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Abstract

Numerous scheduling and planning problems in various industrial environments are
known to be extremely challenging, especially large scale scheduling and planning opti-
mization problems. Airport Ground Service Scheduling (AGSS) problem is such a prob-

lem.

After a brief review of researches on AGSS related areas, formulations of AGSS
problem are presented from constraint satisfaction view. Furthermore, AGSS problem is

classified as a N'P-complete (PSPACE-complete in some cases) scheduling problem.

A dynamic distributed scheduling model is structured for AGSS problem then, and
a dynamic distributed scheduling environment run-and-schedule is put forward to collect
and uniform AGSS related data. DSAFO (Dynamic Scheduling Agents with Federation
Organization) is a novel multi-agent algorithm for AGSS problem. To fulfill constraint
satisfactions and optimizations in AGSS, DSAFO employs two strategies: local heuristics

and global coordination, based on roles of agents in a federation organization.

In a typical AGSS solving process, DSAFO accepts real-time flights data from run-
and-schedule environment; decomposes flight service goals into operations, according to
gathered data; divides the solution space dynamically into rational partitions with multi-
agents; conquers each partition with local heuristics within an agent; optimizes the solu-
tion simultaneously via coordination among partitions from global view; and dispatches

the solution to real world aircraft service resources simultaneously.

The complexity of DSAFO is bounded between quadratic and cubic polynomial time.
Though experiments show that DSAFO is unstable and influenced by several parameters,
this algorithm is good at satisfying all constraints, jumping out of local minimum, and
finding near optimal solutions for consumption of resources and man-days. After careful
experiments and theoretical analysis on parameters in DSAFO, a comparison is presented
with three opponent algorithms, including a MMAS approach and two traditional heuris-

tics.
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Finally a brief conclusion of DSAFO and the future research directions in AGSS are
given at the end of this thesis.

Keywords Airport ground service, Distributed constraint satisfaction problem, Dis-

tributed scheduling system, Multi-agent algorithm, NP-complete, Polyadic w-calculus
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ffilo D. E. Neiman M1 V. R. Lesser J& RS T B B2 1E AL ok Ak B2 29 5A 7] 3 2
F s, 3f H M. Chia, D. E. Neiman, V. R. Lesser /i [l T BiF 3 /E47 R (poaching)
Al (distraction) Kk Dis-DSSH,

A. Cheung, W. H. Ip, D. Liu and C. L. Lai W#H5% T — M H A& 575 (Genetic
Algorithm, GA) Ak €A AT E MV B2 1) 7530000 o A AT sk iy i L3 T VR I e (1
IRZEIETTIEARARGEAN TR R ZE 50, DT AT LAA: 526 )l 55 1

FE TP AR, — /N3 T A F) Preston® ML Hiu I 75 5 & BRI T —%& TAAM
A4 (Total Airport & Airspace Modeller), H-HEL & iR T Z24L 154 W) e HED) g . 4
[ X5 (Lufthansa) % T PERSEUS WUH?Z, Jr 45 55 P05 IR & IR 45 A0 SR B3 LR
YE. HEYE B SE I AT 5593 Bt . ASCENT AwPHEAR T ARIS/AR Wi #l ki R 48k
FEAT 2R ) G AR B s Al HLPE TN R At 15 28 255, b [ RS R

L http://www.preston.net
20 http://www.groundstar.de

3. http://www.ascent.com
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BRIV T AN IR RS N B E R RR, B8 “WInsaE BE
HRG” 1T R GER o Mo i B R SRR 85 2 . 1% “Ta5 RS RS & DY
PRI B BB Bup s A Ph2, ] RS2 E AL .

73 4b, Northrop Grumman A @]°ff] Park Air Systems® & H 1 R 4 A-SMGCS
(Advanced-Surface Movement Guidance and Control Systems) 7 H Ftyu [l )2 Hb
B RGN AR W AL s iR R 22 1 #HLY (Beijing Capital Inter-
national Airport, BCIA) JF & #T GIS (Geographical Information System, HiF {5 E &R
S8 AL i T A8 18 4 1 T 20,

2.2 Job-Shop i JE ]

EX 1 (JSSP) A. S. Manne F 1960 & 4% T Job-Shop A E F]# ( Job-Shop
Scheduling Problem, JSSP ) 17:

...... BHF P BB n MES MR XTS5 AHFZ— /e
Rkl THEEF BN, —NAREET, A—REXLE, 2FE2EFIUAN
WA AES 0 k. ZPAE PR OAE T AR egetiE f T4, g Zike
11737

g 'F]/l)]-}é‘)']ﬁ/ji-ﬁ-*,
o K& &AL,

FH AL F o; ARETES j 9T 40E (2 =0,1,...,T), EEe9HF
SRS R “EAET” (make-span ).

34, AL S. Jain F1S. Meeran tH45 Hi T — AN B0 2 A B 11 e SRSl

AARZ I LKA FL JSSP i)l e — 287 V0 H0y SR, A I fige th e Y A i 4025
XSS A MK (dynamic programming) « 43 fi# 5 #% (decomposition strategies)
M 28 R (enumerative techniques) F15E T2 8 ff (Model-Based Optimization,
MBO) A1, ANk, K2 JSSP S AR it Ji &0 i N P-5¢ 4x il R, i A i S 2 AR
AR RTER

T3 MR AR ), R AR, PR 3 O R (dispatching rules,
oA 2 51 ) sequencing rule B i 5 8 I scheduling rule)« J3 & 27 (heuristics) Fl

4. http://www.caacsri.com

5. http://www.northropgrumman . com
6, http://www.parkairsystems.com

T A 2 3 B — AR B8 T R A ey R A AT P i L 23 ORI 2K — 4%,
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Lagrangian fa5% (Lagrangian relaxation) . J& A& U] LS T-Ab BRI [A],  bU Q1 f5 5 b BE )
[] (shortest processing time, SPT) | i 5.58 T.If [H] (earliest due date, EDD) ). Fa5thIhf
(8] CLE dn s /MATAR G (minimum slack first, MSF) ) | i i €5 15 18] Cearliest ready time,
ERT, 4 FR A ek 56 H first-in-first-out, FIFO B3 46 2K 56 ik 4% first-come-first-serve,
FCFS) VAR 86 5y 45 Bl 4 6 B0 o x5 v AE o 1] o i HL A2 2% B AN i, A3 AT
ST LA MR B — Bk U AN REAF H JSSP i)t ¥ S AL i o

TR AL 5k, T WA RE SV (intelligent algorithm) 8% 35 87 REALAL
4537 (intelligent optimization algorithm) . M FHEAIS0FANTF4h, — RIIHHAYE N 2]
T JSSP i, T LR/ IR RSP 2 (expert /knowledge-based systems)
AN T RE (Distributed AL DAI EbiiZ Agent R 45122232425 (MAS) ) A T4
2 25260 (artificial neural networks, ANN) ., 22 242272829 (tabu search) . R ALLIE
K BOBU (simulated annealing, SA) . 8% 5758233 (genetic algorithms, GA) « WUHF L
1EB4 (Ant Colony Optimization, ACO) . ki FHALILBY (Particle Swarm Optimization,
PSO) &, XEET7iEAA H CMURE 1 5 FRAT AR 1) A0S

BORIZH (Fuzzy logic) WVFR UMAE Ao —Fi ik, i HAS S — AL k.
IEHIAE (fuzzy set) BRI AXAN W S48 SR TT AR G (R i 75 2 86: 57,

2.3 43An ALY R AL ) B

E X 2 (CSP) X Absbit, —/A~29 &% 2 1A ( Constraint Satisfaction Problem,
CSP) &8 n MRF oy,29, .., 0 ZERFOMES AR TAMRA. B KA
Dy, Dy, ...,D,, FFEECATHGBAEL LA —& ) RABR G A, —HRH, — MY RAL
—ANEIE AT, AR pr(an,, ..., a,) A— AR Cartesian #2 Dy, x ... x Dy, £
4 —ANEE), ZANFERA S BALE BT @20 TR R ARH XA R, B, fk—
A2 Rt R A S BT B XA — AN, ZIRAEAEAT AT PP A 69 R 2 0 BAE P AT 69 4
RARH A, B

it LR 2T SRS A2 0] 8 ) B T A o SR BRI, # 2 AVE (search algorithms)
FH 5L (Consistency algorithms) o i H 1% 0] @ 1Y 8 2 5yk ] DLt — 2 9 0 Wy
I W, [R5 (Backtracking algorithms) FEAR i [ 577 (Tterative improvement
algorithms) o

B R E R0 S 1 1) 29 AL ) R R R A ) . R R EE, s
5 ) &2\ (min-conflict heuristic) B, 40, 55718 R (weak-commitment
87 I 15 Lagrangian FA SRR > 20— g% Semk, AL 450 — Pz .

10
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search algorithm) MO0l & 3B /N ph S8 (R 1) 5

ERMREZE AR REEY, Fshhod | kX —F, P2 ia it
VISR . AL, FEARIE — B0 R g . — MU AR B A B (Aawed) 1
fi#t, FAFFIC LY (hill-climbing search) SRANWHME V] T i 425 & ;

HAMEE HAMEE S BER L, SR Te = A Rl

E X 3 (Dis-CSP) —ANaAn K29 Ridh 2 F A ( Distributed Constraint Satisfaction
Problem, Dis-CSP ) & X £—A4 %7l < A, X,D,C > k£, £+

A={a,...,q,} - — AN p A Agent #9545

X ={Xoss- -, X, } AR p B EEHES,
SHFHENac A X, ={2k,... 2l -BAEERES @ h g NEE;S

D ={D,,,...,Da,} - A Agent 891K A9 A

SHFHEMNac Aand ¥ € X,, X € Do(x) - BNKE  691EKR, FFEBAEEE ( B4R
8 ) A Agent o PTKAE;
C={ci,...,c;,} =Coy U...UCy, - XA LT LA R EA,
stFEA e {1,...,r},
Cit Doy (xh) X oo X Doy (2831) X ... X Dy, (za?) + {true, false}
- Foob BRI T A AT R 2 A K
st FHA Agent a € A, Cy = {cilc; € C A EIX ¢; s relative to z},
rTEAy
- Agent o BT A AR R L kGG L, H RS
sbIRAR Agent o XA Fnid,
N, Dis-CSP o] AL Bp 4% B X A — AR AA:
a € Dy, (xh) X ... X Dy (7831) X ... X Dy, (7))
1E4F

vV ¢i(a) = true.
1<i<r

4, M. Yokoo, E. H. Durfee, T. Ishida 1 K. Kuwabara 45 T — N 2ELLK FE
1RH2, B RALHE Dis-CSP ) #1532 my LB R U R

SH B 7521 (asynchronous backtracking) &k & ML — N0 A 00 7+
S5 fgp AR

STHRIEEE M. Yokoo #7255 K i # & (asynchronous weak-commitment
search) BHVEIIE T IN T S/ 52 I8 e SR> AT “IR7 PSR 1y IR B2 B 851 7
4h, Agent BN ARZZN AT AR R, BRI —AS “IR7 [0 g S50 nT DLE I 7 148 20k
REfSRIME IE . B T L Agent REGA G M REA0AH

11
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SHNKRBEE L ERXANFET, LS AR ) AL L P AE B “ok?” 1 “improve”
SR R AR A

AHER—BUMEEE W2 Agent KL 2-— B AR H A, PO ZA kAT U
SRAR Jey s Ak B 7 s MO

ADOPT P. J. Modi, W.-M. Shen, M. Tambe I M. Yokoo (2005) JF & T —4 % N
ADOPT (Asynchronous Distributed OPTimization, ADOPT, &0 Ai={ib) ,
SR A BB — R 1) 43 AT L A A ) T

% Agent POMDP Hl, £ Agent 4 7] Il Markov #R 5% i #2 (Partially Observable
Markov Decision Processes, POMDP) 8!,

2.4 PMEZ Agent R4

2.4.1 % Agent &%

% Agent 24t (Multi-agent system, MAS) & — A HEH A H& B 2o H A, —
kYL, — A% Agent RG0S LA T IFIE K — 28 HAREUT 5505 R BE Agent JIT
PRI RG. —A Agent & — NS, L —NAFRE P —AMHLES N, & rT BAgE
BRI T EMAHEL, JF B ERAT A G TE (D SkRIE T8 A CmE
K49, M. Wooldridge #1 N. Jennings (1995) 45 H T Agent ) PYANEFPEBY

o HiEME Cautonomy): Agent FIATENFITHFE AT EAR L e W AW EE T, 1mH
FAR— LRI 5T e AT TIAT A A1 P R ZS R 48 1
o fLA&TE (social ability): Agent FIHE Agent CH R HERN) 1l —E 2] Agent

H{HTE S (agent-communication language) W74 H ;

o RIVTE (reactivity): Agent BENJE HIIAEE GX o] g @& EE 7L mat g A P A m
FIH P 8 Agent BI4ES . HBr BHIEM Internet BUE & E AT S, FEX LS
mh T R AR R SR AT ST Z R e N

o JizhE (pro-activeness): Agent FAN B A& & B0 A BE AT I Y, & ] DAY 5 vk
LT HARIKB AT A o

RIS, ZEAS TR IR FH ATUEOA 75 5 Agent LA A A RFPEPY o EASCH, — (1) Agent #T
e SO BAASERTPE (real-time) « B[R] P (intending) « FF2EME (continuous) FIEJEA
FRIE (resource limited) FfJSEAAS

12
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REZ Agent RECLW) 2%, IFHCLAER LS T L84, iyl
{1388 %) Agent FIXF % (Object) Z 8] X A 18 AR . FRATTAEIX B R A M. Wooldridge
(2001) FERBY, KA ST I EVE MG OUHGZE 8% 4 active Objects) H X 5
FFok:

o Agent LUXTZARILH T S 581 F VA HENES
o Agent MIREJIZZMEM CELFR SONIP) . TBh I FIAE 2 1) 470
o % Agent RARARIEZLLFEN

2.4.2 PMEZ Agent R4

R E BEA R ZhE (FE 2 Agent REEW B L Agent) [HAZ HAK AR R W47
A BRES — AS PR AT DA A B S AN DMEJ 4R (coordinables) . PR E I
f (coordination media) FIHMERI (coordination laws) . H. S. Nwana (1996) 5 HiFB4,
HAWMER Agent RGHME 3 FEA R BEAI L H Ax 2 M. N. Huhns and M. P. Singh
(1994) st it 73 A N T2 B (Distributed AT, DAT) B3 K 3E 4050 B o 38 i 3R 644
LD, PIMEZ Agent RGEAT LIRUAR Ay Fads — KGO B E Agent BEATAH L
FLIER RS, AR RCR AT — B Agent HIRE ) # S . TELHSkAE, [

\Y% (Z agenti> > max <Z V(agenti)>

bR V 2o O R B DU R K@ e X, B IS OUT
PIPERE PIAERE . W ME . KRR RS SF B e TG o PMEE ST Agent FIEATTZ [A][1)
KRN XL RFIRZH, LLW%ERL (equality) Ji A (enablement) . 25112 (inhibit) .
Tt (interference) 225657, 41 e 211 FrosB8l, KB AN [R1 S L 6 5 SCAT DA fij 22
a4t

o th1E (coordination): WH1E & 48 Agent 7E I [F] 1 48855 A BEAT 7% 8 19 R 48 1 4y
PEBA,

o &1E (cooperation®): A 1ESEAEXS BN (nonantagonistic) Agent 2 [H] [{Hp{E B8
o HIF (negotiation): Wi /& Te g ElE FIAM Agent Z (A EMEDS,

M2 FRATTHE AT LA &5 W AE Agent RFME, R B ¥R PE (autonomy) . A2 H.
P (interaction) « fE451E (task) FZ=2EM (benevolence):

M TASCEERE DA XA, BUILEATIERAEKITEOL N, FEASCHBEA TR UME S S/EAINIX
A

13
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(Coordi nati on)
|

(Cooperation] [Competition)
|

(Negoti ali on]

| |
Distributed | | Centralized
planning planning

Kl 2-1: Agent ZZHAT AN 73K

o HifitE: Agent FATESIAIH AT EAMILE BA K ERL T I iy HHEA — 255
FRITEAMTIIAT J9 AN A AR (K427

o XX PE: Agents A] PA[RJIL'E Agent A2 H.;
o FF51E: Agent SUZRIHA —LE5ERN B O HAR;

o [ZEME: Al Agent FFEFFBIKINAR, &R ERAHE.

Wt 2 v, PME Agent &R AM LI ETIATAZE. L M5 HE Agent FEAT SR
SEIE B QRS K B Gk IUIEMEZ Agent REUME 45 %€ &5 18 I AR 55 1 B
Agent IR AMNIMEZ Agent RGEHAR LK, T2 23t 78 2 Mo A XL

AT JEL i 4% L (13, 144 159, 60, (611 624 63, 64, 65, 66, (67)

TEARSCNIMEZ Agent R0 0 3 P 52 i (R, o 25 A 504 3 ARt 43 o4 DY 2%,
RIERY (coordination protocol) « WMENFH R 4¢ (coordination application system) .
SR B2 PMERE Y (strong mathematical coordination model) FEMEY fE (coordination

extension) :

L. BMEBN: M D. Gelernter Al N. Carriero (1992) B2 Z A 1403E W VE WSO T 1E A Al
FRPME & R R E ). £ Agent RG T EEFIMENIE CNET (Contract
NET, &R 6869 KQML (Knowledge Query Manipulation Language, &1iR%r
WEREE S IO TR FIPA ACL (Agent Communication Language, Agent 181515

EBR

(a) CNET: 5 [R] W2 55 44 A e iy B A DM P —, Bl Agent Z 8] [157[F]
RIEAT B

14
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(b)

KQML: KQML 72 Agent A2 1. 552 4 ORI IR (AR HE. ‘B2 —ME Agent
Z SRR L AR, DB T3R0S Agent (AT H ARG ()49 405
FIPA ACL: H FIPA (Foundation for Intelligent Physical Agents, £ & 5ZFr
Agent 12D $&H 1 ACL 2 T JE — ANz A H 1) Agent 28 T 11 5 A
ko ACL KA 58 2 i ST 30 A5 V5 VA AR A 1R SE B

2. UMEN RS FIFMESEMEZ Agent RECEME TIFZ N R4, HLHRZ
AT HLABE B AN

(a)

(b)

FA/C R%: DhReR I /ME R4 (Functionally accurate, cooperative system,
FA/C) &R B 70 AT P 3 B AN IR DA — A5 1 R 255 i) el 3R 4T
FE LRI o3 A AL 3 R 2 17 7

HTN: JZIRAT5 M 4% (Hierarchical Task Network, HTN) I & FF2 ¥ b i fif
BAHES N, #1140 SIPE (System for Interactive Planning and Execution,
ASH RIFHAT Z2 g0 79,

PGP: #4r 4 5% (Partial Global Planning, PGP) il 41 1R 2 R b E
FRTE AN G HERE, 324t T — M U S M 4% (distributed sensor
network) FHMEZA N LR R MHELI,

ARCHON #%4i: HI ARchitecture for Cooperative Heterogeneous ONline sys-
tem (WMERIIIEL RGL ), S0 HBU) TR AN RS 2447
TEI 2L KR GEAR S 7E I S 2 ABE T AL BEAN [R) J7 THI ) pR € )l , ol 2 4
AR AR B A R0 R G b L B PR B A T 9 e T

Dis-DSS: Bl Distributed Dynamic Scheduling System (/3 A s MRS,
B AN F LR 2w AL AN [R5 U EAT P I — A~ 2 Agent R
45, [ IR TR E LR S (Airline Resource Management, ARM) [1]—
SUNRE R

GPGP: i #7545 %] (Generalized Partial Global Planning) /& PGP 2.
EET TAEMS (Task Analysis, Environment Modeling, and Simulation, 1T
S W IR B RIS ) — P g o A% T PGP, GPGP SR A58 LR Kk
WEATSS, B ACVF Agent St A/ b R nfE B, IR Z E okt
AT A 80

Dis-HTN: 7340 HTN /& HTN )3 XA, Fln DSIPE (Distributed
System for Interactive Planning and Execution, 434, SIPE). DSIPE 1 4t

15



o R BT R 2 AL 2 1 S

(i)

T2, RIG5TH 3K Agent K A 3R IF L 2Z(E B, &5 W5 MR
Hh AR A R R R

LR GPGP: K. Decker M1 J. J. Li § & T AT 45 45 W4k £ nil 5 TEMS
B2 831 e A T RN EIRL R RE S, AR5 K GPGP 7 Rl U5 4 R
GPGP SR Ab FE— AN TAR I BE IR 29 A 3 A X s 2= B i A\ U BE (Hospital
Patient Scheduling, HPS) 184,

Fa g Kl (wasp-like) J&—NET R TTIERARN 2 Agent TMERE,
ZEVE S (ACO) A5 EEAALL, {HJE FE A 52 4 A 7] 164 851

3. SRECFIMERIRL: AEAR SO PAT PR LRI AR Oy 57 g PRI Ry X OB AR T 2L L
Kl R AL (Turing Machine, TM) S LA K BEAT SR AF, IUAEI VT SEHLAREAE A 2
(YIS ] P 50 B v 300X S8 ARk BB R AN TT BEY » M. d’Inverno (1997) 51X L84
7510 B T ) TR R RS Bl 25 1B AR 86

(a)

o &K A &K (Joint Intention) A2 PpHh Agent #41& B 7k i (joint
commitment) . 1 Bt 5 51T (joint responsibility) FHHATEC S 1T 8) (joint
action) FIPME J5 BT 88,

BOID: i J. Broersen, M. Dastani, J. Hulstijn, Z. Huang 1 L. van der Torre
(2001) Prd& i1 BOID (Beliefs-Obligations-Intentions-Desires, 15 &- X 55 &
K- B ) &5 /BN g T AL 42 () BDI (Belief-Desire-Intention, {5 - Kl #-5%
B Sk B R0 A 8 2 AL S AT A R R 2

Coo-BDI: Coo-BDI (Cooperative BDI, #/MF BDD /&3 F dAMARS (Distributed
Multi-Agent Reasoning System, 43713 % Agent #EFE R S0) 11 41 W #5861,
I HXHAESE ) BDI @i 7EAR 2 5 HEAT T4 €, Eean 12 SR A iR iy
SrE BIN Agent ZIFHME . BINGRAE TR 4O 92,

RCS: RCS (Rolegraph Coordination Strategy, €0 EWMESES) &1 ] £Fis
ITHEE A Agent HLUAEALEEFE /35 B Agent FIBA TAETIH H 93, &3l
O NNV &SN VNN SRRV S

FSTS: FSTS (Fuzzy Subjective Task Structure, B WA 45454 e H
Sk L EERIMES (L J7v2: . 145 TPkl R4 SRS b 1E ) o4 A5t
WIZH (Fuzzy logic) 9 5| Fl 212 AR 4L o Sk b BRI ) AT 25 (W BRI R ik 1
(AN E s

MDP: MDP (Markov Decision Process, Markov # 3 #E) & — Pl SRR
Al RE - FORZS (possible world-states) AR 1] GETH FUIR ST I AT Ja 7= 42
208 T FOIRAS T AT O, SR JE R e T Bt PO h s AT 3)

16
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(R A TG, ATTREAT YRS . PRSI T 47— 4% MDP Jj [n] (R F7T
fihi:
i. MMDP: £ Agent MDP (Multiagent MDP) 19,

ii. DEC-MDP Al DEC-POMDP: {4+ 3 MDP (Decentralized MDP) H14E
LR 43 0] W MDP (Decentralized partially observable Markov decision
process, Decentralized POMDP) 197 98],

iii. COM-MTDP: {5 % Agent B\ A8 (COMmunicative Multiagent
Team Decision Problem) ¥,

iv. CMDP 1 EMTDP: #. Agent ZJ 3 MDP (constrained MDP) Fl¥~ JE %
Agent P\ P35 1) T (Extended Multiagent Team Decision Problem) 190,

4. PMEY R UMEY T EZOGERR T Agent-Agent PR Z AW MIAFTT A B4 -

(a) P. Scerri, L. Johnson, D. V. Pynadath, P. Rosenbloom, N. Schurr, M. Si 1 M.
Tambe (2003) I8 T 7E “ A-Agent” F1 “ A-Agent- N\~ iy pip/E 101,

(b) A. Omicini, A. Ricci, M. Viroli, C. Castelfranchi I L. Tummolini (2004) 45
T — AN “PME N L7 (Coordination Artifact), & K& —AN1]
AL AE- AR S T TR IF R 2R B0 T30 e Agent A&,

ey LRt T M EBOR I P L2 e, BT IR A1 Agent AN 15 BT ) DSAFO 592
LA A A B

fE BiRiX et e, 7 SEARABER M. b2 GPGP Jik, B
i R B ) @R — AN i, HUR B g NEXP-564 (Non-EXPonential-complete,
JEFH-584) ARG LE2 98, 46, K. Sycara, S. Roth, N. Sadeh I M. Fox (1991)
i T —/ME Agent Z BRI G BRI T K (B 11— AHLHIRY . REAS Agent ff X
SEZUHRIE A BRI R GE BT SR AR o IX AN R AR 22 R A 3R 23 S 9
Jio AL, A, Garland A1 R. Alterman (2004) $§ H A HIEPER) Agent W] el i A 3L
SV EME TAEAHEE H VG Agent B8 411031,

2.4.3 Agent 4 LR

KTALM €, HArFEA A SO RE X, H2 Ko € A EA
—HEAHFE R R . — Mk, 412U DL R s B

o R JURE ) i e bse AR

o HHZAFAR (N N Agent. SHFA)
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o NH—AEEEZ IS ALRIATHINNIARS

o HFRUKEN (goal directed) (NI, HARTIHES AL, o ml REAEAIR A S35 i
(¥, ] BEASRERITAT M ALZUR S T =)

o HEMGZWIALE, RIS
o P FIIR. SCAE. B2 Py AT AN [A) AT L Agent FRIRr 1 AE
o AT A Agent 1A AL

M M. S. Fox (1979, 1981) B kI T % Agent RETH KL LIL0L005], p L fhi 41 B4
BRI 5045 A R A Bl . Trp — 28 2 2l R 4 B G A0 R0 B b ) N op A T
51106, 107, [108, 109 1101 | 412 91| fff 7%, B. Horling (2004) 25 T +F1 % Agent RE 41 SR
e g, YR (Hierarchy) « & 3% (Holarchy) « 64 (Coalition) « 1% (Marketplace)
4 (Congregation)  #14% (Society) « B (Federation) « #iFF (Matrix) « B1BA (Team)
MEEHLR (Compound organization) . &—FEA H CHER L & AT &5 .

1. JZ kPO I05 M2 W80 Agent 22 HE R — M 8L, 1K 0] RS 5 I &5 Mk il 1. &
=T 0¥f (divide-and-conquer) « WL 21F 2240k, I HAE AR )@t E HesA H
e EAEE, B 55 AU FILEIR

iiid

o

2. A FRHE IR T Koestler [ holon™ {3 3¢, "2 —MERAGK  HRE R H
FRALR) G548, o] N RS il R R AR 2 R Ge. B A MH] TR B a T . (H2 XS
TARZ () UL AN R e oRBEAT A, 1M EL e i B the sl AT

3. kA 2 M6 e e R R BT T 2 4F, I HLARUE IR B S A 2 BF A £
Agent RGEHASEAR AT VIS . A A T A% Agent (117758, {HJ2"E Y]
T AL ] HEILEEAS LSRRG

4. gt L AL T AR KA Agent (7R FHED IRER— DAL
YIS G R K i bn o IXRYE T REQ AR IC BRI 55 RS uibid. i
A5y WA SEAN 7 T A IC i 7 70 A%, B2 E T RES DS E M) (malevolent) 38
Gr He o Beid B B Ak

5. FEA SN2 - Peg e r 1K Agent AMA, M AS PR, k-4
BN IF AL AR FIE A IR, RS HHBE N KBIAFER) (ong-lived), 1fiy H.
WORE S TR (holon) H I T1E K Koestler )45 (HLas 1 2R (The Ghost In The Machine,

Koestler, 1967) . fEIXAA5H, Koestler ZXIFRIE G IS ERIHE TR QA BT ALK ) B
ARG, RERGAEE T, WHRICENER.
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# 2-1: £ Agent KRG LUK 4325

AN @@;
RN

JZIR

op
H
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10.

2.5

HFANIE B — AN SR WA ) H AR BT IR G o A AE R AR B BEWS 5L Agent (1K
B, AERAT I I B E 1 25 A T BERL 70 20 R AR

b 20 20 B 5 il KNI PR IR . HAT AL 5 10 AFRATI I AL 22 2 56 TR
PEHORIAGI . AR THEALER, Agent thor RABWZ DI RS .
Fha PR R 2 30 55 i HUR AT R e A e itk gt . (2 B et 2 1R
SLORIN, T H. Agent wf g 7 ZEAAMAIAL AR fE

B FRI23 124 i K KA T o FT AT 1M Agent #AHA — 2oL M EHE, (HIE 34> Agent
B TEATE SIS B TE, kg TR NCRAR AR BORTE K
UL ACREAR S AR AR 55, I E AR T )& Agent . {HIEIX bk
NI T AR

CHEBEBIRO T A Agent, —MEFEIE” [ILIH, SOVFVRBANE B H B ) S

Agent KW —A> Agent FIiE 8. With—k, Agent WIHE AL =T, Agent [1)
AT CATE) BERgmA3 A KK 4T o HE L Agent 1 17— AN A 1) 4 <5 £E 11
1M HIXFER Agent ] e+ E A%,

[ JgA 1105 12 1125, 10261 fly — w6 JR e 3 o] A L 1 — B0 H bR M P 4F Agent T4 /i 4]
BA T 1 SRR P PR TR) 7L, g HL & e AT 55 0 AR ) (task-centric) o {H 2 & A IS
RRBE ) R A, A AT AR F B

HEHAT R D RROET TIAFMHLBA. ARG e — M4
KBTS, 3 — AN KA T EAR AW, = ARIAT R I, 5 LR 5
HI B2 B 1o (R A SRR R BT Y

24 A

R. Milner (1991) i K Z M m-8 5 (polyadic m-calculus) W27 &%} 3147 & 4¢ (L

W EN R G0 BEAT AT R TR R T - S S 1290 R 2 Agent R G
RIR IR MERY, Z 40 -SSR A ARSI AN B2 Agent REHIERL K, %L

{5y

S T. Rorie (1998) 1301 F1 W. Jiao At () [A] 2 (1999) 31320 frr s i 452 N R FAT]

X - SRR 2 A - B A ) SR AT 5 P [

SE X 4 (-5 R o Bk A0 AL “2F7 (name ). &5, TAR LR

S, RTH ay,... e X; CAVEA M., BT ERBAN -8 F Y, BIPRKF—
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K AR “#A2” (process ). HALRTAH P,Q,... € P, MA@ it & FIRBAT ik
% 49

i

P = 'Elﬂi'}ji | PIQ | P | (vz)P
1€

P[RR R EE £ 1 =0 01E, RNEPTRGFEE H 0. EHmi
. P P, A% r A T~—/A B F 3 (atomic action ), 7.P FT#ATE 5 —/~3htE. A AL %
A 44 FRh AT 4%

a(y), FyhRaasdt, TER BiLLh v 6EBMAL T Y7 ;
Ty, THRE y, &L “BILLA v 9B E LT 7.

TBHF RAVEAR © A Sh1E6) £iF (subject ), AR y A1) 25 (object ); &2
st F AL E4) (positive ), &F T4 h & 5 49 (negative ).

— N B ANER B — AN . EA g ] DL AR TE 1 ¢ A —
Uiy ” Ay g4 — R BT PRI, T H Y o SRR A AR, T— — i 1)
#84 (co-name) — — gt FH Kt o

P|Q (“P It Q7)) M2 EMWHE P A Q =& [FIN AL ISR, B EA TR LA AT M
HEATATED. 1P (U P BEIUE PP, .o WA S TR 2 M L. (va)P (“FE P
ORI 7)) K4 o AT BREIZ] Po )5, B x(y).0 M Ty.0 RERE RS 1, Br A3k
ISR H “.07, A EAE 2(y) M Zy.

EZE TP IEZ TIPS libU = EEE G WNIIE
ey yn) BN z(w)w(yr). - w(yn)
Ty Y RN (vw)Twawy. - W0y,
BEE XS G 151N, FATHREE AR S E X2 i m-B 5.

EX 5 (M ol HE) KENB] ZMIEHE, KNG T LB W
% (abstraction ) F, G, . .. #= B4R (concretion )C, D, . .., 2RI ARMAT A AR EIR A, B, .. ..
ENMER o, B,... kQIELFAAL, FR T, Y,... RETLFEE, CIHRD0 5
AT

ArAE 42 ( Normal process ) N = aA|0|M+N
142 ( Process ) P = N|PQ|'P| (vz)P
44 % ( Abstraction ) F = P|(\x)F | (vo)F
£1K ( Concretion ) C == P|z]C| (vx)C
EF4K (Agent ) A= F|C
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M + N KR 2ANE M gie N #EYUER AT, 7 HACE N IERERE g 30
1Te (\o)P Z— MRS HoE AT S Wit 2 i
2y yn) P E 2.y - ya) P
[ [2]C Z—AN AR, “[]7 ki T ar g i g .

_ def _
TYy - Y. P Z Tyr o ya] P

3 A9 T T, AEAR SO AT AT S X Ty -y I B S S AR
(Y1 Yn)o

22
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F=F YA MEELIEE. X

LEAE S, JRATH T TR 1B T VR b i S0 1) A0 S R AR B 4 1, O
L 240 k3 FE 1) S50 100 A et YO T 7 L 8 ) ST T 3k, ARSI T KL T 7
b8 FEE R AR DA TS 2 A 38 S o e 7 o 0 52 1 50
3.1 B

FEDLSE LI A b P ) U, AT AR 4 1 22 AN E T30 (HRAEA SO, JATTH
TIENL A RIS AR, R ) AR G ST AT 1 LB, XL AT

o MUY I AT WAL PRAR ) (A ACIHPHZE ) ;

F PP BEUEATEATI R 55 b BEAR ) (B BB 45D

FRIFLHE icHiE # RE  eoR AR 21

LS
o JHILMIHEALE, 11k DL RENS PO ADURT A (A At T R
K

PRI 1A AE e 55 e 70 BBy 2205

[ ]
)|

o BN AU T B A BHBEOR SE

o FEATHIRBFICBEAL BE—AMENE

o FABHHHBER A Z T 34 /NN T AR,

o FEANTAEN G BERIIE 2 A 4-/INN AR, iy HLC AR I TR X ) T DM R 2

o Agent 2 [F] {7 SALILZFERR N TR, (EUZ T B — & A2 AR 28 CATEENED ;

23



o R BT R 2 AL 2 1 S

3.2 Xt

KL A b B e AT DL A AR o AR RS F S BRI
B Re BEMUUHEHA AN WE 58 TR G D, Jf RSP — &
FIVEMD T ZER e e BEARMRES3E T IR I 5 I 8], AN 5 T A N 1)
AIHE RGN TR) R A B SR T I ) CRRJRvt RN 18] o AR L 7 25— A BREOR AL P,
117 HAE AN Wt b 3 o AN B R I B AL B — ANV — ST AT (R BER R AR 23
LA AT, IR A T IEE CESR IR AR 55 T 4 1] ) KA Lt 4 b
VR JSE i U AE <3 4 R A P A LR SR PR de /N DR UG 2t (100 T P v

e N ORBATPR 45t — L2 2UA 10 bR BOR 7K O Lt 1 Ml 8 2 £ R 55478 b 2 e
B RHUH AR BT BRI R ok, ROp LI IR EEAH G R A T LAk
L0 AL I R BT AR T

3.2.1 kML AEN

FIFE 1 —AAIEGIRSAE L (O, £ F QisMEAaA € ) AR EATH IR _E g “4k
RBAEFT (REF)IRAF () ART — M < O, <>,

UEHH . — NS N P P 4E (partial ordered set, poset) < S, R >, HA X TAT4A
WA TCR I T4E {a, b} #AH — DK TS Gofimum), 8K inf{a, b}, F—Ng/D L
A (supremum), 1AF sup{a, b},

B, <O, => &My, -

o LfITE (closure): X TH < 01,00 >€=X, H 01,00 € Oc WHkEV, WA
YENEIW A “OLeEAHEE” R, CATH EE— MRS ELEES

o HME (reflexivity): XT84 0€ O, H o < 0. WHLIEW, ITEENLEASLLH
IR

o fEiEEM (transitivity): X} T BT 01,090,053 € O, TR 01 < 0, 1 H 0y < 05, W4
01 = 036 EE)E%U‘E’ ﬁu% 01 Z:Igﬂ: 09 ﬁﬁﬂ 09 Z:JE\.:‘F‘ 03> %B/A 01 Z:igﬂ:O:;e

Hxk, < O, 2> HISAEAE— DK NI AR — e/ B

o I K NHITL: XTI H o€ O, F landing = o, WHLEUL, — MIIERITA FI7EL
FRANBELENTHE V% landing Z BT TFUG
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o /LT XTHH oc O, F o= takeof fr WAL, — MPERIFTA KR
HEAREIR T WP K takeof f

PRI, —NUHER T RS ATE AT TR “OLSEBAREE” SR RTE M < O, <> & —
g O

EX 6 (CHLHLE M) —/N kb @ ARk (airport ground service ) #9 5% 4] & —
MNEFUE(F,O,R,T,=, D, F rt st ut et tt,Q~,s), L+

F = o1, 02, ., ¢n} - n AMARHELE R £ A

O = {o1,09,...,0,} - p ARk LR R 0 SR

R = {r,re,...,r} - g NFRLAARA A

T = {0,1,2,...,A} - BRI a3 R OEACR A, PR R G EAGE R,
e+ — = <, < F5F;

< OO0 -%%ﬁm %%«i@&ﬁmmﬁﬁﬁﬁzﬁi Yo
7| 32 1 P o,

D : Fe—T - ALIEIR 57 T HA TR B 4K

F : Ow—F - VB A B TFIARASALIE;

rt : O—T - M Ak gk g a];

st O T—{0} - 3 BA IR 4B 1)

ut - 0T - AR Ak o BB 1]

et Ow—T - AE e F E ]

tt : RxO—T - =R Ak o B B A

QO RxT—OU{0} - ST ELREAANE L, B EA P LRFAET
% F—AME LM IHZEAE O,

3.2.2  KALH RNV A B

X T (CKHLHTEENE R B ) kALK B A kA B R R AT T — AN kAL @A
W4 (F,O,R,T,=,D, F,rt,st,ut,et, tt,Q, v, s) F&T @A FIK9E F

v 1 O—TR - H5BETRE;
s O—T - pBBEIHeE,
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%) B i A T R

s.t.oevo[rt(o) < 5(0)

A s(0) + st(o) < D(F(0))

A 0‘3’0/3(0) + st(o) < rt(o)

A v Q(y(0),7) = o]

s(o)—ut(o)—tt(v(0),0)<T<s(0)+st(o)+et(0)

Hb, 0<0 0= No#d ¥EE.

AT UL, CHUH T A Ml AL AR 3 KT R R 5 ORI AT R %
it I by A2 R 55 1k (R T R

UEH] . R FREAMYE, AR RS 2 L, a2 i, Vo € F, #7178
OP, = {olo€ ONF(o) = ¢}

TR ET o RN o T IXFE AR S AR 2 AR 1, i HORN BT — AN eR
gt IR EA Ve € F,|OP,| = O(1). Ft,

p=10= ) |OP,| ~O(n).

peF

1E 3 ¢~ O(n), LAWK, EXRREE ¢ 092 RER O(n).

U 2 R BRI i 5K, e A A R e/ N SRR A I 1] «

i min[tt(7(0), 0) + ut(0) + st(0) + et(0)]
i HA R — A B IE UGS — AN B0, SRR G KISt 5E T pe BEEE N p
PRI ZHE RN B A + 1 (T MR |, BIEFE R RN RMEE EADNT

s, W2

P X rutpin
M Ay Sesp~ 0

.[H:n q ~ O(n)o O

O(n)

EH 1 k@A LR % BT NP-7 4 (NP-complete ) %.
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UEWT . TG, ARSI AT AT O Lt A M R S i A A8 RT LA 22 T I T A B4 AR 1) 6
i, DA RN Lt i b s A — s T NP

FEFE R RAUEN] T, FATTHR — 2D — 2D AR 73 i)l (Partition) 38 WAL i £ b 3
JEw AN ok . e, ) ) R R S 44 O RE A NP A ) e —

AR B SE B N IRES AR TR IR a € A RN
s(a) € ZT o I Hbrt G4k 58 A C A, e

Zs(a): Z s(a).

ac A’ acA— A/
RJE, BATKRITE— 40 “ 2 A PE I E” (Multi-processor scheduling) [ 7] .
WA ) — A S AL — MRS “AR55 7 e A, MIREAMESS L(a) € ZF ARSI “ K
7 l(a) € ZF, VlJe—H m A “AbBEZR”, Fl—A> “S8 TR D e Zt. Zml# 1) Hbx
TR ARG A=A UA U UA,, #fF

maX{Zl(a):lgiSm} < D.

a€A;

% 18 2 A PR AR T 1) R XA — AN (restriction): A SBVF m = 2 1M H.
D =33 calla)e MR, TATAT LRI A% ] il ) e 20 ol 17—l o o) s
SR U, B AR B S AT AR B D m =2 H D = 13, l(a) M2 AL BE2S
i . FrLL,
Rl 1) <, 22 b3 3 1 2 )

R, 2 Kb PR A8 B2 2 — A NP-5E 2. M. R. Garey, E. G. Coffman Jr., fil
D. S. Johnson (1978, 1979) 45 Hy T % [ BIK) A AT — AU FRpiE B 1851

P& ARG R8O T b U B AL XA — A AU SRV TR R o € O
H ut(o) = et(o) = tt(o) =0, rt(landing) = 0, HX T f € F Hi¥t D(f) = Dp H5E
o L ARAREAG — 28 RBLH ATV IR B2 A2 OB CRFIN AN R FL LS mT ED - B 1F
1% 0 1ET AN = TN LT S 8218 S S it S VWY i LT

I A IS XA, BEAS 22 A0 PEAS R () S50 R LA [R] AR b 21— A AL b
WA, K g=m, p=1A|, Dr =D, H—"MEM 0 € O XIR—"ME% a € A,
I,

Z A PRSI IR <, RLHB T A b R

F)Tu\’
Rl o3 T <, ML I A A B AL
PrEL, WL i Ml 3R Bl AL s NP-Se 42K O
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SEIE RS, SR E N HLIZ RIS 28 7 B X 2R VR T AR 2w A, IS4k s — A
AIAT I AL T VR MV B 5 R A . AT, fE 22 DA 20 N TR
F AL A S AR A . BT CLFRATT 75 ZOR nT AT 1 QLA 1 48 b 98 3 A2 7 R AT AR
.

AR 1 kAU E AR A % R R — R ak ey oA X 2 R % 219 A ( Distributed

Constraint Satisfaction Problem, Dis-CSP ).

UER . CRPEEIEN]D AR € SCB, WY REABEEE > Agent, X+ € BrBe it Ay
PRV ERIASEE, RIS & Al I TR AT 58 T RO 2950, TR KL o 1 b 3 152
i A2 A0 REA 570 A AL S AL ) A 5 A O

3.2.3  KHLH I A Mb IR B e

B8 (CKHLH TR MY R ) ) TRAUR A Ak R 1) AR F AR — AN A R TR
ﬂb@”ﬁﬂ’.?}%&/%/&ﬂ’%] Yo, So> ’fi/f%‘

s.t.|ran(yy)| = min|ran(vy)|,
vyel
A T RPTA T it Rk T R &4 [ran(y)| & y B91EREG KN,

WS, KL AR b ) A T R B U ) (AR AEBR 1) 1 i R o
EH 2 kA EAELIAE P E —E NP-TAFA,

UE . MOE SCIT 58 SO RE P T, AT AT AT I ATt - KB Lt i 4 b 38 P52 1) i 11 52
IREAMET NP-5842380 #5  ARIATPREUE BRI 1 b 98 58 i) i 1 B2 % 15 b FR B AL
T NP-584KF-.

AT & — D PR AR B I DL RAHER D9, L2 T HnT Re e e —
AN ML TRV BT 2 7 52 AR AR IO, RO T A b 8 2 1) ) i ke i
FERILAR R 13- RIS I — 1R ROTL A A S B3 2 T7 ZE Rk B, i 15, XA KL
TRV TR B 0] e NP-58 A il e fEiXANTHE R, Z3EfI%4l B (A nl Re ) R AR A
WA e 22, RIIIX AN 2 I ZR (brute-force search) T2 2 NP-584 1

RBHORAE, KLt 1 M R R ) A At R R T AR AR I D s A IR AT
BRI R, FEFR S AT IO B B RE 2 . U AEAN G B0 RS LE
VST REZE AR R, (B T ROk BAEAE O(2181) = O(2%) AN AIATHAE, Bt LAX AR E
Lt NP-58 I R FE DA o

PRI, 28 LRI, RO LR 1 b 1) R — 2R NP-58 4x i) L O
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2 kA EAE L 19 AR — R ARG A R 2 R .

UER . CRPEEUEDD MR E SCI8, KL A b o8 5 1) i SRS IR 1K RO Lt i £ Ml
JEED AL, AEE AN A T2 2G5 1y RO T M O R0 A A — ISR TR 1) A T AR A 1)
Al il (1D o AL, YO LT A b 3 58 il Rt SRARF R 1) A 34 SR AL 1) O

i

A 3 kAL AR k9B ) AL R — K 45 2% 49 Job-Shop A L 19 # ( Job-Shop
Scheduling Problem, JSSP ) .

UFBH . CRTESIE D M e SO R e U8, VEME T ¢ R Bt A2 2 5 v 22k, T fE
VR — R 5 o A AR B A B A S ) Ao DAL, RO A M B ) R —— 2Ry
R Job-Shop 1 7] . 0

3.2.4  ANHfxE kG AR M R BE AL

SEX 9 (AHAENE CHLHBTRIAEM U BET A2 ) TS A0 b kAL dy AR Ak 9] L7 RS2 ]
AV i) B g — ), L2 FHEAMMEL 0 € O, CHRLITT tr(0) AAZ
ARE S AL

B, RTINS AR, 2 R &M i P AT RE I A PR A e T
OUR AR AN B AT I S U A b B AL T 56, IRl — AN E I KL
PR B2 AL

A 4 A TR g A Ak R R — R 4F 2R 09 30 & Job-Shop A E IF]
# ( Dynamic Job-Shop Scheduling Problem, DJSSP ).

ERE . (RS SRl BB, A vk OML b T AR b 8 B L 1 A 2 — 2R kR
Job-shop W & 1] 8, ANidk, i A3 AN I AVE L st 4 I 18] . 3% 1F J2 8 2 Job-shop I & 7]
B (DJSSP) B33l O

B — N 44K PSPACE-5¢ 4 (PSPACE-complete), &7 HE R ML (Turing ma-
chine, TM) 762 T 2= [0 AT 1) — 28 100 W o A7 840, PSPACE-564 Lt NP-58 4 50
2.

EH 3 AT M KA AF AL B % R R — K PSPACE- 74 FIA.
UER . (R SEUE B M a4, ANAf e M RO T A MU B2 0 2 2 — SRR IR B Bl A

Job-Shop i B ] @l . 1182 Job-Shop W B ] /8 n] LAAE 22 1 X i [R] P 24 7 2k 7 & i 19
Hi /R Fik 3 (Quantified Boolean Formula, QBF) 1851, iy & i (A /R 1A 2 QBF 42
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— AT R A PSPACE-584x i) fH o DR AN o o ROW LB T VR B 2 — @ B T
PSPACE-5242%. O

3.2.5 ANk R AL AR MV B A) @
RE 10 (AN R LH TEAVE Y D BE ) ) R A ok R AU o VR k98 L 19) R 2 T
F—ANTTAT 69 A T K AU A AL 8 B R K o, So0 ARAF
s.tran(y0)| = minfran(y)|,
HEP T RAATHTERGES.

BRJ U, ANE P DLt MR P2 Rl S AN E AR MVIRZS T B (I
RAERE A AR

3.3 SERR MM AR B ga A

TESE BRI AL ANV B g b, AT R x T 450 P oRKE RS HRI, T
A= NBEA sch : O — Po —MEME—MUEHIIES . /BT A5 ML . g
I IF) (RTS8 i 1) (LET) « B IR S5-I T) (ST WERHE I R] (UT) FHEE &
‘B HE (ET) Focd.

operation o fno, type, parkNo, RT, LF'T, ST, UT, ET >

FEE AT RIE R AN R RS WAL P PR . A A (T'TD) R IR 55
FHUG A (CSST) Mot XLt RIfEA 2 2 D3RI .
plan L op,res, TT, CSST >

SEBR _EFHFALEAEILET) TT (Bt (v, 0))o X T—11KI, —A Agent ] LU L E—ME
MV P AEA BT 2T 55 H AR AR BV S A M R B o AE— LS [E bR, FIREAFAE
A0 AE H bR B R R I AC Il B 2, Rk Agent W% B AT ) B S A HERERE ), Aot
SRR R AT (o ds A BRI B AT . AR R I 4 il A2 3d B B B LA Skm/h, L3 440k
KT RS BT, SRHAG -3l Y i A I (7]

3.4 Bk

ARHR il (1) M iy 7012, ML T M O R 3 A AT RBIL A Mb O8 JE 1 set p 2A s Tk
(137317 FLY SR AL ) AL EE AN AN H Al 20 AT U2 PR AL R DR SIS KL
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MR M 2 AL T SR TR bR U AN [, T T SAS R D 1K IR
%, Wt mAE.

T A 3, AT Hb R S B ) @ — R ] Job-Shop 1 BE W) /8. {2 KA LHE
TV VA 2 ) R AN 2 — AN B4l ) Job-Shop 8 o) 81, KL T 4R PR S R A 5
NS DU MU TR S5 B ] (makespan) b H bR, 1172 BLS-F6— AN 2 T i BE A0
YENV R BT AT R 4 H ARG, 4k 117 546 5 /N B U5 RE 2 B ml AT fft v 7 8o i H— 2848V i iR
KM FEARKE BB RN T, e, FERAELEHTT2 (unload baggage) il 2
o, X AMT ARG G e A TUANMT B)

o JFZERNESELE H bR HE AL 165 55000 5

o AEETH TG AT SR8 BT NG L

o FF4-RN R BAT A AL 26717 1) — iy 5

o RHAT A B iR A AT AL L.
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ENE HHRNBSEERE

FEATE A, MRS ML AR Ml U R ) S A A, g5 T Ao A B &
JERERL . S AN HiIA T — /> 1 ) AL AR b 3R R R R 3 A R A B (GEAT IR

run-and-schedules

4.1 DEH

RO I M TR R ) A ) U AR 55 1K) (A BhaSAS e — M
YEu] BERZ AP IS BT AE R, 17 LR IR IR WL iR 2 B w] BE D A B s AR R A 55
DRI, AR A [ S R AE RPN A R AT ALt i 1 M 08 8 i) Al o AN 2 P KL
T AE M ) AR A AN B Y o 0T KAL) e, S A AR+ o b 2L

OB TR M R T R g A R CHLIRSS W R AR &, o
A R BN i e A E S = S 3 T E40 B SO 7 Lo e LT 2 e X DA s (o4
M8 BT 5 ZENRIE R A ZEAVE M HE & R R0 R D i L sh it sE 5|
) T A 30 PH 26 o IXAE R, AR 2 A gty g AR T XA B A i, X BB 2 TR
H AR XA A o0 TR a2 NP-TR Bl 2 B o DRI, 20 A7 o R A 7Y
X ROLH TR A M 2 ) R, 0 B0

M. E. Aydin 1 E. Oztemel (2000) JT & 44524 3] Agent R 5h A8 [ PR 155 1056
AT R S IS 1) (gl 2 B A 1D A5 B AR ALK Ak BEANT & T4 20 A U Y Ty
P D 1 AR AR R A 3 SR R /A M R R (20 B, B an Dis-CSP J7 kB2 T
0 T 3% () 3H 8 (market-oriented programming) M7 L4} G. Inalhan, D. M. Stipanovié¢ Al
C. J. Tomlin (2002) Frif) o3 B8 5545 . BRI, 2 A v EAE AR ) 8 SE mT AT 1 HL G.
Inalhan 25 A (2002) #5H, AN a8 2 18] (10 SR EE A Sy 358 i L e 8, 84 4 v 5
Pareto I fLfAE 43 A 2 7 i ] gl (R UER3S), RS2IE 0, Mo L8 i LAE H, kbl
b T AR M T S P g 35 O R AN 4 J) 24 A AN i o

Jeh s AT ) A Lt i M JEE e i1 A7 S8 A5 R EE A B AR AT 2 M o
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4.2  FBERIREYE
W a1 Frr, BAVF A T — DA 2SR R, i DY AR

RATRIA RS : Wl a2 w5 CLH AR b3 AR 5 RIS S8 i 2 SCREE B R S8
IR IXLE R GURENS AR ATTIR) S I FRORS B 1 EICH SR SCf RO Lt 478 b )8 82 i)
IDCACFISKARE, A5 G T B Sl IR B) A vl 28 I TR A0 58 A BR D « MBI AT RS (Al
VRS AU « iR R TR RHLREHD . Bt (o S sn) 25455,
BATIXLCH S, WA RERS BURTA AT R 25 R LRl AT, X 88 R 0 % Ta]
Eor @&, i AR RGNS AT A e A8 It il 2 MRS =

Run-and-schedule ¥35: 2 ] [ 1 F5 504 (038 47 B89 3 AN IR B4 I 38 A i
s, JERAE A, B R AN A 2CE R S B2 FE. Run-and-
schedule £E82 N R h S A TEAIN2H;

AR BRSO B AL . X A AN AR 25509, FEASCrh, AT eI
HIFR T —AHME D DSAFO , #1552 5 bl &

BLSEHE S A B Wi KL AR 55 N DD ANBe 4, LA TR L 072 b I S e
S O DL S BEUR A S INAE SRR b 23 BC S D0t 2 5 1A 52 S0 R Y i A
ALNRD M AT AT e o AR B S 1) fo i B B — — R A T 2 I 81 5 o A 7
H

4.3 Run-and-scheduling

Run-and-schedule /& —/N2 25 70 A 2U I EFR BT B AS 45 b W 552 2= /N ik 2 p g
W EE I E R, LB S R R A — — Bl inis T &R 48 (Flight Operations
Control system, FOC) . Hl371217 84 %E (Airport Operation Data Base, AODB) . fi¥t
5 R B/R R4 (Flight Information Display System, FIDS) . 1] 52 24 (Billing system)
M eI AT g B B R G0 — — PR CHLHb TRV B AT F AL BE(S S A, 49
VIP AriRs ife ST 2= e, BRlsE B REAR B Rl ds /7 K555 . 70 iR 4
)5, run-and-schedule X EHEFEAT — UK P SE R EE A% BES

AE—k, A 2 BE SR b AV R 55 H AR ATl st mT DAAR A G 285 6L 4 B 3
IS NI THERE R2g R Th: R M P o
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392IN0Sal plIom [eay

OO

(oo 4 ............................. 4 ......... 4 .................... Ve N\ Ve N\
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[FI ), AN 2k — 0Bk ] Heartbeat, J145 %€ —/NMEVEIEHERTR], & atn] L4
AN BB 8T o Z IR Ry 0 AT LR R TR AR AL S5 MRS TR R 5 YR R
FRPEAL T — AP ], T EPRAIE T 20 A X0 B s S R A Mk o3 e 1 [ 204

Y5 S. J. Russell I P. Norvig (1995) [ #7140, run-and-schedule FHI St 5 %5 Y5
HEAE—RIEHT — w5 8 B MR SRR 2 Agent 18471

o Uil fF] Caccessible): —~ Agent [)JE%N ] LU & #5145 run-and-schedule A1 %% i
45N AR

o e EM (deterministic): YR T — MRS T Y EPIREF Agent ik
FEIIRS AT A 5

o 1AM (dynamic): run-and-schedule BT 2L {5 B 7E Agent 25 15 ] BE 2 4
A7

o LI (discrete): HUAHrmAT BRIV WA E SCHIANAIAT A o
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FEHRHE DSAFO: A, &+ FISSE

EATES, T —1N% Agent 57k DSAFO (Dynamic Scheduling Agents with
Federation Organization, i A BN A E Agent) , RAF vk €M LHE 05 b &
RN LB TRV E MY B n) . R it i T 5k T AL R B 2 B 43T

5.1 HEik

DSAFO, i & Dynamic Scheduling Agents with Federation Organization, #&—/>
BRI LA L TR AR b 8 B S A Rl R 22 Agent J7vEISY o FHRET58 2.2 1545 Hh 1
HEHEEROR, AT LSS H DSAFO MR8, Wk 5-1 7R,

W 4=1 iz, DSAFO HasATid # ny BLAn R 41
1. M run-and-schedule FR5g 12 B N A4 HT A ATPEEH |
2. MRAFWCEE R (M, KR 55 EAR MR R v 2 Al
3. FIHZ Agent, Kl M ZhAH o A VF 2 A BRI 53
4. SRA R e R R AL BN R 43
5. A MR KI5 2 T R B SRk 214 Jm i R IR LA
6. [F]A AR Y L B P S A Fh 25

1 H K 41 af PO 523, 45— Agent Blackboard 1 57 45 MV 43 i 1 ¥R 6l a2
H—/ Agent ResourceAdmin 1 57 %I 70 i I S il 2, HF 2 Member Agent 7157 4))
AU E IRV BEATUCEL . Coordinator Agent M 4% BT K47 % Member 2 [8] () P

46, DSAFO F1 run-and-schedule i 55— 27 FIWF R A —SedL[q] p5 .

1. 5 K. Sycara, S. Roth, N. Sadeh FI M. Fox. (1991) PHprf t () 77 2 =4 FHBL I 25
PR % 305 DKL () TR 2 LA
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2. 5 Dis-DSS P W25 A7 AL B YA AL AR AR AL,

3. 5 M. E. Aydin il E. Oztemel (2000) F36 fr 4 i f B LR 55 (simulated environ-
ment) FEATAHBIRI DA IR TR,

4. 55055 K R (asynchronous weak-commitment search) #2544 45 =35 A1 Bl
Ja AL

5.2 DSAFO 9 [f)5ku%

M EK T, DSAFO SVE T LA A by ot — A A Jm 8 8 aORT 4 Jal Db A 1) 22
Agent J5i%,

5.2.1  JaEBia kX

DSAFO 4 e it & 2K, WiANEE & EDD (Earliest Due Date first, #5456 T
WIBRAESE) o JLrpr—AN FRARE I 56 N ] (Latest Finish Time, LET) RKIEFE
ARSI o BeAE Y, S8 — AR B R U IR 45 T AR I ] (Committed Service Start
Time) KA FHEAENVFE E B

EDD J& /MR AU U /N FROBE 10 80 RT S5E FR AT e 2 R 5 o 8 RT ARG A
AR 22 T3 18] ) g NP-58 4% I L 28 PSPACE-5E 4 1] VTS H — Mo (HZ 24 )
HORMIR s, EDD CRIe R R 2D SR BN Rl M. 45 XA R, DSAFO K
iR A& (EDDD I T 8hds Agent Rk Ja) B4 /M o

1% EDD 5% 5 2520 T Blackboard 1 Member 44, W58 5.3.1 /N F1EE 5.3.37N
PTIAR

5.2.2 &RPME

A Jap e — NI Agent 2 8] B Y2 R JEE AR A JEAC R AT S 30— 58 B 1)
Agent [A1 G Y515 H IS FE ) — P o

WHE O T2 Agent W, —> Agent #EHil—H0 RBE U, DAtk doe 4 1 e 56
T BETCVE MRS B A A S BE K B AR B R Bl e, betn, 2> Agent fEANENTE ) —
A Agent Frifia M BT AESH tH— > SELF 007 SR i, 2T B C R SR Ak BE AR
Ao Agent 2 8] 4 Jaj BIME ol A2 2 ISR A A i) i

38



o R BT R 2 AL 2 1 S

fE DSAFO 1, 4= 5 W AF e & 52T Member Agent #1347 4 Bl 1) Coordinator
Agent.o 1M HAEPA R ZRBL ZYE AT A% Member Agent Z 8] IR R fkFE (buddy)
F56 4 (competitor) o WP Member Agent $L 5 [AAE SRR 1 B P FE AL FT/ENE, T
KNV TS G FR s WA BT T L 2 (R S 2 1) B8 YA i [ (R VRN AN ], A e AT Tk
FEAKAEIC R e — AP B B Rl I A S5 B YA FH R A T B AR B

5.3 DSAFO H1#] Agent ffif

DSAFO & A5 PUF Agent A £4: Blackboard. ResourceAdmin + Coordinator A/l
Member. 1% Blackboard F 3 HiZREGIEEERE, 4 Member F 358 ik, £
H OB, Jf BREPAE SRS, {0 Coordinator F 5l [F] 20 & 1 fIr f7
O Member ()85 WA BE D3 o HoR AT M HR 2 sh R A1, i &, e AR
147 2 B B A DUAS AT A i —A (BRZ A IRBFE 1.

MSEFRSEL EoRE, A —AME— 1 Blackboard, —/MME—[f] ResourceAdmin, —£&
Coordinator FI 5 % ) Member. X% Agent 11 411 52 BT 7~ B I8 A5 15 G R R AE—
i o

’lllll\‘\(

4
Coordi natorr; nee [Coordi natorrg

Kl 5-2: Agent JB{5{51E

XSS B T LA ECIS (Federation) 4 2RI EFIZH 2 | #B40 ik H T
EATH W1 BiatES — M NI Agent AR N4 . BOIBEK T-UCH . ACHE
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IS5 R SS, IR TR AR TSI Agent 107 11

FEE RN, — AN AR s TR XS Db, Dy i 0K 40 28 001
et A2 W R A s T A AR (5 TE A I O

5.3.1 Blackboard

164 Blackboard 8% B UH AR WTEEEA « K WTHEAE 25 70 i i /r 2 AL, IF B AENE
fi7 € 1 Member 7&K i IR 55 14 . Blackboard A — A E34T 4

o EIIHEE L : £ Heartbeat GO #EM run-and-schedule P35 7 5l i3k
B HE s ;

A=Az h

o Wi NAENE A Y. R R AR NPT RE A AR ML S AL R Vb A 81 B ] e D0 56 (4 1
2

o MR ARy ARV : AR A5 TH R AT, BRI EAORE ), AW R
o WARNARMVIBGH: B2 ER— A C2eAkin k55 vl o
XL 5L VRN AR IR FE S A2 59 A& W . A4 — ELi Blackboard Bk vl i i 55 71Xl [7]

) Member F¥) £ & 1) 5K br B2 Y54 FH AR 5, Blackboard 52 e 21— ANl g &,
SR 5 IR A5 TRk S B o X 5 S 55 Ak 48 R A SR AR L

IR -2, R Agent F3iiX A0 ILIXA Agent, —DA[AER] . 5EHE1)
F—E1 4 R A T BE M2 Member 1) JRI30A0 A 225 H oK. 1 ELATA 1 Member
P A MR S RIFA S = R ph g, RO AT Z#H Blackboard {RFF—2,

Blackboard {47 24 AE A5 518 A8 I S0 B 53 s

procedure Blackboard_thread
operations«—@;
flightdata «@;
while(true)
flightdata «get_data ();
operations«—operationsUdecomposite(flightdata);
dequeue_message(sender, channel, content);
switch (channel)
case QUERY :
sendto(sender, INFORM, weighted_EDD(content.opType));
case REQUEST :
if (isfree (content.op))
sendto(sender, REPLY, content);

40




o R BT R 2 AL 2 1 S

commit(content.op, sender, content.plan);
adjust_succ(content.op, content.plan);
else
sendto(sender, INVALID, content);
end if
case CANCEL :
recursive_free (content.op, false);
case NIL :
block(Heartbeat x Blockfactor);
end switch
if (end_of_time)
terminate_algorithm();
output_result ();
end if
end while

end procedure

function weighted_EDD
input taskType;
p—-+00;
op<—NIL;
for t in unsolved_op_in_30min(taskType)
if (t.priv == VIP)
return t;
else if (t.LFT — now < p)
op«t;
p—t.LFT — now;
end if
end for
return op;

end function

procedure recursive_free

input op

input notify

if (op.plan!=NIL and op.fixed==false)
unassign(op);
if (notify)

sendto(op.plan.resp, INVALID, op.plan);

end if

end if

for t in Succeed_operation(op)
recursive_free (t, true);

end for

end procedure

K 5-3: Blackboard M4T K Fl{E 1E i
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5.3.2 ResourceAdmin
{4 ResourceAdmin A& 4HE PN S0AT J 1 B8 I8 £ 3

o Wi N BEYFIE K B BN S N TR, A PTREMAE B0 1 [n) 98 B R IR 3 i
—;

o M N FEYSRE I FOFbRd — BT A, Gl IS IR TR EAE AT R & 4 AN
HT'&WUE””““*A‘:ﬁlﬂfa”(mm%¢w),w4ﬂﬁ¢1ﬁ%

XA AR A Agent $338, E RIS E AT 4 W b4l frs -

procedure ResourceAdmin_thread
last Acq——o0;
lastOne«—NIL;
while(true)
dequeue_message(sender, channel, content);
switch (channel)
case ACQUIRE :
r«< available_res (content.resType);
if (r!=NIL and (lastAcq<now—1 or lastOne!=sender))
r.busy«true;
sendto(sender, ALLOT, r);
lastOne«—sender;
lastAcq«—now;
end if
case RELEASE :
content.resource . busy«false;
content.resource.used++;
case NIL :
block(Heartbeat x Blockfactor);
end switch
end while

end procedure

K] 5-4: ResourceAdmin H47 A {5 H

5.3.3 Member

F 6 Member 157 — MR (B LR BN, &F =ASF801T7 4

o BEML: T34y Blackboard KIEAENEWIFE S, KA Member il A% PAAL BEAE
b oA B IR

o FYHITIAR A KIXFIFBEIIE L %4 ResourceAdmin, X—MNEIFECLH AN T 4
ANIRDEE
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o [FPAKFESIFR: R — BN A1) Coordinator A& IE [FAEAK FEAIFR 454
B HBNT N

o HES ML AR S5 1H4: A Blackboard BRMCEIVENLIN H A5, & 22l AEA Ak 7 3t 7
PE— ARSI RITF AL RLZ R A R AR T R R Member 22223 B
KA A B2 5

o AR STl

— J%3: M Blackboard SR TH R “ i h” R, B SR EAR ARSI
Kllo RN BIBEIE g 0 Al 1Y, e BRI O 1R 2o #2
Ok, W SRR IR L Agent (IKAE) BT AT, B 4K MaT I B
AN

— RI: M\ Blackboard #RHCEITVHH) “ M7 TR, WERAENV IR 25 VRl b 0 B 4
He Agent Jrdi AT, 20K AT B R B4 S REAT A

o BT A Agent HSHLEMCBIBEIFAF I B )G, Member & 2k AL /il
Ftdl, SRR R IPIAHB I 45 R (Al e B2 AN ) o Member XK B AKAE 1 #5
B R S S AR TR 5

L4 Eﬁﬁ\ﬁabﬂj

— I AR SS VR 9T 0% 45 Blackboard;

— R BAKPERN R T — MK IS TR G K Wi ik 24k AE51
FMIAR I, MW ResourceAdmin A& 1% % Ysii K54

o MINFT#YE: M ResourceAdmin H2UCE T 7 B v B 5 7E A H7s i B i e 160 g v
IR TRASIE

o M BRYRAS G NL: 1R H SRR IR N E T S 25 Coordinator;

o HHIkIEFIF: FIFH M Coordinator K I BBk 1513

SEFR ., Member Agent {F %8 Y5 % £ ) B AT — /N 59 K I FH R I SRmE, st 2 U,
24 Blackboard filf: 2 AN IR S5 v &I S B, — AN IR RIEE S0 o invalid {518 &
B2, SRECHE AN TR

Member [R5 {5 TEAEFH AT 4 W & 5.3.3 Fis
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procedure Member_thread
buddies«@;
lastSyn«——oo;
while(true)
for r in localResources
if (is_expired (1))
release (r);
sendto(ResourceAdmin, RELEASE, r);
end if
end for
dequeue_message(sender, channel, content);
switch (channel)
case INFORM :
p+— earliest_finish_plan (content.op);
if (p!=NIL)
content.plan<p;
sendto(sender, REQUEST, content);
else if (buddies.size>0)
content.buddylist«—buddies;
sendto(buddies. first , BORROW, content);
else
sendto(ResourceAdmin, ACQUIRE, content);
end if
case REPLY :
r«< try_assign (content.plan.res, content.plan);
if (r==false)
sendto(Blackboard, CANCEL, content);
end if
if (content.plan.resOwner==self)
if (r==true)
lastReq«lastReq+Heartbeat x Delayfactor;
opType«next_type();
else if (content.plan.resp!=self)
sendto(content.plan.resp, INVALID, content);
end if
else
sendto(content.plan.resOwner, REPLY, content);
end if
case INVALID :

free_assignment (content.plan.res, content.plan);

if (sender==Blackboard and content.plan.resOwner#self)

sendto(content.plan.resOwner, INVALID, content);
end if
case BORROW :
p—gen_plan_locally (content.op);
if (p!=NIL)
content.resource<—p.res;
content.plan«<p;
sendto(sender, LEND, content);
else
content.buddylist.remove(self);

sendto(sender, REFUSE, content);
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end if
case LEND :
sendto(Blackboard, REQUEST, content);
case REFUSE :
if (content.buddylist. size >0)
sendto(content.buddylist. first , BORROW, content);
else
sendto(ResourceAdmin, ACQUIRE, content);
end if
case ALLOT :
addres(content.res );
case REQDEMAND :
sendto(sender, SYNDEMAND, res_job_free());
case SYNBUDDY :
buddies<—content;
case NIL :
if (now—lastReq>HeartbeatxReqcycle)
sendto(Blackboard, QUERY, opType);
end if
if (now—lastSyn>Heartbeat x Syncycle}
sendto( Coordinatoriestype, REQBUDDY, self);
lastSyn<—now;
end if
end switch
block(Heartbeat x Blockfactor);
end while

end procedure

K 5-5: Member HI4T R A5 &

5.3.4 Coordinator

ERFE!

ffi 4 Coordinator HISKBME BT A7 (KHHAT [RI SR B BE U1 Member. ‘A7 BEHAE N

FEPE IR B EBhAT A -

o PHIAINIRIERID : FOX TR AL Bl R 245 B I EE 8 5 Member;

AP BEIRAS S AT N -

o ST BT AL AR AL LK B A Member (0504 Sk 5EFT 0T MY 1 53 ) B U8 4 TRIR

s

o WINAKFEFUZR I s A3 3R e I B8 P A AR GLHERS P Ak f1 810 2

Coordinator [RIEAE {5 E AL AT Ky Wi B 56| Fros
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procedure Coordinator_thread
nextSyn«——oo;
while(true)
dequeue_message(sender, channel, content);
switch (channel)
case SYNDEMAND :
memberDmd|[sender]«—content.value;
case REQBUDDY :
sendto(sender, SYNBUDDY, buddies_in_order(sender));
case NIL :
if (memberHash.size>0 and now>nextSyn)
nextSyn«—nextSyn+Heartbeat x Syncycle;
for m in memberDmd.candidates
sendto(m, REQDEMAND, NIL);
end for
end if
end switch
block(Heartbeat x Blockfactor);
end while

end procedure

function buddies_in_order
input mem;
bd«—@;
for m in members
if (m.opType!=mem.opType)
bd +=n;
end if
end for
bd.sortBy(DESCENDING);
return bd;

end function

K 5-6: Coordinator MJ4T A FI{E 1 i

5.4 —MNERLEING
BRIEES 2.5 1 A M2 A0 m-iE S L2 A, ARGl Al — K14 T 46
B, e, —/MENL T
op €< fno, type, parkNo, RT, LFT, ST, UT, ET >

AILARAE S N “op” o [AII 42 F i — A4 Pl LUEN “o” B HEAORIS, #ltn, —
AMENY. op B 5 R TA] (Latest Finish Time, LET) A& “op> LFT” .

2 TR, DSAFO 17255159, SchOts 2/nnl i 1 1E L 27
FIEEA, S TRMENZER ¢t € SchOts, Agent, 7~ 0] L) ¢ 3L IR 25 1) Agent )45
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&, Resource & —NRNRIFEMELES, N TP EIEIER » € Resource, Otinres,
LN r ITRESR LIRSS R PR R TN 454, Heartbeat 2678 — A2 K RIHL a8 s [R) 25 280 1 52
BRESa] 1 3BT B, Clockzero KoL B FF R I IS 21 A TRATTH

DSAFO & (SchOts, Agents;, Resources, Otinres,., Heartbeat, Clockzero)

(v query!,informf, requesty, replyy, cancel?, invalidy, reqbuddy;, synbuddy
yborrowg, lendf, re fusel, reqdemandy, syndemandy, acquire}, allot}, releasey)
(BLACKBOARD|RESADMIN|MEMBER{|COORDINATOR,)

(t € SchOts,a € Agents;,r € Resources)

5.4.1 Blackboard

BLACKBOARD 3z HuB AN /N IRTEEAS B, JEE e onivr 246, AR5
BrIX e VENL 3 AC ok H Member R HRZS K1

ZH Flights & — "R PTA CABEEES, X8R EE f € Flights F1 AR
FA t € SchOts, Opst 4yt T —/ME— ¥ GERTPERIEREALRD MRk, mHE R4
RNk It operation 454

def .
BLACKBOARD = (Flights, Opsjc)

(BbFunc|RespQuery}| RespReq}| RespCancely)
(t € SchOts,a € Agentsy, f € Flights)

BbFunc 52— K 3 BLACKBOARD 17 4 ) & UK S 50 100, T TE clock
BRI ER . 2 clock IR RIS H0 G B TE teh MURFTE]) time) I A%, {8
(time — Clockzero)/ Heartbeat Sl It teh fnt o a2 Ut BEL clock(tch, systime)
Ko Ta] time AR GENLAS IR TH) 3 B4 SR I B, R4 T teh.

BbFunc = !clock(tch, time).tch{(time — Clockzero) / Heartbeat)

\'readyop,(rchret).(v chn)(clock(chn, systime)|chn(t)

—

(v ¢)(mostpre feredop;(c,t + 5,t + 30)|c(opr).rchret{opt)))
RIS, -3 SR AE D) R B A (R4 48705 5 TRy ) BN UAC . PRI Bk
M AR, JRAT TR A C AT A A RAE AT Se b 5 T P AN A58 5.3 IR AR ANt
DSAFO [ ZRFPEABESUAE 3 oK IR AL p T3 SRR A o
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RespQuery? = lquery?.(v c)(weighted_edd,(c)|c(op).[op # nillin form{(op))
RespReq} = requesty (Wi)(u ch)(getplan{ch, plan> fno, plan > ot)

|ch(myplan).([myplan = nil](assign(zﬁt).replyf(syn, Wz)
e — — - —
.enable_succ{plan> fno,plan > ot)) + [myplan # nillinvalid}(plan)))
— - e
RespCancel} = \cancel} (plan).(v ch)(getplan{ch, plan > fno, plan > ot)|ch(myplan)

[myplan = plan]recursive_free(plant> fno, plan> ot), false)

5.4.2 ResourceAdmin

RESADMIN 2 %Y B E . 48T 285 R %, RESADMIN g2 X b [ 4%
PR YR AR T BE T L N AT L. R 4 AN/ TR, U s T R
AN, AR 2R R RIS 12 /NI, Bt — A — A — R T AE.

S Reslist, & r KW ITA SRR RIES, Historylist, W2 5548 H 107 582
2055, H BIAE T PRAEAS SRR R B FH AN L 7005 1 3 vk (BRI 12 /NI / 4 7D .

RESADMIN déf(Reslistr, Historylist,)(RaFunc|Respreq}| Respreleasey)
(r € Resources,t € SchOts,a € Agents;)
Respreq? = Iresreq?(begintm).(v ch)(available_res,(ch, begintm)|ch(re3)

[res # nil])alloti(res > name, begintm).set_busy(res, true)

log_allot(res,t,a)))

Respreleasey = releasef(resname).(v ch)(getres fromhash{ch, resname)

|ch(res).[res # nil]log_release(res).set_busy(res, false))

5.4.3 Member

—> Member Agent MEMBERY &% 4 a HATTAENIEA ¢ 1Y, & B AL B
Ao /£ MEMBER] )\ BLACKBOARD £ Ap AL #EAENE H ARG, Bl 2 i 2 1
BB 55 v R T H i o B4 Member [R5 AR BOCHb 4K A1 25 T 55 B o

X FREANENL R + € SchOts, £ Agent a € Agents;, MEMBER] ff —4£ %
. Syncycle — DT AR AL B2 IR H) 2R B EOW R0 A B, Resourced s&—AMRAT Jri 8
PEPRAS D) S RS R E I SE A, Remoteres® & — MEAAAK S 45 B G 72 % U5

48



o R BT R 2 AL 2 1 S

LA DI S5
MEMBERY o (Syncycle, Resource}, Remoteresy)
(MbFunc|ActQry;| M kPlang| Ack Reply} | Ack Invld}|Try Lendy
|Ack Lend}|Call Bd}| Ackres?| Ack RDmd} | DumSyng| Ack Sy Bdy)

(t € SchOts,a € Agents;)

ActQryy = (querys.block{{Heartbeat).(v ch)(getexpiredresy(ch)|ch(reslist)
— - -
[reslist # nillreleaseallf(reslist)).)"™>

MEPlan? = linform?(op).(v ch)(makenullplan{(ch, op)|ch(7))

(v p)(locallyplan(p, W>|p(Wl, res).([res # null]requestf(Wl)
+ [res = null]((ve) (getbuddy(cﬂc(lﬁi)
— — —
([bud # nilltry_borrow(bud > top, plan)
+ [Wi = nillacquired (plan> EST — 1))))))

AckReply; = (!replyf(syn,%).(uch)(try,assignf(ch, pln > res, W@ |ch(ret)

pln>resOwner

([ret # true]cancel} <]Wz>|([pln > resOwner # sel flreply;

+ [pln > resOwner = sel f|([ret = true|(setlreq(now).enum_restype)
+ [ret # true|[pln > resp # self]mvalid?lnwe‘(”p(%}))))

AckInvld} =linvalidy (Wz).freeres?(plan > res).[pln > sender = BLACKBOARD)]

[pln > resOwner # sel flinvalid?™ 0" <]WL>

_ — - —
TryLend; = borrow; (uplan, lst, succ, fail).(v ch)(locallyplan(ch, uplan)
— - —
|ch(plan).([plan > res # nulllassigng (plan).succ(plan)
s —
+ [plan > res = null] fail(uplan, [st)))
— —
Ack Lend} = llend; (plan).request?{plan)
N - =
CallBdy = refusef (uplan,lst).(v c)(topof c,st)
e _—
|c(next, nlist).([next # nulllnext{uplan, nlist, lend}, re fuse})
+ [next = nulllacquired{(uplan> EST — 1)))
Ackrest = lallot}(name, begintm).(v ch)(genres;(ch, name, begintm, 239)
|ch(res).[res # nilladdres2locallist(res))

AckRDmd{ = reqdemand;.(v ch)(res_freedom$(ch)|ch(ret).syndemand?(ret))

DumSyn¢ = (regbuddyf.block(Syncycle x Heartbeat).)t>
AckSyBd; = !synbuddy?(ls_%).setbuddy(lgz)
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5.4.4 Coordinator

COORDINATOR, H R MEILRIHA TR » BIPT A Member. {EHUH T 985
FHLEE, U E R R K AES R LANMT A T .

24 Syncycle & T ) 28 AE B F A A . X TR st i K8 r €
Resources, Metainfo, & — N5 E WA K 5 Member )t {5 B IE S, a0
IR SRR BN O & 5 BPAE L

CORDINATOR, dg(Metainfor, Syncycle)(CooFunc|Synch,|Store}| RespBdy)
(r € Resources,t € Otinres,,a € Agents;)

Synch, = (synall,.block,{Syncycle x Heartbeat).)*>

Store} = lsyndemand(dm).(v ch)(setval(ch,dm)|ch(demandsy)
-removelist(demandsy).insertsort(demandsy, DESC))

- -
RespBd} = regbuddy.(v ch)(genbuddylist,{ch)|ch(blst).synbuddyf{blst)))

5.5 HILE

FEATLHB TR b 8 5 3 A A0 RO L b T A 13 B ) it vh, A A BR BRI E, Tir L
X EE PG PR BV A=A TR T B2 e o A2 U, P SR I B s = [l A 1
J5£, 1 HLSE bR ERATT T SR R St M o PR R I I TR 2 X T
NFRE R AIAENL IR B, LB an#E B2 HE (unload cargo and mail, UC), & 1F EE#IAT.
PRl I

tDSAFO ~ Const x tuo.

5.5.1 UC 524

UC 72 HATZ %25 %= (baggage tractors, BTs) F/NGMOR RS 1. 551 PB4, BT
)% R
BT* ~ O(n)
AT DA ] S B o g i BT I I TERN 3. T 348
MBSV R R 24, RIS O(n) 219 BT Member Agent FI& &G H &S
HORI M E AR EF thsaroys-

50
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5.5.1.1 K H Agent 17 H K EJufE

W B UC ARV A R AT, — 35454 Blackboard, —™ ResourceAd-
min, —> Coordinator, 1 O(n) £~ BT Member Agent. Blackboard ==zl Hiufjf 34 # 3k
IR I B Ny A O(n) 4~k H QUERY . REQUEST 1 CANCEL {515 1 1)
MR P X RE Y B CRAT A I R 2

toy = tlgetinfo + tQuERY + tREQUEST + tcANCEL
< O(n?) +0(n) x [O(n) + O(n) + O(n)]
~ O(n?)

ResourceAdmin NWiZ Wi O(n) £~k H ACQUIRE M RELEASE V&, Bt
AT A BRI TR) 2% B 0 -

tresadmin = tacquire + trerease S O(n) x [O(n) + O(1)] ~ O(n?)

B A~ Member F Zh H ok Atk ¥ W A R W L W, m H E
z) # W I Coordinator [ & fk £ % YW ¥ XK, & mg N K H IM-
FORM. REPLY. INVALID. BORROW. LEND. REFUSE. ALLOT. REQDEMAND
I SYNBUDDY HIHE . 24 £ 4 Member Agent— — A& o — 1) — — (I, fRMfE—
— I E R a2 /DT Bl X S S (F AT T ARk Ak, N— DRI KE,
IR R H T Member SILAEH T O(n) X

Z tmem; = Z(treleaseRes + trvrorm + trREPLY +tinvaLID + tBORROW + LLEND
+treruse + tarror + trREQDEMAND + tsy NBUDDY + tactiveSyn + tactiveReq)
O(n) + O(n) x [O(n*) + O(n) + O(1) + O(n*) + O(1) + O(n?)

+0(n) + O(n?) + O(n) + O(1) + O(1)]

~ O(n?)

N

1157 BT ) Coordinator ==&l Hu [F]20 B ml 0t i w8 i S IR R, JFma >k B SYN-
DEMAND F1 REQBUDDY {51518 I &

teoord = tsyNDEMAND + tREQBUDDY * lactiveSyn
< O(n) +O(n?® x logn) + O(n)
~ O(n? x logn)
P P B FHAR AT 1 Bk, FRATTE AT LAAS B BT Agent IAT N T 5 RS

o1
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UC YRR R 2R 1 E 5t
2SUC,behavUB = tbbUB + tresAdminUB + Z tmemiUB + tcoordUB
< O(m?) + O(n?) + 0(n?) + O(n? x logn)
~ O(n%)

5.5.1.2 K H Agent BEHERE

Agent Z [A) (B AF LR B —28 T, DSAFO A a3t H A5 PURRSE A (1) T 45 : Member—
Blackboard. Member—Member. Member— Coordinator £ Member—ResourceAdmin. HAJ
PIXFEM——F BT

Member—Blackboard & 3Lf77E O(n) 24> UC 1EMk, Kk INFORM. REQUEST
REPLY MZ#filk O(n) K, —MBehsol B AFAEE — i B0~ Mzl A B
O(n) K. 718 REQUEST MWaz#fff FIAE IS O(n) X, BRI A0 PR 1IN TR] P s 3%
HAENEIT O(n) £ Member Agent 5157 UC 1E V.

Member—Member K4 %4 Member Agent A ANELE O(n) Bk fE, B REASENL
(Y T R o8 A e 22 T3 EEANEE IS O (n) IRAE FH .

Member—Coordinator 7t PR K W B [ N, X T4 Member—Coordinator o< &,
HA O01) Z2RFWAWREEZM L. R THAAET On) 2401 A
Member Agent, Sl O(n) KK B RELEE R

Member—ResourceAdmin 24 [ i# & O(n) 4> UC 1Bk, HISC A TR HuE B 1 75 %

O(n) MKV (BT). RIIEfH{51E ACQUIRE. ALLOT f1 RELEASE 7E— i1
TRBAEH O(n) K

K BRIk, F AR S DE A ALEE UC PENK I ) 2 2% R i B2 -

tUC,transUB = tresAllotUB + tsynDemandUB + tsynBuddyUB + UC,Op X 2l:opReqUB + tborrowUB
~ {O(n) +O(n) + O(n) + O(n) x [O(1) + O(n)]} X torans
~ O<n2> X ttrans

HH, trans AT E R 0] o ZEILSEIZETE LR torans WO T 2 JLZFD,
PR B IX AN i TR] A2 AN BE A% 2L 1)

DL R AN S e DL, Bl TS 8 Blockfator JK/INAE T 51 I SRNEARS T TS IS
SRR DL o

52
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5.5.1.3 UC IE 24 /NG

AR AN FE (B14n Agent #1UEAEFT Blackboard I FBUL R mikG £ /b E
ZEE, B4 UCAENLALPR A4S b e

tUCUB - tUC,behaVUB + tUC,transUB ~ O(TL3) + O(nQ) X ttrans

5.5.2 DSAFO 5 2vpE

4, DSAFO IR FRHE

tDSAFOUB ~ COHSt X tUCUB ~ O(n3) + O(n2) X ttrans

F4h, BATEE EE O(1) 24 Member Agent 157 UC 7Rk, 7] LIS HDSAFO 1)
SORIE T I
tDSAFOLB ~ O(HQ) + O(”) X 2ftrans

5.6 S

JADE? (Java Agent DEvelopment Framework, Java Agent R IF 5E) j&— NIk
T 37 FIPA bRy Agent (BRI AT R R e 2 Agent ZRGEI N RE P AT &
REZEEAT B () H A 2 i A VE I RG4S T Agent SRAE PR UEFE A AREIC AT N 8]
WIT KR

JADE W] DA K E— AT Agent 1I847°F 5 FIIF RAEZL ) Agent . &4k
PR DL ST T N B Agent N FALEEANALE], Bt B IE . gm g ANl iy BLAC
Agent 1A 53

JADE [RIFf A2 — N e AT % Telecom Italia® Fr &A1 A h#k 4, & X H
JFE A1) LGPL (Lesser General Public License Version 2) th3UCREEAT 43 K

AT DSAFO S287E T JADE 385, Jf HIB{E{E 0 S2 8 7F FIPA ACL 72773 2
b, HABVE LI SR A S84y HIIs AT S 2 WK 57 A1 58

B, “BT35” XHHYE CA109 (17 EI L AR MY 1) A 55 v il 5 A sl i B (hid
RE M LD . — DRSS REM A EESRE Bridoh RD, Jioh, R ASIE Z A #8

2. http://jade.tilab.com/
3. http://www.fipa.org/
40 http://www.telecomitalia.com/

33
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A — MR/ B P TR B BT SRS VRN 58 i J5 , BEBR BN A ek 26 «
Fiak, LR BT X AN E BB VE ML IR S5 B An id ) “ CT-AgtO(CT+Agtl)”, XK 7R T,
e “BT35”, jetH CT-Agt0 T fy, (H 24 CT+Agtl fff ik RIe Uk Ss 185 7214 58
H, RS TR EARBIEE, Bt CAL109 , R4, e th £ mX e — AN E G
.

T

Expection
Scheduled

stop [ |

transfer+ I

haggage- MM T3 [T~ eT-AgriicT-Agm

cargo- MITTETSS [T_E_) <T-Aat0icT-+Aath

cargo+ HM[ s I BT4E ][ cT+ams

haggage+ IS0 [ETsh]) 6T+Agw0

bridge+ [ |

deplane -

cean I 7 T clemage
food MT__Frz_ IR ) Foodagto

enplane -
bridge- i
et (I Faeg T et

water QTR [ wateragto

rmaintenance MtnAgtd

startup .

T T T T
11z0 1140 1150 1200 1210 12z0 1220 1240 1250 1z00 1210
Control Pannel

Flight Mo.: CALDS

K 57 —ANMTHE R LT B A H R (Blackboard #1241

K 5 DSAFO s2BLTF JADE Fl Java 2 b, 1 Java & 17 I 52 — M EEAE R4 LK
ff) (OS-independent) HIRELINLIREE, Kk DSAFO kil AAEARAT R #4E R 48 LigAT,
Eb i Windows UNIX. Linux. MAC OS %545, M\ JADE RMA GUI (Remote Monitoring
Agent, Graphical User Interface, ZCFEMHE Agent LR 7 AL 7T LLE 2], DSAFO
K REWNE 59 Fios it FR KD Agent. JADE sniffer (WARES) 0] LU 2] DSAFO
1] Agent 2 [A) 190 S AL 38, W& 510 Frox. Y34b, JADE introspector (N Fi#s) ] LA
HFFAT DSAFO HHEEAS Agent 1IN HERIRES, @&l 5115

o4
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Done: 74 100 110 1120 1130 140 1150 12q0 1210 1230 1230 1740 125 :
ET10(14) IO T essot &) [WC_cessizyie R I _czseazp i &

BT11(13) QI ——Reesz 71T R I casoos JIT R Mmre___ e
BT12(13) T 1 e e
BT13(13) T 1T S 111 S T R I (<A zop]
BT14(13) Miczssl T & T cattod i R JUNC  casst  JIC R )
BT45(2) (e R )
ET35(1) (MESET.

Control Pannel

Hour to show: (3 hours) 1100

K] 5-8: BRI  EHARRE (BT Member Agent f 55)

File Actions Tools Remote Platforms Help

BEEEEFENEENE T IR oo
¢ £1 AgentPlatforms | _name | addresses| state | owner |

¢ &1 "dewolf cauc.edu.cn:1099/JADE" |NAME ADDRES... STATE OWNER
¢ @& Main-Container :

@ RefuelAgtd@ dewolf.cauc.edu.cn:1099/JADE
@ WaterAgt0@ dewolf.cauc.edu.cn:1099/JADE
8 WT_coopr@dewolf.cauc.edu.cn:1099/ JADE
@ bb@dewolfcauc.edu.cn:1099/JADE
@ BT-Agt0@ dewolf cauc.edu.cn:1099/JADE
@ BT+Agt0@ dewolf.cauc.edu.cn:1099/JADE
@ MinAgt0@ dewolf.cauc.edu.cn:1099/JADE
@ FuelT_coopr@ dewolf cauc.edu.cn:1099/JADE
@ ams@dewolf cauc.edu.cn:1099/JADE
@ CT+Agt0@dewolf cauc.edu.cn:1099/JADE
@ ME_coopr@dewolf.cauc.edu.cn:1099/JADE
@ res_admin@dewolf.cauc.edu.cn:1099/JADE
@ BT_coopr@dewolf.cauc.edu.cn:1099/JADE
@ FT_coopr@dewolf cauc.edu.cn:1099/JADE
@ RMA@dewolf.cauc.edu.cn:1099/JADE
B CT-Agtd @ dewolf.cauc.edu.cn:1099/JADE
B FoodAgtd@dewoll.cauc.edu.cn:1099/JADE
@ df@dewoll.cauc.edu.cn:1099/ JADE
CleanAgt0@ dewolf.cauc.edu.cn:1099/JADE
CG_coopr@dewolf.cauc.edu.cn:1099/ JADE

Kl 5-9: JADE RMA GUI H ) DSAFO

95
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Actions About

IEECNCBCE e

¥ LT AYEnFIauarms -
¢ £1"dewolf.cauc.edu.cn:1099/JADE" 7| | BT_c
¢ @Main-Container _- - - REQU-STZEQSQS ) _QQQI'J - .
@ snifter0 @ dewolf.cauc.edu.c 588 o TQULcT 250500 ) m
RefuelAgtd@dewolfcauc.ed | | *%° >
B WaterAgt0@ dewolf.cauc.ed :gg
WT_coopr@dewolf.cauc.ed - REQUEST 350607 )

® bb@ dewolf.cauc.edu.cn:10 INFORM: 259503 1)

2 BT-Agt0@ dewolf.cauc.edu.

593
504

¥

2 BT+Agt0@ dewolf.cauc.edu. 585 [ 2 iI?ZSO(RM'Z; T
@ MinAgt0@dewolf.cauc.edu. 248 - >
FuelT_coopr@ dewolf.cauc. 287

2 ams@dewolf.cauc.edu.cn:1 298 INFORM 258600 (3

599
500
601
602
603
604
605
605

v

CT+Agt0@ dewolf.cauc.edu. NFORM:258610 (

@ ME_coopr@ dewolf.cauc.ed
res_admin@ dewolf.cauc.ed
@ BT_coopr@dewolf.cauc.ed
FT_coopr@dewolf.cauc.edu
8 RMA®@ dewolf.cauc.edu.cn;
@ CT-Agi0@dewolf.cauc.edu.qd | | .-
B FoodAgt0@dewolf.cauc.edu || gox
2 df@dewolf.cauc.edu.cn:l() | 09

NFORM: 250612 { 1

INFORM: 258613 )

¥

NFORM: 258616 (
INFORM: 258617 )

v v

INFORM: 258618 )

No Message

Kl 5-10: JADE sniffer M%< 3| ({5

Introspector0@ dewolf.cauc.edu.cn: 1099/ JADE [l =i

File About

A
2 FuelT_coopr@dewolf.ca
ams@ dewolf.cauc.edu.g
g CT+Agt0@ dewolf.cauc.¢
@ ME_coopr@dewolf.cau
E res_admin@dewolf.cau

I ] CT+Agt0@dewolf.cauc.edu.cn:1099/JAD
I View State Debug
i e — Incoming Messages | Dutgoing Messages

@ . |[Pending |Received | | [Pending Sent |

BT_coopr@dewolf.cauc @ suspended Incoming Messages -- ... QOutgoing Messages -- 5...
8 FT_coopr@dewolf.cauc O 1dle PROXY H G<] INFORM
2 RMA@ dewolf.cauc.edu. O Haitin PROXY ) REQUEST
g
8 CT-Ag Q o REQUEST £< INFORM
! e INFORM | INFORM

AgentPlatforms.

"dewolf.cauc.edu.cn: 1099/ )4 @ Dead : = '

% 1 Behaviours
Response

Name: Response
Class: simuDDSS. Membe
: CydicBehaviour

Change State

v

K 5-11: JADE introspector M52 2] Agent P HRZR
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FERE LRSS

A S, —2RPE (BT #kkWA5AE DSAFO; JFHEAT T — R 515850 >k ik
ZEEPPIUANSE, BT Member agent number, Blockfactor, Delayfactor I Syncycle,
IR I faarth T — /gl

OB AR M S R KR ok BT LIS R D sl sk TP 252 A SRR i
Yo i b7 Fros, AT NUPERRE HAA U U /EE: #1472 (Unload baggage,
UB) . #ITHE (Unload cargo and mail, UC) . 2&67HE (Load cargo and mail, LC) . %%
172 (Load baggage, LB) \ THEVE 2 M FCAE . II/KHRSG « Db FIpLSs 4EAs . JLARAR bk
fBCE Ay (81 5 1), AR A A U, LA P AN T Bl () B AR A 3 T LS8 A AR 4 o 1K A —
K, CRERED T MIPERIEA 2,268 MEMEAEREAE B2 70 BC R L E A B CH LI IR 9%
i/ s

PRI A X SNV R 2R R 22, DR MR T LA R R AT 0 ) B35 90 Bl s 5 e
S0 25 SLHR R A0 M 2R s RO AR R0 T HL, AT T DAY R P A SR I B U R A
X PRI AE MU 1) 05 % FH 2 RIS R FE RO, (RIS e AT TR 2 45 G e SRy S8 & 4 1 [R] — A
B o AR, 2 B SRS T — PSR B D s A2 A T5 I i, 2 W T I 1Y) %
BHBE, — Ok, #a RIS .

EX AN A B Y5 T, BT (baggage tractor, 174425 42) AHRAEM Wz & H i 2
AR By BT XMt pe ik 55 2 Mgt Wi 1-1 P Blik—% BT, ANFTH st
Ui, R]RERE RS S BRI R AR ARk b . #il G, UB-UC-LB-UC. KUb3A1k+¢ BT
FEDRAUR QI S TAR SR AT 5 i B e

6.2 HIESH
YE N —A~% Agent 575, A& M FFAT Member Agent W E. ASFE g 1) W 4%

o7
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EA (E2) e SiUNgEZ B I2 17358 JADE M Java 5 18U 1 %5
fit, DSAFO 2 RARMAT BIATE M L FAT D0 BEAS A ASEAT T IESE Y 250 X5
AT RN MR AL S5 R AN SE T

TEHE 5.3 7% DSAFO IN-4Aarh, DSBS T JLA~ 221 Blockfactor, Delay-
factor, Syncycle Al Reqeycle. [ T X VYA~ Agent WITHIAZ & 4h, Member Agent 4 E
—— 5t BT 55N Member Agent (N8 — — o2 5 4h AN EE K24 DSAFO
FEAVE A A R RE B2 21X EE S E 2 m . /R T ORI/N T, FRATTR X X Lt
S0 ok 25 FO6 LN EEAS 43 M AN AT IR 404 o

6.2.1 Member Agent FEH Reqcycle

Member Agent Ml Reqeycle H 45 & 2 2 MR MV i FIE B . 78 LG 3 )
Reqeycle £rUEAE Y BTG 85 RE BE 9% 3 42 MR 22K AT 52 T, ASIE ) Member Agent %1
N ALK A K. 2 TAERTARSH YT, 2 BB ERAEHN. 4
Blockfactor=1/12, Delayfactor=1/6, Syncycle=5, # Reqcycle 73 A M 1/6 2| 2 B}, K 6-1
FE 6-2 o TANE BT Member Agent £ T BT ##1 3D 23 A I R = A 1, [
I 18] 63 4 Y T IR LE I (BT A G A SFE o 5101 2 o34 th 4k

ME6-T B 6-2 T 6-3 7, AT USR] DM AER AR KIS .

o 4 BT Member Agent &M 1 382 4 B2, e AMR LG 1. 3% BT ¥
PN 4/ NN AR 2R ERAE D o I 3D 20 An B P FRATTRT LA 31, Wl RN A E A2
NI EN: AEMIANTLG A T, BEUERE B AT i Ze AT A~ I T Ay S S A it
AW A TT BN [FINE, O3 AT IR T AR AR B B AR A5 Bl “ 47 s

o M), 2 BT Member Agent it A\ 4 35 m3) 12 Rl ferh, M2 AR AR IR 1
) BT #ERA 4=/ AR 2R ARAESE . I 3D A B rp AT LA 31, U8 AF A
ANWAEA LI als ARG A B R, BEIERE D A1 LA 4-/M i A 23 Pl
II AT -h 2 AR AL A T BB RN, 20 A1 IR AR AR I M AR A R “ IR 7

RFILS I AR AR ? 3 R ORI B 2 A BV RESR AL 0 It A

TR DSAFO 111 2 A Member Agent #& FH KK 42 Ja fift 7 18] 43 1 Ay Joi 3 K1) 43 1 5
JRiE Rl oy A= AR T Member Agent HIEUE o AR5 BEAN Ja il Xl 200 6 A8 FH 5~ Member
Agent BT )8 KA SKk#E . RE407R7E (Divide-and-Conquer) X FE—2R28 LG N TR GE T
TRIA A B 2t B2l j e sU I A, DSAFO $A — S8k R ok AL IR Bk H 43 ¥R 7k 1 )&

AR PRI T AN 5 AT g IR, AT G (R AR T DUE 3 [R] T 25 234 (A AR BRI 2, 78 3D 43
AT FEA 2D fHh £ 1 rh A I

58
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56

1.500
3.000
55 4500
6.000

7.500

54
hS

9.000

12.00

Times in 250 runs

Resources consumed
[4))
w

o
[

00

129 130 131 132 133 134 135 136 137 138

51

4-hour jobs arranged

1 BT Member Agent

56

2.500

55 5.000
7.500

54 10.00

12.50

i
=
L
e

el
'g s 5 53 15.00
3 12 ’H g 17.50
(% o ’ ﬁ’ 2 -zo.un
M ” 8 52
p ahs 2
g ® gﬁ g
i "
» o
it 3
‘ gﬁy &
/ 56 50
2 ”” \ 55
(] 54 &q,b
0 53§ 49
5152 0&
(S
]
48
4. &
hoyy S 127 128 129 131
Jobs o, 130 " g
Ngey 131 < 4-hour jobs arranged

2 BT Member Agents

51

2.625

5250
7.875
50 10.50
13.13

15.75

e
21.00

N
©

Resources consumed
D
o

47

123 126 127 128 129 130
4-hour jobs arranged

4 BT Member Agents

6-1: Member Agent X BT fif 734 ¥ 521
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6.375

8.500
10.63
12.75

17.00

Times in 250 runs

Resources consumed

126 127

4-hour jobs arranged

6 BT Member Agents

53

1.500

3.000

52 4.500
6.000
7.500
. 3 9.000
e 51
= : .
o
v 2 12.00
a 1]
£ o
2 @ 50
£ o
= =]
o
3
x 49

48

126 127 128 129 130 131

4-hour jobs arranged

8 BT Member Agents

55

1.250

2.500
3.750
5.000
6.250
7.500

s
10.00

Times in 250 runs

Resources consumed

131 132 133 134 135 136

4-hour jobs arranged

12 BT Member Agents

Kl 6-2: Member Agent £ X BT #4345 (42)
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Times in 250 runs

Times in 250 runs

80 |- 4
—B0— 1 agent

I 1 —+#—2agents | |

or v\ \ —v—4 agents | |

L */D -

/o —0O— 6 agents

60 - —A—8agents |
I P —r—12 agents| ]

50 5 o A -
| /] \ _

40 — AVA s -
i A A\ \ .

30 |- -
v A\D - -

20:_ @ O\ﬁ, A\D .
or /O . \\O}k \D&%\@\

ys / VAR
0 /@ Eﬁ/ " N 1 \V O — \%7§ Q\ r
46 48 50 52 54 56 58 60 62

Resources consumed
T T Tr—Trr—r 111717 TV 17T T 17T T 1T T

80 - —o—1agent |
i v —*—2agents | 1
70 o —v—4 agents |
i \ N —O-—6agents | 1
60 —A—8 agents |
- ¥ A —r—12 agents|
50 |- Y o // A % -
L AR AN |
40 - ¥ / & .
30 | A A Ny i
/e

Y

O . / X 2 :7
T / . / ﬁ/v \ S??X:\A/AX% a8 ]

T

20

- N2
oY miA=6u Lo s AR g Ry SpPea o
122 124 126 128 130 132 134 136 138 140 142 144 146 148 150

4-hour jobs arranged

6-3: Member Agent Fim Xt BT fift i1 2 73 Aii ) 5200
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SRR /IME: TR 7 (Agent) Z R BAE Al ARG 21— 28 4i4k . IXHERI PR DSAFO 2
PET HARGE R IR IR A A R o

Jott 2 KA1 Member Agent ANHEFS HH AFARIE? 3 N 1% AL R A DA DR AL 35 0 I F- 35
RAE LR IR, BB B WU A A BT Member Agent, #iASAT 8%
A, A R —A BT Member Agent ff] DSAFO 155 KA 1K 55 1Bk H =) 55 4%
NIRRT R BE

Jott 4 K21 Member Agent RS HHAFARIR? 3 AT A2 R K £ () Agent #4427
2 TSR 23 SRR 22 (K0, LS T3 S 1 op 1R e s B Z vk A SR, Bt S b
A RS BEAT R B IR

6.2.2 Blockfactor

Blockfactor & 53 4b— A HA 5L IS H. A1 HABSEORCE y: Agentnum=1,
Delayfactor=1/6, Syncycle=5 il Reqcycle = 1/6, ¥ Ret 3 2 ANF] Blockfactor T HIf#IT)
3D PR v BE L (R 40 Aioef L, A 6-40r 7 s[RIt Be A5 2060 N R 2o A ], ] 16-50
7No

M 6-4 F1E 65, FATr] LA 3.

e 1t Blockfactor Ji/> I, 3D A= B FIEAE IS S 7] N A2 50, it iil, BEAEDR
FEARORFEAAL, T 47NN AR 3 G B S A I o

o M 3D JEARFNT LI ARILATTRT LU 2, 24 Blockfactor 287N, f# K 70 A1i A2 15 56 hn £k
I SE R R L MRE S

TE55 5.3 150 DSAFO IFIAH, 25—~ Agent A F05 AR I, B B 2
FHZE (block) Blockfactor x Heartbeat + [ [H] . ZEIXANITEI Y, 1% Agent R] DA i S Mt
. Hmt 21, Blockfactor ARG TE Agent 153 i W 1] 1) B ZE I ] 1 4

R H AT —A BT Member Agent, Wik IkFEAR MR o 400 % &5t m]
e R L ZER S EH RIS [8] 25 0], BRAE Coordinator, Blackboard 5% ResourceAdmin 7). K
B Y Blockfactor /NI, FHIERSE] L, DSAFO Hykmit A ok g 4
A JE KA 2 Blockfactor /NEIIAE, FHEER ALK, FyEERKIAGES XM E K
o

H At A A IR/ Blockfactor CEEUT 1/36) —A> Member Agent 1J58K i H ANFe e
fi? SR W% AR JADE ACL Y BRSO W 45385 A B o 5 il 3t RATTRE 52 Member
Agent ik A\ Blackboard Agent, WitJE U, WA M AT E M4 EE TR =R Hrii
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Times in 250 runs

N

=

S

Times in 250 runs

oy

g2

=

®

T
4
g2
G
28

O

— 1

u
>

oy

>

T
ik
EEEs
552
£2er
g
Ee
-

Times in 250 runs

T

\\

on s O ® O N

132

Resources consumed

129 130 131 132 133 134 135 136 137 138
4-hour jobs arranged

@Z

1 BT Member Agent with Blockfactor=1/12

Resources consumed

129 130

4-hour jobs arranged

1 BT Member Agent with Blockfactor=1/24

Resources consumed

63

128

129

130 131
4-hour jobs arranged

1 BT Member Agent with Blockfactor=1/36

K 6-4: Blockfactor %} BT #4341 5% M

132

1.500
3.000
4.500
6.000
7.500
9.000

Lo
12.00

2.625

5.250
7.875
10.50
13.13
15.75

21.00

3125

6.250
9.375
12.50
15.63
18.75

25.00
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Times in 250 runs

Times in 250 runs

100 I T ! I T I T I T I T I
2 | — 00— Blockfactor=1/12 .
- —»— Blockfactor=1/24
80 —v— Blockfactor=1/36 1
e S 0 (Embedded Agent)
60 —
50 -
40 - \ -
30 A4 _
| &
20 - \ -
10 —— V\ E]\D —
56 58 60 62
Resource consumed
[ [ [ [ T [ T [ T [ T [ T [ T [
60 - X —o— Blockfactor=1/12 | 7
— v — Blockfactor=1/24
50 L —v— Blockfactor=1/36 ]
W\ 0 (Embedded Agent)
40 | # \v 4
/ :
30 A\ & s
/ N
‘ 0—0n
20 | / e \ |
i v 2
10 3 D/ \v -
- \, _
| . / D/ \ ~N
/V / n O—0_
0 HE=l—r{ ] ] ] . U, ] . ] . D/;\%/D\H
128 130 132 134 136 138 140 142 144 146 148 150

4-hour jobs arranged

6-5: Blockfactor X1 BT i 1121 2% 70 Aii 1 5% M
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ANEAE BV T — Mo PR, W 65 P ARSI 7.1.2 /M5 ) EDD* &
2.

6.2.3 Delayfactor

Delayfactor 37~ [ /& Member Agent 7t & i — > I AR ML 5 W 1% 4t IR % /b By
B, XIFAE—NEFAZW IS5, ATk E Agentnum=4, Blockfactor=1/12,
Syncycle=5 #l Reqeycle = 1/2, SR )5 A] LLfF 2 AN[A] Delayfactor I K1) 3D &A1= 14
[R5 ARTEE, an B 6=60T 7 s [A]INE REAS 200 M IR 1A 2 oA B, an B 16=T07 78

X A=/ AR IR A W& A4k, AT 3D R vy B B (R A i A s B N 830,
WA R RS DRIV FESZ 2 T 52 (H 2 B 167 R BRI RE B i 26 T B W X R T
9905 2 Delayfactor 2840 I, B Y50FE Ol A B BT

XA I (] EAR FH R B L — N AR P I EAS Member Agent JH (5 AN G K L 221
AN, iU, RO W R B A BN EIR, [F]IN AR5 28 LI,
5 S5 B ANV ) Member Agent £5 H GBI RAA HFEIRS BTG O, HEthe
RS T AN FEZRVENL A Agento BltE, Delayfactor 4 FH R ARUE 217, A&
JEREBISEI N AR G

6.2.4 Syncycle

Syncycle K7 & Member 1 Coordinator N 1% 15 & Xz F2 Bt I A F 26 7] 20 2 ]
SR Z /DM E. XWAZE—NFIRKEW 24, A% € Agentnum=4, Blockfac-
tor=1/12, Delayfactor=1/6 il Reqcycle = 1/2, $&J5 1] LAfF 2 AN[A] Syncycle T HIf#R) 3D
Vel R v i B (1) 23 AR LG, i 1] 16-8r 7 s R INf B AT 216F M iR a2 40 A ], ] 16-90
7No

MIXEEE] 4N AR R IR B #7281 Syncycle BT 2 5205 [F] I 35 54
AU E R ATE 3 AP

XA A 20 I B B 152 U R AT e Member Agent 2 18] 1) 9 Y5 R 2, JF HAR 4 S.
Abdallah, N. Darwish A1 O. Hegazy (2002) JIrit, Coordinator Agent [¥1¥% vt 54t BhiX
AR, I Syncycle ELEK IR, S5 Member Fl Coordinator Agent FITERAT
(A5 A EE ORI AT R IH R 0. DR F — L6 R IH 45 EOR IR R IME T e A & —
AN, K, B BB Synceycle NiZRE L EIE TS LT

(B, FESEBRSEI R, Agent Z 18] Y HME LU BT AOARE 73 e 20 SRR B2 AR 24 2 1
17 HLAT I T 0 A5 B DM E I SRR sh I T VRS S B A S5 R . AT, X
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4-hour jobs arranged
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[re) [re]

pPawNsuU0d $821N0Say

T

P!!EEEE!F

suni 0GZ U sewlL

1/3

4 BT Member agents with Delayfactor

sun 0GZ Ul SeWLL

4-hour jobs arranged

1/6

4 BT Member agents with Delayfactor

3 388888 8
g8 88 8 8 8 8 8§
8 ©® < %
o ® o o & ° 2 & J

o
o

[}
(2] <

pPBawWwNsSuU0d S82IN0sSay

54
53
52
48

e
AR A TRRRRANILRN,
EEEEREALIENANARIR I

suni oGz Ut oWl

130

4-hour jobs arranged

47

1/24

4 BT Member agents with Delayfactor

MMy

pagiiliip-2

K] 6-6: Delayfactor X BT fi#
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Times in 250 runs

Times in 250 runs

I T I

T

70 - ! % ! ' : a

\ —0o— Delayfactor=1/3

- ¥ —#— Delayfactor=1/6
60 NP —v— Delayfactor=1/24 |
50 -
40 — -

N/
30 % -
20 — -
10 / -
0 g\ﬁ bie
T T T T T T
46 48 50 52 54 56
Resources consumed
I I
/
70 M —o— Delayfactor=1/3
a —»— Delayfactor=1/6
50 —v— Delayfactor=1/24
50 —
CJ
40 - -
30 —
20 — -
i
10 -
/ i -
0 § L —
! I T I T I I
122 124 126 128 130

4-hour jobs arranged

Kl 6-7: Delayfactor X BT fi# 132 2% 53 Aii Fr) 521
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sun G Ut SaWiL

4-hour jobs arranged

3

4 BT Member agents with Syncycle

51

suni 06z Ui seWlL

47

4-hour jobs arranged

5

4 BT Member agents with Syncycle

4-hour jobs arranged
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(e Ny
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ERaTERRCERUBUTIAND,

l‘l‘l""”’

sunu QG Ut SeWilL

15

4 BT Member agents with Syncycle
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vagiiliip-2

%] 6-8: Syncycle Xf BT fi#
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Times in 250 runs

Times in 250 runs
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60

50

40

30

20

10

80

70

60

50-
40
30
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] T i‘\{ % T T T T T T ]
—0BO— Syncycle=3
x —%— Syncycle=5
O - —v— Syncycle=15
A J A
- \V/ Phd -
i 4 ¥ i
=
A
A . A
ﬁk _
T T T T T T %<H? -
46 48 50 52 54 56
Resources consumed
T T T T T T T T
| V.
o - —0o— Syncycle=3
7] 0 —%*— 8yncycle=5 |7
1 .- —v— Syncycle=15| 1
%
. A
- D * |
v\g |
v\ 7]
4 B
FZ T I T I T I T % Q’ o
122 124 126 128 130 132

4-hour jobs arranged

Kl 6-9: Syncycle %} BT f# 11114 5347 IF) 521
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NSHOS FI 92 br 3 LB U MR 2

6.3 SLK/PNG

FEARF S, BT T — RIS S 45 RW] T DSAFO el Uit 2h & Agent
B RN KL T FIRILORE, 2 Agent K4 R BRIRT I A T 2 XI5, B
NRNIIAREE —A> Agent IR . 2 TIRAT BESCRAL BRI IR, il in ka2 e 1
SN TR I TSR A . SRR A2 B0, iy HAEAN R 23 i REA 58
PAAT 2 TR s RIIAI A, R DSAFO Beg i h it G Ja il o 5341, RIHIShas
Agent KA BN N XE ) AU ARH AR AEBCRIEEES BN OL 1, SRR AR 2
PhAl ) DAAS 2 2

118 22 FL e R AE e R, 5 A2 4k PR T R R b /N, i EL Al L 8 il o gl At R e S BT
b, HAISCRESL L ACO R FBESE: PSO %5, DSAFO MIH'E £ Agent Sk GEACE
(A A 27— b 35 B 2 g Lk S Rl AR /0N ) 8 ) 7 1)
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FtE FEMNLI

A FE AT T KON M T Y I R ) DSAFO HOEE I = A aF b &
% MMAS, EDD* Hl ERT*; JF45 H 13X DU B 553k 4 S2 B B0 9K 20 T 1) KT e i
YNV 1R b i PR BE AL L o

7.1 =FhxREE

AT ) QML 1A P B2 ) =Rk B, AT R MAMAS, EDD* M
ERT*. MMAS & —/MTA T Jkm . At GFAE3ha ) Jith AL
YE V1 BE 1) 80 17 & Be AL B . EDD* A1 ERT* 4 1) S S 20 21 FRATT 10 2l 25 i 34 55
run-and-schedule [N 28 8L AL S8 19) 3 R U

7.1.1 MMAS

M5 (AS, Ant System) & H M. Dorigo, V. Maniezzo #1 A. Colorni (1991) it
By P42 11431 by 98 57 1) 1 R PO ISR 2% 1) 1E SR it — — RN IGHTE B O A L
TR S FR R B HC A S 496 1E A ) 8 A2 — — AR AT A T A ) o ATt o i S 55
AR BEA T A5 ) ) A 155, BEIIRAT 7 ) i (TSP, Travel Salesman Problem) .

FE AL B, — AT ) R AT B ) A B SCRVE L Ny A BRETHE T2 4K, 1Y
fil o9, AR AN g <V, B> MU E ERRIEIRE T BHUER50. £K
<V, E> ™, Vi m NMARES, BRREERZRTHLRES . S —
ANCAT 2 53— A1, BN EBCRRIE AT AIE A Hamilton [, 24 T 8 R A2 AT 2
() Hamilton [A]i%, &AMSWCEE A —NMERVIEKIRIC CA VT M KT AL T35h, (1)
TR <i,j> RIY; R IEHREE

Tij(t + ].) =pP- Tij(t) + ATij
! Hamilton [F]#% /2 £ 55 &l b B A7 T el — IR HAL— IR R
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Hr, p R—MNMRERE T, 11 (1 — p) R W2 B BAIR R 45 K LA
Nant

ATjj(t,t+ 1) = ZAT{;
k=1

Horb, Arf 30 <dj> ERGHSS kRIS ¢ B t+1 TR AR R AL b KRR I
R (LSt A R o I (5 B 20, XA Ew M dE:

Ak Q/Ly if k-th ant uses edge <1, j > in its tour (between time t and t + 1);
T =

! 0 otherwise.
CREDLEE” my W R 1/ dy , Horb dy ETIA 1 R) 2 RERES . S, 5k NI
Fah3 j R &

[Tij (t)]a'[nij]ﬁ
pﬁ = Zp&tabuk [Tip(t)]a'[nip]

5 it j & tabuy;
0 otherwise.
Horp, o 1 B e HR A E R GE W AN EIE S

W ARV A AR 22 AT AR A T e ol A8 144 A MAS (e K-/ NI s, MAX-
MIN ant system) &L — DK, ERIRBRERE T —A ERA—NTF
B L45: 1461 M MMAS WIFFUA S H s i, e st N 2T JSSP )i

BATHE MMAS SEIUAE T BT 2eHE 8 FRgAT HE LR . AT 1K 252 A i it
H1E) 1,008 BT AHIARME 24 1,008 A mle BIANMEME 7 R r; Z [A] R E B R 7R A -

(Due,, — Due,,)/10, Due,, > Due,,,

def
drir; = < 0.01, Due,, = Due,,,

(Due,, — Due,,)/30, Due,, < Due,,.

XFER) MMAS FIi ] TSP [ R A AR, R4 BT AH 2 A DY A e b 75 22 42 it
AT IR TR AR “UB-UC-LC-LB” 1EMV2H 320 3 HEA 46—, Kk, 1,008 4
RGBSR WER 711 Fros:

X 7-1: K BT AHAEML L 3] TSP g I
Mk | UB; UC; LC; LB; ... UB, UC, LC, LB

WS |1 2 3 4 oo Adk+1 4k+2 4k+3 4k +4
(k € {0,...,251})

[ I FRATT A REA i eV @ LT — DM /R & ready;. 1R T, &Y XA UB
YEMV (readyapy1, k € {0,...,2511) ABEFRIEA “true” . SR8 5 TATTHE WG PR 5 3k il
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<ty g > ISR s U 6 T DU A AR 36 I i AT A A«

7, if ready . = true;
validate(i, j) = ’
validate(i,j — 1), otherwise.

14 validate(i, 5) 31 M3 BT LLFEIRF “UB-UC-LC-LB” HUI YTt
AN — B STERFAGEN 2 BT e R, JERET 2 5, ready; SEEAR L true,
B ORI LB ke S50, 7R IR S5 (AR SRR FTIAAT 0.

MMAS HEMH BN HALCUW F:a=15,=2,p=0.05, Tinit = 1, Tmax = 100,
Tmin = 001; Nant = 2007 NCmax == 1500 #HX‘T%% 1 /I\mgmj(ﬂgjﬁljjﬂ(]j:ﬂﬁf}%/ﬁﬂ R’ Xﬁ&
[¥) Hamilton [H]#% b8P 1A #R 2515 21— 8 1 1E Kt

10

Ari Gesntjobp/a2: < TiTj >€ circle of R;
o

0, otherwise.

RALAF RN B> BHERE B R AR 2R (105 1) e o

7.1.2 EDD* fl ERT*

X HLIY) EDD* 2 ] B R A% 48 3 kX “ e 98 TR AL 5E” (EDD, Earliest Due
Date first) W %] run-and-schedule A& E R EE . 250U, ERT* w2k “ 5 s
I L5E” (ERT, Earliest Ready Time) N 3] run-and-schedule Y43+, EDD A1 ERT
RN P =10 s

7.2 Putbxt b

SREHF DSAFO Bk (Z40: agentNumbergr=4, Blockfactor=1/12, Delayfactor=
1/6, Syncycle=5) . EDD*. ERT* Fl MMAS 7£25 6 T2 ] 252 TPt (50 F T T
SEEG MR . FRATT N —UEFE T BT AHRAEM SRR LA SR e e e . R =2+ 8
IR LAV AE BT FE0 A 4-/Nis) BT T AR 28 Btk st bb s 3. Y 4h, Sk
(R REE 2 AT CPU fy F b g N 25 RS [l o A5 2 55080 v 1) e A S0 38 SR FH 2R A S8 HE
TNo

M 72 T LLFE i, DSAFO Il MMAS 76 % P40 #8445 3, JF B
DSAFO 7t BT TAE%HE EZE L MMAS Uf. 534, DSAFO {2t Il A2 (JLor
B, T CPU BRI SZF5 b DSAFO H K043 149 B 18] FH ey R HE A5 1 0 JE A i
T, MMAS FERRZI5HE], Jf H CPU 5 H &8 100%.
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Ready time

A \ 0

f Due date

Y

| |

Y

4

6
ERT (FIFO/FCFS)

Y

7-1: EDD F1 ERT ¥ 2 2 &

R T2 FLAALTEREXS B

A7 I 1) CPU PR 4-/NIHAT S
MIN | MAX | AVG | MIN | MAX | AVG
DSAFO | =~144 ¥ <1% | 47 56 | 49.9 | 123 | 130 | 126.3
MMAS | =~ 12 /M | ~100% | 47 — — | 141 — —
EDD* ~43 b <1% | 53 53 53 | 129 | 129 | 129
ERT* ~43 b <1% | 52 52 52 | 130 | 130 130
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ENE FIRIRKARTTE

8.1 4w

RO T M A e R R e O o RV ) B NP DR ) L
(RN AL 2 28 W R L7 1) 1E 328 AL . DA it 35 de B A -0 F 2

AL ) DSAFO, s — A 3 T 3 & 70 A 208 84 M 3 2% I J& 34 58 run-and-
scheduling )81 B 1) 2 Agent 29 Wi 2 AL 7. 2 F VL IO B 0] &2 2% B LA 75
T 7 M=) 22 18], DR e A% Ak BEOK R ASE 1) OB M T Ml 3 B i) . SI2 5 3 1
DSAFO M ARARTEE, 11 B2 2L SRS B RS, 2500 RE AR 4 s 2 42
LT BEH R AR M . SRR BRI ) 2 BE I AR

IR W AT 4 R MR IR 20 A0 SR A RIS 252 Agent A1 s A8 S5 B R ] 3850 ) 4
bR A R, TR A AR R A I 5

8.2 ARRMWIFIT

Kok TAEZ — & BETF AR CHLHL TV B i) @) . T DSAFO Sk, T
TCRRITRTE BN A FH AR B AR A o — AN BB L AL R O B T R 3R 358 AGSAP L4l W
Fan, G. C. Zhang fl F. Xue $& H3M7, ZIREE L5 H DSAFO HyE3HT 7 1 €Lk
[RAEN AT i

Ti4h, BRI A RN IS BT B, WSO AN MU B I T R
FERA S VR 43 A A 048], B G R i ML R T A S 3 8 36 A R e P A ) A
DAL, o] R A% 70 AN AU BE AR 200 CRIANAf RO Lot T A Ml 8 8835 A R e 04K ] D
AR IR (R 1) TR BE 5 48, Ao AR ) — MU
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Bt

HG, PR ) IR . M AMEE A R, e AL ai A AR EL
TP BN AL AR B RE L TS TR AL TE N AR ) o Aot B0 27 )RR BT A
ROl Sk LR SR T 0 DU 8 R St [T e DA 56 4 R o AR S Rl A 1%
AR A1, SR L bR ) £ 1 AT AL AT D0 e ) 2 SRR I AN 7

PRI LA, BARAT R VMR ZAKFERIIAC: 5K A TX = TooR. ik
B BRI B VA DS AT SORBITFE R L ST B AN 53 o RIS S A5 2
TEATTHA ERSCRF o Bk B T I IR A /R B SR LR
A b I RO R 2 BRI X = 5 564 AMECO (st §HLHLSS 4E
B4R BRI g TR, FABATTR & 1Rttt b ZERp I 25 i = A4
BRI SCRF BRI « WSS SC AR AT, il SR e AT B

Pt ZUR B IR B S M E K B AR SR R (NSFO) HAEESCHFF (60472123, 2005

1 H- 2005 4 12 H) A E RgTOSAE LR SRS B (QD13X04, 2004 4F 1 H-
2005 4 12 H) X AR SCA ATl &= i 4 s gt

feJa, BEN DR IR E A SCRE, AbA14y T HAar, BERKK, Tafiiba ik
SCRFIF S BIER B AR RIS th B B 28 20, AT L L T —AMEAR S
T R < (L B4
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MisR A: DSAFO E;XxmHA) Agent i@

DSAFO &ykAd B )i Bas (s #5231 FIPA ACL 19, H&—Fh

. BRI EA R BFRIR, N5 7 FE A, B

M B Message #5IERE, LSRR S 1 Channel Mark A 1E ) FIPA ACL

e IXFEOT LA RO e B 5. MChannelMark 3] FIPA ACLs frmLS & X

—/\1m

1|:| /%

Message & ChannelMark, Content

13 iz 28013

T:
R A-1: DSAFO FEAPHYIEAS IR FIPA ACL Ppi)t
ChannelMark | #HiX Content
QUERY INFORM OpType
INFORM INFORM FlightNo, TaskType, ERT, LED, jobTime, Apron
REQUEST INFORM | FlightNo, TaskType, MetaPlan(arg;; args; .. .)
REPLY INFORM | FlightNo, TaskType, MetaPlan(arg;; args; ...), ERT
CANCEL INFORM | MetaPlan(arg;; args; .. .)
INVALID INFORM MetaPlan(arg;; argy; ... ), isFfromBB
BORROW INFORM ResType, MetaPlan(arg;; args; ...), BuddyList(Namey; .. .)
LEND INFORM | ResType, MetaPlan(arg; args; .. .)
REFUSE INFORM | ResType, MetaPlan(arg; argy; ... ), BuddyList(Name;; .. .)
ACQUIRE INFORM ResType, StartTime
ALLOT INFORM ResName, StartTime
RELEASE INFORM ResType, ResName, ReleaseTime
SYNBUDDY PROXY < null >
ACKBUDDY PROXY BuddyList(Name;; Names; .. .)
SYNDEMAND | REQUEST | < null >
ACKDEMAND | REQUEST | myResFreedom
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