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Té6m tit. Viec tinh toan hicu sudt tai nat 16i trong mang OBS déi véi truong hop ludng luu luong
dén 1a Poisson da dugc dé cap kha nhidu. Trong bai bdo nay, chting toi thiyc hién phan tich véi truong
hop ludng luu lugng dén khong phéi 1a Poisson (non-Poisson) ma 1 qué trinh dén renewal (ting v6i
ltu lugng téng quat GI). Viéec két hgp cd hai luong luu lugng GI va Poisson ciing duge xem xét
vai mot truong hgp dic biét clia qué trinh dén méi 14 qué trinh IPP (Interrupted Poisson Process).
Chung t6i st dung céc phuong phip xip xi ERT va GI dé tinh todn xac sudt tic nghén. Két qui
phan tich bén trong mo hinh ciing nhu so sanh v6i mo6 hinh Poisson trude cho théy tinh ding cia
mo hinh phan tich.

Abstract. Evaluating the performance of contention problem in OBS networks for the case of Poisson
traffic is proposed. In this paper, we analyse an approximate model for input process with mixed
renewal and Poisson, specifically treating the renewal process of Interrupted Poisson Process (IPP).
A mixed system of renewal and Poisson process inputs are analyzed for OBS core nodes with the
SPL-Feed-Forward architecture. Approximate formulas of the mean delay and loss probability for the
respective inputs are presented in simple closed form.
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1. GIOI THIEU

Van dé didu khién tdc nghén chiim quang I rat quan trong trong viéc gidm b6t mat chiim
quang trong mang chuyén mach chiim quang OBS (Optical Burst SW1tch1ng) [1]. Khac véi
khai niém tic nghén trong mang chuyén mach goi, tac nghen chiim tai mot cong ra clia mot
nit mang OBS x4y ra khi ¢6 hai hodc nhiéu géi diéu khién c6 gang danh trude cliing mot kénh
budc séng ra tai cting mot thoi diém. Van dé nay c6 thé duge gidi quyét bing cach chuyén
doi bude séng (Wavelength Conversion), sit dung duong tré quang FDL (Fiber Delay Link)
hozc dinh tuyén léch huéng. Da s6 cAc nghién citu hién nay thudng phan tich sy két hop ciia
cac gidl phap nay. Cac tac gia trong [2,3,4] da dé xudt mot mo hinh dinh tuyén léch hudng
két hop véi chuyén doi bude séng day di va duong tré FDL dé lam tré va bu thoi gian offset
cho viéc md rong hanh trinh. Trong [6,9], cAc tac gid da phan tich sy két hgp chuyén doi bude
song day du va duong tré quang FDL 4nh huéng nhu thé nao dén sy tac nghén chiim. Tuy
nhién, khéc véi [2,3,4], cac téc gid trong [6,9] chi xem xét luu lugng dén 1a GI véi qué trinh
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dén renewal. Viéc xem xét két hop ca 2 luong GI va Poisson sé duge phan tich trong bai viét
nay.

Tuong tu nhu trong [2], mo hinh ¢ Hinh 1 chi ra luu lugng cac chiim quang di ra trén
chiing (hop) C-D sé bao gom céc chum léch huéng dén tir ching C-E (do tranh chap) va céc
chtim thong thuong (khong léch huéng) duge dinh tuyén ra trén chang C-D. Tuy nhién, khéc
v6i mo hinh da phan tich trong [2] véi gia thiét luu lugng lech hudng dén céc duong tré FDL
13 tuan theo phan bd Poisson, mo hinh luu lugng léch huéng dén trong bai viét nay 1a lau
lugng tran (non-Poisson), va 1a mot truong hop dic biet clia qué trinh dén renewal (luu lugng
GI). Ngoai ra, luu lugng lech huéng sau khi ra khoi cdc duong tré FDL két hop vdi cac luu
lugng dén khéc (Iuu lugng khong léch hudng) cling khong theo phan b Poisson va duge xem
13 Iuu lugng tong quéat GI.
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Hinh 1. M6 hinh mang OBS dang xét

B6 cuc bai bao gom: Muc 2 gi6i thiéu kién tric nit 161 OBS véi céc duong tré FDL va cic
bo chuyén d6i budc séng day dit CWC (Complete Wavelength Converter). Mo hinh phan tich
sé dugc trinh bay 6 Muc 3. Céac két qua biéu dién duéi dang do thi vé nhitng thay ddi cia
xac suat tic nghén chuyén bién theo mat do ludng sé dudge trinh bay ¢ Muc 4. Va cudi ciing
13 phan két luan.

2.  KIEN TRUC NUT LOI OBS VOI CAC BO CHUYEN DOI CWC VA
DUONG TRE FDL

Trong kién tric nat 161 OBS, cac bo chuyén déi CWC va duong tré FDL c6 thé dugc thiét
ké chung dé hd trg tot cho van dé diéu khién tic nghén tai cong ra.

Céc chuyén mach quang c6 thé dudc ciu hinh khéc nhau véi mot s6 bo chuyén déi CWC
dugc chia sé theo kién triic SPN (share-per-node), SPL (share-per-link) hodc SPIL (share-
per-in-link), va véi mot tap cac duong tré FDL (v6i mot hodc nhiéu kénh budc séng), theo
cach sip xép truyén thang (feed-forward) hay quay vong (feed-back) [6]. Da c6 nhiéu dé xuét
vée kién tric nit 16i két hop bo chuyén doi bude song CWC va dudng tré FDL [2,3,4,6]. Véi
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truong hop kién tric SPN va quay vong, cac bo chuyén déi CWC v cac dusng tré FDL duge
diit chung tai nit 16i va cac luu lugng dén trén két néi vao bat ki déu cé thé st dung ching.
Trong truong hgp kién tric SPL va truyén thing, cac bo chuyén déi CWC va céc dudng tré
FDL dugc dat tai cac cong ra va chi duge sit dung béi cac luu lugng huéng dén cong ra do
[8] (Hinh 2). Viéc lam tré cdc chiim léch huéng c6 thé duge thyce hién tai cic vi trf khac nhau
phu thuoc vao kién tric duong tré FDL ctia nat 161 OBS. Néu thic hién lam tré chiim ngay
tai ntt tic nghén, kién tric duong tré FDL phai I truyén thang [4] (vi du trong Hinh 1, thuec
hién lam tré trén ching C-D). Nhung néu lam tré chum tai nat tiép theo ctia nit bi tdc nghén
(vi du ntt D), ¢4 2 kién trc quay vong (thyc hién ngay tai nit 16i D) va truyén thang (thuc
hién trén ching D-E) déu c6 thé 4p dung.
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CWC = Complete Wavelength Conversion
Hinh 2. N1t 16i v6i kién tric SPL d6i véi CWC va truyén thang d6i véi FDL

Bai béo sé di vao phan tich xac suat tdc nghén, cling nhu do tré trung binh (bén trong
dudng tré FDL) tai mot ntt 161 OBS véi kién triic SPL déi véi CWC va truyén thang ddi véi
FDL (tai nat C), v6i cac gia thiét nhu sau (Hinh 2):

- Mot nit 16i OBS ¢6 K cong vao va K cong ra; mot soi quang hd trg da buse song WDM
(Wavelength Division Multiplexing) tuong ting véi mot cong va ¢6 w bude séong. Dé don
gian, ta gia thiét ring kha ning chuyén doéi budc 1a day di nén sé c6 w bo chuyén doi
CWC trén mdi cong ra.

- MBJi cong ra dugc trang bi rieng N duong tré FDL, trong dé mdi dudng tré c6 kha ning
mang R bude song (1 < R < w). Do tré co ban ctia moéi duong tré FDL 1a b va tang
tuyén tinh theo chi s6, tidc 1a FDL; sé ¢6 do tré 1a i x b, véi i = 1,..., N. S6 chum c6
thé duge mang dong thoi trong mot dusng tré FDL duge xac dinh bdi sd b chuyén
déi buéce séng R trong s6 w bo chuyén déi CWC trén cong ra. Do do, tong sd kénh budc
séong duge cung cap bdi day cac FDL 1a L = N x R. Tuy thudc vao yéu cau thoi gian
offset md rong, cac chuim léch huéng sé duge 1ap lich vao duong tré FDL c6 do tré phu
hop (bét dau tit FDLy).
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3. MO HINH PHAN TICH

Mo hinh duge dé xuat trong bai viét nay thiye hien tai nat 161 OBS, gom 2 giai doan (Hinh
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Hinh 3. M6 hinh phén tich tai nat 161 OBS

trong d6, cac luong luu lugng duge mo ta nhu sau:

- Luong luu lugng léch huéng Fy: gom cac chim léch huéng dén trén chang C-D sé dugce dua
vao lam tré trong cac FDL.

- Ludng luu lugng khong léch huéng Fy: gom cac chiim khong léch huéng dén cong ra duge
dinh tuyén tit nhiéu cong vao khac nhau. Luu lugng nay dugc gid thiét dén theo qué trinh
Poisson véi tai trung binh 1a pf = v¢/p.

- Luodng lvu lugng F3 (luu lugng GI): 14 Iuu lugng cac chum lech huéng di ra tit cac FDL (sau
khi da dugc lam tré thanh cong).

- Luong luu lugng (Fy): két hgp 2 luong luu lugng Fy (Poisson) va F (GI).

Nhut vay, twong tir nhu trong [2], mo hinh phan tich ¢ day ciing bao gom 2 giai doan: giai
doan dau tién tuong ting véi cac duong tré FDL dé cung cap thoi gian offset md rong cho cac
chiim léch hudéng. Giai doan thit 2 tuong ting véi w bude séng trén nit 161 OBS duge cap phat
cho cac chiim lgch huéng (ra khoi duong tré FDL) va cac chum khong lech huéng dén tit céc
cong vao khac nhau. Diém khac biét trong bai bao nay so vdi [2] 1& xem cac ludng luu lugng
dén cac duong tré FDL (¢ giai doan 1), cling nhu luu lugng tong dén tai nit (bao gom luu
lugng léch huéng va khong lech huéng) déu 1a luu lugng khong Poisson (non-Poisson). Vi vay,
viéc phan tich xac suat tic nghén (cling nhu do tré trung binh trong cic dudng tré FDL) 1a
khong thé sit dung cac mo hinh Markov truyén théng (nhu trong [2]). Chi tiét mo6 hinh phan
tich sé dugc trinh bay sau day.

3.1. Do tré trung binh (Mean Delay) trong ciac dudng tré FDL

Theo hinh 1, luu lugng lénh hudéng (tran) tit mot cong ra ctia nit C (tng véi chang C-E)
dén cong ra khac (ting véi chang C-D) dugce phan tich bing 1y thuyét tran [10].



MO HINH PHAN TICH NUT LOI CHUYEN MACH CHUM QUANG 363

Theo d6, luu lugng lech huéng (tran tit luu liwgng ban dau 1a Poisson) 1a lutu lugng cung cap
dén mot he thong doc lap GI/M/L/L tuong ting v6i day cac duong tré FDL (luu lugng (Fy)
trong hinh 3), duge dic trung bdi cac gid tri trung binh (mean) M va phuong sai (variance)
V nhu sau [§]:

M:deE(vad)7 (1)

Pd
V=Mx(1 M+w+1—,od+M)’ (2)
trong d6 pg = v4/p, E(w,pq) 1a cong thitc Erlang-B.

Nhu mo té trong hinh 4, khi lwu lugng dén duong tré FDLy (trong diy céc dudng tré
FDL), néu tat cd R kénh budc séng déu ban thi cac duong tré F DLy sé duge xem xét. Do
d6, ta c6 thé xem F DL nhu 1a mot hé thong bi tdc nghén tao ra luu lugng tran I'y (véi cac
gid tri My v V1) va cling chinh 1a luu lugng x4y dén F'DLo; va ci tiép tuc nhu vay tao thanh
chudi cia N duong tré FDL, trong d6 moi F DLy, sé tao ra luu lugng tran I'y (v6i cac gia tri
M, va Vi) cho duong tré F' DL, 1). Luu lugng tran T'y tit dudng tré F'DL cudi cling tuong
ing vdi luu lugng tran thyc sy tit day cdc FDL (chinh luu lugng bi tidc nghén do cac FDL,
va'g =T'y). Do d6, ddy FDL c6 thé dugc mo hinh nhu 1a chudi cdc hé théng GI/M/R/R
(cac dudng tré FDL) véi luu lugng tran theo kiéu “thac nudce", § day R 14 s6 kénh trong moi
duong tré FDL. Ngoai ra, v6i gia thiét Iuu lugng xay dén duong tré F'DL dau tien trong chudi
1& doc 1ap, nén ta mo hinh chubi két hop N dudng tré F DL nhu 1a he thong don GI/M/L/L,
6 day L = N x R, la tap hop cac kénh trong day dudng tré FDL [9].
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Dé tinh gi4 tri do tré trung binh (mean delay), dau tién ta tinh cAc gia tri trung binh v&
phuong sai ctia luu lugng cung cap dén (offered traffic) méi duong tré FDL, tit d6 tinh gid tri
trung binh ctia luu lugng duge mang (carried traffic) tit mdi duong tré FDL (My). Nhu da
phan tich & trén, luu lugng xdy dén duong tré FDL dau tién chinh 13 luu lugng lech hudéng va
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cac gia tri M, V ctia né duge xac dinh qua (1) va (2). Vi vay ta c6 thé tinh céc gid tri My va
V1 ctia Iuu lugng tran tir duong tré FDL; bang cach st dung phuong phap Brockmeyer (ERT)
tuong ty nhu trén. Tiép theo, My, Vi lai trd thanh Iuu lugng xdy dén duong tré FDLy va
tiép tuc nhu vay ta c6 thé tinh dugc céc gia tri My, Vs, ... Tong quét, ta sé chi ra cac ham do6i
véi FDLy, tuy ¥ ¢6 Iuu lugng xay dén tng v6i My_1, Vi_1 va luu lugng tran tng véi My, V;
béang céch ap dung phuong phap ERT (Equivalent Random Theory) trong ly thuyét tran [6].
Theo d6, luu lugng xay dén duong tré F DLy, 1a khong Poisson (véi céc gia tri trung binh My,
va phuong sai V%), dugc xem nhu 1a lvu lugng tran tit mot nhém “40” (virtual group) va 1a
luu lugng “40” x4y dén F DLy, v6i tong tai luu lugng “40” pr va tong s6 kénh “40” 13 Ny (Hinh
5). Tic 1a, khi d6, luu lugng tran cta hé thong “40” nay chinh Ia luu lugng xay dén cta he
thong thuyc té c6 Ly (hay R) kénh budc song va hé thong két hop tuong duong véi he thong
liwu lugng Poisson x&y dén véi (N} + Lj) kenh va tong tai luu lugng 1a pf.

Khi d6, tir hinh 5, déi v6i duong tré FDLy, cac gia tri M, va Vi, c6 thé giai dugc bang
cach st dung cac ham cia Kosten [6] nhu sau:

M. = x E(N,, + L, ; =M x (1 — M + , 3
k= pr X E(N + Ly, pi); Vi = My x ( K N§+Lk+1—pZ+Mk) 3)

py, va ;' tinh dugc dya trén cac gid tri My_q va Vi_1, 1a cac gia tri trung binh va phuong sai

W2 ",

ctia Iutu Iugng tran tt nguon “ao0™

M1 = pp. X E(Ng, s Vel1i =M1 x (1 — M1 + . 4
k-1 = pi X E(Ni, pr); Vi1 k-1 % ( k1 N,;*+1—p2+Mk71) (4)

T (3), N} ¢6 thé duge tinh dya vdo pi va cac hiing s biét trude My va Vi_1 nhu sau:

(My—1 + Z—1
My 1+ Zp1—1

) —1— M1, (5)

trong d6 Zx_1 = Vi1 /M.
Tiép theo, tit (4), ta xac dinh duge ham tng véi bién pf

flpr) = My—1 — pj, x E(Ni, py.) =0, (6)
pi. 6 thé tinh duge bang cach ap dung phuong phép xap xi ciia Yngve Rapp [7,10] va ¢6 két
qua:

P = Vi1 +3x Zp1(Zp—1 - 1). (7)

Nhu vay, tit (5) va (7) ta tinh duge cac gia tri My va Vi theo (3). Tu Hinh 4, ta ¢6 luu
lugng mang (carried traffic) véi duong tré F'D Ly, d6 la:

My, = My_y — M. (8)

V6i két qua thu duge khi tinh véi FDLy v cac gia tri My va Vy (ting véi trudng hop
k = 1) chinh 1a M va V (tinh duge tit (1) va (2)), ta c6 thé gidi duge véi tat ci cac trudng
hop véi k € {1,2,..., N}. Khi d6 do tré trung binh (D) cta luu lugng lech hudng dén trong
cac dudng tré FDL dugc tinh nhu sau:
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M,
D= — x D 9
> 7 % De (9)
ke{1,2,..,N}

trong dé, M 1a luu lugng duge mang trung binh tit cac duong tré FDL, M = M — Mg va D;,
la do tré tai mdi FDLy, (Dy =k x b).

3.2. Xaéac suat tic nghén ctia nat 16i OBS véi cic qua trinh dén renewal va
Poisson

Tai giai doan 2 trong mo hinh, luu lugng dén cong ra bay gio sé tap hgp clia 2 ludng luu
lugng: luu lugng luodng léch hudng ra tit cdc duong tré FDL sau khi da lam tré thanh cong
(F3 - Iuu lugng dén kiéu GT), duge dic trung bdi cac gia tri M va Z (hay V) va luu lugng
cac chiim khéac duge dinh tuyén ra trén cong ra nay (khong léch huéng). Do dé, x4c suét tac
nghén tai cong ra ¢ giai doan 2 c6 thé dugc tinh dya vao viéc phan tich tic nghén trén mo
hinh [5] GI + M /M /w/w, 6 day w 1a s6 kenh budc séng trén cong ra (Hinh 6).
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Hinh 6. Mo hinh GI + M /M /w/w Hinh 7. Mo hinh st dung phuong phap ERT

trén két nbi ra

a. Tinh cdc gid tri moment cia luu lugng tu cic duong tré FDL sau giai doan 1

Trusng hgp tong quat khi xem Iwu lugng Fy 14 qua trinh dén méi (luu lugng GI), Fy sé
duge dac trung béi 2 gia tri moment dau tién ctia né 14 M va Z dugce tinh thong qua cac gia
tri moment M, k € N, nhu sau [9]:

M = M(l); Z=1- M(l) + M(Q)/M(l) (10)
véi
1 k-1 JAT (R
= — —, keN 11
") 7 WE[] T I = A% () (1)

trong d6 A*(t) 1a phép bién ddi Laplace-Stieltjé (LST) ctia ham phan hd A(t), va E[7] la thoi
gian gifta c4c lan dén trung binh (mean interarrival time).

Tiép theo, ta tinh céc gia tri moment ctia luu lugng duge mang va luu lugng tran (téc
nghén) sau giai doan 1. Khi xem luu lugng F; 14 qua trinh dén renewal, thi luu lugng tran ti
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F ciing 14 qué trinh renewal vi duge diic trung béi cac gid tri Mp v Zp c6 thé tinh duge
theo mo hinh ¢ hinh 4 hay thong qua céc gid tri moment Mg () nhu sau [9]:

L
| L\ (k+1-1)
S () ke 12
Mpwy 1= <l> (k= 1)!M (12)

v6i L = N x R va My, k € N thuoc Fi tinh duge theo (11). Tir (12), ta 6 thé tinh dugc
Mp = Mp 1) la luu lugng tran tr cac FDL.

Véi luu lugng duge mang tit cdc duong tré FDL (duge lam tré thanh cong), F3 cing duge
dac trung bdi céc gid tri M va Z va cdc gid tri moment M1y va M(g) nhu sau:

M@y =M — Mg 1);

_ _ M(g) L L l! Lomx M(m)
Mgy = My ~2 My oy M ). (@
@ = Maygz = Mo B,<2)lz;<l> M(Hl)?nz::l( gy, TV )

Tu (13), ta tinh dugc cac gia tri M = M(l) vazZ=1- M(l) + M(Q)/M(l)

Do phiic tap tinh toan trong truong hop nay bang O(L) [10].
b. Phuwong phdp ERT vdi két hop 2 luong luu lugng

Nhu vay c6 thé xem luu lugng dén tai giai doan 2 (Fy) 1a tap hop ctia hai ludng Iwu lugng
doc lap 1a Fy (M, V) va Fy (tai 1a py)- Khi d6, luu lugng c6 thé dugdc xac dinh bdi hai gia tri
M* =M + ps va V* =V + ps. Theo phuong phap ERT, luu lugng (M*, V*) duge xem nhu
13 Ivu lugng tran tit nhom “4o” (virtual) va I Iuu lugng Poisson “40” x4y dén véi tong tai luu
lugng “40” va tong s6 kénh “40” 1an lugt 14 p* va w*. Luu lugng tran ctia hé thong “40” nay
chinh 1a luu lugng xdy dén ctia hé thong thyc té c¢6 w kénh budce séng va hé thong két hop
tuong duong véi hé théng luu lugng Poisson xay dén trén (w* 4+ w) kénh va tong tai luu lugng
dén 1a p* (hinh 7).

Ap dung phuong phép xap xi Yngve Rapp [5], ta tinh duge cac gia tri p* va w* tit (M*, V*) :

v v . MT+ZF

R volS o oy s

M* —1, (14)

Vi Z* = V*/M*.
Khi d6, xac suit tic nghén tai giai doan 2 c6 thé tinh dutge theo phuong phap xap xi ERT
nhu sau:

Ew" +w,p")

@ 0") )

PBy grr =

c. Phuong phdp zap zi GI dé tinh zdc sudt tic nghén ing cho timg luong leu lugng vdi truong
hop lwu lwong GI la qud trinh dén IPP

Trong trudng hgp nay, ta xem Fj 1a luu lugng tran dng véi qua trinh IPP (Interrupted
Poisson Process), khi d6, gid tri M va Z (hay V = M) — M(Zl) + M(yy) tinh dugc ¢ cong thitc
(10) hoan toan trung khép véi gia tri tinh duge ¢ cac cong thic (1) va (2) mot cach tuong
ting.
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Qué trinh IPP dé xuat bdi Kuczura 7] duge sit dung rong rai trong viéc phan tich mo
hinh vé6i luu lugng tran, dic trung béi 3 tham s6 (¢, ¢, oy ), trong do, ¥ va ¢ tuong ting véi
téc do chuyén trang thai tit trang thii ON sang OFF vi ngugc lai. Tai trang thai ON, cic
qué trinh dén IPP dugc tao ra véi tdc do 13 aen,.

Ham phan bo thoi gian gitta cac lan dén A(t) ctia qué trinh IPP duge x4c dinh nhu sau
[7,10]:

A) =61 —e ™) + (1= 6)(1 —e "2, (16)
6 day

= %{aon + 1/} + <Z> + \/(aon + T/J + QS)Q - 4050711/};

ry = %{aon + 9+ 6 — V(o + & + 0)% — daond (17)
_ Qon " T2
6_ KT —T9 '

Khi xem luu lugng tap hop ctia 2 ludng luu lugng doc lap ciing 1a Iuu lugng tong quat GI
(v6i cac gia tri dac trung M*, V*), cac gia tri (aon, ¥, ¢) duge tinh nhu sau [5]:

M* Qop — M*
x (=
Qon, Z*—1

1) 6= (52 1) x¢p. (18)

Qon = M*Z* +325(Z* —1); ¢ = e

Tit (16), ta c6 A*(x) 1a phép bién ddi Laplace-Stieltjé ctia ham phan phdi A(t) [10]:

57‘1 + (1 — 5)7‘2'

A*(x) = (19)
x+7r T+ 79
St dung (17) va (18) trong (19), va dat
A*(x)

ta co [5]:
blr) = [+ (2 = 1) f(e, M, 7)) (20)

trong dé
fle, M*, Z") = ’ M” +327 (20a)

Mz 1+ M 132
X4c suat tic nghén trong truong hgp nay tinh duge xap xi nhu mo hinh GI/M/w/w [5]:

_ (w 1 —1
Pieor =0+ 2 () ) )

¢ day, ¢(-) tinh theo (19) ho#c (20).
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Biéu dién riéng 16 xac suit tic nghén ciia lru lugng chiim léch huéng va khong léch hudng
lan lugt 1a PBy g va PBjy_y, ta c6 dinh luat béo toan tai nhu sau [5]:

M* x PBQiG[ =M x PBQid + pf X PBgif. (22)

Tit PASTA (Poisson arrivals see time average), PB; r la bing xdc suat tdc nghén thoi

gian va &4p dung dinh luat béo toan téc do [5], ta co:

w
PBy_c1= 55 dwn)PB;_y. (23)

St dung (23) trong (22), ta c6 xac xuat rieng 1é ctia timg dong luu lugng nhu sau:

PBy q=[1+(Z—1)f(wp, M*,Z")] x PBy_y,

PBZ,f = [1 + (Z* - 1)f(w/"7 M*)Z*)]_l X PBZfGI? (24)
trong d6 f(-,-,-) tinh theo (20a) v6i Z =V /M va Z* = V*/M*.

4. PHAN TiCH KET QUA

Trén ¢ s6 phan tich ¢ phan trén, ta tién hanh mo ta vé mat do thi (dugc viét bang
Mathematica) sit bién thién ctia xac suat tdc nghén phu thuoc vao luu lugng tai mang (p) va
6 budc song (w). Tuong tu céc tham sd6 mo phong duge trinh bay trong [2], goi = p/w 1a he
s6 luu lugng tai mang so véi sd budce séng stt dung tai mdi cong ra, B dude xét trong khoang
0.2 dén 0.8 (Erl).

1.000000
0.900000
T, 0.800000 ==
@ A _ -
& 0.700000 o B
5 0.600000 - —
= m-
€0 0.500000 7 -
o s —+—PB 2 GI_ 0=16
o= 0.400000 -
= ) ¢ : -H-PB_2 Gl_o=32
=  0.300000 - = — =
7 . PB 2 GI_o=48
o 0.200000 >
= =
»  0.100000
0.000000 P .
0.7 0.75 0.8 0.85 0.9 0.95 1

Hinh 8. Xac suat tic nghén tai giai doan 2 vs 8

Hinh 8 chi ra két quéa phan tich véi xac suat tic nghén tai giai doan 2 ctia mo hinh véi s6
buéc séng thay doi (w = 16,32, 48).

Két qua so sanh xac suat tac nghén tai giai doan 2 tinh theo hai phuong phép la ERT
(cong thiic (15)) va phuong phép xap xi GI (cong thitc (21)) dugc chi ra trong Hinh 9.
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1.0000000000

01000000000 —= =g
-;:b 0.0100000000 /

92 00010000000 /
“g 0.0001000000 //

2 0.0000100000

= /
0.0000010000 — B
0.0000001000
03 04 0.5 06 0.7 0.8 09
-« -PB_2_GI |0.0000004 |0.0000158 |0.0003238 | 0.0066970 | 0.0669363 | 0.2062730 | 0.3225160
—=—PB_2_ERT| 0.0000004 | 0.0000147 | 0.0002975 | 0.0062849 | 0.0468997 | 0.1419920 | 0.2084630

Hinh 9. Xac suat tic nghén giai doan 2 theo phuong phap ERT va GI vs 3

Khi xét v6i truong hop riéng 1é cac luong luu lugng, chiing ta c6 két qua ¢ Hinh 10 véi xac
suat tac nghén cia luong luu lugng lech huéng (luu lugng IPP) vé6i cuong do hwu lugng dén
thay déi (theo gia tri trung binh M). O day ching toi thay déi gid tri M bing cach md rong
s6 cong ra (K = 2,3,5,7), tic 1a luu lugng léch huéng dén trén chang (C-D) sé tang len.

1.200000
— 1.000000 - vam
& = -
= -~ R -
. 0.800000 =
i)
=D —4 -PB 2 d K=2
5 0.600000 “#-PB 2 dK=3
o -42#-PB 2 d K=5
= 0.400000
5 ——PB 2 d K=7
]
< 0.200000
i
0.000000 . : .

0.5 0.55 0.6 0.7 0.8 0.9 1

Hinh 10. Xac suat tac nghén ciia luong lenh hudéng tai giai doan 2 vs 3

Ngoai tham s6 xac suat tac nghén, ta phan tich gia tri do tré trung binh ctia cac FDL theo
cuong do luu lugng léch huéng (Hinh 11).

Hinh 12 chi ra két qua so sanh x4c suat tic nghén tai giai doan 2 khi lutu Ilugng léch huéng
c6 qué trinh dén renewal (luu lugng GI) va qué trinh dén Poisson, mot cach tuong ting. Ro
rang, do luu lugng GI 1 Iuu Iugng bursty (Z > 1) nén xac suat tic nghén sé cao hon so véi
luu lugng Poisson (Z = 1).

Két qua phan tich tng v6i mo hinh hwu lugng 6 bai bao nay ciing sé duge so sanh véi
phuong phap tinh tng véi mo hinh A trong [2] nhung véi qua trinh dén clia luu lugng leéch
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Hinh 11. D6 tré trung binh ctia ludng lénh huéngtrong day FDL vs 3
1.000000000
5
<,  0.100000000
-
Q2
o
—
= 0.010000000
7
=
= B
0.001000000 - -
0.5 0.6 0.65 0.7 0.75 08 0.85 0.9
—+— PB_2_d(Poisson)[0.004529/0.017178/0.028283|0.042786(0.060412/0.080646/0.102858/0.126407
- m -PB_2_d(GI) 0.004543/0.019103/0.0661690.100981|0.133816/0.176365/0.202301/0.204353

Hinh 12. Xac suat tac nghén giita ltu lugng GI va hru lugng Poisson vs 3

huéng ciing 14 Poisson (tinh theo cic cong thitc (20) dén (24)). Khi d6, cic gia tri theo cong
thic (12) va (13) duge tinh lai nhu sau [10]:

M =~q/p, Mgy =M x E(L,M),Muy =M — Mg ),

_ M
ZB=1-Mpp+— 0 z-1 2O
’ (L +1- M(l) (2M(1)

(L+1— My —ZB)

vai g 1a toc do dén cia luu lugng lech huéng (Poisson) trén chang C-D.
Két qué so sanh cho thay c6 sy tring khép gitta 2 phuong phap (phuong phap bai bao
dé xuét va phuong phép trong [2]) (xem Hinh 13). Diéu nay cho thiy tinh ding ctia phuong



MO HINH PHAN TICH NUT LOI CHUYEN MACH CHUM QUANG 371

phép sit dung véi truong hop tong quéat (Iuu lugng GI).

0.14000000000

0.12000000000 s
5
= 0.10000000000 |
o0
5 0.08000000000 | aa
—  0.06000000000 |
= L
7 0.04000000000 "
S 0.02000000000 R— .
0.00000000000 | e T e . i i
02 03 04 05 06 0.7 08 09
¢+ PB_IA_[2] 0.00000023546 | 0.00003123420 | 0.000629409 | 0.004529830 | 0.017178400 | 0042786600 | 0.080647000 | 0.126411000

4---- PB_2_d (Poisson) | 0.00000023553 | 0.00003123430 | 0.000629409 0.004529830 0.017178400 0.042786500 0.080646200 0.126407000

Hinh 15. Xac suat tic nghén v6i ludng lénh huéng 1a Poisson — so sanh v6i mo6 hinh trong

[2] vs B

5. KET LUAN

Bai bao da phét trién mot mo hinh phan tich trude day (trong [2]) véi trudng hgp tong
quat (luu lugng GI). Theo d6, phan tich véi luu hugng lech huéng (tran) ¢6 quéd trinh dén Ia
qué trinh renewal (v6i IPP I3 truong hop dic biét), vi vay khong thé sit dung cdc mo hinh
hang dgi Markov truyén théng dé phan tich. Phuong phép phan tich ¢ day 1a cac phuong phap
ERT va GT trén mo hinh xap xi GI/M/c/c. Két qué so sanh giita cac phuong phéap ciing nhu
so sanh véi truong hop luu lugng Poisson (dd nghien cttu truée day) cho thiy tinh ding cia
mo hinh phan tich.
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