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ABSTRACT

In the evolution of Broadband-ISDN, the main issue is to interconnect existing LANs and MANs to B-ISDN
based on Asynchrous Transfer Mode. However, LANs provide connectionless services, whereas the ATM network
provides connection-oriented services. So some problem arises from accessing ATM switchs to transparently transmit

connectionless data via B-ISDN. Two methods then were recommended by ITU-TS to support the connectionless
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services.

In the paper, we do the numerical analysis, using the stochastic fluid flow method, of dynamic bandwidth allocation

scheme with two class traffics in the virtual path established between Interworking Units(TWUS) interconnecting

LANs to an ATM network and Connectionless Servers(CLSs). The loss mechanism of each class traffic is con-
trolled by the contents of buffer. The bandwidth which the IWU requests the CLS is estimated by the number of
On-Off sources in the On state. We use the stochastic fluid flow method which is to find the steady-state joint
probability in each level of the IWU buffer. The length of the IWU buffer as the real random variable is changed

by traffics entering the IWU.

I.M B

Z34 B 5 A 2(ISDN :intergrated services digital
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o},

38 1. 7 AF e
Fig. 1. Indirect method
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ag 2 43 AF g
Fig. 2. Direct method
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E BAY. CLSZe] €F 44 42 2z IWU A
CLSE 7 H3ld o 5& IWUA A& 33t
v, el o 2 = ATM 34del A PVC(Permanent Virtual
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Fig. 3. CLNAP protoco! structure
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ATMo A 529 Efge W 2E(bursty) @
548 Zed. ATMZE o8 548 Ze Ed
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=i glon Aty oz AbgAFZoly i AM L Xk
oA 8 "l o7)de A7 8 Al(CAC:
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A o] (UPC : Usage/Network Parameter Control), %
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2-ME Aol 2 MY 4 HY], EdY 48 24
(traffic shaping)s©] 21t}

W, 3 Aloje E3beo] B Fo Hete 8
Fog MeHog dg HIsAY EfY i

4
Lo
provisicning
. Cell admission
Connection contol
durdion :
Dynamic
Propagation source coding
delay )
In.call parameter Adeptive Adeptive
negotiation windows rate control
l Traffic P-Zxcns mfﬂc]
sheping mark
Cell e
time Traffic Selective
policing discarding
Treffic control Congestion control

a8 4 2 Aojsh B3 Alo]

Fig. 4. traffic control and congestion control
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W) o 2 uk2- A oj(reactive control)e] AZFL 7=
th o] W& yel=w o] Myl 2] (propagation
delay)2 2 18t HAIZbo g2 & Ao g g
T e dHel Uk Holzw YRE gEle WUy
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£ 3to] ¢2= EFCN(Explicit Forward Cogestion
Notification)o] A}g-8 4= Slch. =5, Eo] 24 3t
A& o HdHog ML Wy & HHao] Igho®
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Mul 2 FA L At Al7IA] oA 2 dE 8
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ALgste] oA AHFH LA ol A& AL
o AL BT g A 83 o F3t7 dAd €% 3
Ao o] &% & dojof gttt HA ] ¥ E &(peak
bit rate), H Y| ES(average bit rate), B AE|L A
(burstiness)% o] 714 Bo] AMS-® T}

FollAl E G AL A A4 A9 A &4
FEd o & 5 2ot wetA, |2 g Aol g
at7) A% v Eo R A8 & Qirh o, F
7178 HaAe B Eyo| i E HAEF &
Ag Z3 s 2 AR B NEolgw &
At F, @717 F<o FollA Eo] wAlse
o] A Aol YY" F vk 2ng, wvr)7k
ERSEL el F e ¢ A & 38 A
£33t AE 75 Al E #IY Wt Uk

3.3 AFB X+ T2t0| & H 0i(uPC)

UPC 715 974 42 Aol §48 nefng
E9 A & HAtete] olv] M4 E e AAE
9 QoS L vIA 4 AL YAEE ¥H P
A8 2357 A Ao Avd Ao geHE 4
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< #7138t AY B A(tagging) 52 A& FH} o]
o, ATM MUX o|& wAloA VCCultt A€ 7t
gl e & ZA ke 71%& E8d(policing)ol 2t 3t
2]7] ¥]Z(LB:Leaky Bucket):2]3} Q59 Ao
2o} glo}.

21 7] ¥ Zl(leaky bucket)¥4]-& E E(token) S YA
g AIZE A8 MM A o] EEE W Ayho]
Aol 551 2%A B AL s A2 X5 o]
tagging5 At H7)Ses dte WHOE HIE 7
HEt A4g A 9 A48 F Ae AR 4 T8
A gt3A €t} Shaping WH o] f, F-o met w7bA|
o] W3 g LB o] lrp.®00

A= Alo] HaL S A7) A7t 8-
g Ue A 58 FAA o] FAE g 2oste
Ag vt A2 AYste Wyoltt Ax9 HA
dhi ol w}g} jumping window(JW), moving window
(MW), exponentially weighted moving window(EWMA)
5ol Whgol Ao

3.4 M2 (priority) X0

ATM oA Al zl ol A &4g3 7He gheat
EdY or2dg G5 A7 A3 4 o9 Ao

& # 5 Ak 4 9 Alole 2AEFDE o] &%
waa &4 A &4 Alo] WA e Y 4 vt

29 % % (scheduling) ¥} 4] & Al 7+ £ &9 Ao} W
Aolgtng &0, 7HA perd WA e ud $M &
9 Ao Ao IS EF ol & $A 49
7b Fo] AW w& $A 29 By w9
Mulz Heg gk gekA, A 17 EGy

[~

-

5 94 97 B Edge WY YL oE
2E ALE AA AL 4 47} e mAR
b e S8 B4 AL $ Tk B9, FelA s
Aol k& $HEY Edyol R AA st
e 4 &9 EdRe) Yol AAsH AsEn,
4 &4 §AE BFe] olele whol Ak g
Z end-to-end Aol Bl 7Y AA AHE 7}
Calalel 4 19 A2, % A9 A, 201 A
A A7+l sl ol .

&4 SAE Ao HAL EFE Astr] Al
4 &ltjo] 9+ CLP(cell loss priority)H] EE A}-8-3}
o NElHoZMS ¥rste HAoE 7 oA &
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9 gAelgRE @t o) WHole F& ww FH
w4 (partial buffer sharing)s} 3=2:(push-out)4H4] o}
Art.

=

CHHHE Y W

4.1 CHYZE &oh ubd e

ATM A s Ed 3 EAS A Fs5 QOS
g BAs) 98 7 S JH3A ol gotg ¥
87t d=dl olE I A YL o] F3li= W o= time
scaleo] whet ) & 833} vo] §Fog o] B
7 Atk Qo E dge 5 GAU W2E gy
Ze7t o vy g9 A oM zejst 2 ¢
A WA el

call /

bust [ ] [ ] [T [

cell V/ﬂﬂ H\ﬂ\’

8 5. A7 Aol e Ed Y ¥R

Fig. 5. Traffic classification by time scales
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e By getv e § AHe g Ed Y gy
HEE 3y A8, 94 48, ¥ H2E o7t ¥
gtH o2 ALRET} FAA g e AlsdEol
A& o] &% Class Related Rulert2] o] glt}.

Class Related Rule W& Ef¥ 229 B 2H
Yo wet 55 Fstd togg gddte e
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2 2 83 A S(expansion factor) RE o3 7
o] A e] gt}

R=R(b, n, L)
3714

b 2E U 2,
nEug Edel A%,
L:ga wAE Zol.

wetA, FFEE g Z2 W 2413 2o
W=R(b,n,L):-n- B, “.n

o714 B2 M dEo|ch

gAAF RE (b, n, LYol ti & &9 Algd o4
o o&l R=W/(n-B,)=(W -b)/n-B)2 T&Z
- At

webr, e F7e ERYE G35y o &3y
U Ee gt 2o

W =3 W;(4) (4.2)

A7IM 4= 57 12 E2 H%(offered traffic)e] t}.
T3 oY 5739 EdNYE g5se A e
(4.3)3} 7ol g Eo] ggFdT}

W =min W, (4,), Z W;(4)] 4.3)

AN A% W2 2tz Ha Ef g 33 Hoto
S(worst case)ol] 78 g Eo|d.

V. $oIx| M9 Eafjy 2 3= wuoll gt
SHA Y Walo M5 24

5L14 &

B =FoME ITU-TAA Anste A AT &
202 PVCE A&t vjdAY M2 AF 3t
v AL 2839t IWUE MAC £33 228 A}

g3to} Edgd ot U P 3 3, IWURE
Eo] e WAL El164 F42E upE) CLSE 7 3
242 IWUR dge] vk &, ATMY U HlA
MACF A+ 31954 (subaddress) & #H+w # ).

WU 875 vlES9 F4H2 IWU2| LANS
Zlo] AAHE wHgolg) HARe) £ &R FEA
o, EQ Yo tistde AL Eoloe AR &
£ Aoz o]FojAL) oj¥ 4+ gho] N1FEH
X}l 2 79 IWUE CLSY 998 2784 53,
olstg Weiztd o Ee thA 2EH o Atk =&
B ARl IWUHG A 42 B0 A4 v
Aol H7ist dof FE3HA HH Wy BT A%
g 5 gle d9zle Hrdg.

51239 24

WUl A3 $43 4 & 93] IWUs VPE &
o] Bgl © MM E Ze 72 299 ¥ Ao
shibe) BlAE A E9(Gource)oll A Soley EHY
EAQL On-Off Rz 298 ®oh On AHA E
Yo -e FA(uniform)3tA LA 2, Off AEjoM &
EdHo| gl On Aej2] HF dole 1/a, Off A8
o] JF Aol 1/p2 Fojz}

G (=

38 6.0n-0ff 3¢ 24
Fig. 6. On-Off source model

5.2 wu 2&2l(modeling)
ste 39 FUkA FF9 EfEE YA
th. Zt $99 EdY &4 FEdy FHEHA
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we AojHed, $AE/ =& EHRIET DS
Bell A &4Hol wAste, M7t ¥ ENY(F
F 2)& F¥ X(threshold) BlolA] &4 o] w4 §io),
M2 T2 A2 JEE A e 399 A
of wel Ao "t On o] 99 AF nolng
Mol®, Coo] MHl2&2 MY 29, On FE 9 &
9 A7 nol n)M o, e XA 1, o F
o €9 Mul2g2 Mul2E £3 Fo. o714 o
g2 a3 aA sler dae AAANLe P
AIZve 742t Gg 9 o 2l AFEEE Zdedy
7174 gt

source C’:fd‘t‘e"el
1 packet cel Co
M : SAR
. C
B Bl 1
NC @) (< Cy)
bandwidth x <
allocation  |releas. ! b
management
request

38 7.1WU e #9 =9
Fig. 7. Queueing model of IWU

5.3 IWU2| Fluid-Flow 3} &4

N7H 9] On-Off 59 T 2A2of 23] Aojs& A
H 2 Z2A2e 2883 2ol 2N+ A&
e 232 F9(Markov chain)2. 2 vebd 4 9l
t} ¢;9 848 e vlE3AE A2 9 infinitesimal
generator?l Q& A(5.1)E UEhd 5 U

- X dij =i
Yy, v#1
A 7j=i+1
ai=1 W F=i—1 5.1
Vs j=i+N+land M H1 <i<N+HI+M
Y, J=i-N-tand N+ <i<N+1+M
0 otherwise
4714
(N—-Da 0<i<N

TlQN=i+Dx N+1<i<2N+I,
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ip 0<i<N

BlG=-N-Dp N+1<i<aN+1,
7;. = th_l
)l[ = t; !
oIt}
Ao 7\1
—— —-
OO * @ S
H Bl u)u
N YL
E’L" Miere Miasee
<— - 4—-—--4- 4-@4— A
He2 Uienor  Hiemez

Jal g wE Rt Aoz e e dels
Fig. 8. Transition rate diagram by Markov chain
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29 EgHo] &AHD T AA EY o W)
&L 2)(5.2)9} 7o) HEY 4 Ut

d
dx
@Y+ PN -C; (0(X{Bl and =0, 1)
vV N-C; (Bl (X{Band j=0,1)
(@ +v?)N-C,]* (X=0and 7=0,1) (5.2)
[(@"N-C,1~ (X=Band =0, 1)
ON=C/llv" +vPIN-C,] (X=B1and j=0, 1)

2(5.2)e1 4 X=B19] gl AAA A%el7] A3
He @ON-C)% [V +vPIN-C,19) $57} ZEo}
of gt &

O@PN-C))0(=0, N, TG&F
A X' (e oxc A
D[ +oP)N-C;1<0(=0, 1)o]H,

Phehe A9=

LiatEd gt 2
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7A$2Z X' (e oy o).

(i) 237} O 7399 GON-C)(001Z [ +v?)
N-C;]>08®, X{BI2 A5 X' (6))0°]%,
X)B1¢l ZALdE X ({022 X=BloA &
ol

F;(x)8 Z2A 271 4 A WsZAo|zt x§
WA ¢S P3N ARFER P, 46.3)e
2 HA9E 2N+ HE o B3NS dEg 5
=

F/(x)=Rg QT F(x)  (0(x(B1)

F/@)=R QT Fi(x)  (BI(x{B) (5.3)
o 7] A

F,(x)=[Fy(x), F,(x), F,(x) -, Fyn 1 (x)]
Ro=diag [ —Co, A" + 19— Cy, -, A +22 =C,,
l(/Iv)-H + A(12\1)+| =Cyyee ’l(:};vﬂ + L%)VH —-Ci
R(|)=diag [_Co, A.(:) _Co, """ N A,(,IJ)"‘C

A'(II\/)+I~C|’ """ ’l(gvn_cl]

o], AV AP & A idlMe 57 13 FF 28 %
= Edg gl 4 (5.3)9 HE ol ez 7
7},

AN+
FO@)= ¥ adighhep(R®) (0<x<BI)
k=0

[(}] ]

AN+
FO@= T d)igy iexp(dyr) (0<x<Bl) (54)
k=0

o 714

2= R{} Q79 eigenvalue,

o' P=cigenvalue 27 ) © & eigenvector,
{¢(Z)};=eigenvector {,/,(,’,)}9,] N 84,
a')=cigenvalue 270l #E ¥ A S(coefficient),

olth(j=0, 1)

NOst NWE ztz) wm#d Bl ofdfi o} AFE

A v dol Zaste YHEY Mol F9
832, NOst NO& Zhzh v # 4 Bl ol i
oA W o] Frtele FHES] FHoltx A

8w, 27he thed (.52 EAY & Ak

N9={i| Ry (0}, N§= (3] Ry (0}

NO={i1 R0}, N={i| Ry O},

223, eigenvalue 270 FAE AL 479 e
tpeo) A=A o8 78 % Ut

OEE A7t NV S8ad, XoBldd X7) 0ol
age s,
FO0)=0 (i eND)

(i) 2& el 7t NP 3o, X (BIY® X7 (0]}
e g,

FOB)=p; GENY)
(i) (@), Gi) ol &3 A i7} N E= NVl 3ot
X=B199, FOx)% F"(x)e A4t
o8 Bg,

FOB1)=F"(B1) GeNP UND)

(5129 By el &8 pe AG9% 451022

TR

PQ=0

2N+

2 pi=1

i=0

71 A

P={po, p1, 2.+ s}

ojch.
W, GeN® NP, FOWs F e B4

3139

(5.5

(5.6)

.7

(5.8)

(5.9)

(5.10)



HEEESER R '96-12 Vol.21 No.i2

2ot} whehA, 21(5.8)3% 2] T ol A

Pr[in state i, X =B1]=F"(B1) - F"(B1)

) ) 0, iEND UND
Prlinstate i, X=Bl]= ) (5.11)
Y0, €N NN

o e 4 Atk E9, Wzt uoe H83
A48 A A HEL HEAE ol gote] TheH 2
ol +8 % Atk

Pr[in state i, buffer empty |= Ffo) 0 (5.12)
Pr[in state i, buffer full] = p;— F{"(B) (5.13)

kA, IWUR Eojo e 57 19 Edigel i3t X
glg 702 A(5.14)¢ 7ol 73 4= Atk
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i=0
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