Sledbl

Raining ———» Grassiswet Can’t mow grass

v

L » Gamecancelled — 5 Gototheater

g5 o=l s Sl s INtErPreEtation s « Jzs” Monitoring st ¢ planning 1 b s JSiles sl 5500 slabss Y

(@;;,,L;La,:ﬂis).@louaﬁ@d%@\)pomﬂfS‘Yl{dl_u.uu.c;ali5;gj@uolj@§aglggyma}§g\)3 Ay

9 yus (S0 p2e ) o lro
A Ll o Conl i b a3y 5l BB 5y i sl iy, L)

Q. Do you believe you are suffering a heart attack?
A.YES...YES...YES
Q. Isyour nose running?

4.1-3 Q%\aM&;M)Q-JJA;@JML»‘T

&JJWQ@MJMML})JCJ{‘)JJM&')}’;-°ﬁ°%ﬂﬁ6bﬁfuay‘ﬂw‘¢r<vﬁju:ﬁ6w~r‘)3 Y
Q. Do you have a high temperature?

Q. Have you visited England lately?
¢ VU s o gles LT

¢ sl ObudSl 4 S50 4 LT
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9 © ) SLl 3
@‘wLﬂMbQ‘QU‘Q@})ijoMLJW})LFT))A{JSW&‘)‘}W'QSWJ)
s e er by SVl 556 0osai by o
ST o g e b a5 e 215 o0 S i g e Y

9y 058 o lre
G (S5 g0 ESS Ul e Meta TUleLg] 5 5 ki 5 gie G 4 Sl S iyl 7 ol IV ulzal o g Lo s @0 5 s slgds)

L AsL e Backward s, 5l g4 ses Prolog 0L il (i ol 31 g8 ol

9 9 9.y SR Ly LI

Corms oo oS D3l 550 iy Plas Jom s oo I
.¢_w|;wu};ﬁj})3)\;6;@W,QL;W\@,TC?Afjl:;t.\;,.tﬁ6@\6%?4{4)@}?\”@%,5\)45@.\J_\,.\.u,.t
Wl inlin (g gy At 355 el ST (51 AN 53 (AN (65T o b o 9 355 g0 035 (g 1) S Lol
w»-u.g\&iﬁcéiﬁw,adtu,,.bq.;,bJ:-Backwardu:,,pﬁi;&squorward‘;q,,\{dwjld:sg@\dﬁuuuw,;
(Forward) e s &S5 o ool Sos 5 otalin 5 SlaaLo3T plil b 5 (Backward) s oo (s)be 3550 5

Backward g Forward (%95 98 oS ¥ Sledg)
D> sy 33 B Snse 4 s 55 il S 5 S Se
Demon Rules ;i oslazwl =Y . vf_us b - Sl sla (e R

6|M€|baRchwH6\ﬁwcuwMA_L:}o)j_i)uiu\_.?M‘)d@‘&\&\bﬂwgb\}aw‘ﬁwts‘j

.sj.:l?qft?mwﬁjwxlj@J;fAuJ,.ﬁ,;;m\y'&.bsumw;\szsgmwdulgﬁ_,a.;ﬁ@f\jb
Forward
IF patient is suffering persistent headahes
AND patient is suffering dizziness
THEN thereis evidence of meningitis

.))‘)Q}Qﬁy‘.«b\.})\b%fﬂ)b)bﬂ)kﬁjf‘

Backward
IF there is evidence of meningitis
THEN L oad meningitis Expert

ufts)‘.kf)bbQf_}.ﬁdﬁW‘Qw‘gL{_}mw.byﬁaMoMumﬁW;‘

Demon Rules b QLS a8 31 ool

i gh e b L Gas (6,8 ailm (gl giee L LT a0 B a8 s 18
Demon Rule 1 : Tank pressure problem
IF power is off
AND tank pressure>1000
THEN problem = tank pressure problem
J3 I
Y
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Demon Rule 2 : Emergency situation
IF problem = tank pressure problem
Then situation =Emergency

ol () bl o sn Al n e L2 JSCn S
Demon Rule 3 : Evacuate
IF situation =Emergency
THEN Response =Evacuate personnel
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Rulel
IF you purchase meat —P1
THEN you should serve red wine—-C1
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Assertion: Transistor Q1 isbad
Rule: IF Transistor Q1 is bad
THEN Replace Transistor Q1
Conclusion: Replace Transistor Q1
o st 55 il Uyl 5315558 0 Bl 35 (o0 48wt e 58 0 S0l Wl 5 g2 515 S5 L bl Sl S5 s 515 S
BRI JES:
CS 90 g bl
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Assertion: Itisraining—FACT1
Rule: IFItisraining
THEN carry an umbrella
Conclusion: Carry an umbrella—FACT2
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(k! ) ANTECEDENT — CONSEQUENT( @tzs)
Situation —  Action
If situation Then Action
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Long Term Memory (LTM) o
Short Term Memory (STM) o

Reasoning O

Long Term Memory Short Term Memory
(Productions) (Situation)
A
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g Reasoning situation
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The motor is running hot
The motor’s temperature is hot
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Goal Rules b Qo -yilgd

Jls sin K5 056 a alie Do 056 G 0558 Jd 056 Ooltal 51 S ST 558 S wils o LT o o8 s 23155 (oka il 58
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s gh o i PHMItIVE b adsl dayl 5 ¢ dayl 5 ol 4y 55 od Gty 6 505 056 ot kg
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e Determineif the patient has meningitis
o Determinea prescription that should be given to a patient with meningitis
e Formulate a different prescription if the recommended oneisnot acceptableto the user
31> Sy e slag LTAS me @

CAab sl Hlw OT 41y 525 s b dwp 5 a5 AS e @

LAEL Bl s a5 (sl Rl ZE s ey ST @

Sad b Culg b &S dmeas olg sl Goda s Cs )
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Goal 1: Infection ismeningitis
Rule 1 : meningitis Infection
IF the phyician know th patient has meningities
OR We suspect meningitis
THEN Infection is meningitis
AND Display Infection
Note : information to be displayed must be designed and acceaaed by this statement
ELSEDisplay No infection found

Rule2 : Suspect Meningitis from tests or symptoms
IF We suspect meningitis from test results
OR We suspect meningitis from patient symptoms
THEN  We suspect meningitis

Rule3 : We suspect meningitis from tests
IF tests were run
AND cultures were seen
AND cultures ook like meningitis
THEN  We suspect meningitis from test results

Rule 4 : Cultureslook like meningitis
IF The appearance of the culture is coccus
AND The stain of the culture is grampos
THEN  cultureslook like meningitis

Rule5 ; We suspect meningitis from symptoms
IF the patient is suffering persistent headaches
AND the patient is suffering dizziness
AND the patient has been lethargic
THEN  we suspect meningitis from patient symptoms
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Working memory
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Working memory
Patient known to have meningitis_false
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Working memory
Patient known to have meningitis _false
Testsrun —True
Culturesseen — True
Appearance of cultureis coccus-- False
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Working memory
Patient known to have meningitis_false
Testsrun—True
Culturesseen — True
Appearance of cultureis coccus- False
Patient has heaadaches—True
Patient has dizziness—True
Patient has been lethargic— True
Suspect meningitis from symmtoms—True
W e suspec meningitis—True
I nfection is meningitis-- True
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If Situation Then Action
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Post: Proved in 1943 that any system of mathematics or logic can be described as a certain type of production system.
Post production systems have no rule ordering or any form of control strategy.
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Unordered rule base.
ba — ab
ca — ac
cb — bc
Working mem. Conflict set Fired
0 cbaca 1,2,3 3
1 bcaca 2 2
2 bcaac 2 2
3 bacac 1,2 1
4 abcac 2 2
5 abacc 1 1
6 aabcc {} Halt
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Markov: Introduced rule ordering to production systems, the Markov agorithm.
E AP UMV PR JOPPVEPIE J g APy - RN [P OERR S Y FP PN Y s g DI G JC P
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Ordered rule base.
1. ba— ab
2.ca— ac
3. cb— bc

Working mem. Conflict set Fired
cbaca 1,2,3 1
cabca 2
acbca

acbac 1.3
acabc 2
aacbc 3
aabcc {} Halt

550l 2, S A 5 s F-A S

OO~ WN = O
RN =M

L EPSPYLS)

€3503 (U s gdoun 4 $,15 sblse 5 S5 o8 5o 02, S 1w

Forgy: Introduced pattern matching to detect changes in matches, the Rete a gorithm.
Compiles rule memory into networks that avoid duplication between rules and over time, as the network is updated only
when the rule base is changed.
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OPS = Official Production System

OPS - OPS2 - OPS3-> OP$4 - OPS5 - OPS89 > ... CLIPS
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CLIPS = C Language Integrated Production System
Design using the C programming language at NA SA/Johnson Space Center with the specific purpose of providing high

portability, low cost, and easy integration with external systems.

User’s program
Knowledge-Base Working Memory |
(Rules) (Facts)
\/ assert/
relracts
4 .
o e

Agenda
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2 Conflict Resolution
' (select rule)

Fire rule
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Rule Memory:
A(X) A B(X) A C(y) = add D(x)
A(X) A B(y) A D(X) = add E(x)
A(X) A B(X) A E(X) = delete A(X)
Working Memory:
{A(1), A(2), B(2), B(3), B(4), C(5)}

—add E

o e Jadd D
D(2)
A(l),  B(2),
A(2) B(3), sidelete A
B(4)
l
A= Add E
A(2)
D(2) E(2)
x/2
@@ 50O AddD
A(1), A2) BQ)LBB)LB@ A2 C‘/(55)
y
}B{E? A2, Delete A(2)
E =L Delete A
E(2)
{ A(), A(2), B(2), B(3), B(4), C(5), D(2), E@)}
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a-Cut—Set 4Core ,Support pagae

ua(x) 1
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X
) Support(A) g
Core 5 Support U@:\—Hd&b
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Generalized modus ponens : Gmp
Fact: X isA’ : R(X)
Rule:if xisAthenY isB
result: Y isB’: R(y) =R(x) o R(x,y)
sh o3 R(X) 53 B(X) s A(X) (o sl .l 4l ans MOAUS PONENS 5™ 12, .8 GMP 0556 ¢
Generalized modus tolens
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If XisAthenY isB

A’ R(X) = R(y) o R(x,y)
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“x and y are approximately equal” Lzed (6 sl Lo L& XY (656 e
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R(x,y)=approximately — Equal (X,y) R(x) = small (x)
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Membership degrees of R(x,y)
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3 05 1 0.5
4 0 0.5 1
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Temperature: ks
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t)A h
R(t,h):A*B:_[IUA( ) ﬂs(%’h)

i

bl axsls S

2031 (oo Tewds VU g 3 Sl bzl L R(t,h) Jsd> 5l s a slie &S

? 20 50 70 90

20 0.1 0.1 0.1 01

30 0.2 05 0.5 05
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Expert system Expert knowledge
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if I kill off all the
wolves, the rabbits
will eat up the grass,
% the soi/ will all
wash away/

...Tabbits eat brass...

..@r9SS grows in Soll.,.
F. tain faits from clouds..

. Wolves eat rabbits...

o ey P E =3 2

Data & In?:)rmation

I nference

O 0O O O OO0 OO0 O

gl (Sl (Oledbl gosls 11 -V FSS

owfe £l

o Procedural Knowledge

o Knowledge of processes

o Example: how to clean your face? (men v.s. women)
o Declarative Knowledge

o Knowledge of propositions or facts (declarations) that are true or false

o Example: rabbitseat grass
o Tacit Knowledge

o Knowledge which cannot be expressed in language

o Example: how to drive acar?
o Meta-knowledge

o Knowledge about knowledge

o Example: According to my study experience, “types of knowledge” will be aquestion in the mid-

term exam.

T bt 145l
Deduction: reasoning where conclusions must follow from premises
Induction:— inference is from the specific case to the genera
I ntuition: no proven theory
Heuristics: rules of thumb based on experience
Generate and test: trial and error
Abduction:— reasoning back from atrue condition to the premises that may have caused the condition
Default:— absence of specific knowledge
Nonmonotonic: New evidence may invalidate previous knowledge
Analogy: inferring conclusions based on similarities with other situations
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Tacit

Socialization
Sharing experiences

Observing, imitating
Brainstorming
without criticism /
’ "'

Dialogue

Explicit

Externalization
Writing il down

Creating metaphors

and analogics

\ Modeling
N

Internalization
Access to
codificd knowledge
Goal based training

=

Combination

Sorting, adding,

categorizing
Mcthodology creation

Best praclices

Learning by Doing
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Linking
Explicit
Knowledge
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An explicit formal specification of how to represent the objects, concepts and other domain entities and rel ationships among them.

Thesauri 7
of current
“Narrower spw © mm Inverse,
Term” Formal Frarnes qu oi ntness,
Relation isa (properties) part of ..
Catalog/ID
DB Schema UMLS  RDF RDFS DAML CYC
Wordnet (0]0) OWL IEEE SUO
Terms Informal Formal Vaue  Generd
Glossary is-a Instance Restriction  Logical
constraints
Simple Expressive
Taxonomies Ontologies
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TopicMaps
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Ontologies /
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Conceptual Graphs RDF(S)
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Frames
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(0) Table-driven agents:
use a percept sequence/action table in memory to find the next action. Implemented by a (large) lookup table
(1) Smplereflex agents
Based on condition-action rules, implemented with an appropriate production system; statel ess devices with nho memory of past world
states
(2) Agentswith memory
have internal state that is used to keep track of past states of the world
(3) Agentswith goals
Agents that have state and goal information that describes desirable situations. Agents of this kind take future eventsinto onsideration.
(4) Utility-based agents
base decisions on classic axiomatic utility theory in order to act rationally
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