=
Unn 6
State Space Graphs

6.1 Tnssaanaznals (Structures and strategies)

1214

AsBTLBAY objects wae relations Tulgm s i ideaule unzdadl inference rules ﬁnhu'lﬂ

151149 9 predicate caleutus 11 &2 1w 190901314 predicate caldulus 455 w°
repredicatation language TuamA 1 AT Well-formed predicate calculus l.ﬂu;ﬂnm"uwﬂ

ﬁmm15nﬁ%’nmmf’lﬂu'uuu1'lé'mﬂswazmmwmueq Iﬂum‘saqu'mmzu %’i firun

voLIYA (space) 933 1 un1sunidengyl (solution) vasilgmidariu h"l‘ilxll'l‘}jﬂhx‘l nouQ

state space search. ‘
lumseonuuuunzafrenalnueens search 'lnﬂuﬁunnr?mwu’[ﬂmnﬁuma-j 9

ﬂmmmsmmﬂwmmwﬁmwwqmnsm (behavior) ¥DaN15 search 11114 1ufle hmnms

Wi]'ﬁm'ﬁ'mﬁ"mt]ﬂﬂﬂiﬂu ;
|

problem solver Yiues Wideayu1dvimienla
problem solver Tiusz Ao AT e93e nioAnsg U loop nIawld
foarqal (sotution) 14 vedoauriled3uilu optimal solution
ATNTUTOUYBINS search TnsRo i i 1E nie wiasnnuinld
ety interpreter 9211115 search ﬁudqmnﬁaam |
vetnels interpreter 3992 1R5UMsNUUL IR representation 187 Tige |
NQUHYOY state space search tﬂuéqﬁﬂzﬁmﬂ%auﬁmmmfidwminﬁ'[lmmﬂzﬁ
msosureilynilugilves state space graph nnusld graph theory Tun s a5z Insa
afraazanududouvesiigm uﬁz‘i‘iﬁnzuﬁﬂmmﬁlﬁﬂﬁu graph theory ihun3eailofian
gafiez 19 luns Wingrafioafu Tassad1eues object 1o relations Tnenisldnyiiududy

1}1ﬂ‘t|tu1'1‘l “bridges of Konigsberg” i ATamasTui 18
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RIVERBANK 1

RIVER

RIVERBANK 2

. v_d 4 2 o 2 -
Toymitdoeziiiu i 1ded a5z Waug nilaSudunnganils udaanlilsewdios
4 ]
Taodwarnuudazuvafioiniudien udnduindeiimu 14

Euler lauanailymitlndlugilves graph

RB1

12 11

A ANTHIE0eMIAY Euler 1AR81301970 degree 494 node (A $1142M arc 713 Inusns
node fi’umq) iU odd #3® even degree

odd degree node : 1B node #111§119u arc Fuava

even degree node : fi® node 'ﬁfﬁﬁu'}u arc sﬂummjmnmsﬁwm"l degree 483 node
8 Euler 771 1991 nsBuseuidiosmunginmsindmualy sidulfide 3819w odd
degree node 8¢ 11 graph 1fu§1121 0 %30 2 node wonmilonnfintsAumedandiee lif

Judide
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¥
Hgym1i1AgniSunt Euler path :

(3701075019 predicate caleulus uansilayni Konigsberg Idaufulas szoglugilves

CONNECT(IL,12,b1)

CONNECT(RB1,11,b2)
CONNECT(RB1,11,b3)
CONNECT(RB1,12,b4)
CONNECT(RB2,I1,b5)
CONNECT(RB2,11,b6)
CONNECT(RB2,12,b7)

nquginsi

CONNECT(11,12,b1)

CONNECT(11,RB1,52)
CONNECT(I11,RB1,b3)
CONNECT(I2,RB1,54)
CONNECT(11,RB2,b5)
CONNECT(I1 RB2,b6)
CONNECT(12,RB2,b7)

A -] H A ar
n319 (graph) 152 NOUA2 set Y89 nodes WAL set arcs FIRIMIITHFOU node 2 A1

favfiu Tunsade state space model TunisuAilywi node veens 1 9z naeds state Mozt
J o . 1 <} L A @ =X A A
¥ulun1991 problem-solving @24 arc 9 M IBT NIUAUDIN state niTaTTaBn state niTaAa

4 . d &
W INAYUAN logical inference voailgmmiuiuies

Labeled graph :92v151083 nsfifinns 1dswaziBoaun node Alioglunzm
/
b c
-«
\ / d\ /
unlabeled graph labeled graph
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the arcs of the graph may be labeled

x5 x4

Directed graph : 9512139 n3#TInI I Rem1edD arc TaonsWgnrsfufsdmuaie
ne

Path : vty muduvesnsmnngadimua lldsgaatoma i [abed]

Rooted graph : #on3 AT node nitaimi Ay root Aifiu node A1 19 path T8
node Buq Tunsm

Tree : Ao ns il arc RsauduBondouszning node 2 #72

4“ o ol A W
Connected graph : A9 A3 node 2 #23) path o'ty

6.2 State space representation of problems
'lufmuﬂmi]tgm“r"uﬁﬂﬁu'[ﬂu'lﬂ state space graph viu
node Y8303 M9z Ml state Hiflu3Tnsusdgniedranils dav arc szvaneds
i'funau‘lun‘amﬁi]mm
initial state 33 MA4 information Af MUl luas U LA UF W mMIREY root Loz
graph 84331 goal condition it solution ﬂmﬂtumﬁ"um
State space search 7A1® N3£UIUNTIUATINT solution path 910 state space 11543 goal
hiea
state space ¢ UsEnoUAILBIRsznOL 4 diaufie [N,A,S,GD]
N -1 set 964 nodes ezl lunsmi
A - f1B set ¥84 arcs i¥ou nodes Tunam
S — Al subset ¥04 N 711 start state (HhueinSn (Roe i empty)

Selution path : fi® MeAUNITA node 11 S 1184 node Tu GD

70 CT 488



AI0EN traveling salesman

an instance of the problem:

E D E C
375 425 475
A
, T
PATH: PATH: PATH:

ABCDEA  ABCDEA  ABDCEA
COST: COST: COST:
375 425 475
sot1agiiinaaalfifind exhaustive scarch A404 search fla (N-1)1 (NAoSwNiloefts
N3 1)
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6.3 Strategies for state space search
@ < P> ]
113 search 1u state space 1114 2 AN Wufe N15EUNIN data ity yjaliln goal
#id0ams v¥o 910 goal MUNSUN M data
data-driven search : 156nDNB41971 backward chaining
4 - y 4 ' ) &
FUTUNINMITAIIIUT goal 1 uay Hideu 1y (condition) lathefiszildng mdaniu
2 .. y el ] & o
51934 conditions Fana vz nateuuilu goal ImifiGendt subgoal vz 1014 un19m
) ¥ ¥
subgoal #2411 unseiasWeundy 1184 data vosllgminsidaudog e data-driven
» T
search A goal-driven search 10 ausfeefiiBn15M  Arafuuaf 19 state space Aoty M3
- < a W v - '
@donld scarch oz ANTRNNNdnumzvesilgm, anugannuesngfild, jui1eve4 state
: é 1 L)
space AZAUNSDUVDA fact Nz 1 umsuAtlgm @Feezumnmeiu Tumuriinvetlgwy)
y &
goal-driven search 9 tManzunns 1nile
= Al : L]
1. Un1552 goal 131U problem statement 4&2 1130 goal WUTNITA WM B M UATU
formula 18418 (w312 goal MiD NquHHdesms msfiguiiiuea)
2. 1ing (rule) MWAYNATINY facts N1 1u problem wazmianIndwld eada goal 14
-1
oty
3. laifimsAmue problem data 371
L4
L4 L r A
#7U data-driven apporach Yuszmazunms 14iie
» »
1. M3 mua data Havua nieneunevua iy problem statement
' . \ ' 4 o g '
2. % goat fionadhutal 18§ wouinn ualiuamaefiey 14 fact e ez rinnds doyandoams
v
Wutioy

3. mIfmue goal i 1den
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Tunsudilgrniubitnediuns1d goa}-driven search 138 data-driven search HAM!
r;;uﬁ'ﬂq;m&'mm path mnnm’lu state space graph 978 path HIR1910 start state "hJua goal
state 11119 uANT3 Fazn1 path Snulunisneeue Zusnmethuiiu T 8on dnfusaia
n3difis faslalam path witwudamu sy pan 7 ligndes s unedesdernduaiiu v

Ilﬂ‘ T H é 1 @ ﬂ. L]
1u path Imifisinininseziiiu path Agndos dsferndiunsdiindosdounduldiulmi
=S o9 [T Lo 3 ] ﬂy A 4:' 4 o
Snflauiu ezdinanil 105009 yuny path NQARDIII

. a o - A o e -
backtracking A1 mailaf AN InGaansfounduuSudulnilumsdun pan
1 o v A o ¥ 2 A va
uadlumsdiuegialigluyufigndes Tnoezi3u0n start state SUHL goal state niolufn

i d
dead end {3 UIUADABUT NG AU solution path 1177 backtracking search

@l o o o . oo nv
Sane3ily ¥v4n13¥1 backtracking LA
o L 4
Yy
—§ly State List A list MAD state AT 9gnRUn1 path Sy goal Favioglu sL
o P B o
fifous9a1 state MU solution path WHB4
NSL - New State List — 1l state 1f118358M3A52080Y
e
DE - Dead End — A9 List ¥84 state 71 Tiorunso liffa goat 16

CS - Current State — A9 state At G sgARNTAU
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FUNCTION BACKTRACK
BEGIN
SL := [START); NSL := [START]; DE :={ J; CS := START; %INITIALZE:
WHILE NSL <> [ | DO
BEGIN
IF CS = GOAL THEN RETURN (si);
IF CS HAS N CHILDREN (EXCLUDING nodeS ALLREADY IN DE,SL,AND NSL
THEN
BEGIN
WHILE SL IS NOT EMPTY AND CS = FIRST ELEMENT OF SL DO
BEGIN
ADD CS TO DE;
REMOVE FIRST ELEMENT FROM SL;
REMOVE FIRST ELEMENT FROM NSL;
CS := FIRST ELEMENT OF NSL;
ENDy;
ADD CS TO SL;
END
ELSE
BEGIN
PLACE CHILDREN OF CS (EXCEPT NODES ALLREADY ON DE,SL,NSL) ON NSL;
CS := FIRST ELEMENT OF NSL;
ADD CS TO SL
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W Ul

i PLILIEN ]

INITIAL : SL=[A];NSL=[A; DE=[];CS=A
AFTER ITERATION  CS SL NSL

0 A [A] [A]
1 B [B,A] [B,C.D,A]
2 E [E,B,Al [E,F,B,C,D,A]
3 H  [HEB,A] (H,LEF,B,C.D,A
4 I [LE,B,A] [LEF,B,C,D,A]
5 F [F.B,A] [F,B,C.D,A]
6 J [1FB,A] [J,E,B,C,D,A]
7 C [C,A] [C,D,A]
8 G [G,C,A] [G,C,D,A]

backtrack i3 basic algorithm TN IIAUNA state space graph

DE

[]

ll

(]

[]

[H]
(E,LH]
[E,LH]

[B,FJ.E,LH]
[B,FJ.ELH]
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D ~and breath- I
ﬂ‘; - [ iy . -
Tuns search unaneneinsdmuaianislun1s UMY data-driven 136
@ o r J -
goal-driven search 1147 1518 unnalalums search IfidiusuiuldsnlasnmsRsrsaien
§1iuvesn 1IR3 U1 state N0 1u state space graph v8.01319%1 WiRA3 3R UN WY depth-

first LAY breath-first search

A8t
R
Depth-first segrch :

A,B.EK.SLTFMCGNHOPUDLQJR

Breath-first search :
A,B.C.D,EF,G,H,LJLK,LMN,OP,QRS,TU

92171 181 algorithm ¥89n13%1 backtrack a3 0111 I8 UATI R UM LY depth-
first search 19 algorithm 48417341 breath-first-search &uﬁ‘m"ﬁﬂﬁﬂﬁ"’[ﬂﬂﬂﬁl% list 2 A7
(open Uay close) AT BaZBoRRe IR state Ve Ry scarch 111 state space

OPEN — 1 list il state fignasavamy

CLOSE — 1 tist Ay state fenumsasedouuda
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PROCEDURE BREADETH_FIRST_SEARCH

INITIAL : OPEN = [START]; CLOSE =[]

WHILE OPEN # [ 1 DO

BEGIN

END.

REMOVE THE LEFT-MOST START FROM OPEN, CALL IT X;

IF X IS GOAL THEN RETURN(SUCCESS);

GENERATE ALL CHILDREN OF X;

PUT X ON CLOSE;

ELIMINATE ANY CHIDREN OF X ALLREADY ON EITHER OPEN OR CLOSE,
AS THESE WILL CAUSE LOOPS IN THE scarch;

PUT THE RAMANING DESCENDENTS, IN ORDER OF DISCOVERY, ON THE
RIGHT END OF OPEN;

TRACE: BREADTH_FIRST SEARCH

78

L.

2
3.
4

OPEN = [A]; CLOSE =[]

OPEN =[B,C,D]; CLOSE = [A]

OPEN = [C,D.EF]; CLOSE = [B,Al
OPEN = [D,E,F,G,H]; CLOSE =[C,B,A]
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OPEN = [E,F,G,H,1.J]; CLOSE = [D,C,B,A)

OPEN = {F,G,H,LK,L]; CLOSE = [E,D,C,B,A]
OPEN = [G,H,LJK,L M]; CLOSE = [F,E,D,C,B,A]
OPEN = [H,IJK,LMNN[; CLOSE = [G,F,E,D,C,B,A]

e ®° =2 b

o 1 w1 d ar
HuruiilhiTese sunseRany goal M50 OPEN =]

PROCEDURE DEPTH_FIRST_SEARCH
INITIAL : OPEN = [START]; CLOSE = ]
WHILE OPEN # []DO
BEGIN
REMOVE THE NEXT state FROM THE LEFTF OF OPEN, CALL IT X;
IF X IS GOAL THEN RETURN(SUCCESS);
GENERATE ALL POSSIBLE CHILDREN OF X;
PUT X ON CLOSE;
ELIMINATE ANY CHIDREN OF X ALLREADY ON EITHER OPEN OR CLOSE,
AS THESE WILL CAUSE LOOPS IN THE search;
PUT THE REMAINING CHILDREN OF X, IN ORDER OF DISCOVERY, ON THE
LEFT END OF OPEN

END.

TRACE :
1.OPEN =[A}; CLOSE = [ ]
2. OPEN =[B,C,D); CLOSE ~ [A]
3. OPEN = [E,F,C,D]; CLOSE = [B,A]
4. OPEN = [K,L,F,C,D}]; CLOSE = [E,B,A]
5. OPEN =[S,L,F,C,D]; CLOSE = [K.E,B,A]
6. OPEN - [L,F.C,D); CLOSE = {S,K,E.B,A]
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7. OPEN = [T,F,C,D]; CLOSE = [L,S,K.E,B,A]
8. OPEN = [F,C,D[; CLOSE = [T,L.S,K.E,B Al
9. OPEN = [M,C,Df; CLOSE = {F,T,L,S.X.E,B,A]
10. OPEN = [C,D[; CLOSE = [M/F,T.L,S.K.E,B,Al
11. OPEN - [G,H,D[; CLOSE = [C,M,F,T.L,SX.E,B,A]

UNTIL OPEN ={ ] OR GOAL IS FOUND

6.4 And/Or graph
9 A 4 o v w = 4 ¥
U state space graph M43183 199 UU MU node uAaz A9z MUY state A9 TIFIS
2 B oy
Tumdeaglvesiigmla viminmamnald predicate calcutus werns AN state A
1 A
sifiuefi/sznanvesnszuaunsudilowtlf dau inference rule Ao arc HiFey node Tu
] ¥ ]
asues Aniu Hgmifeglugilos predicate caleulus 81932111 solution 16 1ABN13 search

o

Wy
A18813 Y9INTUAAY proposition calculus 14GHY04 graph
¢=p
r=—>p
v=q
Spm—
t—>r

s=—>u

S
t

wannsonandluginam &y
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<
-
7]

e‘*ﬁaﬂswl'f‘:ﬂsuﬁmﬁqmwﬁ‘uﬁ'uﬂuiﬁum implication ﬁ«éﬁaagjlugmmmm directed
graph 1412 717 search 2213 UV data-driven search Tum21318u 059 1318495 and ua 2 or
operation ﬁmsﬁsuﬁm'lﬁniuﬁ'uiuzﬂmm graph 34'14%In13 8 1Mun And/Or graph o fagil
wse i

WU g AT =>p

mneta gV r=>p
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#101s ¥03M5 ¥ And/Or graph Taefionsai1 proposition calculus

aelald
g
a /
h
b f
o /v A A
!

aAb—d e /C
aAc=>d 592 1841 d
pAc=>d \5\
f—¢ :

c a b
aAc¢—h

¥
20819 M3a319 And/Or graph 110 predicate calculus @® 111
1. FRED IS A COLLIE. : COLLIE(FRED).
2. SAM IS FRED'S MASTER.  : MASTER(FRED,SAM).

3. ITISSATURDAY. : DAY(SATURDAY).
4.1T IS COLD ON SATURDAY. : —TWARM(SATURDAY).
5. FRED IS A TRAINED DOG. : TRAINED(FRED).

6. SPANIELS OR COLIES THAT ARE TRAINED ARE GOOD DOGS.
W x [SPANIEL(x) V (COLLIE(x) A TRAINED(x)) == GOODDOGX))].
7 IF A DOG IS GOOD DOG AND HAS A MASTER THEN HE WILL BE WITH HIS
MASTER. :Vx VyV 2lGOODDOG(X) A MASTER(x,y) A LOCATION(y,2)
—> LOCATION(x,2)].
8. IF IT IS SATURDAY AND WARM, THEN SAM IS AT THE PARE.
DAY(SATURDAY) A WARM(SATURDAY) = LOCATION(SAM,PARK).
9.IF IT IS SATURDAY AND NOT WARM, THEN SAM IS AT THE MUSEUM.
DAY(SATURDAY) A — WARM(SATURDAY) = LOCATION(SAM,MUSEUM).
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¥
goal voallgmiinglugyl expression Y99 3 XLOCATION(FRED,x) M11081¢ “FRED
1l & 4
o Iy e A3 search veailgniiez 14 And/Or graph uas ¢4 goal-driven search

LOCATION(x,z)
GOODDOGx) MASTER(x.y) LOCATION(x,2)

PN PN

COLLIE(x) TRAINED(x) MASTER(FRED,SAM) DAY(SATURDAY) NOT WARM(SATURDAY)

COLLIE(FRED) TRAINEI{FRED)

CT 488

SUBSTITUTIONS = {FRED/x,SAM,y, MUDEUM/z}

6.5 Production Systems:PS
, o o 4w A & o
PS 1 computation modet fiNewel! 1 iruounsnnufniurfivises ps Yus1ll
A A - a o
. 1967 e 1diluntsaiio lumafnindanszuaumsnveasnyud Hegiu ps 1Anawan
(11 knowledge reprosentation scheme 71 l&Fun2wiioneianinluaudu expert system
Tasandnaves Ps
PS 15z neudavesflsznoudifg 3 dau fie
1. Production memeory:PM
=) J ar 3 F L] = -
PM AU was B sanoafuniud TasanuidsndraszgnesuielNuplees
&
preductions 130 rules mﬁ;ﬂuumﬂu
“CONDITION —» CONCLUSION”
¥
14 UBA condition YB3 production U1l Wfigenh assumption,Left-Hand Side, LHS
<t . .y H’ = =2 . - P J 1 - o L]
part ¥3© if part 1A8 condition #1939 F11684 pre-condition NszAvuARYU AeURvz NI

production 1114
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b 4 2
@91 ¥B3 conclusion Y04 production H119A 973 8031 action part, Right-Hand Side
<4 9

¥
part, RHS part #39 then part 1aticondition 7 ¥2 8 Su1889n13v 19 uveIneflisenovves

production U M3iiaas output n38 Maudeynidr11u working memory

2. Working Memory:WM
wM Rudeyadegn PM Sonluldnedeyadign production A sunalaalal wu
(SonBneene 1741 “database” n3o “context”
3.Recognize-act cycle :
dhudunuguasiuees ps IﬂUﬂﬁﬂmﬂmzﬁzﬂwuﬁ'ﬁr
- current state ¥oenszwUMUATymeygaitu 13u wm
- WM ilzri'luﬁ'mﬁmfuﬂUu{%“un’uﬁsﬁﬂﬁuiummt’ﬁ]tum
- v le wM szgmitlunmamduRus S productions flaglu PM Fahld
(P conflict set A subset Y84 productions HFuRUTAuFefioglu wM
- productionS ﬁa;}lu conflict set 92 gnAmMuUA AU enable
- productions 11 conflict set #1lagmilsszgnionu 1 lumsimen $a Fondudlu
17 fired I?uﬁﬂ 11U conclusion Y89 production ﬁQﬂ fired ¥219M 5911971 ‘*ﬁﬂ'ﬁﬂ‘ﬁ'
Wemsalfsuutosswazdualy wMm
- msﬁnmIuﬁ'ﬂumzf‘:azaﬁﬁﬁmﬂusa‘uq Tounsefie 168 production 1nfiag

duiuffusvazBoaiiilu wM Jangamsinu
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RECOGNITION
ACT
CYCLE

PRODUCTION MEMORY
| CONDITION — ACTION

?

b 2

WORKING MEMORY
(WORLD state)

l T

OUTPUT INPUT

OUTSIDE

WORD
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- sunTnssadraves ps

#3289 N5 data-driven search 1 PS

PRODUCTION MEMORY

1. pAgq—>GOAL
2.rAs—>p
. war—oq
4. tAru->q

5. vos

6. START 5 vArAas i

A

MATCH

WORKING MEMQRY

START

86

M ~ o O = oM

PM
| F
2,
3.
A E
X
E
MATCH C
U
T
v
E
wM
STARTv,r1,s _—

M
R
2.
30
4
. R
6. e -
N E
X
E
MATCH C
U
T
v E
WM
START,v,1,q.5
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TRACE EXECUTION :

ITERATION# WM CONFLICT SET RULE FIRED
0 START 6 6
1 START,v,r,q 6,5 3
2 START,v,1,q,5 6,52 2
3 START,v,1,q,5,p 6.5,2,1 1
4 START,v,r,q,p.GOAL | 6,52, HALT
™M
| D
2. .
30
4, e
5. e
< 6. ceeeeenenen <+
E R E
X X
E E
C MATCH C
8] U
T T
E v E
wM WM
— ——» | START,v,r,qsp | —p START,v,1,q,5,p,GOAL
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Space searched by execution :

START
q
v
Y
S
Y
/'-—-
GOAL

#19619 N394 goal-driven search Tu PS

PRODUCTION SET

1. pAq—>GOAL
2.1AsS—D
J.wAr—q
4.tAu—>q
S5.vos

6. START > VATAS

88

GOAL
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TRACE OF EXECUTION :

WORKING MEMORY

ITERATION# CONFLICT SET RULE FIRED
0 GOAL 1 1
1 GOAL,p,q 1234 2
2 GOALpqrs 1,2,3.4,5 3
3 GOAL,p.q.r,s,w 1,2,34,5 4
4 GOAL,p,q.r,5,w,t,u 1,2,3.4,5 5
5 GOAL,p,q,r.5,w,t,Lv 1,2,3,45.6 6
6 GOAL.p,q.r,s,w.t,uv,
START 1,2,3.4,56 HALT
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unn 7 |
PROLOG

7.1 auihanvesniwiidsaen

’luﬂmswwﬁ'qrmf:ﬂﬂwm Hardware an@asn3anilenng 41 yaziinn1ves
Software HudATEN Lmﬂu'ﬂwﬁuﬁﬂ%ﬁwdaulmﬁvmizuuwL’L'Iwum Software 51A1U8Y
Software 921152110 10% voaszuuenuatuil 1970, 50 % Wil 1975 uazwINndn 80 % Tu

a4 L4 i ; A‘ J T ol ar
1 1985 HopuAmilwuiuesnunau

waupamstimaeiiafe Tusaen Tusaenfidlumenisuuingniimuilae
L inende widman Yrsmadiana Tavediou aouwenses luaouduveand)ssy 1970

sﬂumsaauemmumwﬁ“mnﬁm'mfmwuuiﬂmnm‘luuu’mwmsnmﬁm saeni
fmssﬂmmmzﬂszﬁw%mwmnmwmymuq Sy nenaaa wag meudn A hlseen
11910 PROgramming in LOGic
i Tsaendlumnisedlefid g lumsRannaudndlygnlizfvg o SaUAY
stuufiSmng Sedodedld waz TulsaendiuTsunsuiingmas vild Tusae Huiiiion
 himiloudiaogialu Pascal Tsunsumm Isaenss WiwagBeavesilymilaold
IUIUYBINYINURUATAIIULTY s dtsilgniidensdmeuiidesmfunifmenlas
1B INQINURNDTATINITINMARS
lu Pascal SinvzuaasTinsanuiuiveu ualilsunsumesnlisaenszeue

ey lsfapat szuuveelilsasnes Sams e hedalamzimsimuaganue Fadh

4 o 4
Aol llsaenaunsodh Bedeunisslommzdn
111l 1980 'mamitﬁﬂﬂﬁﬂszmmmmmaﬂmmuumﬂ%’”ﬁﬂeumm 's“lutm fis

Satualunmunhemanaznwundnivyiiadodanan

Tlsasnezgou lusunsuwefidad lassauvoereay Soavesilymae Wa
é d? ar =

Tael2 Tdsaemitunmug i lumswanma TuTafnedu Hardware 1oz So
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Turbo Prolog dansal¥ies1vla1

- Prototype ¥oa Tsunsulszgnd gadufuvesmsimauin iU 1$ssnssy

- MIUANLATATIVIOUNTEUIUMS TUQANTMNISY Turbo Prolog SAMIUNNIS RRdafy 1O
Ports fieraysef

- st Il fugwdeyaSedutusisennma e

- dunlnndhuwunwngud

- ¥ Software ¥8INTIARADAUNHIBT IR

- afszyudiFrg

- aduedgydnuaivesmsudlamundameand

-t wilygrilizavg

v a4
Turbo Prolog 10n@A 1990711184195
»
Turbo Prolog iunwnFeiiny wdesentunoyuineufiopes wudilomediels
Hd ¥
T1l51n 53 Turbo Prolog UseneufionunzBoavesilomiswosBoatiaed 3 dou daud 1
U E: \ -~ 1 L1 4‘ \ J
uardui 2 eilluduvesnsdizmenisAndeuns d i 3 willudauveseylsy Tondaez
IINYNUIUDL AT
4 2
1. ¥ounzInseadeuns object lilgmmivg
A @ Ja T .
2. yoveswnwHuNUETBYIZNIN object

@ a o o 9 o3 -3
3. mma"uwuwmﬂg]mmmua:ﬂmmuﬂ

TwnziBeavean13fou TUsunsy Turbo Prolog wl¥nnuduiufsznitedoyads
wazdoyasen Ameuszannndoyaish Turbo Prolog wldnginusiuazanusss Tosunsy
»
Turbo Prolog a¢ilTwazBunvetoyilss Teanaasinaues et
It is raining to day.
] o L d’
nisgluvnvesnginasiezidiudail
You will get wet if it is raining
and you forgot your umbrella.

v
Turbo Prolog 1 MU13 N0 UMANANIAAYS e6i 19/
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pohn likes malee.

tom likes sang,
uaznQInuAIAe

somsri likes X if tom likes X,
Turbo Prolog ¢ Wi maude

somsri likes sang.
gasensafie 1 Turbo Prolog Aumidinsusindetefie

Find every person who likes sang.
uag Turbo Prolog ﬂ::'l%ﬂgmmﬁunzm‘mﬁaﬁ“mnmi'luﬂaga'lumsmﬁmau NNAIABUYDY
i]tumtfuq

Turbo Prolog 9Avqy Tausa TuilA s Turbo Prolog M mszuusznmedum
nquvesteyafivzi ligimou sznhal§iamsdineueiwans niedlderseioudoyn
f1'11Tu §15@ n13 Turbo Prolog 93 197 backtracking mechanism 1A 1R ULS ATNY Turbo
Prolog v Aumganueln (goal) v1ndirlniq Wosrmdweylmia

126105 8489 Turbo Prolog sz dunazde Feszidiulannsai Ao lidudou
mijou Tusunsunmifunig

Turbo Prolog Wunuszdugans thama fyduvumseadifidwiivsedngaming

1#nseardravoesnsisendoa (Recursive)

7.2 annlilsaen

uniszdudaensfinunis Taseerd1auns Turbo Prolog fauusnezdiuedieiidw
Tasldnnuunfiniiaiides mﬂmﬁﬂssnﬂuﬁummmTﬂsuﬂm'[ﬂsﬂﬂnﬁnzdfuﬂau

a3 reuvealdsunsy Tusaenssfumd1ne Uy backiracking was 33 A ez 14

Tilsaenaseaeudy dnedsunsess lusie udiidoyafiin1ylg Aswannsofiselvfmen

a1
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Tnssadnvesnnnlsaenszisznoudediudszneuiidhde 4 drude
- domains
- predicates
- goal
- clauses
uﬁﬁﬂu‘ﬁﬂz1ﬂﬂﬂﬂ‘?’l<}mﬁ‘lﬁﬂzﬂ'\‘mfﬁﬂﬁ"zuﬂi, object, AT UNLTUOS object
/* The first Program */
domaing
name,sport = symbol
predicates
likes(name,sport)
clauses
likes(sompom,tennis).
likes(korn, football),
likes(tom,baseball).
likes(surasri,swimming).
likes(mana,tennis).
likes(big,X) if likes(tom,X ).

Tuduees clauses wwiunginusiuazaueie Taefinuesy Ao

likes(somporn,tennis). AUNIIAD somporn likes tennis.
likes(korn,football). ANYHINLAD korn likes football.
likes(tom,bascball). AVIMUIuAD torn likes baseball.
likes(surasri,swimming). AUNINEAD surasri likes swimming.
likes(mana,tennis). AMNUIBAB mana likes tennis.

1 4
A
likes(big,X) if likes(tom,X).  dIniifie ginmat (rule) ile compile wa¥ run Tsunsuuda
TiyaonezRun

goal:
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1¥na Enter

AAeUfe likes(big baseball)

Variables

14 Turbo Prolog s ez Ko sauRudeiafuiing uazdaamesudulif
250 #48nu7 fade Te fudiRudidn danenTeinduld () 214 uadendaly
predicates ¥iue § object MW object wathanfusidons I Talsann liaule object 1319z

4 () umusauls 51 likes(_tennis) ADyn9 Aufivey temis( ) veiSonidunlsiilissy

Obiject 1AL Relation
-} . w w o dA LY A ] . ar .
1D object LATANVTUNUT FINADANUTUNUTIE VTN object N object
indeen Tsunsy 9 1 luaIuvos clauses
likes{ somporn,tennis).
likes(korn,footbail). <1

tikes 1 Tulsaenezuesinfiuanuduius uagsomporn,tennis.korn,football e object

tl521AN Y84 object

. A
object UManus 6 13zim

. or W ¥ A t
- 1. Char 14y object Yszinm@dnug 1 #1 uazdesagluminming U ‘m’, ‘2,
‘2 Hudu
N d [ o n’: + =
2. integer THunusuaui AN AU — 32,768 D3 32,767
1 4
3. real WBnuduaud s sziiddad +1x10° de £ x 107
. ¥ . o o o o ' & 1t
4, string Wunu object Uszinndadnuivaion &1 daszdeseglumiomue «~ iy

“tennis”, “korn” 1Tu&uU
5. symbol T$unu object szimAIsausHaeg f2 Aausnezdeufiudrfusingjious
%14 Tom, Bascball,Bill,Swimming Hud

6. file Hunu object tlsziamBovsaiudeya
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Domains ABdIMveIM sz Amiszinnves object 15y

name,sport = symbol
age = integer
money = real

Predicates Apd A 198 mIszmmnduRuives object 1 object vz 19 Talsunsy
t'a"uf] 1M
likes(name,sport)
car(brand,year)
person{name,age,sex)
udvanfurfrnsoldisznnyes object 131 predicates tanf 14 1w
likes(symbol,symbol)
car(symbol,integer)
person(symbol,integer,char)

Goal D PANUBTIABINITITNII 19U likes(X tennis) AIMMINBABIATHOU termis Tal3amn
= + [ I3 [

AezduminndeesSefiogludauves dases 19 §15 A szuanefnon 9y

likes(somporn,tennis), likes(mana,tennis) uaz 9zl yes amuwdd g meuieeSdri

no

clauses Aodauveseylss Tondaszifudoynvesnginuiafuazaaweis unziudoyait
Tyaene ldmivdumdmeunioganue (goal) dro i
likes(somporn,tennis).
likes(korn,football).
likes(tom,baseball).
likes(surasri,swimming).
likes(mana, tennis).

el

likes(big,X) if likes(tom,X). fauiifietuyes nginaiai(rule)
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néseysz Tonves clauscs ABWIMUAILIATAMA " WD

Tasuuven clauses
. Clauses
]
I |
Facts Rule
|3 i
Il ]
Predicates Peroids(.)
|
| |
Relation Agument
Obiect  Variable

: 4 4
comments lunwildsaen wh’r’mmwmu e ﬁm%‘nﬁu'ﬁ'amm Uay ITINNIY U

o 4
dmiivtladen i lFosnemyiauves Idunmn

7.3 1131991% Turbo Prolog

Tusunsuvinienasiies 19 Borland Turbo Prolog Version 2.0 siflu T sunsulu
Dos Mode A

103014 Turbo Prolog W& 921414 Editor Y84 Turbo Prolog Favzlsyneuday
wihan 4 mhee

niseusndo Editor14dm Futlou Source Code voa TulsunsuTsann Feee
MiIBUND Tarbo Pascal 38 Turbo C

wihwafieres o Dialog 92 W miuguadninTedougamig (goal)

wihdwfia $o Message szugrmamstieulusaztiug wu &1 Save Aozidoudy

] . A { . A 1 '
doya 30 compile flazil¥aufui compile ne run Aszdizeves ayilsz ToanGenldeg
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» o odd 4 a o
M1 30 Trace Wehmugnuhnuveslsaenfinefunen Sideinisezg

nwﬁnmn’aq"lﬂ%dﬂumu Options A188N compiler directives UALAABN Trace Widon
Trace ¥ 38 Short Trace "‘1?4 Short Trace 92 ¥ 19114132111 Trace “AIN Trace 92 @ 329% N9
oyuse Tenuazuanayna oyilsz Ton ud Short Trace 9z Waiusnayng vz lon iioiden Trace
30 Short Trace Wozfmunyaminoudrezdes naths F10 Tsnenteseiam iy

. A . L4 o
daumydu Avzimilous M compiler 815 ¥83U3EM Borland

aroealdsunsuTdsann

/* Program Car description */
domains
brand,color = symbol
age,price = integer
mileage = real

predicates
car(brand, mileage,age,color, price)

clauses
car(chrysler, 130000,3,red, 12000).

car(ford,90000,4,gray,25000).
car(datsun, 80000, 1,red,30000).

dhuTdsunsufudeyasazidenvessosud

wuemam I soffuiismunnn $20000 e Run uds 7 Goal: Wi
car{Name,Mile, Y ear,Colour,Cost) and Cost=>20000

Name Mile,Year,Colour,Cost #8maii Tsaenssuseiufuduls 11ty object #9204

AuAruA AL Ingjerue

/* Program display pupil play table tennis. */
domains

child = symboi

age =integer

predicates
pupil{child,age)

clauses-
pupil(prapan,9).
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pupil{john, 10).
pupil(jane,9).
pupil(su%a,Q).

Tihunsuiier WWSuguaadniifiong o Hdmiunuistumidamuiialaofdnyaauszdes
woi 2 afslassuznfigrezfuemdideRuidoyauds Tudmmes Goal: T
pupil(Person1,9) and pupil(Person2,9) and Person!<>Person2
wdnmITauvedTUsasn ez aILL backiracking w3emshinunuudoundy
BuduTsaonszdhauded
pupil(Person1,9) and pupil(Person2,9) and Personl <> Person2

| l | |

prapan prapan prapan  prapan Huie
pupil(prapan,9 pupil(prapan,9)
pupil(john,10) pupil(john,10)
pupil(jane,9) pupil(jane,9)
pupil(suda,9) pupil(suda,9)

pupil(Person1,9) and pupil(Person2,9) and Personl <> Person2
| l | |

prapan jane prapan jane Qﬂﬁ?ﬂ\i
pupil(prapan.9) pupil{prapan,9)
pupil(iohn,l()) pupil(john,10)
pupil(jane,9)
pupil(suda,9) pupil(suda,9)

pupil(Person!,9) and pupil(Person2,9) and Personl <> Person2
| | | !

prapan jane prapan suda Qﬂa I3k
pupil{prapan,%) pupil(prapan,9)
pupil(john,10) pupil(john,10)
pupil(jane,9) pupil(jane,9)
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pupil(suda,9) pupil(suda,9)

4 4 g P! :

e Person2 faey sz Teagave Tusaende: T deusiwnsdon lvusnd el o ues
Personl Unzf1vea Person2 Hezisudufioyalss lunusn

pupil(Personl1,9) and pupil(Person2,9) and Personl <> Person?

I

| I l

Jjane prapan jane prapan Qﬂﬁ'm
pupil(prapan,9)
pupil(john,10) pupil(john,10)
pupil(jane,9) pupil(jane,9)
pupil(suda,9) pupil{suda 9)

pupil(Person1,9) and pupil(Person2,9) and Personi <> Person2

I

jane suda jane suda an’m
pupil(prapan,9) pupil(prapan,9)
pupil(john,10) pupil(john, 10)
upil(jane.y pupil(jane,9)
pupil(suda,9) pupil(suda,9)

pupil(Person1,9) and pupil(Person2,9) and Personl <> Person2

I | |

suda prapan suda prapan Qﬂﬁm
pupil(prapan,9) upil(prapan,9),
pupil(john,10) pupil(john,10)
pupil(jane,9) pupil(jane,9)
upit(suda,?) pupil(suda,9)

100
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pupil(Personl,9) and pupil (Person2,9) and Personl <> Person2
l | | |

suda jane suda jane qﬂn’m
pupil(prapan,9) pupil(prapan,9)
pupil(john, 10} pupil(john,10)
pupil(jane,9) pupil(jane,9)
upil(suda,9) pupil(suda,9)

4 o
afene 1A mounavun 6 A

Personl = prapan, Person? = jane
Personl = prapan, Person2 = suda
Personl = jane, Person2 = prapan
Personl = jane, Person2 = suda
Personl = suda, Person2 = prapan
Personl = suda, Person2 = jane

/* display Sophie could date */

domains
person = symbol

predicates
male(person)
smoker{person)
vegetarian(person)
somsri_couid_date(person)

clauses
malefjack).
male{big).
male(tom).
smoker{gai).
smoker(tom).
vegetarian{jack).
vegetarian(tom).
somsri_could_date(X) if male(X) and not(smoker(X)).
somsri_could_date(X) if male(X) and vegetarian(X).

goal
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102

somsri_could_date(X) and
write("a possible date for somsri is " X) and nl.

L4 r
Tﬁ'ssmmﬁw'l?ﬁﬂsaanmﬁmaumu'[ﬂuﬁ"lﬁvf’fmﬂaui}ﬂﬂmu(goal) U990 run 142

E
lﬂ‘iBQHN1Uﬂ1QﬂEﬁﬂﬂ1ﬁﬂ‘§uﬂ&’ﬂiiﬂﬁ'lﬁﬁ‘;

Operandi Operator Operand2 Result
integer +,-,* integer integer
real +,-,* integer real
integer +,-,* real real
real +-* real real
integer or real / integer or real real
Operator Priority
Operator Priority
muluandy ) feu 4
mod, div 3
* ! 2
+, - |

s

wazszyindelden

Relational Operator
= Wi
L J
< usun
S J - L
<= usAIMIoVIAU
> WINHTY
- WINAINT BN

<>, B 'lﬁwhﬁ'u
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Mdanuassnmans
-] af A [
and ABM7 and Mvpadouly nie |
- ar A r-]
or ABMSor Huvessoulunie;
U not 92iiiu predicate JULLYDY not 9rABld 1n1eluaedy not()

N 4 A
it il mivasaoudoulvanse dwsomue - unudléd

/* Program Relation ship */

domains
perscn = symbol

predicates
male({person)
female(person)
father{person,person)
mother(person,person)
parent(person, person)
sister(person,person)
brother{person,person)
uncle(person, persarn)
grandfather{person,person)

clauses
male(pracha).
male(chalong).
male(bob).
male(jtti). .

female(boonpa).
female(tan).
female{marasti).
female(sukjai).

mother{marasti,boonpa).
mother(pracha,sukjai). '

father{pracha,bab).
father(bever,chalong).
father(tan,bob).
father(marasri,pracha).

parent(X,Y) if mother({,Y).
parent((,Y) if father(X{Y).

brother{X,Y) if * The brother of X is Y if */
male(Y) and " X is a male and *
parent(X,P) and F* the parent of Xis P and */
parent(Y.P} and f* the parentof Y is P and */

CT 488 103



X<>Y,

sister(X,Y) if
female(Y) and
parent{X,P) and
parent(Y,P) and
X<>Y,

uncte{X,U) if
mother(X,P) and
brother{P,U).

uncle(X,U) if
father(X,P) and
brother(P,U).

grandfather(X,G) if
father(P,G) and
mother(X,P).
grandfather(X,G) if
- father(X,P) and
mother(P,G}.

AUNT

1. Ispracha itti’s brother ?

Who is tan’s sister ?

0 woN

i = ] £ M . . . -
Output Predicates 3CU8Y 3 YUARAD write, writedevice, writef,

- 3Uuuvea write Ain

f* X and Y are not the same */

* The sister of Xis Y if */

Y is female and *
/" the parent of Xis P and %/
fthe parentof Y is P and */

"Theuncle of Xis Uif */
* the mother of X is P and */
/* the brother of Pis U. %

M The uncle of Xis U if */
* the father of X is P and */
/* the brother of Pis U */

* The grandfather of X is G */
f*ifthe father of Pis G */

/* and the mother of Xis P */
/* The grandfather of Xis G */
/* if the father of X is P */

/* the father of P is G ¥/

Who is marasri’s grandfather ?

What is the relationship (if any) between marasri and boonpa ?

write(Argl, Arg2,...,ArgN)

Arg f® Variable, Object , 40n7101

4
molunsosminy « -

o = A o . 41’ 3 q,:
frdfaniinIoanune “ dmhamze ¥ I nme. Predicates Sl

>

wn : W miutuusssialmi

vt Wdmsu I uszes 8 dadnus
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