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We propose, in this paper, Abstraction-Based Analogy which is a heuristic
analogical reasoning to use cases as search control knowledge. We formalize ABA using
first order predicate logic and implement its algorithm with a Horn logic programing
language. ABA has abstract-generalize-specialize steps, that 1) selects analogies using
problem abstraction, 2) generalize solution associated with the analogies, and 3)
specialize the generalized solutions to get an adapted solution.
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ABAX A >
;:; Abstraction-Based Analogy
((ABA _Purpose _Criteria _Conjecture _Hypothesis) <-

‘ ; BR IREHEHE KR 1B
(find-analogy _Purpose _Analogy) ; SO RR
(write ANALOGY=) (wrife _Analogy) ‘

(copy _Analogy _A) ' ‘
(generalize _A_G) bk o—gib
(not (= _A _Q)) (not (= _Purpose _G)) .
‘(specialize _G _Conjecture) ; #HALIC & BARTA R
(not (= _A _Conjecture))
(copy _Criteria _Temp-Criteria)
_Temp-Criteria c s BEFHET B R ORE
(copy _Conjecture _C)
(or (and (= _C ((H. (<-._B))) s ARBLOREE
(verify-conjecture (_H._B) nil _Hypothesis))
(verify-conjecture _Cnil _Hypothesis))
)

MEEORA -
(find-analogy _P(_H.(<-._A))) <
; B #

=_P(H.(<-.0) s BRPEREROBE

(clause (_H. _A)) R a

(not (= _A nil))

(not (abstraction (abstraction) _A))) ; MIR{LEI % Bk <
(find-analogy _P_A) <- )

(not(=_P( H.(<-.))) ; BWAPBFEOHE

‘(clause (P . _A)) (not (= _A niD))

—M1L/ 4%t

;» Generalization

((generalize (_P1._S1) (P2._S2)) <-; EE0—f{k
(generalize-predicate _P1 _P2) (generalize _S1 _S2))

(generalize nil nil) y R

((generalize-predicate (_P1 . _Al) (P3._Al)<-; BED
(not (= _P1 AND)) —4&Ak
(specialize-predicate (OBJECT _) (_P2 . ~A2))
(clause ((P2. ). (CP1.))
(generalize-predicate (_ P2 . _A2) (_P3._A3)))

((generalize-predicate _P _P) <- ‘
(not (= (OBJECT. _) _P)))

;; Specialization E o
((specialize (_P1._S1)(_P2._S2)) <- ; M EDIFHKAL
(specialize-predicate _P1 _P2) (specialize _S1 _S2))
((specialize (_P1.(_P2._S1)) (P4.(P5._S2))) <-
(specialize-predicate _P1 _P3) ; ANDIBFEOSFHRIL L
(specialize-predicate (AND _P3 _P2) (AND . P4 _P5))
(specialize _S1 _$2)) ,
((specialize (_P1.(_P2._S1))(_P3.( P4._S2))<-
(specialize-predicate (AND _P1'_P2) (AND'_P3 _P4))

(specialize _S1.S2)) . ; ANDIRGEOHEHKIL 2
(specialize nilnil) . LR

((specialize-predicate (_P1 . _A) (_P3._A)) <- (atom _P1)
(not (= _P1 ANDY)) ;IREORHRAL. ‘
(clause ((P1. _AL) .((_P2. _A2))

(not (= _P1 _P2))
(specialize-predicate (_P2 . _) (_P3._)))

((specialize-predicate (AND (_P1, _Al) (P2._A2)) .

(AND (_P3 . =AD (P4 _A2)) <-
(clause ((AND (_P1. ) (P2.))).((AND(_P3. ) (P4.
)5

 (specialize-predicate _P _P)

{RBEDRAL ,

((verity-conjecture ( P._S) Hl H))<- ; '<" HBED
(= _P <) (verify-conjecture _S _H1 _H2)) ; A¥v s/

{(verify-conjecture (_P._S)_Hl _H2)<- ; scHERED
(not (= _P <-)) _P (verify-conjecture._S _H1 _H2)) ; 4RFE

((verify-conjecture (_P._S) _H1 _H2)<- ; {RE DB
(not (= _P <-)) (clause (_P . 1)) (not _P) ; EIAMIEMD KA
(verify-conjecture _S (_P._H1) _H2)) ‘
(verify-conjecture nil _H _H)

R (SEOKSIM)

((abstract _S1_S4) <-
(abstract-predicates _S1 _S2) ; T XTOBEDHHEIL
(abstract-conjunction _S2 _S3) , EEOMRAL
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(abstract-predicates _S3 _S4)) b A—ETRTO

BEOCHRIL

((abstract-predicates ( P1 . ((P2.(_P3._S1))) _S2) <
(abstraction _P4 (AND _P1_P2 _P3)) ; E2oORBRFEDOHEK
(abstract-predicates (_P4 ._S1) _S2)) ; 1k
((abstract-predicates (_P1. (_P2._S1)) _S2) <-
(abstraction _P3 (AND _P1 _P2)) ; ZODMEOMEAL
(abstract-predicates (_P3 . _S1) _S2))

((abstract-predicates (_P1._S1) _S2) <-
(abstraction _P2 _P1) ; —DOORFEOHRAL
(abstract-predicates (_P2 . -S1) _S2))

((abstract-predicates ( P . _S1) (_P._S2)) <-
(abstract-predicates _S1_S2)) ; EE 0Kt
(abstract-predicates _S _S) 5 T LzWHliR{L

((abstraction _R (AND _P1 _P2 _P3)) <- ;:o@ir: SIEE S

(specialize-predicate.(abstraction) _R): 5 LR
(clause ( R _P1 _P2_P3)))
((abstraction _R (AND _P1_P2))<- ; ZO®REH&L

(specialize-predicate (abstraction) _R) ; DR

(clause ( R _P1 _P2))) .
((abstraction _R _P) <- ; —DOREFMRILOTER

(specialize-predicate (abstraction) _R)

(clause ( R _P))

(not (= _R (abstraction)))) -

((abstract-conjunction _S1 _S3)<- =

EE RS
(conjunctive-abstraction _S1 _S2)
(abstract-conjunction . S2 _S3)).
(abstract-conjunction _S _S)
((conjunctive-abstraction (_S1._S2) _S2) <-
(member _S1 _S2))
((conjunctive-abstraction (_S1._S2) ( S1._§3)) <-

(conjunctive-abstraction _S2 _S3))

FBHRRE :
(member _E(_E._L))
((member _E (_L1._12)) <- (member _E _L2))

{(copy X _Y) <-
(asserta (copydata _X))
(retract (copydata _Y))
(cut))
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HEN— A, BERoEAZABOME. £
ODEAZSATROWE ¥ 2R FEO MRILHE K
L LB, B CIERBRIED 20 0E A=A
WoEFMF— #HhT 5. B, HEAEED
27 2R EE% (abstraction), —AX LR B DRI
% R FEE(OBIECT _X) & T 20 Ri25BMARE
2T AT EICEE, BT, BABYLONKK &5
RBETRT

HIzk a0 -
;;; Discovery of Pythagoras's theorem ‘
:: properties of right-triangle ; BEMINEA=AEOHE
((property-of—nght-mangle) <-
(sight-triangle ( A_B_C)) ; EA=AM(A B _C)
(analogous-right-triangle-on-edge (edge (A _B)) _T1)
(area _T1_Al) ; LEOMUZEA=ZABOERK -
(analogous-right-triangle-on- edge (edge (_LC _A)) _T2)
(area _T2 _A2)
(analogous-right-triangle-on-edge (edge ( B _C)) _T3)
(area _T3 _A3)
(+_Al_A2 _Al+A2)
(==_Al+A2 _A3));

; RO _Al+A2
b ED=ZAROERE L DMK

;; abstractions for Pythagoras ; ¥ & OIS ALBELR
((abstraction) <- (property-of-right-triangle)) ; EA =M
‘ OHE
((property-of-right-triangle) <-
(right-triangle) (property-of-edge) (relation))

((abstraction) <- (right-triangle)) EATAT
((right-triangle) <- (right-triangle _A))

{(abstraction) <- (relation)) ; BAfRADR R
((retation) <- (== _A _B)) ‘

((relation) <- (+ _A _B _C))

((abstraction) <- (property-of-edge))  ; LOME

((property-df%dge) <-

—101—



(analogous-right-triangle-on-edge (edge _E) _D)
(area _D _A))

;» generalizations for Pythagoras ; 2} fED— & {LBI 4%
((OBJECT _X) <- (analogous-polygon-on-edge _X _Y))
; Lo DEA=AF
((OBJECT _X) <-
(and (square-on-edge (edge _E) _S) (area _S _A)))
s AD L OIEFHOER
((analogous-triangle-on-edge _X _Y) <- ; LD L D=HTE
(analogous-right-triangle-on-edge _X _Y))
((analogous-polygon-on-edge _X _Y) <-; BN LN EMAIE
(analogous-triangle-on-edge _X _Y))
((analogous-polygon-on-edge _X _Y) <- ; LD LDIEFHE
(square-on-edge _X _Y))
((and (square-on-edge (edge _E) _S) (area _S _A)) <-
(and (length-of-edge (edge _E) _L) (square _L _A)))
VDO LEOEHFHOER (B&I2k 5%

5 FACTS ; BAZAROHEF T — 5

(right-triangle (A B C)) VHA=AK(ABC
(right-angle A)

(edge (A B)) ; B(AB)

{edge (C A))

(edge (B C))

(analogous-right-triangle-on-edge (edge (A B)) T1)
(analogous-right-triangle-on-edge (edge (C A)) T2)
(analogous-right-triangle-on-edge (edge (B C)) T3)

; BEOHEBLZEA=AT (=2)
(area T1 .3.84) s BEAZ AR OER
(area T2 2.16)
(area T3 6.0)
(length-of-edge (edge (A B)) 4) ; WHR &
(length-of-edge (edge (C A)) 3)
(length-of-edge (edge (B C)) 5)
(square 4 16) ; WO SDOEF
(square 3 9)
(square 5 25)

RITHER:

HH DB B(_Purpose) & LT [EA=AF O

H] &) MBREES XD Tz, RBLHEHE
(Criteria)t LTHEBMUNOUEEE RD B L VD
HWHELSZ %o

Goals = (ABA (PROPERTY-OF-RIGHT-TRIANGLE)
JHAZAROMKEENETS
(not (member (area _ _) _Conjecture))
 ERRICHT 2ARFEET 2V
_Conjecture _Assumption)

ABADEfTIZL o T, 5B A BM%2Hl-T8
HW(ANALOGY) 2 BR L. 20 —f{bk/ #biz
& o TR 2 % 16 723 {RBL(_CONIJECTURE)
B 5. BELATH D LD 0D IRE
(_LASSUMPTION) (Co#&id, B35 2724
ML o TRIETE 20 TIRER nil) 2EEHC
%25,

ANALOGY= s BRLAE]
((RIGHT-TRIANGLE) (PROPERTY-OF-EDGE)
(RELATION))
>fail MBEREE L/ GRAETELZY
ANALOGY= s RRLER 2
((RIGHT-TRIANGLE (A _B _Q))
s ERICE A EN=ATSE
(ANALOGOUS-RIGHT-TRIANGLE-ON-EDGE
(EDGE (_A _B)) _T1) (AREA _T1 _Al)
(ANALOGOUS-RIGHT-TRIANGLE-ON-EDGE
(EDGE (_CA)) _T2) (AREA _T2_A2)
(ANALOGOUS-RIGHT-TRIANGLE-ON-EDGE
(EDGE (_B _C)) _T3) (AREA _T3_A3)
(+ _Al _A2 _Al+A2) (== _Al+A2 _A3))

_CONJECTURE= s ABER
((RIGHT-TRIANGLE (A _B _C)) s KIS A0ER
(LENGTH-OF-EDGE (EDGE (_A _B)) _T1)
(SQUARE _T1 _Al)
(LENGTH-OF-EDGE (EDGE (_C _A)) _T2)
(SQUARE _T2 _A2)
(LENGTH-OF-EDGE (EDGE (_B _C)) _T3)
(SQUARE _T3 _A3)
(+_Al1_A2 Al+A2) (==_Al+A2 _A3))

_ASSUMPTION=NIL ;K72 (BETH5)
() FIDIZBT %5 RASEHDE K. 1992)
EEEREDLTHIHT 2HEOHNETH 2. A
MR b ToRP oW EE T EATE BT,
Z0LEMIABIZTIoITENTVE, COHE
BLERLT, KB EREOMOBIHZ2RET 5,

HEREDAR :
+1» Heuristic discovery of a new fact about the Sun
;» known facts about the Sun and a Planet

s KBRICBLTASh T EE
(Revolves Planet Sun) ; REIXKBOED 2@ ->TW3
(ApartFrom Sun Planet) ; AfF L BREFBENL TV S
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;» known facts about a Stone and Mr. N

s AENRIZDWTOFHE
(Revolves Stone N) ; BIINEKOREY 2[5 T3
(ApartFrom N Stone) ; A ENEKIIBEN TV S
(Connects N String) ; NERIZU b TEiEN TV 5
(Connects Stone String) ; AU b THITh T2
(Inextensible String) ; U b XUV

(Draws N String) 3 N2 b 25[- 123
(Mineral Stone) ; AIXELEHTH 5
(Human N) yNKIZAMTH S

;» Domain theories to explain (Revolves Stone N)
ADEEEHAT L HER
((Revolves _x _y) <- ; _xA_yDE Y 2 [El#&§ 5Dk,
(Human _y) s _YHAM T,
(ApartFrom _y _x) ; _x&_y»#EhTWwT,
(Attracts _y _x)) ; _yAi x%5|oioTWBELETH D

((Attracts _x_y) <- ; 5loilBZ EDFHHE (B)
(Inextensible _z) (Connects _x _z) (Connects _y _z)
(Draws _x _z))

;; generalizations (concept hierarchy)  ; —4&{LBE4%

((OBJECT _X) <- (Physical-object _X))

s HENYEKIELDOTHS

((Physical-object _X) <- (Mineral _X))

s Y ENHETH D

((Physical-object _X) <- (Life _X))

s ERZHBEAOHETHD

((Physical-object _X) <- (Celestial-body _X))

 REIZHBEMYETH S

((Life_X) <- (Human _X)) ; AMi&EwTH2

(Celestial-body Planet)  BRERRETHE

(Celestial-body Sun) s KBRERETH 2

RTBR: -

HF# O H M Purpose) & LT [ &kA EEET 2
CEDHH] LV MBRERE XL, T/, K
A M Criteria)& LT, KM [KBLRED
Mkl BLU [KBREETRE L] 280 L
WHHBESZ B,

Goals = (ABA ((Revolves __)<-_)
S EETAZLDOHEEENET S
(and (member (Revolves Planet Sun) _Conjecture)
s KisEREOMMAE
(member (Celestial-body Sun) _Conjecture))
VKBRRETHDEZ L 2D

_Conjecture _Assumption)

ABADEFTILE o T 52 - B R W/ ik

(ANALOGY)Z &R L. 20—t/ S5z &
o TR B # % Wi/ T $L(_CONJECTURE) % 18
Bo B L0720 DR E(_ASSUMPTION)
(ZOHEE TKERERELF TR ] tw
JIRE) % FREIZE 5,

ANALOGY=  ; RBRLA%k
((REVOLVES _X _Y) <-
(HUMAN _Y) (APARTFROM _Y _X) (ATTRACTS _Y _X))
s Al bR AT Lo ER

_CONJECTURE = VAR

((REVOLVES X Y)<- ;X&ixboz@ET
(CELESTIAL-BODY _Y) (APARTFROM _Y _X)
(ATTRACTS _Y _X))

_ASSUMPTION = ((ATTRACTS SUN PLANET))
 RE=KBIERELF o TV D

7. ERERER
(D) L B4 FE
BERMOM#E» HMEL Lo T/ I ENTES
ELVH#IE, "=t 2sM@r— b/ %%
L bDIROND, €25, B oMKk
BRI DRE#E O IT— &L BRI OB FRDT 2
WeTse, LROBEOHEOER L 5T IO
DOMBOMIZEMEIE 2w oT, EHICLoT
FLOAREBRALL WY LR TEZWI RIS
o COZERLLHSLIR I, BHORY
HERIEBEOEHICKE CEKFEL TV B,
FROERDERIZEL TiZ. Zo0RE»D 5,
—DRELOEROPETH 555, MBILIZL 2
HOEORBI AN 2FERLEEL 6N D, —F.
MM HL LTO— L/ EHLRIE IO VT,
REDLI AT V¥ LRETHY ., HEEHO B
EEENS L RREE P BT IR 2B 2
DIIEFCRE A »AL, Lzd > T, ABA%
KRN ZHMBRRICER TSI, TREREH
DERPLEEER S b, —AL/ 5t
BERICERZERAT A ELEY THBEELS
naht, SHROBBETH B,
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(2) e DFHETE K~ DR

BHXTORLMERE L, WML/ —giL &
BALE AR OEREL Lz, Z 0B RBAEDS
CHEHEEZEBRT HAEREEEH D025 27
P, BRIEEOSCHEELOREFETO NS,
B ET CHETIE., FRUER TCOBREONIG
FHCETNT, JET 2RECBRTLZIET
FEHAE TS D CORFORN IS TILBEO—#&
/BRI B2V, T b b, B OHE
BRE, Zoodg R F—fL LARRICB
TH—-HENLI I EFORLIERILE LTS
Abhb, TOZEik, BRICES(EREL, K
WX BT - bIcE S EEIERL AL R
LILEEWT 5, ~HILIBERETEBET %, -
L, BRICESCEETIR, BHRELRIES
FOHEALATVE L) ATRRAF L2V T
L DABAL KE R D,

FNTIE, ML EHOL-DOANRERD
EREH) 5525907 AHOT-TWEE
HoOETFVE L THBIL/ —8IL/EHRILZTT
TH5THAH50? ANMOBEEICLBREL, 2o
EFVETTIRBIGNEVWEEZ NS, X
Wy, A5 77— OERARIPALMIINUNDEE
et
B BFREOEEOILH

AR I BV TERIL L RRGE R, —
a3 n-MikoBEFEERZER BT, BH

EPHRICEENAT S LoEREE 2T, AIXE,

RUAPEAOEBRTHD. BHiE [HFLEAE
bEDRER]| LELZONRTWEY, TOBEILS
WTEHENKE REHEROLEIOND, B
RLTRBEEAHET LI LIZ, BEALEETSH
%o ¥ L, HLVWHEAETHITT YV ARERE
MLTRIZEALERE VW TLL, T 20H
ROFAFELIZENL T 2MAEDEERAT
B ZEEARTETH B, Tz, #FIZOVTOH
LWRBiE#eE LTORBRIZ2WTH, 20RMEH
WY HEEEREENOTHPOWET L LT
DLETHEN, FOHEAELELRATLIIEK
BOWTHLBHOHEALALI EMEX 5o

8. bW

FRIOCT ., &AL — b SRR B
R T H2MmERE LTRRNERES2 ERLL 720
IND OB REICL 2NBRER L TOBRK
WEE LTERTLZ 7V ALABARHR L
T, PIBICHT 2ETERERL 2o MBEEREIC
& 2ERILOBETIE, BRGEIEOBEALIT
HRETH 5,
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