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M6 hinh phan tich két hop chuyén doi bwéc song
va FDL tai nut 16i mang OBS véi luu lwong
tong quat GI

Analyzing the Model of SPL & Feed-Forward Architecture at-OBS Core
Node with GI Traffic

Abstract: Optical Burst Switching networks are
considered as an important candidate for the future
transport networks. Many analysis models of OBS
node with wavelength conversion and FDLs have
been proposed recently. In this paper, we propose an
approximate analytic model at OBS core node
architecture SPL — FF (Share-Per-Link - Feed-
Forward) for generally distributed arrivals (Gl),
including Poisson flow, specifically treating IPP
distributed interarrival times. Blocking probability
will be calculated based on Markov multi-dimensional
models and approximation model. Numerical solution
values from the proposed analysis method are
compared with simulation, as well as between these
models.

Keywords: OBS, Blocking probability, Complete
Wavelength Conversion (CWC), Share-Per- Link
(SPL), FDL, Interrupted Poisson Process.

GI0O| THIEU

Chuyén mach chum quang OBS (Optical Burst
Switching) trén mang WDM (Wavelenght Division
Multiplexing) da dugc xem nhu 1a mot cong nghé day
trién vong ddi voi mang Internet thé hé tiép theo, boi
vi n6 c6 nhidu loi thé hip din nhu téc do nhanh va
hiéu suat khai thic bang théng cao hon nhiéu so voéi
nhirmg mé hinh chuyén mach kénh quang khac [1].

Tai ntt bién vao cia mang OBS, dit li€u vao (chéng
han cac ludng IP) ¢ cung dich dén (va cing 16p dich
vu QoS) dugc tap hop trong mdt chum quang dir li€u,
duoc 1ap lich va duoc goi vao bén trong mang OBS
theo sau mot goi diéu khién chum quang BCP (Burst

bang Thanh Chwong

Control Packet) mot khoang thoi gian offset. Khoang
thoi gian offset nay duogc tinh toan sao cho géi diéu
khién c6 thé kip dat trudc va cu hinh cac tai nguyén
tai cac nit ma chum quang dir liéu s& di qua. Bang
cach d6, mang OBS da loai bo duoc yéu cau can su
dung cac bd dém quang, mdt trong nhiing han ché ma
cong nghé quang hién nay chua thé vuot qua dugc. Tai
cac nut 161 bén trong mang OBS, chum quang don gian
duoc chuyén mach (forward) theo huéng dén nit dich
nhu di cAu hinh. Khi dén nat bién ra, cac ludng IP s&
duoc khoi phuc lai tir chum quang dit liéu nay.

Do su bung nd tu nhién cua mang truyén dir liéu,
tac nghén chum c6 thé xuét hién khi hai hodc nhiéu goi
didu khién ¢ ging danh trude cing mot kénh budc
song ra tai ciing mot thoi diém. Vi vy, van dé giai
quyét tic nghén chum la rat quan trong trong viéc
giam bot xac sudt mat chim trong mang OBS [1]. Tac
nghén chum c6 thé dugc giai quyét bang cach chuyén
d6i budc song, sir dung dudng tré quang FDL (Fiber
Delay Link) hoic dinh tuyén 1éch huéng.

Nhiéu nghién ctru lién quan dén cac giai phap giai
quyét tic nghén di duoc dé xuét, bao gdm ca viée xét
riéng 1¢ timg giai phap ciing nhu két hop giita chung
[4,5, 9]. Cu thé, trong [4, 9], cac tac gia dd nghién ciru
giai phap két hop chuyén ddi budc song (ddy du) va
duong tré quang FDL, theo do, cac chum khi gip tic
nghén tai cong ra do thiéu tai nguyén (budc séng ciing
nhu bd chuyén dbi) s& dugc 1am tré trong cac FDL, sau
d6 cac chum néu duge 1am tré thanh cong s€ lai duoc
dua tré lai cong ra va gdp chung voi cac ludng luu
lwong duoc dinh tuyén ban dau dén chinh cong ra do
(xem luu lwong c6 dang téng quat GI, mo hinh trong
[4] vi vay c6 dang GI /M /w / w).
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CWC = Complete Wavelength Conversion
Hinh 1. Nuit 16i kién triic SPL (share-per-link) véi CWC va FDL truyén thang

Trong bai bao nay, chung t6i cling nghién ctru voi
kién triic nit 16i chuyén déi budc song dy du két hop
FDL trong mé hinh nit 15i OBS kién triic SPL - feed-
forward (Hinh 1) nham phan tich xac suat tic nghén,
tuy nhién theo cac huéng tiép can khac nhau 1a st
dung mé hinh Markov va non-Markov. Ngoai ra, khac
v6i trong [4,9], ching t6i phan tich voi 2 ludng luu
luong tach biét 1a luu lugng ton that (loss) va luu
lugng tré (delay), ung voi cac mo hinh M/M/w/w +
vva Gl + M/M/w/w +v. Chi tiét cic mo hinh s&
duoc trinh bay ngay trong phan tiép theo ctia bai bao.

Noi dung tiép theo cua bai bao bao gom: phan I
gigi thiéu cac mo hinh chung t6i phéan tich ma véi cac
ludng luu lugng khac nhau. Két qua phan tich, két hop
v&i mo phong, thong qua cac do thi vé nhiing thay doi
Clia XAC SUAt tac nghén chuyén bién theo mat do ludng,
s& dugc trinh bay & phan IIl. Cudi cing 1a phan két
luan.

I1. MO HINH PHAN TiCH
I1.1. Cac gia thiét

Twong tu [5, 7], ching t6i st dung mo hinh
Markov dé thuc hién phan tich nat 16i OBS. M6 hinh
duogc xay dung dua trén cac gia thiét sau:

- Phan bé luu luong dén cac céng ra la nhu nhau,
nén chung ta chi can xem xét tai mot cong ra [5].

- Mot nut 13i OBS kién triic SPL ¢6 K cong vao va
K cdng ra, mot soi quang WDM trong mdi cong, c6 o
bude song A = {ho, A, ... Aea} (gia thiét kha ning
chuyén dbi budc song 1a diy du nén s& c6 w bod
chuyén d6i CWC trén mdi cong ra).

- Mdi cong ra duoc trang bi riéng N duong tré
quang FDL, véi R (1 < R < w) kénh budc song trén
moi soi quang cua FDL. Do tré co ban cua modi duong
tré quang FDL 1a b va tang tuyén tinh theo chi s6 cac
FDL, tac 1a, FDL; s& co6 do tré la i*bh, voi i =
1,...,N. S5 chum c6 thé dugc mang ddng thoi trong
mot duong tré quang FDL dugc xac dinh bai sé bo
chuyén doi bude song R trong sb w bo chuyén doi
CWC trén cong ra. Do do6, tong s6 kénh budc song
duoc cung cip boi diy cac FDL 1aL = N * R. Cac
chum bi tic nghén s& dugc 1ap lich vao duong tré
quang FDL c6 d9 tré phu hop (bt dau tir FDL,) [4].

- Mdi chum dén s& duoc gdi ra cbng ra, c6 hoic
khéng c¢6 chuyén dbi budc séng, phu thude vao tinh
kha dung cia budc song ra tai thoi diém dén cua
chum.

11.2. M6 hinh phén tich co ban
M0 hinh phan tich co ban dugc chira & Hinh 2.
Khong mat tinh tong quat, néu ta xét tai mot cong
ra (trén Hinh 1), vi du cong th k (1 < k < K), ¢6 thé
phan tich nhu sau: khi luu lwong dén cbng ra k, néu co
tranh chép, c6 2 trudong hop c6 thé xay ra: (i) chum s&
bi roi do hét tai nguyén budc séng (ciing nhu cac bd
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CWCQ), goi la chum loss, hodc (ii) chum s& dugc dua
vao lam tré trong cac FDL mot khoang thoi gian nhat
dinh va tiép tuc chia sé tai nguyén budc song sau khi
ra khoi FDL (chum chi bi roi khi tt ca cac FDL déu
ban), goi 1a chum delay. Trong bai bao nay, ching toi
phan tich v6i cac dang luu lugng khac nhau, d6 1a:

- Trong md hinh dau tién (mé hinh (i) chung toi
xem cac luu lugng dén déu 1a Poisson, ké ca luu
luong dén trén cac FDL. M hinh phan tich khi d6
¢6 thé dugc mo hinh hoa tuong ng véi md hinh
lwu luong da chidu c¢6 dang ton that — tré (loss-
delay) M/M/w/w + v [6] voi toc d6 trung binh
cac chum loss va delay dén lan luot 1a y, vay,
nhu ¢ Hinh 3 (v = N * w).

- M6 hinh tht hai (mé hinh (ii)) tuong tu nhu mo
hinh (i) nhung xét truong hop luu lugng tran tu
cong ra véi cac bd CWC dén cac FDL 1a luu
luong non-Poisson (luu lugng GI). Va do do luu
lwong dén cong tir FDL ciing 1a luu luong GI.

Mb hinh céng ra :
SPL
Gl+M/M/o /o ;
F2 Iwu luvgng .
(m,v) tran )

Mo hinh véi day
FDL
GI/M/L/L

Juu lwong dén

ban da F
lau + 5

F1

F4 (m, D)

luu lwong duoc
mang ttr cac FDL

Hinh 2. M6 hinh phan tich tong qudt

Nhu phan tich & trén, diém khdc biét ciia cdc mo
hinh dé xudt ciia chiing t6i so véi mé hinh trong [4]
(cc tac gia trong [4] xem tit ca cac luu lugng tran sau
khi ra khoi FDL dén cdng ra néu tiép tuc gip tic nghén
lai dugc quay tro lai FDL) d6 la: ngoai viéc xem luu
luong tran 1a luu lugng Poisson nhu & mo hinh (i) thi
trong mo hinh (ii), chiing t6i quy woc lwu lwong tran
sau khi lam tré tir FDL khi quay lai cong ra sé khong
dwoc dwa tré lai FDL néu hét tai nguyén (bu6e song
va CWCQ). Ttc 1a, chung toi quy udc cac chum loss 1a
nhitng chum d3 duogc lam tré trong cac FDL thanh
cong, trong khi cac chum delay 1a nhirng chum ban
d4u dén trén cong ra. Mb hinh (ii) khi d6 duoc xét voi
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2 ludng luu luong tach biét 13 luu lwong Poisson dbi
v6i cac chum ban dau duge dinh tuyén dén cong ra va
luu luwgng non-Poisson di ra tir cac FDL.

11.3. M6 hinh (i)

M6 hinh nay ¢ng véi truong hop phan tich voi cac
luu lugng déu 13 luu lugng Poisson, ké ca luu lugng
tran tu cac b CWC (m6 hinh Markov). M6 hinh vi
vay ¢6 dang M/M/w/w + v [6] dugc md ta nhu &
Hinh 3. Theo d6, cac chum loss va chum delay dén
trén cong ra déu tuan theo phan phdi Poisson véi toc
d6 trung binh 1an luot la y, va y,; Luu luong tai dén
trung binh do d6 la p = p; + p,, trong do p; = y;/u
la luu lugng tai vao trung binh cta chum loss va
P2 =vq/ula luu luong tai vao trung binh ctia chum
delay.

Céng suét cta hé thong K

A
v

lwu Iqong loss bj

tac nghén
e NJO
- #‘.
Luwu luvong delay @
P p
N T
4 ——
b t
4 u’ungi:éelz_quang @
//
o Itlgg r:,%gg:]ay bi w buéc song
Hinh 3. M6 hinh phan tich ton that — tré (loss-delay)

M/M/w/w+v

Luogc dd chuyén trang thai khi d6 duoc chi ra trong
Hinh 4. Mdi trang thai trong mo hinh ng véi cap
(,)); v6i0<i<w+N-w, va 0<j < w tuong
tmg 1a s6 chum delay va loss; m;; chi ra xac suét trang
thai 6n dinh ma hé théng dat duoc trong trang thai
(@ ))-

Sb trang thai trong chudi Markov & Hinh 4 duogc

tinh nhu sau:

(2*N*w+czo+2)(a)+1) (1)

Theo lugc dd chuyén trang thai, ta c6 hé cac ham &
trang thai on dinh:

Ng 1=
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Hinh 4. Lwot do chuyén trang thdi ciia mé hinh (i)
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Ung véi luge d6 trang thai & Hinh 4, x4c suét tic
nghén PB; cia m6 hinh (i) dugc tinh dua trén hai
truong hop [5][6]:

- Truong hop dau tién: cac chum loss bj tic
ngh&n khi tit ca w budc song déu ban vao thoi diém
chung dén hé théng (mg voi cac trang thai tir (0, w)
dén (v, ) trén Hinh 4); va

- Trudng hop tht hai: Cac chum delay bi tic
ngh&n néu tat ca cac w bude song déu ban va tat ca
cac vi tri trong FDL déu bi chiém giir tai thoi diém
chung dén hé thdng (ing voi cac trang thai tir
(v + w, 0) dén (v, w) trén Hinh 4).

Do d6, x4c sut tic nghén cta cic chum trong md
hinh phén tich tinh dugc nhu sau [5]:

v

Ya z :
"yt b

. © ©)
Yl Z
+ Ty pp—i f
Ya + Vz( ervt)

j=0
Ngoai ra, co thé tinh x4c suat tic nghén cia ting
ludng luu lwong loss va delay, nhu sau [6]:

(w=N+v
Z?:o Zi:w—j Vi T

PB; 1oss = — (33)
@ Ty
va
Z;‘O:o Yd T(w-j)+v,j
PBI_delay = (3b)

» (w=-P+v_ .
j=0 ZL'=O )/d T[i»j

Véi hé phuong trinh tuyén tinh (2) tim dwoc & trén,
ta c6 thé giai dé tim cac xac suat trang thai can bang
m;; (St dung phuong phép tinh ma tran Q trong [7,
10]), tir d6 tinh duoc cac xac suit trang tic nghén theo
(3) va (3a), (3b).

11.4. M6 hinh (ii)

Khac véi mé hinh (i) & trén, mo hinh (ii) & day xét
truong hop luu lugng tran tir cong ra voi cac bd CWC
dén cac FDL 1a luu lugng non-Poisson (luu lugng GI).
Mo hinh phén tich vi vy c6 thé duoc téng quat hoa &
Hinh 2. Cuy thé, cac ludng luu luong duoc mé ta nhu
sau:

—  Ludng luu luong ban dau F;: gém cac chum
ban dau duogc dinh tuyén trén cong ra phan tich. Luu
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luong F; vi vay duoc gia thiét 1a luu luong Poisson
(ky hiéu P) véi tdc d6 trung binh y va thoi gian phuc
vu theo phan bd mil véi gia tri trung binh 1/u (u 1a
chiéu dai trung binh cua cac chum); khi dé tai luu
lugngla p =y/p.

—  Ludng luu luong F,: gém cac chum tran tir
céng ra do co su tranh chép va s& duge dua dén dé
lam tr& trong cac FDL. Luu luong nay vi vdy dén theo
qua trinh non-Poisson (ky hiéu GI) va duoc dac trung
boi cac gia tri phuong sai (variance), ky hiéu la v, va
gia trj trung binh (mean), ky hiéu l1a m, duoc xac dinh
theo cong thirc nhu sau [2][7]:

m =p-E(w,p)
(4)

v:m-(l—/m+—)
w+1l+m-—p

o day E'(w, p) 1a cong thuc Erlang.

—  Ludng luu luong Fs: luu lwong bi mat (tic
nghén) do cic FDL gy ra. Pay ciing 1a mot phan luu
lwong tic nghén cia hé thong, va 1a co so dé tinh toan
xac sudt tic nghén cia luu luong delay trong mé hinh
phan tich (ii).

—  Ludng luu luwong F, (Ivu lwong GI): 1a luu
luong cac chum di ra tir cac FDL (sau khi da dugc
lam tré thanh cong).

—  Ludng luu lwong (Fs): két hop 2 ludng luu
lugng F; (Poisson - P) va F, (GI).

= Y tuong ctia md hinh ¢ day 1a phan tich véi 2
16p Iuu Iwgng khac nhau (P va GI) cing dén trén cong
ra (cing chia sé chung tai nguyén budc séng, bao gdm
cac b6 CWC) va mo hinh luu lugng khi d6 ciling co
thé dugc mo hinh héa twong tng véi mod hinh luu
lugng da chiéu (multi-dimensional) c6 dang tén that —
tré (loss-delay) GI + M/M/w/w + v va dugc phan
tich nhu sau:

o Luu luwgng P (lvu luong cac chum dén ban
dau): s& dugc chuyén tiép dén cac FDL dé lam tré néu
gip tic nghén.

o Luu lugng GI (luu lugng cac chum da dugc
lam tré trong cac FDL trudc do): s& bi danh roi néu
gip tic ngh&n hodc do hét tai nguyén.

Ngoai ra, khac vdi m6 hinh (i) xem cac FDL nhu 1a
céc bo dém truyén théng, mé hinh (i) nay s& phan tich
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cac chum trong FDL v6i luu lugng dén 13 luu lwong
non-Poisson véi kién trac cua cic dudng tré quang
FDL nhu trong [4].

Nhu phan tich ¢ trén, xac suét tic nghén sé duogc
tinh toan dwa trén 2 truong hop voi 2 ludng luu luong:

— Luu lugng cua cac chum P ban dau bi tran tur
md hinh M/M /w/w va d&n tng v6i mé hinh GI/M/
L/L, tirc 13 chi bi mit chum gy ra boi cac FDL (dugc
xem la Iuu lugng delay nhu mo6 hinh (i)).

— Luu lugng cta cac chum GI trng v&i mé hinh
GI/M/w/w, tic 1a mat chum do thiéu huyt tai nguyén
budc song, ciing nhu cac bo CWC (duge xem la luu
lugng loss nhu mé hinh (i)).

Khdc véi mé hinh phdn tich trong [4], trong mo
hinh phan tich cua chung t6, 2 ludng luu lugng trén
dugc xem 1a doc lap, vi vy viéce tinh toan xéac suét tic
nghén ciing s& duoc tinh doc 1ap theo ting ludng. Vi
vay, dau tién ta phai tinh cac gia tri moment dic trung
g voi cac ludng luu lugng phan tich & trén.

11.4.1. Tinh todn cdc gia tri moment dic trung ciia
cdc luong lwu lwong

Khi Iwu Iuwgng Poisson bi tic nghén tai cong ra do
thiéu tai nguyén, cac chum s& dugc chuyén tiép dén
cac FDL d l1am tré, luu luong tran khi d6 duoc xem
tuan theo phan bd téng quat GI. M6 hinh phan tich tai
cong ra trong truong hop nay cé dang GI/M/L/L,
duoc dic trung boi 2 tham sé moment, gia tri trung
binh m = m(qy (hodc theo cong thirc (4)) va gia tri
peakedness z =1 —m) +me)/mey , trong do
Mgy, k € N:={12,..} la cdc moment giai thura
(factorial) cua luu lugng GI véi ham phan phoi xac
suit A(t), dugc biéu dién nhu sau [3]:

NN S P27
® T wElR] L 11— AGy’

keN (5)

& day A*(ju) biéu thi phép bién d6i Laplace-Stieltjes
ctia ham A(t), u 1a tham sé thoi gian phuc vu theo
phan phéi mil, va E[z] 1a thoi gian giita cac lan dén
trung binh (mean interarrival time) [3].
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Tiép theo, ta tinh cac gia tri moment ciia luu lugng
dugc mang va luu luong tran (tic nghén) sau khi ra
khoi FDL. Theo [3], md hinh chiing t6i dang xét c6 thé
xem la c6 dang GI/M /L/L hay GI/M/L/0, khi d6 luu
luong tran cua ludng vao GI ciing s& 1a luu luong GI.
Vi vdy, chiing t6i cling xem xét luu lwong mat tir cac
FDL ciing dugc dic trung boi cac tham s6 1a mean i
va peakedness Zg, tinh dugc dya trén caic moment giai
thira, ky hi¢u la Mg (1), k € N, nhu sau [3]:

L

1 k+1-1)!
Tl et UG
Mmp,(k) = (k — )-m(z+k)

trong do6, voi L =N xR va cac moment giai thua
My, k € N, cta luu luong t6n that (tr luu luong GI)
dugc tinh boi cong thuc (5). T cong thirc (6), ta ¢
thé tinh dugc céc gid tri Mz = Mp ) va 25 =1 —
Mp 1) + Mp (2)/Mp 1)

V6i luu lugng duoc mang tir cac FDL (duoc lam
tré thanh cong), luu lugng F, ciing duoc dic trung boi
cac gia tri m va z voi cac gia tri moment (factorial)
M1y V& M2y nhu sau [3]:

M(1) = M(1) =~ Mp(1)

Py = gy 2
@ = M g )

L l
—Mp 1)Mp,(2) § (l)m § — +1
= G+ = (k+1)

T (7), ta tinh dugc cac gid tri m = My va

zZ=1—my+ M) /M. DO phic tap tinh toan
trong trudng hop nay bang 0(L) [3].

Cac luu luong GI sau khi di ra khéi FDL (lam tré
thanh cong) sé tiép tuc dugc goi tro lai cong ra dé
chuyén tiép dén nut 15i. Tai day, cac chum trong ludng
lru lugng nay s& canh tranh véi cac chum trong ludng
Iru lwong Poisson (P) ban dau dwoc dinh tuyén dén
cong ra nay (mé hinh GI + M/M/w/w +v). Tuy
nhién, khdc véi cic chim Poisson sé dwgc chuyén
tiép dén FDL dé lam tré néu gp tic nghén, cdc
chim GI sé bj roi néu hét tai nguyén. Vi viy, xac
suét tac nghén cua luu luong GI (V6i cac gia tri m va Z
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Véi cac gia tri moment (factorial) m ;) va m ;) cling
c6 thé dugc tinh nhur 14 x4c suat tic nghén ang véi mo
hinh GI/M /w/w) [3]. Trong m6 hinh nay, chiing t6i
cling xét véi truong hop dac biét khi xem luu lugng GI
1a qua trinh dén IPP va xéac suit tic nghén s& dugc
tinh bang phwong phap xap xi GI [3].

11.4.2. Tinh todn xdc sudt tic nghén ing Véi truong
hop lwu lwong GI la qud trinh dén Poisson ngit
(IPP) bang phwong phdp xdp xi GI

Qua trinh IPP dé& xuat boi Kuczura [8] duoc st
dung rong rai trong viéc phan tich mo hinh véi luu
luong tran, dic trung bai 3 tham s6 (¥, d, @,,,), trong
d6, 1 va ¢ tuong (g voi toe do chuyén trang thai tir
trang thai ON sang OFF va nguoc lai. Tai trang thai
ON, cac qué trinh dén IPP duogc tao ra voi toe do 1a
©on, trong khi tai trang thai OFF, khong c6 chum dén
trén cong ra 2 [8].

Véi mo hinh (i), khi phan tich cac luu lugng loss
va delay, chung t6i xem xét voi truong hop dic biét
(ctia Iuu luong GI) 14 luu lugng tran tir cong ra (luu
luong F,) dén FDL (ciing nhu dugc mang tir FDL -
luu luong F,) déu c6 qua trinh dén dang IPP. Theo do,
qua trinh IPP dugc dic trung qua ham phan bd thoi
gian gitra cac lan dén A(t) duoc xac dinh nhu sau [8]:

AR) =r(1—e ™)+ (1 —r)(1 — e %2b) (8)
o day:

1
aq =§{§00n+¢+¢

+ J (Pt +0) - 4<pon¢}

a2=%{(ﬂon+¢+¢ ®)
- J (P W +0) - 4<pon¢}
r= Pon—%2

Khi d6, gia tri m, trong cong thirc (5) duoc tinh
toan cu thé nhu sau [3]:

k-1
_ l—lalaz + (ra; + (1 —ray)j
M) = ra,+(1—r)a; +j

,keN (10)
j=0
trong do cac gia tri r, a; va a, dugc tinh theo cong

thirc (9) voi cac tham s6 vao (@, ¥, ) véi luu lugng

Tdp V-2, S6 16 (36), thang 12/2016

dén GI co6 thé duoc tinh mot cach tong quat theo cac
gia tri moment dac trung (M, V) nhu sau [8]:

%
(pon=V+3—(——1>

M\M
M - M
p=—oy B "1 (12)
Pon\ L _1
M

_ Pon
o=(5r-1)¥

Tir (8), goi A*(x) 1a phép bién doi Laplace-Stieltjes
ctia ham phan phdi A(t) thi [3]:

A°(x) = ra, 1-1)a,

(12)
X+ a x+a;

Xéc suat tic nghén cua luu lwong GI tng véi mod
hinh ton that IPP /M /w/w dugc tinh nhu sau [2, 3]:

-1

w
w! 1
PB., , = Z—_ 13
02 = | ) T —ie (13)
j=0
trong d6 C; dugc tinh nhu sau:
J
A*(ny)
Co=1C=||——F—,i=12.. 13a
0 » &g 11—A*(n‘u,)’] ) &y la) ( )
n=

Dua vio cong thirc tong quat (13) & trén, ta c6 thé
tinh x4c sudt tic nghén tuong ng voi timg loai luu
lugng, do 1a luu lugng F, (dugc dic trung boi cap gia
tri (m, 1) tinh theo (4)) theo mé hinh GI/M /L/L va
luu lugng F, (dugc dic trung boi cap gia tri (m, 2)
tinh theo (7)) theo mo hinh GI /M /w/w.

I11. PHAN TiCH KET QUA

Trén co s& xac suat tic nghén da xac dinh dugc &
phuong trinh (3), (8), (13), ching t6i tién hanh mo ta
vé mit d thi (dwoc viét bing ngdn ngit Mathematica)
su bién thién cua x4c suét tic ngh&n phu thudc vao luu
lwong tai mang (p), s6 budc song ra (w), do dai FDL.
Két qua phan tich cling duoc so sanh véi mod phong
trong mot vai truong hop dic biét. Tuwong tu cac tham
s6 mo phong duoc sir dung trong [4][5], goi B = p/w
1a hé sé Iuu lugng tai mang so Véi s6 bude song st
dung tai mdi cdng ra, B duoc xét trong khoang 0.2 dén
0.9 (Erl).
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0.10000000

0.01000000

0.00100000

0.00010000
-4 -PB_|_loss

——PB_|_delay

0.00001000

Xac suét tac nghén

0.00000100

Hinh 5. Xéc sudt tdc nghén PBj 10ss va PBy_geiay vs B

1.00000000
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 B
£ 0.10000000 i
) o 7_; —%
£ 001000000 e -X-
g’ e X
0.00100000 y _ X
Q / -
g -
- 0.00010000 -+ -
- / x
a 0.00001000 « -
. —— =
© 0.00000100 - ,}( PB_I_w=10
;2 - <4 PB_l_w=16
0.00000010 S

0.00000001 -3¢

Hinh 6. Xdc sudt tic nghén PB, vs

Hinh 5 cho thiy két qua xac suit tic nghén tng voi
luu lugng loss va delay (w = 10, N = 2) trong mo
hinh (i), rd rang luu luong delay c¢6 xac suat tic nghén
nho hon do dugc lam tré trong cac FDL.

Hinh 6 biéu thi x4c suét tic nghén PB; ctia mo hinh
Markov tmg véi w = 10,16; n =1, s6 budc song
trong mdi FDL 1a 5; p; = 0.7p; p, = 0.3p. R rang,
v6i s6 bude song 10n hon, xac suét tic nghén s& duogc
cai thién dang ké, dic biét véi tai luu luong thap.

B 1.00000000

B

0.00010000 //
0.00001000 ¥

0.00000100

0.10000000

0.01000000

0.00100000

Xac suét tdc nghén

0.2 03 04 05 0.6 07 08 09
—4—PB_|_simmlation |0.00000983 0.00018763 0.0012410% 0.00453578 0.01181170 0.02367510 0.03576790 0.05888210
—X—PB_|_analysis  |0.00000983 0.00018781 0.00124618 0.00465104 0.01213580  0.02490380  0.04310070  0.06569320

Hinh 7. Xdc sudt tic nghén PB, vs i — so sanh giita phén
tich va mo phong

Két qua trong Hinh 7 cho thdy c6 su phu hop dang
ké gitta mo phong (bang OBS-ns, 1a phan mém mo
phéng dua trén goi ns-2.28 v4i gdi mé rong obs-0.9a)
va phan tich (w = 10, N = 2). Viéc m6 phong ciing

Tdp V-2, S6 16 (36), thang 12/2016

theo kich ban tuong tu nhu phan tich: Iuu lugng
Poisson dugc sur dung trong md phong va phan tich;
d6 dai chum theo phan bé mil véi kich thudc trung
binh 100Kbyte. Gia thiét nut 15i c6 kha ning chuyén
d6i budc song day du. Giai thuat lap lich va giao thic
bao hiéu duoc lua chon 1an luot 1a LAUC-VF va JET.

1.00000000
0.6 0.7 0.8 0.85 09

0.10000000 /=
0.01000000

0.00100000

0.00010000

X - -~ - PB_GI_2_delay

Xac suat tic nghén

o —=— PB_GI_2_loss
0.00001000 [ d

0.00000100

Hinh 8. Xdc sudt tic nghén tai mé hinh (ii) PBg, , ting
voi luu lwong loss va delay vs

1.00000000
03 04 05 06 07 08 09 P

0.10000000

0.01000000

Xac suat tic nghén

0.00100000

0.00010000

Hinh 9. Xéc sudt tic nghén PB, va PBg; , ung voi
(w=32;n=1v=10) vs B

Tuong tu nhu véi mo hinh (i), két qua phan tich
trong Hinh 8 ciing chi ra xc suét tic nghén ctia md
hinh (ii) ing véi luu lugng loss va luu luong delay,
tmg véi w = 32; n=1; v = 10 (sd budc song trong
mdi FDL 1a 10). Rd rang, luu luong delay trong ca 2
mod hinh déu c¢é xac suit tic nghén nho hon luu lugng
loss do dugc lam tré trong cdc FDL khi gip tic nghén
tai cong ra.

Hinh 9 so sanh x4c suét tic nghén ctia 2 md hinh (i)
va (i), tng véi w =10; n=1; v =10 (s6 budc
song trong mdi FDL 1a 10). Két qua cho thdy su phu
hop vé mat 1y thuyét (x4c suat tic nghén ctia luu lugng
GI (Z > 1) cao hon so voi luu lugng Poisson (Z = 1)

[3D-
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IV. KET LUAN

Bai bao di dé& xuit mo hinh phén tich va danh gia
hiéu ning tai nut 16i OBS kién trac SPL - feed-forward
v6i 2 md hinh tmg véi cac ludng luu luong khéac nhau.
Khac vai cac nghién ctru trudc thuong chi xét vai tung
loai luu lugng (Poisson hodc GI), md hinh cia chung
t61 xét véi viec két hop ca 2 truong hop nay. Két qua
phan tich 1y thuyét, cling nhu moé phéong, va so sanh
giita cac md hinh cho thay tinh dung dan cua cac md
hinh phan tich.
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