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?SwA Swnj RnBLî ¨Ak� ,(Graphplan) ¦Q �Ao£ ºq½n³«B¯oM ©T½n±¢§A jn±« nj Ç1

(97 »T§°j Ç oU±¼P«B� »wk®´«)

¥MB�TÇ« ºnB£pBwBÇ¯ o¢½kÇñ½ BÇM ²nAqÇ£ °j ,ºq½n³«B¯oÇM �AoÇÇ£ pA ¨A k c�ÇÇw nj oÇÇ£ A (1

»T¼í�° ³M ³¼§°A S¼í�° pA y®� k ¨B\¯A BM ¬A±U»ª¯ ,k®{BM ³T{Aj (mutual exclusion)

/k{BM ²nAq£ °j oµ ¥«B{ ³� k¼wn

H�¼	j c�w ð½ ³� »Un±æ nj ,(Planning Graph) ºq½n³«B¯oM �Ao£ SiBw ¨B¢®µ nj (2

/j±{»« 
	±T« ©T½n±¢§A ,k{BM ²k«B¼¯ Swj ³M ºA³«B¯oM p±®µ »§° ,k{BM »¦L	 c�w ³MBz«

H«°q§ ,c�w oµ pA ²k{ JBhT¯A ºBµy®� ¨BªU ,©T½n±¢§A �½A �w±U ²k{ SB½ ³«B¯oM nj (3

/k{BM oLTí« ¥æBe ³«B¯oM BU k¯o¼£ nAo	 kíM c�w pA ²k{ JBhT¯A ºBµy®� ¨BªU pA ¥L	 k½BM

/SwA ³®¼´M Bµy®� jAkíU o�¯ pA ©T½n±¢§A �½A �w±U ²k{ SB½ ³«B¯oM (4

ºA²o¼\¯p x°n k¼®� ço� /k½ o¼¢M o�¯ nj An o½p Horn ºBµRnBLî pA ¥ñzT« y¯Aj ²B¢½BQ Ç2

° (Breadth First Search) ¤°A c�w º±\Tv] pA ²jB	TwA BM (Forward Chaining) °n±¦]

¤°A 
ªî º±\Tv] pA ²jB	TwA BM (Backward Chaining) °n K�î ºA²o¼\¯p x°n

?SwA
ÇÇÇÇÇÇÇÇÇÇ

³¦ª] ¨Ak� ,Rn±æ ½A nj /SwA ²k{ ºpBw²jB¼Q (Depth First Search)SwnjB¯

(97 »T§°j Ç oU±¼P«B� »wk®´«)

/kµj»« ³\¼T¯ An Q(F(F(A ))) ²nAq£ FC (1

/kµj»« ³\¼T¯ An P(F(A )) ²nAq£ ,Q(F(A )) ²nAq£ pA ¥L	 FC (2

/k¯Ajo£»«oM An (True)Swnj nAk�« ,Q(F(A ))Rn±æ ³M (query) »¯BªwoQ ºAoM BC (3

An (False) SwnjBÇ¯ nAk�Ç« ,Q(F(F(A ))) Rn±Çæ ³M (query) »¯BªwoQ ð½ ºAoM BC (4

/k¯Ajo£»«oM
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½A pA ð½¨Ak� /SwA ¾»{ ð½ a ° ,éMBU ð½ f ,³�MAn ð½ P /k½ o¼¢M o�¯ nj An o½p RnBLî °j Ç3

(97 »T§°j Ç oU±¼P«B� »wk®´«) ?SwA (tautology) Swnj ³z¼ªµ ³¦ª] ð½ ,RnBLî °j

(ii)RnBLî �� (2 (i)RnBLî �� (1

¨Ak�_¼µ (4 (ii) ° (i) (3

»Un±æ nj /k½ o¼¢M o�¯ nj (propositional logic) ºA²nAq£ 
�®« nj An ° , RnBLî ³w Ç4

¨Aq¦TwA ° (satisfiability) ºo½mQB�nA |±~i nj jn±« ¨Ak� ° ©¼{BM ³T{Aj ³�

(97 »T§°j Ç oU±¼P«B� »wk®´«) ?SwA Swnj BµRnBLî ¼M (entailment)

/k{BL¯ (Satisfiable) o½mQB�nA SwA �ñª« RnBLî (1

/SwA (Unsatisfiable) o½mQB¯B�nA RnBLî (2

/SwA (Satisfiable) o½mQB�nA HªTe RnBLî (3

(4

(97 »T§°j Ç oU±¼P«B� »wk®´«) ?SwA Swnj ,(SAT) ºo½mQB�nA ¥ÄBv« jn±« nj ³¦ª] ¨Ak� Ç5

¥e ºAoM DPLL ©T½n±¢§A nj (Unit clause propagation) keA° RnBLî nBzT¯A ¨q¼¯Bñ« (1

�¼íÇÇÇ« ºBµRnBLÇÇÇÇî º°n Forward chaining ³MBÇÇÇÇz« ºjo�nBÇÇÇÇ� ,SAT ¥ÄBÇÇÇÇv«

/jnAj (definite clauses)

RnBLÇî ¬C ¬j±M (valid) oLTí« ¤jBí« ,»��®« RnBLî ð½ (satisfiability) ºo½mQB�nA (2

/SwA

/SwA ¨p¿ (BµjBª¯ jAkíU KveoM) »½Bª¯ »¯B«p »£k¼`¼Q SAT ¥ÄBv« º³ªµ ¥e ºAoM (3

/k®Tv¼¯ CSP ¥ÄBv« pA ºA³î±ª\«o½p SAT ¥ÄBv« (4

o¼v	U ð½ pA SwA RnBLî ,²nAq£ ð½ ºAoM (Model) ¤k« oµ ³� ½A ³M ³]±U BM Ç6

RnBLî ,kµj»« (true) <Swnj> xpnA ²nAq£ ¬C ³M ³� ,²nAq£ ¬C pA (interpretation)

{A,B,C,D,E,F} ºA²nAq£ ºBµo¼T« ºBµ³î±ª\« ºAoM

(97 »T§°j Ç oU±¼P«B� »wk®´«) ?jnAj ¤k« k®a

2 (4 16 (3 32 (2 63 (1
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An o½p ºA²nAq£ RnBLî �±¯ (Resolution) {±§°pn x°n pA ²jB	TwA BM ©¼µA±hM ³� »Un±æ nj Ç7

(97 »T§°j Ç oU±¼P«B� »wk®´«) ?SwA Swnj RnBLî ½A �±¯ |±~i nj jn±« ¨Ak� ,©¼®� ¼¼íU

/SwA (Unsatisfiable) ¾B�nA ¥MB	o¼� (1

/SwA (Satisfiable) o½mQB�nA (2

/SwA (Invalid) oLTí«B¯ (3

/SwA (Valid) oLTí« (4

H�¼�j ¬C nj ²o£ oµ ° k{BM 3 
ªî ºAnAj ³� k½ o¼¢M o�¯ nj An minimaxº±\Tv] Sinj ð½ Ç8

²jB	TwA ±\Tv] nj BTM Ç B	§Ctoµx°n pA o£ A / (jnAj òoM ²o£ 64 Sinj) k{BM ³T{Aj k¯po� 4

(97 »T§°j Ç oU±¼P«B� »wk®´«) ?j±{ toµ SwA ñª« Sinj ½A ºBµ²o£ pA jAkíU ³a oX� Ake ,©¼®�

32 (4 35 (3 45 (2 48 (1

¨BªU ³®«Aj ¬C nj ³� k½ o¼¢M o�¯ nj An D ° C ,B ,A o¼T« nB́ a BM S½j°kd« ºB�nA ³¦Ãv« ð½ Ç9

° A<B<C<D ºBµS½j°kd« ºAnAj ³¦Ãv« ½A /SwA ³î±ª\« Bµo¼T«

SwA ñª« ,Bµo¼T« ³®«Aj pA o½jB�« »ioM �meBM ,k »í¼L� jkî ºAoM ©¼¯Aj»« /SwA C=A+ 3

BM ¤Be /jo� ¥½kLU strongly k-consistent ³¦Ãv« ð½ ³M An S½j°kd« ºB�nA ³¦Ãv« ð½ ¬A±TM

?SwA Swnj �±� ³¦Ãv« |±~i nj jn±« ¨Ak� ,Bµo¼T« ³®«Aj pA ¨p¿ o½jB�« �meço�

(97 »T§°j Ç oU±¼P«B� »wk®´«)

An ¬C ¬A±U»ª¯ »§° ,jo� ¥½kLU strongly 2-consistent ³¦Ãv« ð½ ³M ¬A±U»« An ³¦Ãv« �½A (1

/jo� ¥½kLU strongly 3-consistent ³¦Ãv« ð½ ³M

An ¬C ¬A±U»ª¯ »§° ,jo� ¥½kLU strongly 3-consistent ³¦Ãv« ð½ ³M ¬A±U»« An ³¦Ãv« �½A (2

/jo� ¥½kLU strongly 4-consistent ³¦Ãv« ð½ ³M

/jo� ¥½kLU strongly 2-consistent ³¦Ãv« ð½ ³M ¬A±U»ª¯ An ³¦Ãv« �½A (3

/jo� ¥½kLU strongly 4-consistent ³¦Ãv« ð½ ³M ¬A±U»« An ³¦Ãv« �½A (4

nj) h (consistent) nB£pBw ºnBñTMA éMBU ð½ pA ²jB	TwA S§Be nj A* ©T½n±¢§A |±~i nj Ç10

?SwA
ÇÇÇÇÇÇÇÇÇÇ

jn±« ¨Ak� , (k{BM n ²o£ BU ²k{ »� o¼v« ³®½ qµ g(n) ³� »Un±æSwnjB¯

(97 »T§°j Ç oU±¼P«B� »wk®´«)

/k®�»« Ak¼Q (»Ao£ º±\Tv] S§Be nj) An �kµ ³M ³®¼´M o¼v« ²nA±ªµ (1
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,SwA ³®¼´ÇM o¼Çv« ¤±Ç� pA oTz¼ÇM BÇµ¬C g(n)+h(n) nAk�« ³� An »½Bµ²o£ SwA �ñª« (2

/kµj xoTv£

k®Ç� k¼§±U ,SwA ³®¼´M o¼v« ¤±� pA oTz¼M Bµ¬C g(n) nAk�« ³� An »½Bµ²o£ SwA �ñª« (3

/(jnAm¢M 
æ nj »®í½)

k¼§±U ,SwA ³®¼´M o¼v« ¤±� pA oTz¼M Bµ¬C g(n)+h(n) nAk�« ³� An »½Bµ²o£SwA �ñª« (4

/(jnAm¢M 
æ nj »®í½) k®�

nAk�« ° Bµ¤B½ º°n Bµy®� ³®½ qµ o½p ¥ñ{ nj Ç11

²o£ S o£ A /SwA ²k{ ³T{±¯ Bµ²o£ º°n ºnBñTMA éMBU

?SwA Swnj jn±« ¨Ak� ,k{BM �kµ ²o£ G ° �°o{

»½BL	§A K¼UoU pA ²o£ °j ºAoM ¬Bvñ½ �½Ao{ nj)

(97 »T§°j Ç oU±¼P«B� »wk®´«) (j±{ ²jB	TwA

/SwA (admissible) ¤±L	 ¥MB	 ²k{ ²jB�TwA ºnBñTMA éMBU (1

/SwA S,C,A ,B,G SwAn ³M Oa pA , A* ©T½n±¢§A nj Bµ²o£xoTv£K¼UoU (2

/SwA S,A ,C,B,D,G SwAn ³M Oa pA , A* ©T½n±¢§A nj Bµ²o£ k¼§±U K¼UoU (3

/SwA S,A ,C,B,D,G SwAn ³M Oa pA ,UCS ©T½n±¢§A nj Bµ²o£ k¼§±U K¼UoU (4

oµ ³®½ qµ ¬C nj ³� k{BM j°kd« Sinj ð½ ±\Tv]ºB�� ,±\Tv] ³¦Ãv« ð½ nj k¼®�ço� Ç12

³®¼´M o¼v« T�B½ jn±« nj RnBLî ¨Ak� / (k®{BM »	®« k®¯A±U»« Bµ³®½ qµ) SwA B½±£ jkî ð½ ¤B½

Uniform Cost Search ° ,Depth First Search ,Breadth First Searchx°n ³w �w±U

(97 »T§°j Ç oU±¼P«B� »wk®´«) ?SwA Swnj

/k®®�»« �¼ª�U ²k{ ³T�£ ³¦Ãv« ºAoM An ³®¼´M o¼v« �TB½ ,x°n ³w oµ (1

/k®®�»« �¼ª�U ²k{ ³T�£ ³¦Ãv« ºAoM An ³®¼´M o¼v« �TB½ ,x°n °j �� (2

/k®�»« �¼ª�U ³{ ³T�£ ³¦Ãv« ºAoM An ³®¼´M o¼v« �TB½ ,x°n ³w �½A pA »ñ½ �� (3

/k®®�»ª¯ �¼ª�U ²k{ ³T�£ ³¦Ãv« ºAoM An ³®¼´M o¼v« �TB½ ,x°n ³w �½A pA ¨Akñ`¼µ (4

?SwA Swnj ,(environment) �¼d« RB¼æ±~i jn±« nj RnBLî ¨Ak� Ç13

(97 »T§°j Ç oU±¼P«B� »wk®´«)

/k{BM (fully observable) o½mQ²kµBz« Â«B� k¯A±U»ª¯ (dynamic) B½±Q �¼d« ð½ (1

/SwA (deterministic) »í�	 HªTe (fully observable) o½mQ²kµBz« Â«B� �¼d« oµ (2
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(fully observable) o½mQ²kµBÇz« Â«B� SwA �ñª« (unknown) ³TiB®{B¯ �¼d« ð½ (3

/k{BM

³¦eo« nj ²k{ ¨B\¯A ºBµy®� ³M SwA �ñª« (action)y®� oµ ,episodic�¼d« ð½ nj (4

/k{BM ³TvMA° ¥L	

?SwA ¨Ak� ,o¼£jB½ ºBµ¥«Bî nj (Problem generator) ³¦Ãv« k§±« yhM ³	¼�° Ç14

(97 »T§°j Ç IT »wk®´«)

ºj°n° pA ³¦Ãv« 
½oíU SB½nj (1

¥«Bî ºAoM k¼�« ¥ñ{ ³M ,³¦Ãv« RBîÀ�A ¬jo� ³§±«o (2

oTz¼M RBîÀ�A Kv� ºAoM ,�¼d« nj x°B� ¬Bñ«A jB\½A (3

�¼d« pA ²k«C Swj ³M RBîÀ�A ³M ³]±U BM y¯Aj ²B¢½BQ ¬jo� p°n ³M (4

(97 »T§°j Ç IT »wk®´«) ?SwA Swnj ,(Planning) ºq½n³«B¯oM ¥ÄBv« |±~i nj jn±« ¨Ak� Ç15

o�Ç¯ nj BÇM An ³¦ÃÇv« ¬C pA ºA²k{ ²jBw ³hv¯ ¬A±U»« ,ºq½n³«B¯oM ³¦Ãv« oµ ¥e ºAoM (1

pA ° jo� ¥e (ºA³¦ª]k®a ¬B«p nj °)»£jBw ³M Bµy®� ,(Delete L ist)�meSv¼§ �To¢¯

²jB�TwA »¦æA ³¦Ãv« ¥e ºAoM ºnBñTMA éMBU ð½ ¬A±®î ³M ¥æBe ³®¼´M ³«B¯oM ºBµ¨B£ jAkíU

/jo�

Ak¼ÇQ ºBTwAn nj k¯A±U»« ©µ ³� SwA ºnBTiBw ,(Planning Graph) ºq½n³«B¯oM �Ao£ (2

jn±Ç« ³«B¯oÇM ºBµ¨B£ ¬jo� Ak¼Q S´] nj ©µ ° ºq½n³«B¯oM ³¦Ãv« ºAoM ºnBñTMA éMBU ¬jo�

/jo¼£ nAo	 ²jB�TwA

ºBµ²nAq£ ,n°j oµ nj °n±¦] Rn±æ ³M ° ³¦Ãv« ³¼§°A S¼í�° pA �°o{ BM POP ©T½n±¢§A (3

/j±{ »§Bi 
æ ¬C HT½B´¯ ³ñ®½A BU jnAj»« ³¢¯ 
æ ð½ nj An k¯A²kz¯ Ak¼Q ³� »kµ

¤±L	 ¥MB	 ,ºnBñTMA éMBU ð½ ²kz¯ k¼§±U �kµ ºBµ²nAq£ jAkíU ¬joª{ ,S¼í�° oµ nj (4

/SwA (admissible)

(97 »T§°j Ç IT »wk®´«) ?SwA Swnj o½p RAnBLî pA ð½¨Ak� Ç16

ºAoÇM ,(forward chaining) °n±¦Ç] ºA²o¼\¯p x°n ,¤°A ³LUo« ��®« nj ZBT®TwA ºAoM (1

¥«BÇ� ZBT®TÇwA x°n ð½ ,(definite clauses) �¼íÇ« RAnBLÇî ¥Çñ{ ³ÇM y¯Aj ºBµ²B¢½BQ

/SwA (complete)

x°nð½ ,(forward chaining) °n±¦] ºA²o¼\¯p x°n ,ºA²nAq£ ��®« nj ZBT®TwA ºAoM (2
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/SwA (complete) ¥«B�

¥«BÇ� x°n ð½ (Resolution) �Ç{±§°pn x°n ,ºA²nAqÇÇ£ ��®ÇÇ« nj ZBT®TÇÇwA ºAoÇÇM (3

/Sv¼¯ (complete)

/Sv¼¯ (decidable) o½mQ©¼ª~U ³¦Ãv« ð½ ,¤°A ³LUo« ��®« nj ZBT®TwA (4

»Un±æ nj /k½ o¼¢M o�¯ nj (propositional logic) ºA²nAq£ 
�®« nj An ° , RnBLî ³w Ç17

jn±« ¨Ak� ,k{BM ° ºBµRnBLî oM (resolution) {±§°pn ²kîB� ¤BªîA ¥æBe RnBLî ³�

(97 »T§°j Ç IT »wk®´«) ?SwA Swnj

(1(2(3(4

o�¯ nj BM ° ²k{ ²jAj ³¦ª] ³w ºAoM Ç18

k®a (SwAn ³M Oa pA K¼UoU ³M) ,{A,B,C,D} ºA²nAq£ o¼T« nB́ a ºAoM ñª« o½jB�« T�o£

(97 »T§°j Ç IT »wk®´«) ?jnAj j±]° (Model) ¤k«

{8,12,4} (4 {12,3,8} (3 {6,12,4} (2 {6,3,8} (1

(97 »T§°j Ç IT »wk®´«) ?SwA
ÇÇÇÇÇÇÇÇÇÇ

,jn±« ¨Ak� Ç19SwnjB¯

©T½n±¢§A ,k{BL¯ nAo	oM ºpBM ºB´T¯A nj �ñ½pBM °j RApB¼T«A �±ª\« ¬j±M SMBY ço o£ A (1

/k®� jB´®z¼Q �ñ½pBM ³M An ºA³®¼´Mo¼� ºBµS�oe SwA �ñª« Minimax

�ñ½pBM ¨Ak� ³M �±Mo« S�oe�½oiC ³ñ®½A ³M ³TvM »¯B½BQ ºBµ²o£ ,Minimax ©T½n±¢§A nj (2

/k®¯Ajo£»«oM An �ñ½pBM ¬C ³M �±Mo« pB¼T«A ,k{BM

��Ç ° jnAkÇ¯ Minimax ©T½n±Ç¢§A »½B´¯ ³\¼T¯ oM ºo¼YFU _¼µ BTM Ç B�§C toµ ©T½n±¢§A (3

/kµj j±L´M An ©T½n±¢§A �½A ¬B«p k¯A±U»«

/SwA xj±i pB¼T«A ¬jo� oX� Ake ¤BL¯j ³M �ñ½pBM oµ ,Minimax ©T½n±¢§A nj (4

³®½ qµ ³®¼´M nAk�« h* éMBU ° SwA (heuristic function) ºA³	{Bñ« éMBU ð½ h k¼®� ço� Ç20

pA »ñ½ ºAoM k¼®� ço� ¼®`ªµ /kµj»« BµS¼í�° ºB�� nj S¼í�° oµ pA An �kµ ³M ¬k¼wn

jnAj nAo� �kµ S¼í�° ð½ ³M ³¼§°A S¼í�° pA ³®¼´M o¼v« ð½ º°n ³� s ¨B¯ ³M BµS¼í�°

¨Ak� /SwA h* éMBU nAk�« oMAoM oX� Ake h éMBU nAk�« BµS¼í�° o½Bw ºAoM °

(tree Search) »Tinj º±\Tv]x°n ° h ºA³	{Bñ« éMBU pA ³� A* ©T½n±¢§A |±~i nj jn±«

(97 »T§°j Ç IT »wk®´«) ?SwA Swnj ,k®�»« ²jB	TwA
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�½A ,k{BM ³T{Aj j±]° �kµ S¼í�° ³M ³®¼´M o¼v« ð½ B´®U ±\Tv] ºB� nj ³`¯B®a (1

/kMB½»« An o¼v« ¬C ©T½n±¢§A

³®¼´M o¼v« ²B£_¼µ ©T½n±¢§A �½A ,Sv¼¯ (admissible) ¤±L	 ¥MB	 éMBU ð½ h ³� »½B\¯C pA (2

/kMB½»ª¯ An

/SwA ³®¼´M o¼v« ³®½qµ oMAoM °j oX� Ake ©T½n±¢§A �½A �w±U ²k{ SB½ o¼v« ³®½qµ (3

/k{ kµA±h¯ RB	À« ©T½n±¢§A �w±U ²k{ SB½ o¼v« ºAo]A BM sS¼í�° (4
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/SwA c¼dæ (1) ³®½ q£ Ç1

n±�M o¢½j c�w ³M c�w ð½ pA ,Bµ²nAq£�¼M ¥MB�T« ºBµºnB£pBwB¯ ,Graph Plan ©T½n±¢§A nj

¥MB�TÇ« ºnB£pBwB¯ ºAnAj k c�w nj ²nAq£ °j o£ A ,o¢½j RnBLî ³M /k®MB½»« yµB� SiA±®ñ½

¨BªÇU ³Ç� SwA »®í« �½A ³M �½A ° /k¯A²j±M nB£pBwB¯ ©µ BM ©µ »¦L	 ºBµc�w nj HªTe k®{BM

³ÇM ° k¯A²j±M nAo	oM ¬Bz½Bµ�o{ y¼Q k c�w BU o�æ c�w pA ³� (»½Bµ action) »½Bµy®�

ºnB£pBwBÇ¯ o�¯jn±« ¶nAq£ °j ¬C ³� k®¯BwoM »T¼í�° ³M An B« k¯A³Tv¯A±T¯ k¯A²k{ ³B�A �Ao£

/k®{BM ³T{Ak¯ ¥MB�T«

/SwA c¼dæ (4) ³®½ q£ Ç2

³M ºpBw²o¼\¯p ¥eAo« /©¼µj»« ¬Bz¯ 2 ° 1 ºBµ²nBª{ BM K¼UoU ³M An y¯Aj ²B¢½BQ ¬±¯B	 °j

:SwA o½p Rn±æ ³M ±¦]

/k®Tvµ »d¼dæ RAnBLî (2) ° (1)ºBµ²nAq£ ³� j±{»« ²k½j

·¦ªÇ] pA) Bµy¦Ç uñî o¼Çv« ¬joÇ� ¤BL¯j BM ° �± ¥ñ{ º°n pA ¬A±U»« An BC ©T½n±¢§A

·¦ª] °j oµ ³� j±{»« ²k½j /jo� »wnoM (KB nj j±]±« ° ²jBw RÀª] ³M ¬k¼wn BU ¬BªwoQ

»Twnj RnBLî (3) ·®½q£uQ /k¯AZBT®TwA ¥MB	 BC ©T½n±¢§A �w±U Q(F(F(A ))) ° Q(F(A ))

/SwA »TwnjB¯ RnBLî (4) ·®½q£ B«A SwA

/SwA c¼dæ (1) ³®½ q£ Ç3

:©¼®�»« ²jBw »ª� An ²k{ ²jAj RnBLî AkTMA
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B´Ç¯C pA kíÇM P(x,y,z) nB®� nj ¬A±U»« An RnBLî °j ºAkTMA nj ºj±]° ºBµn±w (
§A)

o¢½j ºBµB] nj z ° yºBµo¼�T«) k¯A³Tn nBñM RnBLî �½A nj �� y ° z ºBµo¼�T« ¬±a S{±¯

BM An RnBLî ,ºnBT{±¯ »£jBw ºAoM �¼®`ªµ /(k¯o¢½j ºBµn±w ³M �±Mo«

/©¼µj»« ¬Bz¯

:SwA o½p RnBLî ¤jBí« RnBLî (J)

/©¼µj»« ¬Bz¯ Q(x) BM An RnBLî �½A ,oTz¼M »£jBw ºAoM

»«±ªî n±wð½ Q(x) ¬±aSwA nAo	oM ©µ R(x) HªTe k{BM nAo	oMQ(x) o£ A ³� k¼®�S	j (Z)

º°n »«±ªî n±w o£ A ,SwA RnBLî ¬Bªµ º°n ºj±]° n±w ð½ R(x) ° SwA P(x,z,u) º°n

¾»{ ð½ ¥	Ake ¥«B{ B¼¯j ³ñ®½A ço BM ³TL§A) SwA nAo	oM ©µ ºj±]° n±w k{BM nAo	oM P

/SwA R(x) BM ¤jBí« uQ /(k{BM

SMBY ¾»{ ð½ ³M Hí�	 éMBU �½A /SwA oT«AnBQ ¬A±®íM aSMBY nAk�« BM ©§±ñwA éMBU ð½ f(a) (j)

/©¼v½±¯»« f(a) ºB] ³M ° ©¼®�»« ço C An ¾»{ ¬C /k®�»« ²nB{A

:k®½C»« nj o½p Rn±æ ³M (ii) ° (i)RAnBLî �± RBd¼�±U ³M ³]±U BM

B½

³� ,SwA nAo	oM ©µ C ¾»{ ºApA ³M k{BM nAo	oM ¾B¼{A ³ªµ ºApA ³M R(x) o£ A k½±£»« (i) ·¦ª]

/SwA c¼dæ ° »´½kM ºA³¦ª]

nAo	oÇM ©µ R(C) ²B¢¯C k{BM nAo	oM R(x) o£ A x ²A±h§j ¾»{ oµ ºApA ³M k½±£»« (ii) ·¦ª] B«A

/SwA »TwnjB¯ ·¦ª] ³�SwA

/SwA c¼dæ (3) ³®½ q£ Ç4

:k½C»« SwkM ¤AÆw Rn±æ pA o½p RBîÀ�A

(SwA True ³z¼ªµ ¬CxpnA)SwA »Twnj RnBLî a © buQ SwA ¬±a (
§A)

uQ SwA ¬±a (J)

»´U ·î±ª\« k{BM »´U o£ A ¬±a)Sv¼¯ »´U uQ ,Sv¼¯ uQ ¬±a (Z)

/(!j±M»« Sv½BM»« �½AoMB®M ° SwA ³¦ª] pA ºA³î±ª\« oµ ·î±ª\« o½p

/Sv¼¯ »´U ©µ uQ SwA ° Sv¼¯ »´U ¬±a ,(Z) ° (J) ³M ³]±U BM (j)

:©¼®�»« »wnoM An Bµ³®½q£ ¤Be
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©µ uQSv¼¯ »´U ¬±a ° ³�©¼¯Aj»« :SwASwnjB¯ (1) ·®½q£

/SwA o½mQB�nA HªTe �½AoMB®M ,Sv¼¯ »´U

uQ ,SwA Swnj ³z¼ªÇµ RnBLÇî ð½ (
§A) ·\¼TÇ¯ �LÇ� :SwA SwnjB¯ (2) ·®½q£

/Svµ ©µ o½mQB�nA

/SwA o½mQB�nA HªTe �½AoMB®M ,Sv¼¯ »´U (Z) ·\¼T¯ �L� :SwA Swnj (3) ·®½q£

³� k½j ¬A±U»« SwA »Twnj ³z¼ªµ RnBLî ³ñ®½A ³M ³]±U BM :SwA SwnjB¯ (4) ·®½q£

:SwA SwnjB¯ �½AoMB®M ° False oMAoM (4) ·®½q£ RnBLî

/SwA c¼dæ (1) ³®½ q£ Ç5

/SwA ²k{ ²nB{A ¬C ³M tnj�T« nj ³�SwA »d¼dæ RnBLî (1) ·®½q£

Rn±æð½ ³M ¥	Ake »®í½ SwA o½mQB�nA ³¦ª]ð½ ©¼½±£»« »T	° :SwASwnjB¯ (2) ·®½q£

,o¢½j RnBLî ³M /j±{ Swnj oMAoM ³¦ª] ¬C ³ñ½n±�M jo� »µjnAk�« ¬C ºBµo¼�T« ³M ¬A±U»«

¬C ,©¼®� ©wn »Twnj ß¤°k] ,³¦ª] ¬C ºAoM o£ A ³�SwA »®í« �½A ³M ³¦ª]ð½ ¬j±M o½mQB�nA

³¦ªÇ] ð½ ©¼½±£»Ç« »T	° B«A /SwA True oMAoM »Twnj ¤°k] pA o�w ð½ ¥	Ake nj ³¦ª]

k¼µkM nAk�« ³¦ª] ¬C ºBµo¼�T« ³M Rn±æ oµ ³M »®í½ SwA <Swnj ³z¼ªµ> B½ (Valid) oLTí«

¨BªU nj ³¦ª] ¬C ,o¢½j RnBLî ³M /(j±{»ª¯ False ²B¢`¼µ) k{ kµA±i True oMAoM ³¦ª] ¬C

/SwA True oMAoM j±i
ß
»Twnj ¤°k] ºBµo�w

²k{ o�l ºBµð¼Tv½n±¼µ ²Aoªµ ³M DPLL ©T½n±¢§A pA ³� »Un±æ nj :SwA SwnjB¯ (3) ·®½q£

©T½n±Ç¢§A �¼®`ªµ /j±M kµA±i »½Bª¯ pA oUé½ow ©T½n±¢§A Á±ªí« ©¼®� ²jB�TwA tnj �T« nj

pA oTª� ¬C »¯B«p »£k¼`¼Q �½AoMB®M ° k®�»ª¯ »wnoM An ±\Tv] ºB� ¨BªU Á±ªí« Walk Sat

/SwA »½Bª¯

©¼µkM nAk�« ºA³¯±£ ³M Bµo¼�T« ³M k½BM :SwACSPð½ SAT ³¦Ãv« oµ :SwASwnjB¯ (4) ·®½q£

/(SwA Bµo¼�T« nAk�« ºApA ³M ³¦ª] ¬k{ True ¬Bªµ ,³¦Ãv« S½j°kd«) j±{ True ³¦ª] ³�

/SwA c¼dæ (2) ³®½ q£ Ç6

(»Twnj ß¤°k] ß
o�w B½ B¼¯j B½ ¤k« 64)S§Be Â� ³� jnAj o¼�T« 6 ²k{ ²jAj RnBLî

Swnj ²k{ ²jAj RnBLî ,¤k« 64 �½A pA ºov� ³a nj ©¼®¼LM ©¼µA±i»« /k®{BM ³T{Aj k®¯A±U»«

/SwA
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j±{»Ç« ¤BªÇîA ³ªµ pA kíM ³� ºo¢¦ªî :jo� ¥¼¦dU o½p Rn±æ ³M ¬A±U»« RnBLî �½A ºAoM

o¢½j
~¯ nj ° True oMAoM »Twnj ¤°k] ºBµo�w 
~¯ ³M F o¼�T« /SwA F pA ¥L	 o¢¦ªî

¤BªTeA ° oMAoM F ¬j±M Swnj ¤BªTeA ³� ©¼®�»« ¬B¼M ³¯±¢®½A An �±�±« �½A /SwA False ¬C

³�SwA o¼�T« 5 BM RnBLî ð½ ,o�m§A�± OaSªw ßRnBLî /SwA ©µ ¬C ¬j±M SwnjB¯

nj(©¼«B¯»« L An¬C³�)RnBLî�½Ak¼®�ço/k®{BM ³T{AjnAk�«k®¯A±U»«
¦Th«S§Be

¤BªTeA ° oMAoM L
ß
»Twnj ß¤BªTeA uQ /k{BM ³T{Aj True xpnA S§Be 32 �½A pA S§Be n

/SwA ¬C ¬j±M SwnjB¯

°j BÇ½ k½BM j±{ True oMAoM o¢¦ªî �½A ¥æBe ³ñ®½A ºAoM :k¼®� ³]±U o¢¦ªî j±i ³M ¤Be

³ÇM RnBLÇî ¥Ç� ¬j±M Swnj ¤BªTeA �½AoMB®M /False °j oµ B½ ,k®{BM True °j oµ ¬C Sªw

:k½C»« SwkM o½p Rn±æ

p (L ¬j±M Swnj) * p (F ¬j±M Swnj) + p (L ¬j±M SwnjB¯) * p (F ¬j±M SwnjB¯)

RnBLî ,�ñª« ¤k« 64 ¥� pA »®í½ ,SwA å.5 B½ oMAoM RnBLî
ß
¥�¬j±M Swnj ¤BªTeA »®í½

/S{Aj kµA±i TruexpnA ,¤k« 32 nj »®í½ ,B´¯C 
~¯ nj ¤AÆw Rn±æ

BM :SwA k¼�« o½p oU»¯¿±� ¥e x°n ³M ³]±U ,»U¿AÆw �¼®a ¥e ²±d¯ oTz¼M ºo¼£jB½ ºAoM

uPw ,j±{»« »MB½pnA AkTMA ³� ©¼¯Aj»« B´¯C ºAo]A K¼UoU ° Bµo¢¦ªî S½±§°A ³M ³]±U

o�w nB´a RnBLî »Twnj ¤°k] ³� ©¼¯Aj»« / /// ° j±{»« »MB½pnA

ïAow ³M ¤Be /SwA ¬C ¬j±M Swnj ¤BªTeA »®í½ ,SwA True ¬C o�w 3 njRnBLî �½A ° jnAj

Swnj ¤BªTÇeA uQ ,SwA oÇMAoM C ¬j±M Swnj ¤BªTeA /©½°n»« RnBLî

( :ºn°CjB½) / BM SwA oMAoM RnBLî ¬j±M

»T	° o¢¦ªî ° SwA oMAoM D »Twnj ¤BªTeA :©½°n»« ïAow ³M ¤Be

�½A ¥� »Twnj ¤BªTeA uQ ,k®{BM False °j oµ B½ True °j oµ ¬C º±w °j ³� SwA Swnj

»Twnj ¤BªTeA /j±{ »MB½pnA o¢¦ªî k½BM ,³«AjA nj / BM SwA oMAoM RnBLî

:BM SwA oMAoM ¥«B{ RnBLî xpnA uQ ,SwA oMAoM E o¼�T«

( :ºn°CjB½)

»Twnj ¤BªTeAuQ SwA oMAoM F »Twnj ¤BªTeA :©½°n»« F o¼�T« ° o¢¦ªî ïAow ³M HT½B´¯

:BM SwA oMAoM RnBLî ¥� ° o¢¦ªî
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oµB� nBM ð½ �� o¼�T« oµ ²k{ ²jAj RnBLî nj ³� »�½Ao{ nj �� ¥e ¶±¼{ �½A ³� k¼®� ³]±U

/SwA ²jB�TwA ¥MB	 (¬C BM ³a ° ¬°kM ³a) k{BM ²k{

/SwA c¼dæ (4) ³®½ q£ Ç7

KB nj o¢½jRÀª]�T{Aj ¬°kM Ç B´®U ·¦ª]ð½ »TwnjRBLYA ºAoM �{±§°pn pA ²jB�TwA ¶±d¯

}¼hzU ºo¢½j ºBµx°n BM ¬A±U»« An ³¦ª]ð½ ¬j±M oLTí« ° ºo½mQB�nA B«A /Sv¼¯�{°n Ç

�¼¼íU ºAoM /(kµkM »´MBz« ³\¼T¯ k½BM k{BM c¼dæ x°n ð½ o£ A ©µ bAo� o�¯k« x°n) jAj

:k¼Çµj ¨B\Ç¯A »�¦ThÇ« ºBµnBÇ� k¼¯A±U»« RnBLî ð½ ¬j±M (<Swnj ³z¼ªµ> ¬Bªµ B½) oLTí«

k¼®� »íw ;k{BM True Bµo�w ¨BªU ºApA ³M RnBLî ¬C k¼®�ða ° k¼µj ¥¼ñzU »Twnj ¤°k]

¬Bz¯ ;j±{ ¤jBí« True BM RnBLî ¥� BU k¼®� ²jBw An RnBLî ,Bµ²nAq£ºpnA©µ�¼¯A±	 ºo¼£nBñM BM

ð½ ¬j±LÇ¯ B½ ¬j±M o½mQB�nA }¼hzU ºAoM /²o¼� ° ;jo� False ¬A±U»ª¯ An RnBLî �½A k¼µj

TrueRnBLî ³� ©¼µkM nAk�« »¦ñ{ ³M Bµo¼�T« ³M :jAj ¨B\¯A »´MBz« ºBµnB� ¬A±U»« ©µ ³¦ª]

/ /// B½ Sv¼¯ False ³z¼ªµ ²k{ ²jAj RnBLî ©¼µj ¬Bz¯ B½ ;j±{

c�Çw /©¼®Ç� False An ¬C ©¼®�»Ç« »íÇw ,¤AÆÇw RnBLî ¬j±M oLTí« »wnoM ºAoM ,¤BX« ºAoM

B´®U o¢¦ªî ° SwA o¢¦ªî (j±{»« ¤BªîA ³ªµ oiC ³� ºo¢¦ªî »®í½) o¢¦ªî �½oU¿BM

k½BÇM j±Ç{ False RnBLî ¥� ³ñ®½A ºAoM uQ /j±{»« False oMAoM S§Be nj

/j±{ False oMAoM ° True oMAoM

oÇMAoM ° True oMAoM k½BM j±{ False oMAoM ³ñ®½A ºAoM

³� ¤Be /k{BM ° k½BM ³� ©¼ª´»« ß¬j±M False pA /j±{ False

SwkM o½jB�« o£ A ¤Be /k{BM Q=True k½BM k{BM True oMAoM ³ñ®½A ºAoM k{ P=True

k½BM ¬Bª§¿kTwA �L� ³�)RnBLî �½A ©½nAm¢M RnBLî nj An Bµo¼�T« ºAoM ²k«C

False oMAoM An RnBLî ¥� ©¼Tv¯A±T¯ ° ©½k¼wnè	B®U ³M uQ /j±{»« False oMAoM (k{BM True

B½ <Swnj ³z¼ªµ> »®í½ ,j±{»ª¯ False oMAoM ²B¢`¼µ ¤AÆw nj ²k{ ²jAj RnBLî »®í½ /©¼®�

/(4 ·®½q£ )SwA oLTí«

/SwA c¼dæ (2) ³®½ q£ Ç8

toµ �½oTz¼M ,SwA j°kd«B¯ Bµ²o£ xpnA oX� Ake ³� »¦ÄBv« nj ³� ©½nAj jB½ ³M tnj �T« pA
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° ¬B{xpnA »§°q¯ K¼UoU ³M SwAn ³M Oa pA MAX ºBµ²o£ ¬Ak¯po ³� kTA»« �B�UA »¯B«p

ð½ /k®{BÇM ³ToÇ£ nAo	 ¬B{xpnA ºj±íæ K¼UoU ³M SwAn ³M Oa pA MIN ºBµ²o£ ¬Ak¯po

toµx°n BM ³� »½Bµ²o£ ° SwA ²k«C o½p ¥ñ{ nj 4 JBíz¯A n±T� B ° 3 �ªî BM ³¯±ª¯ Sinj

/k¯A²k{ ²jAj ¬Bz¯ k¯±{»« toµ BTM Ç B�§C

o¢½j Sinjo½p ³w pA ð½ oµ pA ° ²o£ 9 ³z½n Sinjo½p �½oUOa Sªw pA ³� j±{»« ²k½j

/j±{»« �me ²o£ 9 + 15 * 3 = 54 Híª]uQ ,j±{»« �me ²o£ 15 ³z½n

/j±{»« �me òoM ²o£ 9 + 3 * 12 = 45 Híª] ©½oªzM An ²k{ toµ òoM ºBµ²o£ B´®U o£ A B«A

/k{BM ²j±M bAo� o�¯k« <²k{ toµ ºBµòoM jAkíU> Sv½BM»« ²k{ ²jAj ºBµ³®½q£ ³M ³]±U BM

/SwA ²jo� ¨ÀîA c¼dæ gwBQ ¬A±®íM An (2) ·®½q£ »½B´¯ ° ³¼§°A k¼¦� njy\®w ¬B«pBw

/SwA c¼dæ (3) ³®½ q£ Ç9

(o¼�T« ð½ B´®U º°n S½j°kd«) »¯Bñ½ S½j°kd« _¼µ ¬±a Svµ 1-consistent ³¦Ãv« �½A

/©½nAk¯

S½j°kdÇ« :©¼®Ç� ³]±ÇU »½BÇU°j ºBµS½j°kdÇ« ³ÇM k½BÇM :Sv¼¯ 2-consistent ³¦Ãv« �½A

pA oTña±� »ñ½)Svµ S½j°kd« ð½ ²A±h§j o¼�T« °j oµ �¼M k½±£»« B« ³M A<B<C<D

BÇM ³� SwA C ° A º°n o¢½j S½j°kd« ð½ C=A+ 3 S½j°kd« �¼®`ªµ /(SwA ºo¢½j

»ÇµjnAk�Ç« BÇM B´®ÇU S½j°kdÇ« �Ç½A SwA 4 BÇU 1 jAkÇîA Bµo¼�TÇ« ³®Ç«Aj ³ñ®Ç½A ³ÇM ³]±ÇÇU

³M A ·®«Aj k½BM k{BM nB£pBw C ° A �¼M ¤B½ ³ñ®½A ºAoM »®í½ /j±{»« ²jn°CoM {A=1 , C=4}

D ºAoÇM ºnAk�Ç« _¼µ ¬A±U»ª¯ C ºAoM ³®«Aj �½A BM B«A /j±{ j°kd« {4} ³M C ·®«Aj ° {1}

³M C ¤B½ ,¤B½ ºnB£pBw 
½oíU �L� :ºn°CjB½) j±M kµA±h¯ nB£pBw D ³M C pA ¤B½ »®í½ ,S{Aj

/(k¯BªM »	BM D ºAoM pB\« nAk�« ð½ ¥	Ake C ·®«Aj pA ºnAk�« oµ ºApA ³M o£ A SwA nB£pBw D

³\¼T¯ nj °) /j±M kµA±h¯ ©µ strongly 2-consistent uQ ,Sv¼¯ 2-consistent ³¦Ãv« �½A uQ

/(j±M kµA±h¯ ©µ 4 ° 3 nB£pBw H½±	
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/SwA c¼dæ (2) ³®½ q£ Ç10

An ³®¼´ÇM o¼Çv« ²nA±ªÇµ ,nB£pBÇw ð¼Tv½n±¼µ éMBU BM »Ao£ º±\Tv] S§Be nj A* ©T½n±¢§A

/SwA »Twnj RnBLî (1) ·®½q£uQ /kMB½»«

BÇM »ÇAoÇ£ S§BÇe nj ³Ça ° ¤±LÇ	 ¥MBÇ	 ð¼Tv½n±¼Çµ BM »Tinj S§Be nj ³a ,A* ©T½n±¢§A

xoTÇv£ An k{BÇM (C*) ³®¼´ÇM o¼v« ¤±� pA oTz¼M B´¯C f(n) ³� »½Bµ²o£ ,nB£pBw ð¼Tv½n±¼µ

/SwA »TwnjB¯ RnBLî (2) ·®½q£uQ /(f(n)=g(n)+h(n)) kµj»ª¯

¬C xoTv£ ° ²o£ ¬k{ k¼§±U R°B�U ³M) k®Tvµ »d¼dæ RnBLî °j oµ (4) ° (3) ºBµ³®½q£

/(k¼{BM ³T{Aj ³]±U

/SwA c¼dæ (2) ³®½ q£ Ç11

° h*(D)=1 ° h(D)=2 ©½nAj D ²o£ ºAoM ¬±a Sv¼¯ ¤±L	 ¥MB	 ²k{ ²jB�TwA ºnBñTMA éMBU

�½AoMB®M

° k¼§±U K¼UoU ,²o£ oµ º¿BM SwAn ° Oa jAkîA) :SwA o½p Rn±æ ³M A* º±\Tv] Sinj

(k®µj»« ¬Bz¯ An ²o£ �vM

/k¯k{ ²jAj �vM SCABG K¼UoU ³M ° k¼§±U SACDBG K¼UoU ³M Bµ²o£�½AoMB®M

An ¬C (�vM ³¯ °) k¼§±U K¼UoU ,²o£ oµ º¿BM jkî)SwA o½p Rn±æ ³M UCS º±\Tv] Sinj

:(kµj»« ¬Bz¯
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²k{ k¼§±U G ²o£ k®a oµ �± Sinj nj ³� k¼®� ³]±U /SwA SACDBG ²o£ k¼§±U K¼UoU uQ

ºAoM (jnAj nAo	 B o½p ³�)G ²o£uPw ° D ²o£ ,³«AjA nj jnAj pB¼¯ �kµ ³M ¬k¼wn BU B«A SwA

Sinj ·«AjA ©wn pA j±M ©´« k¼§±U K¼UoU B´®U B« ºAoM ¬±a »§° k¯±{ JBhT¯A ¬k{ ²jAj �vM

SwnjB¯ Bµ³®½q£ o½Bw ° c¼dæ (2) ·®½q£ ,�± RBd¼�±U ³M ³]±U BM /©½jo� o�®oæ ±\Tv]

/SwA

/SwA c¼dæ (4) ³®½ q£ Ç12

³®¼´MDFS ° BFS ºBµ©T½n±¢§A Sv¼¯ ¬Bvñ½ ¤BªîA ·®½qµ B´¯C nj ³�¤AÆw �½A ¥X« »¦ÄBv« nj

/Sv¼Ç¯ ³®¼´ÇM »�®Ç« ° o�Çæ ºA³¦Çeo« ³®½qµ BM »¦ÄBv« nj UCS ©T½n±¢§A �¼®`ªµ /k®Tv¼¯

/k®®�»ª¯ �¼ª�U An ³®¼´M gwBQ ¬jn°C SwkM Bµ©T½n±¢§A �½A pA ð¼`¼µ �½AoMB®M

/SwA c¼dæ (3) ³®½ q£ Ç13

»jB~U ¬k{ oµB� ¤BªTeA BM ° Bµ�BUA ¨BªU n±v®w BM »	oM°nB] ,(1) ·®½q£ ºAoM è�¯ ¤BX«

/SwA ²kµBz« ¥MB	 Â«B� B«A SwA B½±Q �¼d« �½A ,SwA � Bi ° jo£

/SwA »í�	o¼� B«A o½mQ²kµBz« Â«B� :SwA jo¯ ³ThU ºpBM (2) ·®½q£ ºAoM è�¯ ¤BX«

³¦eo« oµ nj ¥«Bî ©¼ª~U ,ð½j°q¼QA �¼d« nj ,
½oíU �L� ¬±a /SwA SwnjB¯ (4) ·®½q£

/jnAk¯ »¦L	 ºBµj°q¼QA nj ¥«Bî action ° ©¼ª~U BM »�BLUnA (j°q¼QA oµ nj)

/SwA c¼dæ (3) ³®½ q£ Ç14

¶k¯p±«C RB¼Mo\U ³M o\®« ³� SwA »BzT� A ºBµS¼§Bí jB´®z¼Q ¤±Ãv« <³¦Ãv« k§±«> yhM
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/SwA c¼dæ (3) ·®½q£�½AoMB®M /j±{»« ºk½k]

/SwA c¼dæ (2) ³®½ q£ Ç15

joñ¦ªî ºjB½p ¥ÄBv« ºAoM empty-delete listð¼Tv½n±¼µ k®a oµ :Sv¼¯ c¼dæ (1) ·®½q£

³®¼´M JA±] ¥ÄBv« ¨BªU ºAoM Sv¼¯ njB	 B«A SwA ³T{Aj (Bµð¼Tv½n±¼µ o½Bw pA oT´M) »LwB®«

Á±ªí« k®a oµ ,SwA »½Bª¯ ³LUo« pA ²k{ ²jBw ºq½nbo� ³¦Ãv« ¥e�¼®`ªµ /jn°C SwkM An

/k®�»ª¯ jB\½A ºjB½p nBMow ¥ªî nj

pA ¬A±U»« ©µ ° jo� ZAohTwA bo� ð½ ¬A±U»« ©µ Graph-Plan pA :SwA c¼dæ (2) ·®½q£

/SB½ Swj o¢½j º±\Tv] ºBµx°n nj ºo¼£nBñM ºAoM »½Bµð¼Tv½n±¼µ ³M ¬C º°n

�kµºBµ�o{y¼Q ,k®�»« ¥ªî °nK�îRn±æ ³M POP ©T½n±¢§A :SwASwnjB¯ (3) ·®½q£

,k®®Ç� ²jn°CoM An Bµ�o{y¼Q ¬C ³� k®� »wnoM An »½Bµy®� k®�»« »íw ° jo¼£»« o�¯ nj An

/ /// ° k®{BM ³T{Aj »½Bµ�o{y¼Q k®¯A±U»« Bµy®��½A j±i

B�nA �AkµA jAkíU> ð¼Tv½n±¼µ k{ ²nB{A tnj�T« nj ³� ³¯±¢¯Bªµ :SwA SwnjB¯ (4) ·®½q£

/Sv¼¯ ¤±L	 ¥MB	 <²kz¯

/k¯Ac¼dæ (4) ° (1) ³®½ q£ Ç16

²kÇ«C ¥wAn JBT� nj �¼®`ªµ ° tnj �T« nj H®¼î ³¦ª] �½A :SwA »Twnj RnBLî (1) ³®½q£

:(¨±w ³¦ª] ,oiC �Ao£ AnBQ ,331 ³d�æ ,©´¯ ¥~ ,¨±w y½Ao½° ,¥wAn JBT� )SwA

Second, it is complete for definite clause knowledge bases; that is, it answers every

query whose answers are entailed by any knowledge-base of definite clauses.

oµºAoM »®í½ ,SwA <JlB� ¥«B� > ,FC ©T½n±¢§A é	A° nj :Sv¼¯ »Twnj Â«B�RnBLî (2) ·®½q£

FC B«A /o¼i B½ Svµ ºo¼£ ³\¼T¯ ¥MB	 KB pA ³¦ª] ¬C B½C k®� �¼¼íU k¯A±U»« ²k{ ²jAj ·¦ª]

/jo¼¢M ³\¼T¯ KB pA An SwA B´¯C ¨q¦Tv« KB ³� »UÀª] ¨BªU k¯A±U»ª¯ »®í½ ,Sv¼¯ <¥«B� >

²k«C ¥wAn JBT� nj ° tnj �T« nj H®¼î RnBLî �½A uñî ° SwA »TwnjB¯ RnBLî (3) ·®½q£

:(¤°A ³¦ª] ,¤°A �Ao£ AnBQ ,255 ³d�æ ,©T�µ ¥~ ,¨±w y½Ao½° ,¥wAn JBT� )SwA

To conclude our discussion of resolution, we now show why PL-RESOLUTION

is complete.

��®« nj�¼í« ºBµjo� Ao BM ZBT®TwA ,k{ o�ltnj�T« nj ³� n±�¯Bªµ :SwA c¼dæ (4)·®½q£

³ªUBi jnA±« »ioM nj ©T½n±¢§A »®í½ ,SwA (Semi-decidable) <o½mQ©¼ªíU ³ª¼¯> ,¤°A ·LUo«

y½Ao½° ,¥wAn JBT� )kMB¼¯ ³ªUBi ©T½n±¢§A SwA�ñª« k{BL¯ ¨q¦Tv« KB o£ A ÂX« /kMB½»ª¯
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:(oiC ·¦ª] ,¨±w �Ao£ AnBQ ,333 ³d�æ ,©´¯ ¥~ ,¨±w

As with general first-order-logic, entailment with definite clause is semidecidable.

gwBQ ¬A±®íM An (4) ° (1) ºBµ³®½q£ »½B´¯ k¼¦� nj ° (4) ·®½q£ ³¼§°A k¼¦� nj y\®w ¬B«pBw

/SwA ²jo� ¨ÀîA c¼dæ

/SwA c¼dæ (1) ³®½ q£ Ç17

° ©¼®Ç� çoÇ uQ /SwA ²kÇ«C SwkÇM ° �{±§°pn pA ,¤AÆw Rn±æ �L�

An ¬C oM »®TL« ¤¿kTwA x°n ° Sv¼¯ ²k®®�j°kd« B« ço�½A)k{BM °

k®a »¦~ K¼�oU ¨Ak� oµ k®¯A±U»« c B½ a ÂX« /jAj ©¼ªíU o¼�T« k®a BM RÀª] ³M ¬A±U»«

³�SwA »®í« �½kM SwA ²k«CSwkM ° �{±§°pn pA ³� �±�±« �½A /(k®{BM ²A±h§j o¼�T«

False An ¬C k¼Ç¯A±U»ªÇ¯ ²B¢`¼Çµ)SwA Swnj ³z¼ªµ ³¦ª] ð½ o½p ³¦ª] °

:(k¼wn»« True ³M ¬C ºpBw²jBw BM �¼®`ªµ ;k¼®�

©µ ¬Bªµ B½ »®í½ ,(1) ·®½q£ RnBLî ©¼µj»« ¬Bz¯ ¤Be

:SwA »Twnj ³z¼ªµ RnBLî

:Sv¼¯ »Twnj ³z¼ªµ RnBLî ·¦ª] :Sv¼¯ c¼dæ (2) ·®½q£ RnBLî B«A

/S{Aj kµA±i FalsexpnA c = True ° b = False ° a = FalseºApA ³M ÂX« �± RnBLî

:Sv¼¯ »Twnj ³z¼ªµ ³¦ª] ¬±a Sv¼¯ c¼dæ q¼¯ (3) ·®½q£ RnBLî

/S{Aj kµA±i FalsexpnA b pA ºnAk�« oµ ° c = False ° a = FalseºApA ³M �± RnBLî

:Sv¼¯ Swnj ³z¼ªµ ¬±a Sv¼¯ c¼dæ q¼¯ (4) ·®½q£ RnBLî

/S{Aj kµA±i FalsexpnA c = False ° b = True ° a= TrueºApA ³M �± ·¦ª]
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/SwA c¼dæ (2) ³®½ q£ Ç18

k®¯A±U»« (»Twnj ¤°k] o�w B½ B¼¯j B½ ¤k« ¬Bªµ)S§Be Híª] ³� ©½nAj o¼�T« nB´a

ð½ /k¯nAj TruexpnA ¤k« k®a nj ²k{ ²jAjRÀª] pA ð½ oµ ©¼®¼LM ©¼µA±i»« /k®{BM ³T{Aj

³¦ª] oµ ³� SwA »½Bµo�w ¬joª{ ° RÀª] ºAoM »Twnj ¤°k] ¥¼ñzU ,²jBw ° �¼	j ²An

»��®« nAk« tnj ±¯nB� ¤°k] pA »Twnj ¤°k] ºB] ³M ,nB� nj é½ovU ºAoM /jnAj TruexpnA

B½ °j ¥«B{ ³� »UÀª]ºAoM ³�SwA�½A S{Aj ³]±U ¬C ³M k½BM ³�ºA³Tñ¯ B´®U /©¼®�»« ²jB�TwA

¥«BÇ{ k½BM ¤k« oµ ¬±a ©¼®� ©wn o¼�T« 4 ¨BªU BM An ±¯nB� ¤°k] k½BM ©µ k®Tvµ o¼�T« ³w

/k{BM Bµo¼�T« ¨BªU ³M »µjnAk�«

nj ¥MB�« ¤°k] ³M ³]±U BM ·¦ª]

:jnAj TruexpnA ¤k« 6

xpnA ¤k« 12 nj ¥MB�« ¤°k] ³M ³]±U BM ³¦ª]

:jnAj True

»Twnj ºBµS§Be AkTMA ³¦ª] ºAoM

True »TÇ	° :ºn°CjBÇ½) :©¼®�»Ç« }hÇz« An

(k®{BM False °j oµ B½ True °j oµ B ° A ³�SwA

¤BÇe ©¼Çµj ¬BÇz¯ X BÇM An RnBLÇî ¥ÇÇ� oÇÇ£ A

©¼®�»ÇÇ« }hÇÇz« An »TÇÇwnj ºBµS§BÇÇÇe

False °j oÇµ BÇ½ True °j oÇµ A ° X ³� »½BµS§Be)

°j nj ° True oiC o�w °j nj C ³� k¼®� ³]±U /(k®{BM

/SwA False ¤°A o�w
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/jnAj TruexpnA ¤k« 8 nj RnBLî uQ

RÀªÇ] pA jn±Ç« °j gwBÇQ (2) ·®½q£ nj B«A k¯nAk¯ An c¼dæ Â«B� gwBQ Bµ³®½q£ pA ð¼`¼µ

²jo� ¨ÀîA c¼dæ gwBQ ¬A±®íM An (2) ·®½q£ ³¼§°A k¼¦� nj y\®w ¬B«pBw /SwA ²k«C »TwnkM

/j±{»« ³To£ o�¯ nj SLX« o¼YFU BM (2) ·®½q£ jo� ¨ÀîA »½B´¯ k¼¦� nj B«A j±M

/SwA c¼dæ (2) ³®½ q£ Ç19

¬k{ ³B�A (k{BM Zero-sumºpBM)k{BM SMBY BµpB¼T«A �±ª\« ³� »¯B«p nj :(1) ³®½q£ jn±« nj

nj o�¯k« �½Ao{ ³� ,�½Ao{ �½A nj /SwA º° K¼	n pB¼T«A ¬k{ ©� ºB®í« ³M �ñ½pBM ð½ pB¼T«A

pA �� An ²o£ oµxpnA ¬A±U»« ,SwA ²j±MMiniMax ©T½n±¢§A k� ³L{ �T{±¯ ºAoM ¥wAn JBT�

° k{BM oTz¼M xpnA BM ²o£ ¤BL¯j ³M Max�ñ½pBM ° (Minimax nAk�« ¬Bªµ) jo� o�l Max o�¯

/uñîoM Min�ñ½pBM

nAk�Ç«) jkÇî ð½ BÇM B´®U An ²o£ oµ xpnA ¬A±U»ª¯ k{BL¯ SMBY BµpB¼T«A �±ª\« ³� »¯B«p B«A

¬k{ ©� ºB®í« ³M �ñ½pBM ð½ ºAoM ²o£ ð½ ºk®«j±w ¬k{ oTz¼M ¬±a jo��¼¼íU (Minimax

³M k®��¼¼íU k¯A±U»ª¯ B´®U jkî ð½ �½Ao{ �½A nj) /Sv¼¯ K¼	n �ñ½pBM ºAoM ²o£ ¬C ºk®«j±w

�ñ½pBM °j oµ ºk®«j±w k¯A±U»« ²o£ð½ »Te ° k¼wn kµA±i ºk®«j±w ¬Aq¼« ³a�ñ½pBM oµ

BM ¬A±U»ª¯ An Minimax ©T½n±¢§A k{BL¯ SMBY BµpB¼T«A �±ª\« o£ A HwBwA /k{BM ²jAj y½AqA An

²k®µj ¬Bz¯ nAk�« B´®U �½A o£ A ¬±a jo�ºpBw²jB¼Q ²o£ oµ ºAoMMinimax nAk�« ð½ B´®U �T{Aj

An S�oÇe ¨AkÇ�Min �ñ½pBÇM ©¼®� �¼¼íU ©¼¯A±U»ª¯ Min ºBµ²o£ ºAoM k{BM max ºk®«j±w

³¯B£ Ak] jkî ð½ BM �ñ½pBM oµ ºAoM An ²o£ oµ ºk®«j±w »�½Ao{ �¼®a nj (!jo� kµA±i JBhT¯A

oµ ºk®«j±w �ñ½pBM oµ ³ñ®½A ço BM Rn±æ�½A nj /(²o�¯k®a ºBµºpBM ³MBz«)©¼®�»« o�l

�½A ¬B� Bª� ° SwA ºpBw²jB¼Q ¥MB	 Minimax ©T½n±¢§A ,k¯Aj»« ©µ An yL¼	n �ñ½pBM ºAoM ²o£

ºBµºpBÇM k®¯BªÇµ) k®�»Ç« �¼ª�ÇU Sinj ·Çz½n �ñ½pBÇM ºAoM An ³®¼´M ºk®«j±w ©T½n±¢§A

/(²o�¯k®a

nj k{BM ²jAj ¨B\¯A »®ñ½pBM oµ An S�oe �½oiC :SwA SwnjB¯ ³¦ª] �½A :(2) ³®½q£ jn±« nj

BµpB¼T«A �±ª\« o£ A /j±{»« ²jAj�ñ½pBM °j pAð½ oµ ³M (ºk®«j±w)pB¼T«A ºnAk�« ºpBM ºB´T¯A

BM ¤jBí« An ²o£ oµMinimaxxpnA »£jBw ºAoM ³�SwA ¨±wo« (k{BM n oMAoM ÂX«) k{BM SMBY

oÇMAoM Min ºAoM ²o£ ¬C ºk®«j±w ³� SwA »´½kM) k®®�»« ¬B¼M Max ºAoM ¥æBe ºk®«j±w

S�oe�½oiC ³� »®ñ½pBM ³M ³TvMA° jkî �½A B«A ,(MaxºAoM ¥æBe ºk®«j±w ºB´®« n BM SwA

/Sv¼¯ ²jAj ¨B\¯A An
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/SwA ²k{ ²nB{A ¬C ³M tnj�T« nj ° SwA c¼dæ ³¦ª] �½A :(3) ·®½q£ jn±« nj

©ª½q� B« An <j±i ºk®«j±w>�ñ½pBM oµ ²k{ ³T�£ ³®½q£�½A nj ³� k¼®�S	j :(4) ·®½q£ jn±« nj

/SwA »Twnj ·¦ª] ³� (An ²o£Minimax nAk�« ³¯) k®�»«

ºk®«j±w nAk�« (SwA ²jB�TwA ¥MB	 o�æ �±ª\« ºBµºpBM nj B´®U ³� ) ²o£ð½ Minimax nAk�«

Minºk®«j±w k{BM oTª�Minimax ³a oµ H	B�UA °
ÇÇÇÇÇÇÇÇÇÇ

¬Bz¯ AnMin�ñ½pBM ºAoM ¥æBekµj»ª¯

oTª�Minimax nAk�« BM »µo£ ³M k®�»« »íw »T	° Min�ñ½pBM ,o¢½j RnBLî ³M /SwA oTz¼M

/k®� oTz¼M An xj±i ºk®«j±w k®�»« »íw jnAj ³�SwA »®í« �½kM j°oM

/SwA ²jo� ¨ÀîA c¼dæ gwBQ ¬A±®íM An (2) ·®½q£ »½B´¯ ° ³¼§°A k¼¦� njy\®w ¬B«pBw

/SwA c¼dæ (3) ³®½ q£ Ç20

/kMB¼M An ³®¼´M o¼v« ³�Sv¼¯ »®¼ª�U Sv¼¯ ¤±L	 ¥MB	 h éMBU ¬±a :SwA SwnjB¯ (1) ·®½q£

An ³®¼´ÇM o¼v« Hí�	 ³� Sv¼¯ B®í« �½A ³M h ¬j±M ¤±L	 ¥MB	o¼� :SwA SwnjB¯ ©µ (2) ·®½q£

/Sv¼¯ ¬C ºAoM »®¼ª�U ³ñ¦M ,SB½ kµA±h¯

»í	A° ³®½qµ oMAoM °j oX� Ake xA³®½qµ jnm£»« s pA ³� ºA³®¼´M o¼v« :SwA Swnj (3) ·®½q£

° h*(s) oMAoM �kµ BU »í	A° ·®½qµ uQ k{BM �°o{ ²o£ ¬Bªµ k¯A±U»« s :j±{»« ²jp �¼ªhU

o¼v« »®¼ªhU ·®½qµ k{BM �°o{ ²o£ pA o¼� »µo£ s o£ A) /SwA 2*h*(s) oMAoM ¬C »®¼ªhU ·®½qµ

oTª� ºA³®½qµ BM ºo¼v« _¼µ o£ A /(j±M kµA±i ¬C »í	A° ·®½qµ oMAoM °j pA oTª� s pA ²k¯nm£ ·®¼´M

° SB½ kµA±i An o¼v« �½A HT½B´¯ A* ©T½n±¢§A k{BM ³T{Ak¯ j±]° s pA ²k¯nm£ ·®¼´M
ß
o¼v« pA

/jo� kµA±h¯ »wnoM An oTz¼M ·®½qµ BM ºo¼v« ²B¢`¼µ

³a) ²k{ o�l ß¤±L	 ¥MB	o¼� ð¼Tv½n±¼µ ° A*�w±U ²k{ Ak¼Q o¼v« :SwA SwnjB¯ (4) ·®½q£

/k®� n±Lî s ²o£ pA SwA �ñª« (k{BL¯ ³a k{BM ³®¼´M o¼v« ¬C


