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Ability Evaluation of Reflective Agent Based on the Distributed and Cooperative
Reinforcement Learning

Noriyuki ABE, Minoru NAKAZAWA, Shimmi HATTORI
Kanazawa Institute of Technology

Mobile agent system like Telescript in distributed computing environment has the mechanism in
which required actions are applied one after another according to users described scenario, moving
agents on wide area network. However, it seems to be difficult to respond to open and dynamic net-
work environment, because action scenario of agent behavior has to include all description of it prior
to execution of agents. In this paper, reflective multi-agent system MAS/R which can autonomously

_ change scenario of behavior by mechanism of distributed rule reinforcement learning and cooperation,
describing behavior scenario of agent by concepts and production rules with strength, is proposed.
This system connected to multi-server load simulator has been implemented and evaluated. As the
result of it, behavior scenario of agents has been confirmed to be autonomously changed to adopt to
dynamic environment, selecting appropriate rules by repeating reflection.
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fired rules

Environment

1 eAF—V=r b ETN
RENELT S, 1k, EREBEIRENIODOAyE—Y
LEMT A EOBREEBIC LY ELTS.

KHEE (support) 1, VNV OEEMLRBEHRRLTE
Y, BIE LB EOTRE R oL — AR B —
/v (activated rule) & LTHRH Z LT, REEBET
T N—N DIFEALA Y — 2 HRT 5.

A— N ORER, BEND OBM (reward) KL->THE
e, BRI 3TRADOERBREBFDTHIBAIHE
ML, BHTHIBTHPIED L TRARA—LVE
BARRIKT 5. ThiA—ABRIEEE LIRS, Bk—N
DITBIIWFIRITTRETH 22, HEHHITA (mutually
exclusive action) ZFORAN—ANHDEE, TOR
ErIRENEHENSMFTHEEAVTHRAMHEER
5. Zhiz kb, A—NEE Y — L OFTIREICRR
LTERA—ABBALEL 2Y, BRE LTREEBIC
BERICHEEEL TV VTV I T AT R A= L%
KRTED.

22 T—YxzVhOBEST UL
=—Yx v b OBESFY AT, A, B, REH
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B L UVEETERA GRS . /RN, REEEM
MUIA oe—URBMEh3. XvE—U, ROBX,
(=ver b4 (Bl%) HEE)
TERETB. 22T, IveFFRAT V=7 MERICE
52 FRITHYEL, AyE—YRareS oA RS
Y ATHB. =L xi¥, hostl 2% host2 D server THBHZ
LERAYE-URATHE,
(server (hostl host2) true)
Lird. ERREICAyE—UBEMEND O, BEX
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BELRDD. V—iY, ERERONELHET SR
e A E—TEBTTRTHRPORD. V=N (1TH
) A FIRITARETH S, MESMAYT TV ICET
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DRC: Distrib
DRRL: D
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X 2: FBERHET )V

217% (VHEHHUTS) T EEZAVWTHABHL 1
VAL, T IT, BEICH LTAAREALLES,
HREOREEBRRLEFBAL—NE O v F T BEH
b, BHOREEAN-VREFEBEBEEND.

2.3 DEBHAA N =X L
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Cx Vb RBATILE, EVEHBRABFEORAL—L
FHEORAL—NVBEITRY AR, HTHEEAVTHR
AREHEENS, “hezaBv—/Vi## (DRC:Distributed
Rule Cooperation) &FER. ZIZ T, BAL—NLVEED
P REEE—V= Vb, BT V=V
P EERBF - b LREE. EBETARAL—V
2E—RA A N—)b (mobile rule) &FEES. ZDE—N
ANN—NOEBRIL, BfEST VT O ERVALZ &
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DOEBAY=ALBEXS.
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FYA—NMESHTHEL, S ERAloAyE—
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{228 (DRRL:distributed rule reinforcement learning)
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BAEERTS. T—AAN—Ni3, HEHMTRE
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2.4 DL —LEREET

BN —NBIEFET T, profit sharing ¥ [2, 1] &
bucket brigade ¥ [2], & bz 2% #FA L7 hybrid %
Re—RIZLTWSD, I T, 9 profit sharing # & #
bucket brigade #:1Z & 5 DRRL TiX, E—/3A W —V
R EoTm—V= v b BICE > HHEREEE & K
+5. ¥ hybrid B CIIFAHEE A L2 BERAT 3.

(1) %¥# profit sharing ¥
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h3d, ETEERT—Cx2 PRZEREINSD, @
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FENDTREERDSB. 20L&, T—R_ANAA—AD4E
EEr—Vz Mot LTHE (FIR) A yE—U%y,
TYTBEIA—ABRTS.

(2) 2# bucket brigade ¥

AoE—UREERBICE TR E &, BLV—LOHK
EXZOMAIEORETRL SRS, ZORKN—LEE
EEL—NVERE. ROWRYA I MZBNT, Z0Ry
TV IS TR LA —AEEREL -V LIER, &£
EHEL-NMR U TCHADFTEOREFEBI L LTHES.
IDLEWHREN—NOBEIREST-BHOELTRL
3. EEZEN—ABE—RLNA—NOBE, TOEESE
=T MR LTHMA v E—P% %5, ElRE
VBB AN — N DBETY, FOLEEET T
VHREHLTHEREL—NOBEERPERELDDORY
t-UE%D. LT =Yz FARIRRYALEE—
RANNA =V REREN VTR BAEERD B, =
DOA—LVBEROERY A I N ETE—V2 L PRIEEE -
EBATHY, T— AN — ORI EET 3.

(3) % hybrid 2

438k profit sharing & & 538 bucket brigade 3%
T5. BEREE LTR, FRFER LBNE®LO 2F0EN
b3 RARERDOBE, ThThBoh#BO 50 %%
FRCAVS. IRBRIBELOBE, FOUBIOF A
IVZELTH, BEILEMIBONLRRTERETS
FHLERBICERT 5 HERDHS.

S UILIOFATRILFI—CT UMY
AT AL

DRRL & DRC 2AVWTHCKERBHERHSY 7L
V7 4T eNFT=—V=z b VAT A (MAS/R: Reflec-
tive Multi-agent System) Z#ET 5. 27 AlXCLOS
(Common Lisp Object System) %#AVvTSUN 7—2% X
7—val (S5-7/300) RizRELE.

3.1 UTZLYa v

HORBHERER AN =X L2ETEVAT LRY
TZVIT 4T VAT A (reflective system) &FES [5]. 12
#£73 MAS/R Ti¥, DRRL & DRCIZESK V7 L2
Vav, BIXUAFHRIZESKIZLIZ v ardibb.

(1) DRRL ¢ DRCIZES YV 7V vay

ReAN— N L2 TRBR IS 2=V DRSS
$#V X, DRRL IZ & B3R— R A— L ORIRRITKET
5. DRRL Z il L CWBHEFA—LIE, R—RAN—N
LRgOT aF s va v A—pzkoTRBRENRTEY,
EETRRORNFITESNTRILFEREEShS. Zhic
L0, BARMICEBRHTAIL—ARELL, X5ITEM/E
FTHIV—ADBERLT, BfEFVFDY 7 Lo va vt
#ITT 5.

%7, DRC TR, &—XAAN—VERD AR, BE
BE7 2 —XeRTETTHZLICLY, BES TV 0
VZ7VvrvarBERIND. B—RAAA—IBETE
h3iEEE, =—Y=r F AOBRELV—AOMIT EITK
FLTEY, ¥E—2AAA—NDFEFTIE, DRRLIC
BErE25. ,

(2) AF7#HERITESIYV 7L I3y

R = — X LML ZE—F 24ET 502, 2
FHEERIZLBY 7L a % ¥AT A, Zhit, DRRL

.-*| masm o
MAS/R Rgward
’ ~}Moblile Rules
Distributad
Conflict Arbiter E:‘:m'
Message
- eton

MCR:
BCR: Base
MWM.
BWM: Base Woi

3: MAS/R O 27 AR

¢ DCR 22T _—AHRBEBE 6 DOLET = — X245
WL, BUBT7 =—Xk A X HRIZE>TRETS. &5
IZ DRRL iTRT 2 FE—F (profit sharing ¥, bucket
brigade ¥, hybrid ) % A ZHR CRETETS. -
T, TNF2—Vx /N VAT ADEE, Hx—Cxr b
RR22FFE—F CEETIEESRDY, oL X
E—RAMNNA—VEEREL— D FOEFE—FITEK
T3, ZOAFHERCES VT LI 3Tt B£F
HRLTVLTEAZNV—-AVTERL, AFEERBOAN
BRESOTHR T =—XE#RETSH. Zhicky, =—
Vb OERFEBT Y A 2BNICEEL, BiETY
FEMENCHRET D AN =X b2 EET 3.

3.2 VAT LR

VAT ABHEE SIFT. VAT AR, N—XHR
x. P (base inference engine) , A Z#HRT I
(meta inference engine), FBEF x> (Distributed
learning engine) , X HIEAAEHE (Distributed conflict
arbiter) , $R3# (effector) MO B.

(1) A8HRIVOY T—Vx FORBEBEND
DA E—JRESINT, ==V h ORONE
Tx2—X3EPE—F2RETH. $HE—FE
BFOBEAR, PHEET VIR vE—-URED
T 3.

(2) R=ZWRITIPY Ayb—VDRRBICEINT,
RINV—NVEHRIL, SHEREENEE, DRE &
BER L T RO

(3) NEHRAREE HEHMTAEESBIL—NE
BHT 3. oL, BRESENSE—SANL—
AEBY RS, BRA—ALZEDTHARIET 5.

(4) R/ BIN—NOITHBL BEEZRA L BEY
EBTE. £, BAA—LOITAHSEETL, k%
B (A ¥ EEER) OEE LBE~OTEOER
TS

(5) #48BFIT Y 2Be—F ORRLEM (FA)
DEEEITRV, _R—ZV—ADBR(LEE S 2T
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3. ¥k, T—SANA—LERIETEHER, £
DEEFET— V= Mo LTHRE (R 2%5,

4

4.1 B AT A

MAS/R WK NFH—r AR I2L—F EEEL, Y
RAFERHEERR. 22T, BEOF T
Ry —ERPRMT BoNF - REZRETD. =
Tz PR 12OV —RFEEL, LEZSCThHOT—
Sy b LHETE. 77 AT VP EILOY—EAER
(request) B=—T= bicBEMEhB L, =—V=r}
B CHREEITRVEDR LB, — R EREL, 77A4T ¥
Med—REVL27TD. VT BREELEND LBIEOL
HMANERELLENS VT va B — i Eh
5. =Tz R RONBARHERERL, FY—2
ORBARFNREMET 3 L 5 R EiTRYy, LBETHT
TRBEHE (QoS) DEERLY — DY) B2 2BINICE
WT5., ZOIAFF—RARHY Iz Vb—FEVIab-
v 3 VEF SLAM & Fortran # FIVWTHERR L, MAS/R
LYy LTHETAFERT 5% S-7/300 iia: £
L. Yalb—yvarvitAWkY 2R eI UFS
va VOEEERITTT.

(1) WU ZAN 7547V, ABAKORLZDE)
HY—VCRZERTS. VI ARDNRT A-FIT,
F— v ROFEE, EREM, Y—AHE (QoS)
THH. P—CRARRE, FETHEITF7va
VHEEERTERRL, 0%, 20%, 40 %0 3WEN
b5,

(2) FSUYH VI Y BET N4 ANLY—RICED
NABEZL—A% T F 7 a VTRETS.
F AL AR EHERE I FIa
i, $—_ATRBITIEER URRLAERSLS.

kT L F s v OBALIE, 30frame/sec DBIE %,
15frame/GOP (group of picture) T MPEG EfFL7 2
FATEEECTD. £EZT, FPIUFrva r0BfiE
GOP ¢ LTEx, BEMBIFEHOSH, VI7TAPIX
FHIOHOFF hBFEL L, ¥, F-EREH
EHERF P s VRARRTRELL,

4.2 R—ZJIL—ILEARIL—ILDER
(1) _R—RANL—LORER

ERA—LVOEER, TARRELV—N, $—1REFZ
SRREA—I, F—"RBREREN N F—EFAL—N
<ThY, TOBOL—LTEES ) FEBE L. T2
T, fTHREL—MZIZ, EBEE P—G8x, Y—F
AEE up & down Y, HARMBHEY OY— 0
AMTIE LT, 2UENOLRRIEHRON—NERE L.
H#— ' R AE down VM— LD ERIZRT.

IF

((Event (=S-ID =X current-load)true)
(Event (=S-ID level-2 current-QoS)true)
(Eval((range(=X [1300 1500])true))true))

‘THEN
((Action
(QoSUpdate =S-ID QoS-down ) true))

O —ERABRKD down 21T & LTHRD
A=A ThHB. F—AWRRLEEO range A THOHR

FEDRE D level-2 DIFEAIFAN—N LD, TOITH
oWTHE, SFEBO range BRE BN — NV E 4 DES
LTHEY, FON1OBRAAL—N 1D, EEMEL—
LY —REEINA-APE B ENREN 1 2RBATEHESI
A— R L TWBHE, Z03D0fFRIEEIHLA LT
Y L LTRELTEY, T EICXAHAMRHEICE->T
1 ODFHEIA—NITBDAENS.

(2) AFN—NDOMWR

AZN—TIE, _—REROT =—AREL FEE—
K O®REETTRY. 5EH, R—AHEROLET =— X DR
BEBRETANTY Xh (REHRA—AVTER) LL, ¥
YEe—F OLBHIBLTEDR LI AIL—AEREL
2. 2 FE—FOUBELEEL LT, TEEO#NNEL
7384 bucket brigade 3, ROMWEM (FRIOHB)
BONTIBE, profit sharing EEEAT S L\ 5 B
REBBERELE. Zhid, REDZA—AEBRHICEK
+TEFERE—C= PR ADRE SRS LAV TH
3. AZA—AORERICRT.

IF
((MetaEvent (=X current-reward)true)
ég;alk =X 0 )true))

((MetaAction .
(LearningMode profit-sharing) true))

4.3 FEIL-ILOER

TAMRE ORBEELLIFESNIPREDETLLT
SR E L IERRAEZL—LVERVWTRET . FXIE,
(BT RI Lo TH—_OAKRREMLLEICER LK
BE, TOFREBERLEA—MER L THRZSX5)
T DOEFL—LOFERICRT.

IF

((Event (=$-ID =X recent-load)true)
(Event (=S-ID =Y current-load)true)
(Eval( > (- =Y =X) 1000 )true))

THEN
((Reward ((Action
(QoSUpdate =S-ID QoS-up)
true) -10)true))

SBFEE P, Reward D3IIEHB Ay -V
LIRT—%v AEY (RETHEEALERROY—
¥y 7 AEY) DRARL~wyF VT 2R HBD. <o F U7
BRI LEEE, TORAvE—URERLEL—VDHA
EPSHE—-FEfoTEETS. REEEONKRLRED
NN RB—=RA N— NV OBE, EOEEE—V=V
23 U THM (cooperative reward) #2%%. DRRL O
W RET—VxV ROAFA—AIZE Y RESH
TWAED, BREMOME, = IV EDZ—V=V
r OFEFE—-FIEFTS.

4.4 #ER LB

vIal—varvnly47AREE 3600 8L LTR
EL, 15 HEBTSLAM OBREHR (FS o2 vav
¥, - rELTHE, V7 AMER) Fx—T=rb
(MAS/R) 23V, =—U=r hh b REREERMEL
G SLAM T3 LER (Y— g8 x, +— 888, QoS
FHE) 2ok, ==V FR1I5BDORVAHMBTR
EHSEZTEY, P—RcdT 3R (==Y 0
HiE) 28HLTWBED, YIalb—Yari¥AIn
WY 240 FOHEF L BILFEF2RRFIICEEL TV 5.
3z b—va A 7 A RREET D8RI, MAS/R IO
pWpm (HE L XRFE) 2K LICRB T SLAM o
BEOHLTE. Thbb, YIalb—YaltAINE
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0 E00 1000 1500 2000 2500 3000 3500

b 1000 1500 2000 2600 3000 3500
fime (sec) Simulation tme (sec)

(r) Third simulation cycle {b} Thirtyth simulation cycie

B 4: FEAHOFM (profit sharing &)

So 1008 1500 2000 2500 3000 3800
Simulation tme (sec)

(b) Thirtyih simulation cycle

0 500 1000 1500 2000 2800 3000 3500
Simuiation Sme (sec)

(8) Third simulation cycle

5: EHEBADOFE (bucket brigade )

BYBETZLickY, AREBRY—LiZwoF LitA—
APRFNTBIREND L5 ICHEHRE LTV A ETHR
T5. ERTIE, V7 L2vaORBEL2RERT 50T,
420¥FE—F TMAS/R 2B S8, ¥Fe—F
i3, profit sharing # bucket brigade . B hybrid #.
B8 hybrid 5CH 5,

B %€ hybrid #iX, profit sharing ¥ & bucket brigade
EEFARICRITT 528 E—F Th5. £/, BEYhybrid
Hid, #2 5 % b 7-R R T profit sharing 3 & bucket
brigade Hi% A Z HERIT Lo THEICHIH X 32T —F
ThHY, AZERTES V7 Vo v a v OB ERET
DERTHERE L.

=P, VIalb—ar3YAIANEL3 0 A2 NE
BT B —RAF (FF V¥ va v OBEELE) O

o
0 500 1000 1500 2000 2500 3000 3500
Simulsion Time (sec)

{n) Third simulation cycle

° 560 1000 1500 2000 2500 3000 3500
Simutalion Time (sec)

(b) Thietyth simutation cycle

X 6: FHEAHOFME (BE hybrid &)

° 90 1000 1500 2000 2500 300 3300
Sirwiation time (ssc)

{b) Thirtyt simutation cycle

500 1000 1500 2000 2500 3000 3500
Simulation time (sec)

(a) Third simuistion cycle

7 FERAOFME (B hybrid )

BEZEFEE—FRCHEULEY 57 2RAMBRTIC
Y. Bt IaL—vs VRMERLTEY, 757
DY O IIEWE CPARRTEREIhTWB I L%
LTW3. ZNZ578Y, 2TOEFE—FT3 094
7V ARBNTHBESEDHAICHB L TRY, DRRL
L DRCIZES YT vy vavickoT, AMERLD
FRIZA—ABKY R ER, ) I RBMIcREShT
WHDREHHSB. T, E40 profit sharing L X5
@ bucket brigade IR BT HL, YIal—va Ly
HEPE (3942 VB) ITBVTH, profit sharing #i
FHRERBB/BLNTVS. ZhiX profit sharing ¥,
REN—NERUT D dOEPEERBRNILICLS
bOTHS. LHL, 3094 7AEIRBVTH, bucket
brigade I HH 2B ERBLNTWS. i, bucket
bridage ¥2' % 0¥ B RE L HMIZHRIE LTV SRR
RWeH, REXEEE TR LA —L 08D AL SR
EEBEEShTWBZLzkBb0LELS.

6 DEE hybrid # (fixed hybrid) T, profit shar-
ing ¥ & bucket bridage B:DEH OFIAAIRIE L PRIAY
REERBBLN TS, #IZ, profit sharing ¥2% bucket
brigade KB 52 2B TEEREITLTRY, BY
hybrid 2LV b Ia b—va VB TRRIEVES
BR/ONTNS. ¥k, B7 OB hybrid ¥ (dynamic
hybrid) TH, AZHRICLBYV 7L 2 vavicksT
profit sharing # & bucket brigade IxZ BT L TR
Y, 3 0% A7 VEIZBVTIZE 5 D bucket brigade # &
FROERBBLATVS. ZOFEHEE—F TH, bucket
brigade % EMKIZ L T profit sharing ¥ & B BB
LT3, bucket brigade BOFIEH R L2 b
profit sharing LOFRERY RATNS.

RIZ, 1V Iz b—va ¥4 I MR 25 8EDE
WEERHL, YIal—va oA 7 L OBIc8ES 2
BIRRRAER LAY 5728 IRT. Z0Y57itH
WT, B/MEZBTV3DiX bucket brigade ¥TéH 3 2%,
25V AINIPBIOFAINADYIab—Tg VEER
BWTHUKREEBLTWS, ¥/, BELENLI
REMNZH 5 DIXBA hybrid IETH B Z L b25. B
9 hybrid %1%, 5 A ZAMEDY T2 Lb—a L Hill
BRIZBOTHRVEREZBTREY, AFHRIZESY
Z V7 va YHRBBHF RN TVS. EE hybrid #i
profit sharing ¥ OEENRMA, At bucket brigade
EOEPEITLHTHEELTHEY, Y Ial—al#
FEBWTEELAMREZETHS. ULEOKE, Bal
WP 3 &, B8 hybrid AR L REEBICHT 58
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Profit sharing
Bucket brigade
Fixed hybrid
Dynamic hybrid

ptie |

Mean value of variance
n

18 20 25 30

1 5 10
Simulation cycle

8 VL Ial—a P A7 NVDIRK

BHRBVLDOLEXS.

I, ==V b OHERBEELERLLBEOE
FINAREE E 9 1ORT. Fx—V= b OHEREER
OB ELE. ZOBERBIIEYNF VPV e
VEINERD 205 ThB. ZOBE, -V bOfT
5110 BEOBRERBIEASh D, =—V=V}F
ELTHRBREES X FRLAT/EEATILOIRVT
VFEHEL TV SERHS. RIDFF7 T, £
TOREBE—RIZBVWTHS LY bANEBRKEHA
nTW5a, Z ZCE hybrid #EIZ2OWTHE, VYIalb—
Va VBBV TOBEESEOT A FRICGEL TR
Y, OEBE—FIZH_RTRVERZHBTWS. ¥,
B/MEE LTRA X8 LUERTRASOERE/TVS
B, EBBITHOBERIC L > TR EHERBETERH R
IR CH B Z L R8b»s. FIZEM hybrid EIZH>WT
11, AZHRICLZFETE—F OPBELBIEE X O ITHHH
FTAZ L TREESHENZALSERZLRTHELELD.

5 8hHhYI

ERICTIE, FERERERICETR LBV 7V IT 47
PAF =Tz b VAT A MAS/R ROWTRAT. ¥
72, MAS/RDY 7 VL2 vayv ($8) Bhe2OHR%E
ERTBEbIE, BEOAFF—RTIaL—F LES
LTEMEY AT A% ER LESEZFHME L. TOKR,
B U ARBELBICEGT S L O CHEEh, FE
RUFYFIREEMCBKINAFTRCRETHZ L 2R
WL, I T, KIRT AOBREEB~DOHISEAI,
TFUFEBRLTVWAAL—ADREIEELTVNAS. L
ML, A—AOREIEVA—VERENT S EEND
Bz, &%, N—AOKHELREEL THACRNL
TWSERHB LD LEZXS.

FMEE
KBRS (B) 7 L3 MEMERTIRAX R 5 — B0
PRHEO—BE LTHRDRLbOTHS.

Profit sharing
Bucket brigade
Fixed hybrid
Dynamic hybrid

$tie

Mean value of variance
N

1 5 10 15 20 25 30
Simulation cycle

9 %W Ial—a L HAd 7 LOIRK (#R
BEE—F)
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