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Abstract

The boroadband ISDN will transport the traffics for a wide range of applications with different
quality -of ~service(QOS) requirements and the priority control mechanism is an effective method to
support multiple classes of services. This paper proposes a new mechanism to satisfy simultaneously
the different levels of cell loss performance for the two classes of heterogeneous nonreal-time ATM
traffics as well as the delay and loss requirements of real-time traffics. Its performance is analyzed
using the stochastic integral approach with the cell arnivals of input streams modeled as Markov
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Modulated Poisson Processes.

I.ME2

ATM M=t ot Auls $4& 275
P9l 452 wsbd oz AYsl] ¢lstel ATM
ol EdEE5e A £ A 2l o
Astel $Rsjel AuHow WMol SgalAt e
£98 2AY A &4 4 s wic)es) 2
& AARE Aulas] A9 A S4e] Aol FoiRh
dge il Uik st AE, 9 Alols) e
1

HIAAZE AB]2g] 75 ol A 2)dL 585

Y IERR, SR EFEtEeN

(Department of Computer Science, Soongsil Uni-
versity)

BT HF199543 8280, THUTA 199643 H22H

At A EAgol Fas!

SAEHe wet Addem WHE dslr] ¢F
Al #7] 8l (selective discarding) 224 H, Kro-
ner, A. Gravey S-=
3 FEuH 3§ 7](partial buffer sharing me-
chanism)¥& Aty 98 =¥ nde Folr ©
213" (Poisson arrival process)g 7F3le] s~
ol whel 2s Ad%-g Arkstedet®?) S Suri
5 s TR £E1HE AR JAH &5
714 (threshold push-out mechanism)& Aeks}ar
Bernoulli 2748 AHgsle] %58 g7lsisdct ).
EdH-E A 87ARe] webd AAZE B b
AAZE Edber FRste] ASEHE Ak 5

AH &5 scheduling) 2.2+

%% 7] (push-out mechanism)

[e]
=2

L =gy=]
S

h
o

e

HWhH (priority



19964

HOL(Head Of Line), MLTMinimum Laxity
Threshold), QLT(Queue Length Threshold) £l
Ad=idet 't g (6] el A &4 27Ak
A AEAA QFARRE FAlOl TEAF)7] H3E Wi
o8 FHe] wuE AMEsh Ad™A Hr] s
49 2AER 7S E3’E NTCD/MB (Nes-
ted Threshold Cell Discarding with multiple bu-
ffers)= Alekst IPP (Interrupted Poisson Pro-
cess) EAtmel-g Ag3te] AlEHoldel s 458
2Asigdcl [7]164e NTCD/MBE {58 (i~
uid flow) & AMg3] A58 EAstadch a=iv
NTCD/MBE& o8] Zei=e] vzt Edgel o)
olg] 5e] A A5g wefshAl wskeh

2 =FelAE A ATM Edge] &4 7
STARRE AT FAlel] eolge] miAAZE
Hoj| dsire 571l Sz A 24 s
A & e Rd-EA e 7S Agske 7t
¥ Egge rlzz Wz 2iulgew mdaisie]
o] upHe] M5 H Rl B = wN 5 AOF
FAR) A 1 AellMe Aokl Ad-ad A
91 it o] el AdE ¥ME 8l ARdhE o

o3

R

Ez

Z
o

]

2 =g zds riEdty] I Al S35 SA4H
A ¥ (stochastic integral) BHe ¥ xlgsjed A

rtefelirel wizld Aole) #EREE Fiha olF
nigle g o} xad-Al e e A4 SAE
7 QAR At IV Aellds AR A
& AHEste] AA-SA e 7ol Arla FA
of vlAle S APk B2 V AME & =
o Ags 7ledr

L 49 Al

Ad-EA e e BNy S9aE Ad
KA el web A =g w]dXAzE 2
o] F FFE o] 2] AAZE mFel wld Az
el AAgIcl A o]o} ko] Z; wiFe] Ad=jyon
A7 ASL shtel 35 Aeol ofsf Aulas e
T 7He] w3 mapel Ao} glomd zh wisd] whs) vl
2] AA=EY e HdEFe AFshe] o 3 W}
Hlo] ol Afelle vle slA 2 izl A Ay
& ek oj9f L VTl 23l AN Ed

58 BFI$®RCE

(909)

£33 % B £O0 M 53

HAap vz 2 m¥r) 24 YaF JAT o
AES wAPDA Ho| Aspdes 87ske e U
2718 ok F AL BT deix 2HHa
HAEF ap (0<a<)RHE, HIAAIZE Egel] dia)A
£ (1-opisF B3l o7& NTCD/MBS}E At
sck st ope} wjAAY EdHe] wiste] F 7}
A el A A A AT 5 RS ] 4
gto] 11 13} o] nAUAIZE Bt AL W &
ol FgeE I 7IHE AH8ele] 7 =2 Al o
3 84 X-5 AA

=

T
NONREAL-TIME
TRAFFIC (1-a)pu
o BNR [\
(NRH and NRL) ~
T v
REAL-TIME TRAFFIC .
{RH lnd_RL)—’. BR | /
ap

g 1. Xd-&4 459 71
Fig. 1. The delay-loss priority mechanism.

2. 99 =y

ATM VIEf| = l¥s= B xdd)] 27k
AAZE Edi gyt o= Axe] Al HEE ¢ e
WAz Edgeg A BRE ¢ glon o] E
P 7S FHEEE s oAsN 2 w2
w99 Bz} 2 9o Edqger AEit &
ANz =e «9(real-high), AHAZ Y&
(real-low), BIAAIZ &2 $$(nonreal- high), ¥]
AA7E o 9 (nonreal-low)2] W7lx] Edgeg
ARl g e 7o des AEE Bokst
7] faMe ol Ene =a9Ae AYs] wdsd
slofo} sh=dl] =3 Azke} Al7Hcell inter- arrival
time)Eol 42 AH¥Al(correlation)o] H& A5 ol
el dielel Edide] dside Folg Aot
geometric IR o2 wdxg 4 ol gy
AAZE 84 9 YL AlSe A7 EHA A
o] zy} wjiol] Fold HAoF mFFs Afof=
7ol Akt abg Zefige} B ola o
g Fol7l e el ] B mde] A=<l

f1o-111 [14)

-
9

©

i

T
s

2 epede ofele goldt =4 58 A7e



54 ATM E¥9] 4
vtz WE Foldy AAMMPP : Markov Modu-
lated Poisson Process)22 = dzlgcl. MMPP+
doubly stochastic Foky HA o2 ZFold HAHE
o AEEEE olFeiAle A4E A (rate process)
42 wizEZ  <d4(continuous time Markov
chain)®| Abefel ofsll AA L TN Aejuke 2=
MMPP %292 7% % =131 (aggregate arrival
process)®] B4, wARsle] vehie 7 oie AeE
o o3 AAFRCL 7 Adele] AEAIZEE o)Al A7k
A 71EHEE, dEAzEe] AS AeREE wan 7}
Aefellife) A 5282 Bernoulli ¥¥ i ol
:‘1}_25‘% E}‘P_E_‘:}’{H*IZ].

wgh 7} 9]y Egue] EAsl= EfEe] zmde
e EdEe g 2SSt 2N gl
o spd T2~ md @84 MMPPE AR 38 5
A = o 2 AH 3 2= MMPPE vehd
2 oJc}!8l (14l

o]

M. AlAH ZH

I AellA AMAIZE Al2dlel] i3l medg A3 ¢
glo ohg-& 7P

- AAZE =23y BH(BR)9} BAA7Y 24 sy
(BNR) =7l= 27t Kp—1, Ky—1%
TN A =4 3.8 A, B F7Re WA
72y EGY ¢, D7} 2 vmel] o8
7 38e] Aol digh Au]a AR Ha p8] A

TEEY

- ¥7] 71%

( 2EY 2EY A Zakg | A ol g
A Yalt)=g (g=1,2) Ag Y2, Y2
B Ys(t)=h (h=34) Ah Va4, Va3
C Ye(t)=1 (i=5,6) Ai Y%, Y6
D Ypt)=j  (j=7,8) ' Aj 7 T8
A Zp(h) (0=Zp(D<Kp), Zy(D (0<Zy(H<Ky)

E A eellMe) 7 W gl AR & ogr an2E
BaEes Alad Aeiel s, 35 Aol Alsdl A
e} 3ol o8 o]lFeix= mEE A [ Va9,
Ya(B), Y, YD), Ze(D, ZK D} FHEEE Y
e BE g, koQ, joar, qw)2E FFHC o] A
A #Ee Tl o)lF 7R s, 35 A%

U & FAE ANE A W el 7)Y

(910)

FXH S

B, & st D 7o) A==l A gp, anE B
%PA(QR), Pylar), Pclaw), Pn(KIN)T% 75‘])1‘1‘8]'1 °]
A& olgslo] 7t Eafine] A &4 HES 7RI

A 5F A9] =2 Ado] Axy] e g2 & &
B2 vtEAld(martingale) ol&¢ 23Pd 4] (D=
1—85‘4«‘:}_[879]'

=]

im }L’Qlt fotuqﬂ(s)dNA(s) (1)

T £
Palgp) = llm NA(I)

1 Z(h=qr ¢ BF

Uel(B) = (
0

a ol9je) A%
oldf A} (2) 35 A°l ¥ =3Eo] =rk

1

1,5, 1
i Na(d _ /11712 +/12721 _

] 1,1

Y12 21

4] (19} o2 e chest o] Faalct 8]

Ayra HAurie
T2t ra

(2)

#roo

lim [%n(IdNAS) = Al a9 +hrZ. a0 (3)
A (D), @k @)ook A& ek

(rp+r){h7(1, gg) +A,7(2, gR)}

Palag) = A7 F o7 (4)
3% B, ¢ Dol HAAE AR HHE olgaR
ok AhE ek

_ (ry +r){Asn(3, qp) +A47(4, qp)}
Polaz) = i (5)
_ (rggt+re){Asm(5, gn) HAm(6, ga)} .
PC(ZIN) = As7es Ao (6)
Ot rg){A9a(7, gn) +A57(8, ga)}

PD(ZIN) = Arve 57 (7)
g oleje] ARt Eadige] Aa®] ARl g &
E G52 o3 Aok

Haw = limgky [un(9) dva(o ®

NelH = Nao(D+Nz (o] B2 g 2o] AR

fim Tl e
_ At g7 ]37’43+/]4734
Y12t v Yut7rs



199%6% 58 BTTRMMmXE £33 % BR £58

=3 ohe Ae] ARk

Li.rglt J;,u,,n(s) dNz(s) = Aya(l,qp) +:1(2,28) (10
+A37(3, gp) +As7(4, ag)

2] (9)9} (10)2 (8)el] tHyisle ohy A& At

Pgp) =
(7t 720 rut+ 7 iAin(l, ag) +A2m(2, gg) +A37(3, gg) +A4m(4, R)}
Ay ya HAr)rg + ran) + gy HArad)(ra+70)

1y
WAL Edel] dEHE SR HHe AH oHe
Alg 3 5 slek

Plgw) =
s+ )+ 7a) 1As7(5, ga) + 26706, g + 4127, qn) +497(8, an)}
(A5 755 + A7) 75 + 7es) + (Arve + A7) (71 + 780)

12)

Al (4), (5), (6), (7), (11), (12)2] &E-& 7] A
otz o] YA BF e ki gr a0 E
T o] 2HE]

g ) =2hDiXin(g hij ar an), mha) =28
TiTide i araw, wia)=2eXhXine, h,
72(j,qn) = 282 h2i 7(g, h,i,j, ar an)

L

L

L1, dr dN),
< AR

Ad-£Al 449 AladY F7Pdeld #™(in-
stantaneous transition rate matrix)< thevh 2|
o)zt

Kg kg ar.an) —> (&.h,i,7 ar aw

v if g%g h'=h i=1i j=j qr=dr av=4dn

&8

v if £=8 h*h i=i j=ji, qg=ar av=an
v if =g h=h i*i, j=ji ar=dr av=an
v, if g=g W=h i=i j*i, ag=dr av=an
Ag+Ay if

g=gh=hi=4i7=j ar=artl, av=an az<0r
A, if
g=ag h=hi=iji=j ax=art], av=an ar=0r
A+, if

g=g k=hi=ij=j ag=ag av=ant1, ax{Ox

d 4, if

g=g h=hi=ij=Jj az=dr av=axt1l,an28x
au if

g=g K=h i=i j=j qr=ax—1, 0<ay=an
u if

g=g h'=h i=i j=j ag=ar~1, av=ax=0
A —ap if

g=g h=h i=i j=j 0¢ar=ar an=ar-1
u if

g=g h=h i=i j=i qe=0ax=0, ay=an—1

91D

T Y i~V A A A A,

if g=gh=hi=i7j=j ar=ar=av=av=0

TET Y g T YT Vi T Th AT AT A
if g=g h=h i=i j=j, qe=ar 0<qz{0Ok.
l]}v:GN- 0<an< On

THT Y g YT Y i~ Yy — A A A A

if g=g h=h i=1i j=j ar=4ar 0<qxbr
Q}v:qm 0<gK Oy

THTY T YT YA Ty A A
if g=g h=h i=ij=} qzg=azr 0r<az<Kg
Q}VZQN, OnsgnC Ky

THT Y g TV Vi TV g —Ag— A A

if g=g h=h i=i j=j ar=dr 0S¢z
an=dan. On<an<kn
THET Y TV T i T Y —Ag—A—4;
if g=g h=h i=1j=j ag=dar Or<ar<Kz
av=am 0<an{fy
THTY T YTV TATA,

if g=g h=h i=i j=j ar=ar qr=Kz



56 ATM Edge] xd ¥ &4 £
G}v=GNv 0<gnl by
U= Y~ Y i TV A
if g=g h=h i=i j=j ar=ar 92— Kz
av=an, On<an<Ky
LY e~ YT YTV A A
if g=g h=h i=i j=j ag=ar 0<qs{fg
(I)v=lIN. gv=Ky
U Y T Y T YT Yy T Ag
if g=g b =h i=i =/ qr=ar r<qr{Kp
q}VZQNv av=Ky
THE T Y TV T T Yy
if g=g h=h i=i =/ ax=ar ar=Kz
G}VZGN. av=Ku
k2 W 3 g b i ol WbsE
sokall) A1EE 7 58 BoHHIE dehie A1
olty. o AWrF HAIZ EdHE AMulxde AZE

vl&24 wAAzE g g A AzE B2
(1-a)°lck g T oy Z7F AAZE WEH] AIA
(threshold)} w]AAIZE Wz 2] JARE ov|gic}
Ao &7k Holg o] AAHW ey Al
off tigl Aakabel] Al aQ=0°] "ok z={x(1,
3,5,7,0,0), x(1,3,5,8,0,0), ,m(2,4,6,8, Kg,
Kwlolm me=1Z271% A A4S g hidap ez
o] 2 el iR A
T8 4 ik o] AAE] FES o438l 7 Sl
gk Al =AEg g A o] @& 5 gl o] A4
& AAZE Bl A, B 5F3 vAAY By

d C D EF W 7leE A 5§l B ZEHH,
C 380|p 558} A7} 2 -5elch
‘ (712"’7’21)“177(1,KR)"”AQW(Z.KR)}
Pis(A) = AiyatAa7ri
Kr Kp
(rutr)ds 2 23,a0)+A 2 7(4,90)}
Puo(B) = ax= O ar = 0g

Asrp tAgrn

Al B alg, b i j ar.an &

Aes] Aels A vy el 7)Y

(912)

FXHE 5t

( 756 + }’as) {/157[(5» KN) +/167T(6, KN)}

Plam( C) = A5765+A6756
Kn Kn
()il 2 x(T.q0) +25 2 7(8,an)}
P D) = - emO _AvmON

/‘7778;/‘8787
AAZE e} vl ARE Exltel] oigl Hy A
& Littles] A2l o143t the Azt o] odg %
et

_E( ny)
AN

E(Tp) = Eﬁ’;’?), E(Ty) =

NP1 de, AvE 27 AAZE EkB WAL E
e B magel A (@) SJdf e & ek
B, Bl 7 wisle] 4 o) elojd 4
Abel BB HE 78 4 itk

o

v

2

HI

=
=]

2 Aok [ Aolia] d33h Aeppd Aol sl
g7} BEZ Gauss Seidel ZAEPEE H43He

2 Qe 5 ghe Azl Aol S5
A2Ee) A5e BT o)W A4w 580 54
& ohet z)

Al = 12: A3=/14=0.24, A5=A6= A7:/18:0.18

Y= 0= ru= Yu=0.4, %= V= rg= 7gr=0.2

50

"’&uhold(mll.hias

—-0—0.%

=

PAA ) a2
A9 A)

—a—0.7 ]

a3 2. AAE A EAE HSHES

Fig. 2. Loss probability of real-time high pri~
ority traffic versus threshold.
a3 2, 3, 59 el #AR Mo} K= o F

AAZLENFA dis) RAse SHHAE2] vld(ca-



19964% 58 RMFLEMRIGE

pacity fraction)e] Z+z+ 04, 0.5, 0.7¢ #A%E <ln]
e 23 49 el 27t YRS e A8
A o2 A &4 A B A4 & s
A7t 32 Aol aljh ghele ovigict

0.08
e.07
0.08 |
0.06 1
H 047
~ Q.
34
0.0 F
0.02'5______———;
0.0l |
]

&
A4

A

2 4 %
2 threshol d{real )

-0—0.5

[ —x=0.e ——0.7 |

a3 3. A wE Az A EAE WSS
IMELE

Loss probability of real-time low pri-
ority traffic versus threshold.

Fig. 3.

2y 29} 08 38 AAZ Exfgel BAEE &Y
2z ddEe ulE o9} AL Hoe] AR} AA)
7t Ezjge]l A A8 edgke malth
( Kp=50, Ky=20, pr = 0.348] 7-9). o] el &
E3 7e BA tidE u]8{(capacity fraction) o7}
Al A wAE ok w9 =Zw o7} 04 °]F]
S AR WAl &4 s 2 Y &
Agel] vlA]E Qe wlg Aol Aol

~ "N

ol A=

1E+00
lE-Dl‘
1E-02
1E-03
1E-04 &
1E-05
1E-06
1E07
1E-08 |
1E09
LE- 10

3¢

loss probability

50 100 ts0 200 250

buffer lengih(noo-real)

300

I—K—no conirol —O—bhigh +lowl

a8 4. v AAZE W Hold B wjAAT A &
Al-g9] wis)
Fig. 4. Loss probability of nonreal-time traffic

versus nonreal-time buffer length.

(913)

£33% BR HoM 57

¥ 4 AN Hse] Zole} F-EMs I 7]
ol H4oR7} vl4AzE Exge] A wlx=
°d8ke RodFh(py=0.6, a=0.7) ©] o HHws]
5 7] dAAE W Hole] T0%E sisich o]
aelde v)AAzE Edle wule] ZolE 300 A%
28 A Ay 3f e AedeEy ¥ 2
#fe] AAZE Edfel] sl 1x10 olale) Heol
ME AEH A &4 A5E AT 5 UsS o

4 slek

0.01

A a”

0 40 0
threshal d(real )

-0—0.5

[ ~X=0. 4

——0.7 |

2] 5. AAZE & ey Al digt A9EA
Fig. B. Delay of real-time high priority cell

versus threshold.

08}
%0.6
S04

02t

0 o
nooreal-tine buffer length

10 X0 0

18] 6. H]AAIZE Ao D7t A9 54
Fig. 6. Delay of nonreal-time cell versus non-
real-time buffer length.

¥ 5& AATL & A Al g AA5A
& HoiFch AT tE afelx] o & siRel
a7} Z AAZE BFellxie] AdL AARE #a e g
Aol 3B FAG 4 2t o7 Ao YA
o we} Abds) FHesch A 2 e A



58
e, Fe S Aol B v LA P}
& 9409 Aot visie] AA Folurt o 3

N

| ahiel, ¥ 74xe] Rabh $UE A3 I3 59 @
e okt of e,

a3 62 WAL Wl dole] st mhE HlAAZ
2] B QA vehiich

V.& E

E =FedMe Az Edigs) w)dAzE =g
) Al &4 7Rk Xl 8FAME BAl] Tt
FAA & e Ad-E4 A 7w Akt
A w28 As-g Hriiich Ade 9kE
Al Adeldt B Ze MMPPE Rdgsla o]
ol EAE Edel dis) 49 vlmE Wz w3
A& Aesled o 3§ EAA A ¥(stochastic in-
tegral) ¥PH-& o] 43l AAAteolMe ir]d Aol
o] B REF Tl oF viEeE A &£489 A
AAIZEE ATl s Al oJ3pd Ad-&
A $Aeg 7 AAZE Efgs) v|AdAzE ey
of tiai A3 FH AYFS EAFTeRM Az
Edige] Ao 7ARS UFAA 4 9len AXZE
Edgg Rohje} vlAAZE B 2% disiMz F
s T 7S AL Ed 5 7E] Fend
A A Ass AsHez AT 5 ok

o=

F |
[1] R.O. Onvural, Asynchronous Transfer
Mode Networks: Performance Issues,

Norwood, MA: Artech House, 1994.

H. Kroner, G. Hebuterne, P. Boyer and A.
Gravey, ‘“Priority Management in ATM
Switching Nodes,” IEEE Journal on Se-
lected Areas in Communications., Vol
SAC-9, No. 3, pp. 418-427, Apr. 1991.

H. Kroner,
Study of Space Priority Mechanisms for
ATM Networks,” Proceedings of IN-
FOCOM ‘90, pp. 1136-1143.

S. Suri, D. Tipper and G. Meempat, “A
Comparative Evaluation of Space Priority

Strategies in ATM Networks,” Procee-

“Comparative Performance

[4]

(914)

ATM Edg9] 2 4 &4 A€ AE A% iy @ 7)Y

[5]

(6]

{71

[8]

(91

[10]

[11]

[12]

(131

FH

dings of INFOCOM ‘94, pp. 516-523.

R. Chipalkatti, J.F. Kurose and D. Towsle,
“Scheduling Policies for Real- Time and
Nonreal-Time Traffic in a Statistical
Multiplexer,” Proceedings of INFOCOM
‘89, pp. T74-783.

P. Yegani, M. Krunz and H. Hughes,
Congestion Control Schemes in Prioritized
ATM Networks,” Proceedings of ICC "4,
Vol. 2, pp. 1169-1173, May 1994.

M. Krunz, H. Hughes and P. Yegani,
Design and Analysis of a Buffer Mana-
gement Scheme for Multimedia Traffic
with Loss and Delay Priorities,” Pro-
ceedings of GLOBECOM ‘94, pp. 1560
-1564.

JJ. Bae and T. Suda,
Individual Packet Loss in a Finite Buffer
Queue with Heterogeneous Markov Mo
dulated Arrival Processes: A Study of
Traffic Burstiness and Priority Packet
Discarding,” Proceedings of INFOCOM
92, pp. 0219-0229.

K.S. Meier-Hellstern, “The Analysis of a
Queue Arising in Overflow Models,”
IEEFE Trans. Commun., Vol. 37, No. 4, pp.
367-372, Apr. 1989.
J.J. Bae and T. Suda,
Control Schemes and Protocols in ATM
Networks,” Proceedings of the IEEE,
Vol. 79, No. 2, pp. 170-188, Feb. 1991.
V.S. Frost and B. Melamed, “Traffic
Modeling for Telecommunications Net-
works,” IEEE Communications Maga-
zine, pp. 70-81, Mar. 1994.

H. Heffes and D.M. Lucantoni, “A Mar-
kov Modulated Characterization of Pac-
ketized Voice and Data Traffic and Related
Statistical ~Multiplexer = Performance,”
IEEE Journal on Selected Areas
Communications, Vol. SAC-4, No. 6, pp.
856-868, Sept. 1986.

A. Baiocchi, N.B. Melazzi, M. Listani, A.
Roveri and R. Winkler, ‘“Loss Perfor-
mance Analysis of an ATM Multiplexer
Loaded with High-Speed ON-OFF So-

“Analysis of

“Survey of Traffic

in



19%4 58 BEFIHEWXEE %£33 % BR E5#R 59

urces,” [EEE Journal on Selected Areas [141 H. Saito, Teletraffic Technologies in ATM
in Communications, Vol. SAC 9. No. 3, pp. Networks, Norwood, MA: Artech House,

382 393, Apr. 1991. 1994.

- X X} 4 7K

F X #OEER)

19779 MEohsha(gsAb. 19
934 Azt A n AshyEd
AabgetaH-gatdah. 19959
At ekl ks g}
Al 48 19799 ~ 19849
FREAI AT A 1985 ~
1991 AWK, WY A skaL 7L il Eok
= ATM, o5 2 /ilFd] 54, B

X 4% M(EER)

1983+ AAlela HApTaleE
&hah. 19861 University of Al-
berta, AAFEEHF8HAD, 1993w
University of Texas at Arling-
ton, AAFEHHERAY. 1987 ~ 1994
gAY 1994 ~ A
. Al Role 1& RE WEHNZ,

1}

Fel A

N he)
N
=
o,

£ 1" EOEER)

19779 Agoista Axgsts
(Z3hab. 19799 = s
A AxbelaelEdah. 19799
~ 1982 ZAEoigtw Axgst
I AY7RAL 19829 ~ A &
Adista PFEEE ap 3
Foke= ATM, ot die|el84l, AFE +2




