Bl [1§#&ELSL-EHEHRIFHT 2T T 4 |
“HBE (B dRPER)

L

F—2 - -2, BREAEX TS IR TWEWERCET 2Mabeed LT, HERREXAVIT LR LST,
SETHLEDTED, HERREY 27 AOH LWER L HHECONWTERD, AR THR~DHRBIER, HRBRR
v 27ntKowalski — Keuhner ®SL—resolution Theorem — Prover Of#%, R
ALTEDRT WS, ¥k, AXNTRRBEHRREY 27 41, AEBLHRE ABIC/ERL, 7—F - ~—2Ricft
M5B LHBTESD,

1. & B

T D pReCiERE (1R) Ak 3BACR, 7—F - ~—2 (ALK, S) vHE—WABRECTE
blL, MaberTRT<EER B, T) LTEbT. EETOEHRORDT, HIHRERHLTRAZH
T BOES, AR M T B dicnbis (Green [2) Rt Luckham and Nilsson( 3128 .
foT, I ROMEGEROTEIANLARC, ATHERERRETHILed o, LA LI RICET ZERERCH,
KD 2 OO D,

(1) IRVRFARKEARTF—F « ~—2 AW CMBFRTARYERICET,

I RORBOF— - ~— 2R, BH10° HENLOKEITH2°) o 205 bOLROLABEGH, Mabe
T (GE8) OFHcAWSRD, Darlington D REORBERD kSR T D,

S=8R)~ S(I)&#:<, XL SR, ToiHcEbhsd (B, TOIEHAK (proof tree) wHbh )
ABOES, TLTS(I)=8—SRET %,

S(Dx B RD X S sy %,

S(I)= 8(I, )~ 8(I,) ™~ 8(I,)

EEL, S(I1,) OREXR, SRV TOBEXLLBEOABLEEA, S(I,,) OFERL SR TOE
ROBFENSR, BHF (resolvent) NBHIAV, S (1,,) PERELSRY TOEROTELMOLR, B
HESMONTD (BB, 8 (1,) =S(I—{ S(I, )~ S(Iy) Do

S(I,,) PEHESR)Y TOEH L OYHELBT, ToOMMEE S(I, ) ¥ 8 (1) OEFL2H
LB OT BHAHNDH 5, OB & o> TEBBEZ n—x (clause ) BFRCEREIND, Hab
2TOHRHICE VT, S(I,,) OXBEYTEILINILTHIEN, IRVATALLSTARNCERTHD L

w5 &% Darlington *) RARL%,

2 IRvA7ACHTHHADLER, HBHULZELLTF—2 « ~—2el Tirkbivd,
# 21X, RAND Relational Date File 9 12, 7000 0HEBLORBEF—S - ~—2&HL, ¥4
AT A7 AONFCETIHERBEYTRIC LBTED, VAT ANORADRR, [HERZALRL LB L]

¥l ABRTCR, MHERESL—HHERCETIAZEOMBEREL TN D, e "ANMK (input chain)”
", "HEA (classification tree ) "HBXU"HAHIER ( admissibility
restriction) ” OX3MAMcABAZRER, X[ 1 IR 91 ¥ERINLN,
—6 5—



(G2 & OBBICHIBL T WA 0] FO L3 bDTH %, WoT, 7—F - “—2OKFBHREMc bl o> TRET
HBo TOXSIHFHCK, T—F - N—AOMWGE L WK LKA CHALT, ERIEAT 07 7 LAOLREFEE 2 BBt
THIENTED, AFCH L TREL INAERFIZ, TOARRCE T AR YIHT I, FliftI3hTwn
EVEEBFAE L O bHERR AT 5, SlagleNorton OERENT0 754 7) 13, EFOARCHTS
HLA FeHERIBR) 2R o TR D, HEFCBIT 2 ER OEAICH U THRICERNTH D, TOERTAH T v /T 41,
Hoare DFINDZ 0754 8) BT 5EL X 2EHT 250 1 8HOMEY, 2THEHALL, Darlington
12, TRICHNTHES S(1,,) OEBLTELREPNILLTHHECOWTREBRLIY, AROKFHMLFAL CE
BIFRE L Bl LT 2B DN TREBRL TV,

TAOERFHOBTR, Kowalski and KuehnerdSL—3h ") sd I RvA7 ACBLTWS &
HNeEZXbND, TOEAR,

(1) THEHEE (support set ) ELTHEINBALHE, S(I,) OBENSRY TOEH L) YN
7 (resolve ) SNHKEAR, kM7 v—2 (top clause ) it T HANHE (input resolution) D
LERFTHD, b, Ba #(T) x#8 (1) BTH5,

(2) FERAROBSNE L EHBEH C Lo TRDCTHL ENTE 5,

() F=2% + =2 SOKEFHR, £2TOMALETICHLTEELTWSEEZLNE DT, SKchkSWTHAK
PR (EAEE) RHLITARL TR E, ThENBACMA TR TERTED, BAETHOERAIC LY, HFHOR
HHE CEBBE0D D,

ARITR, @SL—BHTEALLI RV 27 AOHRE, OEAEROAERYE, OABAOMRE, ¥ X K%
THRBE I Bl D EAFEOFIAE, CoWThRD, AXCTHCHL VAR, EXEEOAERMEEFIRECETIHO
TH Do

2. ITRVRFLDIEHBDEFTIL

LevientMaron®) B, relational date filelifHR5IRVAFADEDOEF VERE L,
LDV AT LDBNIR, KEBWHF—IORBOAN BT HZ Lied b, vAT4R, WE&774/V (intensional
file, IF (BT 2) EAET 741V (extensional file, EF &BEETS) O 2007 74 vh b
KEhd, 1 FREFMOBFKCET 27— %8S (TO7 74 VRBHERORBELHES LD, "EXXEL /o
—ZDORE"THD), EFREXF—I X (BA) 2838 (TO7 74 V2 "EHEE IRV I 0—ZX0EE " TH

5) o VAT ANDRGEDER, 774 VCHESERTEERTWEWEECET230THRN (N12R) .

Extensional File

1. A. P. Smith is a system engineer. (or S (Smith))

2. A. P. Smith is affiliated with Acme Electric Corporation.
(or A Smith, Acme))

3. A. P. Smith received the Ph.D. degree from UCLA.
(or RSmith, Ph.D., UCLA))

4. Ph.D. is a degree. (or D (®Ph.D))




Intensional File:
institution (z) then he

If one (x) received a degree (y) from some
institution (z).

graduated from that

(or Dly) R (x,y,2) G(x,2))

Query
in Acme who graduated from UCLA?

Is there any system engineer
(or E(X)K (x, Acme) G (x, UCLA))

the extensional file, intensional
a query in the relational
.

Figure 1. Example of
file and data file.

Levien %id, 77 A VhDOHEY | EHTADCEEIMR 70 77 o xFHL TN, FHEOET VR,

SL—MHERIFA T o/ I scks I RvaT AL ThEATETH S (MN2E2R) ,

partial
< Oe . ' 2 -
classification < T: query
tree (PCT)
!
/
'4 ’// _ X SL—resolution
T Resic Intensional Extensional Theorem Prover
Theorems
Fite (IP File (EP ) ll refutation
Answer
Data Base
Extraction
Answer

Classification Tree (CT)

of IR system

Figure 2. Model
Double arrows represent inputting date to processes or adding
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date to other date. Single arrows and dotted arrows mean
references to date.

T is added to PCT to construct CT. T will be removed from CT
after an answer to T has been extracted. Basic theorems are

constructed trom IF (see Section 3).

M2k T, PCT, IF, EFBIUEATER, vA7AcH L TEESRTWS, TRRHLWEfKS LM
Lben b, PCTH, RETA<LNSHEC LD ABIIC/ERTEHOTY AT LADA—FR, IFEERT
Hriicky, ASCE o TEEOBRNAHcT 2BARI Ry 27 4%, BT 74 VEFOLCHKT 5 2 LA
T& %,

Babec L TUSE L3I 2 lT8Rr, ANSHE) Rt —t o v —OBEY
o

3 roTHE S ENTR

3. SL—EHTHEIER T NS T LD7HORE
3.1 EEIEHS o 77 LOMME
éfoﬁﬁmﬁbf,ﬁm5i<ﬁﬂvéélitﬁiﬁﬁnﬁﬁbmholm i MERFERER, V7 I VD
APMEFCBL CHBCBETHS, 1D WL V77 v BAORWEFCANSN SR, REERIEYS o
T8, THOMCRCEFETEX S, LELE I TRV, fM#EAMETS S TMIRV. S L—HHO T O
EEPYTeAEANTRT,
SL—MMEMIRT 077 AR, RDOIDDEREHDHIBERBM X AND D LFEET %,
(S, ) #MAVEHEMHE (depth—first search strategy)
(S ) VUywTC&xBANHY (input chain) OEEXELO Y 77 ViREEHNBK

(83 ) BMHINKY)TINEY S NTTEDANEN 2OU LB HHA R, —FEWANSE, FHic
KMEHME (diagonal search strategy)
S, CHRIFDBIUR, <Ay by RV ERELLT, S, CRIFIBERAY I LTy ¥V S RMBEETHI L
BRI,
SL—HHOMEEXH LM THREDIE, ROAFEBGHL W O1DER YW T 2HEYEL 2,
BG={P (x,x,B), Px,BE,x), PE,x,%, P(x,y,2)P(y,u, WP (x,v,wP(,u,
w L, Px,y, ) P(y,u,VP(z,u,wPx,v,w }
BGAb 1 THOANENAER b, Th% B, ,-, B, TEbT, IBG={B,, -, By} &, (&
—12R) o



Table 1. IBG

IBG: B, =P (x,x,B)

B, =P (x,E, x)

B; =P (B, x, x)

By =P (x,y,2) P(y,u,VP x,v,wP(z,u,w
B; =P (,u,VP (x,v,wWPG,u,wPkx,y,2
Be =P (x,v,WP (z,u,wW)P(x,y,z) P(y,u,v)
Br =P (z,u,w) P(x,y,2) P(y,u,v) P(x,v,w
By =P (u,u,2) P (u,z,w P (z,u,w

Bo =P.(y,w,w P (z,w,wW P (y,y,2)

B1o=P (x,v,2) P (v,u, V) P (z,u,z)

Bi=P (x,y,2) P (y,u, Y P(z,u,wP(x,v,w
B12=P (y ,u,v) P G ,u,w) P &,v,w) P &x,y,z)
Bis=P & niw) P&iv, W P&iy ) PG, u,v)
Byy=P &,v,w) P &,y,z) PG ,u,v)P(,u,w
Bis=P @,u,z) P G,u,w) P @,z,w

Byo=P @ ,u,w) P &x,w,w) P &,z,2)
B”=F(z,u,z)§(u,u,v)P z,v,z)

BG®BP (B, A, C) VP (A, B, C) %, @¥T %, @b, ROB2={P (A, B, C), P (B, A,
C) }¥ BG O¥FREH# (unsatisfiability) ¥IFAT A, ,

By =P (A, B, C) X B,, =P (B, A, C) * I BG&ML, B,, %%M7o—xs LTERE
BT 5, B, B AWM 0—X B,k ) YVTARTHS (ZOBAICKE, KM o—xi3, 10077 v
LilloTWasDT, RHBEBBLD) 77 VERE) , 7u—XB, ¢B,BREAULEXAXODOT, BEKS, 3, B, &
Bl e L TRIUEAM 2 5% 5, COHAES, CREDLD ¥BAXHA L V< T8 5D 0bd BN, £
NEGRIRIZEC $2 Db, & TB, BBEACERINC L FET, (R3BR) 75 @MUK, P x,y,B

P(B,A,C)

B,

‘? (B.A.C)IF (x,y,B)P(y,A,v) P (x,v,C)

Figure 3. A node in the SL—resolution search tree.

RBP (y, A, v) OELLIRBIKGIEE bAVA, FR%R, RAUMEK (48 OAHEL ) yvT TR,
o TREBEKDELLXRBAL HHELTATEX Z20bLRN, TD LS KB4, Py 7y RIS L—lH
FHIAT o7 T4k, BLTHEL DAy I} T 9 xv 72T 38R CEDNWDPT N,
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7u—z2DELEROB20FFEMR, HEHOG—deductionk, FHWTIZ6 2 0 TEHTEALL, SL—H
BT, RS2 o — XM, B L ST & of 3 HER BB, LD

LhLl, BLKD 22507 B—Z Byy & By BAILAT I BGizz b Tt b, IR AEScTcELTH L5,
(R 4BR) '

P (B, A, C)

P (C, A, B) P (B, C, A)
\\\ :\
V Y g N
N ~
N
N
P (B, A, C) P (C, B, A) P (A, C, B) P (B, A, C)
failure \\ \ failure
/ BZl \ B21 \
P (A, B, C) P(C, A, B)Y P (B, C, A) P (A, B, C)

Bs failure failure ‘Bm

L

Figure 4. Search tree for SL—resolution.
Since Bygand Byyare shorter than B; and B,y , B; and By,
have never been tried before finding a first proof.
The failures are caused by the violation of the

admissibility restriction.

Byo=P (z, u, w) P (w, u, 2)
Byy=P (x, v, w) P (x, w, v)
we, G2ONIAEHPLEHUWANY (B2 E LD B,y, B,,) %, AT HkiconTid~b, TOERENA
AN xR AT &5,
3.2 HARTER OHRLE
WE (1emma) AT 5HikE L OFIER, Loveland'? % XtfKowalski and Kuehner °)
CXo TR Shic, HFR1OOERLENT 5BBCHELMARL, TOBROKOBSTLOMELMES, HE
BRI L L S5 & LT D ERe L TREG AR OT, EROIFBPIETT5EBTHRD,
ZOMTR, EEIFH o T LhMEDPRS EXCR, WOTHRIATOIILOTES [HAER] 2AHMLSEHH
HicgE, AASE L TABEKRCIZ D HHECOWTR<D,
AAEEZ, AENLBU ZLOTEIRO—RNILEELOND /I n—XThHb, L1L, 5LONERRRE
70—



OS5 2 Hextd 5 EHFROMME LM I nedicid, RACERORI L CHRAEERT 2HELD 5,

TR, ARIN D BEARERCK L TRO 4 DORIR % E 5,

(1) BEXcMT56R 2R (IC) c8ins—FREAX I Lk2a—vaBBID BB AR LELAT—V
LABAYE, B0 —ZARERXEBELAEV, TOX>3hk 70—, —REKZLVWEEILRINLLT
H%,

(2) vwmicBT56R ABRLL—[RZEGTOE THELINDTo—ZR, EAFEELEV., TDOL5K7 o—
Zid, MEAFHCE > THEERTHL LEXDNINDTH D,

(3) RXwPTHHIR KEATHORIRIXIB 2R, RS 1 OXEAEFERFCHEATHY, R 20EKEH
RAMEBENRZVWHLETH %,

(4) EX 20Kt o2HR EI20RAEHRR, 1 ODOANSHLTHE AL 1O UAERLE V. &
O EAEBRIEAFROMER L BT 5 T THREYS 205 TH 5,

BAEEYERTET7 VT Y 2L, RD5 AT v 7 XM %D,

27971 LEVFIN, LLCCE7o0—2XLTHLCHOERAERYARL RWEAICR, ANGHDOHNE
DY 77 VAL, XiZLDalphabetic variant THHL5KLTO7o—x%ML, ThFOLE7 o
L TAT v 722 B8AT %50

27972 Co =L(x)LYJ - Lg(n>1)mzi771fﬁbm5ntkﬁ%2Q%bfanmﬁinz
TOEM (XREBO~7 b V) 2RLTODET D, COEE, jROCHEL, A7 v T3 2TES,

27973 Cj
(1) Cj BRICHETHHMEBLTNEALE, MbLAVCIkEs,
@)%5Tkﬁhﬂ,éfmi(lgign—j)mﬁLT,D2={K|KuIC@¢®$ﬂ7D—XT,m€

=L(x)L{ Lj-w- Id_jam<°

Db —MIEMAT (most general unifier, mgulBiEd3) oiHLT, L) o=Kopo
Lix)o =L (Wb, xOEMEEREELLLECKR, L 2mgu sckotiacas) Jend,
(a) 51y (1<io <n—j) LHLTD! £6KbEAT 7 7 4XFTED,
(b) 5> Thirhd, MOEWEKRTL,
(i) j<1fbEfmbLlin (Ve BT 5HIR) o
(i) n—j>2mbiEMblay (RIcHT 5H) .
(i) n—j=0%b, Cj xEAERLT 5,
V) n—j=12278—XLCEHLT, ZOmcHErfylcRiBacr, C; ERAERLT 2.
TG, MbLAv (BE 20RKERICHT HHIR) .
27974 1§i§n~jRldong&ééfmiKﬁLT,Di@?%&D%,DL. ------ ,D{M“
{QZ,Jﬁ ------ ) j R ROXSAMREHOLTOME uTHB LT 5o
Lwéﬁl=meofg&L=D{q$?q,<1gqgkm>o

Djxvaj&mmlﬁmiino

D, ={D] | # () (D) wHERBLMCHTHRAER)) 282 TOp, q (1<psn—jn-
m m m



1<q< k() zcmz,a(g]q CRHLTRATHS }o

(BB, Dj €FENBD)  BICKRG M7 0—ZTHoT, Lind b HMEAm g u o({)mJ
m

i |‘cj et 3 ER B/ N NOmg u a(’;)m J uc.,to—c_fg LHATE D,
E.={d) | o p)
) 'm I'm

E, kB EnsE o) WHLT, 2757 5 LK.
m

- jpi i
1= Lie i ui

(1) Cj+1=L(x)7125|:t, LexRATEREL TS,

27975 C. Ly e,
pemmSiapEm— J n—j 'm

2 *>Thkirhd, (d cj+1 OREBZBACE U7 b aiFbikibned, j& ) +1eREL, 2773 %

T 5. (D X S5Thihig, 1k¥5d (SL—BHOHFEHBRC XD) o
LTOY T Tut ARk Eoke i, RAEROERT 0 € 2ARBKTT 5,
3.3 EAXEEOH
(1) w3 1IMOIBGELLR, E3.1MDByo& By KIHBEAERE U TAERINE S,
@ FEFCHTIROLR " 25K, EAEEIERSLE,
A, =P (x, y) Q (x, y)

A, =P (x, y) P (y, z) P (x, z)
Ay =P (x, y) Q (y, 2) P (x, z)
A, =Q (x, y) P (y, 2) P (x, 2z)
Ay =Q (x, ¥y) Q (y, z) Q (x, 2)
Ay =Q (x, y) P (x, y) E (x, y)
A, =P (x, x)

@ ROABGROUP1'® »bR, 200XAEET, , T, NERIN D,

GROUP1={P (y, x, u) P (x, v, z) P (y, z, w) P (u, v, w), P (G (x, y),

P (x, H(x, y), v}
Ty =P (u, z, w) P (G (v, w), G (z, v), u)
T =P (u, z, w) P (H(x, u), z, H(x, w))

ZD2Oo0RAEER, A, P (KK, x, KX) OMERA%, 745 BcEAFROERLEZDHES,

3.4 EAEEOHHHE

X,

y),

BAEREOERC AWV SRR, A LB L OMOBHZETTHHDT, ANHOEAICEAERLBML
Td, TORLEDOKEY (satisfiability) CEBEELRV, o T, EAFHOZYUY (soundness) %

BS5 T &R,
EAER 2 AMCFAT 2dic, H3. 1HOFERWIES, 2ROLS5CEETS .

(S;") VyYNTTEBBEDANY (D, EAFTHEOMMBMBOLEZRV) OEMLELD Y 7 7 v %R .5% HB

o

TOEHEL S, iwkoT, HILVWIEAFROBRZMIZ, 3. 1WObDIVKEL KD, o THEPFRRTLTH
5o UL, EAEHOBMC LD, HEREAKCHRSOX 5K (node) BNRAET HUTHEMNRH 5, EoT, EAEE
DFERALBARI OB Ay, BATHLYFER T2 Lo THAFHL, AFEOS L—AH L bHERNEL k5,



(8 3. 3 MHAI()Z )

input chain n
T
’

,
2

b,,

v

2
» basic theorem m

Figure 5. A node in the search tree using

basic theorems

4. TRYRTFAICHTDIoEAOHEAE

M I RV AT AR, KERLF—F « “=2%F>TWEN, TORET7 74V (IF) BARZ v4 v (EF)
LHRDE, BEDCANINWEEZDND, BIFETRRAEARERAEREY, [ RV 274 SATIHACR, 7—
F e N—=22EKEBMHES LV, IFREFCESHWTERER YERT 558, EATHAROK Hic, ERIRRM 24
BELALS TR, TOFTR, I FREFCESHWTEARERRERINLbOLELLNS,

ABAR, SL—derivation cBbh3)7Iv Bz, L) ORAND, KFEDY 778, LLHAT
R ANSHOMFEAE~DBEMTH 5,

I F2bHEM SR ANPEEAER S LR T REEROTENORIBEY, 1C2T5, ICY EFL

RO X 5KCRE$§E:E§T%°
EC,,Z“&EIC"EFKHLTEC.§3AQT£6®umOLiLXﬂﬁOloﬁﬁﬁTba@c

B %o
(i 1L,¢ |<|L,C| (| L;C |BRZE—XL;C,0RE%#XbT) o
(D 1L,Cy|=]LyCp | 250L, C,REKXFHETIZIE L,
@ | LiCi|=|L,Cy|»DL, Cy &L, C, 08 kAEHTEH %,

COMEFR, REBBES, CGB3.1M2MK) , B IUCERERE, AN o—XOHhTREDERELDITINE W Ibh
bhoEXH2ERDL TS,

SBAf 2RO XS5 eEgHT 5,

fLE= (L,C,, L,Cy, - , L C)
kﬁb,igci§ii+ﬂn+1(i=1, ------ , n—1) »2L;C; (i=1, - , n) REXDKBEDY 7T v

(L; ) #, LEMKATREEILTOIo—~XTHS (KZLL;C; g IC ¥ EF),

AL THREINDHRFERIIL, ROLSC (R EINCHEFT 5, MU I (derived chain) OHEMD
CVEK, , e , Kp &9% (REL, K BYTIw) o UM, (K;) (1<i<m) OPTEORIHN
BAOLD (B2, K;j) ¥®E, TOKICS; 25, BHINAFCHLT K;j) OBRLELID HCHREHC
BHT Do E>T, A€V RERLHEREXRORVABAROMNER, BREBBEERCSNTARMCEETHD,

Kowalski &Kuehner 2 1, ARBCL5HMAOMELRE L (ZRASHEA LTI BFUTHS),



IRV AT AICET D BAMBEOFMIKRETH 52, A oICRRD L SeiFhk S,
27371 KRBT 74 Vb ANHEOEARES (ZhE1C, &%<),
27972 1C, hOEREEEERL, TREYIC, €Mid (ChE1C, %<, BB, 1C, =1C,~
{2coxkem)) . ‘
A7v73 1C, ™ EF2LEANEA (PCT) #HRT 2,
COPCTR, IRVRAFTLAHATNEEIND, V27 AL THADERELONS L, AP C Tic
EBMINZRAEFGEAMELNS (M228R) . INERBOLN S L HabERAEAL LRBRIN S,

5. ¥% T

AL TR & Sx, BAEHEOEMMEE ERHERAMC BOSATENR, HEBRC X o THIDIGFIIEZRS s,
DO FBR EET bR TR,

V27 MES EOBRKOMEAR, ABAOMBEETHS. QA4 D BTMNLR TN BBERSIE (coor—
dinate indexing ) BAEAMEOBCHATES LEbRE, LL, BEDE Z5, HFHIEERS Hc
LoTny Va 3NV T INEREBENRET 74 (10° FHBLEREE) 25 HATHHELXDL TN,

6 W =

AR, EER19T24£9AK%D197346A0DM, ~——FAK¥Department of Engineering
and Applied Physics CHEPCTRoZIDTH B, PREEIEMLTCFEo%k, ~—s— FA%¥Cheatham
BRI LU Wegbreit BIBcHErEiT,
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A PDF 7 7 A V& 1965 EFTD 16 ET0r 5 Iy 7= KOV LWER) 22
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