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Abstract Blackboard architecture was designed as a means for dealing with ill-defined and complex problems.
In order to improve the efficiency of the systems using blackboard architecture, this paper proposes a
mechanism for fast detection of knowledge source activations which can contribute potentially to the problem
solving of blackboard systems, whenever the state of blackboard is changed. The proposed mechanism uses a
Rete network generated from the activation conditions subscribed by all knowledge sources to process the
pattern matching between blackboard data and the activation conditions efficiently.
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condition, Pattern matching.

1. M2 Eojsh kAol vlgE S glck BERE A2ge 7|
B4 aase AEIE sdEs A4 995
e Asadol BYRe 12E Aot 9§ (knowledge source), - ko] HPH FARE, 1
A AL AA 2A Eol B Alolshs Aol HEolTHA4).
o] ol sl EWHEof= A o] o Zagh 4 tlolE,
3 A2 7k A ' AEE ik 2SS siEE, 22l Ao} Are
EHlolA, ZRAI~ Alol, 27 HlH 59 thafet o 2 & HolEEe] A% 4 Sl SR =] AHl=
] .O__Q_El 2~ 0]1:]—[1] .ELEHEI: JIR= ,{]_/:
3

g 1ol o BA| Fo] BpAgof Fest x4 AHE9] dlolE g, A

AR, R, ATE O] AL So] FAHL Zh=r} A, 5F Ao o5} H%g}ﬂr:}
[2,3]. A4 PHEL EYHE AAFof| 2= BAES
EWRE AAH 43 HFAlS TxA E7] ojgle  F Ul o Aw A& 7L Qlty EHEE AL
A5 BAE Z7] 5] thokgl Hope] MEvMSe]  Hlo HofRk A4 dHE9] A& A FE2 2uUA

2 =S et B ddmAE A5E )
WAIAR} ;. A8 Z (hjchang@smu.ac.kr)
q2=2] 104 11Y 292 22l (12 1149 019 032, 23} 1149 02€ 082) AAEAY 119 029 102

=

888



24 A4 GHEY A& FAE SR vAUE
£ A2gle] ol 2 QEe 02 4 odrk 2F A4 9 Ao pelE thaks 220 AR A|A1L A4 A4 93
He BARso) ojw AlgolA A4lo] BAstEel B4l 7 B BURSE 8319k HEARSAY-N9] o]
Zo] TR 7T 2= QTS WAE] 93t 7|12 % 8 AGE[7], BBI[8], ERASMUS[9], L8] GBB[10] &
AE deth & =RollAle ol 2 7 =48 #3839 SHEE ALHEo] AEE.
7] 915 e XA 9N FYF £ Helactivation  Rete YES|ZE Tere] fEST} ko] dlolej7to]
condition pattern)o|2}al 7]&3Stcl, EHH O] HAY AME) el mRe  AlLslA 2dEl] st 7]goloh
7} ojw 2|4l Q1He] Bt 2 el wEAZIckE,  OPS5[11], CLIPS[12], JESS[13], L&]1L Drools[14] 52
72 A4 Qo] gt 34 1|4 YAS(knowledge source O] A4 71 A AES0] Rete YEHTE AMES
activations)& AAS 4= itk BASh 27 WEo] W 1 Ik Rete WESIAE Thot dlole) 2 wjde] mE

A7 2 A4 PRES SIS Al AU S
dhat me Al ol A 3N 7)&HT.

Alo] BEE by BAME 5o Ao|2] ST B
A A B A4 DUDE AL
A0tk Alof BEE Theo] ST BA A4 2HL e
Aoz A S5kl BA A4 UHES HH=

9 7k 4 gtk

W2 A 3] AladlEol 5= U (conflict set)
zke) e o] dA el gz +3E - 3l

£ 3 50 Ak s BAI5] $15te] Rete
MEYS] 7148 AHgst glek Y T3 ALE
A FE WTL BAE WAUS) AR A2
s Aol S Fastch BARE A2goli s
4 ANE % BARE] A4 Yol B4 B
ool FAHOE Folg 4 Gl BH A4 UAES &
2HOR GA3y] 9lat WAUZo] BARE Axge)
AR A el Fastch £ ge A4 A9E
28 245 27 WUES SEWo Rete YEYIS
S 1 Rete UIESIRE ol gstel Halno] el
7} wiaker et 24 Folo] GAHHOR slofd 4 )
£ 34 A4 QA5 W Ak AR Sig

AAUZE A AQkE HAUZS 7120 Se
= A29EY By A4 4R g4 WAUSED 2
Rete W|E o] 7uhe 31 Qlek. 7|2e] FauE A
SYES B A4 AUES BAsH] Slstel B,

ad==

o %

\aye)
*6] o

=3

¥ (demon), = A Y|E Q| (discrimination network)
SOl 1&ES BEeR E BUM0 A8 9
2 =529 A 232 B Aol gt Aolck A 3

AUz 7z, 54, aelm B}

Folde Atshe o
of tiste] 7]&dbch Al 482 dEolth

2, &3 Ay
BN 228 HE2 AGH A2HE 34 A4S
918k A]2819] Hearsay-1I [6]o]ch. Hearsay-IIt= 24 <1

889

_Q_]O

1%k 4= Stk ¢l& E°1, Drools A|2HoA] LHE
Rete Y ES T = Java AA|EL dlojg 2 AMEsh= diE
3L B = ok Rete YEY A= A 3] Al&
oA 5 AT A&3HA FA5H7] f18ke] 1¢tE Sl
AE A 2] Al2EEE 915 7]1e2 ot aﬂ“
o], Rete U ELIE= EA HoE /\I/\E"Oﬂ/ﬁ Heb F
< G5 91 Het = EJ%
[15], AZ7IHE ofo]HE
olgd =& UrHle]

By He AAgT) WA F2] AA"EL JEF oz v
L EYHE *V\E"o"’\ih 1]4] HHE 9
Ban o) Abg
]AE""ﬂ’H—‘: A 3 %oﬂ o3 &
dlolelE AsH] 9Iste] A el st ApEct

EHEE *lé%ﬁﬂ A4 A2 Heﬂicq *PEH7}

i =2 7

m{n mln

EAS
T
Ho

ShR|uk, AA FZ }\]/\Eﬂoﬂ}\ﬂ
= 2o onl AAE

/\Elﬂgl 2|4 YAEL Q35 Z]
Adofl mEbA ohE A4 -
7o) A4 Ea WAS ST 4 3lek. o
A?;_ ARgBHE 214 AT B2 23] 7
170] sfite] BauE AAHOA 7
Rote YR8 Aok 49 512 AL
2Bl A4 YHOR ALgEHE A2

dst

N

=

¢

0

=

I> s
o ol

N o ot

HI

[‘l

= Asge FASHE ofF 7H) anEe A
o] 1@—:@1 ARG Aol Gake 1A 4= ek Sene
A Holel g mgT A4 AHEe] o Hol
o] AM, AFe] AHA|, 22A] HAAAE] AL AMLS 50}
of TeRE AxgY S FAAD 4 UehIo]
Ak 7ol A A4 gREe] BA| Bol 4L WA
2 AeE 4 YES o] §I5 A o] vt

Z]

rﬁ IOH



LN

A12H A2s, 2011

FEN7,18]% ZEAskct

HEARSAY-II= 2 2|4 AHE9] 884 GAE 9
sto] EUHE to]El ¢ Q}Oﬂ 'JO}W ZPEEE
2HotE= HiE 7Rk A4 o
ARESHCH6,19]. HEARSAY-I1Q] dj& 7]HP_‘] Z| 4] %l%j_
A%} HAYSE o] o) lE g2 EUHE AAE
ol &S v GtE. HEARSAY-I19] 2|4] %2 271
7 HE(condition component)?} 52 F3EW E(action
component) 2 LAECH 24 74;‘7;552} =2 AXHE
L olojo] gz gHER 1HE 4 ¢Irh. HEARSAY-II=

=43

ol g3to %
t}. Poligon A|2~E]2 HEARSAY-II /\]
A4 BRSSOt agenda)S A
Moz A8 Jhsat A4
A gag HeE] 9 %
oprt.

ol 7Rk WAUS =S TARE Hes
o] 7} oAU HiEso] FAlske 21 HdE0]
S GE 4UE SR B 4 ek Al
B =Rol Aglhs AUZS HE Se] 44 A
243} wiAYZo] ofUth & %TO] A¢ret= WAUE

2 Al

Z
o;f:lT

94 %’_Eﬂ <)

o vjepe] s ool dlojeiztel e S Al
A S T 712l Ree HERI Z19H
AL ek E3E 2 =10 WA YE Xﬂ 338004 7]
S8 A3} 2o F YFHOR Aojrt 43 Aol 2
& Rl BeuE 228 AU - o

BB1[8] A|AE9] 7+ x4 Y& Ea|A ZZ(trigger

L

A

5} A 3H(initial activation) %

Hale b BHAEK(full

condition)o|g} &&= 27|

A3} Az A(precondition)o]2}al &
activation) 27, 712|311 A|# Z7(obviation condition)S
ZHc) BBIO) 24 A4 9 A ARE 2w o
Al(triggering  stage), AFE] 7]€k %}*jﬁ]- oA (state-based
activation stage), “12]31 A|# T (obviation stage)Z -
AE EfAY dAlde EgA 210] TEE= A
A dHFo] day o AdbEct A 7|9 24935 o
AollAl= EATE dAlCIA e 24 5 SollA

Hzro] WS 4 YASUS A

AT ARtk AlA 24

890

oflx= Al 71N &St dAE S &4 A4 dH
= FA AA 210& wEse A5S AAgH

AR SAL} A 71E 235 dAE Tt &4 A4
HHEL A3 olAltH(executable agenda)o] 7|EEH E
7Y WA Eae A4 YRS EaA ok
(triggerd agenda)]] 7| St A|A SA7IA] sk A3y

oAt} Alo] B4 2|2 YAEulo] BB19] Ao} 2B
ofsf A=l +3E AA& st

BBl A|AELE: X4 W59 EFAY =4
HEHAZ Hod ste 71HE ARgste] EAR 94
g o= 433t sk, BBl A|AEQ] 27] 1
AL )89 A 718 E43 HAUSS ALsHA] &

=
E

o Al

>

i
e

>~I

on], 49 7R3 A4 AREY 47} Gl E A 7]
W B4 We] Tgol ASiEE BAEE 23 93l
th T RAE IS Sistel s sgel e Jle
43} vAUZR1] AkE g 1 A UZL B

HE 4] AR Wakrh 471E 1 ARle] A% dE
o] Ao faue] 1 ANE Fxsku U HEA
5 92 ABIIES stof Ban e st skl
2 0 EeAY BAE FA RE A4 VB Mz
AEL Aok SHe ke aAlKlch SR At
A oAU oo BAREg Pl HrES 2
o3 wolof sh= A= kol 4 4 ek

ZO

B lerto] Akshs oAU
2 FAE BBI A|AEHQ] EA4 2]4]

Abgs ole] TS
A3 4% AR

st

Sheote 94 A4 93 HA AR M SR S
A AjolEe AUt 4 ek B =Eo] 3340] B =F
o] Agksk AU Zo] AYsk BARE Sy Ao]2

off Bt 7l&o] 2tk

3. Mot HFHLUES

Rete Y EL =7} A

E =3 j =,
¥ 4 gl BE $Ro BUME doly 9 Y ¥
WA AU 4 glom, BT A4 B PSS 7}
oA gtk SR B R Aok AUZe] 73
2 95tel 39 YAE Fuo] EHE W3 ole
of shele Atk RE elaEe] 3 v dam
Auuto] & 4= glrk WAE Uehfle BE yue sz
A}

31 XAl ®IH S XD BA KA HH

of 4



ic]

3]

3| Al

N4 4B} A%E FAE et vlAY

m{m

£ =] Ak uAYZE X4 94 B4 HEs
3 genE dolezke) e Yo dute A
HhoI% S(bindings) & o] &5fe] Lol thgshs FAstel
4] AR5 AT,

ofe x4 o] 243t 24 el SR dlo]

(¢}

el ko] sfel wjA o] Axt= d(nul)o] obd wRelgo] A
e, 1 ‘ﬂ}‘ﬁ“/‘g ol-gsto] 1 A4 Y-S B3
Al = QU dlE 5o, old A4 ddY) 249 =4 1)
glo] (point $x $y 10) olghd, 1 A4 3L (point 33
44 10) X (point 56 78 10)T} 2L BHRE dlo]Elr}
PSS o vl (($x 33)(By 44)) Ex= BFRIE ((8x
56)(By 78)= olgste] Bk 4= & Aolth

EHHES FA AJefol dHisto] A4 A BAdet =
e 5ol WEE= A4 4dE5e] o2 N AL 5
ok ESE A4 Y9H 2433} mfieo]

o=

Hesd ok

cHfel A4 Aoz ofel Al 4 A
it ollg S, od A4 Y
Ash E_ﬁ g Elo] (p (shape $x) (size $y) (color
red o], ARG T Fs 27 e Bk
H|o]E] (p (shape "rectangle") (size 34) (color "red"))2} ©
o]€| (p (shape "circle") (size 45) (color "red"))”7} EA|gt
ok 7SR, 1 2|4 YA A AL S Y =
7He]  HRRIFE  (($x  rectangle")($y 34)2F  (($x
"circle")($y 45)) o] EATIEE 11 HRRIYEE ]85}
sjte) 74 duenne S 2y A4 AHFol

B4 % geh

O 1> o ¥ A

oy

AM x| BE

= pxoly B4 Bo| 3pge] AAH o 7]of

A4 9HES GHa}7] SJste], BenEo)

s¥at o} x)4) YR S0] A&Hor Baw
22 (polling)51= HFALL Helm ol x4

He 4 oMe=g WA ER HES
S RIS AP
HEE gxsy] 9F E9e

7¥7¥o] 2|4l QMo g

0
fr

4
%

N
ox T
>
(R )
=2

2,
B
_‘d

il

~
2

xR |
1o

[e]

o T O A lo &

AL oL oo [ oo ndt
N

£
iU
o ¢

off
Jju
T
2
0
i
EE
lo

fi

HE Rete YEY
o]-g-sto] B = o] Aejjof W}

3} 274 FEo] WREL Q4] YHES ARSI} ohe
27 18 Aol HAU RS Tk mEel B4 A4 ¢

A gx EE(knowledge
module)Q] FLZxo]|t}.

source activation detection

891

KS Activation

Data Tokens Condition Patterns

P node

Root

|
node
T T 1
| i
; RETE : A
! Network i<:> MNetwork "
i | anagemen
H 1 Submodule Sets of KS
! ) o K | Activations

4 97 B 2E

g A A HA] B SYEE HolE BEES
2} 2| A] Q1A BAEF 24 GElS olEldlo} B4 x]4] 9

A5 WS 2B T 19149 Rete YET 2
A B E(Rete network management submodule)2 |
4 guseiy dud A4 94 24 2 gEs
F2HE| Rete YEQ IS A3l UdbE 0 2 Rete Y| E

At Shpe] 2E L5 p wEE B RS, g1
A3t ==(join node)E 59 o8] 7HA] RO =ER
TIE APlSE AR o= WA a2 ZolTis]. RE
L EdH s gy 2E tolE t&she b
o[e] EZo] JYE= Eolth p LEELS Rete HES
=29] wibo] RS x4 4 B3 fd= =

HE glolEzte] sfd vy o] Anz P vldE
o] Aghs SEgith 24 A4 9H g1 259 Rete U]
Efae A4 fHEe] S55ks A4 fH &3 =
A fd=9 FUEY p 225 et

Rete LﬂE%E‘)ﬂ’\i *FQ”E]& EﬂolEi

oo

F2Ao lEP l
EIMISES, o}f‘* 21 glelg
B EFo] 18 19 FE &5
P =] B2A "k Bl 25 sk Hlol
Bl EZES Rete HEZ Wi A3 E“Oﬂ oJ3f
Rt B350 520] U 7Hp
A4 Ad B3 24 el HE“E_E*P_J glo
o] wjye] Arkz e vy Ee] Yae
S
12 19] Rete YEQD Be] ARBES HE"EEA
Jef7} etet mjobch Rete YIEQA] p =E50] &
= (nul)o] opd E= vRRIYES o]-83to] &4 Z]
) 50 AT A 1 Rehe] YA 4= O
19] Rete YIE7} &2jah o] okl ulelg 5o

= X}lol
= " H

B % P
SHA|

l
=9

A
fe]

of
o

1o rl

]

>~

F

)
©

.
fﬂ



S| astsle e 4129 A2E, 2011

3.3 24 X4 M BX| ZES AMEsh
MEE pxo| T

ke 1Y 2= 32804 7148 BA A4 43 A

I E(knowledge source activation detection module) 2 A}
83he Bane Axgle] pxolth

=
=

rr

)
KS Activation Commands
KS
« KS Activation Condition Patterns
« Blackboard Data
Control
Blackboard Adapter Module
Blackboard Data : g’it’:c;iov;;ri\c;n Condition Patterns
Blackboard
Sets of KS Activations
——
[32 2] &4 A4 9H FA] ZRES AMEShe EHEE
NES B EY
a9 20] BeRE Pab SeuE pxe] duky 7
4 a5 A4 9HE, BURE, T8 Ao BES
23 gle. BalmEL BE A4 QU5 o) B4
t A Fzolng Ban s ek 44, A4, 4 o
ARS Z7)38}E] HAFS(synchronized operations) 2 ] 2] %]
. 13 204 EYHE= o]} E|(blackboard adapter)= A
A AHSOA EHEES 2 A4 A 'R 2E
ohat £ QlEslol s e AT BeRE oju
7 Agshe F1sEe theat 2

EREEE - TLESE L EE L R IDE
o] SEal X4 23 Auxe} st 24 e
o) 5L B4 A4 AW g mEo] AFste] 1
o HHgEE Rete MEYIA AHHES o} 2
£ A4 QEE nf AuAE g
EaEE dolge) 41¢) 9o At A= : 2
®E dlojEo] 4] Wele Beln o)A Agsiol
SR e HolHg AUHEs sk, 1
dlolgol tigt Y2 T dlole E2e A4l
24 14 94 X BE o] Rete WEYAY
E xEg geEs g

BYRE dolH ] AH| B 24 P9 Agw
R : )& BURE gojE o] A WY EL 4
§ WEe BaRco Hgsl AejHEs o,
24 A4 23 gH) mEA 71 B go)

E]9] 44 £ A o]HIEY} BHYEIYS-S B

= O
==

892

o},
RETE Y92t Al2¢ dlole] B30 g2 B o]
o 712 Hole) E2Ee] tier $4el A 248 4

A 5 ek B A4 WA PH BES BN of
YN 2UuE goee A oHl=g Buio
B Rete WE0] =E5o] el ol s 29
BE glolele] that FEE WA gl RE Holy =2
o RashAich BARE Golge] 24 HHe kel

Hom Baue 7|z ojg o] AXlel Az HolE o]
4l Wee] Agtow AeiE 4 odrk B4 A4 9
WX BES SUHE oy R SURE yoleo]
4% OMIES BHWO M Rete YESZO] ES0] A
#Elo] Qi alg HlolElo] ot

ZzE g Qe flo|

B EZSS B FAasY|AL 4 H EYEE bolg
of sigshz HolH B A/dst] Rete HIEQIZ

FE wEo] YA
a7 29 BANE Aage] FRE O a7 35 2

BaRs o Ao2e At

o

L

Step 1. [ A4 93 €A

4 A4 AH g BES olgato] T4 x4 A
£9] % At

Step 2. [2AET]

24 A4 LA g e 249 24
o] 7M} fget B4 A4 dHE)E

Step 3. [~3]

ARE 24 A GHEE &
AHE Y =30l 2lsfl EHR =0 a7}
ch.

Step 4. [BHE]

oA 18 1he)

9]
A,

‘

[T 3] SeuE 58 Aol

LI
o
(98]

EE )

-

o BaRE 49 Aol ZA] £ ko] Aks
A4 93 B wAUZe] A Hashe i
o sigatch T3 39) B 2, 3, 4= %9}

o ZHe BeRE AsgEe] 354

o

X

r

N

4=

& & rlo fr
o

(o2 o
X Q

=0l

3.4 HMet HIFLEL Eotet 7

A 27l A 71t uie} o] 7]Ee] EYEE AJLE
274 A4 L3 BAE skl 2YEE dolH
AEe Eg7, g, B A HEYA 22 7]

=

=

[e)
| -

2



sea AL ok ARt
Hlashe] vk g g
A, E7 Hl2e
L__ H]-O]:q 0]1:]]—7('1 og EE]}{]%—
v 2AEe] AAlsor sk
e amsA 2 4= Sl shARE
Rete WEA 7|vke] A2 sfjed 53 glojg9] ol
A= Aol Aol AA AstEA] b=t st
Rete HEHH = AHE25E F4d HEYIAL go
Elof] tigt E25S ol8sto] HolH7t HEA oz Het
< wjupe} WekE HolE o gk F2A wE mj At
7] WZo|oHs]. & =] Aljteks wFYE2
ol &4 e Rete HEYAS] o] 24 &3} Lt 9f
Lat 2 w=2o] Algkshs wiruSe] 24 A4 ¥d
BA BES Rete YEHA 7]&0 Z78te] A4 A
At =21 sy SHEE Ao HolHEel o
2S! UH%‘% Ys7] mzoltt
EfA Ve HEYA +2E o83t
ol A Rete HIE] 2} FARSHE
suto 2= 75‘3]'(]01n)~ 3E3ks}
l%W FOIER21], A
< 7 Jo}aqn% BB1[8] Al
Uﬂﬂ‘/l & ARgsfor gtk 2
=0l Alekeh= Uﬂﬂ@%% A Y EQEE ARES=
=9 HAYSEY} g g At F7HE Rl MAY
= YR E 5Hx ghon, FpHoR wheshd 24 A
A SIS Alge 4 ok QHHEOPE *4%’ el
7l 2] Rete HEYH=
A4 dd ggst =4 A"
5t7] miolth
At HAYSE Aed 2R it Zﬂoié
HEE 2222315 A7 9 A
o ARt v Y S| A B ] AR 7H’“J+
sl Al 3] 19 2004 AAJE 25

7]

N

il

40
rzt' ru

I

N oM 2> o
Hu

Mo oo Ho
ol
o
rlr

12

09;

A S

e HAES BanE ALES et HAEE
SHRE AAHL Drools[14] A 4.09] Rete U EL A
o 7155 gholEy R ARt HAE] AN
29 AA= JDK 1.6°] A% MS Windows Vista®],
HAES A|AES Eclipse[24] B 3.5 Galileo 77]7]
Aol =fElgint. HIAES] AME HIFE|= Intel

Core2Duo 2.4GHz CPU2} 2GB 83F9] F7|dAA]5 7+

A=

Bl AER AlAR ) 2] 24 A ©A] e HA
St Z2 AR st A AR 100779
A4 4 B3} g S dEor Y A4 dd T

893

A mEo] BEste] 1 HUERNE Rete YESTY
ARo] ghEEE AR ST T RS 25000
o] BAHE HoeS BURE ofez Yeisto] B
AuE ojee ge Lol Y A4 AWEe] 44
48 S 4 7m~ slste] ol AHgH

£ gans golgt ¢eE A4 9H BAst 24
HAE 0| skt o|4e] shelo] shFo] Aojhs 2}
YT BAES BANE Aage] 4% 24 2
ohg E 13 g,

QA=
o

L

rl

6987H91 24

o =

"
A gdg @

= geue gofg

- ==

Ul olel %
TR

[e)

o W 4502709 &

=
A Glo|eE 4T

ek —v‘xﬂ =
Agre AEs)
Al J’B}‘ﬁq Aok Uﬂﬂ‘%
o HAIE f3l. EE, A E

=2 ARSShE 7129 SYEE A
RA A2 B 27 )
B SEp s, 1 2gsk 270 R ERRe 44
Rete HEQIE o] 8&3fo] T4 A4 YHES

%51 gag Ak HAUZS B X
7H4EIA] o], Rete YEH A7} A¢
FRo BUuE dog % sEl Fd

ek

Al

12
_1

i

] 5]
=

o
>
rulo

o
0%
4

rr
o Of

20
&

Ay B ol o
o 50 et
B3

e
e
>

2

o
rar

[1] Daniel D. Corkill, "Blackboard Systems", Al Expert,



LN

A12H A2s, 2011

6(9):40-47, September, 1991.

[2] Hunt J., "Blackboard Architectures", JayDee Technology
Ltd 27, 2002.

[3] D. Rudenko and A. Borisov,
Blackboard Architecture Application for Real Tasks",

"An Overview of

Scientific Proceedings of Riga Technical University,
2007.

Daniel D. Corkill, "Collaborating Software Blackboard
and Multi-Agent Systems & the Future", In Proceedings

[4

[l

of the International Lisp Conference, New York, New

York, October 2003.

Charles Forgy, "Rete: A Fast Algorithm for the Many

Pattern/Many Object Pattern Match Problem", Artificial

19, pp 17 - 37, 1982.

[6] Lee D. Erman, Frederick Hayes-Roth, Victor R. Lesser,
and D. Raj Reddy, "The Hearsay-II Speech-Understanding
System: Integrating Knowledge to Resolve Uncertainty",
Computing Surveys, 12(2), pp. 213-253, June 1980.

[7] Nii, H.P. and Aiello, N., "AGE: A Knowledge -Based

Program for Building Knowledge- Based Programs", In

[

—_

Intelligence,

Proceedings of the Sixth International Joint Conference
on Arttficial Intelligence (IJCAI-79), pp. 645-655, 1979.

Hayes-Roth, B. M., "BBl: An
Implementation of the Blackboard Control Architecture",

(8

—_—

and Hewett,

Blackboard Systems, Engelmore, R., and T. Morgan,
editors, pp. 297-313, Addison-Wesley, 1988.

[9] Baum, L.S., Dodhiawala, R.T. and Jagannathan, V. "The
Erasmus System", Blackboard Architectures and
Applications, Jagannathan, V., R. Dodhiawala and L. S.
Baum, editors, pp. 347-370, Academic Press, 1989.

[10] D. Corkill, K. Gallagher and K. Murray, “GBB: A
Generic Blackboard Development System", Blackboard
Systems, editors,
Addison-Wesley, 1988.

[11] Lee Brownston, Robert Farrell,
Martin,
Addison-Wesley, ISBN 0-201-10647-7, 1985.

[12] Joseph C. Giarratano and Gary D. Riley, Expert
Systems: 3rd edition,
Course Technology, ISBN 0-534-95053-1, 1998.

[13] Ernest Friedman-Hill, Jess Rule
Rule-Based  Systems, Manning Publications,
1-930110-89-8, 2003.

[14] http://www.jboss.org/drools/,

R. Engelmore and T. Morgan,

Elaine Kant, Nancy

Programming  Expert Systems in OPS3,

Principles and Programming,

Java
ISBN

in Action:

the official website of
Drools.

[15] Kyong-jin Suh, Tae-ho Cho,
Net Protocol to the Design and Simulation of Network
Security Model", §=At8t7]43813] shatd] =24,

"Application of Contract

894

pp. 197-206, 2003.
[16] °]A=, %!‘éOé,

374k o

}3}3]

20043 10
[17] Corkill,

Distributed

233%, "RETE ‘Q:T’_

JOlt

é

D.D., "Design Alternatives for Parallel and

Blackboard Blackboard
Architectures and Applications, Jagannathan, V., R.
Dodhiawala and L. S. Baum, pp. 99-136,
Academic Press, 1989.

[18] Lesser, V.R. and Corkill, D.D.,
Vehicle Monitoring Testbed",
Engelmore, R., and T. Morgan, editors, pp. 353-386,
Addison-Wesley, 1988.

[19] V. Lesser and L. Erman, “A Retrospective view of the

Blackboard ~ Systems, R.
Engelmore and T. Morgan, editors, Addison-Wesley,
1988.

[20] J. Rice, N. Aiello and H.P. Nii, "See How They Run...

The Architecture and Performance of Two Concurrent

Systems",

editors,

"The Distributed
Blackboard ~ Systems,

Hearsay-11 ~ Architectures",

Blackboard Systems", Blackboard Architectures and
Applications, V. Jagannathan, R. Dodhiawala and L. S.
Baum, editors, Academic Press, pp. 153-178, 1989.

[21] Micheal Hewett, Rattikorn Hewett, "Mechanisms for
Efficiency in Blackboard Systems", the Proceedings of

AAAIL-94, pp. 465-470, 1994,

[22] =84l olAE, "Ad 22 Aol 9T ALE E
3 WA, SR ETelelA] v.4, Nod, pp2d-34,

2006 3.
[23] ZEAL AW, vk, AU, A Alof T
232 A9 AT, A RAE] 20060E 7HE 5%

=22 v.33 No.2 (B), pp.319-323, 2006\
[24] http://www.eclipse.org/eclipse, the official website of
eclipse
2t & Zl(Hai Jin Chang) [K3] 9]
° 1994 29 : Aigt tiskd
AEAST} wpap Scaset
A3
. 1994El 39 ~ A AFEE
T gaE PRELE o]

_1_61» _L]-

<plstop
B4 5ok, 23, 24 Alo] A28, DRM,




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


