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ABSTRACT

In this paper, we propose an efficient policing mechanism for Markov model-based traffic descriptors of VBR
MPEG video traffic. A VBR video sequence is described by a set of traffic descriptors using a scene-based
Markov model to the network for the effective resource allocation and accurate QoS prediction. The network
monitors the input traffic from the source using a proposed new policing method. For policing the steady state
transition probability of scene states, we define two representative monitoring parameters (mean holding and
recurrence time) for each state. For frame level cell mate policing of each scene state, accumulated average cell
rates for the frame types are compared with the model parameters. We propose an exponential bounding function
to accommodate dynamic behaviors during the transient period. Our simulation results show that the proposed
policing mechanism for Markovian traffic descriptors monitors the sophisticated traffic such as MPEG video
effectlvely and well protects network resources from the malicious or misbehaved traffic.
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AZk Z3ANA Ay B3-§ 1A ¥ok o] A% 2
% 82} short-term T jE|e) PAME wlBcl

BRF HE MR ot WFE HAAZE Al
A A ¥ fAe] WA A% )
A A3 g GOPdl| 7B Wi oA w7
HAANZL R AW AR eefuich Sl 2
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L—th GOP
e

ﬁ:, = N3, +1
E™ [Recum:ncc]—
(E,"" [Recurrence)+ L:,’_" 4 )+ (1\75, - l)

£ [Hol

N, = Nf, + Naos

ldmg]n -)Q,vi—f—
}

Ns, = ]VJ,; Nf, = F(/;

QND

For all

Recurrence Time Test

£ [Recurrence]= E™ [Recurrence}
£ [Holding = E," [Holdmg]

find the nearcstatate j, which passes
holding & recurrence teats after updating

& m = =7,
Ns N, B, and EY..

states (w /),

Short-term
Monitoring

E““" [Rccurmnce]k £
1.0+a, xe.\pz‘—b‘, xk)

Holding Time Test
E ¥ [Holding ] s m, x[1 0+ a_ xexp (-5, xk)]

No
Tagging or Discarding all cells of k-th GOP———.E}‘E—

%] 7. Long-term Xulele] SAT

AR A XY 7 o9 GOPe 2dY sl
Aol H7]E g Fxe o2 gl By R}
g ©J7] zle] =o] GOP A9 §iF AL ¢u
AZ A= 97 FA4G 7= A "ok

oy 7elM Ns ok NAE WA ARake] i)
249 4o 3 Zeg 48 ebllm Lae %
e o] o) Awomye WAl NsHA AW
74x]2] 2 4] Zelelck Neop ¥ GOP -7 2]
ZolZ GOP H& (N, M) N i} Falsjch.

23] 89) short-term =uje]sl2 o] =gl wh
2 o8xlc)k Long-term Ruejzjeld 2§ A&
W GOP 9] =djqle] glE=lRl GOP d|l
(NM)ell 23] A25 1, P, B =age) ujd <A

o EAste] ¥ m#gle] zeq] eldd Wy
ohos Zaede) Zeq) A7k & YEE B
sl AR Zeigle] %3k AwAdele] B
] el Y Adg Al ek AR
o] B4 o= fx=d g T =E A
< A A& A H3, a8A) e, Hed
o e e o] Ayt A= =] nke
2 A5

Iy 8ell4 NAPTEE AR T ¢Y
A, o3 giAdele] g ZH elglel] ek X
712 2] & ql% =g g oJelgiet. Neq- RA
Zolel & gy Al Froli NP2 NesWel
A o] P AF M FRE A 58 90

E 1. 4lY MPEG ujc] 2 ~5319] $Al3] H4(d4] cellsfsec)
Ha 3o E P
Star Wars Talk Show Star Wars Talk Show Star Wars Talk Show
= A 1,015.5 946.4 12,061.6 6,951.0 30.9 135.4
B¢ 468.6 531.0 4,217.7 2,343.7 30.9 1354
Py 1,501.9 964.5 11,347.2 4,528.1 142.7 2109
1z 3,931.2 4,214.7 12,061.6 6,951.0 765.2 2,356.2
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I,Por B Frame Type

N.fl' Poc h - N_/,I"‘". +1

1

E/""N, [Ccn' ] - £ [C.n‘ }:f('l%ﬂ::_. - l)+ Ney
i

Number of Conforming Cells
Nep™*™  Calculation
Yes I
Conforming All Cells Taggingor Discarding
E [7=[Cells] = B)-""[Cela] N, - Nej*= Colla
-

Conforming Nef™A™ Colls

E1Poed[Copa = L7 O8N (97 702 1) N

Nﬁl.b.wi
I=l+] l
Awsrage Coll Rate Test
El"oo[ceus]s 4o x [1 O+ ppar CW(‘ b pun N/;"P'“.)]
T—
33 8. Short-term EWHY £ME
etk B =EellA] Neptme] Aakg g3l 3ol
VI 2ol

N =
AP X [1.0+a, p pXexp( by x Nf "2 ) £ AolMe A V A8 policing 4T &4 ©]

24 2oAHE ST, 2 ARG P &
A2 Agelsde [20]8] wle] MPEG &g H
an tle ~myg ARk AYe] ARt @A

E 2. 87 AWEA A7F (Star Wars) (2] frames)

_ (Nf'l.P.ur B_ l))( E‘I.P.or I [Cclls]

39 | #Wa MR W sANE e | W ARG g B A
A | B3 814 3 &4 i R T I I Lkl a7 14 3
1 35471 | 35471 1064.810 |  1065.569 | 11 39.588 | 39.588 516.006 519.897
2 24.440 | 24440 | 1260000 | 1254970 | 12 36.857 | 36.857 528.775 528.077
3 24.673 | 24673 954.915 952.853 | 13 38.642 | 38.642 578.881 582,814
4 26.903 | 26.905 672.700 674.709 | 14 35.861 | 335861 633.768 633.369
5 29113 | 29.113 566.565 568.834 | 15 41778 | 41778 765.544 763.777
6 31112 | 3L112 483.207 479.762 | 16 42.666 |  42.666 922.715 924.000
7 27779 | 21.779 476.929 479510 | 17 35.788 | 35.788 983.289 987.741
8 30443 | 30443 461,282 463875 | 18 41706 | 41706 | 1164535 | 1175076
9 32378 | 32378 435.613 433.653 | 19 44507 | 44.507 | 1535669 |  1537.309
10 33.884 | 33.884 43.414 445454 | 20 66.086 | 66.086 776.679 774,492
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E 3. 37 M2 A7H"Talk Show™)(%+9] : frames)

A B ARz W HAA a4 B MFE Ha HAMNL
AR | B 8141 5 &3 I I e O Lk %7 Lkl
1 85.765 | 85.765 780.521 782.869 | 6 86.920 | 86.920 | 1640200 |  1651.826
2 99.529 | 99.529 482.477 488.647 || 7 85.777 | 85.777 | 1377.076 |  1395.555
3 80.751 | 80.751 746.510 752.000 | 8 75700 | 75700 | 2026.000 |  2029.263
4 83428 | 83428 | 1806.800 | 1821142 9 120.000 | 120000 | 1974.000 |  1985.052
5 72.607 | 72.607 440.565 433.670 | 10 126.100 | 126.100 350.701 386.615

GOP sfgle] N=12, M=3%), v]ad =AY = A
AR el Wbyl AlRE o 14)7F 40 Hefe
“ABM9)Z= (Star Wars)” edBfeiAlal 304 Hgke)
“Talk Show”°dAlolcl. 2z} MPEG ulule ~A=E3le)
FAA BAE B 19 vk g A mlez A
& o] mujglo] gle], “Star Wars” Ao
e 2009 APAAgdR Aesles, “Talk
Show”g& ##xE 10702 AR g Aelsisct
ARAEE AY 9A @ Te F3) 0058 ARgs}
ek

H 2 9 ¥ 32 4§ Hel #¥ PR HH
policingd & f= Audd o ey a7
AFATE R B AAXZTe] AA vre AR
288 4% 39 o= Ax YAjEe 7R v
Frt HolA U g+ glRe] W AFAZE Y
A L ASI UL RRTY 29 f=s o
HA A7) Ay g AEe ol Al ®
o2 FHAr) ole }H PR FE A=W R
policing& Fsished el A€ Ak

23 9 % Y 102 “Star Wars"9} “Talk
Show™el| W] A AH2e] AAle) Hd AR
AlZke] widtel Wi &AW ) B
o, transient FIES] pHE {8 ApgrE ol
44 bounding®] transient FlellA]e] ®e|® A

S848 BT glch AgAuNE A% g A
wHae] W AFAZE 9 HE HRARY Az
A wgl= P Moltidzie REX #Ada gl
ofef Ay 3 o A4 e ik ¥ 1
“Star Wars” Alfl~2] I, P, B Zd¢) slq A
A Al elee] sl Apdtrg o] 83t
bounding& Bojgrh A AFPsE o] R
A ApEsdel W =zl elql S A ez W
o] & 3 TR o 5 sk

a8e] A e AR Fellre] ]l
margin) gt € =002 QA el

{@m, b, @, by, 2y, by, ap, bp, ag, bp,} B T8l
28 910,114 & 4 shEel, AA wire Ag
2o xe] A A W g ARA7L HE "3
2 d xEY el SE A dEw AlHa
27 e AA(S g & A &4
ol & Mo|x|7t M2} kA wog g} =
& AR e W AEAdd dde] 1 =y
Elql& ol 88l AAHza I Zsgle] A9 A
Axo] zolele Aateld W Al wAdEe] o
e B el 2 He] dle] AAld& ¥ 4 3l
o} wk, P, B =} Elgl I =z Elgle)
# 7)o ¥ & Weld Balrk

F 4+ “Star Wars"2} “Talk Show” u|r]e A

\ Har Wan

- ~

O# 9. BT AR W

N
S 1T a0, 001 787%)
N
N
.

~

—

800 10 1500 000 1800 000 300
QOF Namnber (0
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AN 1. =) wqli g A elolm |

2of] vis] A<ty policing W& ]84 Aot
olAbHel =AY el APl W9 Hte
Alse] mAw BAE A wWeitle 2499 Jle
A ellA Alng A% el g eide A
Arzb |18y o ke wASEE Alo] gloiol
Pt =i} AAle A4 Agd VBR B39 7]
@xbe] Ao A wt]e Adss] BANH
4 St Egele 2L ¢ gk £ =8
ol AR =AY slgAle A AR
Holahg 93t Al F =AY ey BF Al
He|BE2 FAEER A ¥ =il qiAa
v 87 aelAe] weld ZiAA ®ok # wielA
= oleit Hold kPR ow i) 3 AP

#x2] bounding Y AMEBlCh AA IE 44
A gliel Y 2myel gk ¥R o]
bounding Hpa] He|o]ftail margin) ¢ gkl o}
Fzke] Aol MolA ¥k Mcl Ak 3] & oA
€ Nt 2Hie] AAA Hz Bed & 3] e oA
£ P el 02 gtk YA FAdeMe
¢ 20.039] FHoie HahEe] 022 ZAR §
4+ & 4 ek ol AEae] ¥ AN g
3% el #igick 433X A vie} Fo)
el PlEE M) B slgAlE o]t A
A F o« TES) ) AW T WHHeE
AHgAL7} policing-d ¥ AHAW « & TEYL 4
ot

E 4. AL "mejodftall margin) FHe Yol ui & UPC &4t 2+-F

. Star Wars Talk Show
AN A+ et 4 SL12 8 . AN A 5 a4 Sikies
0.01 6,982,623 8,623 1.2310-3 1,494,523 2,540 1,7010-3
0.02 6, 982,623 2,376 3.4010-4 1,494,523 539 3.6110-4
0.03 6, 982,623 0 0 1,494,523 69 4.6110-5
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% 5. Policing ebeie] tiiAd (ACR=Average Cell Rate, LBS =Leaky Bucket Sizc).

Star Wars Talk Show
UPC #RENT 3.4010* 3.6110"
A gt urY 0.02 0.02
Leaky bucket A SCR 2031 cells/sec (=ACR/0.5) 1892 cells/sec (=ACR/0.5)
% LBS 2583 cells 1651 cells
Leaky bucket B SCR 3385 cellsfsec (=ACR/0.3) 3154 cells/sec (=ACR/0.3)
rf LBS 247 eells 110 cells

E.u g.ts
-2 gk
g-ﬂ.ﬂ g-lﬂ
-+ ki LimH E - kiwal Limit
3 - Proponed a e - Proposed
- Lamky Bucket A - Loaky Buckst A
2 -%- Lasky Bucket B _3‘,1 X Lowky Bucket B
A . " R R 4 —_— . N ; R
11t 12 13 14 15 16 17 18 18 2 111 17 13 14 15 18 17 1B 19 2
Nommadzed input Miiising Factor Normekized Input incressing Faotor
T8 12, 8P el vt policing A Hla
100 v T T 100 MR S Yty
T - g,
© Star Wans © Tak Show x- Loaky Bucket 8
w Bt ®
// -""'-‘
o T . % Lesky Bucket 8 m
TN M wen g ame e
0 ! [ - Lanky Guckat A
.g ] . Loaky Buckat A & b
2 1 13 -0 Propossd
w’/‘\‘,___,__‘___ of e ropas
| —- --.l*il.im > - " v it bt
x -0 Propossd M[
» *x
10 10
o R R . . . o . R ; . — e
11 12 13 14 18 18 17ty 189 2 1 11 12 13 14 15 18 17 18 e 2
Normaized nput incressing Fackr Normalized input ncreseing Faglor

a3 13, =AY Ao XA vg v

28 12+ ARRIE HE19] )Y myue] Al
=29 @A dudde AaEsy W =y
v} gEshd g% =9 policing AJ%5-& HoIE
o} 2oy rlaAl Bol desls ggsls =Y
o i¥lX+ policing-& i b A& Aas] 7}
#iflelo} ghc}. 23de) Aral W sl S} factor
= d9) Az ol v 4 A ol e ¢
W 2] mag] F A gL velck & 4

W B g whEr] fia) ) AlRad] = =2
olc} 7} factor W whEe] A-§ 4 Alch v
@ o4 policing ¥pPgwe] W& viole Af2H
T = 4y 0} factor = 1.0)o W3 melelE
iz Ave & 59} 3l veEelele UPCH
¥h "hgo] “Star Wars"ol] thalAlE3.40 x10%, “Talk
Show™el| dj#jxE 3.61x10%] F=d YA=51,
2]l7] ¥zl A2} By ZF SCRe] ACRY] 1/0.5,
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1/0.3 vir} ==& 4% A4 (SCR, LBS}3t&
Ze 27 w3 2yge|ct.

a3 1244 & ¢ e A2 Ze] Al why
£ b Bee] ) Ao o)A AR oo
thed. wbd 27 ¥l e policingoll M £k
=YL A3 A Feck

1 138 A5 © Y Z0t factor® W A
oo iR A Bl Iz Ae] AR H
& =AY Zelch I &L P ¥ B ZH9
AT ZHgoz olfs]nz I ZHe] &U& A
Az § Hd 2 AR ARk AR
W 1 Zejlo] s wlEE 27 B JTE
policing w¥r} W43 W& 4 & 2LdEch
@ 2171431 7 policingellXe 714 BB I
el RS o] e A Ak
vt 2yl® 7N policingelAle 2 XY W=
Z7] ¥ RUed mieleld ARRghessM 1 X
A S AN i A 2 AA T IRy
B AR Aol At wdeI WE AR
5 3lek

Vi.dB

B =EolAEs VBR MPEG ulcie. =gjwe] =}
2= vy FN = @il s sl
policing WPi- Aaisigicl =FelA AEEE vl
x vyl yib =9 slexle d¥vle mefge]
long-term AFEHAE 93 AAD AR A2l
I T Adaeellde zHY €919 GOP s
@ 33 Mold aeigh B Zylelck &S
27zl sk By siexls 9 Aol W
jedtd W QoS efide] ¥R m} xh4l8
wielahs EAE zZkw Qlvh 2o HPgE 2y
2 rled B vl AHE A vleE B
Y& spesic

ol whEE myr|ut =W lexll] @
policing W2 7|&] el7|Hy] 2 =4 7N
o policingsle W] M2 Ade] o] Was
A wFeldE oA Holtgs] AR
) A e} diEAE 2 5 R A %
glnle (W AT W E SAATDE B
of ol o W] Hele ZPAtch wat AR
W9 =) ekl W A WS vy HaE
olg <A tule] vlZE Yl Bk
Transient F7tlA8] Hol§ zeishd Apghplk
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