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Fractal Manufacturing System (FrMS) based on Autonomous and Intelligent Resource
Model (AIR-model)

AR
* LI I8t Ak B 4 et/ Al
w LGy ot Ard 7 G 5 S/ A

Abstract

Autonomous and intelligent resource model (AIR-model)
defines a building-block of complex systems to pursue
value creation by means of diverse resources, referred to
as an AIR-unit, and presents a collaboration model with
the AIR-units. An AlIR-unit represents a piece of
resources, such as machines, labor, raw materials, and
other assets, considered individually by a complex system
as means to accomplish given tasks. It is defined with its
own service capability and a goal, and pursues achieving
the goal by means of the capability. Moreover, an Air-unit
is equipped with autonomy and intelligence, whereby it
makes a decision on its course of action on its own
initiative. Air-units collaborate on system operations with
each other through goal-oriented negotiations. In this
research, distinctive features of the AIR-model are
addressed and described in detail. Principal components of
the AIR-model are also designed via object-oriented
modeling techniques. A prototype system based on the
AIR-model is finally presented as an embodiment tool of a
fractal manufacturing system (FrMS).

Key words: resource model, autonomy, goal-orientation,
negotiation, FrtMS
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3, o] 4 7}X] 3E (value-creation)©] 2F= A 9]
5245 g st giaAE 7S 4] (equipment), &
9 AF(human operator), A E(material) 12]3l A4k
(assets) 5 7FAFE] £ QHE RE 74 QAES
EHTE o]l52 A EAY Au]A o " (service
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A AR O] 5 A8l 18l Ee= O &
A o a842 &8l B3 Ao oa| g
T Utk AAZ PAAE FHolu AAAAIEEY &
Y (Musselman and Uzsoy 2001)> 501 %1 A& AAF =+
AL FHs7] 98 g g ks vldEdE
Zhjolth, gt A A" O] -5 A S 95 A
211 ] wi A o] A A 2 (Kusiak 2000)0] - #]
o] 7% = (Dilts ef al. 1991, Cho 1995) & & A~
ol E&A A9 A9 & npEk= Fd o)t

S A AT A BT 2 0] Bdh o)
&b ahte] glasolh AN AHLE BA-eta gl
7199 #deNA & o, L AAA AR AE2 A
Abolgh= A& Fasty] As =78 Q4o o]
H 3t Nd2 TFAE S (supply chain network)e] L 7}
71 (virtual enterprise)®] WHaol = 24 283 &
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Ao BAA AN N AEE ST 42 A}
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AE2] AAZA
Z~7~(autonomous and intelligent resource; AIR) &2
AA gt S =M s AR RES VRto R
Sl Z A AJAFA] A"l (fractal manufacturing system;
FrMS)9] A A ¢} 78 WA YFS A Al ST} AIR 29
o AR A BERE oby el 719, O] ot} thekst V]
A2 TAHEE 97y Al s 288
At

2. #FAT

2.1 B2 Ajo] o} 7] E A

Yiar g AL g i Ao] o7 el of
g F4AT A A gAog R £
(Dilts et al. 1991). TXHT W22 Ao ol719 4]
(Achatz and Parrish 1987, Hammer 1987)°l| A & 3}1}9]
A A7 7F AL 9] BE gane] &8 ks 4
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Alo] B2 (Cho 1995)S 3 8l A LY,
i tal o] A Aol gk 599 gl
7 25k o] F A Ao Wl (Lu and Yih 2001)S # &
oh 28y AT g5 AAE §A4S Al
st o] A A Ao W)L whAss FAl2 ES 2
3 3k wt=s EA- o] A Th(Kim ef al. 2003).
W o] AIR RE& B E gl AaA7 7 o FEZ o)A oF
T A B ASTEE EYTFOEZR Al
B9 §-4S stR st 2l A7k Wi A o)A wt
Aot A& Deslett
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22 AN AR O A A

z Aol AA U Fio] AAE g A7 FAE
A (self-similarity) 3} =3+ (recursiveness)= 2= A
o] t}(Mandelbrot 1982). Mandelbrot> “12] #] A o A]
geto] AHAAA TA A BAF I YSE T8,
zdge] dA EQES e, o] 55 E£E0|2
¥ vl AP et Agste] Asta lvk. vhekst 7
AZ g5 m g Al A she] A 7F 21 S
o] fAbet FH O BeAlE xeta, 1L X
T OE NAERE FAE, o] MAE IGA & s
HAE st glokd olel gt A= 2ae
25 23 e Aol £ =l gF 1A sk A
AR AE] G oM T 2TF AT gl
2= e Al A= &g Aol Axdn] &Y
& A, M Z9ES A ZF A &
2 TR olgle £33 T2 AAAIARL A
STTEY FHAGANA REEH o R Hr}, mdg
T2 A7t A B =84 A 'S A AH"
AAS T4, FA/ES TGS desiA A 5 T

e F2 5 YA A" A o] HEg ke =
=82 Tirpak ef al.(1992)%} Warnecke (1993)Z F-E A]
Z5ket. Tirpak ef al. & BAMA A F oA Y2 07 9
AEe= ol Yeg =9y fFHlow Jesta, o
g e FHEY =541, 283 o]E2 BAE 4
& AT Al ES skt 7] Z e {5 (basic
fractal unit; BFU) .2 R A3t} 53] Ao s &
‘observer', 'anaylzer', 'resolver' 52| SJAFAY R EO] ¥
A F Tk Warnecker 594 0.2 3 F3sh= A4 A
S zagg Aolsta, A7t F-AH (self-similarity), &}
7} %43} (self-organization), A7} A3} (self-
optimization), ¥ %] &/ (goal-orientation) 12|11 &
“&7d (dynamics)& ZHEO] FH SO Z AT
1]} Tirpak ef al.2] BFU 222 4 2 Q1 A 52 Ao}
TE2E 95t 912, Warnecke2] 17 A LA Al
Fd H o]t} # Ryu and Jung (2003, 2004)3} Ryu et
al. (2003) Z ek AYXAA] A (fractal manufacturing
system; FtMS)S A QFsF31 Th Warnecke7| Al| 9+t ¥
=9 78 MAYSFES AAsk o, 53] T2 A
T ZEAAE T ALY AL AR
AP Adstt, 28y 19 ATE 2dqE

F

o

==

tr

it
1077 ot

=

AE S sk mEo dAg 7] 7Hel et
o] A2 dAnke] £-8 WAYF o2 M= AE A
Y giek ZRAIREe] 3 A7 g Rl AA 7L 2
Q3T 2 =S ol d A S ] A8 A
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3. AE&Ho|1 A 5HQ 42 B (AIR-model)

AIR B&2 A7 o] g A &8 v A Y Folth
AR 222 YAA| w0 L et 7hF B AR 7]
& (function)@} 3 Efj(behavior)oll st F-71'd CHEHE S,
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AIR 5 7Fe] P RAS Falf A g dnke] &
RS AAY 9 12 AR B2 FAHLAE
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(value creation-oriented subject)

L R S i Etats BT S |

(employment relationship between user/resource)

o AFA Fxol W AgA 49
(hierarchy-based aggregated model)
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(Waldrop, 1992). = 53¢t 32802 Qld &
he Y2 AAV ol # YA A Y 9]
E4o] AstEnt gl ar ASse T4 5344

& 7 e T AW F9 shbolth(Koestl
1989). AAZ 719 2o YA AE S -5 uf
= A0 v B ol diarRe 4
arE o "ok 34 23 &Y fdihaE
of gt R FFolgh A Blare HEHE
a0 2 A olste] &5 gth(information hiding). 714
2 8] A T ol A BE9 B Aol ek A 4
A FJRE FAE B & ¥ ot Qi @A &
& FE FA2 < Fruke] 1y tiatoldh AE g
e ATE Al mE Fdst el whet A4
sk o A A B ol vk Frof st

228 o kol >

33 Ag&Fo)1 N 5HQ a2 FYH (AIR-unit)

331 7127=%
AR F5 AIRY NE & FAE, thro] @i

1o
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=
bl & Aol 1 A5 A2 Slabd g Aol

A
o} Al
w, 53] AHE4 o2 A Hxl gAdS 98 =y
Sl &3 A 34 (goal-oriented) 7| A o] T}, AIR - 2]
ERAFYE ghane] o3 44, S AMulA gF9
28 AE FHY AT e AgAE 9 el
WALk gAaAe] &85 95 A 3 &
B2l At s MulA g &8 gt}
A g o)t} AIR Y2 FiE @A) Bt 4 §s o
g g W, AGAE S e A8 ssdL
2 oA A ZEA 2 Fe stk AR RS HaY
As e AR AYS S ety 284 &
A TFAE Jst ARAES S

AR 512 AA] gl axg gu|ate= 822l )
AL Al i A E Yl A FRE At
= =24 Aol tt, 7]E 2] Aaka] Ao g At
YhAE Ao] AARE R ste] A S R, AIR
e i) Ao AARS TATOEH Fii
o] FAF AlojE Addth AR RS ZlAars B
Eata Alojsts A7) 249 7S 7HAH, Hi
20 AMu) A o gl et 2AQS FFstal, e &
AS A3 gk JAEA A S st 219 32 AIR -
WO 7225 Zdst Aol

AIR -2 % 1 %] 2] 7] (information processor; IP),
A API (application programming interface) 12| 1. 2]
2229 3% (3-tier) 25 et ARA T T2 =
YA NAZA B &8l s 72+F R A
2o} JAHE Y 7] 5-& T3, F7HS (middle- tier)?!
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o Processable
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ControlAPI

GoalOriented

<<datatype>>
capability

X LAR Y T2 2 )
olF Q] 49 (responsibility)

ResourceProxy

AIR ® AIR 5 71A A/
® Interoperable Q1E] o] A~ &
o dr A7 MA A/
® (& SJAAA
o XuH|2 gk a3 Ul
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Colla[liorator 0.4 taking jobs
+issuer
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User . B
+employer

executing tasks

N
logical processing physical processing

<<include> >’
% +mﬁ Id establish required capability
1

Resource

+employee\”

allocate sub-task

19 6. AIR 31 2] 22 A tfo]o] 73

Aol Z}le gase] ekt Sk Yiie A

-

$apsh AR AkE ol Au s ool A g AT
2 oo, ol MO T AYE SFaTh 49
G747 SN A2 9 AAE ol
olstolAnl, ANow AYHL), 49 £ra o
Y] AU ST B 49 AR

S7 78 o2l d AR RS MPow g8
ZAG TZA A S EEE T e Aotk AFE-A}
7F oot pgAks Ao ZN I QS AH| A
e Guas WAL AUsd AGE et
(planning) ¥gol™, L&A kS HIF O R F i

29 @b BoE 7% % (scheduling) 714 ©
2 olaj @ 5 9tk WA AA YA Mg Al
0] $AlE SO R A4 EA BYH DL AR
SO AFTFE AS ol U 20 A 3

Resources

accept an production order

analyze process plan start

« real-time scheduling

[ |
Market-based
Negotiation
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‘MANPro

‘ ! / T * dynamic structuring
_1 |

purchase capability of
required resources

sell its capability

allocate tasks to employees receive tasks

encourage employees to observe
the conditions of contracts
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(function-centered design) 4TS W21 Q). Hhd,
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