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Abstract

Broadband networks are designed to support a wide variety of services
with different traffic characteristics and demands for Quality of Services.
Bandwidth allocation methods can be classified into two major categories:
static and dynamic. In static allocation, bandwidth is allocated only at call
setup time and the allocated bandwidth is maintained during a session. In
dynamic allocation, the allocated bandwidth is negotiated during a session.
The purpose of this paper is to develop policies for deciding and for
adjusting the amount of bandwidth requested for a best effort connection
over such as ATM networks. This method is to develop such policies that
a good trade off between utilization and latency using cell delay variation
to the forecast the incoming traffic in the next period. The performances of
the different polices are compared by simulations.

Mol oX ofd

QoS(Quality of Services)
3 438 Aojste U4y
T Adg, AAd, AH 9 QoS EF

i AFH TR g
R

£ 19999 E Axdign wd A7 AL st FRFHUE

&

rO

o
=)



166 AA AW o] 48 A ddF &Y dneFe A A7 gz - 3w

o} YEYA o] && AlojoA] HAHF HHPo] FAFHojoF gt EF YRF
g e HA fgZ F(SBA : Static Bandwidth Allocation)® %
A 9% &9¢(DBA : Dynamic Bandwidth Allocation)eZ EHFEHT, AH
Tan g g Mu] 2o dEte & AAHA YIFE E7etn, 7o
g w71x §X3e $Aojx, 43 YId% 92 g9 F Jod& FAF L,
AlZEe] Wae] mE Mujxe EY Ao net @3 JgFE AAee W
ANog HE7] AF RE=(ATM : Asynchronous Transfer Mode)%el A5&
Foiste = Joy, FE FAFY B st o gHrh[2,13]
ueti Edge] BAH 5oz EY #g FAV SEECA BAFO

lo

2
et
Fo
—
gl

O

0,

ZH ATM%E 7|WAdEE B g&doz AFsr] Haixe 580 4&
3 7bnel QoSE aTes S84 dUEg FHoz wuelt Wil U
a3t} =3 7P S(VBR : Variable Bit Rate)3d &2 ATM Ezge 23
2O 2 burstyStEE HEEZEL FHOE TFste Aol o]&E&S FAAAIIA
et oldW DBA %RAFS EAF 23 HHEFL TPAE 34T
s NFES A AFZAY, FHLE A AMNeH & dZS AojstA
22h=

E dTE ¥y &3S 23F it @9 d9E3 S 2AToEN A&
&2 H43sE CDV(Cell Delay Variation)o] 213 DBA &x#l&S A|¢tst

= gk
2. CDV9 54

2.1 271 3(LB : Leaky Bucket)e] &3t CDV &3

CDVE 22 dZd Fste Aol F2%dA tFsrier nddr&E 348
 dojx= A A9 WHolz A A2EFAA A AHELS HAA 7] I,
A go] Fokd FH AL (PCR : Peak Cell Rate)& %38 uw Al&HFA o
(UPC : Usage Parameter Control)7]5°l 28] Wz xe= A FolA HFg A&
Boste] thgFo BulE g F Utk WA AFER H QIE o] Aol o
Al A9 UERAALolS] CDVY &8st Egy A o] HQ sl

ITU-T SG(Study Group) 13914 =AA|g 1353 EF:HAE= MPI
(Measurement Point International)$¥] (] € VP/VC multiplex/de-multiplex 7|
T34 ATM AF Ale]2 Aste, CDV A& JFHoz HESHoH, 1
3 CDV ¢ 23 CDVE Ajtstdth E&ESH 13712 CDVel| 93 t& did
€ WA= Efge 58 @EE Y% 242 CDVY PCRE Ze



A 7 4 7 8 3] x| Al 28 A 43 20009 129 167

S EFS ALsA[511,12]
ATM %ol A E}vﬁ}oﬂ o8 CDVE 2AANE F 2l
= Eh;ﬁ} /*]?_:E 2, EAE d71d8E Adolt tF3 AldsE d459 4
s Mzl Al E9] A wfio] o A o] NAHH, ¢
A}°194 Aol Fouw dAtoln, 7| EXAL o] A o] &
o AL 9 0‘91 Aso] AT wFo Ado] FAHT} ofe
CDV$}t 27 CDV7} ded 2 dFdAe

il
1o
2
o
&
_1\1
rlm
l"..u

s Atk o714 T
olmaln T << 1/Te WA & (r=1/T)o] g}
CDVe EAE FHFsh] g 718 23 A AMuj2 Ay o8 o
OoJAkAI7F E¥ o2 35 &(CBR : Constant Bit Rate) E ¥}

1 5 HA drigde 9y
BR EHLE ofz WEFo
NPES THT F AEHD, g gy

=
T N
Off
(e
do
i e <
< 8
o]

o4 Thal wetA He.
be

OVl s Edss =dus) 548 agHoz A 99 44%
£33 CDV LT E A 242 e gy ¥zl g =S Aeksac

of gmZelA 4L Ha 4 pA Tog =FEG: &
T=(a,1—a)°lth. ais A Ao] P7] Mol EXF Azt tehe,
F7 WA ALY gold. Yk WAL 0<sY<co®, Le mA%e
Sg Aol Aztolth ©A HFAIA i WA Aol 2zl WAl EFF A
T, 971 WA ALEE e A B2 AT A4 =29 Azkatele)
g w48 9% & (T—(a-—a)l Tk @& A4 Aol xv|Ex
(T (a1~ 2)>0 )Y ), LBALEE 748t} LB Zol7t JAA(Y<7)g
2384 gow i+1WA AL UPC "WAUZel oa) 4dg o] B} @
A Aol F7] B (T (am—a)<0 )Y W LBFLEHE ZAHEE, ()
1Y W de WA Hx, 1B sheEE 49 gtg 24 "o 2 A
B o 2wt 002 FAN AT

i s

[e]

—

2N EN

P



168 ARG E o] &8 F4 dgF g dneFe B¢ A7 s3I - w4

Yig, =T, (Yi—ae;—L)X0 44
Y,+1 Y+ T OS(Y,_(C?,—L)ST ?‘E]_EH (1)

Y,'+1=Y,'_ (Y""( —L))>T o of
A71A Hd 1H CDVERT e SAH7ITES el Y& 5 dd@
o] HTh AUL 1, @S W FATL A 002 275,

T ax”—*MAX(yl,yz,...,yk) (2)
22 7] WAl 23 worst EH EA

EdQY 228 4 &/9 PCR(7)E ATM A& 2AANGD 8z &
E3H 2 CP(customer premises)olA o3 ==& F343A Hx, o 443
OFstdEnt. o]t Al Bl & s £F L wEUlA A AFo I
g HA(1/R)TY 2. R CP t©33rle £8HEo|th oz E02= N
N AR Az AR X o3 ZAMEY wElA iy AE o] B E
o5 Ao 93] dA =}

D

Bi=1+lt. 5 -1 i=1,2,..N (3)

o 7] A DC,(R/r,-) sl g CP 9538719 2388 o 4 229 Jhas
9 Hlolx, r & LB F7]A ZAHHE CDV &HFE A8, | & A5
22L& vehdd,

AR T A EZANNAY HEAAEE(A,)EZ0 7 B,Y o dule

TN Z AZ i9 4 =3z74 9 SCV(Squared Coefficient Variation) C2 &=

s 2o

(B;{—1(D.—1)°
(D.,)*

c% = i=1,2,..,N (4

w7 Easte dA EQYL LB dutE ¥ 2ysEE 7 NA &
EF FHol ¥ A AEHU(merging stream) ¢ AA] A7 AAEL
A% SCV (% 2 Folxle Uvt 232 g3 o] nysigt

ct= d———i-1 i=12..N 5)

= C+a+1




Q27 4 783 A A 24 Al 43 20004 129

169

23 G/G/I/N Hd dEZ3 Uy
ATM %o &9 E_t G/G/I/N¢| W71 3

Alx"dog »3slEtH]1]
o[At G/G/I/N W7]8§Eol A Hit tirldide £ X Pn)e Z2AHA &2 o
%37l A Lagrange2] Wol] o8] dojxjx

=3

, A JERY e o3 FH 2
P(n)zig s(n)xnw v(n)
A

(6)
4714 ZE/PONE o H(Del FojAE
o]&&, W WridE o], HHYH FE

Hisgrolm, g x, we 4%
g g% G/G/1 th71gBe] FaA

of oj¥

3t LagrangeAls°lt}. o=
AZ4E d& F

pia=
1 N'l N
Z=1+gx =, tew (7)
2832 s vin)e & o] AYFHE o dgo|t
oh w5, wn-? A @
o714 H(6) °}7‘43P G/G/1 W7)83 ]-] ?5_@, 1 & 3 (global balance
solution)9t FLEE 77t olgg, FFUWIYE o], wizde Fe
LagrangeA & G/G/1/No H&3 4 Qv [10]
(I_X)loz
8= (1=px, 9
==t (10)
n
- 1
WET Rl —wy) (11)

QAN pi= A s X= iﬁlx,-, w,=2/(CA+1+ 1), 7
3 G/G/1 Y 7) 3 Eef A 9

w1, e OA
1=1
Hi W71 E dololr},
— A; _pi
n; pz+ 1 0 gl /1] (12)
1714 o= 3 pelth
Aed SE(=r)2 T35 e Aol M HEHE BF HF3 FEZ 4
(13)9) & Hd9A A (flow balance equation)dll &3] 4L & 9t}
Ml —7n) = pu;



170 AAAAE o] 8% T3 U ¥ dneFd #d dF AF3 - 9gyw

4714 o8& wuE Lagrangeds(g, x, wist 3 &3 Mol o& ohg 4
woZ Bg & Aok

_ &xif 1-XxM! M1 i
4= Z( X1 X w) i=1,2,..N. (14)

@ A A Ad SIS, B4,
Fohs

{m
&
1<)
Ry
2
4
2 K
AC)
iy
rlo
-
rﬂ:
L
)
(‘ﬁ
- HE o
_EL
-n-'
2_.
_EL
£
o2
ol
Tl
&
NS
3
=
o)
b

R AN
g %
o £
» 12
olN M
to et
ofl
wog P
4 O
o )
PP
rlr N
b
5 e
18 o K
L2 o0
o} o2
xR
Jx
i
oXx,
N
_El
|
X
s
[>
oy *
ﬂl}‘.
[UO
ok

.S_l',
I

XN T

A F28 5’—’3’

ofy
X,
R

|

k3
AU
R
Il
-’é
lel 18
2
oL 9

RO
|
lo

o r.{m
p'L
\:!
Ji
N .
%
oY, lm
fu
2,
1t
oft dm
)
N
4
pasd



LR R o B A 28 A 43 20004 12¥ 17

[BW allocation ]
!

Get BW from square coefficient variation

/"t\no

clr < clv,

Call Reject >

yes
Service BW = Negotiated BW Remain the BW "o
VEs ¥
Lo yes .
Call Admission Reserved BW resizing

Reserved Bandwidth allocate

& &% (reverse pecking order)@
Zo PEstn, 2 FFHY Al
s
=

ol=d| gt} =% VBR EH

g
Ly
e
g 2
)
o

2
4 =
2y
RV 2
O
RO

Lo

%0,
9,
.
i
>
)
2
lo

& Aste] ALg gEZS @
22 aAAY oe S Ee T
oz ddd YE VBR Aular7t o' &3¢
99 VBR Au]29) oy
Habo] wAysA B}
g st glojA o
2 AYuELz ¥R HAase S/YdZoz
lod® Hadte] Mulx EFAL A8 F AA I
c— 7:=0 then Rc= R Rp, (15)

714 R d¥Fdoli, rE T Mul2E e HUBESE|N, Rpe

lo
Mg

ok
x5

d
re re
2 18

o
fu
f
=
[P ST o
)
8
Ml
N
Jp
>
v
ox
Ir <

to B 2 o

of £ |o oft & Mt ox

18 W gl (m
.&QrSL'%
oo g 2
i)
o |d
i

A o
o

oo of O 18 E WU oo 4R = dp rl
=]
ox
sk
.%N:ﬁiémlo"w
lo]

RS
=
A8

et
oft
ol

o
—h



172 AR Aol E o] FA dAE 8% YudFo #d A7  H45 - ubgn

AT Mulxe FrEES FatA "o
Re = r*u(l—log (u)) (16)
71 us o] & &olt}
A, I &Fo A AfstA =&

rRcS ZAL BESW 3

T4 qYdE dudFe BrE 2AHFdoz g AlE3dgd
(CLR : Cell Loss Rate)> g7 fojAH, 44 i &7 93 Eg
o &8} CLR°] CLR, Bt} ¥A W dEs dgdatA d1, of
=HA "ot

X,
2
w2
Mo i

L E
U )
w12

4. A EHelA A

ATM B4 CDVel 93 @7 #2e A¥st: 54 oo
CAolg AMgstglon], Agdoldez Ang vm, 2Asgn.
Atd NBIHE s W WA £E& 150MbpsE SHHoH, B 17
2e 54 2Yxe U Edge Tols PEE 2 A 272 a6,
7 2e2d WAL TR sl $EE 2eva AHedT 2 9
9 22¢ 5 VBR EdRoz $F5tn, 94 274 d¥shA Au B9

Fol3, He AMu]A AEHAZFE 800,000 B¢ €& o2 Astgc. adx
A€ 107°2 AP, £ A7 9= A Bl %00, 14 E
Z2 53 octetsS 150Mbps® A4st=d Hal= A 7tolth z+ e 2o
A A" EfgiEE On/Off 298 olLs) AL

HA T oA B4e

45 BA dole Y8l HET At YA gIelm, 127 2
od 2yxd ¥3E dAdEe 94 W Aol FHAA =Y

&g 27 59 WA W% H7td 59 27] AHE %82 Ao

T, 4% EAFS WHNAUA YEQZNN ZHF CDVE A3 g

o488 1929 YehTh olm Alt® Wyo] 71Ee DBARYRT )



AAZFA3A A 28 A 43 20003 12€ 173

3¢ 2729 4EAAE gy MaE gy od 7 2
2y AulzE 258 2WEe ¢ £ AT

2% 4= 59 Auge yehd Aol ol A%kE WHel s1&9 DBA%
WEt 3 Adgol Hojyozs fYE olgoo] WL & & AN

HUAg
T=R/r
( Y )
Class 1 0.1 A/ 9 Az 10
Class 2 0.05 A/9 4 Azt 20
Class 3 0.04 A/ 9 Az 25
Class 4 0.02 A/ 23 50
Class b 0.01 &4/99 Az 100 §

180E+008 -
1AQE+003 |-

1206008 t

1 00E+008 | Proposed
% apogesoo? - ) TTT/=" Ref[3]
g GO0E+007

4 OOE~+007

200E+007

000E+000 L L -
o . 000
arriwval time(ms])

39 2 49 FE oj&&



174 BN AN E o] T3 YR &% dnEF) AT A7 AE3 - ugq

12x 167
class
10% 167 | r —m—classZ
- @— calss3 b 4
- — - classa J
£.0n 106 — w— <lasss J'
1
=
= ecx1cs
=
[~
&=
4.0% 165
Z % 105
X3
amival time{ms)
¥ 3 F¥g2d g9 E g9
<20 r
c.ie |- —— Proposed
————— Ref[3]
ar ¢12
=
L— r'd
= A
= coe | v
= )
[a =) N
b
cos | 1
G o

Arrival rateiims]

a8 4 3 AaE

A3 A|ZFH O Z delayAl7]H Hrt
23y CDVY SETE ==

$UFE d7] WA WAYSoR Tom, o) ARE AR 4&d FEL
7o) H9ES FH02 YAt AnAZL AGARG. B ATM



A7 3733 A Al 29 Al 43 2000 129 175

N CDVel #gu4% ogadle 4% e udE ¥g guFe ue
B Z ol ggol Holde & F AdTh

29y EdHE ARs Bdd 549 qu2E 58837 2 @hol
Atk wehd geke =R Aze 99 Yentol BANA Fe) HHA
3 584e nA@ Edm 24 2 Do) tF Ao g AT Bas
% 2o

a3

(1) Y. ]J. Kim and J. K. Kim, "A Multiplexing control scheme to limit cell
Delay Variation in ATM Networks,” IEEE ICCS/ISPACS, 1996.

(2) 1. Habib, T. Saadawi, "Dynamic bandwidth control in ATM networks”,
Computer Communications, vol. 22, 1999

(3) S.Ohta and K.I.Sato, "Dynamic Bandwidth Allocation to Virtual Paths
in ATM Networks,” Int. J] Comm. system, Vol. 11, No. 8, 1998

(4) NXiao et al, "Dynamic Bandwidth Allocation using Infinitesimal
Perturbation Analysis,” IEEE INFOCOM'9%4

(5) N.Xiao et al, "Dynamic Bandwidth Allocation in Integrated
Communication Networks,” GLOBECOM'93

(6) Y. Afek, M. Cohen, E. Haalman, Y. Mansour, "Dynamic Bandwidth Allocation
Policies,” IEEE INFOCOM'9%

(7) S. K. Biswas, R. Izmailov, ” Design of Fair Bandwidth Allocation Policy
for VBR Traffic in ATM Networks,” IEEE Global Telecommunications
Conference , GLOBECOM'98

(8) S. Jung, Y. Kim, J. S. Medith, "Dynamic Bandwidth Allocation for VBR
Video Transport,” IEEE International Conference on Communications,
ICC'98

(9) A. Skliros, "A connection admission control algorithm for ATM traffic

distorted bye cell delay variation”, ITC. 14/1, 1994

(10) D. D. Kouvatsos and G. Denazis, "Entropy maximised queueing networks
with blocking and multiple job claasses”, Performance Ewvaluation 17,
1993

(1) AWA, "ATM Z3 : ATM delAYy 54 o3 Muj4” LAN TIMS



AA AWl & o] &% T2 X g3 dndFd &

176

/30%. pp242-245, 1998.09

3} F3H648) [1994.05.23.]
(13) Hiroshi Saito, "Trials of Dynamic Bandwidth Allocation in ATM

T
It

(12) TU-T SGI13

Networks”, IEEE ATM'97 Workshop

A A 42

M

Tor
Ho
—_

3

X

o

o

oy
ﬁo

{o
7

T
or

Ho
ey
o
Ho
—

2

X

o

ol

oy
._Ao

3 gotuia)

o
Ho

&

X

o

ol

oy
ﬁo

4
e

__O—l
Ho
K
=

I
i
el

—

o]

3
B

235

oF
I

2], H71E,

T x

, A"

T

e

1979 - 1983 ALY R () 4F0]A}
1983 - 1985 AR A B LA

o 7FA}

of

H

—

<H

oY

o

Ho

o
W
Ho

el

—_—

<

)
n
wr

Ho

X0

O



