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MO HINH PHAN TiCH DUA TREN HANG DOI RETRIAL CHO
NUT LOI OBS PUOC TRANG BI FDL

Dang Thanh Chuwong*, Pham Trung Ptc

Faculty of Information Technology, Hue University of Sciences, Hue University

Tém tat: Mang chuyén mach chiim quang OBS dwoc xem nhuw 1a mot cong nghé chuyén mach
day trién vong ddi voi mang Internet thé hé quang. Trong d6, van dé giai quyét tranh chdp
tranh tai nat 16i thu hat duge nhiéu nghién cttu v6i nhiéu giai phdp dugce dua ra. Giai phap
stt dung mo hinh phan tich véi duwong tré quang FDL ciing khong nam ngoai pham vi do.
Trong bai bao nay, chiing t6i dé xuat mé hinh hang dgi retrial phén tich bai toan st dung
duong tré quang FDL két hop véi diéu khién chdp nhan 1ap lich c6 xét QoS nham han ché van
dé xay ra tranh chép tai ntt 16i mang OBS c6 kién trtic SPL - feed-forward. Thong s& danh gia
hiéu néng chinh la xac suat tic nghén dugc tinh toan dwa trén mé hinh Markov da chiéu. Két
qua s6 cia mo hinh phén tich, két hop véi so sanh mo phong (trong truong hop déc biét) cho
théy tinh chinh xac ctia mé hinh dé xuét.

Tt khéa: OBS, QoS, Share-Per- Link (SPL), Fiber Delay Lines (FDL), Retrial Queueing.
1 Gioi thiéu

Chuyén mach chum quang OBS (Optical Burst Switching) trén mang WDM (Wavelenght
Division Multiplexing) da dugc xem nhuw 1a mét cong nghé day trién vong d6i voi mang Internet
thé& hé tiép theo, boi vi n6 c6 nhiéu loi thé hap dan nhu t8c &6 nhanh va hiéu suat khai thac bang
thong cao hon nhiéu so véi nhitng mé hinh chuyén mach kénh quang khac. Tai nat bién vao cua
mang OBS, dit liéu vao (chang han cac ludng IP) c6 ciing dich dén (va cung 16p dich vu QoS)
dwoc tap hgp trong mot chum quang dit li€éu, dwoc lap lich va dwgce goi vao bén trong mang OBS
theo sau mét gdi diéu khién chum quang BCP (Burst Control Packet) mot khoang thoi gian offset.
Khoang thoi gian offset nay dwoc tinh toan sao cho goi diéu khién cé thé kip dat trede va cau
hinh céc tai nguyén tai cac ntt ma chum quang di liéu sé di qua. Bang cach d6, mang OBS da
loai bo dugc yéu cau can sit dung cac bd dém quang, moét trong nhiing han ché ma cdéng nghé
quang hién nay chua thé vueot qua duwoc. Tai cac nut 16i bén trong mang OBS, chum quang don
gian dwgc chuyén mach (forward) theo hudéng dén nut dich nhw da cau hinh. Khi dén nut bién

ra, cac ludng IP sé dwoc khoi phuc lai tir chum quang dir liéu nay [1], [2].

Trong mang chuyén mach quang dwa trén goi tin (OPS va OBS), tranh chap phat sinh khi

hai hay nhiéu gdi tin dén tranh chép trén mét cdng bude séng ra. Néu bude séng ctia mot chum
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dén ban tai cong ra khi chiim dén, chtim c6 thé chuyén sang st dung burdc séng con rdi khac (st
dung bd chuyén ddi budce séng). Trong truong hop néu tat ca cac kénh bude song tai mot cong ra
déu ban, chum dén c6 thé sit dung duong tré quang FDL hodc dinh tuyén léch huéng dé giai
quyét tranh chdp. Mot hudng tiép can trong viéc han ché van dé tranh chap tai nguyén gay tac
nghén tai nit 16i mang OBS 1a diéu khién chdp nhéan 1ap lich. Viéc diéu khién chidp nhéan lap lich
cling c6 thé két hop véi FDL nham hd trg thém cho viée giai quyét tranh chdp. Mot FDL c¢6 thé
cho phép 1am tré mot khoang thoi gian xac dinh d6i véi viéc truyeén tai cac chum, vi vay viée tich
hop thém FDL vao nut 16i OBS c6 thé xem nhu 1a mot b dém véi kich thudc han ché. Tuy nhién,
khéac voi cac by dém dién ti, trong mang quang cac chum khong thé cho doi mot khoang thoi
gian khong xac dinh (virot qua dd tré cho phép ddi véi mang quang), khi d6 cac chtim c6 thé bi
danh roi sau mét khoang thoi gian cho doi ma khong dwoc phuc vu. Viéc ap dung mo hinh hang
doi retrial vao phan tich nut 16i c6 trang bi FDL da dwoc nghién cttu trong [3], [4]. Theo d¢, cac
tac gia trong [4] két hop mo hinh lvu leong tran dua trén qua trinh MMPP theo y tuwong cua
chuyén mach kénh truyén théng va thuéat toan 1ap di€ém c6 dinh (fixed-point iterations) d€ tinh
xac suat tac nghén nhu mot ham ctia cac tham s6 bo dém trong hé thong. Trong khi d6, md hinh
phan tich trong [3] cua tac gia D.V.Tien stt dung mé hinh hang doi MM Y.X_, CPP, /GE/c/L véi ¢
budc séng, phan bs thoi gian phuc vu theo phan phéi ma tong quat (GE - Generalized
Exponential), K chum dén ddc 1ap, moi chum dén theo qua trinh CPP (Compound Poisson

Process), diéu nay c6 nghia la qua trinh dén ctia cac chum duoc tinh theo 16 (batch).

Trong bai bdo nay, chiing t6i dé xuat mot cach phan bd tai nguyén bude séng cua cac 16p
dich vu khac nhau dwa trén mot moé hinh hang doi retrial (m6 hinh M/M/w/w + L) trong phan
tich bai toan diéu khién chdp nhan 1ap lich ¢ xét QoS nhdm han ché& xay ra tranh chap, dong thoi
két hop st dung duong tré quang FDL dé xtt ly khi c6 tranh chap xdy ra tai ntt 16i mang OBS
(ttc 1a xét v6i kha nang chum cé thé khong duwoc dua vao FDL khi gdp tac nghén véi mot xac
sudt retrial nao dd), theo d6 ddc tinh cua FDL ¢6 thé xem nhu déc tinh c6/khong tinh kién nhan
cua khach hang trong hang doi retrial. M6 hinh phan tich vi vay c6 thé xem la moé rong ctia mot
s0 mo hinh da duoc dé xuat, nhw mo hinh trong [5] véi viéc xem xét theo yéu t0 retrial, hay mo
hinh trong [9] véi viéc mo rong QoS (trong diéu khién chap nhan lap lich). Pay ciing chinh la
diém khac biét cia md hinh phan tich trong bai bao so véi cac moé hinh trong [3] va [4] chi ra 6
trén. Mot chum dwoc goi la retrial khi n6 ¢é di qua mét trong L FDLs. Mot chtim retrial sé st
dung lai mot kénh budc séng néu nd s3n co tai thoi diém chum di ra tir FDL. Trong mo hinh phan
tich 6 day, gia tri nguong QoS ciling sé duoc xem xét diéu chinh dya trén lvu lwong tai dén cua
cac chum tai nut 16i OBS. Chi tiét mé hinh va giai thuat sé duoc trinh bay ngay trong phan tiép
theo ctia bai bao.

No6i dung tiép theo cua bai bao bao gom: phan II gidi thiéu cdc mo hinh chiung t6i phan
tich v6i cac luong luu luong dén cd QoS khéac nhau. Két qua phan tich, két hop v6i md phong,
thong qua cac d6 thi vé nhitng thay ddi ctia xac suét tic nghén chuyén bién theo mat do ludng,

sé duoc trinh bay ¢ phéan III. Cudi cung la phan két luan.
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2 Mo hinh phan tich

2.1  CAc gia thiét

Twong tu nhu trong [5], md hinh Markov ciing sé duoc stt dung d€ thuc hién phan tich nat

16i OBS. M6 hinh duoc xdy dung duwa trén cac gia thiét sau:

Phén bé luu luong dén céc cong ra la nhw nhau, nén ching ta chi can xem xét tai mot

cOng ra.

Mot nut 16i OBS kién truc tric SPL - feed-forward (cac bd chuyén d6i CWC va cac FDL
duoc thiét ké tai mdi cong ra) cd K cdng vao va K cong ra, mot soi quang WDM mdi
cong ra, cd w budce séng A = {4y, Ay, 4,1} (gia thiét kha néng chuyén d6i budce

song la day du nén sé cd w b chuyén d6i CWC trén moi cng ra).

Cac by dém FDL ciing c6 thé dugc phan loai dya trén d6 dai cua ching; kién trac FDL
v6i do dai ¢6 dinh F-FDL (Fixed-length FDL) str dung L FDLs ¢6 cung d¢ dai va do d6

tat ca cac FDL tao ra cing mot do tré D [6, 7].

Trong m6 hinh ching t6i phan tich, mét chum dén tai mét cong ra tai thoi diém ma
tat ca w budc song déu ban thi duoc cho la bi tic nghén. Mot chum bi tic ngheén c6 thé

stt dung mot bo dém (néu co) d€ thir chuyén tiép tro lai cong ra.

Mot chum duoc goi 1a retrial khi né c6 di qua mét trong L FDLs va thtr 1ap lich lai lén
mot trong cach kénh buwdc song sau khi di ra tit FDL. Trong m6 hinh nay, ching toi
nghién cttu md hinh hang doi véi FDL ¢6 xét dén yéu t6 retrial cua cac chum (Hinh 2).

bay ciing la diém khéc so véi mo hinh phan tich trong [5].
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Hinh 1. Kién trtic nat 16i OBS c6 trang bi FDLs
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2.2 MO0 hinh phan tich véi hang doi retrial

Khong mat tinh tong quat, ta xét tai mot cong ra (Hinh 3.3), vi du cong thit k (1 < k < K),
6 thé phan tich nhu sau: khi luu lwong dén cdng ra k, néu co tranh chép, ¢6 2 truong hop cd thé
xay ra: (i) chum sé bi roi do hét tai nguyén budc séng (ctiing nhu cac bd CWC), goi 1a chum mat
(LB - Loss Burst), hodc (ii) chum s€ dwgc dwa vao lam tré tai mot trong cac FDLs mot khoang thoi
gian nhét dinh va yéu cau tai nguyén bude séng sau khi ra khoi FDL (chum sé bi roi khi tat ca
FDLs déu ban hodc véi xac suat (1 — 0)), trong d6 6 duwoc goi la 1a xac sudt retrial, goi la chum
tré (DB - Delay Burst). Trong md hinh ctia bai bdo nay, nhu da trinh bay ¢ trén, diém khéc biét
trong dé xudt cua chung t6i 6 day so v6i mé hinh trong [5] d6 la: luu luong DB dén FDL (xem
nhu hang doi orbit) véi xac sudt 6 (0 < 6 < 1). Ngoai ra, khac véi md hinh trong [9], m6 hinh &
day cling mo rong voi viéc xem xét QoS, tirc la xem xét co sé wu tién gitra 2 ludng luu luong dén
(xét wu tién cao voi luong LB (QoS cao) va wu tién thap véi ludng DB (QoS thap)). Theo d6, co
ché vu tién sé duoc ap dung theo hudng ti€p can la danh nhiéu tai nguyén cho chum QoS cao,
trong khi han ché tai nguyén ddi véi cdc chum QoS thap. Cu thé, cdc chum QoS cao dwoc 1ap lich
trén bat ky budc séng nao tai mot cong ra (w budc séng) va duoc 1ap lich truc tiép co lap day
khoang trong; trong khi s6 budc song ma cac chum QoS thdp c6 thé sit dung chi la w; (ws < w).
Noi cach khéc, trong s6 w budc séng, cac chum QoS cao duoc st dung ddc quyeén (w — wg) budc
song, trong khi ws bredc séng con lai dwegce chia sé cho ca 2 chim (chum QoS cao va chum QoS

thap khi tat ca budc song (w — ws) déu ban).

2.3  Luoc do chuyén trang thai

M6 hinh nay tng véi truong hop phan tich véi cac luu lugng déu la luu lwong Poisson.
M6 hinh vi vay c6 dang M/M/w/w + L [8] dugc m6 ta nhuw ¢ Hinh 2. Theo d6, cac chum mat va
chiim tré dén trén cong ra déu tuan theo phan phdi Poisson véi tdc do trung binh lan lwot 1a y,
va y4; Luu luwgng tai dén trung binh do d6 1a p = p; + p,, trong d6 p; = y;/u 1a luu luong tai vao

trung binh cua chum mat va p, = y,/u la luu lugng tai vao trung binh cua chum tré.

Trang théi ctia hé théng trong mo6 hinh ¢ Hinh 2 dwgc mé ta boi 2 bién ngau nhién trong
thoi gian lién tuc, {I(t),J(t):t = 0}, & day I(¢t) la s6 kénh budc séng bi chiém git tai thoi diém t
va J(t) 1a s6 chum tré nam trong cac FDLs (hang doi retrial). Khong gian trang théi cia qua trinh
Markov CTMC (ky hiéu S) dugc m6 ta nhu sau: S = {i,j} v6i mdi cap (i,j) dugc xac dinh: i =
0,1,2,..,;j =0,1,2,.., L. Datm;; = lim P(I(t) = i,/ (t) = j) la xac suat trang thai can bang (6n
dinh) ma hé thong dat duoc trong trang théi (i, j). Lwgc d6 chuyén trang thai khi d6 duoc chi ra
trong Hinh 3.

- Theo mé hinh phan tich & Hinh 2, cac chiim tré khi bi tac nghén sé duoc dua vao hang

doi FDL véi xac suat 6 (0 < 1), duoc goi la chum retrial, va sé lai dwgc lap lich lén
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mot kénh budc séng néu san 6 tai thoi diém chtim retrial di ra tit FDL (nhu vay,
(1 — 6) la xac sudt ma chum roi khoi hé thong mai mai).
Khoang thoi gian dén lién tiép gitta cadc chum retrial duoc gia thiét ciing theo phan phdoi
mi va toc d0 retrial la a.

Lueu lwgng mit bj téc nghén
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Hinh 2. M6 hinh phan tich dya trén hang doi retrial
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Hinh 3. Lugc d6 chuyén trang thai ctia mo hinh phén tich
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Dua trén lugc d6 trang thai @ Hinh 3, chiing ta xay dung ma tréan sinh Q theo cac ma tran

chuyén trang thai nhu sau:

a)

b)

136

A;(i, k): 1a viéc chuyen tit trang théi (i, j) toi trang théi (k,j) (v6i 0 < i,k < w;0 < j < L)do

chum dén hodc roi khoi hé thong sau khi dwoc phuc vu xong. Thoi gian phuc vu dwgce phan
phéi theo ham mii v6i tham s& u. Ma tran A; c6 kich thuede (w + 1) X (w + 1) v6i cac phan
tir A;(i, k). Do j 1a mic ddc 1ap ctia A; nén ta c6 thé viét A; = A. Cac phan tt khac 0 cua 4;
b AGi-D=ipi=To+1 va 4Gi+1)=yi=0w—-1; AGi+1)=y,i=

Wgy eory W,

0Oy 0 - 0 0 0
u 0 y - 0 0 0
Aj=A=]1 & : : P ,0<j<L)
0 0 O (w—Du 0 y;
0 0 O 0 wu 0

B;(i, k): biéu thi cho mot budc nhay tir trang thai (i, j) t6i trang thai (k,j + 1) (v6i 0 < i,k <
w; 0 <j <L —1)domot yéu cau duoc phuc vu tir chum dén nhung tat ca cac kénh buée
séng déu ban (khi i = w). Ma tran B; (hay B do j 1a mttc doc lap) co kich thuédce (w + 1) X
(w + 1) véi cac phan tit B; (i, k). Cac phan tir khac 0 ctia B; 1a B;(i,i) = y40 véi ws < i < w.

00 - 0 0
/o 0 - 0 0\
Bi=B=|: i i : i [(0<j<L-1)
0 0 « y46 0
0 0 « 0 yu6

C;(i, k): biéu thi cho mét bude nhay tir trang thai (i, ) téi trang thai (k,j —1) (0 < i,k <
w;1 < j < L) do mot chum duge phuc vu thanh ¢dng khi quay lai ttt FDL (orbit). Ma tran
C; ¢ kich thude (w + 1) x (w + 1) véi cac phan tie C;(i, k). Cac phan tit khac 0 cua C; la
Ci(i,i+1) = ja (véi 0 <i < w,— 1) vaCi,i) = ja(l —0) véi w; < i < w.

0 ja 0 - 0 0
0 0 ja - 0 0

G=: + + : : ,(1<j<L)
0 0 0 - ja(1—-06) ja
0 0 0 - 0 ja(l—6)

Tir day ta cling c6 ma trén sinh Q ciia qua trinh CTMC S nhu sau:

(0) (0)
1 0
(€] (€] (€8]
2 1 0
— (2) )
Q= 2 1
(L-1)
0
L) )
2 1
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trong dé

( 0 =BO<j<L-1),
I Y=gas<j<u,
{ © —4—p4—B, 1)
L D=a-pA-B-cQA<j<L-1)
B=a-D4-¢,( =L

bét v; = (nOJ,nLj, s Ty, nw,j) (0<j<L)yvav=(vyVq,.,V_1,VL)

24 Hé phuong trinh 6 trang thai 6n dinh

Hé phuong trinh ¢ trang théi 6n dinh cling duoc viét lai twong tw nhw ¢ cong thic (1), nhw

sau:

( vOQl(O) + lez(l) = (010; ---;0)1
J vj é]) + vj+1Qf1+1) + vj+2Q§’+2) = (0,0, ...,0),

L (j=0L-2)

VL—1Q(§L_1) + VLQfL) = (0,0, ...,0).

2)

Vi diéu kién chuan hda:

L
Zvje =1.

Jj=0

trong d6 e la vecto c6t kich thuede 1 X (w + 1)

25  Tinh toan xac suat tic nghén

Theo luoc d6 trang thai & Hinh 2, xac sudt tic nghén ctia tling ludng luu lwong mat va tré

trong truong hop nay ciing ¢é thé tinh nhu sau [10]:

- X&c sudt tic nghén do6i véi luu lwong mat: Cac chum mat bi tic nghén khi tat ca cac

budc song déu ban vao thoi diém chung dén hé thong.
L
®)
PByoss = Z Ty, j
=0

- X4c suét tac nghén d6i voi lueu luong tré: cac chum tré bi tac nghén néu tat ca cc wg

budc song déu ban va tat ca cac FDLs déu ban tai thoi diém ching dén hé thong.
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a(l1—0) = @)
PBgeiay = )’T Z ZJ T j

i=wg j=1

Béng cach giai phuong trinh (2), ta c6 thé tinh dwoc cac x4c sudt trang thai can bang m; j, tir
d¢6 tinh dwoc cac gia tri PBy,gs trong (3) va PBgeqy, trong (4), (st dung phwong phap matrix-geo-

metric vdi viéc tinh toan tir ma tran Q [8].

2.6 Vi du minh hoa

D€ rd hon mo hinh phan tich véi QoS, sau day la mot vi du minh hoa véi w = 4;ws = 3,L =

2. Lugc d6 trang thai tuong tng dwoc chi ra ¢ Hinh 4.
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Hinh 4. Lwgc d6 chuyén trang thai véi truong hop o = 4; w5 = 3;L =2

Ma tran sinh Q duwegc xay dung theo liegc d6 trang thai dua trén cac ma tran A;(i, k), B; (i, k)
and C;(i, k) as:
(0)
o

= @ oW
Q Q2 Q1 @
(2) h
2

1)
0
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trong dé
0y 0 0 0 Yy O 0 0 0
/u 0 y 0 0\ /0 L+y 0 0 0\
A=|0 20 0o y olpA=|0 0 2u+y 0 0 |
\0 0 3u 0 yi/ \0 0 0 3u+vy ()/
0 0 0 4u O 0 0 0 0 4u
000 0 O
000 0 0
O =o®=p=p8=|0 00 0 0
0 0 0 y,6 0
00 0 0 y,0
-y Y 0 0 0
© U —u-y 4 0 0
, =A-D*-B=]| 0 2u —2u—y y 0
0 0 3u —3u—vi—vab 17
0 0 0 4u —4u—vy,0
0 a 0 0 0
/0()a 0 0
W_c =0 0 0 a 0 |,e% =g,
\0 0 0 a(1—06) a
0 0 0 0 a(l1-106)
0 2a O 0 0
0 0 2a 0 0
=[{o 0o o 2a 0
0 0 0 2a(1-6) 2a
0 0 O 0 2a(1—6)

O =4-pA-B-C;0P=4-D"-¢,
Hé phuong trinh ¢ trang théi 6n dinh:

508 + ;05" = (0,0,0,0,0),
”oQ(()O) + Vlel) + v, ng) = (0,0,0,0,0)
v,05Y + 1,0 = (0,0,0,0,0).

3 K&t qua phan tich

Trén co s6 xac suat tic nghén da xac dinh & cac phuong trinh (3), (4), ching t6i tién hanh
mo ta vé mit do thi (duoc viét bang ngdn ngir Mathematica va Matlab) vé su bién thién ctia xac
sult tic nghén phu thudc vao luu luong tai mang (p), sd budce song ra (w, ws), d6 dai FDL. M6
hinh hé thdng v6i cac tham s6 nhu sau: w = 16,L = 2, u = 0.015625, 8 = 0.5. Két qua phan tich
cting duoc so sanh véi mod phong trong mot vai truong hop ddc biét. Tuong tw cac tham sé mo
phong duoc st dung trong [5, 9], goi B = p/w la hé s6 luu luong tai mang so vdi s6 budce sdng st

dung tai mdi cong ra (dugc xét trong khoang 0.2 dén 0.9 (Erl)).
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Hinh 5. So sanh xac sudt tic nghén PBjyg va PBeiay v0i 8 = 0.5vs 3

K&t qua xac sudt tic nghén tng véi leu lwong mat va tré (w = 16,L = 2,ws = 7,p, = 0.7p,
pa = 0.3p; u = 0.015625 (twong tng véi do dai chum la 64 byte), @ = 0.8 y,4, 6 = 0.5) dwoc chi

ra trong Hinh 5. RS rang luu lwong tré cd xac suat tic nghén nho hon do dwoc lam tré trong cac

FDLs.

Hinh 6 m6 ta so sanh xéc suét tac nghén ddi véi cac chtim mat ctia md hinh phan tich trong
bai bdo (0 = 0.5) véi md hinh trong [9] (6 = 0.5,0; = 0.0). Két qua cho thdy mo hinh ¢ day tot

hon mo6 hinh trong [9] do c¢6 xem xét QoS.
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Hinh 6. So sanh xac sudt tic nghén ddi véi luu lwong loss PBygs va PBiyg[9] vs B
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Hinh 7 chi ra réng X4c suét tic nghén d6i vdi cac chum tré PBge1qy Phu thudc vao cac tham
s6 (w=16,L = 2,ws =7,p, = 0.3p,pq = 0.7p; u = 0.015625, = 0.8 y,4), va PBgeq,, duoc cai
thién khi ting gia tri 6. Twong tu, v6i Hinh 8, khi gid tri # thay d6i tir 0.2 dén 0.9, xac sudt tac

nghén chung tai cong ra vdi gia tri & = 0.9 cho két qua tot hon so vdi khi 6 = 0.5.

1.00000000 T T T T T T T 1
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i
=
o 0.10000000
i)
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=1
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N
»e
0.00100000
—— v B=05%
0.00010000 PB_delay 8=05
- # -PB_delay 8=09
0.00001000

Hinh 7. So sanh xac suét tic nghén ddi véi leu luong tré PBgeay v6i 0 = 0.5 vad = 0.9 vs B.

Hinh 8, Hinh 9 va Hinh 10 (v6i cac tham s6 w = 16; wg = 7,11; L = 2; p, = 0.3p; py = 0.7p)
chi ra cac x4c sudt tic nghén ctia cdc chum mat, chiim tré va tong cac chtim mot cach twong tng.
Theo d6, khi gitt nguyén tai nguyén budc séng chung, véi tai cua luvu luong dén cta cac chum

tré tang (pg = 0.7p), viéc thay d6i gia tri wg (ws = 7,11) sé gitp cai tién duoc hiéu nang chung tai

nut 16i mang OBS.
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Hinh 8. So sénh x4c suat tac nghén chung PBv6i 6 = 0.5 va @ = 0.9
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Hinh 9. So sanh xac sudt tic nghén d8i véi luu lwong mat PB,s v6i wg = 7 va wg = 11 vs B
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Hinh 10. So sénh x4c sut tic nghén ddi véi luu luong tré PBeiay vOi wg = 7 vawg = 11 vs B

Do d6, viéc phan b6 lai s6 budc séng cho cac chum lvu lwong DB (QoS thap) khi tai dén
cua luu luong DB tang, trong khi tai luu luong LB dén thap, 1a thuce sy can thiét. Diéu nay, ngoai
viéc cai thién hiéu ndng tai nat 16i, con gitp tranh lang phi bang thong. Theo dod, s6 budc séng
cap phat cho cac chum QoS thap (ws) ty 1é thuan véi téc dd dén ctia ching trén tdc d6 dén chung
cua ca 2 16p luu luong, 6 thé tinh duoc theo cong thike (5):

W, = @ x —2 (5)
Yi+7VYa

0 day y; va y4 lan luot la toc d6 dén cua cac chum LB va chum DB.

Nhu vay, gid tri w; sé 1a mot ham theo tai lvu lwgng cua cdc chum dén, cho phép dam bao

uu tién cho cac chum QoS cao, phan bo linh hoat hon leong budce séng c6 thé sit dung cho cac
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chum QoS thap. Diéu nay c6 thé duoc chiing minh qua két qua ¢ cac Hinh 12 va Hinh 13 nhu chi

ra O sau.
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Hinh 11. So sanh x4c su4t tic nghén chung PB véi wg =7 vawg = 11 vs

O Hinh 12 va Hinh 13, khi tai leu leong tré tang, do cd su diéu chinh gia tri w, (chi ra &
Hinh 14) theo cong thtkc (5), xac suat tac nghén ctia luu lwong delay duwoc cai thién dang k&, dan
dén xéc suét tic nghén chung ctia cac chim tai nit 16i phén tich ciing sé dugc cai thién.

Chung t6i cling thuc hién so sanh két qua phan tich véi két qua moé phong (st dung bd mo
phong OBS-ns [11]) trong truong hop 6 = 0.5, két qua chi ra ¢ Hinh 15. Hinh 15 cho thay sy tuong
thich gitra 2 két qua, thé hién tinh ding ciia md hinh phén tich.
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Hinh 12. So sénh xac suat tic nghén ddi véi luu luong tré PBgelay VOi wg = 7 va gia tri wg thay ddi theo tai
vs load_delay (B = 0.5)
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Hinh 13. So sénh xac suét tic nghén chung PB véi wg = 7 va gia tri wg thay d6i theo tai vs load_delay

(B =10.5)
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Hinh 14. Diéu chinh gia tri wg thay d6i theo toc d dén ctia cac chum vs load_delay
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Hinh 15. So sénh xac suat tdc nghén PB trong trudng hop phan tich véi két qua mo phong (w = wg =
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4  Kétluan

Bai bdo da dé xuat mé hinh phan tich va danh gid hiéu nang tai nut 16i OBS kién tric SPL
- feed-forward véi mo hinh hang doi retrial. Khac véi cac nghién ctru truede [5], moé hinh dé xuat
& day xem xét dén yéu td retrial d3i v6i duong tré quang FDL, ttic 1a xét véi kha nang chum cé
thé khong duoc dua dén FDL khi gdp tac nghén véi mot xac suat 6 . M6 hinh phan tich trong bai
bdo cling xem xét dén van dé quyén uu tién trong cap phat tai nguyén budce séng (xét QoS). Két
qua phan tich ly thuyét, ciing nhit mé phong, cho thay tinh ding dén ctia mo6 hinh phan tich.
Viéc mo rong md hinh véi viéc xem xét két hop diéu khién chip nhan lap lich khi c6 QoS sé dugc

nghién ctru chi tiét hon trong twong lai.
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A RETRIAL QUEUEING ANALYSIS MODEL FOR FDL-
EQUIPPED OBS CORE NODES

Dang Thanh Chuong*, Pham Trung Duc

Faculty of Information Technology, Hue University of Sciences, Hue University

Abstract. Optical Burst Switching networks are considered as an important candidate for fu-
ture transport networks. Several analysis models for the FDL-equipped OBS core nodes have
been proposed recently. Our paper proposes a novel retrial queueing analysis model for core
nodes with FDL-SPL architecture in QoS-supported OBS networks. Blocking probability will
be calculated based on Markov multi-dimensional models. Numerical results from the pro-
posed analysis model are compared with simulation results to prove the correctness of the
proposed model.

Keywords: OBS, QoS, Share-Per- Link (SPL), Fiber Delay Lines (FDL), Retrial Queueing
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