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Tém tat. Bai toan tic nghén trong mang chuyén mach chum quang (OBS) duge xem la bai toan
quan trong can gidi quyét. Sy tic nghén chiim trong mang OBS c¢6 thé xuat hién khi hai chiim quang
dit lieu tit hai cdng vao khac nhau cb ging di ra trén cting mot céng ra, trén cing kénh budc séng
va ciing thoi diém. Cac gidi phap xit Iy tdc nghén hién nay bao gdm thyc hién chuyén déi budc séng
dbi v6i mot trong hai chiim quang tranh chip, st dung bo déem quang FDL dé 1am tré sy di ra cia
mot trong hai chiim quang, hay dinh chuyén chim quang c6 do wu tién thip hon dén mot cdéng ra
khac (dinh tuyén lech hudng). Bai viét dé xuat mot mo hinh chudi Markov lién tuc 4 chiéu phan tich
kha nang gi6i han bo chuyén ddi budce séng c¢6 xét dén sy léch huéng chiim trén mang OBS va dé
xuat mot thuat todn tinh ma tran téc do chuyén trang thai Q nhim tinh cAc xac suit trang thai can
bing, tit d6 tinh xac sudt tic nghén tai nat 16i OBS.

Abstract. The contention in Optical Burst Switching (OBS) networks is one of the important prob-
lems attracting much attention. A contention will occur when two optical burst from two different
input ports on trying to go out the same output port, on the same wavelength channel and at the same
time. The congestion solutions consist of wavelength conversion, usage of FDL optical buffering or
deflection routing. This article examines combination of wavelength conversion and deflection routing,
in which range-limited and partial wavelength conversion are addressed. To analyze the performance
(based on the blocking probability) of this combination, an 4-dimentional continuous Markov chain is
used, would be to use and specially, an algorithm of computing matrix transition rate () is proposed
to calculate the steady-state probability.

Keywords: Blocking probability, OBS, Partial-Limited Wavelength conversion (PLWC), 4-dimensional
Markov chain.

1. GIOGI THIEU

Chuyén mach chtim quang OBS (Optical Burst Switching) trong mang ghép kénh quang
WDM ( Wavelength Division Multiplexing) dugc xem 1a cong nghe day trién vong déi véi mang
Internet thé hé sau, bdi vi né hita hen nhiéu lgi thé hap dan nhu téc do nhanh va hiéu suit st
dung bang thong cao so véi chuyén mach kénh quang [I]. Mot trong nhitng van dé cap bach
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can giai quyét trong mang OBS d6 1a viéc gidm x4c xuat mat chiim nham han ché téc nghén
[2]. Tac nghén chiim c6 thé dugc gidi quyét bing 3 phuong phap co ban sau: chuyén doi budce
séng, stt dung duong tré quang FDL (Fiber Delay Lines) hodc dinh tuyén léch huéng. Phuong
phap chuyén déi budc séng cho phép chuyén tiép mot chiim quang dén trén céc kénh bude
song khac nhau, nhim loai bé rang buoc tinh lien tuc gitta cdc budc séng va cai tién ding ké
hiéu suat ctia mang OBS. Tuy nhién, chi phi dé san xuit thuong mai cic bo chuyén ddi WC
(Wavelength Converter) hién tai vAn rat dat do, dac biét v6i cong nghé chuyén doi buée séng
day du (full). Vi vay, van dé nghién cttu gidm xéc suat tic nghén bing cach dya trén chuyén
ddi buée séng timg phan (partial) hay kha nang ving chuyén doi gidi han (limited) duge xem
14 thyc té hon trong mang OBS.

Muc tiéu ctia bai bao 1a nghién citu tng dung mo hinh Markov 4-chiéu trong viéc phan
tich sy mat chiim trén mot nat 16i OBS véi gisi han chuyén ddi bude séng, két hgp dinh tuyén
lech hudng. Khéc véi cac nghién citu trude day trong [2, 3] chi xét véi 1 cong ra, mo hinh phan
tich dé xuét ciia chiing toi 4p dung trong trudng hop véi sé cong ra tiy y. Noi dung tiép theo
cia bai bdo bao gom: Muc 2 gidi thiéu mo hinh Markov 4 chiéu phan tich sy chuyén doéi bude
séng c6 gidi han, xét dén kha nang lech huéng, minh hoa véi 2 cong ra; trong Muc 3, dé xuat
mot thuat toan tinh ma tran toc do trang théai Q, tir d6 tinh xac sult tic nghén; két qua phan
tich trén mo hinh dé xuat ciing dugc trinh bay trong phan nay; va cudi cling 1 phan két luan.

2. MO HINH PHAN TIiCH GIGI HAN CHUYEN DOI BUGC SONG VOI
DINH TUYEN LECH HUGNG

Trong chuyén mach chiim quang c6 sit dung chuyén doi budc séng, sy tranh chap dudc
giam di bang cich gia ting dung lugng dusi dang da bude séng trén mot dusng. Mot chium
tranh chip c6 thé dugc chuyén mach sang mot budc séng kha dung bat ky trén lien két
di ra. Viéc nghién citu gidi quyét tranh chip bing chuyén doi budc séng day du da duge
nghién cttu. Tuy nhién, cic bo chuyén ddi budc song (WCs) hién nay van 1a nhitng thiét bi
phan cing phitc tap va dat dé. Vi vay, sit dung chuyén déi budc séng timg phan (Partial
Wawvelength Conversion) hay chuyén ddi budc song c¢6 kha nang gidi han LRWC (Limited
Range Wavelength Conversion), duge xem 1a giai phap hitu higu va thyc té hon trong mang
OBS hién nay |2, [3].

2.1. Kién tridc tai nut 16i OBS

Mo hinh nit 16i OBS v6i nhiéu cdng (vao/ra) duge mo té nhu ¢ Hinh [2.1] D6i véi kién tric
nit 161 OBS, mot hay nhiéu bo chuyén déi bude séng c6 thé duge chia sé cho tat ca cac cong
ra theo kién triic SPN (Share-Per-Node), tiic 1a cAc bo chuyén doi bude séng duge dat chung
tai nat va cac luu lugng dén trén céc két ndi vao déu cé thé sit dung dé chuyén déi néu cé
thé, hodc theo kién triic SPL (Share-Per-Link), nghia l1a bo chuyén doi buée song duge trang
bi cho mot két noéi ra va chi duge st dung béi cac luu hugng huéng dén két néi ra d6. Mic
du khong hiéu qua nhu chuyén déi bude séng day du, chuyén doi bude séng cé gidi han ciing
lam gidm déng ké x4c suit tic nghén, trong khi han ché dugc chi phi trang bi cac bo chuyén
ddi bude séng tai mot nit [3]. Trong bai bao nay, chi nghién cttu véi gidi han chuyén ddi buse
séng trong kién triic SPL, xem xét v6i nhidu hon mot cdng ra (chitc ning cia cic cong ra I3
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tuong duong) va stt dung mo hinh Markov CTMC (Continuous Time Markov Chain) 4-chiéu
[2, B] dé phan tich danh gid mo hinh nay.
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Hinh 2.1. Kién trc SPL ciia nat 16i OBS véi nhidu cong ra

Céc gia thiét trong mo hinh nhu sau:

(i) Mot nit 160 OBS c6 nhidu cong vio va nhidu cong ra; mot s¢i quang WDM tuong ng
v6i mdi cong mang w bude séng; va ¢d6 C (C' < w) bo chuyén doi bude séng tai mdi cong ra.
(i) Céac bo chuyén ddi duge xem xét trong bai bdo nay c¢6 pham vi chuyén ddi han ché
(limited-range), tic 13 mot chiim dén trén mot budc séng vao chi c6 thé duge chuyén doi dén
mot bude séng ra lan can véi bude séng vao. Dit d (s6 nguyén duong) 1a bac chuyén doi
d € [|0,w/2]] v& nhu thé mot chitm dén chi c6 thé duge chuyén doi trong pham vi r = 2d + 1.
(iii) Di véi bude song dén \; bat ky (0 < i < w — 1), tap chuyén doi N? la:

Nt={\|j=(i+1) mod (w),l =0,%1,+2,...,+d}, § day |N?| =r.

(iv) C4c chiim dén theo phan phdi Poisson véi toc do trung binh v va thoi gian phuc vu
theo phan bd mii v6i gia tri trung binh 1/, tai luu lugng dén 1a mot ham dya trén budce séng
bang v/(wp).

(v) Gi& thiét mdi ntat OBS 1a mot he ddi xing [5], tic 1A néu mot nit OBS ¢6 M cong
ra, va cong ra trén 1o trinh ban dau ctia chiim 1a 4, xac sudt (p;) ma chiim dugce lech hudng
dén cong ra j 1a duge phan bd biang nhau. Nhu mo t4 trén Hinh gia thiét chtum khi dén
sé di ra dau tién theo cong 1, va c6 thé lech hudng dén cic cong con lai véi xac suit bing
nhau py = ... = pps_1 = pas. Va ta co, nyzl{pﬂk # i} = p, trong d6 i 1a cong chum dén va
p 1a tong xac suat lech huéng. Dé don gian, ta gid thiét gia tri p ¢ day dugc xac dinh trudce
(0<p<1).

2.2. M5 hinh nghién cidu lién quan

Trong cic nghién cttu trude ¢ |2, 3], cc téc gid chi xem xét mo hinh gidi han bo chuyén
doi WC véi 1 cong ra tai nit 16i OBS (cic gia thiét tuong tu nhu trén). Theo d6, mé hinh
duge mo ta 1a mot qua trinh Markov lién tuc 2-chiéu va luge do trang thai dugce chi ra trong
[3], v6i s6 trang thai tinh dugc:

(2w —C +2)(C+1))

ns = 5 . (2.1)
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Ngoai ra, van dé gidi han vimg chuyén déi bude séng ciing duge dé cap trong [2] va [1].
Dua trén [2], 6 day, ta dit 7, biéu thi xac sudt ma cic bo chuyén ddi thyc hién chuyén doi
thanh cong (6 day k € {0,1,2,...,w}) duge tinh nhu sau:

1, k=1,....,r—1
= k= S, (R—r+ nf
k

, k=r,...,w—1

trong do, R 1a do dai ctia day lién tuc cic budc song da duge st dung, nkR biéu thi gi& tri
trung binh ciia s6 déy lien tuc cac bude séng ban |2]:

Ck:—R
w2 R o w—2R=1,...k
R_ ch
e = 1, k=w—-1,w;R=k
0, cac truong hop con lai.

2.3. Mo hinh dé xuét

Trong md hinh da xét ¢ 2l 8] [7], cic téc gia da bo qua sy anh hudng ctua luu lugng léch
huéng dén cac cong ra khac (tic 1 chi xét v6i 1 cong ra). Dé thu duge cac két qua thuyc té
hon khi khong bé qua anh hudng ciia sy léch huéng, trang thai ciia hé thong bay gio sé khong
chi bao gdm s6 budc séng (ciing nhut s6 bo chuyén ddi bude séng) tai 1 cong ra, ma phai tinh
toan dén tat ca cac cong ra khéc trong niit 16i OBS dang xét. Khong mét tinh tong quat, mo
hinh dé xuat sé chi xem xét nit 160 OBS véi 2 cong ra (goi 1a cong 1 va cong 2); mdi cong
tuong tng véi 1 sgi quang WDM mang w bude séng va ¢6 C' (C' < w) bo chuyén doi budce
song duge st dung.

M5 hinh (Hinh md ta chuyén ddi trang thai 13 mot qua trinh Markov lién tuc 4 chiéu
(four-dimensional) v6i trang thai (w1, c1;ws, o) tai mot thoi diém ¢ bat ky duge mo ta boi 4
bién wi(t), c1(t); va wa(t), ca(t), biéu thi s6 budc séng va sé bo chuyén ddi budce séng trén
cong ra 1 va cong ra 2, tuong dng.

Dat X(t) = {wi(t),c1(t);wa(t), c2(t)} bidu thi qua trinh ngiu nhién (stochastic process)
tren khong gian trang thai S = {wy, c1;we, co}: 0 < wi, wo < w, 0 < ¢, co < min{w, C}. Néu
hé thong § trong trang thai (w1, c1;ws, c2) tai thoi diém t va ¢6 1 chiim dén trong khoang thoi
gian (¢,t+ J), viec chuyén trang théi c6 thé xay ra nhu sau:

1) Bu6c séng ma chiim yéu cau 1a sin ¢ trén cong ra (cong 1 hogc cong 2), chum dit ligu
dén khong can sit dung bat ky bo chuyén doi WC nao va trang thai méi sé 1a (w1 +1, ¢1; we, c2),
v6i wy + 1 < w, hodc (wi,cr;we + 1,¢2), v6i wo + 1 < w; khi dé téc do chuyén trang théi
tuong ung sé 1a v, = (w — w1)y/w VA Y, = (W — wa)7y/w.

2) Bude séng yeu cau da duge sit dung trén ci hai cong ra, khi dé bo chuyén doi budce
séng sé duge st dung. Chuum sé duge 1ap lich lai trén mot bude séng khéc duge lya chon ngau
nhién (trong ving gidi han) v mot bo chuyén ddi bude séng dugce sit dung trén cong ra tuong
tng. Khi d6 trang théi méi sé 1a (wy + 1,¢1 + 1 we, ¢2), v6i w; +1 <w va ¢ + 1 < C, hodc
(wy,cr;we +1,c0+ 1), v6i wo + 1 < w va ca + 1 < C; tdc do chuyén trang thai tuong tng sé
1a v, = y(w1/w) - Tw, VA v, =Y (w2/W) - Tw, , trong d6 73, (k = wi hodc wy) 1a xac suat ma
bo chuyén d6i thuc hién thanh cong.
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Hinh 2.2. M6 hinh dé xuit cho mbi nat OBS

3) Chiim dén sé duge léch huéng sang cong ra khac (v6i x4c suat p) trong cic trudng hgp
sau:

+ Tat cd cac budce séng trén moi céng ra déu da dugc st dung (tic la wy = w hoic
we = w), khi dé, téc do chuyén trang théi tuong ting sé& 14 (p - Yw, +Yuw,) khi léch huéng tit
cong 1 sang cong 2, hodc (p - Y, +7w, ) trong trusng hgp ngude lai.

+ Budc séng ma chiim dén yéu cau la ban va khong con bo chuyén ddi sin cé trén moi
cong (tic 1a ¢; = C hodic ¢ = C), toc do chuyén trang thai tuong tng sé 1a (p - 7}, +7,,,) khi
lech hudng tit cong 1 sang cong 2, hodic (p - v, +7,, ) trong trudng hop ngugc lai.

4) Chiim dén sé bi roi va trang thai khong thay doi néu:

+ Tat ca cac budc séng trén ca hai cong ra déu ban, titc 1a § trang thai (w,c1;w, co) dbi
v6i mot vai gid tri ¢; vA cp ndo d6 tai thoi diém t.

+ ¢1 =g = C, tiic 1a 6 trang théi (wy, C;ws, C).

Tuong tir, khi he thong 6 trong trang thai (w1, ¢1; we, c2) va mot chium duge phuc vy trong
khoang thdi gian (¢,t 4 J), cac trang thai c6 thé xay ra nhu sau:

5) Trang thai 1a (w; — 1, ¢1;wa, ¢2), v6i wp — 1 > 0 v wy > ¢1, hodc (wy, c1;we — 1, ¢2),
v6i wg —1 > 0 vd wy > ¢ néu chiim khong st dung bo chuyén ddi bude séng ndo. Toc do
chuyén trang thai tuong ing sé 1a gy, = (w1 — 1) VA fl, = (w2 — c2) .

6) Trang thai 1a (wy; — 1,¢1 — 1;we,¢2), v6i wy — 1 >0 va ¢p — 1 > 0, hodc (wy, c1;we —
l,eg—1),v6iwg —1>0vaca—1>0 néu mot bo chuyén ddi buée song da dugc st dung
trén cong ra béi chiim. Toc do chuyén trang thai tuong tng sé 1a pf, = cip va p,, = capu.

Nhu vay luge do trang théi tng v6i mo hinh dé xuat ¢6 dang mo hinh Markov 4 chiéu,
v6i mdi trang thai 1a 2 cap (wy, c1;we, c2) nhu phan tich ¢ tren. Khong mat tinh tong quat,
ta mo té luge dd trang thai cia mo hinh d& xuét nhu ¢ Hinh [2.3] trong d6, ben trong méi
nhém trang théi (ws, c2) cia Hinh sé biéu dién cic qué trinh chuyén trang thai tai cong
1 ting v6i mdi trang thai trén cong 2 va ¢6 ng s6 trang thai (phuong trinh ) Lac nay c6
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Hinh 2.3. Lugc do chuyén trang thai ing v6i mo hinh dé xuét

thé xem lugc dd bén trong mot nhom trang thai (wo,c2) (0 < o < wo < w, o < C < w) clia
Hinh [2.3| chinh 1& dang 2 chiéu nhu luge do6 trang thai trong [3].

Trong luge do trang thai ¢ Hinh , ngoai cic qué trinh chuyén trang thai trong cong 1,
con ¢6 cdc qué trinh chuyén trang thai xay ra gitta hai cip nhom (ws,co) clia cong 2. Xét
vi du v6i viéc chuyén trang thai tit nhém (0,0) dén nhom (1,0) clia cong 2: bao gdm n,s qua
trinh chuyén trang thai tir (0,0;0,0) dén (0,0;1,0); i (1,0;0,0) dén (1,0;1,0); ...; tit (wq, 130, 0)
dén (w1, c1;1,0); va tit (w, C;0,0) dén (w,C;1,0). Tuong ty, cac qua trinh chuyén trang thai
tit nhém (0,0) dén (1,1) bao gom: (0,0;0,0) dén (0,0;1,1); tr (1,0;0,0) dén (1,0;1,1); ...; tix
(w1, ¢150,0) dén (w1, c151,1); va tit (w, C;0,0) dén (w,C;1,1). Nhu vay, tng véi moi cip trang
thai ctia cong 2 ta c6 ng s6 trang théai xay ra bén trong cong 1, va do cé ng cip chuyén trang
thai giita cAc nhém ciia cong 2, nén ta cé (ns * ng) s6 trang thai trén luge dd ¢ Hinh

Xéc suat trang thai can bang My, ciam.co €0 the tinh duge theo he cdc ham ¢ trang thai
on dinh nhu sau:

(Vwr + Yws + Huwy F Huwy + Ver + Vo F Hey F Hes)Twreriwa,es = Ywr —1Twr —1,erws 0
Flwi +1Twi+1,e13w2,c0 T Yer—1Twi —1,c1—1jwa,ca T Mer+1Twi+1,e1+Liwa,ca T Yea—1Tw1,c1;wa—1,c0—1
F ey +1Twy ,e1;wa+1,ea+1 T Ywa—1Twy,e1;wa—1,c0 T Hwa+1Twy,cqswa+1,co
Zwl,c1;w2,02 Twn ,c15wa,c0 — 1, (O <cr,e0 Swp,wy Swiep, e <O < w)
(2.2)
Theo céc luat chuyén trang thai duge phan tich ¢ Hinh 2.2 vi luge d6 trang thai ¢ Hinh [2.3]
x4c suat tac nghén clia cac chim trong trudng hop nay duge tinh theo cac truong hop sau:
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- Tdc nghén do thiéu budc song khd dung: trusng hop nay xay ra khi ¢ mot chiim quang
méi dén nhung da hét bude song kha dung trén ca hai cong ra (tuong tng véi cac trang théi
(w, 15w, c2), v6i 0 < c1,c0 < O).

- Tdc nghén do thicu thiét bi WC': truong hgp nay xay ra khi ¢6 mot chiim quang méi dén
yéu cau st dung mot bude séng trong sd cac bude séng da duge st dung béi cac chiim trude do
(budc séng yéu cau dang ban trén ca hai cong ra), va ltc nay khong con bo chuyén doi bude
séng nao roi (tuong ing véi cac trang thai (wy, C;we, C), v6i C < w) <w vaC <wy—1 < w).

- Xdc sudt léch hudng p ciing duge xem xét v6i kha ning lech huéng tit cong 1 sang
cong 2 (hodc ngudce lai), nén xac suat tic nghén trong trudng hop nay phai tinh dén khi he
thong ¢ trang thai (w,c1;ws, ca), v6i 0 < ¢1 < C va (wy, C;ws, c2), véi C < wy < w; hodc
(w1, c15w,c2), v6i 0 < ¢o < C va (wy,c1;we,C), véi C' < wy < w nhung khong ¢6 su léch
huéng (xéc suat (1 — p)).

- Xdc sudt chuyén doi budc séng thanh cong T, trong truong hop c6 st dung bo chuyén
ddi bude séng (tinh theo cac gid tri toc do chuyén trang thai).

Do d6, xac suat tic nghén (tuong ting PB) ctia nit 161 OBS dugce tinh nhu sau:

c C w w
w2 w1
PB = Z Z Tw,eryw,er T Z m Z Uﬂ'wl,C;wz,C +

c2=0c¢1=0 wo=C w1=C (2 3)

w

C w-1 C c-1 w—1
+ (1 _p) ' Z Z <Z Trwvcl;w2,02> + (1 _p) ) Z Z Z Twy,Ciwa,c2

co=0wa=c2 \c1=0 co=0wa=c3 c1=C

Dé tinh PB trong cong thic (2.3), ta phai tinh céc gia tri xac suit trang thai can bing
Twy 1 :wg e DANE céch gidi phuong trinh (2.2). Tiép theo, ta xay dung mot thuat toén tinh ma
tran téc do trang thai @, tit d6 gidi cac phuong trinh dai s6 tuyén tinh (2.2).

3. THUAT TOAN XAY DUNG MA TRAN Q
Bai bao xay dung mot phuong phap tinh cic xac suit trang thai can bang Ty, ¢, a.c, bang
cach chuyén ddi cong thiic (2.2) sang dang ma tran @ (xem [4]) nhu sau:
Input: Khong gian trang thai S (theo luge do trang thai ¢ Hinh .
Bude 1. Xay dyng ma tran téc do chuyén trang thai @ nhu sau (Bang 1):

Bang 1. Ma trén téng quat Q ((ng*ny)x(n,*n,)) Bang 2. Ma tran QQJ; (=0 + C)
¢6 kich thudc ((w+1-))*n)x(w+1-j)*ny))
QQJ, | B QQ | AL
C; | QQJ | B, A", QQ | AT,
Ch | QQJ | .. A" QQ
B’ | e [ A
ch | QQJc A | QQ
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Trong dé:
- Buée 1.1. Xay dung céc ma tran QQJ; (0 < j < C) ¢6 dang nhu sau (Bang 2):

+ Budc 1.1.1. V6i A] A]le -, AY71 1a cac ma tran chuyén trang thai tai cong 2 (6 kich
thude ng x ng), ing véi cac trang thai tir (wi, ¢1; we, c2) sang (w1, ci;we+1,¢2), (0<¢; < C,
0<w <w;0<c <7, j<ws <w-—1), tdc do chuyén trang thai 1 v, = (W — w2)y/w
hodc p - Y, (khi w; = w).

+ Buée 1.1.2. Véi Ag“, AIQj+2, <oy ALY 14 cac ma tran chuyén trang théi tai cong 2 (c6 kich
thude ng x ng), ing véi cac trang théi tit (wy, c1; wa, ¢2) sang (wy, c1;we —1,¢2), (0 < ¢; < C,
0<w; <w;0< <4, j+1<wy <w), toc do chuyén trang thai 14 pu,, = (wo — c2)p.

+ Buéc 1.1.3. Cac ma tran QQ dugc tao thanh tir cic ma tran Al, Bl, Cl, ung véi cac

qué trinh chuyén trang thai tai cong 1 trong mdi trang thai ctia cong 2 (tuong ting véi luge
dd trang thai ¢ Hinh 2.3) (Bang 3):

Bang 3. Ma tran QQ (0 <j <C) Béng 4. Ma tran B, (0 <j < C-1) c6 kich
¢0 kich thudc (ngx ny) thudc (0 + 1 —j)*ng x (0 —j)*ny)
A | B BB,
c, | A | BY BB',
ch| AN . BB,
B,
Cck | A% BB,

trong d6, cic ma tran AY, BF, C¥ ¢6 dang nhu sau:

(i) A¥(m,n): x4c dinh tdc do chuyén tit trang thai (m, k; w, ca) sang trang théi (n, k; wa, c2)
v6i k <m,n <w;0<k<C. Matran A¥(m,n) c6 kich thuée (w41 —k) x (w+1— k). Cac
phan tit khac 0 ctia ma tran AY(m,n) duge tinh nhu sau:

AF¥(m,m —1) = kpuvéi 1 <k < (w—7), va
A¥(m,m+1) =y(1 - (m—k)/w) v6i 0 <m < (w—1—k).

(ii) BY¥(m,n): xac dinh tdc do chuyén tit trang thai (m, k;ws, c2) sang trang thai (n, k +
Liwg,co) viik <m<w;k+1<n<w;0<k<C—-1 Ma tran B{“(m,n)) ¢6 kich thuéc
(w+1—k)x (w— k), ting v6i téc do chuyén trang théi ~,, . Céc phan tit khac 0 cia ma tran
B (m,n) duge tinh nhu sau:

Bf(m,m) = y((m+k)/w) -1 v6i 0 <m < (w—1— k).
(iii) CF(m,n): x4c dinh tdc do chuyén tit trang thai (m, k; we, c2) sang trang thai (n, k —
Liwe,co) véik <m < w; k—1<n<w; 1<k<C. Ma tran Cf(m,n) c6 kich thuéce
(w

(w+1—k) x (w+2— k). Cac phan tit khac 0 ctia ma tran CF(m,n) duge tinh nhu sau:

CF(m,m) = kuvéi 0 <m < (w— k).
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- Bu6c 1.2. Cac ma tran Bg (0 < j < C —1) xac dinh tdc do chuyén tit trang thai
(w1, c1;we, c2) sang trang thai (wy, c1;we + 1, co + 1), v6i mdi trang théi (wq,c1) va 0 < wp <
w—1,0< ¢ <C (bang 4). Cac ma tran Bg 6 kich thude ((w+1—7)*ng) x (w—7) *ng)),
ting v6i toc do chuyén trang thai ~,,, hodc pv,, (khi wi = w).

Mbi ma tran BB (0 < k < w — 1) ¢6 kich thude (ng x ng) véi cac gia tri khac 0 nhw sau:
BBY(m,m) = p-y(k/w) -1 v6i 0 < m < (ng — 1).

- Buéce 1.3. Cac ma tran C’g (1 < j < C)xéac dinh tdc do chuyén tit trang théi (w1, c1; wa, c2)
sang trang théi (wi, c1;wz — 1, co — 1), v6i moi trang thai (wi,c1) val <ws <w, 1< < C.
Cac ma tran C3 c6 kich thuse ((w + 1 — j) * ns) x (w + 2 — j) * ng)), ing véi téc do chuyén
trang théai u,, = cap.

Mobi ma tran Cg c6 cac gia tri khac 0 sau (cac phan ti con lai bang 0):
C’g(m,m) =juvei0<m< (w+1—j)*ns.

Budc 2. Tinh cac gia tri trén duong chép ma tran ¢, nhu sau:
S s 5—1 2 43 s 3_1
Qi,i) = — ZZ]:}),H&, Qij, ing voi ZZ]*:% Qij=0
Output: Ma tran Q co6 kich thude ((ns * ns) x (ns *ng)).

Dé tinh vector II (c6 kich thudc (ng * ng) chita cAc xac suat trang thai can bang, ta gidi
hé phuong trinh dai s6 tuyén tinh I - Q = Of4].

Trén co sd xac suat tic nghén da xac dinh duge ¢ phuong trinh , stt dung thuat toan
xay dung ¢ trén dé tinh cic xac suit trang thai can bing, ching toi tién hanh phan tich két
quéa ly thuyét (sit dung chuong trinh Mathematica) theo sy bién thién ctia xéc suat tac nghén
phu thude vao Iuu lugng tai mang (p) va s6 bude séng w, ciing nhu sé bo chuyén doéi bude
séng C va gia tri xac suit 75,. Két qua phan tich ciing sé dugc so sanh v6i mo phéng dé dénh
gid mo hinh dé xuat. Goi 8 = p/w la he 6 luu lugng tai mang so véi s6 bude song st dung,
cac tham s6 duge Iga chon trong phan tich va mo phéng tuong tu trong |2, [3], bao gom 8 =
0.2, ...0.8 (Erl), v6i céac gia tri w va C' khéac nhau (C < w).

035

“““ . PB p=0 -t
——PB p=0.5 e 7

03

Blocking Probability PB

"

--------------------- Traffic Load

----- o i | | | |
02 03 04 05 06 07 08 09 1

Hinh 8.4. Xac xuat tic nghén v6i w =3, C =2 va p=1[0,0.5,0.7,1.0], 7 = 1 vs 3.
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Két qua trong hinh [3.4] thu duge véi céc truong hop xac suat tic nghén p thay doi (béng
0, 0.5, 0.7 va 1.0) v6i Iuu lugng tai tang dan (tir 0.2 dén 0.9). Ro rang, khi tai ting cao, anh
huéng ctia xac suat léch huéng cang ro rét. Tuy nhién, luu ¥ rang, thyc té khi tai ting cao,
kha niang léch huéng cia cdc chum thuong giam di. Véi truong hgp p = 0, tic 1a khong ¢o
kha nang léch huéng, két qua trong hinh la hoan toan trung khép khi so sanh v6i mo hinh
chi xét v6i mot cong ra trong [3].

Xét véi trusng hgp thay doi hai gi tri 8 véi khoang cach tuong déi 16n (8 = 0.4; 8 = 0.8),
xac suat tac nghén theo p cho thay su gidm nhanh hon khi luu lugng tai cao (hinh .

@ T —PB beta=0.4
014~ Ay TEeag o)
> T -=-PB beta=0.8
= N
- S
2 TR -
04 8 T N
= e
on e 09
0.08- E ]
-
Q
=
0.06— m =
0.04/- -
; ‘ Qeﬂection Rrobability‘ P ; ; :
0.

1
03 035 04 045 05 055 06 0.65 07 075 08

Hinh 8.5. Xac xuat tic nghén theo p v6i f = 0.4 va 8 = 0.8.

So sanh két qua phan tich véi két qua mo phong (bang chuong trinh OBS-ns) trong trudng
hgp chuyén ddi bude séng hoan toan (C = w = 3, va 7, = 1), dudi tai luu Iugng cao (3 = 0.8),
cho két qua nhu & hinh Két qua mo phéng cé gid tri cao hon két qua phan tich nhung
khong dang ké.

014 .
—o— Analysis

-*--Simulation

Blocking Probability PB

Deflection probability p

L I I I I I il
%3 03 04 05 06 07 08 09

Hinh 3.6. Xac xuat tic nghén theo p v6i B = 0.8-phan tich va mo6 phdng.

Phan tich v6i truong hgp gidi han viing chuyén doi bude séng (1, < 1), két qua chi ra &
bang 5 cho thay anh hudng ctia gia tri 7, dén xac suat tac nghén. Ro rang khi han ché ving
chuyén doi (r < w) thi x4c suat tdc nghén sé 16n hon so véi trudng hop r = w.
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Bang 5. Xac suét tic nghén voi o = 4, C =2, r thay ddi

B 0.2 0.3 0.4 0.5
r=4 0.020089425 | 0.043768115 | 0.06859359 | 0.091022
r=3 0.020106485 | 0.043827592 | 0.06869356 | 0.091114

4. KET LUAN

Bai bao da dé xuat mot mo hinh chudi Markov 4-chiéu dé phan tich va danh gia mo hinh

két hop ctia chuyén doi bude séng c6 gidi han véi dinh tuyén léch hudng tai nit 16i OBS, xét

v6i truong hop nhiéu céng ra. Ung véi mo hinh dé xuét, bai bao cing cung cip mot thuat
toan xay dung ma tran chuyén trang thai Q (theo mo hinh Markov 4 chidu), tit d6 tinh cac
x4c suat trang thai can bang. Do phiic tap theo thai gian ctia thuat toan tinh duge theo da
thitc. Két qua phan tich ciing nhu cai dit thuat toan cho thay tinh diing ctia mo hinh va thuat
todn ma ching toi dé xuat. Tuy nhién, mot van dé ma chling toi chua thic sy xét dén trong
bai bdo d6 1 gia tri xac suat lech huéng p trong thye té. Gia tri p thay ddi theo trang théi
tai thoi diém dang xét clia mang va thuong 1a khong c6 dinh. Huéng nghién citu tiép theo clia
chiing toi s& dé cap dén van dé nay.
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