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HE +EF71 D& o viadsie] o 2 gHol A4
ook ojabdxbxlA el Z&AD2 Job shopd] RUAEE
gﬂsim] %ﬁ*gﬂag(mikd—volume)ﬁl batch g 4t, &2t
ctold (mid-variety)e] A& A4te] Yy FMS7 §%
sted

FMSS 290l 2d8 2as 27 BUAHRA, 42

UAAY A, GAEAE Uiyel & 4 ek FMS At
AYEA ol FEIRIYLA, ZIME @4 B4, A4

HEUEEA, AdUFEHA ¢ A"
FMS d3AYHEHoe *&EFUdEN
AR EA, AN EA, FETASHEA, SFelFH A
A g, ABFHEA, AP EAFol alrh FMS
B Aol NC 7iAle 23 9 284, a¥Eo]
U 71 A el wE dFEAYe AzF % oiAFIA
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ort,

AT AT B U2 diels Bt dAFe
2 2ud el A et ety 28 gAY
Eol AHgElR otk ol HU" JIYEel AdAeE
wY e} uly KU, HEYE ok F2
ZA3g Rojx] Eio, AlAvde] FPof Yo utzl 2
3ol ¢ YECE ¢EE AR 7] wlEelch

Davis7b Mttt YU EHEE o8¢ A7E2 viay @
Mol 3 g 4 AEF dAs o}, &y A7
of A gatol Hoist: AAELE iAo ¥ wdcHDavis
et al, 1983].
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EME T olFe] Mz ANAow el ZHYNE 9
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2. d7Y%

A4dd BAHEAE A AU 1Y A3AE &
£71ge= e & 4 otk o] 3 HEHA YL
off-line 4P AY71Y, on-line YAAY I Ea7y,
multi-pass 43AY % FAziYEos FEslgch

Off-line YFAY/NYL &, ¥ ¥ A2 sl= 44
€ AYSBEAol cisto] Ftzo] YBARE A¥2
g gelde 2 AYol wel Bdg +us Wi 3
dolch mhabd of WHE AAZ W) iyt 275t ¢
7l wgol ey Wy §& Agstel A¥sIY ANE
DAY FAY NE e 4 Qou, UM AR AY
Zoll & o]zt AVAL AYol Eadulal Uk ol
GIAN 2%, 28 ¥& ) Yol dZAYE
AYE £UY 471 A Aok ol AFeldE Ay
7AYol Wt Holn olo] 22 & Aol e 2A
of 2 B¢ HAEHA HY4ol o] RolAE ©HE 7

23 glch

On-line 4 8AY 9 $a| 71'd2 Dispatching ruleojL}
Heuristicg& o] &3] By Arztog a4y
& olfol uste wWgelth On-line ¢3¥AY % 3|
Z1gel B A3 MEE rule] i, 71E& ruled
ty Ao Ay R = Simulation €%, 2e @A
o] gefuisiel wizl H A ruleg HWRAMA F= 15

o] gich

Blackstone2 Job shopolA ¢l Dispatching Rule 3471 &
4703151 etg&=2t o] 471x|2  £5F3}%ic}[Blackstone,
1982].

@ Processing time® Z3%t Rule

@ Due dateg E#1Y Rule

@ 18] ol Ax LYs 94 Rule
@ <% Ruia

ol 2%}t tiertt Dispatching Rule(o]3} @3 DR)oj 2
¢ simulationd 27t W UxtGel o3 4yHg, of
ERE g P2 A8 98 4+ A

@. Performance measurel} Al A%l FAje] widjo] u}
2t DR#] Performancer} 3810 o|wWl rulex 84} 2
22 HE AFHAE R},

@. SPTE 7IWto 2 3t: Rule5e BHIuirsAztg %
£33t LPTE 7|22 3= RuleE& 1A
Utilization& 2]t} 2}%}c).

Q. Due date 7IWe8 38t rule5& Processing
timeg 7|t e 8 3= ruleRrtl job lateness?] HAlo)

2}t

@. Due date& Fstx @AY, ©vl$ tightstA due
dateg A AE3le A(E 71FAY 6v) of3h, ®&
due datet: loosed}LH (& 7FFA|7He] Tul ojAh) A]lA®]
e BA=sl F ALOG1A atilizatione] 95%s) 7i7t&
o)== SPT7} due dated 7|22 3l rulelr} Frt.

HeuristicZ DREr} o cidyt 2 G o] &3lo] d¥A
HE +%3pr] o Aog dutzow whey DRETL
F& A¥E Bolu ALAMel HojA|a TRl oy
&& 7tA&ch

o]2{ ¢} On-line Y4FAY YL Off-line LY AY7Y

o visle] e FHA el A ot UE,

Off-line 43AY7IY2t YL look-aheadF Y & 71| =
Z5t3 myopictt 3E AFote A& X3 ek

Multi-pass 43 AY 714 dYAY 7I1REd 9w
&ite] DRel o3 43AY W FAE dsha] ¢n 93
o] ol 2A 9 rule& Musle] THE sl el
Hle] wel A ruled WAAA FE ZlEE wYrh
MPECSE 72 Alzlulr} deterministic simulationg 3}
of gafo] 713 H WY DR Addste] dgg FAgcl
o] AlA®le] YAl g4 L g2t PTHWy, 1987

@. AA 83 AR} JAAY Aalg Jier o

FAY ¢ EE 24 3HE Expert AlAY

@. A¢H  cftE  performanced  Bladl:
Simulation model

Q. Simulation?] ZAE M8l A rulegd A
3} Decision structure

@. 439 ruleg WHol ¥4l Controller

Chandra= DR ©H& cl&z gol §4rlChandra
et al, 1991].

@. DR& @712 B #4E 7tuch

@. Shop-statuse] Wl ulel ol BFAYLEN
il Foxe] WEE e sr Rych

@. DR A 7e] #2232 tl2ch

@. Alternative routinge] 18j¥ Al%ojrx &= DR 3
&3tx] R #ich

oj¢t & DR i & JH3$}7] 2i3ted Opportunistic
reasoning "Wy & A&t @A Ael Al wtel Work
progress rate2] 2jti2e} Tardy job 4=¢] 2|A3e] £7}
=] B2 & AdaptivestA vl F & A AWE A LsdcTh

Nakasuka:= LADS(Learning ~aided dynamic
scheduler)gl AlA¥1& FH3tded ol simulation&
2 ¥t learning 2.2 Binary decision tree§ THEOIA WA
ol Ayt rules] Helg stestAl stalcHNakusaka et
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al, 1992].
o] 21gt Multi-pass ¥i2&EL2 EF Single-pass ¢
Zelg el ¥4 performanced LVIENW & Rolil gt

dx Med AT NPES Aoy A o
Aol ARE o] dAdRe] WAT YAET FAHU Wil
aRyoz v gstx R3te HHE A A7 wEel,
oleltt FAME s #stel UFAE/IUL Yol
#Y A7 Bys] Yy Ach

ISiISe  Job shopZ {® 2-1]2F ol 571x2
constraint&ol 2o gl ez B3, ol#¥ constraint
Eg TIAANH RAAYRAHE Y] A3
hieréxrchical constraint-directed search®}'§-& A}&3¥lgcl
{Fox, 1984].

[® 2-1] Y3AY Mgz

Due date
Work-in-process
Shop stability

Orgagn:;’;x:onal Shifts

Cost
Productivity goals

- Quality )

! Machine physical constraints |

| Physical Set-up times

constrainc i Processing time

_ Quality

Operation alternatives
Machine alternatives

Causal restrictions Tool requirements

Personnel requirements
Inter-operation transfer times

..Resource reservations

Availability Machine down time
constraints Shifts
Maintenance
Preforence Opera.tlon preferences
\ Machine preferences
constraints

Sequence preferences

OPISt= shop?] el ciettt BHolM meldle o
el At AEY BALBAY YU AL F
8}7] ¢] 8lo§ muitiple problem decomposition®-& A}g
st cHOw, 1986].

Sarin ISISY OPISE Predictive Al&%olng 53
A d3Bolie] thgoll F2H AHUdPE 1AL AEE A
stx, A& H#yYHd:  EfstE U (Problem
Categorization)& ©|-%% Reactive AlA®¥& =Aetsizict
{Sarin et al, 1990].

ab Aol e £4), Bottom-up WA L2 ¥

Hol & sHHAHE soll 2R} ApE il Aol oyt FHY
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computing resource, ¥4t Al A% o] robustnessFo] Al

Y AnYPAY Ags SEsidct

YAMSE A 88 AA2doz THE A9 level?
Workcellz} 3}¢] level?] Workstation2.8 A2¥og @
Blstolct. Z Workstation (£ WorkcellZtoll= Davis
¢} Contract Net 2% & $% ¥4} (Negotiation)& o] &g
Message W& F3hod BadAAYe]l ojfojact
[Parunak, 1986].

Shaws  Cellular FMSelM  Agld, a3y, 4y

" (Performance), H] % ¥ & (Cost-effectiveness) 5] &9 oj

A Bt AuaddAYe] ASY HAURAYRL] §3
Y& M&3ta Bidding mechanism& ©] &% Cooperative
AU AY Ajadg ALt AHIShaw, 1988], [Shaw,
1989)).

ol EAlY HUUBAY JIYEL o2 Agentg3
¢ Biddingel i3] EA& siAYo =z Hr} SaAs
B3 434 4+ AA HAoU gL BE JAFA
W BYHOET A Foittdg ¥ Tl AAMELS o
o k=0l ZlAY AYel ulat FHUY 4 ol YA H
o} sch maty ojxtgBel Nl pEHo2 HFer
FsiME Aladue 2t AA oA Aeg Sty
olEol ¥ oA gol HoistAl stofof ich,

3. B4 UFAE Aoy

FAY U3RE AaWE EAY o2y 2=z}
Domain®] A=Al 722 £ o]f =2 Yticl

Ay, OIE-&.i & o, ol" EAES a1y ¢ag
ERvie 2408 framework2 2 miolyt w), Rt} 4A
Z2YHch

X, AAHMHoE & oy, BTN EANER At B
AE WA $i3led WAy RE YREF & Fog ®
L& Zo| @7ty 4 AUl

B4 U3Ay A2¥o UY $AAE e ¥e P
o4 %e 4 Ach

x

@®. AAb dulg) ey g

©. 4% Aol 3t {F ¥y nPgoz U
AA A 28do] downEE 2g Hg 5 qlch

Q. Fx2oz zeislol 2 bottom-upWAle) =}E3}
2 QY AENY HoT Asted 2ay Aaug 23
Bl7io] 3£ computing resource’t Zxjtct.

DIA(Distributed Intelligent Agents)= »j8d o2 =%
M node®Ezre] 4T atRol 2)sle] ajrelo] TAFL}
a2 Anz Aadel Aol Hix oA%E ¢ 471 4



Tt} W CIA(Composite Intelligent Agents) node& 2|
g oAFele BAGel g2 FEzFol ¥ HA
Alagle] 5o YEIEH st FEE F A

o¥-Ee 24y AFAs Aag Taele ol¢
DIA®} CiAel 43282 =Ysla QQon], ola AUste
shutel A% agentol U Feixct 7 A
agentol ¥ AMAU Ay Ay P& A=sn
ot

2 =FolMt FMSe RE I4R4AF HAE2 RYst

1, olgol FMSH 2%9& 9% #F Ao 3

%A oz ol Zzo] BAY UBAE AAu
agent2 M AU 4AWsl sHLat sul, oF 2
agent§7te) ¢JAl@A4wto2A Bidding mechanism&
Agsiech

4. Bidding Mechanism

Bidding Mechanism-& Davis[Davis et al, 198318] 4}
28oA 2T AAH F oA Yapgoe o3t §&5
o] g}, 53| o] 71Y & FMSel ol tlo¥yt Resource
E7t2] Interactiono] 2]3led ztejo] 4alx]i Aol
gAZAAE #Y =AM uf$ Hysicl Bidding
Mechanism& A v T WA R ojFo A2
2 4-1) A=),

@. Task Announcement : A} & jobe] WAL of
W jobo| operationg u}3& =i, order agent( ©}3} OA
£ resource agent( |3} RA )oll# task& announcett
c}. ' ]

®. Bidding : Task announce® $& RAE I task®
#Hrislm 1 mlg] A4l stateol uwhzl OASiA bidE
wit}, Bidel: (1) estimated processing time, (2)

=

estimated waiting time, (3) estimated travel time §ol|
A 1g Ru N

@. Bid Evaluation and Task Awarding : OAE o8 -

RAolA AN e bidE§ BRY 5ol wiet ¥rig ¥
task ek 713 Aysicin B bidg AL
RA(IE EW, 7% =2 taskE +¥% 4 d& RA)
of Al task awarding& ¥tch.

o

ztx1 4 A E2Fe| Bidding

HA & Ao AlgR JEE Helstd [® 5-1z=t
43, Messaged A5t (& 5-2]¢

7122] Bidding ¥¥g o] &% scheduling ¥ control
scheme&2 25 % YyolA 2lalAdyol +8=7] W

T®

[a) Task Annsuncement {b) Bidding

@ ——@

(¢] Bid Braluatien {d] Task Awarding

{23 4-1] Y3 Bidding 23

of chE ¢ H& x] P ANelg 4

£ oyl njga drh uwetd 71&e] DRES ulsle
o2 $41 overheadd 7HAWAME A4 A2 H4
8 Foixial g g vehia Adrk

[® 5-1} 71% Ao

K2 e
i Machine_Index
j Part Index
CT Current_Time
1(j) Location of Part j
EFT Expected Finishing time
ETT Expected Travelling Time
PT Processing Time o
APT Average Processing Time ) "
_CPT Cumulative Processing Time
_Dj Due Date of Part j
| _RPTj | Remaining Processing Time of Part j
__ @ | Priority of Part j

[# 5-2] Message R}
Information

MA Id, Status, EFTi

[ Message Type
Task Request

| _ Message
Task Announce

PA Id, Status, EFTj
Message

Machine List [(MA Id, Status, EFTI, Utilization), -+ |

Part List _ |(PA Id, Status, EFTj, _Criticality), -+ |

Machine Bid |(MA Id, PartiPRl,)
Part Bid (PA Id, Mc_PRy),

olgjgt A& IHEI gistod= F7i2] agent(RA,
OA)Bo] B5 xjale] statedd2lo] utel S EHOE AlA
Hel 2F BEE ol&3sl AAPE YozH Fal
overheadol 2t H&e& IHY + U&= Hrp &2
performanced& A3 4 lofob ¥l

& dodMe ot g RES /Mt olch
- BAtAg o] s alck
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- Routing sequenced iL2] ¢t
- Alternative machine& & %ttt

- Alternative operation& 3 2{gict.

B odFol #HE YAl agent&k Machine Agent( o]

Lun

s} MA), Part Agent( ©}3} PA )¢t Bid Control Agent(
o]8} BCA )24 o|&7te] Bidding2t3 & ¥sted FMS
AR A EA T} o] FolUTHI[DF 5-11 HR).

/ \.

MSV ) FSY
MsV L ﬁv

BCA

J : Task Requestor Task A DB

2 Mackine Listor Part List

F :Bid MSV :Machine Status Vector|
4} Awarding PSV :Part Satus Vector

[ 5-1] #kx 8 A|zre] Bidding 23
5-1. Machine Agents(MA)

Al&wfoll= 2zt machineFnict MA7Z} shuidl &z)st
A ®"ch MAE operation®& F¥3tHA o] efufo] Lof
zpatel status HEE 7] &3, =xpal e utilizationg ¢l
ssls 7§ BHoE tth 24 MA: Aol ¥
jobol ¢lew BCAol Task Request Messaged R \icl.
BCAZ Y€ Part List7} Eol2d o] JHE ZAHR 3}of
2t partBof chstel ti g3} Po| HEEE A4tete] BCA
oAl Bidg wich

A, zp4le} Utilization Factor{(UF;)2} Part Preference
(Part_PR;)& Al4t¥ct

Utilization of Machine i
Average Utilization of Machines

UF() =

Part_PRi; = { CPTyj - (CT - EFTwp» -
ETTye) } / UF

o] 7] A, Part_PRi;j& part j&l 71A ief oyt M3 E,
CPTie part jol 717 iefd2a w3 71343, CTs @
2} A7, EFTipe 71t 948 A7 ETTyes 71t %
Al 7b& ool gt

gtet EFTU ETT7 27 I jobg 43ty #lsto
ge Az7te Zitielol Yo g utilization& ZAAIEE 2

ojsh, CPT7 A9 cli job®] processing Al Zte] Zoj

A utilizationo] # =7 Hr}. £ URE Lo 222
Qi5le] cl2 machine®t} utilizatione] %€ machineo}
gejdes 2 MBEE A Hol, ol machinekc}
utilization®] -2 machine2 AcjH o 3t MIE g
ZA "l

o] =i, Part_PR7} &¢I ©] part: machineo] ¥t
& ul, 4383 operation A|Z Hr} 7| A to] o
Zog ola|¥ part§2 low preference setol Yol& A
5|0y 71E3 02 high preference part§ F oA A< 3}A
Hch. 23y et high preference seto] T W Yojd o)
= Jow pret'erenlce setoll A& partyw FolA A3tz
®ch

5~2 Part Agents(PA)

Al awholi= zt jobEultt PAVE siuis) ZasiAl
. M2 & jobol wAskd Tof wel PAZ F7Hsia,
jobol Eidl £HstA Hch PAR2 operationo] 43
o] mie} cfo]Efmjoj Aol =}Ale] status HEEF 7| B3,
due date§ X]7]HAM Jtet ¢ wE Ao 2EE &
opx] 322p ghel,

PA% 4] idle ez} =l BCAo] Task Announce
Messaged ®.icl, BCAR% €& Machine List7} &otew
o] A8 E ZAHR 3led 2zt machineEol thdte cigz2}
Zo| MZEF A4lsted BCAoIA Bidg el

WA, zt4l 2] Delayness(DE)& AlAtgich
Delay of Part i
Average Delay of Parts
{714 Delay’t 2} part’} th& operation?] 4%& $]3}
o dubi} Agste] Queued A izt A EIHE vehy
+ Zlojd, DEj&= 4rti2 ¢ Delay3=§ 2o]gct,

DE; =

M, 2} part&& th&3 ol Criticality(CR))& A4t
ek,
CR; = ((RPT; X a;) - (D;- CT )} » DE;
471, RPT;t part jo] e 718 A2, a;= part j
o] 942, Dit= part jo| due date, CTx @2 AV E
ool ¥t

mEer CR > 0 o]9l 21 partE due dateoll 7lzjetal A
(Critical Part)& vleh2® o] {3 partEol cistod&=
Hoh g B4 & 7tHek 3, CR < 0 o]F o} oA f
7} 2l & part(Non-Critical Part)dd & uetdch o7 a
=, part®] Criticalityd ZA R8s 2% W4z z2gy
ct. A® Criticalityd ul® 22 Part?] 2z} machineo}
gt dEErE A4dfch o714, MC_PRye 1A i
part joll ti¥} Hd 3 zolch
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MC_PR;; = ((CT-EFT-ETTws) + (APT/PTi)) »
CRj

8 Ao #iM 2 Part PR3} slitziz|o]x, o§71 4 APT)
€ jobg +¥IET RE ZAdMY BE 7T AR
24 ol & il A ML F1BARLR o] E22H
2 ZIAEe i Yoy MEEE A F2 A )
& 4 oA MHch

5-3 Bid Control Agept(BCA)

BCA: Z agentEoll#lA Task Request & Task
Announce Message& 'UHo® o] sl Part Listul
Machine List& agentol#l &3+ g g} o F
2} agent2 2] bidE wols Matching Process& 3}
of ¥HYP MA PAS #Hg dAsEe d& ¥t

Wz 7} MASt PAEZFY 4% Preference(PRi)E 7
Arglct,
PR;j = B xPart_PR;; + (1- 8)* Mc_PRy;
vij

o714, PRy 717 8k part jte] 4E HIE, f& F
AT 2ol cf@ 718 F42HA, olF WY ety F
7t FRoMe dEEr AM HEx] nAs FRE
& 23Y 4 glrh

‘wela, Al AlAel SHe 4% MBTEsE-E MASH
PAS) g HAsle SAE T18H YL FAANTAR

mysg 4+ arch

Max Zil)i:Xu . P'RLj

s.t. Z Xiyy<1 Vi
é .
:): Xij=1 Vi
Xii =0, 1 Vi

AANA X7t 1 ol 7iA ol part j7t UZHE 2in)
gt

¢l go} BYH wiBEAE EolM 2of uwtep AU
job¥ machineol ¥ @8ty F£4 =™, machine utilization
o] whg MALL criticality7t = PAZ} &3l 1go| o
2} gwtolA jobg WA Y Ffo: 2ESE Y
ol & 4 o= MAU PA7l 2ExE ¢elRz oW
MAU PA7L S2i3lmi(F, Abdlol =R job chalel A
2¢ jobg 4ustna st AP) 1ES th AL

Zch. olgh Y& AL B3t thE jobol UFH MAS

PAol:= Assigned A2 & BuUz, 238x ¢ agent & oll
A= Rejected AZE wdch 223 o A& RE
MAol tig jobe] U uwl 7hx] ALYt

6. dyd=

4ot FMS A4 RS side 1ed AEE 4%
of Theal @& FMSol tistel Al Geleld g sttt

(3084 MY +WsHACh).

@ 6ce] FUYW NC F27A
@ 4712 %74 Parts
" @ Alternative routing & ¥ &
@ Shopoll Al 4% 71's ¥t operation?] FF/ ¢ 20
operation
" ® Parte] operation ©A #3| .
® 1A iol M part type jl operation ko] 7hFAlZ
 Uniform ,
@ 2} part?] =27 Exponential
® 7z part?] due date : Uniform

AgAze [E 6-1), [E 6-2), [B 6-3Jo 2=
slct

[# 6-1] Flow time ul5l

! 1 2 3 4

SPT 279.29 | 505.29 | 357.50 | 432,78 |

_EDD | 1420.74 | 2775.86 | 5888.45 | 5278.50
Bidding | 251.29 | 386.04 | 339.02 | 402.80 |

[® 6~2] Earliness ¥] il

part 1 2 3 4
rule
SPT 1214.52 | 918.52 | 1913.76 | 1923.73
EDD * * Tk B e
Bidding | 1319.53 | 1130.18 | 1971.96 | 2015.15

e g

sle] AAE R, A¢H Bidding 7id& 41§83t &
o, 2E parto) tisto] AAEU M FAZ 1Y I,
slack A1 2t& SPTRrc} &zh 2o, 7]A 2] utilizationE 3L

24 BAEE ¢ 4 drh

[¥ 6-31 7I1A 715 & vix

part
1 2 3 4 5 6
rule N .
SPT .38 | .56 | .44 | .49 | .54 | .21
EDD 1.0 /1101010 11.0 |10
[ Bidding | .39 | .46 | .45 | .45 | .44 | .37
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7.8 % AFATYY

gtoll A & wie} zto], FMS AR A FAE #isted =}
23 AN gL Biddingg 8y o, /idHL2I ofs)
8171 490y, Aladde] F&7E WAV dAjele WY
g Alavle] HEY o 2 Fdo| njf Hrie B
g 7R ok B AA™ J1YE ALY wole A
2e30] "FAQ Wtol izt Z AMEo| FFEHoIHEA
APY e AAM Alange] HEE FriAde=
gelg 2lcth

9, A AavloME o v2e YRE I HME
ol ZtAla o7 wiEol, AAl Ay $EelM Wkt 3
BE A7 sistel: 21 FEE AR e HAA F
4ol WadA Hch & Balel ¥ A|dAde] U4Y
7bed & ZHA R Qlth ol AldAdL At A4H
o BYQ Aoy Jatgdyelets BYE AaAE
e & ouigth au F&Y stEols WwAE I
g wl, ojely Baige] ABAAL AHGHE AL2ye
AEz vlayg o, 22 4+ A& PE Holztm U
H"rch

2 delA AgH 2N AAgTe Bidding 714l
M 521502 ol 7zt AMgol AU el
o} e} WA Bel MeHNE UAGEF stAA I A
Eo gAYl U A UEF Eofof vrh wtet
A 23o] Multi-taskinge] 7Hs ¥t S EAMA Sl A&
wol BEMg 383 EYlo] AJFHeldg 3t Zol ¥
2% ©2 gen, o mejs wxjel HPAIR HIBt
Hrl Y B4 BEoo] sissiA ¥ 4 glod, A
© oAlawle] Atdo] WY veld ¢ doeletn Y

c}.
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