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A Study of Multi-Agent System in Project Scheduling with
Limited Resource Constraints

Student : Kuo-Ting Hung Advisor : Dr. Wei-Hua Andrew Wang

Department of Industrial Engineering and Enterprise Information
Tunghai University

Abstract

Production Scheduling with limited resources always is the very important part in the
industry environment. The features of production planning and scheduling are representing in
the form of constraints such as fulfillment to deadline, priority of assignment, and
arrangement of complicated resource. The complicated degree of constraints depends on
different scheduling problem. Due to complicated production environment and rapidly
change, it is more difficult to solve production scheduling problems. The complexity of
scheduling problem will increase when it covers more variables, and the pattern is similar to
the exponential curve.

Resource of the production scheduling can be divided into the manpower, the activities,
the money, the informations, the time and the space. Manpower is the most important
resource because it has closed relationship with other resources. When Schedule with those
limited resource constraints, most researches solve by using operation research or heuristic
rule. But as variables increasing, it needed to spend more time while used methodologies
before mentioned. It is more difficult to solve production scheduling problems in a limited
time. Therefore, the methodology of distributed artificial intelligence becomes an important
issue in related research field.

In order to find the most suitable best solution, this research combines the contact net
protocol of multi-agent system with ant system to design a project scheduling mechanism
with resource constraints. These constraints include different working efficiency, different
cost of manpower, and different working load. Finally, this research design various
experiments form non-strict constraints to strict constraints for proving the feasibility of the

mechanism.

Keywords : Project Scheduling with limited Resource Constraint, Multi-Agent, Ant System.
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FIr TEAT O 2 REEBGE A L2 RE RN A 3R AR AT -
Fog 3 7 72 (Heuristic Rule) @ fzgf 38 2 72 £ 40 — & i B il {8 5 %772
Bl > K i KA v P RS KRR TR i FE R
ZE R F Y E S Qo AU R R RE. % A G rxen e F
Pl TR N EPIeIRBE BT E S ﬁ"ﬁ!ﬁ Bt AR R AR 1Y H Ak g
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Eu]éf‘,’;g/;% ’lli—rﬂfé% *rdﬂg ;‘M}t. ,;:T‘J» ;;b ﬁé/ét]?

;\/;Ej.”, _ﬂlﬁﬁf IR B jl'?*»“r)a ik B lglE?r o
4. & 757 52 (Genetic Algorithms, GAs ) © FA Flig & /% (%30 1975 & » o £
o 2= %‘3%‘3—"“ John Holland 74 41 » 2 & chp enf_ a2 = - 2 £ 5

AFpREFESAT LR NI RREERA S RN EAR o AT
wEEE - AR TR 2 TR i FR R SEHY
(Reproduction ) ~ % fiz (crossover )~ % % (mutation ) > & 4% I* 32 ciT 1Y
B i fF o

5. % ¥t (Simulation) | 7 ParkiiE RBIZAAE B 5 4] 0 b2 d N HC
BEPRIRITE R %o A BL R RO A S R B i et R
%MW prb FEE 5"% e @‘ﬁfﬂffﬁ:ﬁiiﬁ‘lgﬁﬁﬂ&@ﬁ » B
FA) AR i R o

6. * 177 % (Artificial Intelligence, Al) : A 1 47 E = /2 > ¥4 fe{oig o2
A R dSd A Bk 2 e RAvE . o anfEE P PR
Ve ko PR 5B RITERY 97 25 B R Aol SRR B
FRPVHE D E AT REF R RAT B EfR 0 T % ‘uﬁ"’}# Pt o enFEE o iR

34
\\"_‘t

B I A SE eSS S| ST fRAEHLTT B T W U RAE 0 2R
A oMk BRI R A S0 R 1T B i R fraritehB (8 FER o

2133 "FRE F RN

B B A ke & PAr T3 434 #i(Program Evaluation and
Review Technique, PERT) 1 2 & 3 ;2 (Critical Path Method, CPM)# fé 1 &
BAARr o A A E Y A b TR A BB T o A
RFERY SEF g Fo AFBERRGFHERY - TLEF 2
Fdp 3 BER ek o 2@ IR F R A fe(Resource Allocation) s73R AE o

Boctor (1990)4 45 "LF R E X AEH T - BFwohi i T3 AT RE X

Ri B o

AR A Bd - FHE G0 ¢WEAkamﬁwﬂ%ﬁ elads T he
T ERERUE TR RTRELAITE g:@ BITERHAGFTE
AHEPFLAEF LT RN B b E SR L F2p ek @
Lo

A
o

CE R VTR T hE RRAEME O (FERLTR LR T S
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o

» 2

I

‘B
» & {7 1% % (Predecessor Activities) *

LR

F&g 24

2

=R

N S H AP EY &

e
g eni® ¥ pF A (Duration) ¥_% _*¥ ©

%,’t e mg;@

!

%

= — J

4

o e H

iN=t

TERFR o

A—

T

BREREL T

2.
B —

E3

[P
|

e

LT RS kAR A g B

A ROGRE S, 1996) 0 A

TR o

2
f

4@ 2.1

&l
e
|
N

R

A=

A

T

4

A

~ ol

TR R

hoER

< howl ol

TREATE

Rl ol

sd v 2 & s A

=2 ek R R K

A I S

%
Pz p

e L RS-

PAe R AR

$ e

fefps

+

oo {fm B e sh

e
m

E R N T

R

a5 i
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I B xpipigrdy: » - B3P RFIENE L RPRNA-

2. i * ‘JEM\F' ]AV\L»F' H TR A7 F RGP -
Fofg 2 L B AECE BN 30~ OB 3N 372 (Heuristics Method) 2 2 4 1
7 £ /% (Artificial Intelligence) °

4 FREFTEFRY D FRARY A LT EHFR I TR Aot A4 F
BB E o NEAVERRYNT IR o £B - PR E

5. #Aeap iR
(D)B-] i 5 % % 1 ¥ I 48 (Minimization of Total Project Duration) :
PG A EF TERSERZ TR GRIRT > R E kA1 )
GRVEt S Sy
(2)B | v & % 2 ¥& R* 48 (Minimization of Total Project delay) © p* % * it B
et o e § 2 X1 FRETEEBIFIR o b MERPER -
(3)B ~ 1+ & &2 3 ig ' 48 (Maximization of Total Project Net Present
wma:1£{%E$%$$ﬁﬂéﬁmwﬂ@%ﬁ%%’H%%ﬁm

P T *ijé R
(4)B ] ?‘i— = # A 4% (Minimization of Total Project Cost) : F ik 3 *
FIRE > deppe d S nF R & X ‘ﬁﬁfﬁﬂz@?ﬁvy’&&%gﬂﬁ

Fing &Y DL A Y SR o
(S)B ~ it FikRF|* F A 45 (Maximization of Resource Utility Rate) : p* =
PiEE FEALLERZ TRk RT > 5 Tha * F (% F
/7 e FRE) R SE T ERF o

6. ¥ 3 Wit (Preemptive) : p* W IFE K F 4P S AP F > 572 7 ¢ G4
TR TP RS TR R
2 T AW FEIRT o

F LA IF RS R LR 2P BE N j\ﬁ;mﬂ %

d AN EEE AR L ARFR P E FEE o BTV R T

R ERERFD 36{4’ﬁ*'£mﬂﬂﬁﬁﬂﬁu&41?%“
5

E e LN e ?}I?c
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2213 UFRE AR ALY AR L

P R (A Py o4

1963 Kelley BAKENG VT RE RPN
1 TN EOE R o

1973 Talbot and W R FEAHIEC K25 LT R

Patterson 2o P ge RY A o

1982 Talbot S F R > YRR
S LRk LR O e JdV 2ec Al £
EaiE vy - PR RN o

1990 Boctor I T iFE R B P eniR AR
B 12 66 f[HEE Bl T B RE B

1997 Boctor s * HeHRid Lk ]‘»ﬁ'* R

T2 F G RPN o

2000 Kim % 4 EH G E NI AR BN R
LE S SRR o

2002 Merkel SR TS B g NEE I 0 - fART
*?451?”*ﬁ@? LR
BN S AL

2003 Kim % 4 LIRS 1 B SUNPE I s ® ey
-3 VF RS ﬁ*#k%_r_f’v A o

2005 Jing Hua % 4 CIL S AL i L ESE
LR 5 & FUH]T AR
17 o

2006 Holger W 5 E NI A S EETE
PES Ll z’ﬂ;« e B R RE o

2001 s Fr FBFE 2 S PR T
TRE PR -

2003 EEppEA FI* B 5 P RSB B R

w

21 LT RS XA AL
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2004 L EHOIRIRIF Y 2 KRG CUREE

@“lﬁﬂ@%iﬁﬁﬁﬁﬁ%’&ﬁ§ﬁﬁﬁﬂﬁ%?%ﬁﬁiT
ARKRARZ &  F PR RIPF T E R 0 ¢ b Ixig > T
1 IEA BT R KRG LT RE %#Eﬁ% prt Ao fe B EpE L

1AERMER RS AR ALY T T RN

AFTREIEAINPN B R G FT R
Mo Bk AR B A TR X %

FIT oA MER e e g R > TP AR

()
4
ETIRN
hpas}
N
_i
{w

3\

Ea> F Rl AT R T s B R e

2.2 * 1 % & (Artificial Intelligence)

E RN A L E G T 0 A 5 A N P 4R f2 4 (Distributed Problem
Solving, DPS)12 %2 % & 78 & % %t (Multi-agent Systems, MAS) o 4§ 2.2 #7

i 0 4

o A8 4 Bt

Solver 1 Solver 2 Solver W

MR T B

] AR AT S

B A 2 R

L. -
B 2.2 A4S RAEfRA- k2 A AT L
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DPS ¥ £ * - # 23t %‘izﬁ(modules 2 nodes)hein M HI 4 2 4 % F MK
HWATA > RE R fRARAL - A e BR4cf £ 173 #niflng o 4
cmE AEL A f@s%f}%ﬁ— i P N RRE Y e bldr f - BRALA K
DPS A 25 Al~A2~..~An 38| KA > £ 5gd DPS A el & K
AfEAH (solver) e B is £ 1345 DPS 2 HiCie2 B3 ook €0 6 & Bl
“TE AP RE(F) 7, 2000) ©

221 RI2 A LA

ALFESFT T AR AR, NI A S Ak gl AR S

i
/Efj;’,}_#f#\;&g.l-l 1B B (T Fm}_»q-frﬁ.%o Ay /"Jfﬁm’«LlL ,g%.ﬁ)a—,_—
g st

‘:!
3F T eAf 3 i{?&%ﬁE;\)é{_Fma{ﬂ SECIRB T 0 AR B B S S35 36 R AE o
SRR RO LS 4 ‘m%*’%ﬁﬁi{ﬁﬂﬁﬁoiﬁﬂﬁ&
g FUMAS) A = B A rengo bl I A g > L MEEER RACEE - L

L e R B ST %’?K‘” ™ A MAS ¥ ,;‘%: Fob N Az fFens & 4
(AP £ 35 ERL

MIE A LA HATRT 1960 £ A A 1SRt FE 0 B 1R I
AFEFL R T\‘f % o133 P ] X FIPA (Foundation for Intelligent Physical
Agents, 1997) 84 (I & AR g 0 0 RILA G R 3 AT R R

FLrEE oA iﬁ;vg@%%mg—ﬁﬂjﬁuggﬁﬁﬁ,ﬁ

*mkF

b AP BRI 4 gt ”’“r«‘f% el RN IR TS SO L R T A X
5B 1 & RLES A A e 4 & (Harrison and Caglayan 1997) - & 5 iE = X -
FEPhR> ZRBRRSFEROPFE TPl A2 X R iTy 4 o
EIBABALp LIRS FEH LR RIEA i«é"%—;' g B
SR AR o NI JMY REA e S RE R VP RAGE- A
A % kL (Single-Agent System, SAS ) 4 % £ 32 % tL (Multi-Agent System
MAS) & #& » A2 4o 4 2.2 #7577 (Hayes, 1999)

R A s G3F AR ARG TR o A LARE s FTY R PR
FRe A e o RITEIT R T oE P g Y - ReNE & o Perrot (1998)#- 1%
BE(Agent) T & hr™ P R EF LA - BRHA L nRBH o 2T
B

9
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2. i e BH(TREY)E REFEL -
Hd - B FARFRGER AU T AR T AR P R FEE A
i s R lst 4 g dodic o

4. -1,5':—,'1)3 3 °”Lr)§£7m?/}§7°

5. M RABIEEY T e

6. AFg R AINATRE B FH o

7. o - B PGET R R PRTE o

8. ¥ p e AL BHFLEFL AL L DES -

9. &P EHhF il it s NE B R RMESERICELTAT A D
755 dke R L HP %o
Peng (1998)% % % $155 — B RILK 1.0 § chffrf - H P - KL

FEAG T ZBE R DFL

1. p A t4(autonomy) : = — i TXEE"—_’\?JK—?:”;S - BEREFhp o T FH Y
ER AR m E - BRIEART BT s RIL A 2 F T kgpp e
ﬁﬁﬁxaﬁi’wkﬁxg%é%$$ﬂwﬂﬂ4i£ﬁaﬁo

2. i st (adaptation) : & — B RILAINE LG BIRBEE L4 0 @ 7
b'—at!“d\m&—fr/\ffggﬂi%‘*ib,lﬁﬁ}sﬁﬂg%}ﬁﬁlj’ i i B AL TR
Bz it o

3. & iThf fx(cooperation) : “ITL A 2 FE & 0% %’%%’i’— O i ok

e s H- 3@ ks FERIE A kL

NI AR |- B i e Fou b

s Tl R A PA R A
B A1 iTRE AR R TR B

513 LA S 21 Pk H | 1LERr 3 ¢ b AT §
wREE m Y RAEE | BT WLAL N
ReRE o F FFLEE o




LPIMFRAT N (2N EE R FROTRE R
— o R - RNk

f{:.
EL]

i; - 2. HITE R RE -

222 3£ R A K3

MmOARIRN A L FE L pimfkl_j}'ﬁ_—ﬁi‘m EENE w me«r

3% 87 ik (Gasser, 1991) » 5 & 12 F‘ AEZ AT R FE N - EALTT
e pr ¥ npd ﬁ\.ﬁ'*;‘i—iﬁ” v drimiA B2 FaniT 5 3% ~ ME g 4 LR AR
@I B e k24K 42 (Moulin and Chaib-draa, 1996) - % & X 32 £ 24f

B EE As i A 2 T EDADK T G- % o Eﬁf‘-l&rl%] 2.3 #1757 (Stone
and Veloso, 1997) -

B A B AL% %
(DC) (AI)
%ﬁ%ﬁi‘l AL
(DAI)
sy masa | S ERTALS
(DPS) (MA)

B123 A48 A 1 ES 5 & A4 LA A R

AN



Jennings(1998)%+ 5 1@ & % bz & 50 4 3@ L F d #icip &
FWET AR N KA - PR RS o 5 NI T
WAl TS s BT NN

1. +53 % & (Coordination) : I 4 7 45 VLF RORB P B HLEHp L
Fe o P sp PAFENFEP - AP e )I}‘Jc Mintzberg(1979) %%
ez AN (1) 483 3 F(Mutual Adjustment) 5 (2) EREF
(Direct Supervision) ; (3) #%&# i* (Standardization) o 3% F it 475 - §

BrEASD FRAZRESER PR ERY ¢ HEFTADLHE 75
SR A SIE L TR GRS Ad S AEFIE S ST TR T
K%ljﬁm IF"& °

2. & i¥(Cooperation) : Conte etal. (1991)im = # » 305 RIB A g (FF AR A
¥ £ F P (Common Goal) 3 & » & 174 $73 f3/4 K 32 (Cooperative
Distributed Problem-Solving) od W E NI G E Efga 4 R FAKDE

2R 0 )M SRR en ?’F%}l&ﬂ » B-BYRE A4 2 A BB iE 73(Task) »
£ BB AL R A o

M7 (Negotiation) © e $758 A L E G T ¢ > s 42
4

had
(J-

;gg;wgkmﬁf

g ‘ WP o BE P
4 mﬁ‘i il 5’;? ] K ﬁ‘é«]‘% Z_(Contract Net Protocol) o #* ##]d Smith(1980)
Flomd dvhe 1t o AR d Faokk
L ERE N RRAR R GR 4 o A s
kSl E, o AHE RSP REFTIREE
RILA 2 Fix zz»(Subtask)/w\ s & fkE

P& 4 J h
AR ERL LR ~ L 2B ERE AT A RGN R & TN
2 E_v

QﬁﬁAJﬁ%ég&%ﬁpf@%’ﬂ?uﬁ]%ﬁiﬁkﬁﬁﬁ
FLHEE TRERI24BE- A FE LR S4NAIFEFRT 2%
# % (Moulin and Chaib-draa, 1996) » @ % € 32K H 38K 3 # {7 3 2 4=
% B 2.4 2 & 5 5 ¥ Y BLEk(group perspective) ©
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Agent perspective

Group perspective

Specific perspective

Designer’s perspective

Bl 2.4 = 4%

Agent categories

Knowledge structure/maintenance
Reasoning abilities

Adaptation and learning abilities

Agent architecture

Organization |

Coordination

Structure and organization

Societies of agenis

Cooperation
Negotiation

Coherent behaviour
Planning No communication / primitive communication
] o Plan / message passing

Communication , _
Information exchange using blackboards
High-level communication

Person / machine mteraction

Open-systems science
Eco-systems/Eco-problem-solving
Autonomous/reactive agents

Intelligent and cooperative information systems

AAwg%pﬂégg@

5 gLz 3@ d (Edwin and Michael, 2001) » 4 it 40T

1. &% :a‘_il«IE’_—ﬁ ,,sfm » FEHAP L AP B A 4E e s @R TEALE
75

2. % RPN PARNEM S FRATFI M T ROTZE E B PR
SR BG5S R RFAEEE erURIL R R s
RplF Hax L o 7T R MAS 2R o

3. 4 X MAS chE T H T 780 ot > “7 dp e P HRY B RjzE e
PTG Y NIER g L.

4. B xﬁ@wrMAs A { BB EET

RS TN EHT el ks o ik 8 FR(Agent technology)
S

k@ﬁ%i“gri(
%~L&E‘;€'mﬁ:‘$§ i

b

/\

Yi-Chi, 2002) -
FPMAS i * TR fE AR
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2.3 & ¥ 3+ 2 (Contract Net Protocol)

1980 & Smith 4% J1— B € & cH2 #1575 ¥4 » T Contract Net
Protocol(CNP) - & et 2 8 5 F 5 £ & T B TR RN AT B0
Lo P T AR E F ORI B E M KRB B IRGS
A AN e (57 %, 2000) ¢

(1) & - BrE Rty oy g B e -mH2 d25pd g -3
Hz&py o

@) & RIFRESTA S f LT 5 kTR L L
?;@;T_Efm ‘j\’u&*{f—r Tﬁgb@i\g‘xa‘..kﬂiﬁ%'ﬂ/mﬂ 073"‘3?7—_'%4

FhRt - RRLTEE  FHAREAE . To R RAL RS, - T

5k (bid) ©
Q‘/O o s
A O

(3) 4 oAb s R TRERL G A F TR L A SRR

ﬁ%ﬁﬁEﬁiﬁFﬁ°

fHEE O
bl E RS 6 AN R ] SREREZRE &
i

26‘
B H o TP s R RPN R X EREZFR o A B 4tif e T

mn

e

(1) 378 efa e p 5

B TH i B T i I A
mﬁ* (bld)‘\) /F‘ f—* L -'E—‘ ;(_:’i » F E]IJ fkﬂ-ﬁik/;”ﬁ I ﬂ!ﬁ%%l— o



Q) fj § 27 H 7 ammp o
(3) HAROIA)Z R4+ T B F 7S 2 b2 - 2L
MBE G LAY A

(4) Hfhz 0 PR T AR 2 9 SR AT ek 2 SR (bid) Y 5

P ARE B AT - PR TR 2 RR o R - e XL o

Ao NI SR (bid) RN B e o B lf%s 7RI AT
L S R R SRS L Ac EEEE N
A R P W R o - LIERERFE LR £RF R
Poorfer 2 Sfho ERR Y Lk o n S Ak A

FAHTE T H A

y

A

R A6 )RR LCNP)#HE 3 2 I B Ardh i PR GE L A
bR B T H e o AgR B B4 E B (3 F 2, 2000) 0 7
R FPEEG R PRI R RSt R R > TRIZH Wi H o T
AT RS R R ] W L R TS B EE
HE L feaifiey o 2 WWFRF ML > RAEV UEFIBEfE -

.

“=

K

Merkel(2002) # +* # ACO ~ GA ~ SA ~ TS = fBfcH 25w 5 4 3+ £
FORT 2 B R P4 518 A0 ACO #18 enfiid L o T AT A 8
£ RTE A LR OB Sk ¢ B Bk 0 R BIR S AR
IR R SRR P ESEER IR S

AN

f#

2.4 35 3% % SL(Ant System)

VAR B 2 B % chpL s Ed Dorigo (1991)#73% & - § PR B2 L85
25 3% % 4L (Ant Systems ; AS) > Dorigo et al (1996)3 11 % — B & & i* i3] »
P A1997F = # g * A TSPFR 4E(Dorigo et al, 1997) > & 5 #5ek3F & 4 4L
( Ant Colony System, ACS ) ° #FkiF 5 i+ ¢ ARG iZ ¥ 35237 5 2 &
B i B4R 4o sz 73a4l | B 4% (Traveling Salesman Problem, TSP)
#:42 i 48 (Scheduling Problem) ~ -+ % o o F]H_F] 5 ASe®E = Vi g 4
LR S LR N SR A T ﬁﬁ{ﬁ?zf— PRI A 3 B F (R
b &,2003) ° #hkkT L O Ao BI2.597 T e

31



nest

I food

Bl 2.5 %iﬁéﬁf«? Y %‘g:

241 8R¥F LA &

BEAR kSR APRE S A AR R AR SH o JEd pirp e A
Loirgeg ke C B s — %0t F (pheromone) k §Te4i%uk b 35 F
G BT TREALLE W ik HEP S 59748
ST 0 o] 2.5 AT o @ MR F AR RAX bR A SE AR P PR AT PE 0 LR
4;_:1’:? % e ST R e AR en ﬁf#ﬁ"lg_mg % R E BB A o Tt
BN IR E 0 P g ABRERS T T TRALR DR IEFRIL -

L SNE S 2 e Ei Eﬁ?.f‘zp\ 4 (Dorigo et al., 1997) :

. #& 4% ¥ 3 (transition probability ) 7K Z_
BEuR G SLA A - ST RS MSREFREF RN TR
RFHREBEL RS SR - BB o
A Ao Aoy
[t ()]* -[n; )" L
N ” if je€allowed
pij (t) - Zkeallowea’,c [Tik (t)] ' [nlk]ﬁ , (2. 1)

0 otherwise
n() PR RS (0,)) R g R iy kg

n, - BAS (i,)) i L& (visibility ) » 30 E S (0,7) & R ik

Py F k LABIRA R & TR B A s
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= . 7 &% L #7 (pheromone updating )

WA FRREY ETTRRAEF AT R RFORE TR
% B/ (pheromone trail ) o & # MEdk T - B & 2AX S 5 F %";I;ug 7
L5  FZRRFREHTR - Fla p 2% € 150k S8 & 2honlic g 7 ¥7
DL ATEARTE > AT IR TT o PRFOLATAS Z 2B LATUER B IN
(AT 2B LA AE PR F RGP DL R EAEARERY
AT BRI RIBIR A A { BB g e B RfEDE o LIV ATIHD
EAXFRT € RPpE X DEARSORLAT P OE 3t RIBR AT AP
T EHINE B { Fnfz o
()= (1-p)r, + 3.1, 2.2)

o .. .. .
= if (i, j) € tour described by tabu
Argfi: I if (i, j) Y k (23)

0 otherwise

Avy=>A (2.4)

D>
S
54
=~
Py
l,ﬂ-
™
povd
&Y
g%\
F_k
@3\
P
—
<.
N—
|
B
L
K
P
I
%\
ok
s
<l
»;z%
[l

2 ek W 8 2 2 34 5 (Dorigo et al., 1997) :

> RuEF v AR o S Pk g AT A 7 o

> A freit 3715»5';”3?*? BLIOE o G L E S Tar e

> fatee g R A A BAR RO > REFRTEL[E
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2.4.2 $51% 3 5% 5 % (Ant Colony System)

Dorigo et al. (1997)#-45¥% % sL(Ant System)ia 3 2z f- 5 BB iRFF T

%u(Ant Colony System, ACS) » #2 L% chASA & 4= B> 6 F #77 !

1 B A @B RP] D 7R EB RPN E RE B TR RS
FTerpk fS (exploration) & & #0F 2o v | 45 1 cNE T (exploitation) o pt
EESHI R oo et - BRI N R AR, LehiEE o
AR g e g 3 1 2™ N EH - M M EED Y TEH

FEHT AR AT - BaAg e
¥ 4P| (local pheromone updating
=B o oM 2EArASE B E - [}m&p 315 7 5

AET G R FRAOAR R b0 A BTG E R f d(Load)
A FRIPELE A TRk RS o R A FREEFI TR
E®m G A e (Tgs% 3 1 (Esad o - ks 1 TP IRE G h i
T % iF ¥ pEe g ) .

.
BRRCE 0 il e R A L g
SR E

BT S R s o ok * nfR A T 120 v (Job) ~ B
(Skill) 2 ' »z(Performance) = #& 7 Ir ek 3% k §]37 # F » Mahoney ** 1989

EAHP C BAHBTIG > BRAFT ORISR0 Fxk B A

2 RAREREFES > 40T TR 2.6 7w

N
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TAE( AR F)

A

I AE+EE K
AE+ T4 (A 4c o HshE)
// AR E S F

(EPNE TP -

B 2.6 AR f ez HEo 2 £ R
7oL k& © Mahoney (1989)

PUTE A GRS TT s Poa R G onz fAET AR B BRE TR
- ~ 113 i% 5 A #(Job — Based)# 7 41 &

RN E LR S L S SRR
SRVE S ACFTRA PR T o R - g R AR g R
PERR A Ao RFHIRE ~ MAF ~ BRAMNIEBRBLEER o

Lawler (1987)4p #1121 1 {7321 & A A NF T IR AZFR T 0.
BB Pk L P A BN E 2 AhN P REY 0 PP E AR
A IR s e gt b > Mahoney (1989)» 3 i1 e 4 ag * 2+ § 4
A BEAL N2 f’fﬁ;‘ﬂ%ﬁft HETIRB Y o d MU iTs RES A8
Bl aeng B A SHEEARY I ERERL LY E AESS S LR
oo Agd EATE R EP T H T S BFEEFT I H(Two -
Tier Wage Plan)&n= 3% k% 4 JRB R T E AT 1 > 8 1 1P L7 ehgk
U SENRE A S

‘zg %%l‘q H’J,—g

=~ g A AL % (Skill-Based)

TE KRG E AADFTIRGRERIA AR A A ARE
BB 1P P EF KT it EARLEVPTAE TR AT R
SR RIET > S B 1 ET R oo bldedtil REFT L ¥R s
FRE-BFHTE NP Aok £l 1]
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(Characteristic) ~ B 1 1 i¥{7 5 (Behavior) ~ f 1 # it (Skill) % - 3= FF 7 &t
BEE- S LERERMTEAT o AR FAEL R G b A
Tk m**%”ﬁ‘ﬁﬁﬁé’é#%éﬁ’ﬁﬂgﬁﬁ“\@%Fﬁ
a1 iFpE % (Barrett, 1991) o gt #t > Barrett » #& F|HEFr T 4R F 4T
eI LA FHTE 2.8 T B S ATH PR L B e o dopt ] €0 f
IREVATHMN 3R AR AR Py B o I H oo R
gd g L I R S ksl WA PRI Tt g S % T FF P o

Barrett(1991);,1’;?.« FLIFR R A 1TSS AR A TNEIBARK
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Mahoney(1989)~» 25 FiFAA B 41§ * A1 T4z 85 & AR AT e Y
WS (PP e R EIRE Y Y o

TE

= ~ ¥ i i # (Performance — Based)
H%Kéﬁm%pﬁﬁ EE T EET Sy
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BEEF] s B - JIELS T EFIR T AU AH LN PR R
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Pend AR 3E 1 {4y 4 e d Hornmd s o
RPREP R ID S BB 0 B O 1 (TEs i 35 Bt BANED 3 AR R o
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AT S E R R BB REET FE- B TIRERE
B A PR o Tt AN A A E S S S R T RA R
e E AR & P IE i s it ILOG SCHEDULER:E Tﬁ_— B AR %
B X fRA G A S TR G A& U AR o

Bkt A EA AR H L4 T B ivrk(Activity)l ~2 3 4~55 1A
M A L TR 1 T M R AeR 3. S o B rxknG 43
Fea pF(Load) > #r3x g end 4 TR Bk B F R pro gt o fFxko a1 07
mIPES R RFA A ThRhEs kA s HA AhEay g“ﬁ%f% * A
fF AR e Flptdeie LA S FTRZTH D LR ARBOE S AR
Ao WL AT LB P AR AT L £ L k2 FRA R 32 (Resource
Allocation Problem) -

Line A > Activity 3 |

Activity 1 Activity 2 || -~ Activity 5

A

—» Activity 4 |

Line B Activity 2 | » Activity 3

Activity 1 Activity 5

Activity 4

B) 3.1 o iexk B 4 @)
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BALF LR SRR R AT RS FEE M Ak Z PR o 4oR] 3.2
T 1% § JAEE R(resources)!t & [ 1 1% zh(activities) P i 0 doie 3§

? A AT RPIL TR R KPR NT Koo

J resources I activities
= =1 ]
[ = X =2 ]
I = o W=

Bl 3.2 7R A B

bR TR R A A FRE A he B AL TR AR
ORI R AP EFRIG R DA S FTIRE i A2 a7

FoBZY BRI RHFIATRE S AL 3o BRI HE T o
B+ BFLirxbd - B ?*K%QTLE—?\&?JE&’ R i A s N oA

Fd A4 TR bl s kRS 0 ok 30 g

# 3.1 TR e

Resource 1 | Resource 2 | Resource 3 | Load
Activity 1 100% 75% 62.5 30
Activity 2 100% 75% 50% 40
Activity 3 100% 87.5% 62.5 50
Activity 4 87.5% 75% 50% 40
Cost 41000 35000 28000
Total 10 20 30

¥ 0 AR A - R IIEA)ET IR A GEF 0 E L 100%R]
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F o S0%R G 4 g ora @Al oM B A4 TR AR

B iv 5 A & &y o Resource 1 % 7 H 1 18
38

|

T 2
A%
Yo
=
()]
-h_\\
N

3



Resource 2 B &_ 7 1-5 £ 2. fF e T’FJH" » Resource 3 P & %7+ » H 1 1%

EohlE2ZLPN om

v Activity2 @ 7 B SRR 40 e Ko pF o RIF w3~ 5 i Resource |
z

3 ® Resource 2 4rpt Activity 2 4 ¥ 1 iE (T o

5
B3 Tk E T Pl RN XA NTF R 4o

fEE S AR A 4 TR AR 3 T sb g oA dioTi o F
72 A g 3] 100% £ o7 A
Ala=c—- S HEHAIEPARS FRARF o H 3 Al 55407

Cost =28 * /% #7(10000) + 7 »x 1 pF % 4r *(4000)/1 T2k #c g

BAATE Y RS ERA TR A R A T 2 B S R T
BRI EFAFFTRIE 2 FE TR A1 FdihT iRz - BEL
Rorgdom el ivsb i ATl A 4 Fihjodic® » R 51 1%k [ 975 & s

Fhoo Lo jETA A 4 TR do 3.3 97

J resources I activities
J=1 T%i = | Rica| | [l I e g s I e [ |
5 —T B
j=2 | 1=2 | Racal| | [ 13 [ I It I s s [ e |
=7 | \ i=J | [ Ri || 1 I I s s s el o [ |

B33 %4 FmA

FBEADAA FTRFESIAC(RY jHEUAA FTREE Cehd
A) L E A B FREE X AR A A »*urr%n, ¥R FTiRA
1 TRk TR XA e kA PE) 0 A E B TR B RS
N (i i F8 N F A1 A s B1ir)o
B S L 5 ¥ Fenp fhdlic BV AT E D FER Y DL FTIRATE &
A ARG - BEREREFR) 0 A RERFTIRAF R AT T B 3
min L e R
G ) 3.1)

st. AeR=d , R>0, i=12,.n

Z /’]_12
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$F A*R=d; i - 34 *T4|(topological constraint) e & # & * ¢ o 3=
B NTD A chpEA o I R R R A R MR S R A e d
- FRFLA NI A (agent) K A Fe TR L B FRE R T R Sl L
Rk = P AR g L(R) B BIRIE A frarid o BT iR B AR S ke

L=YL(R) (32)

Flpt E fS BB SN F Ao Aron

min - 2L(R)
st. AsR=d, , R>0 , i=12,.n (3.3)

;qj <J, ., ] =1,2,...m

G STLA PRAT § F 5 B BRIk R 1 EAA RS § B R
Hnd @i PEE L BF ERED &G P A8 7 2 TR

BRI U4cB 34223 04T o

Act Agent 1 Act_Agent 2 Act_Agent ... Act_Agent i

Res Agent 1 Res_ Agent 2 Res Agent ... Res_Agent j

Bl 3.4 F R s AL
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HARE ) & RIS G A ¢ R D TR S Ut o ot
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FALeh— 3 B o Ui TR L F R R84 197 B oaodp 4
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{ CHE R G Y PR p32) e TR P e
lﬁﬁﬁL?@%iﬁ sk 2. %W+ww%mﬁﬁ3

1. % % 32 X (Project_Agent) : i f-PA-PA ¢ p m & p B %7 1
7B % 7 fa P (Load)end iTxbe {7 NI A 2 $7eni TR R

EFE > B IR ESF BT T R 2TE 3] LB G
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4.1 Rl DIRP

AETETE S TR T S B R R AN L R e

1.3 vk B aviE BB TR 2.{2 3 i'xpar g feena pFf oj=(Load) 5 3.
Lag A4 TR ivapana (' ;4.5 4 & A e P (Due Date) - @ A2
3 iR Fémgjfvf;x Bl *n%% Pam‘ﬂpﬁ gﬁmfg‘\ AWACS- O SRR g
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411 % kg1 ivxEB G
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1 sl (PR R F ORI A 42 B Y LEFRAL PRl (T

Fopaierheh1 (TR G RIPEEFLAT BB PR S E 2

41 44 FRhEL Fhaa (T2 02 2 A R4

Project Activity Resource 1 | Resource 2 | Resource 3
1 1 100% 100% 62.5%
2 87.5% 87.5% 50%
3 100% 87.5% 62.5%
4 100% 75% 50%
5 100% 87.5% 62.5%
2 1 100% 100% 50%
2 100% 87.5% 50%
3 100% 75% 62.5%
4 87.5% 87.5% 50%
5 87.5% 100% 75%
Cost 40800 38400 28400
%421 (Fxpen1 (FRERUNE ZRAIPEFE F4
Project Activity | predecessor | successor | Duration | Load
activity activity
1 1 0 2 3 30
2 1 3-4 4 35
3 2 5 3 20
4 2 5 2 25
5 34 0 5 40
2 1 0 24 4 30
2 1 3 4 20
3 3 5 2 20
4 1 5 4 15
5 3-4 0 3 30
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Project Activity | predecessor | successor | Duration | Load
activity activity

1 1 0 2 3 30
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