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W F EYXICEEER MG RR, AR LS RIS F IR, FET
KA RA KRR BARRBUMEBEDERE. CERERVKMACL S HRTE 52
FRPAAEAGERALE. EXFEALULS T ATM FMEFREEFEROPT M REAN
HEAT, ANSCTESR ) —FRUE H AL (QSSP) AR IAESR L5 WA R A |, KRBT N BESH
QSSP HIAR EHBNETERBME NS, X ERSEMANFLRE T —FREN T
EsREH:, ATRAEESNELERE LR, HVUERY T e REd .

X8 KRt g0l HEEERS, EEE GREAE

fEES TN913.24

T ATM W RH S W55/ (B-ISDN) , BRI FHLML %, mEFHESTHEE
LS. BHEOLES. N TARMENILS, FERRNERSE (YRR,
K EEE, RRELZ) MRS KR (Quality of Service, QoS) R (IN{fFTLEKF (Cell Loss
Rate, CLR) . S ARTEE. BFFERIBHE) , MAERRHMETIET, AR TREZHL%SH
WEHE QoS Bk, ZM&EKRITARMEELS.

B S BART R 28 ool 5 SRR MR E TR R B SE BRI LA A3 HT, IREZFFRA R AT 57
P —A Tk N ERE R TR R B FRE — K HAMA 56 (Long-Range Dependence, LRD) ,
0 LAND | WANP! | FASTPACE! w4, Ml &5 RALZED EJL/NE EHR A
ML L, HWRABBBAELNE, Fit, RASTHEENFEFRRRIRBEGEERRELE. |
4b, %t VBR AR S a0RFv ke W, B RHEI0E LRD £59E. Hik, “HARRY = <4
> BIRIBOA K T E T 18 24 BT Y W 48l 5 F1 A B R T e

XT B AR SRR HEA B, B —SHE TR AN E SR 650, HR8 LRD
RNt 4 ERE, WIS TCERE. HEABTES, AE R AR EmE. HXT ATM MEE
BEHRE B R EEES (Mutiplexer, MUX) , HATMTGET BAMERMZEHT R, BT
WA 56 7 5 HEBA A Fr Jo sk AR S A HER IR LB, EAX KBRSt o EXE, FE5H
MUX 8 A\ A AR F2E L 458, 0 LAN 8 WAN AL 4%, VBR M5 . HAbSGHIEX
(Short-Range Dependence, SRD) 5545, 1 REERAGER Fik.

A2 SCE T LA, ESRIRE T —MHEE ML (Quasi Self-Similar Process, QSSP) f#lk
ZWHAL, FHFEHER LRET AR SE QSSP H AR MUX g94kaE, FE W EERSEE AR
HH, BT —MRENSE TR, TRERBRSE MUX E—E&HFTHERERE
ERR. AR RATEIGEN A EET T RAE, R T BRI HERRE.
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2 gAML f QSSP kAR

— AT SCOPRRBEENLES {Xe,t = 0,10}, BHEMXER r(s) AT, B
>, r(s) =0, NFRH AKIIHXN. KM IBPREREEDY B MR, HEM
*EHFRER N .

1 :
r(s,H) = §[IS+112H—2|S|2H+|S—1I2H] 1)

HEH
r(s, H) = V2(s’) /2, (2)

Hw H by Hurst 2%, WE 0< H <1, RRFFIMMEREE, V() AZWESHT,
B V2(f(z)) = flz+1) —2f(2) + f(z - 1) .

fi Mandelbrot 7E 1968 4-4% Hi 40 T2 B e (Fractal Gaussian Noise, FGN)8 | H
FRRHHEE (1) X, FHEM™E AU, EY—RGE3) B VREMERIRE,
HAEXR R HSH H RE.

% Zu(t) A FGN 388, 3@ CEB Ky(u) K

uwt—1/2, u € (0,1]

Kn(u) = {UH—1/2 —@-DE2 e (1,00); MZy ()" TR

Zua(t) = ) )/f Kualt - s)dB(s), 3)

I'(H +1/2
HAT() D EE, B(s) ABELIRE.

W ER BRI, SIA Rt = t; = jA , FFEETD dB(s) HITHE S SRR, H R H —
HER 0 . JFER 1 MRHE R & TR dB(s) = [&6/VA]ds . ARBIANER 1(H) = vty »
Wj-iy1 = & f(iﬁlm Ky(tj—s)ds, (3) REH

Zu(t;) = Za(t;, H) = v(H) ZJ: Gwj—in VA, (4)

Rk, BEEESEEHMAE (discrete FGN, dFGN) FEFY Za(t;, H) , ZTRIFFIRIH
HH0. FE, XVH, Hr0,H) =1, BIHZFIHFER1; SHVs>1, H=05, H
r(s,0.5)=0, B Za(t;,0.5) HBH ML A H T,

¥ 0< H<O05M05< H <18, dFGN MEERAER, TEW, HAMIBIR
05 < H <15, BEHxFLgl % scimm i masRe H e [0.7,0902

TERNAEZ M ERSHLE ARL F5 CYEMMXN) , BmE—KEMXF
B, HHEALREHE 1) RBWER. U o) RREME ARLFS], &
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z(t;) = ax(t; — 1) + b&;, ()

Hia, bRHEFFINSE, B lo <1 UWRTVRMEER. & M MRS ARLH
RMFHH Zu(t), W

M-1
ki)b(i)a' ™ ()&, (6)

M,.

7 oo =0

Hef

(L(’L) = exp(_ _i)a
b(i) = (1 — a®(&))*/,
_ [H(2H - D7 -1 0wy V2
ki) = [ (3 - 2H) e
& HEWE, BUTENRYAEE, M AFE (1) ASHW ARL FAIKMELL TRE
HEMEREEH

-H _ _H-1 ]
€ )e—z(l—H)J_ (8)

il _ H(2H —1)(e
= E::Oexp(—se 7 T(3_2H)
WTLUERE, %4 M - oo, s BBKE, ru(s) 5 r(s, H) BRERD (SRHF), Fef
FEEF (6) A (4) RIEA LAAELE, Bibd (6) XEHFFIHN— QSSP .
H—HFRE MWL, 4 6) Rh &, BEK 0, FEHRC , A FREMARL
73, HebSEm (1) X, N (6) XA1H

>

BlA(t) = ' —n (5, M), (92)
0

Var[A(t)] = o* - Zb;(_)(i(@)) =0 -7(H, M), (9b)

ra(s) = Zexp —se” H(QH_rg( 2H) = ez, (9¢)

BT rals) 5 ru(s) MR, & {A(t),t=0,1,---} 55— QSSP, "{ERM L& 5 HA A
FMEEL, FEBIAES SRD (FIRAFETT A ARL BERIREAR B, RILsR 1%t 455k
¥ AR #17 B INmE R TSR B AU, %%Lﬁﬁﬂﬁﬁﬁ&ﬁé’]%ﬂ‘%x REEL O
BRI L8 b lk 55 F AT HEE, FETE Bellcore M5BT AR S, £ WoCHE [1,2] .



2 3 F #%. ATM RS a A0S TEERIBERNR 161

3 MUX A & [10]

EEH N MR ATM Z8#3%, §—8WAMKET— 1 EER (Virtual Path, VP) .
MUX #HERE R K C (55T / BHER (cells/slot) , #ith BFEIER b fF7C (cells) , BN B i
B (B =b/C) . e, BAMELH L ZHFREW, BRERSHRAATMINEAZE
B, FEETLHBAZERIEE YR 2R, (FERKE T
A2, % R HEA R AR &3R8, M T A VPC(Virtual Path Connection) R 4H
[[# QoS #H4R (ln CLR) B, RASIHEMAKEE (Statistical VP Strategy) , 'E¥ MUX #Y
B REREAN— D HEAL R, KA NS VPC ERETHAS. X8, E4AE CLR T
ABIEEHEENAR, LE 1) (X THARTSE) . &1 VPC RAEARMR QoS &K
B, MUX ZFF8KE b Silat AR C £ 88 L8288 — VPC, BiE— VPC X
—MBHE R HBAE R, FROVERERAZKEE (Deterministic VP Strategy) , JLIE 1(b) .

QSSP] —
QSSPZ_‘;_
' MUX b c
QSSPn—:—-
(a) Fit BB HEE (b) R HE

M1 MUX % #EBA T FR 8 AR 55 S

B, Sopk BB RLE BE BT RIES VP 8 QoS , 3 AHARIE QoS LHA T Rtk

BONfiR, (BERFES AL VP (GHEE, EHAFEMNRARERTRASTEREI
) B HEBA 7 K

4 F%% QSSP T MUX # i 8 04

® MUX 8N4 N B&ML[E] 53 A7 (independent identical distribution, i.i.d.) # QSSP .
HT QSSP Z&iliey, HIGE. FEm (9) RE, ML N B QSSP £ MUX #EAKIHLZHF
Bnt, SEFEIH (Xmux(@),t=0,1,2,--}, B

E[Xmux(t)] = N -1~ 1 (H, M), } (10)

Var[Xmux(t)] = N - 0% - yo(H, M),
*ﬂﬁﬁgg 2 _%AE/‘J {Z(t)at = Oa 1a2a v } r%_ﬁljy {Xmux(t)at = 07 1’2’ o } ﬂgﬁ

Xmux(t):N'n"Yl(H’M)+\/N'72(HaM)'U'Z(t)' (11)



162 BT B ¥ % 1 21 %

A { Xmux(t), t =0,1,2, -} MBI AR RN {A(6)(1),t=0,1,2,---}, FHEL FGN
) {Z(t),t = 0,1,2,---} WBTIEI R B N TE A BHiE 5haf 72 B (Fractal Brownian Motion,
FBM){Bg(t),t =0,1,2,---}, 1§

AB)=N-n-m(H, M) -t++/N-vw(H M) o Bu(t), (12)

V(t) = sslipt){ﬁl(t) — A(s) = C(t - s)}, (13)

Her C RHEA R Geki i # 3.
B @i, FEEKE PV(t) > b, MR ERESZGERARITMATHIARSE CLR . &
FA{Z(t),t=0,1,2,---} HICFEREE, M (VE),t=0,1,2--} BLR—MHTFHEMN, Hit

PV () > b] = P[V(0) > b] = P[sup((—A(s) + C - s) > b)]

= Plsup((—A(t) - C - t) > b)], (14)
t>0
T, CLR #y L5
PV(t) > 1] 2 max{P[A(t) > C -t +b]}. (15)

H13CHK (5] B EHE 4.1 ARBIZER K

_ (C=N-n-vn(HM) t+b
1?§8c{p[A(t)>C-t+b]}—r%12ag(<I> l \/WI;,—M'U'tH } , (16)
He () MFHERBTAAHREN MEE. HE—PRE
N2H~1 _ H,M H7? 3
PIV(t) > b] > exp [_20272(11,1\4) [(;I H??_( H)r)i’ ] 2 m} , (17)

Hete=C/N, Jg— VPC SFERIH IE.

HATRAHFEYASEST EREITTRIE, RE2 ~E 4, H8SF N=3. 5. 10,
H=0.7. 09. BETW, B (17) APFEH CLR LR SHEL R SRR, THELHS,
AEIBLTE G VPC WIFTERRE Y CLR=( T, RAKHBBENE, MUX %

AR NBiid (5 QSSP . Mt BFEKEN b Bf, G VPC TBd IS E C, . i

KPR DTS, o7 "
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-1
H=0.9
_2 :‘
@ 4l
A 3 8
B o4 A
* o
= | v -
it N
g =
2 -6F #®= ~6F
_ql — HERE ®% | —E®RHE
T T e
] S S t— Sl ] S S S T—
1 3 5 7 9 1 3 5 7 9
BB E— B BR) R K E—B(ETER)
M2 N=3#t, MUX #dH# CLR B3 N=5#f, MUX #iHiHAey CLR
p = 0.53, C=384cells/msec p=0.53, C=384cells/msec
1.6 B
1.5}
H=0.9 .~
B -4} s 1o ,", 0.8
A 0.7 : . ,
® _s| B .
¥ . ®
= -6 1.2
= o B ”'.,u R
-7} é;ﬁ{é . LAf ,”.'_-v
-8 L L L i 1 L — 1 - 4 L " ) | , [
1 3 5 7 9 0 10 20 30 40
B 7F 2R E—B(EHER) HATH
M4 N=108f, MUX #H#HA# CLR B 5 ii.d.QSSP ¥y AR RS
p=0.53, C=384cells/msec Gmux(CLR=10"%, p=0.53)

Cs =y (H, M) + [~ In(Q)b*H 2 (202 (H, M)) (H™ (1 — H)1=#)2]'/*H ya/zm-1 (15

EMFERAGET, HRALRERRIER, #iLSFESEBEIBIGH N /N KRR
%, B— VPC 2 HIHALMRIES B # QoS . FHETTH (17) 2L LIRE S VPC FrEd A
B Cs h

Ca = i (H, M) + [~ In(¢) (b/N)* =2 (202, (H, M))(H¥ (1 — H)'-Hy2)*H  (19)
H1 (18) F1 (19) &, )T RS MUX 7£ N B i.1.d.QSSP 4 \BTay 5 B8 3%
Gmux = Cq/Cs. (20)

B 5 4 THEARN H ST, ZHEME Gmux SHTEAN VP BN B3R, THUEH,
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Gmux FE N HERTBER, (HH N BB —EXRK/NG, Gmux BWIEEAHE. R, BT H
HPERRHGIRR AR RS, HX H 8R8 11.d.VPC #TE#, KEFIEEH Gmux .

s A F£% QSSP T MUX H # 405 %

% MUX A5 RF S QSSP 5, ME—5sr HRMER. H SHMFmLL
SHARH, FASBHRA,

T B, B H SRR R0 A RS A — R, BHE VPC EK
H) CLR RARH, MYAIRA L— M e RS E A Gmux , HEH (10) W

N
E[Xmux(t)] = Zni Sy (H, M),
= (21)
N

Var(Xmux(t)] = Y of - 72(H, M),
Hen . of AMBRE VPC L& FAEARE QSSP i Ay EM T E, ENTHAR
#1584 VPC REAREMHEM S Z, T H FE,

T AR, CRAEBRIIFERENELRER. FEik, RITES—MREERET
ST MUX 8\ N B4 RE E AR QSSP S M FR TR, Itk —REHE
ek, hRIE% VPC BAHMES CLR B3Rk,

B 4 TR, FERSE QSSP MART, MUX i &858 CLR LR H (15)
ReE. EERASH. F72 H SERRNERT, B QSSP MRk, HERIIAL.
Sua=YN i mH, M), 0% =Y, 02 w(H M) 2 B8R 6 E—FE XA FF
{A@®),t =0,1,2, -} By¥SERMTE, WECH (5] MEE 41 775

(22)

PV () > b} > max ® [M] .

TA

MT o) HEIRMER, & F0) =+ (C—pa)tl/oa, HRHEt> o WHHM/ME, FEHE
FMUXE—Eb. C THI CLR IR,
B df(t)/dt =0, ¥ pa. oa A, F1&

N N
(C—pa)d ol(1— H)EH = b " ofH* 7' = 0. (23)

i=1 i=1

B2 N =1 TR (B, M4 TSR WA N > 168f, RAERARE
Rgrvk, BRHM, R LR t AE [Huin/(1— Humin)] - [b/(C — pa)] 5 [Hmax/(1 = Hmax)] -
(/(C = pa)) Z18], HAF Huin « Hmax 22515 MUX S A B AR SRR 855 K H
2% BIIURES FREEWKEN TR f¢) B/ME, H#EMRE PV () > 0] 9 ER, &
BERAR LT,
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& 6 KA ERAEX 3B H 2505507, 0.8, 0.9, HEMFEMRL QSSP,
2 MUX /5y CLR LIR. FE, BRAH THESLR, HUSERERFE S QSSP SR
BE2=. B 7 % 5 8% QSSP &AM, H=0.7. 075, 0.8, 0.85. 0.9, FHTALIMER,
XMREAEESE B AR H SEHMAFIIAEEZER, HEH, @A VP HEXKNE
ERRMREE, BBE5 H /M VP MFEM CLR, NELSHEZMEEERENEZESE
##, #1580 (22) XREH CLR LR 5 iid IAMERE AR,

o -1
— - 2 ]
@ ) ‘
A ALl
6 & uF
N ¥
= = -4 e
= =l
- 6 i L n i L - 6 1 1 I L n It )
1 3 5 7 9 I 3 5 7 9
FEH/RKE—B(HE) REBKE—B(EHR)
B 6 p=053, N=3(H:=0.7, H;=08, B 7 p=0.53, N=5(H 45% 0.7,0.75,
H3=0.9) H, 0.8,0.85,
MUX # B\ CLR 0.9) if, MUX %t HEBAB) CLR

6 % %

ARSO B AP 55 T ATM 4% sh R HE88 M thREVEAT T P58, RATEA1AT IR 49 QSSP
A RARA, KRG T RS iid # QSSP HMAR, MUX WETERE FRFEER, HiE
FITH#ME Gmux MR, RIODWHRERA, UMAFFEE KPR, MUX fik
B, MBEKE. TEEHESF, TIURETRAGESEMTERMy L, SEE25mEH
HERMBFRRESE, TASHATFIIN LA E BN XR. | AR (H
BK) HERFETERBEKR, HRMER Cmux #B5: K2R, YHAFIEEREY
KHIARSCHE YRS, A TEBEE MUX HAEM B RIAR, (H48H T — MR,
REE LB HERBEESE—SAHTHERR, KENTENHERET A5
e R G HUER R R BB AR,

AT MUX SR B F A TR QoS ERMMA, ACRIMBADE. Fet, ik
FIZ% QSSP M AMIRL, AT MUX S BH8M CLR , EMERRSEY S
AFABH) CLR BRI, RZH CLR AEM RE RN EkE SHH CLR H7 L EX,
FATHE A SO X — R, HHF5 AR R R 0.

X
R0 AR1 A REA LRD $SHEHIER.
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BT SRD 4725 LRD A B EEXHETHEMXEHEE ), RITEHA RN ARL
TEM B AR (8) XY M - o BF, MEFS (1) X2k (2) X ERER.
BT REARFET(z+1) =2T(2), 3 M o000, U (8) XFAER

e-1+H _ -H

|e—2(1—H)j
(H - DIT(—2H)

Too(8) = exp(—se™¥)

e j+i/2

~ exp(—se“j)/ e_z(l_H)zax/[2|F(—2H)|]
j-1/2

o)

~ exp(—se~®)e 2 —Hizdg /12T (—2H)|). (A-1)

BITERNRH, St=e", 1§
roo(s)z/oo e st =2H de /120 (—2H)|), (A-2)
0

ERE s~ N *7YT(2) MALE RIS, B s~ = [T e "7 dt/T(z) ,

Too(s) & H(2H — 1)s*7 72, (A-3)
TE(2) RPY s B R, —MESETFTELI =R ER, B

r(s,H) ~ H(2H — 1)s*72, (A-4)

B, 34 M — oo B, RH0 AR FFI8 BARSCEEE BAAMFSIE BEXEBAREST
0, HEMMBTII, H— QSSP.
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ANALYSIS OF THE PERFORMANCE OF ATM MULTIPLEXING
IN SELF-SIMILAR TRAFFIC CASE

Xu Du Li Lemin

(University of Electronic Science and Technology of China, Chengdu 610054)

Abstract Recent measurements show that the traditional traffic models cannot be success
on kinds of long-range dependent traffic which has great influences on the network performance.

Fractal or self-similar models are found to be more suitable for describing the modern traffic.
But there is still little knowledge about the performance of the multiplexer under self-similar
traffic. This paper proposes a Quasi Self-Similar Process {QSSP). Using this process, the upper
bond of the cell loss rate and multiplexing gain of the multiplexer in N i.i.d. QSSP input case
is gotten. If the sources are with different parameters, an efficient numerical algorithm to get
a bond is also proposed. Simulation indicates that the analysis fits with the simulation result
well.

Key words Long-range dependence, Self-similar process, Fractal Gaussian noise, Multi-
plexer, Cell loss rate
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