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Operation and Analysis of Network for Multivendor PLC Group
Management in the Wall Paper Process

Sung Duk Kang ' - Dong Choon Lee' - Jeong Ho Kim ' « Sang Burm Rhee '

ABSTRACT

To operate lhe automatic devices of manufacturing process more effectively and to solve the needs of the re-
source sharing, network technology is applied to the unit control devices located in common manufacturing zone
and operated by connecting them. This paper introduces a design and test operation of cell system for the manage-
ment of multivendor PLC by applying to wall paper process based on the manufacturing standardization of CIM.

The analysis of designed multivendor PLC group is performed by selecting the parameters such as variation of
data packet size and node number of PLC ladder logic program and variation by analyzing the corresponding vari-

ation values of token rotation time and waiting time for the system operation. For the method of the analysis, the
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vquation s derived considering the overhead such as indicated packet service lime and transmission safety margin

for PLC network connection in M/G/1 queue model. and it is applied to the cell system and PLC group manage-

ment for operation. Through the experiment. it is found that the realtime processing is p0551ble with expanded and

betler result than the result oblained by Jayasumana. Browaka with PLC scan time considered, response lower

limit of 10-20) msec, data packet size not more than 50 bytes, and the number of nodes less than 40,

1.4 =2

gl
T EgoR ¢

R o E’-l -'él’@"'ﬂ ‘ﬂrEJr et Al SRl gy o
2 Az e g

19883 89 ISO(International Qrganization for Si-
andards)l M= S & A4 FEL QA A A=
92 Zdo AE 2xe ofa) 2o /8 CIM
(computer integrated manufacturing)® A9l BIZE
FTHAY 22 =249 AGeFTHIL A FH ol A
+48%& 88 PLC(programmable logic control-
ler), ¥ A e}7)7] S0 T2 WX @] A o] 77
74]%—1’4- °jg] ZFL T, Ao 2 B AT
HE] 7158 Y5k AL Alcell) Aoz R
'5'1'99.9_‘:‘], °lF FHdE Al2YS 4 AAmoE g
Bt itk o9 28 715 B Az 9y A
o 71712 A 7 HeleE 2¥atn, a8 F
dAA E ANE M ASR Qe F e~ AHEw
w8 Ae] 717] Atojo} HIEQA o]}z, 3] A
Bl M v=La d7E 1986d A. S, Sethi, T.
Saydame] AT A T dHole}l 7] el Hslo]
o x=dlA]e) 28 3 4[4]7} Jayasumana, Bro-
waka®] @3tel]l 9§k Lo ©E w4 R =7
W3}l & 42 Aekale] A 2A ) MAP Y ES)=
TEE AASIFon(s], olge 4k ARl EF
A3 AAE 95l MAPS] Qg4 ®ole] a5 T
A el

2 A7l ME IS0 B A 7R 4 Azt
B Aol 7171 AFE e wE vx 2
4 Aol Mel 4 Al2"g FAste WYl Gie] v

M,
-,
n,;.ll
'rfU

98 uig FH e PLCY &gyt &
%%’01]’491 SH AlE2 A, WY Delet dne

°171% kel PLCEE F4HY 0|22 18 29
o wE ¥xE 3 AR, Mg 2He A9 A

3

o /7 7= MEYI At 278w g

o EE 2 FYY 29 AL o9 FYge A
= AR HE £TE Q] VRTXE &4 PCe
M A N2 Fgste Y A L Aot g

TE o]9] 43t A&7t RS PLC ngo =

ZEZ F Mini-MAP 729 H8x 53 w~
ez fdslg olgl MM H Hrle o712 o}
F9 PLC 2§ 299AM PLC 289 3d 23 =
28] 37)9 234e] @2 Ylole} H3 Zolst
= g G BEZ 2deld A W7 Ale
=8t Mini-MAP #Z | €% Jayasumana, Bro-
waka®] Wlolel #Zl Holg} x& o] gk g
(slo} Hlmated 2 FHelA e AN 24 715 S 2
Z3t )

2. S8 44t Aol Mo 4 AlAdHe 715

=g

FE 104 A A S 1505-’4

Z2TE 133dH 4 A=
— 23 A yel Azt 2{1..]
—ZA Aol 7+A] 1 @) o)

—MAP Z4lo] A8

~ Az 7 1 A
o 4% AT A#E EF 44 A6l Aol
Aol 7171 ’\FO]P} 4 9 Helat

]
TI
¢l B3 rri- -\‘{-03, 8l(system set up). #¢] F¥|

ZHE B AL A T

i

Q)

{procass set 1) W &9 P 8(process execution) . 2
LhE T 2]
_ﬁ}oo ?7:”] =k },] }-E-ﬂo = 71

52e 9
ol Alzglel Ao} ool

ré

R 7} 2

3
HEEe 3

—|n'1
on, o
fr
T



CE 1) 150 BE S 2ol M W okst HiTH EsMa AR BY

{Tabte 13 ISO-CIM reference model

Az wa | Be/Ao o33t 4 9] e A% FAF ARy el o
714 7 d By 719 5 - A9 e - A R B ALY
6 | (Enter- w3} el - AT/ - A AY Nad
prise) - g T
23 A A x 7)ol a9 - AEEAN YArE - A A A2
5 | (Facility/ 2 gl AT L EisEd) -l AR A2
Plant) S Ce AR EY)
| BERELKLEK)
ezl | A= o ARle) | Aae] 24, AZ | - AQDE (S A g welAad
(Area) | &2 2R | BEA QL | - FolEkeagD) 28 wels} Fa A
4 Ao 4= | - AgBAERY )
g - pAB(E )
.25 7 A7E R
A7 | el AlAs | Az A | - £FEE(FHBE) - AZEZH
el |zl Pz | Az 2BeMS| - 29 34D PR
Group) 249 BE — A2 s) T3 5 A N 2E
AzAQL BT | — wAAol7]7e T | - B Ao} A=Y
%4 — zAAE B9 B2k Ao} A 2¥
3 — &A1 71718 Al
- 23 2UHA 49
L
- 2 eAN T
. SPAE -
-3¢
2eolq | ARzt Az N8 A | - AR(2e |4 HH) .Zzodges SEEY -
2 | (suation) | B2 AA] | AN 2 @R - #R Ao BEEST
Ao ERE ZEEH
23 pEEC Aol Wadel A | - ARFAH D) - 23717
1 (Equip- | B2 49 -EHE
ment) - A= R (TF7]7])
- AA

Soyagel AAT A,
2GR A

g wige) A7

59 27

FAe WA A}vgon Hg dolete gANReR
A geE & ook B Fele U B3 87 3
oﬂfa ENSE ‘ﬂ.‘i st 205 B Ao 7]

122 27 WENE WZT2A Ax HYdl ¢
Z otk =gl Fao e &g Fd] Al F
4%1 @4l Ao 717159 F2g dAE s of
w) s EE ot Abol viste] dAltez oy
ojok st Q¥ WEA A oF #eH7.8]. whekA 4 4]
263} 9 Ao 7]7] Afele] A4t ¥
g WY A EAR FHFLS AR I 44
o] Heo

a3, Az 7398 29 2 /A 27 14. =4

Ao

¥% %

FzE DA Yok EF ol
Be 9@ A Nz §37 a8l Ao] 7)7] Atols)
FAg B FLo AR Y& Aol ol2] A
2gg slastd AN SHE BT Dol

-]

B ot i 247198 ¢ Ha 4 RS
7Hor so rle] o7 A5s AYsid 4AS
it

—glolE} #5:0]7]% PLCERYE T4 dolet

+3

—tlolet R delel gl 7F



e TESEAREE SEANIH M2z 6.5

E =
—2HE N5 BE LT

_,.-
_'_.

A
_ ssidiolel QEel: 581 BF 4 Aol
—0]71% PLC $}2] JEZ /02
— A Al A=) 7 o] Mini-MAP & &
T L x Wx] A T AEFE R
24 1o] UEhiich

ol

09,
-4
ol
i
il

UHIESZ 2IHH0lA~

T 27 (Request) Q1A {Indication)
ScHResponse) &40l (Conform)

Mini-MAP 28 AMBl&

uE —
23 PLC CIOIERIAE

B3
PLC

v I ] L
HS§ [eir)] [eeee)] [pictc)] [pic(o)]

(33 1) 4 A" pLIC 089 2E FAT
(Fig. 1) Operation configuration of cell system and PLC
group

3. WX ¥x| 4N ZH AlAH T4

3.1 st=2llo] v+

wE wHa) A AL AL eldAe AR,
g AR o] 71F cheg] PLC IE o] 27 2
Hm, RS-232C, RS-4859] & E Qe # o] 2~E 535t
A Azgal AZdct 2 F3 9 PLCE Allen Brad-
leyA}L2] datahighway L2 EZ, Modicon 4] Modbus
ZZEZIAM PLC 2fe ZRESe|n, 4 Alxy
& 4zt f EYT F& AXE Adeidof ¢
th. ®8 PLC 7|58 T& 9&F A= 75L& A%
i i ol ng S gElsm oy, old
u}Z PLC T892 A7) e}d(scan time)E H =&t o}
gl 2 FAA 9 PLCH HE&E EAZ HE
AR FHATE 28 29 20l

. : PLCO|
i HHuzag HEXNS RS 232/485
(EEE%‘[‘HO]EP S0l 2l Al
__m=a _

WS oI
HEHZE s

(32 2) PCHEYR B2 BA
(Fig. 2) PLC network interface device

- ZW= A} X E(command status port)

4 Axdozgreo] AHE F=HEY] 93l
ZP= A2 e o] HH o]af el folel
He Al E gel= MvhE(semaphore)s 4 A
2Rle] £ £ 5% 5ol gl A HA2HE
2, HHE FAHE

4 A2g e dolel B8-S A5 2 nlo|Eq
4 8 wpolE 9] obiat gl X AE 2 TAH] PLC
248 A 22 =g @9 dojg 2|8 B
% 57is Yurt medd 55 5] wge
2 F3slo] o]71F PLCS) ] 23 dojel ¥
B 22 FUIRE 749
—dES = =alolw /AW ¥}

PLCSH Y] F4l8 $18te] diolgl W#tRp oA o
g =gtolH, FAH, Wi Alo] ZHom T4y

2E Hal A 7:-,—4 A4k 2la A, o gt
f&ﬂ o]7]% thF el PLC 18 R e 3L 9%
Edlo] 2 8L 1509 4 J5E viFLE 9
1 el Zu], 2] oldld ol gL vEL 4
gt & REEL R REE oz glen
T A galo) elgad £go] HA)

éiéﬂ}fl-}rﬁ.

= A F 54 g
AF AL A M2 AEE FEI= 2ER



% 2 43, 29 98 9% 55 % £%.
. -
2y 48 R4£91 5y FYeR 748

o A g A2
AE B4 Pl e] pikol giste] F3E dlo] 18} =
Qg ol gt FFe- - TR W EAFS 1%.9
2 zAEd wWe: R PLCHR F4o
= Wi F el YEd s Aiste Py

(2) &4 &
o 2 KA el
Ax zA e #8e HF 4E AE2E FFE=
2524 29 9 B4 e S(o)AA, 9
2 FAAA, AH7] 47 B E PP 94X
¥ o] AA, W #compound) H¥ 2%, &
= A, g4t @ele] dAa &4 98 Mg 2
ol o] Foj7Th
sk el #E
AT =4 B ZG 24| B BEd 2leie 5
25 ZABE o] &3t PLCeHY] T2 A4 37,
ﬂ‘~£ FA ) AAE Aolstad £drh g F
Ay 2R, AE FAL FHE A R AN
vy Ruo] 2AA oMESF 3T FA B
g sae) Adct =5 AdE A Fo tato
gk g A3 S dole B HAERh
EA A A RE
A A|&= 3} o]7]% PLC 719 B4l 87 AU~
5o £3d 27EHE T4 BHAA dog
AR NG V5L E FA T2 e dele A
7l T, A& &5 AFe] FPHETH

*

(3) = 4

s Recipe B8]
Az 2y FES 98 PLCY F5E% A

oz ANy PLCES T&AL Aodls 497

o] FAgto = PLC T2 AL of REA 74
7| PLCSd A Z Aol B33 FuE UE
tg 53 Fefo @A delets: AR
x| gt

« 27 T2 T
moy g B9, 71 ANFE FE5 4
A Egle 72170 A die] AdeEE S5

20llM 01718 PLC 1& RZ2IE 2B UIEHT ST ol 287

AP | Py o Pt i e

e Z3} )
2% vad 29 2 A2 BAE FYsh 2E
24 A8 9Y 21, -a:—m_ AN A, A =AM,
AZE 557 99 A1 ¥Be S A4Y
A 9 AYME L4 }64 za 9},

» FA B4 F#E
Papael 2 55 A9 229 0T 48 P
Aol &ah 7%, A A=A PLC 2 $d&
2571 4 55 B AU 7@t o
o) GE wy W gt g AZES] 74
2 129 3¢] UehpATh

1t

HES s sHZZMARR
(F2as) (Qamei )
I
BaEE
2 &y
(A2 BhEER)
|

MAMTIAIM

Recipe
#al

E
¢
o)
.,
"
4 .
o, P

(O N MM B ES
(Fig- 3) Manufa.turing process flow diagram

33 PLC HIERIZ eIE{Ho|~2t 2

BHE g o] Gdd FojA e 071 F F
] PLC W E38] 3 18} # o] &&= Mini-MAP W22
Tzo Ldle YAANA A Hoj7t vlFE F
& PLC B2 ¥a# 2t Hy gaing 22
TR En, £ PLCY ¢ ZUHT, % -501] £
A AL 54 JR=F FRET

4 Nzea PLCYe & 2YE I3 49 vE
Wolch 23 4oll4 & A]2%E PLC p;.tg;zq =
=9 Mini-MAP w7 1 g Bzpelc}, Ol il
dz elEHelAE Py i1 [1.C EAe PLC



288 SEEEM2EE =2A| MaT M 23(96.3)

(MAAE
T

(PLC &213)

PLC (g8
(P 2E) i

o s ED

| PIc Hionsas 2 L.____, PLE IFJ)

r—"‘—"‘""~ Toe ey

PLC AiTq 5. l.g

Mini-MAP

l

(3% 4) H Al A8} PLC Zhe] B o
(Fig- 4) Interface mode! of cell system and PLC

2

[y

Aol 2P vwE B WHy
PLC “3}—2— X733 PLC 2 52 P
ZAsHA ATl Mini-MAPS] ¢ F& 3 =9
2 LW L PLC A HolEHE 2HE e
Mini-MAy @25 5 WA e X8n] & PLC 2
B Hag Aziste sEGAolA &S g2
ARG PLC 23 T2 3WL PLC 89 =4 2
#13} Mini-MAP3 2] 428 123sls Ae]Ege] 7]
TSP HUEIE Botd deHE B4
A2 % vAA L, HAA A 5 5& PLC
iLf g2 A 71e 2 eltHI). ol PLC #d
28 Zaaxl dave, 9% 25 $e] L PLC T
S gde B4 TREEL Falod PLCAA Yusel
#382 Bl PLCA] F3E& Aolsln] PLCERE £

go] oz}
cs

3 3

[

J% !‘"ll"

=1

1 o] 7he

Communicate
with
PLC

T 2 MM
HE ol

3 AEZS #Aeld ZEEST WY 3 EL 9T
SHEeth ol5 9 2249 Holg ERE AEdy 9
£ xET.

M =

2 Fo)A e ESZ 8L Mini-MAP =0
st =24 3270, WA Zo] 1 km ¥, | ole}
HZ A7] 1620 vlo]E o 4} 25 msec o] =4 £
e 18E HE3tAtH11L. Allen Bradley At} Modi-
con Atel PLC 359 =¥ <17} IEEE 802.4 T ¢ 9]
o ¥¥ A Frlsigon, £44 22 Y
#5712 dANAL PLC /9] A1 Jde 49
&8 Al volel A7 M= 19 59 gk

— PLC%}2] B4 & E(communicate with PLC)
PLC /9] ] 24 Za3e HAned g

Communicats
with
Mini-MAP

=74 HIOIE

(2% 5) PLC HIO|EL TE] X2|e] T2
(Fig. 5) Structure diagram of PLC data packet process



dolgt A7 & AFehd, == 74 dejels E
- A Hg = PLC 2] 3 HolelE d4%
— 4% {3 ¥ 5(manage service mapping)
PLC 1f9 HEE Mini-MAP 2] Hojg} #=3
g Zdqd Frie AXG ¥A 4% 3=,
dlolel fA AlFe] TR 4 WY, Ao 4
He] 319 gl e & HEAR
— Mini-MAP®}2] % l(communicate with Mini-
MAP)
A A2zdde] HES AT Mini-MAP 71390
g x| gt HlolehE W4T

PLC 299 tA= 27l 29 =AM =27
of BAAF= vAx] §H Av)e] Syl aiet 97
g % k. o] WARE 2.7/ S W order/reply) 4]
o2 ALEn, PLCASL ==o 9] dAx 83L
A wedr 2t x=252 Z(polling)d o FaA
7Hgsith. & Aol 5 =22 8 Forder) WA A
2 2" PLC == oA B (reply) i M= & 2.2
24 4% Ao sdd. oo mME 29 A
& og 3 2o

DUIES A7 AgAoz 7HEE=AE Il

PLCs} Axs] 233 H& JeiE Hsith
2)PLCST A Al AE)Tre] o] A4 o] A (assoiciation)
£ 433k
A gl 4 A5 e s olH st WA
el ool A PLC 4l E A9 st PLCY §
# §-52 PLCE ZA87] 9% 243 sy
o] A& geldith

4PLCY gt 23 =2y 2 el B2P§ct

S)PLC &t} T2 1YelA T 8 A 2H, FE
8, glojd T g& 71Z gk

6)A AlZ"lola PLC ZZ 4S8 AlZaEA sle
@y e PLC7L B3 7RA .

N2 Ajagde] fEQIA AU 2E o] 45ty PLC
o 48 J&d] A s 7 & AT

8N NtE sty gl A PLC 7} #3)
ste 2% AR E Ay eldoh _

9)PLCE 71F 448 wAAo= &9zt 7Adel
o] 4 Al2%le] PLCH F3E& 0§ FRAILD
AR A= A of 7] gt

4. A2 FY sliMz "ot

41 Al2d 29 Y -

2 A7 HAE PLCY A A]~" 7he] &
old H &g WES I T2 wlEg THL
T olon FAAANAM AL AP A 2
PLC 2§ HEg)=e] Ea A7 vlole 3
o] ov Hle, 14 AR F4 Feol F7HR2 2 H
ojef g}, 7] Q4] A2 dlolet FHZlel £
g ol GAsER AZEHFQ AE AL
D1 & o) YEY e 2dL Mini-MAP 72l
uiet 4 (1) o] delgt M7 Mujs AR x s
S% AR 7.5 71Ae EE W20 #4dd 2d =
Haale] A 4 i1l

b W
12 & of
e 1% rle

2

o

x=~§:- (M+26)+x,+Ts )]
Ts=2(Ds+ Dp) -+ (safety margin)

A7 C= AE &%, Dy WY AQ Az Me
dlolel #fiZle] HF A7), x= 914 A A2 4]
ZHE JERAT 2 A3 M= A Weaver 52 9F
& AZ8 D= 10 wsec®, HF A A9F=IEEE
8024 EE M TSI AE 2 psecE S AN T
tHi2l. o] FSollM o I Myl EEE 3
2 Fofof W2 AEEA Hel EEL A
E k=3 oA 3n. gEtA] 23] msoe
2hte] 77 EAEA =Y ol e EE ZH A
AHE & F72 sk £7]HQ AU AE gk
®3F A E e o =83k delg WFle] &
= 0|59 £F A BE¥E HE AF E¥XU
Holg ¥ EXE wrEn B dpd A= tiojel F7lel
E &L Jayasumana o] 2945 ol B EE 7T
A Aoz 7138313, 14]. ok £ &8 Bxe ¥
ot T X, 9] &g Mu)L At 22, §
% Aul A Sd e SR g M/G/1F-2 1A 3
Aot

4, EZ 2wl A|zk dlo]e} i) Huj2
AR EZ A oH 2, 958 s ©& o
waee] oz 4 )% 2o] vebd & At 7]
A BE z2HelA NS T, EF-2-E L packet/sec



200 HIRFEMC(EE =2X 3T H 255 (96 3)

olghil & uj,

T, =E3% toe} Azle] Mu]s AlzE + 2302 onlE=
+ A= g IE QW=

=T+ T,+T5

=T1-+Ty @

o2 veld 5 itk A7 A Ty A9 ovE=gs
elmgieh 2] ()l M S P& A2 PR
W o2 a2 Aol ko T, B B L#T,
7H2] wWeolgl Hle] =&Y T, T N 7e =
FoAM 0 Ao we=oq QAT R SFEL o
Y RZEE ZA= ] U2 4 (3)0] YR

P(n=k)=(}:)-zsk(1—1°)”—’* 0<k<N ()

n=N-P
=NP1—P)+ N*P*

Ti=x+x+x+ - 4x, 0<n=N

714 x= n ¥ L] s oA S7le] My B
d A 2HE velbdn A Q)N A Ty, x, no] ZF AR
Hapolng 7ol JF e ohe-A 4)8) gl
EiT]=Elxi+ x4 -+ +x,]

Ty=E[x]+Elx]+ - + E[x.] @

W o] WY Yo x8t e HE EHolgln
7HstA T, B¢t =A% Hizlel Mulx X7 179
B o2 A (5)8) o] FojATt

Ti=E[n] x=NPx (5)

e EE AZe gE2 28I E The B2 4 (6)
7 ko] FoiZch

T;=Nux+NDy=N (% +Dyp) (6)
Q71 A A AT D, FBE TG e
S geo] B2 Ay K| AFHAM D, w9

A £ ¥ E == 713 3o o=y
£E A= 1'1194]?'5} ISSClinter solicit successor
o] € wolt} Y &R A7
29 4228 7H 4akA FAoHl15], oEln spd ve
AEH2E Ze LT &2 A7 Fu) 2|2
= Hx$2 YA o aeEe 9w B
ZHo]d AJZF Ftof A E]ojol ¥ FTFHQ o
=& o (D= Bl

Ts Ts Ts
Ts=
ISSC W=D +75sc IS8C ISSC

uets EE BEH o4 AlZke] Hige
()= FojFrt.

Deel 4

T,=T1+T2+T3=N-P-x+N-(x +D,)

Ts Ty

ISSC "T1-N-L-x
8

o-&-o] M/G/17 =4 #3 L. Kleinrocko] A<t
22 o] &ty 7] ATHE +IHE 2] A (9)
10X1)EE L& 4 Udds]. i

1+ ¢}
2(1—P)
_Pa+ch —

£ 20-P) i
&T,

C=—xt
) 11

g=P+P ©

(10)

A (OEM/G/1 7 2de Ha F =7 B A4
% ENRT Pollaczek-Khinchin ¥ 7 ate] ZAlo)c},
IHER B4 A AFA e FoAAY HA) Al
T Wee oHael 4 120052 72 5 dch

2
cia NP(2-P)x a2)
T?
LT +NPQ—P)x?
= 4 (13
We 2(1—P) )

webd Hole A7 e RE ol T Au|AE
T Aol ol wE7} B2 YAwe Folok A



A gAET 2yEg EFS @A wEazts
2] FAFe A AlRbE nE st ok gt Tk b o]
B} H7lo] FE Holted ez EZE 714 Q)
AThE AP Ak 0o, =27 WE ESE U E
e dAFCH A A7 T, 0] @ RAeltH17].
019} gro] AmME W FAA AQ AL T, & 720,
Tr1el T3 £X8hs 349 dyr 89, kA
7.8 HE e e 4 (142 Fojzth

TY
)

(14

A (33 (494 ZARY 7l NT we o2
2 (15)% g
LT} +N-PC-Px | T,

W=W,+T.=

(1s)

k] DA AE] FEA B FRAA UEY
A HHE 95t & dFAME S = Fol HFE
dlolet Zle] 7] At M)Al A4 AF o] Aju]
& AT AF Y oF F9 evd=E nBge
ZAET ALE 4 & Adetd] g3 HEsAnt

4.2 Al A8 F¥el Lot

E 2% FAAAM PLCH A 22 =2 T
g5 AL dlole}l 7 Al dg sl A gle]
e} #Zle] A7) 10 vo]EdA] 100 vlo]|EAR]
SN Bg, xx=9] 5(N), dlole} s§31e] =a-8(L)
9 M2 22 zdHeld AR dir] Aqjke dgH
Wals oy 6d vehidth 26l x=e] 7}
60, =2-80] 60 packel/sec o]} og HAFE, dol
e} #j7le] =7 wet E& ZH oA AT 7]
A7rel Z71 blgo] FH8] AFS &+ vk 24
44 A2de B 23 HEd PLC e 2u)o]
Ed|4 g uto|Ee] Zaglom 7171 S50 do
B} o] =Z7]7} 50 wholE o]hg]l F-gell di7] A
7bo] WEhe o] mE 471 609 ARE Aglsta d
olEtgl = Aol eHH=E mASHAE WREE
10 msec ©]8ke] & VR ol A4 TR
A PLC =9] &) A¢] 71717} 10-20 msec =] &
o BHAE AT o)9] AR delg s3] 27|}
50 el EE @A ¥ #dA HEF EYAV)

HOIM Q1715 PLC OF ZEIZ #iEt HIEADR S0 ol 29

507
45
40
354
30 4
254
20 +
15
10 4 NeL=40
5 ) N=10

T ] 1 T t . 1 ]
10 20 30 4 50 6 0 8 50 100
Holetzl ol (stolE)

Eague] dA 2 o2 N 2 (os)

(22! 6) dlolet T2l Av(2 Wl o2 =2 ZHoH
AZEz} TH7 | AjZbe) T}
(Fig. 6) Result of token rotation time and waiting time
about variation of data packet size

At EA g0l B8 4 F UdTh

a8 78 xzo 49 ¥ald ug ZIE uEk
ek 9l =R A& AT 9 AD AHDs)FH
szg o] Wilel i} =9 £ FEHE A5 &
qir}t. weoaje] A AJ7Ho] 150 psec o] 3ol A =
=29] 47} 40 olste]d HFY L vEhiL o
Mg AA A|7ho] 200 usec 1ol AR 2 4
Fo|lA HAE PLCS A A2 EHIE &
2 zg ol Azke} 7] A7te] A A) A4 R
o] Au)2 A7), A4 MY AH T eMH=E 1
BT EE »= 0] $7} 40 oo, BT =&Ee]

Ds=250 ’/
Lat

=60

50
% s

h-‘40_

Ds=200

Ds=150

1 T 1
5 10 15 20 15 30 35 40 45 50
e

(Ogl 7) == o sl ME E2 2H|0|H A2z ol
7l AZEe| AE
(Fig. 7) Result of token rotation time and waiting time
about variation of node number



202 SIZHIMEIEE =2 X M3 K25(96.3)

{X& 2> Jayasumana, Browaka 208} H[ W
(Table 2) Comparison of the result obtained by Jayasu-
mana, Browaka

OEREEMEEREET R E

MIE g EZZHold | g7l Alzh
jurR:igsl
W R Rk A17H 10[mseg] | 10[msec]
doje} | Jayasumana e 2 -
x 5
A7l | 9 A 2] £ 35 3
SR E G T 0
60 olgal =
= ] — =),
[sholE) | g EHE 4
R [packet/sec] 40
ATENs]
@Az 150 200
lusec]

A x=9 £71 A5t A4

vw | EZEHeld | O] Al
A g I -
7?:," 3_] EH = o d _,_]-E}-U] Ei A]Z_}: IO[mscc] IO[]TLS&C]
oo | Browakad| &g o 20
(35 Bk [packet/sec]
*=) lage | sde o o

Duz]E | [packet/sec|

&4 o
Hojel=f 7l 2] 40 0

27] fute]E]

AT Egﬂq
AARZE 150 200
[usec]

40 packet/sec ©]&le]¥l, F 29} o] Jayasumana,
Browaka®] Z=H5,13,14,18]2 c} &35z Addg 2
e g TR UEYI A Tare 2

BHE ¢ F Aed AT A Bobo] Hgo] 7}
e ¢ 4 AR

5.4 E

B3 BB THEG @ Ao} F17Ieh 24 Aol A)
292 AZHE T2 FAGEA 35 2] W9
Aol AN E @9 Ao) 717150 ot B 87
o AEe YES

1

- S Y
S A T A AT

i
i
>
[
iy
o
L
=
ol
o
£
>
ok
ilo
ol
o
b4
&

i g
Yox ol
%
>

ot 4
2
2
2
i
L
N
o
-
™y
Ho
% ol

B
L
oX
)

1o o
L
o
A
i
OIN
ol
o

e 2o
|4I:12_53

Rl
e
A
o of
@B
£

LB Al g
A 23t el E 24 PLC &Y 23 22
TEF $i718] 719 v e o] Wale A
| dE A= 29 g BEE Zeold
Alzrel g HEge st o]
FHR2 M/G/19] 5F 2d 24 PLC U E
A4 #Hzle] MUl AlZh, A b c’:]‘rr
o =g s e Fralgen,
Al £E 3 PLC 18 #elol B 88l g5t
PLCE A7 €192 zH e 10-20 msec B2 £
B etg4AdE 71 glov delg Mzle] 2r71E 50
HOlEE JA] @I =28 o} 40 )5, Jaya-
sumana, Browaka® 28t} Z35 7 AHE A
24 WENZY AdAHD AT A7) Ategs
£ AT o]z B AT LS A Y4 3
28 ¥ &30 22449 K948 2569
o 7159 AE sbe W s 44 ¢ I &
2 A7 $FL B HEHA Mujio = p

g9l ol sfizle] 28 71 28 dA9t ]—4
HAIZE e Fol AAAQ] A4 B Aol A
T ofet g}

£

=
o

I

A
9,
2

>

o 3

, === ‘::l’
L=

>,

8
i
1o

2] 05

UL TR o}

rU[o

-

gagd

[1] Asok Ray, “Network for Computer Integrated
Manufacturing,” IEEE Network, Vol. 2, No. 3,
pp. 40-47, May 1988.

2] Hebrick A. Schutz, “The Role of MAP in Fac-
tory Integration,” IEEE Trans. on Industrial Ele-
ctronics, Vol. 35, No. 1, pp. 6-12, Feb. 1988,

{3] L.J. McGriffin, L.O. Reid, S.R.Sparks, “MAP/
TOP in CIM Distributed Computing,” IEEE Net-
work, Vol. 2, No. 3, pp. 23-31. May 1988.

[4] A.S.Sethi and T. Saydam. “Performance Analysis
of Token Bus Local Area Network,” Computer
Networks and ISDN Systems, Vol. 9, pp.
191-200, 1985.

[5] J. Suppan, Borowka, “Analyzing the Perform-



ance of thc MAP Backbone,” MAP Application
Review, pp. 87-100, SME Publications, Dear-
born, MI, 1986.

[6] Anura P. Jayasumana, Geetha G. Jayasumana,
“On the Use of the JEEE 802.4 Token Bus in
Distributed Real-Time Control Systems,” IEEE
Trans. Industnal Electronics, Vol. 36, No. 3,
Aug. 1989,

[71 J. L. Burbidge, ‘The Introduction of Group Tech-
nology’, Halsted Press, New York, NY, 1975.

[8] Luping Liang et al., “Process Groups and Group
Communications : Classifications and Requirem-
ents,” IEEE Computer, 1990.

[9] Dan Moon, “Developing Standards Smooth the
Integration of Programmszle Factory Floor De-
vices,” Control Engineering, Vol. 32, No. 10, pp.
49-55, Oct. 1985.

10] vhgde, BFE, o]PE, “B48 @4 Ao 717
o AAT N g A F4 2w A dE
AA-Fers =8, A 30¥ BH A 9%, 19933
94.

[11] Manufacturing Automation Protocol, version 3.0,
General Motors, Aug. 1988.

[12] A.Weaver and C.F.Sunner, “The IEEE Token
Bus a Performance Bound on GM MAP,” IEEE
Trans. on Industral Electronics, Vol. 35 No. 1,
pp. 13-17, Feb. 1988.

[13] A.P.Jayasumana, and P.D. Fisher, “Performance
Modeling of IEEE 802.4 Token Bus,” Proc. on
IEEE-NES Workshop Factory Communication,
pp. 221-252, Mar. 1987.

[14] A.P.Jayasumana, “Throughput Analysis of IEEE
802.4 Prionty Scheme,” 1EEE Trans. Communi-
cation, Vol. 37, No. 6, pp. 565-571, June 1989.

[15] Siamack Ayandeh, “Performance Evaluation of
the IEEE 8024 Token Bus Protocol for Distri-
buted Real Time Application,” IEEE Press, pp.
1102-1110, 1990.

[16] L. Kleinrock, ‘Queueing Systems volume 1:The-
ory’, John Wiley & Somns Inc. 1985.

{171 O. I. Boxma and B. W. Meister, “Waiting Time

HOlM 01715 PLC D& ZEIE 218 HIZRI= 2Dt 203

o

Approximations {or Cyclic-Service Systems with
Switchover Times,” Performance Evaluation, Vol
7, No. 4, pp. 299-308, Nov. 1987.

[18] A. P. Jayasumana and G. G. Jayasumana, “Sim-
ulation and Performance Evaluation of 802.4 Pri-
ority Scheme,” in Proc. IEEE Symp. Simulation
Computer Networks, pp. 232-238. Aug. 1987.

[19] = HAAFLHNAFA, FAS HEHA A9 7
ol B A, HAF AT H I, 1986-1988.

[20] William Stallings, ‘Data and Computer Communi-
cations’, McMillan Publishing Company, 1989.
[21] Vincent C.Jones, ‘MAP/TOP Networking’, Mec-

Graw-Hill, 1990.

2 4 o

19904 298 Wit Ax5e
#F EAFEAD

19924 249 I3 stm g
AT =4
(Fa4 4D

19924 129~1994 29 o §-
Az 94 d1a
dAdrg .

19924 3¥9~3AA GI3Ugx gdd ARTHF g

AL=hA
FdEob:dE o] AH(&4 R F4 A=), de]
g B4, AFE 7=

of 5 &
1983 29 ddighy WAF
&3 243D
o] = califonia state
univ. A A8k
EH4F 44D
1993 94 ~HA dIgEa o
o ARFshat o
AR AgE
19859 19~19859 12¢ IBM A7 ¢
19863 691~1993\1 129 443 % 7l 4 4+d
199433 941 ~1995d 129 vl SA(F) A 2%
19963 1¥9~3 A FLLAAE 3
FAEckdE vt o] ATEA € F4A), v
e 54, FRET=

19853 124



2L H = . O] &

19803 AEWSw AAFTE 19743 dAgEm Axz e
(#AD - (8D

19839 ABEw dgd A 1978 Medign tiekd A
2k IH A A -z st A A

19904 AAAMZALLE 7] 198613 AAwisha cjEred A
=} 258 (ehA

19831 3~1984'3 v = IOWAT]

8 AEETE

1919 FHA=A o] 714}
19923 AZFA 71&AT

19838~84 FFANFIATLE YA T/ 3 AYas
WA Bk WREY ES) 2, LA GA A 2. 1979~1992%1  @ET8tm BAFE T mA

199339 ~84 HIRPRE PFEHIHH uy



