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Implementing a Reflective Mechanism in
Constraint Logic Programming Language RXF

TADACHIKA OzoNOt and TORAMATSU SHINTANI

In this paper, we describe a method for implementing a reflective mechanism in the reflec-
tive constraint logic programming language RXF. We have developed the language RXF for
multiagent programming. The reflective mechanism is based on a procedural reflection and
meta-object in object-oriented languages. An agent in RXF has an agent port. By using the
port, the agent can refer the information of itself. The agent can control itself by the agent
port. And more, it can customize itself by using the agent port for solving problems. An
agent is called an united agent, which consists of some primitive agents. An united agent has
highly abilities compared with that of a primitive agent. We show that RXF is an effective
language for developing multiagent systems.
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#+1 reflect NV Fv—7
Table 1 Benchmark of reflect.

1000 2000 3000 4000 5000
call 0.133 0.166 0.233  0.350 0.483
reflect | 0.250 0.266 0.350 0.433  0.583
veall 438 11.0 184 279 368
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« catch & throw DEZHE
% N—ALNVICBT B ER
catch(X) :-

reflect(tcall(X)).
% AF LRI BITBER
tcall(Port,throw) :-
call(Port).
tcall(Port,X) :-
clause(Port,X,B),
tcall(Port,B).
tcall(Port,X) :-
is_constraint(Port,X),
solve(Port,B).
tcall(Port,(C1,C2)) :-
tcall(Port,Cl),
tcall(Port,C2).
tcall(Port,(C1;C2)) :-
tcall(Port,C1)
;tcall(Port,C2).

+ catch & throw DfERHAI
% N— A LV CER
catch_test:-catch(goal).
% A F LAV TEHE
goal:-sub.goal, goal; throw.
sub_goal :- ...

K4 “catch & throw” ?ig# & M
Fig.4 An example for realizing “catch & throw”.

TOT T LDOETHEELT) S EMTERICE S, A
b 2R L AETREE, BUOBRLOVARLVELTI
LAUVIZBRE L - EATHIM 2 wTReIC T 5. —, catch
& throw 1, FED L ~IVIZ BT 5 E7HH % TEk
2T B, AT LANLVEFTOFE LTH 4 12 catch &
throw 7 17 7 hERE ZOFERGIOBIEERT.
4128V, tcall 13, RXF ICBI) 2 HI5RERE
EAYH T RERT S, catch (IN—-ZX VLRV T
SR RN, tcall # AY LARLVEFELEHLTTT T L
THbH, tcall T A ¥ LNV TEHE N, catch D& 1
FlAE AY LAROVTEET B, ok 2,
:— catch_test.
WAR=ZA LW TEHli s 5 &, catch iZ& 5T,
tcall(ap._desc,goal)

WAFLNVEFEINSE, 22T, $abb, M4
IR L7z teall D8 1 5IBDEE Port (X, X%
LAV ETERC, HEIAYIC ap.desc ICHEB s B,
apdesc 1X, YAFAIIIYEBHICEZONE.
apdesc 3, A% L ANVEFHRIZER SN S N— X
I—=Y22bDL—Y 2 P FR=—bDKR-FF 1A
775 (42 ETRLY) THbH. THL & throw
M v s T Ld (REITIE goal) ICHIHHT B &
tcall(ap.desc,throw):-call(ap_desc) 2FFfli & 71, ~N—
ALANVIZR S, call(ap-desc) {d, ap_desc D7R$L—
DAY ITY I ELTEMET S, K4 OFIT
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5 RXFIIBITAV7VL7varofl
Fig.5 The example of reflection on RXF.

i, goal B A Y L RVETHIZ, sub.goal HREL
72 & &2 throw WEHE S 5.

5.2 XZI—-Tx>bDOFE

Y7L svaviBwizAyo—r hOFHEA
ELT, -V PoL-Y v ERSEN
ITAEDRXF LB 27075 I/ Bl%RY. B
Kle LT, GFEEFO2ADFEYHD2ODIT—
I PNVEETE, 200 -T2y M EEFENE
Na, bR, ZZTiibNMbsL—Vx b OITE)
13, bPEFLEFE I VYV ALET T AT 20%,
albDREZEBELTCb EFLLHIICFEE LT T
T5. BMEXR S5 TR

B oz r—Yey bERY. =Yz bE
LT, a, b, ma, mbD42%#%2 %, maliadA
FI =V T, mbidbD AV T -T2 MNTH
A, afbEBETALIELIZI-TENAT 9%
b DR LIS, maida DHREEHL, mbidb
DRAREZBEEST DL I 78N Tn5,
DTFiCad b ONREBL\EZRT. ad’b 2HE
TAHICIE, BEL2TALH00mFE (22 Tlidlook) #°
EBHREINTVLLENFH S, look i ma iZ b DILE,
EBEEBLLEIBAvE—UEEDL LTS T3
YSENT WA, a ETlook MEFiE B &, look
EmallfLTChbDHREZR/BIEL LI Ay -
%%kB. DL EOD ook DEARIE, 1) bO XY T—
VU MTHEmbIlb DR EEGLLDD Ay E—
VEEE, 2) mb 0 LELNTELbDIHAE a2
B, THAH.

6 I707 7 L0BELRLTWA, X6 D (1)
B, R—ZALARVODIL—T v b a TEITENES
Oy ALTHY, (2) ASYT—T x> b ma TEST
ENBTUTTATHA. (1) 1E, reflect(ma,look)
12X 5T, look % A% LARIVETL, reply(X) iZ
o TR ZTRATOT 5L THA,(2) I, re-

HEMNL-V s bOLoOHMRERSIE RXF 0% 1367

1) I-Yz>b a®7OJ54h
look(X) :~
reflect(ma,look),
reply(X).
(2) AFI-~Tx>h ma®DPr7OTTLA
look(A) :-
send(mb,get_appearance) ,
receive(mb,X, [wait]),
read(A,database(D)),
write(A,database([reply(X)|D])).

6 reflect fi/iI#
Fig.6 A program using reflect.

flect(ma,look) 12 & > TIRIEI 5. (2) i, b DI R%
5% 72817 send(mb,get_appearance) iZ & >T mb 2
get_appearance X vt — V% REETH. FDHE, re-
ceive(mb,X,[wait]) I2L > T mb » 5 DEREATFD.
mb %5 DBEFE % ZAF L 72% read (A, database(D)) i<
LoT, =V 2Vt a7 — ¥ N— A% FIAAK,
write(A,datebase([reply(X)|D])) I2 & > T a OFi7 —
& N— A2 reply(X) BT 5.

REITR, T-Jxr MEOBSEE AT -V
FEO A - VBEICE o TERLA. MERRD
ToOFE L, MERRO:DDOEEE T 572005
EAp#HTAIEIlLoCTUr IV R R/HICL,
WIRET BO D I EMNEICR D, 2821, =—Vx
PENOHRRN AT -T2 b ETYIaL—FER
HLDTIELRL, EBON—F 27 THh A T—Vx
YENREFETOSI IV eI v,

5.3 #@itr—>z> b

RETIE, RXFICBITAY 7L 0 v a O
HBlL LT, BOL—Vx v oSNz
VayFTHE, @Btz -T2 OEERES
RY. 7O IL46E LTBDI 7 —F%7 2 F v1042
HEO Bt —Y 2 v F 2T 5. BDI (Belief,
Desire, Intentions) 7 —%7 7 F v DEKRW LT 1
77 1%, belief, desire Z L T intention DEFIZ L o
Tr—Txr FORNERREZERBL, =—T o b)Y
WEBIRERICED X BFRAYICATE) 4 BIR T 2 720 Ol
B2 2% T2 TH B, belief 1, T—V x>
FDORAEDIRET KL, desire T —V x> bDERE
BT AFE LWIREEEZ E T, intention iF, T—J =
YrOHBROEEOHSEEL LTRRENG. Ih
i3, T2 b OFFRICET BHI0 5K EER
HED ) bERICFHET 5 BREZEr BT udsd o2
WIBENWEIET A L2 RT

AT -V M, BEBREZITIN-Z
I—-Yxrba, b&, BDIOE®E|IETEa, b2
HHT A2 A5 -Vt mPoBRENS.
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cAZI—-TU1rbm
(1) main :-
do_BDI,
control(a),
control(b),
main.
(2) do.BDI :-
BDI DEH.
(3) control(N) :-
agent_port(N,A),
A FHWTAN=2
I—=Yxrb N &HEIH.
(4) register(A) :-
read(A,name(N)),
assert(agent_port(N,A)).
+N—=RXRI—-VYVzx>ha, b
(5) register :-
reflect(m,register).

H7 #Hikftz—Yxrb70s 704
Fig.7 An example of an united agent program.

H7it, BDI2EHTAAY -T2 bmDY

0774 (K70 (1) (2) (3) (4)) L5 A7 %%
T3 R—-Ax=Vxvba bOTOYS54 (AT
D (5)) POMRSNS., KFX T, FEE, 7o
T L DFEMG LRI ERET S,

7o (1) TRY mainid, mD A V—7%
EHTL7075LTH5. miE, BDIOEHL a,
b OFIf %D ET. BDI O%HIE, doBDIIZL -
TEATEN, a, bOKIEFEHERETS. 70 (2)
TARY doBDI X, BDIOEH S/ T/ 54 THDL. &
ZTlid, BDI DEH ATV, a, b DFIE A% kEd
5. X7 ®? (3) TRY control(N) 1F, "—AL—Vx
YIFN% (2) THRELIHEASHIEIXHIH ST 2
TO0 I LTHD. BT D (4) TRY register(A) I3,
NR—AL—=Vz Vv 2RTIZ-T2VFPR—bA %
RETH7:00T 07 L TH5H. read(A,name(N))
WKESTAFRT IV FOLZH N ELNS,
70 (5) TR register 13, "—AL—Jx b
P, mCHGHEET IV N R RET
DILFNAT U SILTHD.

A7OY I 013, RXFIZBITAL—HF A2y 72—
2% HLT, ==Yz b (m, a, BLUb) @
ARl —Jxr hoiRE (ak biZBWT register
DFEFF, BLUPmIZBWT register DEFT) 12X Y,
BFEFTING.

6. B8b I

RXF BFEHRCHEROB VI LTI -V 2y LA
FARBET 0 EYRETO SIS, )T
Loy a VIR EE LT, AR T, T-Vx

FRFE

July 1997

VNOBREMEERTLDIL, Y7L a R
RERLI FLI-TrsbD)TL I a Ok
BNEHNEZ LIl »TI—Y 2y FPHSEELE)
MICHAY A XTEL, AL LTHETMS i
EOKTYNFL—T 2y b VAT LOEENH B,

RXFiE, AGENT 0D L) HIL—Y x> b %k
TAOOI-Yry MENEE & Lt an:
DTIERL, T—Var b 2EBIIEET LD,
WHIEL =V 2y PDFARL—F A YT VAT LEL
THEEE I,

AFL—TYx v MIETL, AT LNVEFICES
T, MBOL NV (b 24E, BEERZITH LA
R, MEBBRROZOIIETTEY 32— arzfy
L) WLEDW, Sus T ADRBLETS
ZENTRIIL Y, FMEBRODIZEFTSY 12
L= a v ERTLZTI S T L4%, MBHEEDD
DTOT G LPLBERTH I VTR RS,

SCHK 15) 12X o T Prolog ICBIT A7 =5 DA% L
NVRBAPRESN TS, BED RXF T, E17
WEEBIT D20 TAL 5T )DL S %
Prolog A% 4 %7 ) ¥ 2R ETIL, 284057
VI RERLTVS, SOk, A¥48T Y ¥
BIBAYITNVID A L XNVEREEEL DI,
F—FZFHLTWwA. RXFIZBI}5, Prolog 2 ¥
A5 7Yy 0ERE, REHSHEIBTIAVILY
YavDEFVEDBEFTHEOE X5 LAVEST
DEBREZBE/L TS,

RXFIZBITA)7L2 a0 XBETHS, M
REMRRIC BT 2 A Y BRSO ERED 1201,
I—Txr P OFERECOREYRETAIT -V o
YRER=MIMAT, MEILBT - ik
BERBT 27200 R—- b 2EREPTHL, KFE—|
WkoT, MBERRIIBILI -V P DIRESRS
A 57:00FRERET L0 RLNWTH S,

RXF Cit, V7L 275 47 ahlfigEtrEon—
Ve bOEEDZDIZ, (a) FHRENITIL I T3
V(b)) =V b ATV s EOYTL
siarxfIAL WS, BERTIE, (b) ox—Yx
YRERAF IV MEOYTL Y3 OERD
7217 (a) DFHEEWI 7L 72 arD Ay LARVE
TERAL TS, SHBOBREE LT, FHhamy v
LovalllloTHBRENA)TIVIT 4T 57—
L, I—Vx e ATy MEOBRICES
VTV T 478 T—DBROET VLS S, E
FNERMBETEIEICE > TZ—TVx v F DEZEDOH
MAEZRBET 200 RONVWTH S,
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E5|, SHBOBEE LT, RXFIZBF AT -V
YEFOBREHDOIZDD) 7L v a Y BEOESE
BHIToNE, - MILAHDORETLE
BEOSEIZ, - Yy FYEEMIIEETSY 7
YT ThHILEVIBEADPLLETHL. BEETE,
I—Vry DEEDODOEEMBRL LCHRIES
N-0T, BEEHEOZON) 7Ly v a  HEEERE
v, BE, -V NOBEERD OO T
L7 ya iR EERTHL. b —Y 20 b
WCBE LT, Mtz — Y2 bR T A -V
v MEOE BEOEED 20, ABCL/R29I2E
¥ % Hybrid Group Architecture ® & 9 %7 L —7
BT A RERBENVERD/-OD) 7L 7 a sk
LIETH 5.
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