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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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oxtemal
Environment & revard
1: s F—Vx N ETFNV

REBET B, £k, EELRIREPGOAYE-Y
LRATAEDREEBICL Y BT S.

X#FEE (support) 1, V—VOFEHLRBERRLTR
Y, RELMEU EOXREERREFON—NETEEE—
W (activated rule) & LTHHZ & T, BREEBIZELT
NN DALY — B TRT S,

N—ADREELY, BENLOBM (reward) IZX->TE
L, BEIHTITHOHEAKREBAD THIERITHE
mL, EHTHIBECBHEIRD L TRARAL—IE
BRWIKT 5. ThEA—LR{IEEE LR Bkr—L
DFTHIXWFIRITRIRECH 528, HEHEATH (mutually
exclusive action) ZFORANL—L3HHPE, TOH
ELXFENOREBINBMTHEANTHARELR
B, ZhIZXY, Mr—NERE RS — L OR TSR
LTEA—ABRKLELARY, FRE LTREERIC
BERICECHEBL TV YV 7V I T 4T RAI = b%
EHRTE 3.

22 T—Cx b OBMEST UL

#8HF Y (mutually exclusive category) , EEA—
ABEUVEETR» bR . ERRENCE, REBELM
MUFERA v E—URBMEING. AvE—TR, ROEX,

(aver b4 (5i%) HEE)
TRATS. ZIT 2/ b RAT V=7 MERICE
357 FRAHYL, Ayke—IRarel oL RY
VATCHB. fok xiE, hostl 2 host2 D server THD T
LERAyE-UERBATHE,

(server (hostl host2) true)
s, {EERIBIC A vy E—UBBRMEND DX, BK
A=V RMETIT L DBE L RENOEFEEXOND
BELRDB. V—i3, (ERRROARTHET D%
WL Ay E—UERITTITHRBLORD. L— (Th
) IRWFIRITARETH S A, HESMK YT TV 2 BT

(strength & support)

d Rule Coop

X 2: mEBRET NV

51T% (FREHLITH) AT EEAVWTRAREL 1o
DAL, ZZC, RECH LTS EALEES,
BRA%ORFEEESRR L LIV —-V E O= v F VT BRR
bh, BMORELA—VRILFERERESND.

2.3 HBBHEAA N =X L

r—Vx v NHONBBAETTAER2ITRT. =—
VxR RBRTS L E, EVICBRBAFORLL—L
XHDORANV—NVEFGITRY AL, [FiTEERVTHR
ARHERD, ThEaBuv—/V i3 (DRC:Distributed
Rule Cooperation) &PER. ZZ T, BAV—N%FED
Uz BREEZEL—C= V), BITRAT—VY
FEHERF=—Tx v ERE, EBHTARAL—N
ZE—/A L/—/V (mobile rule) &FEE. ZDE—N
ANN—NDEBRIL, BE T VA OHRAZRYALZ L
IZHYLTRY, BEV T ) A ORELBNICERT B -
HO®BPAY =X L2 EZS.

HRET T PZBWT, B—ALAN—LDFT
AEBEFTINTEE, TOTHOEAKRLEAHOE
BA—NVRESWTIEL, @ME 2RO 2 yE—
VERAERz—Vx U PREALD. ZThESBA—LR
{28 (DRRL:distributed rule reinforcement learning)
LR, T—RANA—AREENBRATHSDITHL,
DRRL T, =—V=r BB\ THENHTRON,
BREERT 3. =AM NVA—ViT, BEHMITEE
FON—NABRBEKLIEFETBRELTREIRDIZ LM
TEBLD, HT—Vx U FRIEHHHESHNLT Y
ERET AL TCHROLDOBERDOHENTRETHS.

2.4 DB —ILAEEE

SN —NVRIEEEB I, profit sharing ¥ [2, 1] &
bucket brigade ¥ [2], & HIZ 2 2% FFA L7 hybrid 5%
R—=RTLTWB, TIT, ¥ profit sharing ¥ &
bucket brigade ¥512 & 5 DRRL TiX, E—3A A —v
IZkoTx—Yx vt M E iR WML FEE % EH
3 5. %7 hybrid IR CRFE LA LB ERT 3.

(1) Lk profit sharing ¥

N—NDETBRELRFL, THOEAR, FEL—N
DHFEIT L > THEX b H8 (FRD) %, BFTIL—
NRINTH LTHERET 5. B— R M —VDBFATE
h3at, FTRERT - FRIERIRSD, #
B (FIRD OQExEL 23— /N =S AN— R
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EENDARENRDSD. ZDLE, TE—NANANA—NVDE
EHFx—Yx Mot UTHB (FR) Ave—T%%Y,
LU AL—AERTS.

(2) %# bucket brigade &

Aoe—UREERBICEERAL L &, BRV—ILDOR
ExZTOMHEAORE I S®E. ZORKV—LVEE
BEHEN—LERE. KOERIAINVEBNT, ZTOAY
E—DIT Lo TRALIEN—AEBRENL NV LEER, 4
EHEL—NVIZH L TEYDOMFITEOREHM L LTES.
IDLEWPREN—NOBEIREST-BHORITTHET
B, EEZEL—NABE—RL NMA—NDFE, TOEESE
IV MIH LTHRMA vy E—U%2 %5, $LHERE
W= BRE—Rf M- N DBETE, EOEEHT—TVx
YRR LTHEREL—NVOBEERDPERI DDA Y
v —-UFES. 2T, V=2V FRCRYRAAEE—
RANMA— L BREREN—NVCRBARERDZDOE, =
OA—NBEROERYT A ILVE TV FHIZEE-
BETHY, B—NAAMN—AOHERMICEKET 5.

(3) %#¥ hybrid ¥&

43 profit sharing B & 9 bucket brigade #:% Hf
T5. BEREE LT, FREA LB L0 2 /S
»5. ARERAORE, ThThBoh =8O 50 %%
W AWG. TRBAYREXOBE, TOUNEBIOFA
7L LTI, BEILODHMRELNERRATERTS
FELERRBRTTRET 2 HERDS.

SUITLITATILFI—-DzbY
AT L

DRRL & DRC *AVWCBEXERAEF I 7L
27 4T eNFz—Tx b VAT A (MAS/R: Reflec-
tive Multi-agent System) 2T 5. A7 AlXCLOS
(Common Lisp Object System) ZAWTSUN U—Z7 R
F—3a ¥ (S-7/300) LicEELE.

3.1 ULy avii

BREBRHETER A =X b2ETHVATF LY
TV IT 4T VAT A (reflective system) LPES [5]. 18
£+ 5 MAS/R Ti¥, DRRL & DRCIZESK Y7 L72
vav, BIRAFERICESIZVvZvardbsb.

(1) DRRL ¢ DRCIZESRVZVvIvay
ReZ =M Lo TRBRENZ =~z F DIRD
#\\X, DRRL IZ & 3R—AA— A OWRRRICESET
5. DRRL z#l# L TWAEFL -V, X—RV—N
CRBOT R I va v A— Nt ko TRBRERTEY,
FERBORBRRESVTHRIEFIENEREIND. Zhiz
L0, BAREICEBRT A A—AREILL, ELIZERL
THEL—ABELLT, B VIOV 7L va U
T 5.

¥7, DRC T, =AM —NVEBY AR, B
7 =2 — X B TEITTHILITED, BHELF Y Z D
V7V rvavBERERD. BE—RANN—ARFETE
3R, =—Y=r b HOBSL— A OMMT T
FELTEY, E¥t—2MAA—ADFETIX, DRRL I
BEEY525.

(2) AFHRICESVT7VvIvay

R 7 = — X LBLEBEe—F2HEET 220, 2
FHRICLBV 7L aryE¥AT S, Zhii, DRRL

| masm
- geomm
— —— Mobile Rules
— =
o -
g:v‘\rl‘h!,c‘;'z:‘bihr External

MCR: Meta Concepts and Rules

BCR: Base Concepts and Rules

MWM: Meta Working Memory

BWM: Base Working Memory

FR: Fired Rules

CRMR: Cooperative Reward and Mobile Rules
OE: Out of Events

3: MAS/R DY R 5 hBR

L DCR 2B Le~— A HRBBE 6 DOLET =—XZhy
FL, FUAT x— X2 A HERIZE>TRETS. &b
IZ DRRL {281} 34T E—F (profit sharing ¥&, bucket
brigade #, hybrid ) % A F#RCRETET 5. -
T, TNF2—Tx Vs VAT ADEE, Hx—TV= b
BRRZEEE—F THET AFREENDD, Z0LE
FE—RA NN —NEEBRE L — D h OFEFE—FITK
FT5. ZOAFHRIES YT LI a TR, ¥H
HWRF VI EAZAL—ALTRRL, AFZEEEBOA
BRESNTHR 7 = —X2RETSH. Zhitky, =—
Pz OHREE TV ARBRNICEEL, EifELTY
ZFE2HERCRET A AT =X L ERT 5.

3.2 VAT LR

VAT AERERI BILTT. VAT A, X—RER
.Y (base inference engine) , X ¥ #HER= LTV
(meta inference engine), HEF ¥ (Distributed
learning engine) , I AR (Distributed conflict
arbiter) , $IR2% (effector) HMRB.

(1) A8¥RT VDY ==V PORBERENLD
DAy E—VIESNT, =T—x bk OROLE
T2 XL ZREe—FERETS. FPE—FE
HOBREIR, SHETE DU AyE—U%EM
3 5.

(2) R=—ZBHRIT VOV AvE—VOARCESNT,
FN—VEHERIL, SHBARNESE, DRE o
HMEBE VU EFFUHT.

(3) HUBARNR MEFMTHERSRIL—LE
BT 5. Zor, BRERILE—/MAL—
NEBRVRER, BRV—IMZEDTHARMTS.

(4) HRB RANV—AOFTHE L BEERA L BN
BB B, BRAA—-NVOFEREETL, EE
El (A FERREE) OEE LBE~DITROEA
PEBT 5.

(5) HEEIT ooy F/E—F ORIRLHM ()
DORERITRVY, _—RN—LOBFET 2 EHET
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5. ¥, =LA —LEHBILTDEEIR, £
DAEFT— Vv Mozt LTEM (FAD) 2%3.

4 Fm

4.1 FHHES AT L
MAS/RIZOAFP— B I2Lb—F 2FHEEL, —
RATEREEEERA2 . 2T, BEOI T
FH—ERE28RETE>AF S — RELBETD. ——
Tz ME1o0O%—"2FHL, LHBEE L THRO=—
e b LBRTB. 25 AT I RENLOY—EREK
(request) Bm—Tx biZBIENE L, =T—Vx b
M CHRW 2T RVEDR ARy — " EREL, 7747
FeY—REY2TH. V7 BRELEND LBEDL
HAREHBL LI 7V F 7 va R —ickiish
5. 2=V NI —ROABAREERL, -
ORBATRERLT S X 5 ICBREZTRY, LBETST
THREHE (QoS) DEERY — DG Y H 2 2BIAICR
T3, ZOeAFY—1RAHYIaV—FEVIalb—
3 &7 SLAM 2 Fortran # BV TYER L, MAS/R
LY LCHEHBTBF MU AT A% 5-7/300 LTS
L. YIatb—vaVillnwWkEY 2R ERNTF VTS
VaVOEBERICTT.

(WM VHZTAd 7547 Mg, RBAHORRDE
HY—EREZERTZ. VI RAIDRT A-FT,
Y- RO, EREM, y—EARKE (QoS)
THd. V—CRARER, ¥ETE N5 Frvs
VHEAETEBL, 0%, 20%, 40 %O 3WEMN
»h3.

(2) bSO VI Y BETSRAANLF—RILED
hA3BEZL—AZ T F I va VTHRRT S,
FRA AP —REZEHENBE TP IVa v
1, Y—R_NTRHLITFIEZHR LIRRLAERSNS.

NG I a3 DBALE, 30frame/sec DEE %,
15frame/GOP (group of picture) TMPEG E#E L7 #
FAT ERZTS. ZIT, IV Vs vy OBE
GOP t LTE X, BREMMITEHSH, VIR T
FHIOBDOT U F ABIFEL LR, £k, $—EREH
X, WERS U v a VEBRRTRELE,

4.2 R—ZJL—JL& AR IL—ILDER

(1) R—RN—VOEK

ERA—-NOBEIX, TAHREL—NL, —rE1FZ
FREN—I, F—_EREEL—N, 2R —)V
THY, TOEBON—NVTEHEL YRR LE. T2
T, fTAREA—MIZIX, BEME Y—RE8x, -t
ABE up & down BBV, BAREMSHEY OY— ULE
AL U T, REBOHRBRRZBEON—NERE L.
H— ¥R EE down V— L OFERIZTRT.

-

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

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

ZON—VEF—ERHRO down 2178 & LTHES
A= THh5. - "ATREMEED range N THDHR

EDRE D level-2 DB A WERAN—INVERD. ZDITH
IZDOWTHE, RO range BRL BNV —VE 4 OEH
LTEY, 2OR1OBBANL—L LR B, EEHEL—L
P —REFEZA-APE BTN TN 1ORKTH LI
A=A LTWBE, 03 DDTHITHEEHHLALY T
FYLLTRELTEY, HHEICLABARHEICL-T
1 ODRIAL—AIZEYIAENRS.

(2) AZN—NOWER

AFN—)L T, R—AWRDT = —APREL FHE—
K ORELZITRD. 4E, R—AHROLHAT = — D%
EXEERTNANTY XA (RENBAV—ATER) &L, %
Be—F AL TCEDR IS5 AZA—AEREL
. FHE-FOPOBLEMBLE LTHE, TEOBIEL
7235 bucket brigade 35, RAOMEB (FRIOWE) 2
BONEES, profit sharing BEBAT S &\ B
ZERERELE. ZhiX, R#ERL— 2 BRIIZRK
TARHFRILE—Y bR HEREZES Z LRRNTH
B. AZN—NVOWERIZTT.

IF
((MetaEvent (=X current-reward)true)
T}({E;al(( =X 0 )true))

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

4.3 FBIL—-LOERE

THEREORREEL LG SNBHRLDEIC LT
HWEE L RF 2 EJLV—- AV ERWTRETS. AT,
THAITHIE o TH—ROATHRIREMU LICER L
BA, TOFREERLEA—NMIKHLTRAZEXS)
EHOEFGN—NOFERICRT.

IF

((Event (=S-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))

FEFB P12, Reward DB [EICH D Ay E—D
ERY—F/ 2EY) (BREZTHEHEA LERRAOY—
X27 A®Y) OABRL~yF VI 28BS, v vF 7
CRILEES, TOAvE—VEERLEAL—ALDOH
ExFPE—FRIf-oTHET 3. REBEOXNHRLERS
NN RE=RLMN—NVDBE, FOEEEFT Tz
P XU THM (cooperative reward) %#%%. DRRL ®
EFE—-FR{FXE—VV FDRAFA—MZEYRESH
TWA D, BREMOME, T~ IV EDTZ—TVxy
k OEBE—FITEKETS.

4.4 HR LG

Yialb—vavD 1YL I ARERE 3600F L LTR
EL, 15BHKTSLAM ORERE (b v Frvay
¥, y—FLITHR, VA MER) 2x—V= b
(MAS/R) 1%, =—Ux > b Db IMERBIERREL
T SLAM 2/ LR (Y— 80X, ¥—8#, QoS
EH) %ok, =—IV= MR 15 DO ALHTIRB TR
FERREZTIRY, YK+ 385 (=—V=rb0
BEE) 2WHLTVWAED, YIalb—var1da20
%Y 240 EOHR L BILFEE ERRFIICEBL TN 5.
Y Ia b—va A 7 RT3, MAS/R o
SURER GRELXKE) 2EFLIRIBCSLAM o
ZEOMETS. Thbb, YIzb—vardAILE
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{a) Third simulation cycle {b) Thirtyth simutation cycle

B 4: FHEHOFM (profit sharing #5)

050 100 1660 2000 2500 3000 5800
Simulation me {sec)

(b) Thintyth simulation cycls

©¢ 500 7060860 2000 2860 2000 3800
Simulation Sme (sec)

(m) Third simulation cycle

B 5: HEEH O (bucket brigade 1)

MYIETZLiTLY, AWK Y —ViTvyF Lir—
URBIICRIREND L3 ICHERE LTV AL M
T5. EZRTIL, VL2 va v OMERRERT I DI,
4-o0%FFE—F TMAS/R 2B S, £HE—F
¥, profit sharing ¥ bucket brigade ¥, BEJE hybrid #.
Bh# hybrid %2 TH 3,

%€ hybrid #iX, profit sharing ¥ & bucket brigade
EEFIRICRITT 228 e—F TH 5. £, B8 hybrid
T, S5 % bR A T profit sharing 3& bucket
brigade % AZ HRIC L > THEICOE L 3 EEE—F
ThY, AFHRTESY 7V I v a v O0hRER-RT
5 EMTHERE L.

7, Y2 b—vav3PAINVEL30Y A AE
BT B —REWH (7 F 7 v a rOBEE) O

nﬂ 560 1000 1500 2000 2300 3000 3500
Simulaton Time (sac)

(b) Thirtyth simulation cycls

5™ %00 1000 1530 2600 2500 3000 3500
Simulation Time (sec)

(@) Third sirnuistion cycle

X 6: FHEHOFM (BE hybrid &)

0 B0 1000 1560 2000 2500 3060 3600
Simutaion time (sec)

(a) Third simutation cycle

0 800 1000 1500 2000 2500 3600 3300
Slmulation time (sec)

{0) Thirtym simulation oycle

7. FEEAOFE (858 hybrid #%)

BETAFFE—FECHAELEYZ72R406RK 712
Y. BT IalL—va VERERLTEY, 57
DEBIEN O IEVECATRFRESIh TVWB I LR
LTW3. ZoZ778Y, £TOFFE-FT30VA
I VBBV THBEREDHFRICHEB L TEY, DRRL
EDRCIES Y7 VvrvavitkoT, AMERLELD
FECA—ABRY AT, VT ) T RBIZRE SR T
WB0RLRPB., T T, K40 profit sharing LK 5
@D bucket brigade X LB T DL, YIal—a L q)
AERE (3 A7V B) IBWTH, profit sharing ¥IT
FHLRHERBBLhTWVWS. Zhid profit sharing ¥25,
REN—NERERT D DOZFHERERBNIETED
LDTHD. LiL, 3044 Z7VEIRBVTHE, bucket
brigade BEIZHFIREENRB LN TWS. Zhid, bucket
bridage B33t D F T BB L HMICHRFE LTV SRR
BWVWed, RELSE FH L b— 0ok ABREHREA
CEEENTVWARZLIZEDbDEERS.

6 DOEE hybrid # (fixed hybrid) T, profit shar-
ing ¥ & bucket bridage D OF| AR L by
RERNBLRTWVWS. #IZ, profit sharing #£2% bucket
brigade KB 5X 3 TEFRETLTRY, BN
hybrid 5LV bV I a b—va VEIBRETREVWEER
BRLGATNS. 72, 7 OB hybrid ¥ (dynamic
hybrid) Ti¥, AZ#ERICLBY TV I3 itksaT
profit sharing ¥ & bucket brigade E#BIICEIR X TH
Y, 30%A ZNVRIZBWTIXE S ® bucket brigade &
FIROEEBBON TS, ZOFTE—F T, bucket
brigade #i% EHIZ LT profit sharing % BT H AIZE A
LTW57=%, bucket brigade sDOFREHRFF LR L
profit sharing IEOFRERY RAATNS.

KiZ, 1¥Iab—v3 A7 BiT 3 08EOFE
BEERHL, YIal—va ¥ A I VOBBICHED ¥
BEGRBER LY 77 ¥ RBITT. ZO/57iR
W, B/MEER TV D013 bucket brigade ¥ T 3 28,
25947 B30FAIADY Iab—Ta V¥
BWTHEUKEKEBHLTWS., ¥, RELAENDLI
REMITH S DI hybrid IETHB Z L Bbh 5. B
9 hybrid 3%, 54 A 2 VAHEDOY I 2 L— g V)
BRIZBVWTHLRWEREZATERY, AFHRICESY
ZVv7va YHRBEECENTWS. EE hybrid #i
profit sharing {EDEEIIRAR, That bucket brigade
EORBEZITLHTMEELLTRY, YIalb—vals
FEBWTERELEHEREBTVWS. U EORR, REWN
1P 2 &, B89 hybrid X0 R b BBEEBICH T 58
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Profit sharing
Bucket brigade
Fixed hybrid

bt

Mean value of variance

1 5 10 15 20 25 30
Simulation cycle

B8 #BIal—a A IADIUKR

SHERBNLDEEZXS.

IIT, =—Vx P OHRBELERLBEOFE
BIRFRREER 9 ITRT. Hx—V= b OHEREERM
10 BICRELL. ZOBERKIIEYNZ F7va
VERBBD 200 THB. ZOER, =—V= bOfT
AT 10BDEOBRERBEEAIRZ D, =—Yx v}
ELTRBRAXS 2 FRLELTRZEATIIORVT
U AR HEL TV BHERDS. RIDSF 7T, £
TOEBE—FIRBVWTHNE LY bAWEHRKELR
nTw3a. ZZTEM hybrid #EICOVWTI, ¥YIab—
VavBEZBOWTABERRDT A FRICNELTE
D, HOEFE—FIZERTRWERE2ETWS. ¥,
B/MEE LTRB X8 LERTRAEOERE/BTWSR
Wb, EBHITAHAOBERITL - TEIT EHERETER R
INFEETH B LRbnD. FHIZER hybrid EIZOWT
1, AFHRZEIEFE—FOPELEME X b ITTH
THZL CRERGEAZALIESZERFAEBLEELS.

5 EbHYIC

ARILCTCIE, OBBRBRCERCEBITZVIT 47
PNFT—=Px b VRT A MAS/R ZOWTRAE, ¥
72, MAS/RDOY 7V vay (38) HLT0HRE
BERT B, BEOVAFF—R_T Iz b—F LiES
LTIMES AT AR ER LESELZ M L. T OMRE,
BEL T U A BRELBICHST 3 L O BEESH, X8
R Y FREBOICEKEN S FANCIRT 52 L 2R
T|WLiz. T2 T, AVAFT AOREFE~OEEEAIT,
TFUFEERLTWAA—AOREICEEL TS, L
ML, M= NVOBEFEWVA—ABERERT 5WEEERD
Bk, 5%, N—)VORE LRECLTHMCRNL
TV LERHDLDLEXS.

o F2

AFEIX () 7 Va2 ARRERHAZE 72— B
BIRHREO—RE L TITRDbAE LD THS.

Profit sharing
Bucket brigade
Fixed hybrid
Dynamic hybrid

Mean value of variance

1 5 10 15 20 25 30
Simulation cycle

B9 #H Ial—a Pt A7 NOIBE (R
BEE—F)

2E X #k
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