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Overflow Probability Analysis and Bandwidth Allocation for Traffic
Regulated by Dual Leaky Bucket

Y. H. Yoon' - C. H. Lie' - J.S. Hong2

A scheme of more exact overflow probability analysis is proposed for traffic regulated by dual leaky
bucket. To each regulated traffic stream is allocated bandwidth and buffer independent of other traffic
stream and overflow occurs when total bandwidth or buffer allocated to each traffic exceed link capacity
or physical buffer size. Ratio of buffer and bandwidth allocated to each traffic stream is assumed to be
constant, and this ratio is larger than the ratio of physical buffer and bandwidth due to buffer sharing
effect. Numerical experiments show that this sharing effect have significant influence on overflow

probability and effective bandwidth.

LA &
ATM F& AFEE 9 Q75T AEFAo] Foldt 4,
oe], vt L. 59 thd EPEEo] Y A
A Acelhol2he AFTHAE ASEHA Aok thefst E
HEo| ME & EAE 7IA 1 9L, ol 5o] 878k A%
FA TG G227 Y o] E ERYS EEH O F Aojdt=
A= - FasH, FAAAE B Ao A gl
t}. £3] VBR(Varible Bit Rate) E2] 92 B9 Yo melA o}
Ut EAEE Holy] i, EFY XA EAL wo}
3h= Zlo] o] & Wat ope}, o] & Aok A uf- ol
t}. VBR(Varible Bit Rate) E 2} ¥ & BE Dual Leaky BucketS &
8 AL, o] FAY FerHES Exfge] 548 Y
We stetuH E ol o] 851 gl

Dual Leaky Bucket-2 AFH ol ¥ okdl Eef 4 gletn|E|E ALE
A7 AN EE FASE AAE, o]F of7|e Ao daM=
AS HeE|AY SAEH7E e A2 FAIE 1A ") Dual
Leaky Bucket2 P(peak rate), SCR(Sustainable Cell Rate), B,
(Burst Tolerance)2] A} 742 g}u|ei g2 EF Y-S 143l
ol& N3 o R YehH <19 1>3 gt}

=

&
Bl

Y e 72t AEL 7t EEZB A EZo| Sl BS,
Zoll QA HaL, 23R fe AS Fe FAEHE BA
AL Alo] A A Erk. A HA bucker®] F7]= 10]1, o
7IMe HEHY ] HhAE S BE)stn, T HA buckerd]
A7)E BrE, HEEY] 84 A A A2 Q€ ES #e
A Foh A A Dual Leaky BuckerS 99} 7o} B2l EE
M7} e A2 olqal B4 74 H(counter)o] oJal 25 5
T Alzgoltt. o] FhpHE Efo] AAFHE A iy £
7¥8kaL, o] = &8k 75 shy ZhaskA Hek

Dual Leaky Bucket& B33t Eef & BF F713 on-off 7}
Ao desltsie] REslETh 2713 onoff PO RO T
Yo Eouo] A AES B30T 192 drhx) AL
&AM 7 3Lon-period), 71 o] F EZH o] Eo] o 3 9] 2
77 B S FYA)A Shoffperiod) HA G MBS 2
FHolt}. o218t 714 on-off S| Y& ERFol) that Hot
] 7 $-(worst case) ] E Y R EH 7} thaf A= o] & A
7} AA WH(Worster, 1994; Doshi, 1994), YEHA Q] ATM ol A 2]
EY Ao M A F oz 9} 2L 713 on-off 27
ol Hote] Edfy & HolA Evhn & 4 SUthElwalid,
Mitra and Wentworth, 1995; Presti, Zhang, Kurose and Towsley,
1997).



Dual Leaky Buckete]l 2} 8l THAIS &= EH Y] oW E2 GEEM I NS TPy 405

input traffic @ ® output traffic
—— — —

tocken generation

rate, P

IBT
!

tocken generation
rate, SCR

1% 1. Dual Leaky Bucket A| 2% 9} /P E &,

F714 on-off 89| on} offe] Hol=
o, o] R3] YHNA L <TY 2>9} L}

&3} 2ol ALH

_ __Br _
Tov = “p_SCR
Torr = Br/SCR 1)

TDN TOFF TON TOFF TON

I8 2. F214 on-off .

A9} 2-& F714 on-off BF-& YubHQ] npI X E ol A
AHEEE A 58 28 9 48] 4 EA(Anick, Mitra and Sondhi,
1982; Baiocchi and Blefari-Melazzi, 1993; Igelnik, Kogan, Kriman and
Mitra, 1995; Coffman, Igelnik and Kogan, 1991; Quian and McDon-
ald, 1995; Mitra, 1998) "WHES 288 47} 1ch. Elwalid(1995)
T 7ME t7IA 2] & o] &3t EA g T o) o] &%
N Z3 3 o] AAHE AABFF L, Presti(1997)E HH
o} HEZ9 trade-oft & 0] 83} FH &3 A EAHE ALt
HPH-& AA BT Elwalid(1995)E W39} i &9 v A
ofatoll A v o Lo 27) Al o] FFEAE sfte] AL
QEFEAZ HZBAAT, ol & ¥Hd| g eHEEIH T
AEHA] k7] W Fol v o] )7} LS A B} Presti(1997)
T W3 43 e EE FE& YA, A7)
Zt A "ol R EE W o G F 9] 7} 237}l o 3
AA oW EE &EEUE HAs e /A 284 o
O ER FEUS HAANLHY IR FEYLR
Hgicoh

E AT A e Elwalid(1995)9} Presti(1997) 5 W ol A &
AEle HH Y BHIE Y & AT NE2L SHER FE 4
AP P} o] & o] 83 G E AP ol daiM o g

2T o5 o] 7AE 0 ik 2™ M e 7HE Tl
A 259 Ao thaf, 38 4o M e ARE LHER FE
ARA 3} o) 8 o] &3 G E Ao dis) BF2, 5H
e FA A E AA B

2. 7184 7) A =99 Al
shiel Mislg 4SS Bhse NSRS A e &

2o A Y ED ey FFEdy 7HAEE o
22 7HA 2~ B (virtual system) 2 A Z}al B4}

Connection ] —t—» b,

Connection 2 —+—» b,

Connection M —— b

a9 3. 73 W7IA 2R,

A} 2L JPIAAE S o] 831, 7+ A A (connection)E O]
S Wl hGE 0 ALEAe T2 AZE A S 3
#8lA) ole & 4= A drh dhte] a6 gia) Yl
th&-3} e}

perfodic, on-off rate

0I0CEsS
> vt

/ Ci

ult)

O 4. Y A2 B3k oA 2L



406

A7 0,(D) . w ()5 tAROAN S B Aeys) ol
Zo| AR OB £713 onoff AHHYR) A5, THE T} 7
2 AL oA ek A T, T, 58 7714 onoff
289 on, ofe] 201911, D, D, & MAZDL 5

33k E g F 9} on, offe] ZHojo|th

v{t) 4

b, T
buffer
content

4
A 4
4
4
v
4
~

ion ioff ion i.off

uft) 1

C(
utilized
bandwidth

+ > >« > t .

D D

Lon ioff ion

L9 5. 7P 7 A 2 E o ¥ 7 of T o o) AL 8

b 7P AE AW Edge Ao o] ¢
2 &93Ksmoothing)E F7] 3 on-off 4 o] FT}. Elwalid(1995)
= 2} 7PEA Aol S = o) g o] v E d s
I &, getslE B S glgdos A4 ggEL A
ol mhebA Woi ok B S o} vy} FojR)e A4S W 9
] E ALEA = FUstE on-off HAH L YO =
HH 7L G 7o) & AL 9 goba]7) ek

3. 2HEZEEE

=

o Ao AN 7 dl7| A 2H el M e ERE TP
=l e Eefg ] A go] 44 ¥ =27 (B) & 27
S-S AHEE I A T A Ee] M) go] A o)
(C) & 23ste 3o EAeA 9ot B dqoae
o 2% AA WYEe sugln 4zEn =
B= §CZ 7143t}

Uy, V;E jJUA 7PA2HA AL Qe ggE
o 3wl ol Ed Y &g Yehle FEuise) 3}
H, HA AU EE W) Qe AA Efye] oo
U, V;o §o2 FAE 4 33, o] F o] &3l ouZz
BFES T 2o Ao E 4= ok

ahe
9%
5

W Zo o M E 35

93 - o3 - 344

Qc = Pr{éi(ﬂ 5 c} o
o] o8 oM Ee 35
Qp = Pr[]: V> B} 3)

& GTolME o] F Ul CHER B F o 2 P A&
o oHER gEZ o3}

max[Pr{ﬁ U c], Pr[]g V> B}} @

<Y 5>l M & v o Egf o] Y AL 7HIA]
2ol SBE G E 8 nF ALREA Y W A9
SEE WL AR AR EE Ao] ofe} YRt AL HThE
22 % % 5ok ebd 1 A28 st o9l 5 o
F 232 5 3tk o) S w(w > 8)Et 8k 2t 7Pk Al a
Hol S s= Wl A28 tdE pujetn &, ¢ @
& o o] Al 4 9l

FHA TP Al2" e ¢ BEe] tld o] ddEE 49 W
Holl Fd 4 A= HUEHH % (P, — ) T; ov 0
2, WA A7} we OB (P —e))Tion = @ cE
=Y cghs AN 5 9l

Q =

oX

_Pj T/. ON

C. s
4 w -+ Tj,ON

)

p]‘ - SCR]‘/C]' (6)

A A X P, T, oy, SCR,E 22 ;o 3 BT
setuE & Yepdth

m2bA Qoo Aol A WA TpgA A o] AgEHE o
A% wuel e EdN ¢ et SEws
U, V,=th3% 2ol 8% 4 9loh

cj, w.p. 17]'
U, = { @)
0, w.p. 1~ D]'
U0, we)), w.p. b,
V,‘ = [ (8
0, w.p. l_DJ’

A AlA UWa, b)= T3 (a, b) X Bd A &



Dual Leaky Bucket®] 2] 3 FAH &= EF ] LWER Q’%%’ﬂ 3'—]' ‘“ Qﬂ Z %%“}%‘

£ ¥ 2(uniform random variable)Z VFERATE.

Qc(w), Qplw) & 7VF X 28l A3e ¥ 9 2719
0g0| 0 Wl tHZd 3§ QHER G5, W 9
& oWZ 2 ggghole Aojaw, Azl QWER FEY
Qo) & &3} 2ol Fojd & itk

Pr[ﬁ“ U c] ©)

Q0p(w) = Pr{ﬁ%) B} (10)
X w) = inf, max{Qc(w), Qplw)} (11)

Qclw) =

QuHoz ool 2 A%, Wolel &3 QuERI} A2
de] oWEz 52 AR H1 ool AoplE B
(5% TAAAE A9 tleiZe] 9% LUFRA A
o e¥EE 388 293l Bk

cA2RE FRL o4 eWER GEF A

oHEE FE7e ME YA FEHF Fol FAU Y
o 2313 §5& Ao oA & sled, diAL
2 9o AERS L A AT & ok B dpelMe o4
sgwsol g Bxo mSEYS ALk H Bol AHe
¥)31 9 A 23 I A8 Chernoff's bound) S o]-3k 919] &
B Z g SHEghE AN

A 2w dEe The o] f2d & Atk

PriX > C)= Pr(X—-C> 0)

i

Priexp(s(X—C) > 1)
Fexp(X—CN] = Elexp(sX)le ™,
s> 0 (12)

A

g9 A& Qe ol el P4 Haly) el B
59 0% o] A28 499 G Pr(X > O
2AgEO 2 0|88 4+ Ak of A2 e AT &
gure 47h 27184E US ARD TS Agdrh
o8 The Aoz FAsk thet o] ekl 4 21k

nPr{X> C} =~ —sup{sC — InM()},
M(s) = Elexp(sX)] (13)

ME(s) = Elexp(sU)], Mj(s) = Elexp(sV))]
gapa, ME(s), MP(s) BT 2ol R85,

MS(s) = 1—p; + pjexp(sc;) (14)

407

b .
Swc, (exp(swc;) — 1) (19)

MP(s) =1—p;+

o]= ¢]43%, In Qc(w), In Qslw) & T 2ol Y
el 4= qlth

I

In Qc(w) —sups{sC — Zg“lnM,vc(s)} (16

I

In Qp(w) —sups{sB— ﬁ;lan(s)] an

4. G F A2 B

B Ao HE 3" A AAE 2HBE FE4S o] &t
AZ9 AAEE WS A gt 3dol| N mhvbA 2 A
A =3 R A9 H§e 67 HESE gt £ HA
B Cgol FoNA e Agdlol A FiR 2HER FF
o ulEsls Ad HUE CE AMsE TS ANTH.
A (163 (179 HAgHe sl tha) vlEE g8l A2 ol
Lo} Aakg S 3ot

c - ﬁ Ly (9) /M (5) =0 as)

_ _d B By
B - 2 -Luio/mi =0 19

A 167 anel 27t HE sl FojAE B C%
B3 99} 2% o]gate] A4 Atk o sgko] FoiA
EAY QHER 358 U3 2o AdEn

oo = —{& Lo — ZRnio)
(20
mou@ = Lo me - Hnio)
@y

C(s), Bls)E szl Fo12 A%, o] gho] 2ME2 &
S9tS AY5H sk AA A ET W o] 2712k A

= BEMeiMm @

i

B9 = 2 -L M9 /M) @

- C(s) % B(s)9 A3



408 F43t - o) RE - FAA

C(s) ¢} B(s) = sol i3l Z71g4oltt
<ZW> M(s) = Elexp(sX)]Z AslA}

d M(s)
ds M(s)

M () M(s) — [M()]*
[ M(9)]?

24

2 (24)2] S BEAREL A (25)9] ) o] veRd 4
AL, Ao kol HE E[(X—A exp(sX)] = 09S
o]- &5k 2 (25)9] F520] AH}A it

E[X* exp(sX)1E[ exp(sX)] —{E[ X exp(sX)1}*>0
(25)

A C(s) & B(s) & soll 3k Z7kg4olt)

C(s) & B(s) 7} Z7he4ehe ARl A 4 0), 219 &
WEZ BEHE sl d8l AT S 4A ¢ 5 Utk
2hA A 20)~(23)E o] &5, FolF SHER FE G e)S
BESE Cgd B fA A 4 9l

TP AlzE e M7 oY S E 88 A7 W
o Fold SWEE FEUS WE3E WY A7|9F HA
o] Z& ool A sk WS o] &5t A4k 4 AUt Al
Abe w9 Z7)9F A EF Apole] B < §C| FAF
AR, 0 $& S/, By 6C A AT wE R
ZA7NEA B = 8C9 BAE WIS o, 5]
AiFo] o] Foj 2 A Bk

5. 4] ol Al

2 WA Aol X ¥ 3 F - buffer sharing) E7H @)E w335}
A BE AN = 69 AN oHEZ 57 HATH

=
2, % A o)A ol QNEE BEgtel AE
5

e oo Ee] ul i ge] hal cheth vl el AHg
B ey et e <® 153 gk

50 e EE S5 vladA

<2 6> <2 8> QMEE FEYS 671010 A
-9} 0.291 7290l sl vim AP G Astolch Ws} G A

31 APl AH-E EY Y szt

08 e A% % FEGEY Aol7t U2 27 GA T, W
AR E A4S 2 Aol ARGE 2 D 5 ek ol W
7 ate A3 o] o SRt at e A 9] o
o s 2 0.2 A7fe] fek <% 753 <18 9>
52 EH ol el APH A2 <19 6>9 BFE
#2177} Bl %) 0.159) ree) Wl E A1 a Qe a3}
91, <Y 8>9] 395 h3Fe 0270 e Wzl 7}
Az e BI 9 % 4 Uk ol A4 W =27\
1% 9] 0.1,0.28) BT} 48] Ache 721¢ & Aok

C(B=0.1C)
120 130 140 150 160 170 180

log (Overfiow Prob.)

a986. 6 = 0.190735-of 2HEE &5

TON T()F '3

1(msec) 9(msec)

1(Mbps) 1000




Dual Leaky Bucketol} 9] 8} A= = EY 591 9] .9_151 =8 3}‘%%’9, 3} o 9= %"‘%B&'ﬁ 409

C(B =0.2C) \
120 130 140 150 160 170 180

iog (Overflow Prob.)

0.276

0273

0.27

0.267

0264 |
120 130 140 150 160 170 180

Cc(B =0.2C)

g9 60 = 0.2 A-A HIATFEN w).

52 g 9% vl
<Y 10> §3ke] Wil we o

oA

< Hug A4

=
B2 67 AAE 35 QA Tl 33 Ao dAd

ook 2ot <18 11>2 HSAIA S ), A
Shjel sl QLB e A H Astoln, < 1Y
12>% 2& Ao ) M THEH o) THE HOE,

28] 57} Z7h8) wet WE B AL ADE D 5 9

rro] 42
s

M
th o 7)M O W FEo t)3 QoS 10 Y o]th
168 ;
-
163 | - 0=59 A%
E .
2 158 .
S e
| 9 ‘\\
153 ©0>52 8 T
148

0.02 0.07 0.12 0.17 0.22 027 & |

a9 10, §3ke] Wl n & ol

[T L T

L4 03 ) i
i .
| 4 0.25 o

ag i Az FduE ggdEvia e = 0.1)

0.157
i 0.154
0.151

0.148

|0.145

0.142
100 280 460 840 820

EPNC

1000

A 12, 2 S| M2 HHAFFEAIN 6 =

6. AL 3T ATAY

2o 1H%ﬂ@mﬂ4¢@ﬂm@%ﬂ%ﬂqgmgi
cH 4q1 el sl Bk 22k A A
AéﬂdeAQHH B W E gk ol gy
2 Aot QHER AN B8/ A, onE) o)
422 AP I BAV Aok B QoA Wi

BHENE VAT A CHEZ FEALES Q% A
APEHE A sl
53 on-off 222> B8] -9 W3] o] B Ao A

~

1o R ool 4 3 ]
gl o] 329 Wﬂ%}”"]\?}ﬂ g 571 gloth gukdo=
M2E S Zol7} 245 HHAE o gl Y7} volx]7]
ol H2AES] Zo|7} Fhd &3}1@101] o g HHE &Y
gte Ao] wiEAsirh A &4o] §lE thEdh ) Hdossless
multiplexing)®] 73§, B3 &3-2 B A E o] Zlo|7} Ao E g ¥
o SMUE, I8 e AW HE Feals Ao i
HE9 A 3}8lUElwalid, Mitra and Wentworth, 1995, Presti,
Zhang, Kurose and Towsley, 1997). 4 =48 3 &-3t= A4 ¢}
T8 719 BT ok 28 i AE g A4S A8
ha, Alzsle] g F AS8A Hrtste Alo] 7

BEECEEREERY



410

Aoitt. 2 a B A7 ARdAE LRAL, CAGCon-
nection Acceptance Control)s &] AA| 7t A o] 2 ¢ & ¥ 3
TENRE FHsee 2 2o Aotk W FaNIT 4
#oteld, v o7 gle Al oA o] A 8E-F A9} gotA]
7) 2ol F4 &8 CACT} o] F o] E 4= 9l & Aotk

Fn 8

Anick, S., Mitra, D. and Sondhi, M. M. (1982), Stochastic theory of a data-
-handling systems with multiple sources, Bell System Tech. ]., 61(8), 1871-1894.

Baiocchi, A. and Blefari-Melazzi, N. (1993), An error-controlled approximate
analysis of a stochastic fluid flow model applied to an ATM multiplexer with
heterogeneous on-off sources, IEEE/ACM Trans, on Networking, 1(6), 628-637.

Coffman, E. G., Igelnik, B. M. and Kogan, Y. A. (1991), Controlled stochastic
model of a communication system with multiple sources, IEEE Trans. on
Information Theory, 37(5), 1379-1387.

9% - 1 RE - 394

Doshi, B. T. (1994), Deterministic rule based traffic descriptots for broadband
ISDN : worst case behavior and connection acceptance control, I7C 14,
591-600.

Elwalid, A., Mitra, D. and Wentworth, R, H. (1995), A new approach for
allocating buffers and bandwidth to heterogeneous, regulated traffic in an
ATM node, IEEE ].S.A.C., 13(6), 1115-1127.

Igelnik, B., Kogan, Y., Kriman, V. and Mitra, D. (1995), A new computational
approach for stochastic fluid models of multiplexers with heterogeneous
sources, Queneing Systems, 20, 85-116.

Mitra, D. (1998), Stochastic theory of 4 fluid model of producers and consumers
coupled by a buffer, Adv. Appl. Prob., 20, 646-676.

Presti, F. L., Zhang, Z. L., Kurose, J. and Towsley, D. (1997), Source time scale
and optimal buffer/bandwidth trade-off for regulated traffic in an ATM node,
IEEE INFOCOM, 676-683.

Quian, K. and McDonald, D. (1995), An approximation method for complete
solutions of markov-modulated fliid models, IEEE INFOCOM, 1406-1411.

Worster, T. (1994), Modelling deterministic queues : the leaky bucker as an
atrival process, ITC 14, 581-590.





