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Cooperative Manufacturing and Assembling Supported by
CRQA vy Agent in Open Environment

ZHOU You-Ming? GU Hua-Mao?

Abstract For the shortcomings of the cooperation mode of low loose coupling degree and low reliability in open en-
vironment, and for the “mismatched-structured” and “technics-innovation” characteristics of cooperative manufacturing
and assembling problem, a CRQAy 1y, Agent model is presented. Four cooperative interfaces, called Ordinary, con-
Version, adapTor and Modulator interfaces, are defined and distinguished by their different degrees of loose coupling of
service parameters (attributes) and determinations of service execution result. Further based on them, a hybrid collab-
oration mode is presented, including Ordinary, conVersion, adapTor, and weakly-constrained Modulator collaborations.
Based on recipes, quantitative service compositions are imported. All these make agents have the ability to cope with
the “mismatched-structured” and “technics -innovation” problems in a more flexible manner. Contract constraint is also
integrated into the model to ensure the self-organizing collaboration is trusted. Through verification and comparison with
RPAcrr Agent model we know, it strongly supports multi-agent systems to work well for cooperative manufacturing and
assembling in open environment, by the guarantee of high success rate, high efficiency and more flexibility at the same
time.
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(Contr) := (Infor, PROT)

(Infor) := (Cntrt NUM, Ser NUM, ReqAg,

ProAg, AuthAg, ExT'm, ExpTm)
(PROT) := ({CN}™M)
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(Recipe) := (AppTar, ExPlan)
(AppTar) := (EleRef)|(TskDs)
(ExPlan) := {{PlaStep)|("loop” (PlaStep))} "
(PlaStep) := {(« {return|(CalOpr)}
(Condition))|(« (OperaS)[(Condition)])|
(or{+ (OperaS)[(Condition)]} ")}
(OperaS) = ({"sequen”|"concurren” }{«—
(CalOpr)[{Condition)]} )
(CalOpr) := ([(Agent)](tsk — Sub)
{{(Para — Value)}*)
(tsk — Sub) := (T'skDs)
(T'skDs) := ((Class), (Constrain), (Paray))
(Condition) := (Frmla — Pred)
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Proc — Temp := {(Pla — Step)|(Loop
(Pla — Step))}*
(Pla — Step) : {(«+ Return(Condition))|
(« (Ser — Set)[(Condition)])|(or
{(+ (Ser — Set)[(Condition)])}*)}*
(Ser — Set) := (Service)|({"sequen”|
"concurren” }{ (« (Service)[(Condition)])} ")
(Condition) = (&AL
(Service) = (FI% %) { UL}
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(= (S, Ready (5)))
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(«=(S, Ready (S)))
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(Advertisement) := ((AgentInfo),

O : {(Ordinary)}*,V : {{conVersion)}*,
T : {adapTor}*, M : {{Modulator)}*)
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(Ordinary) = (Capa)
(Capa) := (Class, Constrain, Partner
Constr, Para)

(Class) := (Category, {(Aspct — N)
Class — name}™)

(Aspct — N) := {"Region"|"ClassGenral”|
"ClassPrvsion”}

(Constrain) := (Constraint)

(PartnerConstr) := (Constraint)

(Constraint) := {(["Concurrent”|"Select”]

{({Pattrn — Cncept)|(Constraint >)}*)}*

(Pattrn — Cncept) := ([(Onto) :](Concept)

{{Pattrn — Slot)}*[(Frmla — Pred)])
(Pattrn — Slot) := (nam — Slot, {value]
(Constraint — Var)|(Pattrn — Cncept)})
(Constraint — Var) := (name — Var,
(Frmla — Pred))
(Para) := ("In — Para " {{Datkind)}",
["Out — Para :" (Datkind)])

(Datkind) := {kind — Bas|[(Onto) :]{(Concept)}
H, Capa 2N 40Y, Class Fm MR 55 N 1K
KM, Constrain s k55 il & )R %305 2 1) 2%+,
PartnerConstr je th[FACERR PME S, B Ada i
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WA E LR, Datkind 2RRAL.

EEH JR A6 3 OK Agent 7R AN B 1 1%

M7 Mos iRt s, Mos iRt R atm—miRss. it
Perfe Wy R BRI T SR, B R
e 0 WAL 55 AL B T, A7 AP 2R iR 55 52
B SRS W] AEAT 12 R AL PR AT 55 AL B S
FERHIR IS B S AT T
PO AR 55 M1 AR 3 nT
(conVersion) := (Capa) (Capa & X[F] Ordinary

i Capa 5 %)

It H.: ¥ requesting, Matched (Re.Requesting,
conVersion), 3 P € Para : In-Para, conver-
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logic; or(and) AFTER invoke conVersion, 3 Q €
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output), w1, applyinglogic j&4& 1 N HIAE 55 AL PR
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(adapTor) = (Capa) (Capa % XL Para
E XA, [ Ordinary W Capa & ) (Para) =
({"In — Para " {(Datkind)}*}*, [{"Out—
Para " {(Datkind)}*}*])

I H.: V requesting, Matched (Re. Requesting,
adapTor), 3 P€ Para : In-Para, conversion
(P) right before invoke adapTor.applyinglogic;
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(Modulator) := (Class, PartnerConstr,
ModulatorInf)
(ModulatorInf) := {(Pattrn — Cncept) }
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VBC :={ (Re, Pr)|Kind (Re), Kind (Pr)=
Agent A\ 3 conV (conV € Pr.conVersion N\
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Messg (Re, Pr, Infom))}, H KB E3H K 5H,
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1338 H B o ¥ R 4%
R EIE
R
i
:
< / TW‘ %5 /E
/ - // -
N P VT S0
27 A =7 - i, — ~ =) AT RE
Set_IOrdinary, Ag&t Set_IconVersion, /Lé' IOrdmaly = /L§T7[COIIV€TSi01\1\ 4I Set RpQ, it
Herts 44’.@ et has I L VLA £
LST IOrdinary LST TconVersion \ / ~ - joyinkeriy
Set_JadapTor
*E%“)u’/ﬁ
e / ™ N> Nagags & /,// \\\ i 5
N, wﬁl:r“ 7 ISetRpQ+ S e{a;f%m -
SetﬁRpQU . [Set_ladapTor|=1_~ P -
\ | Set_ladapTor, 73 - gl
\ F| ChooLst -~
| =

— R B A
dTofE T7ARAL Agent %% 1
ChooLst

LA
EEET, T IR
1 »nEx | ExPlan
f g
g\ HREIEL ‘
Ll/‘; N
g
it
4% S

K3 HMEDLEE

Fig.3 Cooperation mechanism

Matched (quantization (SELFV.Requesting),
Pr.Ordi))}.  Quantization >} &1 5> . HEF
Set_I1Ordinary W (Al DMRE P R 1E 5 A K
H & BT, DA R TS E
1 PERCAS 24 D4R, 5 D SRAIE N — DI R T HEF)
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E%/\Agen‘u R B f8 5 11 R DADE Pt S 4AAT O AL 55
¥t Set_IconVersion={ Pr.conV | kind(Pr) =
Agent A\ BELIsgrry (Pr.conV € Pr.conVersion
A (Matched (SELFV. Requesting, Pr.conV)
or Matched (quantization (SELFV. Requesting),
Pr.conV))}. HEF Set_IconVersion F1HICE (7]
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"t ChooLst, 34% (Nu, Nadaps Neonvs Nory, Ni) F
% HAHE T
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HIEE . BEARY R, SCHLRGRE. A
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D) e B ) R L S i 1) 2 AT RIS A ) £ 5, R AU
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PUATIRA, AR B R s AR TEAR, WE 2950
PR B AR PTG B, AFEAE UIRSS 45 2R (42300
). RS HEAL T . B IR S AE ] B
WL T7 T3 %80y 3¢ (BT HED ) . 4 MRV O T E 8T
HEF VO. PAUGIREE IR APAT, BHE R &R
FReli# ARk bR, PATEAR I 2P B8 11, 4N
LS 0 B 5 A ) 2L R 8.

HIE 10. XFVLH b PART M %13 v o il 3
CTAAE & SE 0, A IRl 2 0 1) A B 43 P b
.

FR 11, MHEBE R MEEGR S, & R A
PUAT IR, ] 58 B A E B

2) ARSI

FIE 1. B SEHALS TASK GHEMALH
Z:[E]E/‘Jﬂliﬁﬁ%{Ala A2> A3a Ty An}’ {B1, B27
Bs, -, By}, MR TR A; BRI P(A;) KT
HETHEB W EP(B;) j=1,--,n, W
FHEA{A, Ay, Az, - ALY IR P(Ay, Ay, As,

Ty An) kﬂ:ﬁ%?ﬁ%% {Bh B27 B37 Ty Bn}
WS P (B, Ba, Bs, -+, B,).
WERR. RHE T R {A, Ag, A5, A

AT AE %5 TASK 42 W i i % 2 TT0, (1 —
P(Az))amjﬁjj%%{Bh BQa BB? Ty Bn}ﬁLﬁf

~—

1% TASK % W i = 2 [1, (1 — P(B)
T P(A;) > P(B;), WIT, (1 — P(4))
[T, (1 — P(By)), #k1 — ]I, (1 — P(4))
11, (1 — P(By)), BibAZE L.

IR 2. (5N AT 4 TASK 45 HI T 457

O IV IA

IR IE T 5 Ay, Ag, A, ---, Ay FUM B SZ 9]
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) 2 (@0 %) AT RS
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B2, LIRS (i ®). 2oy, &ibd
BRI RCYE T 52) AP 10 (PR 22) WA LA ST

T REERH 2, 2518 1 807 O
251 2. CRQA,yry Agent H b RPAcr;
Agent B E{T55 58 .

1) CRQAOVTM Agent S35 A o <=
F RPAcrr Agent ) £ 0 i 3 3K, B 2 P(O) >
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P(potentiality), P(M) > P(I).
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TS5 SEIR.
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Fig.4 Applying case
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Table 1 Two model interface success rate data under task constraints 4 ~7

e fie w7 PR W A 0 IERCHE A P D FE AL
{1,3,1} {2,3,75%)  {61,3,50%}  {1,3,1}  {3,1,93%}  {2,3,86%}  {61,3,60%}
{5,1,1} {4,1,75%}  {83,1,50%}  {5,1,1}  {6,3,93%}  {4,1,86%}  {83,1,60%}
{11,1,1}  {12,1,75%}  {95,1,50%}  {11,1,1}  {7,2,93%}  {12,1,86%}  {95,1,60%}

Agenti s 1) [16,1,75%)  {97.1,50%}  {15.1,1}  {8,2,93%}  {16,1,86%} {97,1,60%} CTNI1
{21,2,1}  {22,2,75%}  {75,2,50%}  {21,2,1}  {9,3,93%}  {22,2,86%}  {75,2,60%}
{51,3,1}  {52,3,75%}  {87,3,50%}  {51,3,1}  {10,2,93%}  {52,3,86%}  {87,3,60 %}
{2,2,1} {1,2,73%}  {61,2,55%}  {2,2,1}  {61,3,96%}  {1,2,84%}  {61,2,64%)}
{4,2,731y  {5,2,73%}  {83,2,55%}  {4,2,1}  {83,1,96%}  {5,2,84%}  {83,2,64%}
Agonts (12,31} {11,3,73%}  {95,3,55%}  {12,3,1}  {95,1,96%) {11,3,84%}  {95,3,64%)}  , oop
{16,4,1}  {15,4,73%}  {97,4,55%}  {16,4,1}  {97,1,96%}  {15,4,84%}  {97,4,64 %}
{22,1,1}  {21,1,73%}  {75,1,55%}  {22,1,1}  {75,2,96%}  {21,1,84%}  {75,1,64 %}
{52,1,1} {51,1,73 %} {87,1,55 %} {52,1,1} {87,3,96 %} {51,1,84 %} {87,1,64 %}
{61,1,1}  {2,1,76%}  {1,1,52%}  {61,1,1}  {13,2,95%}  {2,1,84%}  {1,1,62%)}
{83,3,1} {4,3,76 %} {5,3,52%}  {83,3,1}  {14,2,95%}  {4,3,84%} {5,3,62%}
Agents {95,2,1}  {12,2,76%}  {11,2,52%} {9521}  {17,3,95%}  {12,2,84%} {11,2,62%} oo
{97,2,1}  {16,2,76%}  {15,2,52%}  {97,2,1}  {18,4,95%}  {16,2,84%}  {15,2,62%}
{75,3,1}  {22,3,76%}  {21,3,52%} {75,3,1}  {19,1,95%}  {22,3,84%}  {21,3,62%}
{87,2,1} {52,2,76 %} {51,2,52%} {87,2,1} {20,1,95 %} {52,2,84 %} {51,2,62%}
{1,4,1} {2,4,78%}  {61,4,51%}  {1,4,1}  {23,4,94%}  {2,4,85%}  {61,4,63%}
{5,4,1} {4,4,78%}  {83,4,51%}  {5,4,1}  {24,4,94%}  {4,4,85%}  {83,4,63 %}
Agent, ULAL (2578%)  {95551%) {1151} {25504%)  (12585%)  {95563%) oo
{15,3,1}  {16,3,78%}  {97,3,51%}  {15,3,1}  {26,3,94%}  {16,3,85%}  {97,3,63 %}
{21,4,1}  {22,4,78%}  {75,4,51%}  {21,4,1}  {27,4,94%}  {22,4,85%}  {75,4,63%}
{51,4,1}  {52,4,78%}  {87,4,51%}  {51,4,1}  {28,4,94%}  {52,4,85%}  {87,4,63 %}
L2 ARFLRIECH 4~ 7 B HE
Table 2  Schemes under task constraints 4 ~ 7
L% LRI RPAcrr Agent % CRQAovrM Agent i
141 4€4~7 {Agents. I (52%), Agento.P (73%), {AGENTs.M (62%), AGENT..T (84%),
Agent,.C, Agents.C} AGENT;.O, AGENT,.0}
%2 4€4~7 {Agents.P  (76%), Agent,.C, {AGENT;.T (84%), AGENT5.0, AGENT.T
Agent,.P (75%), Agents.P (78 %)} (86 %), AGENT,.T (85%)}
43 4€4~7 {Agents.P (76%), Agent;.P (75%), {AGENT,.V (93%), AGENTs;.T (84%), RPAcr;Agent7r
Agento.P (78 %)} AGENT2.0, AGENT,.T (85%)} SRR
“7 BLHIEE 2 T
2R (FAE5)
JoHE PRI DADE AL
%4 4e€d4~7 {Agent;.P  (75%), Agent,.C, {AGENT,.T (86 %), AGENT,.0, AGENT;.T
Agents.P (76 %), Agents.P (78 %)} (84 %), AGENT,.T (85%)}
%5 4e€d4~7 {Agent;.C, Agent,.P (73%), {AGENT,.O, AGENT,.T (84 %),

Agents.I (52%), Agents.C} AGENT3.M (62%), AGENT,.O}

TAES 3 M4 5l A AGENT, @£ 08 RPAcr; Agent REEHE A M SE1PERE.
AGENT, #3584 158 1.

T R3%, CIT R 2% T % H. #£3
A HE 13 2, CRQAGyra Agent 1Y tHh 1 & 4t
H RPA o Agent (1) 5 4t Vi 5] il 3 2 Bic /9 5 J5 A%
REE. S RARDBHHEN ((EFER 4~ 710 ~ 12 22 ~ 25 30~32
B MR AR AR T R T, oo e o maex srsn oo
CRQA yry Agent R4 N IR R IL R %12, £H
Qb BRI AT 45 B 2 2%, CRQA Gy Agent & 4t L1

T3 PIRARGLIEE
Table 3 Experiment data of the two kinds of systems

CRQA 7oy Agent 2% 97.8% 90.2% 77.7% 68.5%
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Agent RGEWMEBR XM G AL . W AR
J73E, RIS T Hip ] ) 1 BO ) S5 H SRIE A
CTERHT R, BT Agent M) R Y i
RHBCRGE AR R. CRQAGy 7, Agent i
RUR M OVT M P42 10 AT AR S 1 57 45 3% 1
JOHME. Fe o HME . Sl B e A
ZICMERR, HESEAME G IR N # LA
LR R AL, T AR, AR
fi. CRQAoy ), Agent SCHE Y Pl [F] il 18 % it R 4t
BU DA BITAS 2R B RE B o O aCRR A5 I ) 1 % C 1Y
I, AR T AT FELE.

W W7 Tl R R B 0 H i
WAMIFFE R R IR ST BT &S F
A TR, HETEX LR .
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