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Performance Evaluation of Multiservice Network Switch for Dynamic
Constant-and Adaptive-rate Services

Tae-Jin Lee!

ABSTRACT

We consider design of multiservice netwark link, in which connections of constant- and adaptive-rate services arrive and leave dynamically.
We propose performance analysis and design methods of these dynamic multiservice networks, A multiservice network link is modeled by a
Markov chain, and data rates for adaptive-rate connections are derived using QBD (Quasi-Birth-Death) processes and matrix-geometric
equations. We estimale average number of adaptive-rate connections, average data rate and average connection delay. The performance of
constant-rate connections is determined from the blocking probability of the connections. Based on the performance of constant-and adaptive-
rate connections, we propose a design methods of a network link to satisfy performance requirements of constant- and adaptive-rate connections
(data rates, delay, blocking probability). Qur methods can be used for the analysis and design of network switch supporting dynamic data and
voice (video) traffic simultaneously.

FIHE  CHE MHI2 BRI (Multiservice Networks), B M&& MU|A(Constant-rate service), 718 H&® MH|A(Adaptive-rate
service), Markov Mel(Markov chain), QBD ZEMA(QBD process)

.M B : &) o8 5&E Y § Utk oY BL gF Mu|x 4
Edadie odd F7e EdYe] "a s = ds E

4, 94, v 9 FEvte] dolHE dste # A(QoS-Quality of Service)& #d3 Te REHoz ¥
7R A7 fiAAE tde gE ndel Edgo) sy A8 Folop gk AT A$E Yoyl Y= dolyE
o MEHNIE FH A$HEE = Aol adHo} = AsME kA oz Aol Atol wat AR nA A
0% Aul: YEHIE AHTORA, 449 Edgnih #& MYl2(constant-rate service)® ol&#HA d4 Ea
HEe JEHIE AXE AR HEHAY Y (4 : & 943 WEHLE Assan, AL W TAY 3
A T @ dolHY HEE HHME 2y F$e

" 2SR e E 17 D0 44 119 Al zol UL de AEEE oM HolHE A%




400 EX=T =X C He-CH RI3ZE(20026)

3= 7bA H4€ Mul(adaptive-rate service)® o8
o 23 A& M2 d2E ATM WEHZY ABR
(Available Bit Rate) Mul27} g3, 7H8 Hg& Anj2e
923+ CBR (Constant Bit Rate) Au]27} QltH1]. e
oMol TCPE 7 A4& Aul29 detn & + g
2. % Mulx JEHANAME o F 713 MU|2g F
Alofl s Fojof gt}

14 HAEEy 7hE Ad g Mula TE0] FAld &4
B Ao 4zhe] Mujart 882 e A& TR
olg ugog W& Aed 4] ¥ VENZE HA
Fof =, FHLRE 3F0 ANHI 2EHE UHES
A AANNE ol T Aol GEA ¥4 &, 13
A$& Mulx T80 FHo2 44, 4¥HY 29 ug
7H AEE Mul2 T8 AHE JMEE AEEE A
wel dPsA WEA gk b AEE Mus TEL
o] A4&S HE FAT WHoR o UgPA He
d, 2% A4 Huls TEAY MY dAEE A X
EX BFHoE A4, A29sHA #ale A dole A A
& Mulx 550 €99 A4&E TEHE Aol &0l
A egtt,

EdE Y 9 71 A$E Aua(F, AR A
)9 55 Ad-H4: F4 A4¢ €9 PE34] &
ol g8 FAEA A$fol YFHEE = Wyd ¥
Aol ol B ol8d EAHIHAUYS-E), M2 nHYF
& AN, o A%e AEHHLE FHFEE At
ARedg], H2AA oled ATt eloiA i Utk EF,
I3 A4E Mul2e FEE FHoB YEHAY EolL
T YA b AEe Muls 3ELS AU F 89
AL dndgdFe AAUI0,11] AEHelAE B8 ¥4
e A77F A2, 13). & =RoME 1F A& A
WA 2 78 d4 g Mul: 35 BF FHOE JESY
Ao BolgtA diclEl & H43tn, dolHE BF AFIY
YEHAAAN AR E 249 “B4U" dF Mz vE
fadA, 23 A$e 2 7P A$E Mulzd .7 A%
& EF] 4% vEYI 2939 A5 g Y3t 4
Ase WHE AL

1A 1Y Adg M2 2 M AEE Muj2BEo]
BHoz Fre EAs: WEHI 38 24y, 1
e FHY 1F A4S M2 350 Y2 W
£ 83dME 71l A4g Mujzd €9FHE HSEE
Ad e A Hat=d ol Markov MUE o &3] REFH
T8 2, QBD(Quasi-Birth-Death) 2429 38 WAy
& olg3d I AEE Auj29 TE ¥FE HEEY
g 73 & bE AgE Hulxe 3 E5E F
A& ol ugez 39 HF HAEE 2 BT A% A

A AE 7Y Ao 283, 23 AeE Auize A
& 13 A4& Ml 389 39 FE(blocking pro-
bability)2 78§ c},

olgA A FEA 1H A4 & 3 7 A g MH2
o s ol&dA, 14 HEE € M AEE AHux
EEY 87 AF(ASE, A% AQ A, 39 A9 g5
g BEsr] 9% MEYI 29X $3¢ dA%
g HHE dole ¥ FAWYRE BA AYds=
HEHNA 2929 458N £ 8F HAd o8 + 3l
o}, (¢} : DSLAM (Digital Subscriber Line Access Mul-
tiplexor) 2:$ X))

B =F9 74E g g 2304 53U 9F A
Hl2 §E8 AH3e YEHI Ya§ 24sin, 33494
14 A%E 9 7P AE & Aulx 59 g BAEG
ZdNe 23 2 M dAeE Hulx 39 8T A%
o 29Ae §3g AAsE Wig ndgd vxge
2 5% AL 2.9

2, E3el c}E MH|A WES3 Y39 24

&3 Zo] f%o] Colx 1Y HEE 2 /M AFE
Muj 29 3go] FH3E 2HYANE nAFA(2E D F
Z), 23 H$g& Al 3+ ©&4& 19 Poisson #X &
231, 7t 39 Ad AR HFo| p7lQd AE FE BE
€ et 13 A4E Mujad 385 o9 YgEL 2e
Rog NFFoh wEbd, 294X7 £8€ £ A= A
23 H$E Mula IFE coY JE HAEE MHl29
B E3go] A9 Poisson £¥XE zn, A$sor & b
olg 9] 4 HEHETt mel AF ¥ £XE FETh @
g4, Zt 71 A$E Mula 39 B dolg % I/mol
gt & =RdAE A3 497t old 3 B2 EYYe
1 Jerz B 9 5IHU 37 YEYIAN

Constant-rate Conn,

Adaptive-rate Conn.

(a8 1) D8 M38 ¥ 7 HESE MulaE®0| BRsK
HIEXND BI(29A]) 28



SN D A 71 NE8 MUAE 2T OUFE ML UWERIT AQIKIS &= B 401

A 2EHE H$olE Poisson EHY IS AlL3E
ol Hgsict. ole|d RdE B3 & =84 B AY
Z& Markov H¢ 5& o83 FFAH A% #4 @ 44
& 3= o] 75t @, Poisson 9% QUsiAE A
A HEHa EHY 24l 2dolng Y EAo
Poisson 293 fAlsitie A& #@3lx ¥4, 4E 33
£ AR F AN BN ALY Hart Qi

o] BdoX (3,/)8 MY 1Y AEE Mula 3
el 7hE A4E Aula 342 Jehgd, ezt § A9
Markov A2 29 & AcH(2d 2) 33). (L) E 2
A 9 7 A5 Aula 34e B2¥E Jehiizl A
G YNAM (+1,/)29 Mol &L volx, (i+1,7)94
G,/)29 Mol FEL (i+1pol, (/)M G j+DE
9 do] &L A°11, (Li+DAAN (,/)E9 He] BFL
701 A7 28 ((C-i)+n)/(1I/moZ ife 1A
AEE Mula 37 U o, 7bd A48 Muja 39 §
A Aggol,

(38 2) HENHR 83 (29X 29 Markov Al

a3, 78 HEE AMulx9 P A(stability) & ¥38
71 98 b Agg MuAE A% H4ATY AEsQY
r(r>p,p=AlmE 29X 44 &}

=1[x0,7) 2(1,7) - x(C,)]

€ 19 71 AgE Mulke Fd o £ 8§ 9Y
2 Jehi, ol#l g Markov AHEdA Uhedk 2 33
H-A4 A (halance equation) T8 4+ itk

Q=70 o)
4714

= [HO ”1 ...]

ho X:) et
A—4QA) 42
4 A-4@QG+p 4(3)
Q= 0 4(p A-d(Atp -
] da(m
7] A,
-y v 0
g —(utv) v 0
A=] 0 2u —(2u+) v
0 Cu —(Cut+v) v

Ay = diagla A - 4],
4(n) = diagln n - 2cl,

4(A+g)=diagli+n At - A+ycl.

9 HolA ¥¥ Q= QBD Z2 A28 FA P14, 15].

3 &3el oF MulA UES3 g3 45 &Y

sel 2dolMe Y (D& b3 e P4F-7]3 &

(matrix- geometric solution)& =1},
oy=R*="2(I- BR*, 2
71
TA=T,7=[2(0) z(1) - 2(C)]

= M/M/C/C 9 B¥ 3Y0lz, RE 9F A
Ha9] §ol ohd #ojrh

RAD+RA-AG+N+4D=0 3

A7 8 BA 28L&

I(RA(D +(A-4D)=10 (@)
LUI-B "' e'=1, 5)

4714 e=[11 -]. MM/C/C ft& M3 B (circuit switc-
hed network)el A AMgsle EdolAw HAZ%e] A4 E
eEAMAYE #3 297t okd 3 99 RENE A
g elgtn & & Y

durgos 4 )9 g FIHE AL REA gk



402 BEMASEEX C HMI-CH M3 (2002.6)

T3 Aoz RE TEE, HF /M A4E MHla9
ErE U4ER 2ol 7 F U

EINl=ZXkll,="72R(I-R) & , 6)

a8, Littled] W& o] 4314, 7h d4& Aulx 59
B AE AQ AL

EL[D] = -j—E[N] @

278 3

HEAZ Wl FFo] BFEE Agle] 7P A4& A
Hl27t 34 HAEE Aul2d Hld FopA HES I wE
Eole3 Wihe Zfde A9 4% A3 $3(time sca-
le)o] &8 olg3 2AH ez 7€ £ U (16l A7
%39 Fog gddt] A g 2 v(Ratio)E T
3hiL, A JlERET 2ed (of :Ratio < 001), Azt
Z3o] g Ao 44 4 9ok

v+ xp

Ratio = ——— o=
A+a~2\/7a§

A7IM, xE 7P AEE Mu|2ed FF 3503,

(C~xb)+r

o= i/m

b 13 H4E AMA 3% delZod 2 shd 344

Au| o) £2g b ZAeE, BE A4 UolHY Lm

ol Za¥ Aed 1A F4& Au2g A A5 M|

~ 59 %E B¥E 727 B8 BE¥e Foz 23

% 9.

o] A%l 7hd AEE Mulze PF 349 YF A%
Azre

A &3 2ol 7% F 3o

A .
E[N,,]=2; p—" (i), (8)

4714
zrl(i)=G_l—%i—, 9
i,
G= go—%f— o=
o, FF A4 AQ MG
E[D,,,,,]— E[Ngyl. (10)

olgh Zol 4 (8), 4 (100& ol &3 4 6), 4 (NE )&

3 e Tohs Byl uiY ¥e AdFoR Hug B

g £ Ao

173 AEE Mul2e A% 37 35 4 A g
&% go] 78 ¢ Atk 1Y AEE Avl2e Ao
MM/C/C #E 288 £ JoBE 37 35 4 9F
ol-§-31,

c
E{Neu: 1= goinl(i), (11)

aga, A 88
Dow=n(C) (12)

2 Foj4,

31. 71 H&E Mel2el 85 24 o

HA 34 A5E& /P8 A$E Mul2Ee] 2388 ¢
I3, b AEE MHle 39 A% (HE 357 9
A Ad AHe Tike 449 g B ool Ahed
AEEE <& 1> el of ddME 2A HeE
MElx Z7F MY E AFkE 498 o2 BEd

CE 1D HESZ n2iole

Parameter Value
switch C 150 Mbps
60, 100
v conn./hour
constant-
. “ 1 conn/hour
rate service o
b (bandwid
constant-rate service) 2 Mbps
A 7200 conn./hour
adaptive- e= A/m 64 kbps
rate service 1/m 32 kbits/conn.
r 100 kbps

Fo M BEo] 7t HE& Aux 37 P HolHY
€ I/m=3kbitse|t}. 14 A% & Mul2e TFgo] A
% 10078 29 A4, 4 QD A 192%H 37
oA A$E Mulz 3 = 7260, 13 A4 e Mul2 B
9] At FEL 02747 ¥k o] o, s %i%i?-.r Au) 2 9]
A 4 6), 4 (MEREH F39 HF 34E 05 J#
A% AQ AL 0069 msec’t "k A AEE MH|A
%] w7} P Ee wE) i AEe Huls 39 A5E
geix A "o

A& B9, A HA$& Mulx 59 BZgo] AND 60
AR oW nA A4 Muj2e i ZTFE 50508
2 golx|a, Ad FEE 000BLE 1%ET HolxA #
o & 14 HEE MUAE olgsE IV &% %’—éi
Z A9E HEo oA 8ok o wel slE H$



[=X]

SH 1A ¥

0

Au|ze] 87 7b@ dYEE F7EA Hol, 4o §
AHA gk & b A& MHl2e FF B4 0018
o] 1, 3¢ A¥ Ad ALE 0002 msecE FEA @
o olgh o] YA &7 4 Y HEE Muls 59 &
ol FolA Ugd, 7l AFE Mul29 45¢ 7€ 5
At

4 C}E MHIA WESZ "ao 4

S oMY mdst 45 ¥4 ZFHE wRoz gdF A
i YEHT J28 A Aol 7hsdd, & Aoy
T Oed MEAZ dd da dite 4%E BE7] 9
& AA BEe medd uy A4& Mula @ sba A
& Mulzd did 2F 2Ho] Foix & o, Foijz
e UHHE 299 §%Fo] ojx= Hxy} sHojo}
FeAE 78 F Uk

41 4 Mulxe| 4A of

A7 W] d2 59 64 kbps) WEEE R £4E
1Y AEe Mulaz dddts 49§ asdd bd A
+& Muls 39 59 HF dlolE YL 8 kbitsol iz, ool
AHEE FEtdEE <E 2>9 8959 o

(B2 UEZ 4A ol(84)e miie,

Parameter Value
v 6 conn./min
constant- P 1 conn./min
rate service b (bandwidth/constant-
| 64 kbps
rate service)
A 240 conn,/min
p= A/m 32 kbps
adaptive- X
rate service I/m 8 kbits/conn.
r 40 kaS
E[D] < 5 msec

7hE AEE AMulx 9 3 AE AQ A 5 msec
£ ¥4e F e A% a7 23 YJa(zgA)e
@] ol HE7} Helop FEAE ¥l A8 odE (2
d 3ol B RAAY 2] 87 b AFEA FF A
F AQ Abe JeEhlY. adelM Bl dite A%
< 97 AN Y39 SFIE)L HAE 400kbps7}
Holof #& & 4 Atk o 2 1Y HAEE AMuA7}
TEHoF & x37A] nEEE g9 £FE T AA
sjof sy, B HEE Aulx 39 A HEH PA9)
|33 #AE (29 9o vehidch

dE €, 24 AFE Auia 39 AP FEo] 1%0]
38 W& Y 3o 3 F71E 400 kbps7t Ha.d

7t B8 MulAE AS OE MHIA WERSZ AQIKI As B 403

0014 \
0.012

0.01 \
0.008 \
e\
o\

0.002

Delay [sec]

0 05 1 15 2
Capacity {bps] x 10°

(2 3) YA(2HR]) Bao| w0l I J1H MEE AMH|A
B2 HE ME XA AIZH(BY MHl29] of)

A sef, dAHo2 800 kbpsE L8HA Bk F, A A
F& AMuj29 98 4% HF A$ A A7l 5 msec
ofdtolm, 1Y H&& Mulxd UL 4% AW FEo
001088 wrFH3teid P9 83 HAH 800 kbpsold
of sojof #& & F ATH(IY 49 F=R).

Block. Prob.
2

006

0 05 1 15 2
Capacity [bps] x 10°

(T8 4) BA(29R) S| #islol mE T MEF My~
B9 B ACh 8E (8Y Muj2g of)

42 H|T|2 AMujae] MH of

tee AA dz vteE 3 AE4E Mul2g o
3 AFste 448 nPt 23 Ade 2L b Hée
Muls o] FEE <E o et 28 #E
& Al 39 AY &Eel 1% (00D olFHE wHEs7]
AN v CE 23 g HAAE 98l v CE W



404 FEXIEBI=EX C XMI-CH H3Z=(20026)

(E 3 WEHIT A of(HiciR)e) metfe

Parameter Value
v 10-100 conn./hour
Jr 1 conn./hour
constant~ [ (pandwidth/constant~
rate service rate service) 2 Mbps
Dbiock <1%
A 7200 conn./hour
adaptive- P = A/m 64 kbps
rate service m 32 kbits/conn.
r 100 kbps

FAAE o, M AEE ¥l 39 HF HE AQ A
& (29 5, 281 39 HF A 8L (2Y 6)9
et dck. 294319 &3] 100 Mbpseldelxn, 14 A
& Mul2 39 TF&o] 3 connection/hourdd 7ol
A GEoly hd AE& Aulz 39 HF Ad A4AA
ko] e AL EA ¥ 5 Uk

(29 5)¢t (19 6)& &8 37 A$AQ AT CU}
10~150 Mbps¥ %ol 1 msecoldt® yehd, B} e
F9 7 AL g MUl 3EL F4E F UL ¢ F
Atk v7b 10914 30 connections/hour® 7HdE w, 7pd
AEg M2 39 JF A4 NS (29 D YE
Wdch 2y, 13 d4E Adla 39 459 a9 &
S 14 A& Mulase Zitgolu A9 £
A wond 1% 0|39 g FEL WEdr] A
T 39 2347 P29 43 BFE nsiop doh

. i
//////ﬁ//////////////////’////////’///: / ”%/M

'////4'//// W
R~

x 107 10

Capacity [bps]

15 0 v [conn./sec]

(38 5) ga(29ix]) B8 N 1Y HEE Mul~ B9 =%
§ H80| OE T AR Mula B0 BR HE
X AlZt (HIC{2 Mu]22f of)

(38 6) dA(29iX) B U IW HEE MH|~ Bo| =3
§ ool B DY HEE MBl~ 59| Mo &
(HiT|2 AMbjxef of)

x 10 ‘
2 N e =10 |4
—p— D=15
s P Ry
F S
LR
5
05 g \\
A
° 2 4 6 8 ' 10 12 14

Capacity [bps] < 107

(38 7) YAA9K) B X TF HE® Mulx 8o =%
§ MO OE S HEE M2 B9 BR HS
Rigt Al2k

1% ojste] A &8 47] AHM 2 d5E A
2 59 EAge] ALY 1559 B F3 &3]
48 Mbpso]dold Hil, =FEo] AY 2050l YA
432 60 Mbpsol o] Hojok date Ad 8L A& F
At EREo] MY 65 ojde] HE YA $FL T2
Mbps o] Hejol @& € + (¥ 8) F=).

oA, AT Fae §FIANE 1Y AEE Au
39 =E%ge 22N 3= Hve UEE 4+ 4
I, 139 HE =& E F29 £F& HHEY =
APoeN da g 3he 4% ¢ B3Y 5 A4 olg vt
F7AAE, 7HE Agg Muls 39 AT AFAA A
e AAE 243 dde Avadd =3¢ 9 Y39 8%
€ zPfoEM Hyi AFAD ANBE 2AsE ] 7t



Mo I

0.2 Y __.,m....'_'.‘”rh...
\ e 0= 10
\ — 0 ®4B
015 |\, X ~o— v =M
. 5 b —— v =B
E \\ \ \\¢ i p s »
4 & X A :
R N <
N X
LN \\ A
005
N “ AN AN
S \‘l h T
Seo \“\0\4 \\\_ . S §
0 P e \e\"\{ru o Q\Q\Qs-a_n \“"\f o
4 5 6 7 8
Capacity [bps] x 107

(38 8) a(Aaqx) 8% U I MNEE Mu[~ B9 &X
& B oE 0y & MB|l2 Z2| X &

Fotth E® M ASE Muls 3o =E3EE 2Ysd
M AEE Aul2E A3 237bed HARE FTHSHA
ol Abgste 39 £7F WEl HEg g A% Ad
AHE 2o AEA 248 3o

a¥Eg, 33 AFE AHa R M AFE AElL 3
Eol FHoE A4, 2F3e UEYT N2HE Bedte
Aol oot e AA WEE AMESHE Al wjef W3
' HEHZY EdY &3Fo] AEHY &F Hge TF
AEE A4y e AFs=d AHEE ¢ At 33,
EfGe ¥& 54L& T <2 e e €8s A
e 47 A% vMEAT J39 §FE 4AE £& IR
ol 22 ¥4 ¢ HA EEE UEHIZ 29X 4A
W 29 EdY AoE 3= Aol 7hedith

54 &

$H¥oz spsE 1Y F4E T /M deg Aua
5L BN AYEE UEYD P29 A5
BN A A8, oY Markov AFEE o]§ 2Y
etk olel g Markov Ale ol Wa-7)8h w4
& olgs 1 % sk AEg Aua 39 e AYH
o2 BAagth & 14 W$4E Mulx 39 4% 39
BF A 8 P A5 Aulad 45 3F 34
g 59 J7 A4 Ad AZE T F AU o|F %
#A4 2F A4 2 /b e Muag 8F %ol F
oA A W, Y= g B A 29A9 HA
232 AAY & AT HAY dz &4 2 WULE 1
q A4 HUAE o3 A4slT, volHE MY A5E
Hu| 28 o3 A A9 95 4%e AV 99
¥ zo &, 299 §F 5o A4 P& ANSAL

H&EE MulLE 218 OF Muls HENZ 22K2 85 84 405

¥ =¥9 ¥4 3 474 Z7§ DSLAM F °F Au|=8
AU MENZ 2439 45 BY, 294 39 4
A, 248 Aol T $83 A°] et

g

[1] F. Bonomi and K. W. Fendick, “The Rate-based flow con-
trol framework for the Available Bit Rate ATM Service,”
IEEE Network, pp.25-29, Mar/Apr., 1995,

[2] G. de Veciana, T.~]. Lee and T. Konstantopulos, “Stability
and performance analysis of networks supporting elastic
services,” IEEE/ACM Transactions on Networking, 9(1),
pp.2-14, Feb., 2001

[3] E. M. Gafny and D. Bertsekas, “Dynamic control of session
input rates in communication networks,” IEEE Transac-
tions on Automatic Control, Vol.29, pp.1009-1016, 1984,

[4] D. Bertsekas and R. Gallager, Data Networks, Prentice Hall,
1992.

[5] S. Chong, S. Lee and S. Kang, “A simple, scalable, and
stable explicit rate allocation algorithm for max- min flow
control with minimum rate guarantee,” IEEE/ACM Tran-
sactions on Networking, 9(3), pp.322-335, Jun., 2001.

[6] S. P. Abraham and A. Kumar, “A new approach for asyn-
chronous distributed rate control of elastic sessions in inte-
grated packet networks,” IEEE/ACM Transactions on Net-
working, 91), pp.15-30, Feb,, 2001.

[7] C.-F. Su and G. de Veciana, “Explicit rate flow control for
ABR services in ATM networks,” IEEE/ACM Transac-
tions on Networking, 8(3), pp.350-361, Jun., 2000.

(8] L. Benmohamed and S. M. Meerkov, “Feedback control of
congestion in packet switching networks : the case of sin-
gle congested node,” IEEE/ACM Transactions on Net-
working, 1(6), pp.693-709, Dec., 1993.

9] A. Chamy, K. K. Ramachrishnan, A. Lauck, “Time scale
analysis and scalability issues for explicit rate allocation in
ATM networks,” IEEE/ACM Transactions on Networ-
king, 4(4), pp.569-581, Aug., 1996.

[10} C. Fulton, S.-Q. Li and C. S. Lim, “An ABR feedback con-
trol scheme with tracking,” Proc. of IEEE INFOCOM, pp.
806-815. 1997,

[11] H. Ohsaki, M. Murata and H. Miyahara, “Robustness of
rate—based congestion control algorithm for ABR service
class in ATM Networks,” Proc. of IEEE GLOBECOM,
pp.1097-1101, 1996.

[12] R. Jain, S. Kalyanaraman and R. Goyal, “Simulation results
for ERICA switch algorithm with VBR + ABR traffic,” ATM
Forum 95-0467, Apr., 1995.

[13] R. Jain, S. Kalyanaraman and R. Viswanathan, “Simulation
results : the EPRCA+scheme,” ATM Forum 34-0883, Sep.,



406 BEXN/HPE=FEX C M-CH M3 (20026)

1994,

[14] M. F. Neuts, “Matrix-geometric solutions in stochastic mo-
dels,” The Johns Hopkins University Press, 1981.

(15] W. A. Massey and R. Srinivasan, “A packet delay analysis
for cellular digital packet data,” IEEE Jownal on Selected
Areas in Communications, 15(7). pp.1364-1372, Sep., 1997.

[16] T.-]. Lee and G. de Veciana, “Model and performance eva-
luation of multiservice network link supporting ABR and
CBR services,” IEEE Communioations Letters, 4(11), pp.
375-377, Nov., 2000.

of Ef Z
e-mail ! tjlee@ece.skku.ackr
1989d AR AAFa o (FEAD
1991 A g AR eta(Z A AL
1995'd University of Michigan, Ann
Arbor(M. S.E.)
19993 University of Texas, Austin(Ph. D.)
19993 ~2001d A AR BT HYATY
000d ~dA HHFBSE JRENFHE AQAA}
ARk B HENZ, B4 FA A2 A% 2N 9 44




	1: 


