Mg T¥es ATHAE 46 -1
L (1986. 5 9)

PAL : Prolog with Extended Unification

for Inheritance Hierarchy

Kiyoshi AKAMA
(Faculty of Letters, Hokkaido University, Sappro-shi, 060, Japan)

Abstract : PAL is an extended prolog with new unification mechanism to deal with
inheritance hierarchy(IH). Inferences £from knowledge bases including IH may
sometimes cause a combinatorial explosion in case of searching from upper
classes down to lower classes. PAL adopts a new unification method based on the
information of IH and improves the inferential efficiency greatly by avoiding
the explosion. It also gives more expressive power. The implementation for the
extension is easy and does not affect the efficiency of the inferences in
standard prolog.
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N : PALR, BAKBLESKHIAEHE: thicX 3B 5 —-v a2 VEBEALR
I Eprologtdh 3. HAKBCMIFIHRAEITS L E, BROLLALSTROFRIZETTHOLEA
SRLER (= THEAER) L 2BREOMKENFEEL 25, BAKBOWHEL I FIATS
TrirkoT, PALR, THEARRBHREELABIIHEIE3, Thethid, H#B0OXR
BoBSrbE-Th, BRIEM R -HREAHEEBHRT 3. cofigkid, rrologk ¥ bHTHA
RiBET3bnth3. HEOEREIERcHY, LrdEBorrolognitiEEEEL T LR
CEEEBBES CERaEEI I M3 R E S,

1. XXNE

HASHELEAY 2 HEL CABOE#BEE S84, Sanron+HEB#EC & 25080 KN
MBMERIBOTASESHMERLT. KR vk, BAKBER SN Rig#LEA L Crrologk
HEL, HROBEOCGROBRICH L TEAR A STRERFIRK OV TR S,

BAOKBEEEprologn A 5> CHUAS 5> &+ 3RA, #IXIE, prolog/krnSHEER [
5] %, Hitwh [4, 6], 2274 -v 2 v0¥EE [3], DCKR [2] RX35mBKBELRY,
SHEMbEENTER., 20>HDCKRIK, BEoEENzrrolgn@BENCORRORATS
Y, fiiiz, prologk A ShO—EIRREACHEL, tOMREH2EBORBECCHTIb D
°ehd. chicd L kR clR, BEEBOLH>ORI2EHEEBA L Crrologk R T 5.

BMEEBIZH T8N0 TR, BREFSABRR CEABRNES AT LEBELLOLTHLE,
PSLTHLERRS. BAKBIMTIHRET S LEEBL R0, BBOLEMSTHONA
BIEEFTOLEHOR LBRE EIZBRBOBATH . 20X S RBERETHBARRLPEC
rictd. BEoFEcREBEEOBESUREFARFFAL T RVWADE, KREBERITIT
OTCERTHEABRAEE CERVBARDE. thRESHROBASTIES VI LIRE
M AR NME S, THEAEREER L 23N, ARy A7 LIREELEDRHEW
LWz 3,

BEARBOEBE+ACHATIC LR LT, BRalZ, THEKER 8RR L XEm
EX3HEERETS. Thehid, NBORBOBENST>TH, HBRRK IR XKELRSE
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RT3, RenhkR, prologk EbOTHAREEB T bovdhd. BEABBEES> T LEE
&, lispR—R21%, objectiElicd, 2DMEROBBLECHEeHE. L LANbEAFLKiZpr
olognth e B ARDEHARET I3 b0 vdd. BBOERIMMcdHY, LirdEMoprolog
DAL FEBL T BABRBoORRBIGM LA IMX 2 2 XcE 3.,
ARXOKERBIZ, SlPAL2LTERIhTW3. PALZprolog2lispk LT,
prolog/kr 2 [Aikn > v & » R & SlhEprologeH 3. PAL vl k205 6kl T
R FEHELRFALS /1 [1] X»H3. BE PALOL T, SAEBEFIHLE-BASS
WY AT LORENETHCH D, ‘

2., BEMBORED: +OXEK

A iz, B20adlR, Br260MG, IRFIEOMEREY, FROMRCEDLIhIE
A RHEBHROBHL L HAERBL VWS TELHVZ. #AEBoRRIBVL TR, 7524V
RAVRENS 200 RRENT 3, HBHoMHORDIZ, KRXCRAIVyRAE2VyRB 75 RHH
CHBRBROY Y RLRTEBRELS.

732,05 20EANRBREIERICH B, FIXIE,

Al =584+ 44
LV HRMOME, PAL ciddefel W SHAAHBBEEMR> T
(defc human (man woman))
LFRHE 3. (defcocldclassoerdh d. )
WLOBDAYRARVYARHDEI 5 ARBEINTV R LV SMBERE T30, HAdAh
BdefiZ 3. (defioildinstancemivdhd. ) HIZIE, mano 2 5 AHitaro, jiro, saburom
SARAD LV SHMIT,
(defi man (taro jiro saburo))

13- {72-R '

defc 2 defi X HIREAVARRER, /7204 v 222 %fi(nede) 275 785X5. %
o (K1) (arc) ik, defcxddefin# 1 3(#onti(node) 2> 58 2 5| OERK DM (node) KEZLTH
3. Bxld, HlT375 o0RGEROBRMERDESBPBERTEEXZ,. 0L &, 20
SoRPESMERELE S, DEAXKRX cHtAEBLRA#EoRBEHETh b,

2oL LD EADHRMER > TR T 571k, HILVHENE, SiNHbTRToROBiIZN
3 EFIMRZC &> T, N2 T3 1 ot Re At iicEsd, Coffitd
oEmE, defckAVil SoRTeRETER. -7, BHRE, 1 o0HHFEART2EREONE
RLTWwarBxcdb—Ekbaw. LUTo—Bis#nt T2 2 3ldfHokdznL Sk
AFT izt B,
BAEBERDIRBAELBV T, E (KMH+2K) cHBRTIEREDI 52 (M) s 2¥5.
EDLE, SOFRDA VYRRV ALhORASH—BREXZ. ok Kk, BEAEBEERETH
i, YvRAil>ctiE-T, bIBOEALBHUICEECES. ‘

3. ayxﬁﬂI&t1—74& YaVv

ﬁﬁﬁg&muurwﬁﬁrﬂmiéﬁbk.77X$?ﬁﬂ*h*§&®ﬂAtﬁlbr,mm

EDEROBMAEIET S, BMEhBH LVERZ, S0J5akTR,

EBB" 75 RA
ociEdEh3, chid BRG] CRENZIERY (7 FoLifkt, EHidzrvSAp
HECBEL TEXLBA) (75281 RHETI3RARATINBZAI VA2V LTy FLE
V2V SHIEROT LERLTYV S, ﬁa&;o;7#E&iraumxvmmméﬁt97x%
MEREPRCT LiTB. BRI,

%*Xyz“woman
IZEFEowoman (Fxbbwomant > 2 5 ZDERDI YRRV R) Ry F$37 5 AHNE
Brhd. @Emrerologn T, FEOSRE2 o FLSIBERETvHY, v FTIHER
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N+ AHBAEERBENFEO T LIV, o1/ 5 AKHAER DB A ZprologniiB 23 &g 4.
Lofiix, prologniBRORAD L >vhdHED [4, 6] 2RI TS, HEd v,
*Xyz:woman
ZEEOwman: i< » FTI3HL AR T2 NTARCHZ. BEENERBEIIE, chb2o0
RERMC rEX TEVY, 2 LvomanDEHE, PAL rR#BREBIL-stEXBbh3 52T
HY, Hiddhcirwoman2 WS> (—fo) ddE (1518 KE-tHAibhd, HRAtokVEE
BEODL1DF, TOFHENEKE, Tabb, HRADHKLEECHE. thika=v i r—-va
YOREORVIREsTHRBEND, ;
BMAMBAFALA2Z=7 45—V a VERERDESKEHINE, 2204 -V a VORRER
A
H=av2A+@JHEE+ 75 2AEHEER+ERT t A
DABETHEZ, o305 AFEERIZTAFLIBMEhALEH Y, thllAoHY > LD
2= r-v g vid@EEorrologk[Fkeh 3. K-, TR 5 ARMERL4BEOHD2
ST VEEETS.
l:avRepar=4r—-v gV
AVARYZRZRT P aRBGE2F LTV IR T 5.
unify(rx“classx, *y) --> &
2 :EBT7bha tpr=g - gy
a 2 class WAFhA3npHY. =it a KFEMELEII 3.
a 2 class Ka&ThhwviEBbIFkik,
unify(xx“classx, a)
-=> %g = 3 if a € classx
-> Bt if a & classx
3:ABER Y tDA=T 45—V ay
BIIL, v & xx CEAILY S AHMERIT .
unify(*x~classx, *y) --> %x = %y, *x"classx, *y“classx
4 : 535 AFMEN vyoclassy b= 4 —S g
2207 7 RARIABMENRRY ok ERID.
¥oFons s AHEHEer3.
2207 3 2AREEMBRARY srie v b KM,
(ERIRBERDBAE L)
unify(*x~classx, *y“classy)
--> %x = %y, %x“classx, *y“classx if classx C classy
--> %x = %y, *x“classy, *y“classy if classx O classy

-> KR if classx (Y classy = ¢
HROZBAERBEEEL T, 2=+ —-Ya volilinfi 3T 3.
unify(*p~human, (1 2)) --> &Hy
unify(Ckp~human, adam) --> BZh : %p = adam
unify(*p“woman, adam) --> 4%&Hg
unify(«p~human, *q) --> FZh : *p = %q, *p~human, *q“human

%q, *p*woman, *q“woman
*q, *p~"woman, *q“woman

unify(rp“woman, *q“human) --> D) : *p
unify(xp~human, *q“woman) —-> FRZTh : *p
unify(Ctp*woman, *q“man) --> kB
MAEBEBR T 2XEcH 375 2oliRBHiRMchic s &Y, HRAKBOEED2 >0
5 20, QABENMEEME IOV RE., i, A VYREAYREY S 20QAMFRD
BHEL, 1RV REBTES (EF—0Th bR 284 tRNE, galfrERBERI»OVT
NORBRD, 2= 4 - a 3T T23RCHMBEL RY SANBERECETCHE. tnbiH
E i, BfEKkodhv—Hnbhi~T L HmH (rath) R 2 nErERhiE Ly, chid,
EfrAmicll (aro) ¥ 28120 cHEcE 3. - €, THIEABRIBRTSENB.
prolog DR ORLR CARRDA2AV) 0H LR, 2o 41— g volRe#E St shtd
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t[2.3].LmL.%nar&Tﬁﬁk#%&@&f%x%maz74#-vgv%%ﬁrém
. BEED, FRRHEKBOUEEBI#EoCELOHTHEL»STHE. 75 2% 15|80
%twv—mmv«wrﬁxbtbmﬂbmwmaw EhRERCERVZ L EHELTH B,

4. PALKXAXRH

n2WSRSA-22EOkDMBEEERS.

THRH: BBERH{ R cH . bicol hhnFCRAKGETHS. card 1l hbnXTl
pycarlZHBIE cH B, BUBWIIA A v, BB F7 426, HidaycarkfiAL TWD. T
DLE, 24vEEL, FT2EDL, #AFALTW 230k RD L. I

PALTRCZOBE kDL SKFER TS, nlZ9¢ 43, FT/5RAP0L VA2 R
(defc vehicle (bicycle car))
(defi bicycle (bicl bic2 bic3 bic4 bic5 bich bic? bic8 bic9))
(defi car (carl car2 car3 card carb car6 car7 car8 car9 mycar))
DL KB, ThEEFTT2LB20BBRENATY — ERfEBN S, defeddefiTfEbhAd
DRk BEAT Ao listcklistioavy FRp 3.

PI(liste) idefc TEHRIN LI ZREBER?
(vehicle)

(listc)

PI(listc vehicle) svehicledEHIL ?

(defc vehicle (bicycle car))
(listc vehicle)

PI(listi) idefi eEHBEIN Y 5 AR T
(car bicycle)

(listi)

PI(1isti car bicycle) scar 2 bicycledEHIL ?

(defi car (carl car2 car3 card carb car6 car? car8 car9 mycar))

(defi bicycle (bicl bic2 bic3 bic4 bic5 bic6 bic? bic8 bic9))

(listi car bicycle)
vehicled Fhz#lak ko 3i2id, dFhclasskE >,

Pi(class * vehicle) ;vehicled PRI ©

(class vehicle vehicle)
%nﬁ%%T&ﬂﬁF&EﬁLtwémv.ﬁM®ﬁ&wmumhnxé TR T TR
ARKDBEDI Py U _)VEnore ont— FR T3,

Plm ;more onE— FiZ& &

————=——=--> more on
YRFAMEDFOY S rnore: K LTy L EX B 0EVROMBERIND. S LERIMART
niFEE R failureeh 3.

Pi(class * vehicle) ;vehicledy THzAExIE ?

(class vehicle vehicle)

more:y

(class bicycle vehicle)

more:y

(class car vehicle)

more:y

failure
A LAt ko2 e HcEd. (EEHOHKW T nore:yizEBEL TS, )

Pl(class car %) searD BN IE ?

(class car car)

(class car vehicle)



failure
Pl(class bicycle %) sbicycley LAt ?
(class bicycle bicycle)
(class bicycle vehicle)
failure
RO ES>EBVADBRYH—F LT,

Pl(class * #%) s BN TROBBIZS 2 HDIE?

can not answer------ > (class * %x)
RERL YRR v 2 ehdifAcidhiBinstance £ 3. = = ¢ldvehicled+_TDf v 2X >
RERDZOERT. (HEOHK T nore:yl3ZWL T3, )

Pi(instance * vehicle) ;vehicleo i ¢

(instance bicl vehicle)

(instance bic2 vehicle)

o 2B

(instance bic9 vehicle)

(instance carl vehicle)

(instance car2 vehicle)

e G e

(instance car9 vehicle)

(instance mycar vehicle)

failure
AL A o iddefineddefp e EHT 3. defineldprolog/kr ALY v 2w 2 XvhB.

(define test ((*) (has * tires) (has * doors) (own I *)))

(define own ((I mycar)))
defpiREB O HRA AV CRBEAERR ¥ 3. HIX iFhasid

(defp has

((*1~vehicle tires))
((%2~car doors)))

EnFd. ThbRAHOEBES > TBY, HADT(, BEOTV, Chb2EFLAKERRE
HABABEElistEAVTRZZ A& 3. JIKERALITNIEREE (2Bl oV 2 2185
ha.

PI(list) sNER E MBI D EHN R
pred1(1) pred2(2), or func(3) 1 B2 4 SRRV ? 1ECT
(test own)
(list)
PI(list) sRBEE R REROERSRAALY
pred1(1) pred2(2), or func(3) 2 BSR4 SRR ? 2&C+
(has)
(1ist)
define b defpcfF- 7eihzEidpredl b pred2;md & 1 7 Z RT3, shbiihdElistch 2 s,
Pl(list test own has) ;test own has WL ?

(as (test *) (has * tires) (has * doors) (own [ %))

(as (own I mycar))

(as (has *1*vehicle tires))

(as (has *2"car doors))

(list own has)
ik defineddefpOBR vENEZ D, XN, asOBR TEIEINRHECELN, o oidis
EOHEERRL .



5. BEFoNEkL ok

PALOBEKMERL 7 5 2AEMEREFIA+THIE, BROBELABCHRECE3BAMDS. ¥
AR ORBEEEL tA 3. ThidRRAENAR T, prologp AN ERIBD 1 >edd. To
BEENANARAET, X, n2VAVAREXT, e B3FEEMEHEET2. (LUTok
Rikn=90BA%m%R7T. )

[1] DCKROBAEDEKHE
DCKREAMAWAEERROF 2272, PALCR Iy v 2 - %fibRvor, {28 2%7 }
LADVRPFTRIALT, 753 REEH L, MR, serdF25I1H{bEX 20 X b oA T 5.

(as (sem bicycle *) (sem vehicle *))
(as (sem (bicl) *) (sem bicycle *))
(as (sem (bic2) *) (sem bicycle %))
Y I
(as (sem (bic9) *) (sem bicycle %))
(as (sem car *) (sem vehicle %))
(as (sem (carl) %) (sem car %))
(as (sem (car2) %) (sem car %))
oo BB
(as (sem (car9) *) (sem car %))
(as (sem (mycar) *) (sem car %))
(as (sem vehicle (has tires)))
(as (sem car (has doors)))
(as (sem (mycar) (own I)))
(as (test ®) (sem * (has tires)) (sem * (has doors)) (sem * (oun I)))
[2] ABAKOEHVWAER
whafsupere, HaoMBelE T L THRERATS.
(as (super bicycle vehicle))
(as (super bicl bicycle))
(as (super bic2 bicycle))
Y
(as (super bic9 bicycle))
(as (super car vehicle))
(as (super carl car))
(as (super car2 car))
R
(as (super car9 car))
(as (super mycar car))
hsEsuper 2 @y L v, HanauaMiRakok EH T 5. difakocid, FXSEN I BNERIE
B kot, LHBNEFLRTHHOBRRI SRR IN 3,
(as (ako * %))
(as (ako *x *z) (atom *x) (cut) (super *x *y) (ako *y %z))
(as (ako *x *2) (var *x) (atom %2) (cut) (super *y *z) (ake *x *y))
akok X IE, BYoBARIBESChS.
(as (own I mycar))
(as (has * tires) (ako * vehicle))
(as (has * doors) (ake * car))
(as (test ®) (has * tires) (has * doors) (own I *))
[3] #RBEREAVIERE
B~ &S, BAEBL2EXE, BMERKOLSKRBc¥3.
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(defc vehicle (bicycle car))

(defi bicycle (bicl bic2 bic3 bic4 bic bicé bic7 bic8 bic9))
(defi car (carl car2 car3 car4 carb carb car7 car8 car9 mycar))
(defp own ((I mycar)))

(defp has ((*1“vehicle tires)) ((*2"car doors)))

(defp test ((*) (has * tires) (has * doors) (own I %x)))

BB 5 A -2 —n b RBHELEX T, FHiENMEEE Tz R12ABBND,

n ffi 3 6 9 18 27

ek 1 (DCKR) 2.4 6.1 11. 63. 210. o
Jik 2 (AKD) 2.9 7.3 13. 57. 150. ®
J5ik 3 (PAL) 0.04 0.04 0.04 0.04 0.04 #®

£1 BREKTET L oRROFIERH

PALORAKEK X3 HER, BFOFELHEATERABIEY. thiBRI Y7V AV 0K
EDL-ULoBETIER L, ZANAEROFEOHB L > TtEREh b OTHS. Bl otk
OE20hECR, BOBHLR3 SR04 VAR Y RRKRODXSEELTS.

vehicle,

bicycle,bicl,bic2,bic3,bicd,bic5,bic6,bic?,bic8,bic9,

car,carl,car2,car3,car4,carb,carb,car7,car8,car9,

mycar
chboBgicESolwycarel+20Thd, CNZHLEMCERNEAX S,

PALIZC oL, 75 2HMEAVCRET S, #HAOHEKR, LEODMHtestBBRETL

THANIFHAENIRZ., TR IDE— FABTRa~w Y FdEHVS.

Pid BRETE- FREL

---------- > debug on

Pl(test %)

---> call (test %)

---> call (bas * tires)

<--- succ (has *1-vehicle tires)

--=> call (has *1"vehicle doors)

<-—- succ (has #*2"car doors)

---> call (own I *2"car)

<-—- succ (own I mycar)

- (test mycar)

ThigEFT o2 ehdd. chbnBReBEINIE,

% —=> %]*vehicle --> *2"car --> mycar
EVSEBRELRNS. ChiIROKAOBREHBEORAEthHY, Hikl Ohk2 oBROER
LiFERRSCLiZEREY L. shboBHD XS,

vehicle, car, mycar, -
ELBAORLEBERLTVEZDTCRRL, Fxry 2 +RERMGHL CRNNEBAERLEIZG T
RT3, nA¥MIETLIVYRARZYROY 5280 T2a8eBMLTd, EnHERBEOMK
FbYREvoT, BERCE->HFEESA RV, 2%V, MROMMBHEROFTERM I BY
BLEXZLESFERERINTVS., 2EF v 7 T2 0HREBNTNIREHFEHREAOD
ThEDT, 2RBERCETIFHEHR MOV TEXTY, TOFIRRKOV RO ENERS.
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6. =1

P AL {¥Franz lisp k¢, #EitA X (structure sharing) 2 tEBIhT 3. Znid,
BHEOProlog DM SR L BMORT 2 ERIAGE I RZ ko thadhd,. EEDprologd
EBRMC, BEREBOLOOZERD Y/ 5 2AKALEMTI20RE chs. REXPARKRDL
ek, BRRNT275 2RMLAROSAFMNMFR bV ESRERECEI3hbTH
3. #oT, SREBEOR7A2EREAG I 2 EHOEHREM -7, 75 Al r5 1
ZEEREHGEE, thb2EHN+288 (PALCRBTaYART F Ah oDtV 3) %3
FTBHELWV., 22245 —-Ya VRESTIZ S5 2R LSTLT 35, fldbiFciiy

+ 5. : :
*x“human &y womanii=2=> y 1 H[fETH 3. thethoBiEenv_ x, env_y r +hIE, HHBEI,
(x env_x) => (human) -——> (%x env_x) => (*y env_y)
(*y env_y) => (woman) -—> (ky env_y) => (woman)
EETS. £, xhumankyyd1=> » { BT,
(xx env_x) => (human) -2 (*x env_x) => (human)
ryORME L --> (ty env_y) => (% env_x)
*x“human radamii2 =2 y { T[HECH 2. HMOEILE,
(kx env_x) => C(human) - (*x env_x) => (adam env_a)

*x"animal }*y“vehicleid=2 =7 y 1 A[fECZ B2V,

bHAALERDI=2 4 - g vid, vomandthumand ¥ 7 & 5 2¢H Y, animal &vehicledisk
Re»hadnrodBnrs#ARBomBEAV . PAL ciZ#iAKBoM#BE, £ED7 5 204
VARYARZHRLT, EDFTCLEPFCTOISRAPf A2y 2 2B ALTRBLTWAR., 2LT
TOWMBEEELEYZTEREST, 75 RAP{vyREV20EE, HRMBEEF vy L, 752
FHEBRCB+ 3227 41— v g VORBERD TV R, 75 AOHRR > 24 nAME & BN
BLERLTVALHR, EhbnF o 7R TFRLS EAFRCABEERA 2B, L I2BEDF
MeBRBRRkDIENTES.

7. LIV

BAMBL 75 2ARMEBI L Yprolog2 B L. iR, SMAoKBHGSCETsaleH
BcHARKER v, AHAZAROAE I RBAN AR T HILARR % 608 L cHiRdE 2 A
HECEIFHMHLRBcE . “hidprolognE A2 +ARENLE S X CoOMBEEEBOR
AThd. LrbEREBMEMNchY, EForologn@B D2 - Mo EIEPEEE X V.

AR, HARRBY 75 AEHEHErrologizBAD Z 2 it L T, BbHEANREARIT
AN, BEABEOREHoMMOSEHROEE, Soxsm@brEItov X7 LADHER
LROVWTR, MrRDTHRETEITETH B,

3CRR
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