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A study on the characterization and traffic modeling
of MPEG video sources

Yong-Hee Jeon' - Jung-Sook Park'!

ABSTRACT

.t is expected that the transport of compressed video will become a significant part of total network traffic because of
the widespread introduction of multimedia services such as VOD(video on demand). Accordingly, VBR(variable bit-rate)
encoded video will be widely used, due to its advantages in statistical multiplexing gain and consistent video quality.
Since the transport of wideo traffic requires larger bandwidth than that of voice and data, the characterization of video
source and traffic modeling is very important for the design of proper resource allocation scheme in ATM networks.
Suitable statistical source models are also required to analyze performance metrics such as packet loss, delay and jitter.

In this paper, we analyzed and described on the characterization and traffic modeling of MPEG video sources. The
models are broadly classified into two categories: i.e., statistical models and deterministic models. In statistical models,
the models are categorized into five groups: AR(autoregressive), Markov, composite Markov and AR, TES, and self-
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similar models. In deterministic models, the models are categorized into (o, p), parameterized model, D-BIND, and
Empirical Envelopes models. Each model was analyzed for its characteristics along with corresponding advantages and
shortcomings, and we made comparisons on the complexity of each model.
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Mg BNl TES Z2A 27} AL ACH23,27].
&, TES Z2A42% A¥A dojgY shgate] £X
{marginal distribution)?} z}7] 4@ §45 FAd ¢
F7) 98 AA=AY. HgAE BEol o A&y
A3 B A7) 43 #E 2AE = e TES
2o FEo] &x BAL FAH7] P FAde] Aok

TESE HZ background ZEAZ2 {U,18 4L
A% Bte Wiely, o|R e BF #E WS (X,}E
Atolo] o&4o] WIEE T TAA (X,)E
foreground T2 M Aty st HHFP HAFPS AL
o {U)o2RE YAHED Z2AA (U, & RER
-1 (fractional part) A4b&ell 7|28 o9 Ao @
9 $A(random walk)E A& <(xH=x—|x]22
Aogdtk. e xB 4 AAY 59 G & A+
(% floor function)& vtebdich,

TES 2de] 24L& t-g9) 2717 oz F3dr}

&3], TES background Z2AH22 t}&3 go] A
g8 F 7k Y2 EAgd)

_ U()_ ﬂ=0
) U:_{< UL+ V>, w0

(U, n even
U={1Z0, o (15)

A HR FAHE et go] ANH2 (U7, &
Wry 8 34%d 2718 0,2 3 [0,1) Aol
A FYgstA & ¥ dcHuniformly distributed). Inno-
vation sequence, {V,} < Uol 5¥HA $dsx =
A 2XGid)E 7Y B8 W59 &42 74
t}. Background ZEM2A (UH}E &9 ZHis:E
(negative decaying) & AFs= 748 g+ E,
U} &5 2 A5 lag AoldlA FA4d Hste &
714 dE LA 7] st ALg-"e

@Y$ innovation®] AL, (V)& (16)34 & F
7t metvigel oste A dr)

V.=L+(R-2)Z, (16)

olAL Yutxoz A (single-step) innovation



e @ VM z,2 4 [0, DA iidQ #
Ao Z2YEXE MRt LRY HAE —0.5<L<(R
<0.5°1t}. v470¥ <= 2H parameterization) (L, )& th&
3 2o wARFS (o, )% TS

e=R—-L,

_ R+L
$=R—L an

(a,¢) "INAFHE 74P 48 A
Atk ¥5 o= A7 E g9 2718 2AHFD

¢+ A% (oscillations) & ZAFL}

Background Z2AH2E AR F TES ZZAx~
& TN st " s F odA AAL fore-
ground Z2ZA2 (X,}& A8shs 3lo|th o3& back-
ground Z2AH2 (U7} & {(U;) 43} S4e(distor-
tion function)etx BZ & ¥ transformation) & 7+t
oz24 gy F4AHA 42L& p=H,'5.9 FH
oy, o7]A HF'& AY dolee 3 3J2EQY
9] A(inverse)ol™, S, stitching W#olt}. Stitch-
ing WL 83 & stitching " A5ol 95t
Helge

2z 0sy<k
Se(w=3"_
¢ t=ydl (18)

S;2 2438 A 9 background TES Ald29
HE 325 H¥3d(smoothe)dtr] st dAE ¥
Aot} £9] W= g<e<iolt)h tiREe ¢ £
&L 05 ZAHoA AMegc} Background T2 A9

foreground TEAAE (19)9} 2 @A E 7pAh

=Hy(SAUDN. Xn=Hy"(S(UR) (19)

TES 24 o&3 28 2 7l FHE 7HAn
ATH3MI
D uiAES&E a78A] gouz oo AY de]
HE Aoz 2dyg 4 ik
2) 4¥ dHolHE FAHoz M2 2dyy +
Atk
3) ZdA% HolEE WAY 4 FY& st Ban
T A @22 W] 2o 7hEiT
o]43 o] TES EdE o|&3ld TG me
AP Al AAY fFAE EYE G4AE F Ut

MPEG HICI2

A0 BEMB H EiH RS0 2B 25 2963

452 9w TES(G-TES) T2A2E Algd =g
A% 24

93} Star Wars® DCT F33jgte] oidt =<
2 &gtol~ A TES 249& (191914 7HEsiHd
o 7]l &= innovation TEAA7 SYFHoln FUF
B¥(F, iid)7} ohd 4wt TES(G-TES: genera-
lized TES) Z2M2& AH3-8tdch 24 FHE station-
ay Z2A22 2Y ggon FH dole 2003 2
7 Ee=S 7HA 718 B ¥(geometric distribution)
w23 gl

it rlo

-1

o7\M, EL,JE FA L, 719 Zldigeld. 3
W A3t AAE A3 ZHdEe HEZAAY Hd
Aol & oj&ate] AAHUY. o] B2 FH wAg 7
Aol #EHE HE & Av|dAe & WE 23
oz goh g w3 Z2AAE 059 22 inno-
vation ZE2A 22 ¥tgdd F 9t

Vo= (1= WAL+ (R-D)Z)+ W~ 5 +aZ) (2D

dq714 {Z)& A [0, YT marginal$
A4 iid ¥g Wee Adzeld, (W) Y Wz
7t #AsAdE AE FAEE iid Hi2EE A4
Wl Aol G-TES widse Felagsi
a.=0280l1 R=-L=00012 ARHAL. dF FA
do| HL,)E W 100 T Yoz Wt

o7te] Aoz FYUF innovation TZAAE A}
g8t gdolx AF B Algo] 7tesith

453 MPEG H|t)2.& 1% 34 (composite) TES(C-
TES) 29

[ B P ZHYES L= MPEG Al928 9@
z2do] [27]9 9&o NEHY o] EALS [ B =
HYd S thate] background T2AHA {U'}E ALE
i, P ZPYdo] dstds (U} & AHE81Y, backg-
round B2 (U™}, (U9 (U} &t) o] =Y
e Ad A3 T4 e neHA g

MPEGA A= GOP T3 wW&d GOP W*%9] B, P
ZYYEY HE F= GOPY AFRe X1 L
Yol o)EJT). dE F, {---1,B3BPyBsBsPyB;Byly-}
o] 2y AL FAAY, B9 Pl ti§ back-



2064 SISFEKESE =2 MH5H M113(98.11)

ground AlAA BEWN(variate)E L (U = UF =UD)
o] th¥ background A2 HEWFe A NER
% L B, P Z#YE) ¥} background Al#~9) @
A7t 29 99lM BAFEc}

HF 24 7 Zdd e ZaAxe 23 2
oz FAHEY T s HYe MPEG 53 o
WA N, Mol 88t Bojsl= GOP ZdY A2
Hol ojste] AAH) A7) N M& 44 [ =
d43 P ZHYY AzE guiddh Al e Ay =
ZA2E 22)9 o] APt

X' = Hy(S ¢ (U7,

[

XE = HM(S,(UBY,

(S e (U )). (22)

o] Bl 2 ZHY Helol chdtod A e
{a.6.8)18r, 5 & 919 o7l W8 2730 [BP
ZeYdg 7 MPEG Ad2y &dlolx A Adx
of 93t AFHE AF {FASA GrA-F712<Q
(pseudo-periodic) #7143 # #+& BAE o] HY
= IBP =& AAAR AldYel 71A@ Ho|n of
Edo] oste] 3 x3tg 4= gl

Xt

46 A?| s AKSetf-Similar) =@

o] 2d& 7HF H2d drHI e EANY 7Y
2 [20]9] d3te] Atd olF B ATVt oA
e EdY 29 olvh 7193 w4, ofd T

Ase BE P 2A1Y)9) 7|70 #AQlo), =
M 29 BEEO “fAHsimilar)"s A Uehte Z$
Z}7]-f-AHself-similar) &-& fractal 3lthm 2R},
F, ol Edge 22 A} A7) (s, ms)lHY &
ANzt A7l (min, HlA A FAR 24E BoEo
ol HA& 7|&9 A3 Edgoly 3 EgHo)
3t ne EYY 2d(dE B9, &5 T4,
£ & Poisson-batch & MMPP, fluid flow 29 %)
e w$ g Aol

T8 #dg 9724, Leland 5& ol At LAN
EYYe 54 distd AFE +¥3519.21, Norros
(24l Edge 7] FAF 54 v g drls| Al
et A7 E 38g e, Beranll] & HHL E
#1¥ 9] LRD(Long Range Dependence) E4& A3}
Ak Z7]-frAL T2 A2 Fa% B4 F9 s
ol2ig LRDEA, ol= EH9 zr4dd 5o 7
A7 7189 Edfy mdHt) wj$ =d AL 9ulg
o, 57 2 548 Az Qg

D ZA7148 g4 $47F 715 #Hsummable) A o]
opyc},

2) 2 FHFNA 2 power spectrume 7% A& X
gon Forl 0o 7M7Y Aol we} FHi
HeHDC 48

o Y9+ A7 #57k A7 7tEstn, 939

2HEdo] 1o FulydlA FAEE SRD(short-range
dependent) T2 M2 9= tt2c}l Beran2 LRD7} VBR
N zo 224 A& RoFQon LRD a2

GOP 1 GOP k
I+ o
: p_é ™ 5+ § . .P,_ 54. e
; Ua : : U7 ! : U2k+1 Ll U6k+1
L gP- Poer Le- N
U i Ug™ f Uaemor 1 Vs
P—frames LR P—frames : P—frames : .
B+ B+ 1 : B+
Us U, ¢ Ugietn-my
8-frames B~frames B~frames

(32 9) GOP A[H20) HAmst |, P, B =2l 242t background Z2M|2A2| MM

(Fig. 9) Generation of Background Processes for |, P and B Frames in relation to the GOP Sequence




7t GE3 Aol 34 9% & F doe AL
BaFm o] EA4L ¥R L2 BES NwE

LRD S4¢& 7N Eddge A74d g5
WO~k P9 o] ZABHY], of7|M k& lag index
o|m, 0<D<lo|t}. 181} SRD &4& 7tA & EdY
9 A7) 4B FrE Hb~o* Fol ZALsEY, 97
A ke lag indexol™ 0<p<10lth thA] 239, LRD
EAE 7IAe EAYE 7|1£9 SRD 54¢ e
EfY 24z 2dysis FS 49 FAs 449
A48} A dEse Aotk

LRD 549 = t& FHOF Hurst 77} e
o, o] AL FAH A (stochastic process) X=(X,,
Xy, o)0lA, Xd1<k<n) Z2A2S B2 HF X(n)
o FE BN S(m)=E{(X, - X(m))=e BAE /&
g}, Hurstis R(n)/S(mel 71digke] the3 2ol asy-
mtoticdtAl =& A& dAs

ELR(n)/S(m])~ecn”, n—oo (23}

q71M, c& noll SEAY ¥ Ao, R
239 ¥Sleln, Sme F¥ EF Halstandard de-
viation)ol®, HE& 05% 1 Atele] #& 7FAE Hurst
setulglolth Az HAe S A& 79
A

R(») _ max(0, W, W, -, W) — min(0,0, W, W, . W) (24)
S(ny S(n)

o714,

W =0

Wi ,);Xa—ﬁ«n). k=1,2,.n -

a7l x= Ag Adzeld

EIR(n)/S(m]& ©& no| glel didte] A=,
Pox Ttoloia ol s @k o714 log(ELR(n)/
- S y& Aol 2AY logn & xF e 233
. 2 g N3 3 (linear regression)E AH&3to]
Hurst #2to]EE (26)0] o&te] Hrhgch

_ _lo; n n
H= log 7 (26)

H %te 058 1 Atols] g 7bxw, SRD 53¢
AUE Ed9e 2% H e 0500 o8 BE A
Azol e WEHA H @ol E 601 FoiA Ak

MPEG BICI 4249 EM3 ¥ ET ZHZO 2tS 247 2965

(E 6) 0o{2] Ealo Hefe| Hurst ma2tole
(Table 6> Hurst Parameters of Various Traffic Types

EQY o Hel %
A%" 247 =1
Star Wars(Motion JPEG) 0.88
Star Wars(MPEG [PB) 0.86
L 06~0.75
1ID 0.5

E 64 SPHoln FUT £XE 7HAE 1D
A4S H e 0509 HAFE EHQHol g3 g2 A
19¢ 5% gart ot

LRD 54& 7IXe EdHe wAog F2 AMgHE
22AAERE F-ARIMA(Fractional Auto-Regressive
Integrated Moving Average) T ZA4 x[9]9} FFGN
(Fast Fractional Gaussian Noise) &4}3F 2 d[49] &
o] glth [12191M %= I, B, P = Y& X #st= MPEG
B 539 Last Action Hero 3ol i@ 2dg 7ig
gt o)A ©)ZHshort-term) 2 47|7Hlong-term)
lagol X A7 #4E AFAIY] s EF #
4>(hybrid function)& A1&37] W&o Fdd =29
(unified model)o]tx2 #c}. wepA LRD 57443 SRD
Exe AUe Z2A2E HeveE H3AAH LA
ANZ & ot o] 2de w7l 2 A7) lagell st
FA0 A4 R g4E ARAIE AnldA Y A
¢ 2dz grhta gl

5. 3 =% 2W(Deterministic Traffic Models)

500 2

VOD A &golA e MPEGe) 23t ¢4&€ Htje
dielel7} vicle Mol AAgAe At ¢4
E44 nRY vt FAL 237 g
HEZ(VBRIZ AR Aol v sict 714 HE
€ Hde EdPL Azd mety HE HlESo] ¥
= AL JHRA Uo7k HEE EgHe &
AAol T A9 F&HA AL EAY L2 df
god ZFdiHend-to-end) ¥ A% BRFE ste AL



2966 StZFBAM2IET| =X HSH H11=(9811)

o] ¢ A= e

[Blelde Mul2 3 232 sisd 244 23
2 EAA mygel T kX FeErt AAHAUAD3]. E
A% HA(deterministic guarantees)2 olWd &3t
o 4 &alo) WA a1 P4 AA FAE A
4 4 A % AL ool BAA B (statistical
guarantees)2 ZAAA o] b3t H2 49 3 z}
2L dfatr) diEEe] 4 E£do] wAY F Un TF
A FAE £ AL # Uk FAF 2P Yoz
AAL AZEAY AL ANE g ¥& B o
£82 d7] 89 FAH F statistical multiple-
xing) & @ A3 2EE AFe] Yo A
ot 7] &S WHEL =2 T2 A2 By 4§83
A HAL ol &3t FA A vx oHEZS &E
B 2& & IAE FIATH6). ol F 71yl
FetAlo] gnglFoz ALESY dsde @A =
£ g9gd 429 EdY Adn 4% aTAEel F
oXm ML Azd diF &4 2 AR} FA Hut
BEL ARy oz AMNY 5 ojor ot U, o
379 uMggez Qe ol & Aol =Y
& T AL 348 4 ¢YAlintractable) Hl3 o
74 BAFEE oyl Azl EAAH mde EAH
& ofelg} 217l

1) 229 FAH Bde F2t Aojdl ALEEH|d
UE BsAY 45 dges) 22 VBR 22
o 2347 Fa3 A FEA B (correlations)
2 EHsI)oE YR Gt
229 FAH BAE HdEy & FHY B
Atuch ol diste] A BEFIE AUEF, Vi
g EJY HAE AV AL 2FEY) HAsd
A4L BASE Ao EAHog ¢ ot
a2 9 434 2de dF 2EPe] w@x
3 e BFErE AY F fastA ¢4A gk
ANH o)z g wWEo ¥E AAAEo] o9
A49) olFe MulA F3 aTAE BF A
A 4 Ak

2

~

3

~

4

~

7hd HEE Hde g Mulx B2 3
A Foll 837 A st FaF o FL E
Y A2 H5A(dynamics)E ¥ HHY E
Yo ENRE 27 oALd Ut} AFAA wx
H ud AR 29, TES, ¥ A7l FAHself-similar)

57 2 298 AL A3 A o st VBR
Bt ERYS E4Ysted oEsio gr) o
EAY 2de 220 EAFH S48 ol&Fo2M &
& % o|8£EE 9V AdA A" F Ux FHol
AT ofe} e o 1A FAF @HE 7M1
lTH31l.

D BA4 EdY 432 288t 2A 718 (poli-
cing mechanism)& T@3717} o}

2) Hite EdEE 4357 AT iy A
A 2dge] #AAF v a2 HAH 4
ARAE 383 EAY 98 wF ZYEx
ZaAY, 443 FEE e UR BF
3o}

3) VBR E#Y EAE A% FAH Uy @x
AR 23S 7] did A4A TG A
Hl 2o X489 = ¢loh

BAA My 2ol vl AARA Mulis 7 oE4

vl A Ak U2 AFE HM o F2 A
2 FAL AFA olRE BAH dFIAE WAl
A Hdg 29 7Y e aTFsAe dedh A3
A Mul2g AT Adde P MuAg e
BE 42d diste] A4 A% AAE gaz g
o] e Ao EH FAvt Hy At £
7H3 Q1 o] Hol Slet

ol @ A2 AHEEY EdHe] Alc,r+4 &

A T [, c+A9M9 EQY 3oz Ao
e old F4 Ad 9ste] Fo{ATA Aq diF 4
& AAs EE AL 208 ZE BF 200 A
o olgrt JPATYHE & Aol dde FojF £
st}

f

Alr, t+t] <A 27

od 4Eg uFde 5 AHWE EdY A
&4 (traffic constraint function)2t &t}

52 (0.p) 29[2)

(0,0) RdL &(rate) HE] o & H2EY A factor
ool 83t EdHE HAIFOZH, o] 1o oW F
ZAME & A9 EYe] o+pt 0|37} HEE @
o B2, (0,0 Ede A ENY A4F 5=
(28)7 #th,

A'(=ga+pt (28



53 Parameterized 2B E2jT 24

W Wsd 234 =AY 2de 248 A
£ Edg AR §5E 39D BANE o, Foe
1 s 2dol AR 714 2 HsiE o)
= o 2

foa t A2 AZ ERT AT

fue 140l 12] oj® TN Ao HF AN =

A2 A
NS EEPIEER

o] Bl shte] Ax9 Hetel A9 uirjASF
2 (299 2& EdY AR @8 7HG

A=141 - L mindlC4 - 15D - 11,00

. *s
n X ave

(29)

5.4 D-BIND(Deterministic Bounding Interval Dependent)
Ez 24

(0,0) BRRIH (Xoin, Xawr I, So) 29I 2
< 23R EYY 2H4EL g4 13 Jasd &
27t RAFE TIAAE TRY 4 Qo o]W TAH
< #ds] S8t D-BIND Ed 2do] =dHY
TH18].

o] Rz B9 ztAHolE<t & A& (bound-
ing rates)$ A3l EdHS S 7 AA
A EY 24 v Ho| ¢ EnY 425 AT F
& AAse EdY A 5 bE FA¥ 14
(h, 5] AboldlM & A =&E Al4, 42 F93
W EHY AF #d4 b Alss+HI<HY, Vs,D0
d AE 273

D-BIND 2492 &-7+8 4 (R, I)Ik=1,2,-,P}
d o3t AHojEd AF ¥5rE G0FH & +uH
Ay #52 Heodd
Ry — Ry Iy

Li— I

714 b(0)=0. 18] & R.E QDT UFIE
g &+ Fol 5,9 EE A A g oig 4 3
AZ B 4 9

Al t+ LI LR, Y50, k=1,2,,P. (31)

A e ol 9 of" PRAME Zo B
STEHE FAE Ak oFA oz 4 42

W= (=—I)+ Ry, I <t<I, (30

MPEG HICI2 220 A%t ! EpHE DY 25 247 2067

o] A b)) AR Fr-EY Yol +H Aul2(cum-
ulative services)?] A% AAE HAHA "o d&
Eo|, Zzte] AF p(nol st APHE j=1, 2,
on OF3E dFE JMA 2 =, FA2 £5 ] F
AR 271 52 FCFS 2#AZ8d thatd, 2E @
Ao 3 el oig AW 43 FAE ()9 2

o] Fojzin},
d=1 max ol 31600 - 1+ (32

=% (homogeneous)? A5, A9 ZAA dol 3ty
tE3E 5 de Ao 439 FE 3D #o] Fo
A},

M= max {nl-k max oo(nb(D— #+5)<d)  (33)

(0,229 #3¥ ¥z 2 + = (;’,;’)
Zdo] [31]o14 AA=HAL} o] B2 n £7HH HY
concave EAY AF #+E Hols7] Wl D-BIND

zde B8E 392 ¥ ¢ A% (. ) mde

(0.0) #ES & n FASHL, Av1A " A7
dpz, (7.7) 2del 0@ EdR AR ¥ee

(34)8t o] HE & Ut

=

&

A*(D=min \<ic,lo:+ 0t} (34)

5.5 Empirical Envelopes
o] 2de v]g] %3 ¥(pre-recorded) VBR H|T| &
Efgd o AAY Mul2E fsio g JEF
ERY Ay ¥48 AT £b. Empirical envelope
E'E ()9 2o =& §eol W@ Mg A8 Ed
o AY g2 A1l
E'(=max 3Alr,r+4] V20 (35)

B34 (/)= E(7F 2ol to] od AAdAME
T3] ¥ AJ-E¥(time-invariant), tight bound¥
& yehdt, E£'9) tightnessi 9919 EdY 2dd
gt od ERY A ¥4 4" = ZE o] dise]
A (W)2E(DE DESHoF §& oujdinth

Bte] FojA H|t)e Ego|2d thE empirical
envelope® TH&-3 & Wioz ¥ 5 vk T
Y AT T+ 23ED 7 Hdde =HYge ZdY




2968 StZAEXDIRS =FX) MSH HM11=(38.11)

A T 49 $U¢ 3B02 AEHE 48¥]E ATM
A2 U HOe a2 jo zdY 27189 &4
H Uifotd 8] FoAAD o] AR2e HE
of ANzt 0lN AlZETHY, Az ] FH A =3
+8 71e8E 2 84 AE @03 o] Foldn,

1)
Al0.0= F 5t (G- L1kDf . 056N-T (30

WA (36)e 39 A P& AL o EH3 A
49 zadozRE 4 8 N F HA &
& Az ol AgHD e ZHJozREe HEH
A & ¢ujgr} empirical envelope= WA ()%}
(36)¢ 2gHoEN UEold & Yo

e ez e @D st Zdd (1, £
-, S ENERE AH dE 4 U

E‘(l, T)=max Ok N—i+1 gf, for i= 1.2,"‘.N (37)

=z AN wert obd A ZefA  empirical
envelope®] & Zdd ANH[i- T, G+1) - T13A
E((i+1) - D—E'G- DA A & AAES 22
F REAMAA A& § Uk

56 VBR MPEG 228 ¢/# 23X ey 29
MPEG 2E¥E ZAAHoz EAI7] Hstd
(Inux » Poax» B, NM) BEZ ALEIITE 7|4, [,
Prax: B © 42 1 Z29d, P =49, B =9
d 2718 YEPITHE, ) Poax? B 98 7HA. N
3} Me AFHU GOP Hde Yelun, ofee ¢
ojul g 7hRch
N:gvel MPEG 2EQ0lAM 5 A4 [ ZHYs
Apols} ZH Y &
M : &9l MPEG ~E@AA 1 U2 B4 2
e ogY P Zdd Alole] Zyq

ojg} o] 571219 W4E 7IX|x, VBR 2EQE
53317 Slste] EHE A B (constraint func-
ton)& ol @& AAH IYe AEdd 99
o] ANz 00 A 2ERe] =g Efge 4&
Af48 38, B8 A 5 o(HE P Ald<sls),
vE HEFd. EdY AF 5 EHY =3
g+ Aol A1t B¥(time-invariant) FAE A Fs9
agsd 228 ZE A F%¢ % A(bound)

t}. 29 10914 N=12, M=3% 7} GOP H®e| 7| &
@ Star Wars® Wizard of Oz vt 29| EY AF
g b)) dE BRAFED F 7HA vt 9 MPEG
Efol2 diojHE ¥ 73 2k 29 1004 EEe A
3 2ol bty T8 13 ¥4 (piecewise constant
function) o] ¢},

(B 7) A#H MPEG Edlo|A2| AAX| HI0|H
{Table 7> Bounding Data of Empirical MPEG Trace

Trace Y Imax | Pmax | Bmax
Star Wars 174136 483 454 169
Wizard of Oz 1760 894 742 157

oWy

1 2 3 4 5 6 7 8 9 10 1 12 13
AT Y

N Ry
5 8888888

g

1 2 3 4 5 6 7 8 2 10 ul 12 12
MY

(b) 2.=9] o}

(33 10) N=12, M=32| GOP THEl0f 7| X8t E24H H3t &5
(Fig. 10) Traffic Constraint Function based on N=12,
M=3 GOP Pattern ’

6. ¥7t % 2@
Efy 2de FAH A2 45 FAHEAA)

< A8 & F Yojok A} & €0 VBR 228
710 ATM #i#o) i@ 4 &4 &8 @Yol gt



oL REE 1 Aade] 2o HYE o 4% &
AL A3 42 £ U= FE % Z(sample path)
g JAse Aotk oW 42 mdo| & 3Hvalida-
tion)5]7] ¢lste] 7hsd A 9 HvHE A3
HA aAe 494 dde F s ¥ (distribu-
tion)2} A7) At (autocorrelation) & L7k o
EHoz 22E A¥A uolHE Log-Normal, Z&
Gamma$}t 22 #F A< E¥d 2en $o X
g A7 Siste AgEE FA4HU dRlez QQ
EFo] Utk 7| 4@ #+8& APste AL 0
ojzgfg dolthk zy| 4@ e FAFY #AF U9
ANzZHE (A8 3) o &4L dHEse At

B =M ATMYlr 9 a3 EdY 84
7} € MPEG dltiee] Edy 2dae 5o 54
A vdy AYH 2dEd dse resn 4 2d
& vz Fosigon, AHHE 23Ut AR 7Y
e AW WRERE 9 vige 429 HELS A4
8 HAsA 24188 £ A @b 28, AR =2
Mz 2de FY92d Y9 ERyos Asof 23
g e AE2 "o o] BdL AEHo|H A
Abgol o AHgsl. ARMA Z2HAAE diEAHoR
ARMA(pg@2 71&H 4, d714 pE AR &9 24
(order)ol® gt MARE Afolth A4 b & 2
Aste AL AR ARt o] 2isin 5450
2 249EQ §Mo| a7dr vimE FddME ¢
23 2ge FES FAEI] AdA, T2A2A G
o e 4 Holg& o} 5 ANYH HF, A
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