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SoftMan Group Intelligent Autonomous Coordination Model and Its Application

WANG Hong-Bo' ZENG Guang-Ping' WANG Zong-Jie* TU Xu-Yan'

Abstract Service-oriented coordination mechanism is adopted during the process of constructing IADS (Intelligent
autonomous decentralized system) and thus an SMGIAC (SoftMan group intelligent autonomous coordination) model is
proposed. Services community integrated with GP (Global planning), role-based service discovering/binding strategy is
applied to constructing the service-oriented tuple space to provide an identical service interface for group cooperation.
According to the current practical requirement of gas fields pipe-net scheduling, the mathematic modeling method of
SMGIAC, its coordination decomposing lemma and relative concrete solvent for constructing sub-services (flows) are
put forward. The experiment comparison results show that the total scheduling nicety degree of SMGIAC makes more
biggish improvement than those of existing case-based matching and experts reasoning, and also SMGIAC overcomes the

shortcomings of ReO such as inconvenient use, time consuming during scheduling plan of gas field pipe-net.
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7). SMGIAC 7t GPGP (Generalized partial global
planning) ¥ HLHIFT TAEMS (Task analysis, en-
vironment modeling and simulation) {45 X&)
iRt R A3 ) LIRS IL Rk AR, 78y
A A EAE D3, LUK B 78 R AR IR 55
IR 55 W AR 73 it Ry AN TRIE SCH 9% B 1 IR 55, 4 SR i
T 55 BB N A2 - I 95 1) O 3R B FE T A 1 IR 5%
TR AH ) A AT A S B T AN 1) R 5%
4%, RIS M (Services net), B4 miARER R %
ot S R AT 55, A7 AE— DR EE mARIZAE 5%
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s AR E P B8 A A e MR EOC AR ) R 95 1
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25 (0 7C41 %500 Tuple space)

R
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ERUI (Taskview, |/ °
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g e e RS BOEHARA
£R g5 1% CServiee wrapper)
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Fig.1 Architecture of SMGIAC

2.2 EAHES

E X 1. % 4l Service-Tuple ::= (Service-
Type, Service-ID, Service-Descript, Operation-
Set, Ontology-DB). .9, Service-Type A%
A, [R) 2R 2R R 55 FLAT A [R) ) R 25 42 11 R Il 25 i 3k v

3; Service-ID 4 I 55 5, oE— 152 SMGIAC
THEIREE I k5% 5544 Service-Descript 4 ik
KAk, ARG BT 5, ok Xk RS- 2R 8 v
5E; Operation-Set J&— MEAESE, &R 55 T2 S Hl
PHEAERE 1T, Ontology-DB & RS AR FE, L3651k
()@ A, RN B PR RG], CLA B PR 2 R 2
WRIOGFR, FH T SRR N 2 TB) v 3 (1 18 FH 45Tl
o AR TR R e S, O H IR TR UE IR
AL R H

E X 2. #4445 Name-Server ::= (SM-ID,
Address). b, SM-ID &84T N )2 5 AR IR 1 5
A, A TR AEE A AR, o N SRR AE e
A NB) 4 Rn] ) JEAT AR It RS 7 3
HHE R BR . 44 7 R S5 A A7 X e AR N 44
FHbHE BB B, AN — RIS AT AR A T IR SS
A BB 45 B

E X 3. ffi i Role::= (Role-ID, Ability, Re-
sponsibility, Access, Role-Model, Role-Relation).
For, Role-ID & ffi (4 i AR iR, Ability J2& ffi (5 By
H. A ) B8 11; Responsibility 3% 7~ fi €6 B b 20 7K
HET BT, Access 3 7~ f €66 %8 5 1 U7 9] AL PR
Role-Model 37 ffi €4 it J& I 82 84 56 B T % ok
. FH B i 1 77 %E; Role-Relation %78 5 He fa f4
R FR. WA AN, AR — DB f o
SoftMans — Roles. M. SoftMans J % AF A\
P 156 £, Roles J& M AN EE A, NI IRAT 55
T3 W B N LT 7 S N A R e
BN AN E R AE, ALK Vr €
Roles,3SoftMan, PlayRole (SoftMan,r).

E X 4. L HE Interact-Model ::= (Interact-
ID, Purpose, Initiator, Responder, Port-pairs), 3%
INBAE N Z BN AE HAT Ay, BV 25 e A N gk
ITUMESE AT S5 A nT U o 3 S 1 3%
7N, BT CAAS BB R LA — 0 RN IR i ok SRR
rh, Interact-1D F£/-A8 H P ID 5 Purpose &7
AEH [P H B; Initiator 287~ A8 H W) R A A bR,
Responder 3R7-28 WM N 4K A N AR R, Port-pairs
FEoREmA a6, G SR B o, WA N i
IR o, Tt o H oA o
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JIT AT AH BB A 55 4 R D A R A R i,
T8 3 e 55 B0 28R B U B 2 % 23 ¢k L WSDL (Web
services description language) £z I [ 3 48 — %
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PEAL W B AL 1 AR G AR, HBAE 97 58 I8 T WORR
HERS A IR, T JE A B AR T AR AT R, R
XML #4754,
24 BRSFITTAZ(E

1M ) ik 25 Jo 4 25 18] DS B4 J6 = FRAE iR
% TG (Service-Tuple), '€ 72 H 5% b B (Actual
fields) FIRA% 7B (Formal fields) /541 Frdl k. ik
55 G2 B bs YR 30 96 2 T8 e e FL B DL B (B ok
Wik, Template) 3K 5¢ B i1, 1A A2 30 % BT K H 1
bk $E H:. SMGIAC BAMR S 76 41 25 0] 24 #% 0
P2 AR A) () [F) 20 R A, XRS5 o AR LR
MR AR R TE. PR e 2RSS TAlA
i, t iR, System = ([P,DS]|[P € Service-
process, DS € Service-based-Tuplespace]).

1) #AE 8 out(e) [out(e).P,DS] —
[P,DS & el;

2) BRI in(t) © smp b bLE DI’

3) BRAE IS read(t) : rdt(z).i,ezeys[*)]i[;[v;\tﬂ,DS]'

Hrh, out(e) ZAEPHIERRAE; in(t) 1 read(t) &
P Fh AT fE B 2E 1 HAE. out(e) MRS LA e TN
(5 @ 2oR) s o 23 W); in(t) & MRS oA
R (HAFS — £om) M AL (TS V
LK) 55 Tedl e; read(t) & MRS T0 4L =5 0] Hh 32
BURSTCA. 5 in(t) KX read(t) Had I
t AHULECIGAL e TAS 2 HUH.
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3.1

3.2 SMGIAC ¥#E#%
321 FHTRASRRREMEAITRE SR

EX 5. AAT RGNS W AT — A Toc 36
T N = (V. A, LU, D,T). b, V% s Ay
4 LU : A — R pnliR B (B8 T 5. b
) BeREG D Vo — RO R ek S (55
i), TR AR, N &t B 20— RS 0
(Service flow)z! JZ45 NIREE A B R 11—k, AP
XHREFIR (i, 5) € AT — S ), (PRI (4, 5)
i), WA ot WAL

Z Ty — Z o, =d;, YieV (1)
(i,j)eA (Ji)EA
lij < iy <wgj, V(i,j) € A (2)

MFR 2t Aol AT k45 i (Feasible service flow) . I
sl (1) AU (2) 20 il I i sy PR R R A R AR
B DAEAE A AT IR G5 1 10 PR Ay ) AT i 55 4 9 9%
(Feasible service flow network). A[ Ii.: 1) 4 d! > 0
I, FRIRAE ¢ IR dl A AL R U DA 9 2% A IR
NG /L, IR ¢ I Z0T0 8 ¢ RO HERY 2L (Supply
node) B (Source) &5 i, HVFZ0 U545 st B 2
HidA: Sp = (ild! > 0);2) B d < 0/, &R
TE ¢ WZIAT db A B ) e A 45 RO H 21 09 4%
AR (BB I 2 W), DAL ¢ B0 T A 4 BR A FF
3K AU (Demand node) 47l (Sink) 45 &8, HVFZI0
gE R AL A Sio= (ild! < 0);3) Hd =
0 IF, 75 ¢ B 2T R @ B4 %32 11 (Transshipment
node) BV R, HIVE 2 RIS 4 Rk R AR Sl A
Tr = (i|d = 0). WAk, X T AATIRF VLS, A7
dowev di = 0, RUFTAT 45 i i iy i 2 1 h %02
W AR PTAT AR R AL A
3.2.2 BEARSS SINRAR S
EX 6. "ATIRSS MM P 2 A — R, H
o, WR N AR SN i € Sp B jo € Si
g A AR Path(ig, j0)t, 1815
V(i,j) € Path(io,jo)" (3)
xﬁj =0, V(i,j) € A\Path(iy,jo)" (4)
WIFR 2t 4 #% %5 (Path flow service), Fx v Jhi%
BT (TIR), CAE 25,00, 50 (v). T v = 0,
FRAZEI A LIRSS, 3 WA R A IR 55
[FFE, 0 N HAEE—NE IR Cycle (FRAR
WL ), Vi, € Tr f#43

0<v= :Uﬁj <, V(i,7) € Cycle(iy, i;)*
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0 <wv =y <uy, V(i,j) € ANCycle(iy,i;)"
(6)
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xt (v
Path(zo,jo)( ) (7)

¢ _
Sprate (:L‘Path(io,jo)(v)) B xt (’U)

TEX 8. IS5 A KA1

xt (v
Cycle(zl,zl)( ) (8)

t _
SCmte(fUcycze(il,il)(U)) - zt(v)

E X 9. JREh ri A A 7
AZ} xﬁsath(io,jo)(v)

SourcemtE(i) == xt(v) (9)

TEX 10. V4 ri&R SN 1

jzj xtCycle(io,jO) (’U)
S' kTa e ) — .
ink,qte(7) 70)

3.3 SMGIAC 9 fRihiE313E

SI3 1. AE AT RARHSS W, ¢ I 24— ]
AT IR S5 TAT N I e 25 JC 4 2 18] DS — 5 vl K4 b 47
T 15 (Path set), WiH o' (v) WA (FE) B%
Wk %c4l (Path-service-tuple) Fl#5 14~ (F85%)
Wik 45 o4l (Cycle-service-tuple), RIAT

(10)

JoEST

wt(v) = Z (Eijath(io,jo)(v) + Z xt(jycle(ll,ll)('v)

19 €SP ;€T
(11)

I, BRI AR S TC AL B A ) % AR A —A (BK
ZA) WATRR—A (BN L5 220 m+n
A B SS TCAH FI IR e 25 e A oA AE v, HAL
2EZH m AN T AEERR, b m & N
I A H, n o N PIAmEH.

WERR. A AATHUN ot ) Wig A PTATIRS LM
[ — AU, WIAEAEIR (dg,00) € AR 2,5, > 0.
WL gy J& P2 R — AN, TR B — 2% A — AN
MR —/ M A R, S, Moi, ik, B8
R, BB E) AN A B 8 B [ O 2
23k I RS TS S 1k, BB R F R e —
A 1E:

TH0 1. R34 AN AL 4o 4RI — ML AT
ir A M2 Path. W, € X

z'(Path) = min(d;, —d;, min(z; ;| (i, j) € Path))
(12)

LB 6Spmm(mtpgzh“0’i")(v)) ~ 0, Wy T —4
WAEA o' (Path), #2584 Path FIAFE (RE) #
W% o4l (Path — service —tuple). ¥IHL5 N DS
e [out(Path-service-tuple (v*(Path))).P, DS] —
[P,DS @ Path-service-tuple(v*(Path))]. I, 7
WX Y (i, ) € Path SEHHE X

dio = dio — vt(Path) (13)
dik = dik + Ut(P(Ith) (14)
Tij = T4 — ’Ut(PCLth) (15)
I, IS AT 4o BOFTITAR; TR o 3 )7 56 5, W)

T U i TR, Bl o = i,
1B 2. B M Cycle. 1IN, E X

v'(Cycle) = min(z4|V (i,5) € Cycle)  (16)

g 2l ®) gy gy i T
— NWAE N 0 (Cycle), ¥R 4E N Cycle 11 HE
T (FaE) iM% c A (Cycle — service —
tuple). ¥IHLEN DS ' [out( Cycle-service-tuple
(v'(Cycle))).P,DS] — [P,DS@® Cycle-service-
tuple(v'(Cycle))]. M, FEM XV (4,7) € Cycle
HPTE X

T, ; =z, ; — v'(Cycle).

A0, MU R 4o FOFTIFAR; Wik 40 3 P 5e e, W)
FOH G U i TR, Bl dg = i .

X EE e S, B EIRERE, BB T
AR ROV . AR, R ERT e M, B — AN b
A4 By IER TN, 4heEE Fifik
T2, X HAEN 2 I, Bl — kG — %
() Mmesoodl. =R BRERE, HEw X
W MO ZFRA L. B Jn, T I SO B IS5 oo
HIATHFF. O

iR 5] # 2% Ford Al Fulkerson [ 47 fif 44
VRIS B 2P 2RSSR, RN T IR A
t XRS5 Ae e ML, I e SEBr v WAk
WL N 7R R E M R R, PRUER
SRR RCR At — AN BOR IR RS, 78 W1
OUT, i SE W RS I KR AR S, T RE s I
TAEF= AR, 5 s 2 2 IR, PR E 4
T A BRI BIRL, A R AN L B A B K.

1 FEE

AR 7 5| PE 0 3 VETE S, 493 3B SM-
GIAC W7 it S0k, i ah & S Bl akAr ik
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4.1 [a)fR

K 2 R AR MR L At N, S
P Source 1, Source 2, Source 3 ) K< LA il & 5
W4 20,8, 6; BN Sink 1, Sink 2 1S TAEH
4354 17, 14; Tran-node 1, - - -, 6 J& /5N EHk
R ARG WA 2 Fios. Xk, Gl B e
W %, A RefRUE T HE M N LS TiaE?

Tran-
node3

Sink 1

Source 1 Tran- 17
20 Tran- node2
nodel
Tran-
node6,
Source 3 Tran- -
6 node4 Sink 2
14
Tran-
Source 2 node5

8

2 AHE R (R 10%/d)

Fig.2 Model of gas fields pipe-net (unit: 10°/d )
4.2 BiEMR

| = RN T B i = i (e
MU R) MRS T7, M RAR A (M e
)RS W T, Sk b e 4R 2 IR 55 1)
AN U A LTI (S = N 1/ 1 o Ry LS 7
() EFE U 55, SVEAE SEBR R E b, SR K
P s, LR RRRE N 1) St I R4,
JEAR 5 e R4l 2) 7R B K0 A T A
ARLSE, Fe AR A R L AR RS
InitSet (GasStation, Sp); 3) H' L& KWE LT
e, RN E S MR RAR
$BE Init NetFluz (vedgeli][j]); 4) HAEKIIH
ST RO LG, H TR T (e k)
AL AR InitSet (GasUser, Si); HilLuhi &4
InitSet (Trannode, Tr).

SMGIAC B itk 95 5 FR IR 45 16 4 B
X 1) A B AR Z PR AU WY T4 I )
(L) B IR DQ; 2) Y AU T 48 1% 4% SR AT )
e FOO N () Bt &3S Py 3) IR ITE
FRAESRANRN IR N, () st <R Q.

4.3 BITER

Wik 3 o, SMGIAC KA I = 23
il A3 PR A BRI ST R N UIR S5 Heh Sink 3
h AN RERIC R, RO AR IR SR S5 6 R AR
THAE, BI: M B RERIRESN 3 (106 /d). #EAR
MR 55 MRS Rl m A R 7, 2kt 1 A

* 2 .

Source 1
20

Source 3
6

Kl 3 T SMGIAC ISR (U HA7: 10%/d)
Fig.3 Schedule result based on SMGIAC (unit: 10°/d)

xRS SR T
Table 1 Flux and rate of service (unit: 10°/d)

%t (Service flows) it SPrate SCrate
Source 1 — Sink 1 17 50 % /
Source 2,3 — Sink 2 14 41.12 % /

Tran-node 1 — Tran-node 1 3 / 8.88 %

F2 G S E RO T
Table 2 Flux and rate of nodes (unit: 10°/d )

?ﬁ}g iy Sorate Sirate Tran,ate
Source 1 20 58.82 % / /
Source 2 8 23.53 % / /
Source 3 6 17.65 % / /

Sink 1 17 / 50 % /

Sink 2 14 / 41.18 % /

Sink 3 3 / 8.82 % /
Tran-nodel 20 / / 58.82 %
Tran-node 2 20 / / 58.82 %
Tran-node 3 20 / / 58.82 %
Tran-node 4 9 / / 26.47 %
Tran-node 5 14 / / 41.18%
Tran-node 6 17 / / 50 %

5 RS
51 SR, EREBRILR

H:H Source 3 15515, B MW LS &k, R
P RN B N 2 CAEGRE, 12 SMGIAC 5
DSS (WFLF RS BATRBICE . L F AP
b 5 VL 1R S B A 0 L o A 5 ) ik 3 R (T
LKA RV R < FFAE).

ZAFNUCHE (VUPC R P 1 O, B 8 1R 22 4
XIE A 27.71): AR e i SRR A SRl
) il b B R A UL L 4 2, 3 FBE B il (i — K
Source 3 KA MBI 2, 18 IE AHUKS 1S, X 2
g8 i 1 S BN B S B A DU S HEAT T UE . LRy
MO ERE 2T TH0 N g s R, &6 15 M
SR, 5k Fhi, M LLUC LR D).
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TR (WL RZE N 58.7): MR AN 1,
1B BRI S (Source 3) 15 AR 1B X 4% L K AR,
X T Bt SRR AU T AT AR s S s A
15 DU H BT REAT I 56 20 K HE 91 B SO A O 2% A 1
ATHERE, LR RS, R RRIAN LS,
AEA T N2 E. SMGIAC [W#E SR %N 9.5,
ARSI UL T . L SR PRIV, SR B A B2
AR 5. SMGIAC JE 75 K& s %4, T
R AR R KRN TS Y, WA K
DS (R F 5, BE T 7 o A SR i = R M 14 /A
HE T, AT (SRR H A A R DG B AR 2% (), AT
IMEAHE 4, R 5 il T S VL RE R AN 2, A i B2
L F R YRR A v A . B4k, SMGIAC 5
ARG RN TIRSS () PrH sl A r) BB
(e, BT RA AR T T A o 2 ) o 0 A 7 3 B iR
A HRIE R IL.

#3 EPILK, LHHMEHE SMGIAC XLt
Table 3 Result comparison of case-based reasoning,
expert reasoning, and SMGIAC (unit: 10%/d)

4 Mais CBRi#Z ER#®ZE  SMGIAC i#%
Source 1 196.9 3.1 3.1 1.8
Source 2 91.1 14.83 15.9 1.5
Source 3 / / / /
Source 4 344.2 -7.16 53.8 6.7
Source 5 397.2 -7.2 2.8 -1.9
Source 6 79 6.84 21 13.5
Source 7 67 -5.7 14.4 3.2

NF 1175.4 4.71 111 24.8

Sink 1 160.5 22 19.5 17.5
Sink 2 129.3 -7 0.6 0.8
Sink 3 149.2 -17.94 -14.5 -3.3
Sink 4 164.3 24.83 31 -5.7
Sink 5 83.2 17.23 14.1 7
Sink 6 87.3 -6.7 1.6 -1
N 773.8 32.42 52.3 15.3
ait 401.6 -27.71 58.7 9.5

5.2 5 ReO HJLLE

SMGIAC 5 ReO i E45 RAF L £ W] (W& 4
FuR), P B 2 AN K, ) 2246 4E 0 ~ 0.4 Mpa,
gk R A S UUE L, Ui SMGIAC A it
T N R B T R WS I, RES R
TR

AR, SMGIAC 5e/lR T ReO (4t
A ReO ZELMGE TN, 2HkELZ, N
HOBER RN N DA AL, I HAE SR &
I T K, AR A FH - P 09 S b A 7 1 B
SMGIAC J&7E4k TAEREL, FACk, HE TAEA
e, AT SER AR RGR B T &, JERE R T
R (1 L A

120 — ¥

i —— SMGIAC “EMIE )
i @ Re() /EmiIE )
> SMGIAC "Lt it

DN,V L WO W | S PO Lol wf [

P
Pressure I F
(MPa) fl
' ﬁy’
!
! \ \ ! \ ! [

0 20 40 60 80
Node

Kl 4 SMGIAC 5 ReO (#7200 Hu4E R
Fig.4 Simulating comparison result of SMGIAC and
ReO

6 it

AN (SoftMan) ) B HLas A AE W 2 H Fit
MR, DL & AR (Agent) BE A N T A
(e PERI DB, REDE RN S PR D) RE. SCHR [16]
SN TEAN A B T AR N SRR R DO SR, R
T, X A FROAR.

M55 NRAL SR 1) — M A LR R, %
WA A, 1 ST H T v IR 45 1) A N BEAA R B B A
B SMGIAC. 5 &A1Y 2 8RR HLEIAH L,
SMGIAC HIFF RURILAE LS =ANJ71f: 1) ¥tk 4t
(LT BB A v AT 55 A0 A H S A5l ik 2%
1) 25 SR A N S () o B 9 8% o 55, T g 78 0 K
FEREAR U R D03, 0 52 27k i) R0 (%) ik R R 55 1) 56
AR HE T — AN RIUF BSOS, 2) nf L — KR
GO RN LA T IRSS (T) 3 m i Ass; S T2 M i
IR AR GAT I, P LA IRSS (W EREAE) 14
RRAM, EFEAR TR RGN A& N 3)
SMGIAC 22T [f o) fe 55 v S AR S v (1), AR
T5 Web HARNH &5 Gk, H TR E M4 1
S0 N RS HRAE B A2 — KRS s ) i

B

[ AR SC (0 AR 4 T SCHRF A B [ 51 gk
T H WS I R A R AR A, B A
PR 73 2 7 KA AR AT KA AN B R IR 0 R K
.
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