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Abstract The knowledge representation and automated reasoning on the Web are an important issue for artificial intel-
ligence community. In order to provide automated reasoning community with a uniform format of knowledge represen-
tation, a many-sorted knowledge markup language (abbr, MSKML) is proposed. Furthermore, in order to provide
Web users with automated reasoning Web service, a prototype system of many-sorted predicate calculus with RLD
(Rightmost Linear Deduction), i. e, , the COM object Prover, is implemented, The Prover has a Web service Prov-
erService that uses the SOAP (Simple Object Access Protocol) as the communication protocol between the Prover and
Web users. The information of ProverService is described using WSDL (Web Service Description Language). When a
client on the Web need the automated reasoning services, it represents the problem as a XML (Extensible Markup lan-
guage) file conforming to the MSKMI. DTD (Document Type Definition) and sends a SOAP request message including
the XML file to the automated reasoning server, and the automated reasoning server represents the solution as a XML
file conforming to the MSKML DTD and send it back to the client as the SOAP response message. Finally, the well-
known artificial intelligence problem—the Steamroller problem—is successfully solved by Prover and the MSKML rep-
resentations of the problem and RLD refutation are given to illustrate our work.
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sort; B<C Asort S<T A

type:s : Stype:p : P type:ar: A

type:az: A

type:b : B

type:p1: P type:b : B

type:si: S type:g(A) : P
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type REXBUUTEMM KRB FRIHEFT PHOLRBPHE, 4
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.
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€ MSKML &, % UL F LK. (kh), {sort_hierarchy),
(signature) , {conjunction) , { conclusion) , { solution) , {disjunc-
tion) , {clause) , { resolvent), {literal), { posliteral ), { negliter-
al), { pre.signature), {fun-signature), { var. signature),
{const_signature) , { fun.. name), ( pre_name), { var_ name),
(const_name), { domain_sort), { parameter_sort), {sort),
(sort_tree), {range_.sort) , A f& (struct)

AR AHR ASBEL. MSKML g0 & BE: N i
TE£MAREEPEFENAXRE,XH, ARERRE
S¥E MSKML, oLl — A B F Bah i RERR S
N R XML 3CH, — M aRE (kb)) 2—F4H
£ 14 BUE R ((conjunction) ) , —4>F ] ( clause) ) & 3CFHY
HBUE R ((disjunction)) , —A4> 3CF (literal) ) A LA B — 4~ IE
CF-((posliteral) Y B—A~ i 3CF ({negliteral)) . —MRIAKR
W ((sort_ hierarchy)) £ — ™ iy #h A5 4 45 # ((sort treed ) ¥
MEZEMEEH . 27 ((signature)) B 118 2 1 ( pre_signa-
ture)) , BRIV ((fun_ signature)) , % #3618 (( const_ signa-
ture)) X AE B Z i ((var.- signature) )M iR, 1 181 2R th iF i3
4 ({pre_name)) 5 S E LB, S8 M E XK ((do-
main_sort)) & — R E W FRH B, H— RIS KL (pa-
rameter_sort)) A R, 5 M (BB S 2 (( fun_signa-
ture)) i BB ¥ 4% ((fun_name)) . B E IR K B E B
({range_ sort) ) ¥4 i, » B 2 A (( const_ signature) ) g1 B ¥ &
{const_name) 5 ¥ ¥ &) 8 1K 4 AL, 2 B 2 8 (( var-signa-
ture)) AP B 4% ((var_name)) 5 F B MW EBH . (struct
RRE#IFE LR,

H R — 104 & ((resolvent)) i AL FAIEE
*, g FARA DR, LEEREERTEIH. BE
K ((resolvent)) BR— M A FRAWEH W FA, HILER
B5| B B 4 parent_fst 5 parent_snd, #RIZBER K H
MR FA], —A BB ((solution)) B—MEALE R K FF .
FLR (conclusion) M T RE T TH B ETHAFTEKAE
BMERGRERRARRE, WEENFAE S HBER
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MSKML # DTD B4 sE LT -

(! ELEMENT kb (sort_hierarchy, signature, conjunction, conclu-
sion, solution) )

(! ELEMENT sort_hierarchy (sort | sort_tree) * )

(! ELEMENT signature ( pre_signature * , funsignature %,
const—signature %  var— signature ¥ ))

(! ELEMENT conjunction (clause+))

(! ELEMENT conclusion (conjunction)?

(! ELEMENT solution (resolvent * )}

(! ELEMENT sort— tree (sort | sort—tree)+)

(! ELEMENT pre_signature (pre_name, dotnain—sort))

(! ELEMENT fun_signature (fun—name, domain—sort, range—
sort))

(! ELEMENT const—.signature (constname, range—sort))

(! ELEMENT var—signature (var—name, range—sort))

{! ELEMENT clause (disjunction) ?}
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() ATTLIST clause id ID # REQUIRED)

(1 ELEMENT resolvent (disjunction) >

(1 ATTLIST resolvent id ID # REQUIRED parentfst IDREF #
REQUIRED parent—snd IDREF # REQUIRED)

(! ELEMENT disjunction (literal * ) ) *

(1 ELEMENT domain—sort (parameter—sort+)»

(! ELEMENT literal (posliteral | negliteral) »

(] ELEMENT posliteral (pre_name, (const—name | var_name |
struct)+) )

(! ELEMENT negliteral (pre_name, (const_name | var_name |

struct)+)

(! ELEMENT struct (fun_name, (const-name | var—name |
struct) +) )

(! ELEMENT sort (#PCDATA))

{1 ELEMENT parameter—sort ( ## PCDATA))

(! ELEMENT range_sort (# PCDATA))

(1! ELEMENT pre_name ( # PCDATA) )

() ELEMENT fun_name (#PCDATA) »

{1 ELEMENT const—_name (# PCDATA) >

(1 ELEMENT var_name (#PCDATA) >

M MSKML # DTD % 7T LA i, B MSKML & —
M ETEHIBERARRCES BRANEREETHEHA—
MrZBARRIEET. SRAWEAEREEFANITER
{sort... hierarchy) } (signature) £ MSKML ) DTD 3245 K
ZTCRE , KB B R B T2 M —M BB A AIRRC.

4 Web BRFMOENR Web iR Fi#ig

4.1 ¥OBX

1oy 23T 2 15 7] B SOAP(Simple Object Access Proto-
coDU 8 £ 1T XML # RZES 7 I Wb 38 (5 B AR HE D
. SOAP LA XML LRt T - ANATES AR
WAL RS R APLE . SOAP BT R Ht—1
ARt asBENERRRBBEOIH, EXT—1
WK Fn B AR ECPLE. X6 SOAP E# AT
MERE2AERIRAARPONERMEL. H SOAPH
HZE MANAGRY FE TR BFESHNHREHR
ATLAGE A SOAP M@ M (5 8., B L B A T B 4%
EBARER DA FEBRIN.

SOAP Toolkit!! B4R {EABRFI & AR AR QIR . K%
SHR L F AL SOAP # B/ SOAP AR FHREED,
SOPA Toolkit 3. 0 32 # LA B4 78 X R % 5% # XML X
#, A1 Visual Ct* 6. 0 B Microsoft SOAP Toolkit 3. 0
LT —4 COM 3% Prover, Prover & 4811 IProver,
81 [Prover BSC AL T H sh#EH Web R % ProverSer-
vice, BEIEH Web IR % ProverService 89 5E Fr# B i 18 R
FifE A3 RLD W& ZRh218EEE .

uu('mm-lm-»u JTI2INAS).
g TONNIR Tntorlace’),

alwitosation

tariace Frove : tch {
:i‘(h'ﬂvllm) hlp-u-mg( 'serthod PetProblen® )}

ia) JAttackssuts Clival
out, Tetwai} mmm “Sadetiontal);

B2 #0O IProver HHXER

#11 1Prover § — 77 PutProblem, HEAMT .

HRESULT PutProblem([in] IAttachment * ClientXml,
[out, retval] IAttachment * * SolutionXml)

PutProblem #4 P~ 2¥ . ClientXML 5 SolutionXML,
B4R R TAttachment 3¢ %I (SOAP Toolkit 3. 0 B4
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R, e ClientXML 28 AZ ¥, 1 SolutionXML £ 4
B%. Y Web PR EZBEA Web lR% ProverService
At B A B MR RR BLAFS MSKML 2 4 XML 46
FE ClientXML 7, 3 AR BT /5y SOAP R B &%
k55 8% 5 IR 4 A% M BT R BR A4 % 7] BB IR R R OR LA
MSKML 2 f XML 343 fEE 2 SolutionXML 1, 2R J&
VAR R A SOAP RIE M B REBE P,

0 Prover M5 %15 B AMKNAREAE TR OLE
View B/RTERE 2,

4.2 Web BRSHIR R WSDL 3 4

Web F P 7E 320538 B Web R 45 LI BT E 420 818 % Web
M4 808 X158, BIn% Web R 4 B4 8P 465 5577 A AL,

T EBIHENBENREREREA A E%. XEEEHHE

Web JR% 89 WSDL U4 R #38, IF MTER % 2800, T HE
B Web %8495 ;1 &80T LM AR %5 38 4K 18 % WSDL ({4, 3
i B WSDL S04l iR i 15 B R 48 b — 1 SOAP 3R M
BLHEERSHE.

WSDL & IBM, ¥ £ RAFAFLH, ﬂu:&/\
W3C RSB, HEBREA—MrENR L
O3k E X Web IR% 3 R FF AR LA T AR, LIELL Web
P Rl X R A B D R AR . R —1
Web R % ) WSDL 05— LA XML 41 LA S0, X4~ X
HABESR T ERBIFREX IR RS RA, W R &
MAT AR N RBERURSENE .. AR RBREE
T WSDL J&, & P 8st il hifiad WSDL R AL B A5
RUEARS . WSDL SR — MR F B 5 & L2 R R
45 IR BN E P REER GRS Y BN HKE PR #R
B AS WSDL SCR#IR B ER,

E R A% R , ProverService ] WSDL SC{4:4# 485,

5 KA

AT, BATLIE S A L4 88 7] & Steamroller fa
B—X®l, A Prover RG4S Z A RLD K&, 3# A
MSKML £ Fk RAZRIE R RLD K #.

1978 4F Alberta K#:f L. Schubert 8#EH T UT &
AN X2 MATHBRES .

B8 (wolves) JRAE (foxes) . & (birds) . F H (caterpillars)
Bl (snails) £ 508 (animals) , B FFEF XY, W@
HAEE— LAY (grains), B 4P 2B—FHH Y (plants), &—
MBI E R A RGBT A AR LA 5/ B BRI R
HYywahy, BRI S/, 8 IR /N, PR Xt
N, RABREIVENAY , S B R ERHAEREE, B
B HEEREEHY. Bk, A —MHsiPBEREEHER
EAYKY .

REXARIBEMNE 2, AT AFLIEHINEXERA.
FAEHEESREERK, MEFTHREEARAES. &,
A5 A RLD W E kM8 DL ik R .

Steamroller [ #HR K LRI FHE T,

typew : Witypef; Ftypeb : B

typec: Ctypes ; Stypeg : G

type h(C) ; P* type i(S) : P* type j(AA) ; G*
sort W< Asort F< Asort B<C A

sort C< Asort S< Asort G << P

(D {E(a1p))»,—M(aza;),—E(azp2), Elaaz)}
(2){M@a1b1)} (3) {M(s1b1))}
(4){M(bi )} (5) {M(fyw1))
(6){=E(wi 1) } (D {—=E(wig1)}

(8){E(bic1)} (9){—E(bis)}
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QO {E(eih(e1 N} A {E(s1i(s1))}
(12){—E(a1az), (E(azj(araz))}

B3 FRBIER MR MSKML #R

Web Fi P4 B Sh#EAR %5 o, o LURMEATR i
BREEPRUABE MFERENOBERLF A
MSKML ¢ DTD 4 XML 3¢ {43 4E & SOAP #:R {8 B i —
WO RES HhHEMIR % 25 IR % 35 1 7] B O 8 th S B9 RLAF
4 MSKML ) DTD #§ XML 3C #4348 % SOAP R B/
MEHSRXRBEP. BIA Visual C** 6, 0 & SOAP
Toolkit 3. 0 FET — N EF P M B K ProverClient, 3 H
Steamroller [F)BXHZ IR % 2347 TR, Steamroller [RjEEH
MSKML #REE F RN BRE 3.

R 3 W, Bx ATE id RAEE R clause— 12790 Y 9 B 3T R
FragdhFaa2), IRMNKGESIEHNEE.

Prover 541y Steamroller [a] B —~ RLD RRBNTF .

(1)(E(a1p1),—rM(azal),—rE(azpz), E(aulz)};
(3 {E(bip1)»—M(sib1),—E(sip2)}, T4] 1 5F4] 9 A%

- .
AO{E(bip),—M(sib)}, 4] 13 57/ 11 HER;
A5 {Ebip)}, F4) 14 5F4 3 WHSE,
(16){—=E(a1b1)}, FH 15 5F 4 12 WALR;
A7) {ECaip1),—M(bia)),—E(bip2)}, T4 16 5F4 1 #iH

§

(18) {ECaip1)»—M(b1ay)}, F4) 17 5F4] 15 BIHER,
AN{ECp}, F4] 18 5F4) 4 MIHER,

Q0){—=E(aifD}, 74 19 574 12 FHHRGR;
@D{ECaip1)s»~Mfa1),~E(hm)}, F4) 20 5F4 18153

P

TP 22) (ECaipn) ,—M(ha)}, T4 21 54 19 BEGR,
CH{E(wip)}, TA) 22 574 5 IHER,
GO0, T 23 5F 4 7 MBLHR,

R RLD RERH,. & TR DERESHSEN
LS HEB—-ITAREENEN TFASE-FAH
RLD F&, K FHCOHOR 2 T4, IRITAH RLD &
ZEH TR,

FH B R R X B R IR B A R A T

(1) B—FhSh Y KA TR MY 2 B 3K R B A ARt
A5/ BE RIS 3hY 5 CASE &4, Bl 74/ 1

(13) FERSRERZEE(FH 9, Bl SERKIZETA I
HYITIER AR S/ RSE R B KT 5

(14) HE A BRI F Y (F4) 11 K skolem R D),
BLA S B KVZ BT A M Y SR HAE R S/
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