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T6m tit. Chuyén mach burst quang 14 xu huéng ctia cong nghé mang quang thé hé méi. Viec nghien
ctiu cdc moé hinh danh gia hieu qua thuc thi ctia mang chuyén mach burst quang 1a diéu can thiét va
c¢6 ¥ nghia dac biét quan trong. Bai bao tap trung nghién ciu cac mo hinh danh gid hiéu qua thuc
thi clia mang chuyén mach burst quang, dic biét 1a xac suit nghén burst trong mang. Ching toi dé
xuat mot mé hinh mé phéng mang chuyén mach burst quang c6 tén OBSWDM-Simu dudc trién khai
tren OMNeT++. Mo hinh OBSWDM-Simu cho phép mo phéng cac giao thiic diéu khién trong mang
chuyén mach burst quang téc do cao c6 xét dén anh hudng ciia cac hiéu ting 16p vat 1. Cac mo hinh
phan tich mang chuyén mach burst quang duya trén 1y thuyét hang dgi ciing duge dua ra va so sanh
v6i két qua mo phéng thyc hién béi mé hinh OBSWDM-Simu.

Tt khéa. Chuyén mach burst quang, M6 phéng mang, OBSWDM-Simu.

Abstract. Optical Burst Switching (OBS) has become one of the most important techniques for next
generations of ultra-high speed optical internetworking. Performance evaluation of OBS networking
models is thus very critical in the evaluation of the effectiveness of different routing and switching
algorithms. This paper presents both computer simulation and analytical models for evaluating the
effectiveness of OBS networking, especially the burst blocking probability. We develop a simulation
model for OBS networking, namely OBSWDM-Simu based on OMNeT++ platform. The model is
capable of simulating control protocols of OBS networks and simultaneously incorporating the impacts
of physical layer effects on the blocking probability. We also present the analytical models for OBS
networking based on the queuing theory in order to compare with the results of OBSWDM-Simu
model.

Key words. Optical burst switching, network simulation, OBSWDM-simu.

1. GIOI THIEU

Cong ngheé truyén dan quang ghép kénh phan chia theo buéc séng mat do cao (DWDM
- Dense Wavelength Division Multiplexing) da va dang phét trién véi toc do nhanh chéng.
Dic biet, véi cac ki thuat dieu ché va xit 1y tin hiéu quang tién tién nhu QPSK (Quadrature



44 LE HUU BINH, LE NGUYEN BINH, HOANG VAN VO

) Nat bién OBS Nt 15i OBS Nt bién OBS =
& (Edge Node) (Core Node) (Edge Node) -
= diéu khién Khéi phuc di =
= Phat goi liéu gde tir =
diéu khién Burst> X 1y bo hitu | [gurer burst quang
X 1y bao hi¢u Giai qu}fét tranh V
chap burst 2 dis 1ig
. vty
Chuyeén mach 5
burst

Hinh 1.1. Nguyeén 1y hoat dong ctia mang chuyén mach burst quang

Phase-Shift Keying), PDM-QPSK (Polarization Division Multiplexing - QPSK) cho phép
nang toc do truyen tai cia méi kénh bude song léen dén 112 Gbit/s hoac 448 Gbit/s qua
khoing cach truyén tai 16n [I, 2 [3, 4]. Dé khai thac mot cach hidu qua khoidng bang thong
cuc 16n trén céc tuyén truyen din DWDM thé hé mdéi, k§ thuat chuyén mach burst quang
(OBS - Optical Burst Switching) [5] dang dugc nghien citu rong rai trén thé giéi nham tim
ra cac giao thitc diéu khién t6i wu cho viéc truyén Ivu lugng IP qua mang quang DWDM.

Nguyén ly hoat dong ctia mang OBS dugc minh hoa nhu & Hinh Luu lugng tur céac
mang truy nhap dugc truyén dén nat bién dau vao ciia mang OBS. Tai day, nut bien dau
vao thyc hién chic ning tap hop luu luong thanh cic burst quang. Tuong ng véi mdi burst
quang, mot goi diéu khién sé duge tao ra va gii di trude dé xit I bao hieu cho viéc truyén
burst. Dya trén thong tin x& 1y bao hiéu, nit bién con thyc hién chitc nang lap lich burst,
dinh tuyén va gan budc séong dé truyén burst qua mang. Chitc ning chinh ciia nit 16i 1a xit
Iy g6i diéu khién dé cAu hinh chuyén mach cho viéc truyén burst. Néu xay ra tranh chép,
nit 16i thye hién chic nang gidi quyét tranh chap biang cac phuong phap nhu dinh tuyén
chuyén huéng, chuyén déi bude séng, dém quang va phan doan burst [5] nhim han ché ty
lé ton that burst. Sau khi burst duge truyén thanh cong qua mang 16i, nit bien dau ra thuc
hién chitc nang khoi phuc dit liéu goc tit cac burst va truyén dén dich.

Trong tién trinh phat trién clia cong nghé mang quang, dé khai thac mot cach hieu qua
khodng bang thong cyc 16n clia cac tuyén truyén dan quang thé hé mdi sit dung siéu kénh
bude séng (superchannels) [6l [7], OBS 1a mot xu hudng tat yéu ma chiing ta phai huéng t6i.
N6 phit hgp véi viéc tich hop da dich vu, da loai hinh luu lugng vAo mang truyéen tai quang.
Hién nay, c6 nhiéu nhém nghién citu trén thé giéi dang tap trung nghién citu dé tim ra céc
chuan giao thitc nhim sém dua OBS vao trién khai trong thuc té. Cac huéng nghién citu
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chii yéu tap trung vio cac giao thitc didu khién trong mang nhu: cac giao thitc bao hiéu, céc
phuong phap giai quyét tranh chap, cac thuat toan dinh tuyén burst [10, [13, 16]. Hau hét
cac két quia nghién cttu déu duge danh gia bang phuong phap mo phéng hoac mo hinh giai
tich toan hoc, vi viec danh gia bang thuc nghiem 1a chua thé thuc hien duge. Vé mo phéng,
da c6 mot s6 mo hinh dugce trién khai cho OBS [8, [10, [I1]. Tuy nhién, cdc mo hinh nay chua
dé cap dén mang quang toc do cao c¢6 anh hudng ciia cac hiéu ting vat 1y. Véi cong nghé hién
tai, toc do clia mdi kenh bude séng da dat dén 448Gbit/s va ¢6 thé len dén hang Terabits/s
trong tuong lai gan, dnh hudng ciia cac hiéu tng vat ly 1a diéu can phai duge xem xét. Vi
vay, viéc trién khai mo hinh moé phéng mang OBS toc do cao ¢ xét dén dnh hudng clia céc
hieu tng vat 1y 1a diéu can thiét. V6i ¥ tudng nay, ching to6i da trién khai mot mo hinh mo
phéng OBSWDM-Simu tréen OMNeT++ [9], dong thdi cling nghién ctu cdc mo hinh giai
tinh toan hoc dung 1y thuyét hang dgi dé phan tich mang OBS, so sanh két qua mo phéng
va mo hinh toan hoc dé kiém nghiém tinh ding din ciia két qua nghién ctu.

Cac phan tiép theo ctia bai bao dugc t6 chiic nhu sau: Muc 2 trinh bay cac phuong phap
phan tich mang OBS, sé tap trung vao hai phuong phéap chinh 14 mé phéng va mo hinh giai
tich toan hoc. V6i phuong phap mo phéng, dé xuat mot mo hinh mé phéng duge trién khai
tréen OMNeT++ c6 tén 13 OBSWDM-Simu duge trinh bay chi tiét trong Muc 3. Muc 4 trinh
bay céc mo hinh giai tich toan hoc st dung 1y thuyét hang doi dé phan tich mang OBS. Va
cubi cling 1a két luan v huéng phat trién ctia mo hinh.

2. CAC PHUONG PHAP PHAN TICH MANG OBS

2.1. Phan tich mang OBS bing mo phéng

Trong thoi gian gan day, da c6 mot s6 mo hinh mo6 phéng mang OBS dugc trién khai dia
trén cac phan mém mo phéng phd bién nhu OPNET, OMNeT++, NS-2. Mot mo hinh mo
phéng mang OBS trién khai tren NS-2 da duge rat nhidu ngusi sit dung 14 OBS-ns [8]. Mo
hinh nay dudc trién khai béi nhém nghién cttu ctia Truong Dai hoc Cong nghé thong tin va
Truyén thong Han Qudc. OBS-ns stt dung giao thitc bao hiéu JET, thuat toan lap lich burst
la LAUC-VF (Latest Available Unscheduled Channel with Void Filling), dinh tuyén burst
bing thuat toan dudng di ngin nhat. OBS-ns c6 thé sit dung dé mo phéng sy thyc thi luu
lugng trong mang OBS, danh gié hiéu qua clia cac thuat toan 1ap lich, cac phuong phap giai
quyét tranh chap bang dinh tuyén chuyén huéng, dém quang hodc chuyén doi budc séng.

OMNeT++ [9] da va dang duge nhiéu nhém nghién citu st dung dé trién khai cdc mo
hinh mo6 phéng mang vién thong. Day 13 mot phan mém cé nhiéu wu diém trong viec mo
phéng mang, cung cap cac cong cu cho phép xay dung to6po mang va cau tric nit mot cach
dé dang va linh hoat, sit dung ngon ngit C++ trong céc file diéu khién module. Véi nhitng
tien ich nay, OMNeT++ dang dugc sit dung pho bién trong cac truong dai hoc noi tiéng
trén thé gidi. Mot mo hinh moé phéng céc thuat toan dinh tuyén burst da duge trién khai
tréen OMNeT++ bdi nhém tac gid Alvaro L. Barradas va céc cong sy [10]. Muc tiéu ciia mo
hinh nay 14 danh gia sy thyc thi luu lugng qua mang OBS dia trén cac co ché dinh tuyén
burst khac nhau. Nam 2010, nhém nghién cttu vé hé thdng mang va dich vu buu chinh vién
thong (GRSST - Group of Networks, Systems and Telematics Services) da trién khai mo
hinh OBSModules-simutools2010 [I1] tréen OMNeT++. Day la mot mo hinh tuong déi hoan
thién, cho phép mo phéng cau tric nit bién, nit 16i va cac lien két trong mang OBS.
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Cac m6 hinh duge dé cap & trén chii yéu tap trung mo phéng cac giao thitc dicu khién
& 16p mang nhu: giao thitc tap hop burst tai nit bién, lap lich burst, dinh tuyén burst, giai
quyét tranh chap burst. Cdc mo hinh nay khong quan tam dén cong ngheé 16p vat Iy va anh
hudéng clia cac hiéu ting 16p vat 1y nhu tan sic, phi tuyén, nhiéu tin hiéu, ... dén viéc thyc
thi Iuu lugng. Diéu nay chi cho phép trong truong hop téc do dit lieu ctia mdi kénh bude
song thap va khodng cach truyén tai ngin. Trong truong hgp toc do dit lieu cltia mdi kénh
bude séng 1a 40Gbit/s hodc 100Gbit/s, khodng cach truyén tai 16n thi &nh hudng ciia céc
hi¢u ting 16p vat 1y dén chat lugng tin hiéu quang la rat nghiem trong [12) [13]. Viéc thuc thi
giao thitc 6 16p mang can phai xem xét dén 4nh hudng ctia hiéu tng 16p vat ly. V6i y tudng
dé, da trién khai mo hinh mé phéng OBSWDM-Simu trén OMNeT++ dé thiye hien diéu
nay. Chi tiét vé mo hinh OBSWDM-Simu sé& dugc trinh bay ¢ phan sau.

2.2. Phan tich mang OBS bang md hinh giai tich toan hoc

Dac trung co ban ctia mang OBS 1a dit lieu duge truyen qua cac tuyén truyén dan quang
DWDM duéi dang cac burst. Viéc phét sinh luu lugng trong mang 1a hoan toan ngdu nhién
nén burst ciing dugc tao ra hoan toan ngau nhién. Tai cdc nat trung gian, quy trinh xi 1y
dé chuyén tiép burst ciing phai dugc thuc hién tuong tu nhu mang chuyén mach géi. Vi vay,
ta hoan toan c6 thé van dung ly thuyét luu luong két hop véi 1y tuyét hang doi va 1y thuyét
xac suat thong ké dé phan tich mang OBS. Venkatesh va Murthy da trinh bay mot cach day
di cac mo hinh phan tich mang OBS bang cac mo hinh giai tich toan hoc [14]. Cac tac gia
da dua ra cdc mo hinh toan hoc dé phan tich dic trung luu lugng trong mang OBS, tinh xé4c
suat nghén burst, cac mo6 hinh gidi quyét tranh chap bang phuong phap phan manh burst,
chuyén déi budc séng, dinh tuyén chuyén huéng va st dung dudng tré quang.

Trong [15], Rosberg va cong su da st dung 1y thuyét hang d¢i va phuong phéap ude lugng
gan ding diém cb dinh luu lugng (Load Fixed Point Approximations) dé xay dyng mo hinh
tinh x4c suat nghén burst trong mang OBS. Phuong phap nay ciing dudc st dung trong [16]
dé dé xuat mo hinh phan tich co ché giai quyét tranh chap burst stt dung két hop dinh tuyén
chuyén huéng va truyeén lai burst. Bai bao dé xuat mot mo hinh gidi tich toan hoc dé tinh
toan xac suat nghén burst trong mang OBS, so sanh vé6i két qud mo phéng ctia mo hinh
OBSWDM-Simu dé kiém nghiém tinh ding dan ctia két qua nghién ctu.

3. MO HINH OBSWDM-SIMU

Dé nghién citu, danh gia hiéu qua thyc thi ciia cac giao thitc trong mang OBS tdc do
cao, ta trién khai mo hinh mé phéng OBSWDM-Simu trén OMNeT++. Diém khac biét ciia
mo hinh OBSWDM-Simu so v6i cac mo6 hinh khéc 1a da dwa anh hudng ctia cac hiéu tng
16p vat Iy nhu tin sic tuyén tinh, cac hiéu ting phi tuyén, nhiéu tin hiéu vao cac giao thic
diéu khién 6 16p mang. Tt d6, ta c6 thé nghién ctu, danh gia anh hudng ciia cac hiéu tng
nay dén viéc thyc thi luvu lugng qua mang OBS tdc do cao.

3.1. CAiu tric moé hinh OBSWDM-Simu

C6 hai loai nit trong mang OBS 1a nit bién va nit 16i. Cau triic clia nit bién trong mo
hinh OBSWDM-Simu dugdc thiét ké nhu Hinh 3.1, cac khdi chitc nang duge mo ta nhu sau:
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- Khéi BurstGen: Tao Burst dit lieu, Burst duge phat ngau nhién theo quy trinh phan
phoi Poisson, dia chi ntt nguon va dich duge phan bd déu gitta tat ca cac nit trong mang.
Cau tric chi tiét ctia Burst duge mo ta trong file burst.msg. Sau khi tao ra, burst dugc gii
dén khéi EdgeBurstBuffer dé tiép tuc xit 1y.

- Khéi EdgeBurstBuffer: Dém burst tai
lép blén, phét gél dléu khlén gl}l dén khél OBS_networks.Edgel
BurstScheduler dé xit 1y bao hiéu cho burst. ™
)

- Khéi BurstScheduler: Lap lich, dinh tuyén e,
va gén budc séng cho burst, xt Iy bao hiéu tai 16p ’—H
bién. Giao thic bao hiéu duge st dung trong mo 110 [ 14
hinh nay 1a TAW [5]. = A
EdgeBurstBuffer ‘BurstScheduler

- Khéi BurstSink: Nhan burst va xit Iy cac s
liu théng ke.

Céu trac nat 16i duge thiét ké nhu 6 Hinh Burstsink
Ta trién khai m6é hinh OBSWDM-Simu v6i muc Hinh 3.1. Cau tric nit bién trong mo
tieu mo phong mang chuyén mach burst quang téc hinh OBSWDM-Simu

do cao, nén nit 16i OBS duge mo6 hinh bang mot

ROADM (Reconfigurable Optical Add-Drop Multi-

plexer), v6i chitc ning chuyén mach burst duge thiyc hien bdi bo WSS (Wavelength Selective
Switching). Véi cau tric nay, burst dit liu tit mot bude séng vio nao dé déu cé thé chuyén
mach dén mot bude séng bat ky trén céc cong ra. Didu nay phit hop véi cau tric ciia céc
nit chuyén mach trong mang quang thé hé méi. Céc khdi chitc ning duge mo ta nhu sau:

- Khéi inWavelength[\] (A = 0, 1, 2, ..

w): Nhan tin higu dugc truyén dén trén bude 085,k ROADH
song \. Néu la goi diéu khién thi chuyén dén g0
khéi SwitchCOHtrol dé X{I‘ ly béo hiéu ChO i avelength[0] SwitchControl auttw avelength[0]

viéc truyén burst, néu la burst dit lieu thi
chuyén dén khéi BurstBuffer.

irwavelength[1] B urstBuffer0]

@
a

BurstBuffer1]

- Khéi outWavelength[A\] (A =0, 1, 2, ..
w): Thiye hign chitc nang truyén tin hi¢u trén
bude séng A dén cong ra ciia nit tiép theo. Wavelengild]  BusBufiefd Sutavelonglhiz]
=g

] irw avelengthl4] BurstBuffer3] oub avelength[4]

irwavelenagthl2] oubw avelength[2]

- Khéi SwitchControl: Thuc thi cac
thuat toan lap lich, gidi quyét tranh chéap,
dinh tuyén va chon buéc séng cho burst. Hinh 8.2. Cau tric nat 16i trong

mo hinh OBSWDM-Simu

- Khéi WSS: Chuyén mach burst tir mot
bude séng vao dén mot bude séng bat ky clia
cong ra. Co ché chuyén mach duge diéu khién béi khéi SwitchControl.

- Khéi BurstBuffer: Thyc hién chitc ning nhu mot bo dém quang dé dem burst tai nut
16i. Thiét ké bo dém bang cac duong tré quang (FDL - Fiber Delay Line). Chiéu dai bo dem
chinh 1& 86 FDL dugc cai dit trong khoi BurstBuffer.
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3.2. M6 hinh dnh huéng ctia cac hiéu tng vat ly trong OBSWDM-Simu

Trong mang quang DWDM tdc do cao, khoang cach truyén tai 16n thi Anh hudng clia cac
hiéu tng 16p vat 1y nhu tan sic, phi tuyén, nhiéu tin hiéu, ... dén chat lugng tin hiéu quang
la rat nghiém trong. Vi vay, viec thyc thi céc giao thiic diéu khién & 16p mang can phai xét
dén 4nh hudng clia cac hiéu tng nay, day chinh 14 muc tiéu cia mé6 hinh OBSWDM-Simu.
0 day, ta da dua dugc anh hudng ciia tan sic don sic (CD - Chromatic dispersion), tan
sdc mode phan cyc (PMD - Polarization Mode Dispersion), cac hiéu ting phi tuyén vao mo
hinh OBSWDM-Simu. Anh hudng clia cac hieu tng nay dén viec truyén burst trong mo hinh
OBSWDM-Simu dugc thuc thi theo lwu do thuat toan ¢ Hinh

Burst dén

Phé.‘n tich géi
dieu khién
Dinh tuyén

burst qua mang

Kiém tra diéu kién rang Ding

Tim duge 16 trink
budc anh hudmg 16p vat 1y i e

truvén burst?

Sai Loai bo

Thoa man dicu
kién?

Truyén burst
qua mang

L > xu 1y burst tiép theo «———

Hinh 8.3. Luu do thuat toan phan tich &nh hudng clia céc hiéu ting 16p vat ly

Ta thay ring, diém khac biét ctia mo hinh OBSWDM-Simu so véi cac mo hinh khac 1a
sau khi thyc thi thuat toan dinh tuyén burst, 16 trinh tim duge phai théa méan diéu kien
vé anh hudng clia cac hiéu tng 16p vat ly thi burst méi dude chap nhan truyén di. Mic du
OBSWDM-Simu thuc thi nhiéu hon cac mé hinh khac mot buée la kiém tra diéu kién rang
budc vat 1y, nhung diéu nay khong lam tang thém do phic tap tinh toan ctia thuat toan.
Vi buéc nay chi thuyc thi cdc phép toan so sanh céc tham s6 ctia 1o trinh tim dugc vdéi cac
tham s vat Iy clia sgi quang, nén c6 do phitc tap tinh toan theo ham da thitc. Trong hau
hét cac mo hinh moé phéng OBS da dé cap trong bai bao nay, thuat toan “duong di ngdan
nhat” duge sit dung dé dinh tuyén burst. Trong mé hinh OBSWDM-Simu, ciing st dung
thuat toan “dwong di ngdn nhat”, cu thé la thuat toan Dijkstra dé dinh tuyén burst. Vi vay,
do phic tap tinh toan ctia giai thuat 1a O(n2), v6i n 1a tong s6 node trong mang. Cac thuat
toan khac nhu lap lich burst, gidi quyét tranh chap burst cling c¢6 do phic tap tinh toan
theo ham da thic nén hoan toan c6 thé thuc thi dugc.
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3.3. Mot s6 két qua mo phoéng

Thite thi mé hinh OBSWDM-Simu trén mot s6 topo co ban thudng st dung trong mang
duong truc nhu topo miat ludi, topo Ring. Mot s6 két qua mo phéng trén topo miat ludi gom
11 nut va 14 két ndi s¢i quang song huéng nhu & Hinh Topo nay dude chon dé mo phéng
trong bai bao vi day la topo mang tinh tong quéat nhat, 1a topo mit lusi nhung c6 thé xem
12 t6 hop clia cac topo Ring. Dang topo nay thuong duge sit dung trong cadc mang dudng
truc cling nhu trong thi nghiém, nghién cttu. Cac gid thiét mo phong duge thiét lap nhu sau:

- Burst dit lieu duge phat sinh ngiu nhién trén
mang theo quy trinh phan phéi xac suat Poisson,
thoi gian phuc vu méi burst tuan theo quy trinh
ham mi.

- Mbi sgi quang ¢6 16 kénh budc séng véi toc do
clia moi kenh tir 2.5Gbit/s dén 40Gbit/s.

- Giao thtc béo hiéu dugce st dung la TAW, kich
thuée burst trung binh 1a 4 Mbytes.

Hinh 3.4. Mot topo mang OBS
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Hinh 3.5. Tré burst (a) va thong lugng (b) khi toc do ctia mdi kénh buée séng thay doi

Hinh 13 két qua mo phong vé thong lugng va thai gian tré burst trén toan mang. Ta
thay ring, khi tdc do bit cao thi tré truyen tai trung binh thap va & trang thai 6n dinh. Véi
toc do 40Gbit/s, tré trung binh khodng 10ms, v6i té6c do 20Gbit/s thi gia tri nay khoang
28ms. V6i thong lugng trung binh trén mang thi nguge lai. Khi toc do bit tang thi thong
lugng trung binh trén toan mang tang.

Két qua mo phéng trén Hinh la xéc sudt ton that burst trong cac truong hop khac
nhau. Hinh 13 két qua so sanh khi c¢6 va khong xét dén 4nh hudng clia tan sic. Ta thay
rang, anh huéng clia tan sic dén xic suat nghén burst 1a rat nghiém trong. Nguyén nhan 13
do véi mang OBS, burst dit liéu c6 thé truyén qua khodng cach 16n va qua nhiéu nit trung
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Hinh 3.6. Xac suat ton that burst khi tdc do ctia mdi kenh bude song 20Gbit /s

gian, diéu nay sé chiu anh huéng 16n ciia tan sic khi toc do bit cao. Trén Hinh phan
tich hieu qua khi st dung FDL lam chitc nang dém burst tai ntt 16i. Ta thay ring, néu c6
stt dung FDL thi xac suat ton that burst sé dugc cai thien. Tuy nhién, diéu nay sé lam tang
tré truyen tai burst. Vi vay kich thuéc DFL ciing chi nén st dung vita phai.

4. PHAN TiCH MANG OBS BANG MO HINH GIAI TICH TOAN HOC

4.1. Phan tich mot cong ra ctia nit mang OBS

Xét mot cong ra ctia nit 16i mang OBS. Nhu da phan tich ¢ Muc 3.1, nit 16i clia mang
OBS dugc mo hinh bdi mot thiét bi ROADM véi chiic nang chuyén mach burst thie hieén
bdi bo WSS. Gia st mdi s¢i quang stt dung w kénh budc séng dit lieu. Khi burst dén, WSS ¢6
khé niang chuyén mach burst dén mot bude song ra bat ky. Vi burst dén tuan theo quy trinh
Poisson nén mot cong ra cia ROADM c6 thé mo hinh bing hé thong hang dgi M/M/w/w.

WO W e

Iz / \ 2;1/ 3 / NW—]‘)[{ W

Hinh 4.1. Lugc do chuyén trang thai cia mot cong ra ROADM theo hang dgi M/M/w/w

Gia st thoi gian dén clia burst theo phan phoéi ham mi véi toc do trung binh 1a §. Thoi
gian phuc vu mdi burst ciing theo phan phéi ham mi véi tdc do trung binh 1a p. Tt do ta
c6 luge dd chuyén doi trang théi ciia hé théng duge minh hoa nhu & Hinh 4.1. Goi P, 1a
xac suat hang doi ¢ trang thai n, nghia la xac suat c6 n burst trong ROADM mudn chuyén
mach dén cong ra dang xét. Ta c6 phuong trinh can bing trang thai sau day:

)

1946 1 "
5Pn_1 = n,uPn <~— P, =—-—-P, 1< P, 1= - <> F. (4.1)
n n! \ p
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Mat khac, ta co:
-1

iP-—lﬁil(é)JP—lzP— szl((S)j (4.2)
= J ]:0]' 1 0 0 O]' [ . .

Thay phuong trinh (4.2)) vao (4.1]) ta co:
-1

rea() (5500 ) 4

J=0

Burst dén sé bi tit chdi phuc vu, nghia la bi ton that trong truong hop burst dén khi he
thong dang & trang thai P,,. T phuong trinh (4.3)) ta co:
-1

= L () (21(2Y) »

=0

Phuong trinh 13 phuong trinh tinh xac suat ton that burst trén mot cong ra ciia nit
mang OBS khi biét mat do luu lugng trén mang va tdng s6 bude séng trén mdi soi quang.

Ta tién hanh tinh toan sé hoc dé so
sanh v6i két qud ctia mo hinh mo phoéng 04
OBSWDM-Simu. Céc gia thiét ciia mo hinh ~+—OBS-WDMSimu
tuong tu nhuw mo phéng 6 Muc 3.2 véi trudng e | s O i
hop tdng s6 kenh budc séng dit lieu 1a 16, 03
toc do bit mdi kenh 1a 20Gbit/s. Véi mo
hinh OBSWDM-Simu, tién hanh mo6 phoéng
dé tinh toan x&c suét ton that burst tren
mot cong ra cia ROADM. Vé6i mé hinh toan
hoc, ta tinh toan x4c suit tén that burst theo
phuong trinh ([4.4). Két qua mo6 phéng va tinh
toan nhu & Hinh 4.2. Ta thay rang, khi Itu
lugng trung binh nhoé hon 0.75 Erlang thi két
qua mo phéng va mo hinh toan hoc gan nhu S .
giong nhau. Khi luu lugng 16n hon 0.75 Er- o R DEW[TEWES(EJJ@ e
lang thi xac suat ton that burst clia mo hinh
OBSWDM-Simu c6 cao hon moé hinh toan
hoc, tuy nhién su chénh léch 1a khéng dang
ké. Nguyéen nhan 1a do khi mat do luu lugng cao thi sé goi dicu khién burst tang len rat
l6n. Diéu nay ciing lam anh hudng dén hiéu qua thyc thi luu lugng qua mang. Tu két qua
c6 thé két luan ring, viec mo phéng trén mot cong ra ciia nit mang OBS bing mo hinh
OBSWDM-Simu ¢6 do chinh xac cao.

025 g

02 4

0.15 A

0.1 A

Xacsudt ton thitburst

0.05

Hinh 4.2. Xac suat ton that burst trén mot
cong ra clia nit 16i

4.2. M5 hinh toan hoc phan tich xac suat tén thit burst trén toan mang OBS

Dé tinh xac sudt nghén trong mang OBS, mot mo6 hinh gidi tich todn hoc dua trén ly
thuyét hang doi, 1y thuyét xac suat théng ke va phuong phap EFP (Erlang Fixed Point)
duge deé xuat [14, [15, [16]. Mo hinh duge mo ta chi tiét nhu sau:
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Xét mot mang OBS ¢6 N ntt, F két noi sgi quang song huéng, moi két noéi sgi quang st
dung W kénh budc séng dit lieu.
o R=ryls,d=1,2,....N la tap céc 1o trinh tt nit nguon s dén nit dich d trong mang.
e B=Bjli,j =1,2,..., N 1a tap céc gid tri xac suit ton that burst trén két ndi sgi quang
tu nat ¢ dén nat j.
o Pr(fijvrsd) = {fmn|vfmn € Tsd, fij € 7nsd} vii fmn dﬁng truéce fz]

e Burst phan phéi dén 16 trinh 7,4 theo quy trinh Poisson vé6i tdc do trung binh 13 dgg.
Thoi gian truyén mdi burst tren soi quang fi; 1a ;5.

Véi céac gid thiét trén, lvu lugng phan phodi dén mot két ndi sgi quang tit nit ¢ dén nat j
dugce tinh nhu sau:

pij = = Z Osd- H (1 — Bimn) - (4.5)

Hij Vrsq€R|fij€rsd V fmn €Pr(fij,rsd)

Xéc suat ton that burst tréen mot két ndi soi quang tit i dén j chinh la xéc sudt tén that
burst trén mot cong ra cia ROADM. Theo phuong trinh (4.4) ta c6:

pw. w pk -1
my=ron, =5 (25 (1)

k=0

T
tr

=]

(4.5) va (4.6) ta c6 he phuong trinh mo t4 mat do luu lugng va xac suat nghén burst
n tat ca cac két ndi soi quang trong mang nhu sau:

Pij = i Z dsd- H (1 - an)
Vrsa€R|fij€Tsa Y fn €PT(fij,rsd)

p".”. w pk -1
Bij = Ppp; = 41 > H :
k=0

[

(4.7)

Béng viéc gidi he phuong trinh (4.7)), ta tim duge x4c suat nghén burst trén tat ca cac két
n6i sgi quang. T d6, xac suat nghén burst trén mot 16 trinh 7,4 duge tinh nhu sau:

B(ryg)=1- [] (1-By). (4.8)

fij€rsa
Dat A = > 044, ta c6 x4c suat nghén burst trén toan mang:
rsd€ER
1
PTotal = Z Z 5sdB(rsd)- (49)
rsd€R

Ta thay rang, hé phuong trinh c6 nhiéu an sb6, cac an s6 la cac vector mo ta mat
do luu lugng trén céc két néi p = {p;;}, va vector biéu thi x4c suat nghén trén tat ci cac
két néi sgi quang B = {B;;} v6i i,j = 1,2,...,N. Do vay, viéc gidi he phuong trinh nay
dé tim vector p va B la rat kho khian. Phuong phap gan ding st dung 1y thuyét diém cd
dinh Erlang (EFP - Erlang Fixed Point) thudng dugc sit dung dé giai hé phuong trinh nay
[14, 15, [16]. Cai dat thuat toan tim EFP theo cédc budc nhu sau:
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- Buéc 1: Thiét lap mot vector xac suat ton ]

that burst B® = {0}, day dugc xem la trang thai 0e
ban dﬁu cua hé théng 055 {| ——OBRSWDM-Simu

- Budéc 2: Dua trén vector BO, tinh vector 05 4| —%— M6 hinh toan hoc
p' va vector B! theo he phuong trinh (4.7)) 045, 7

- Buéc 3: Lap lai buée 2 cho dén khi B"
tién dén B" 1.

Vector B™ thu dugc tai trang thai m nao
d6 duge goi 1a diém cb dinh Erlang (EFP). Ly
thuyét diém c6 dinh Brouwer [17] da chitng minh
rang luon luon ton tai mot diém cd dinh dé B”
tién dén B"~!, nghia la thuat toan EFP nhu mo 1

0.4
0.35
0.3 +
0.25
0.2
0.156

Xacsudit ton thit burst

0.1

ta & treén luon co diém dimg. " . = e o

0.1 0.2 0.3 0.4 05 0.6 07 08 09
Ta tién hanh tinh toan s6 hoc trén topo mat Luu lrong (Erlang

luéi nhu Hinh 5 dé so sanh vé6i két qua mo phong . )

ctia mo6 hinh OBSWDM-Simu, phan tich truong — Hinh 4.3. Xac suat ton that burst tréen

hop tong s6 keénh bude song trén mdi sgi quang trén toan mang OBS

1a 16, t6c do dit lieu ctia mdi kenh 1a 20Gbit/s. Céc gia thiét con lai nhu mo ta & Muc 3.2.

Két qua trén Hinh 4.3 cho thiy ring, xac suit ton that burst ciia mé hinh OBSWDM-Simu

va mo6 hinh toan hoc la tuong tu nhau, sai s6 giita hai mo6 hinh khong dang ké. Diéu nay

ching t6 m6 hinh OBSWDM-Simu cho két mo phéng véi do chinh xac cao.

5. KET LUAN

Viéc nghién cttu va trién khai cac mo hinh phan tich mang OBS bing mo phdng va giai
tich toan hoc 13 diéu can thiét va cap bach do viéc nghién citu bang thiic nghiem dang con
rat kho khan. Bai bao da dé xuat mot mo hinh moé phéng mang quang thé hé méi st dung
OBS ¢6 tén 1a OBSWDM-Simu. M6 hinh nay c6 kha ning mo phéng cac giao thic diéu
khién trong mang OBS téc do cao c6 xét dén anh hudng clia cac hiéu tng 16p vat ly. Mot
s6 mo hinh giai tich toan hoc dé phan tich mang OBS v& so sanh véi két qua mo phéng ciia
mo hinh OBSWDM-Simu ciing da duge dua ra. Két qua phan tich da cho thay ring, mo
hinh OBSWDM-Simu cho két qua mo phéng gan giéng vé6i két qua ciia mo hinh toan hoc,
didu nay cho phép khing dinh tinh ding din ctia cdc phuong phap nghién ciu. Thyc thi
mo phéng trén cic dang topd co ban thuong st dung trong mang dudng truc nhu topo mét
lué6i, topod Ring, topo sao va da thu dude két qua tuong tuy nhu topo st dung trong bai bio
nay. Vi vay, mo hinh OBSWDM-Simu c6 thé sit dung dé moé phéng mang OBS véi topo bat
ky va c6 do chinh xac cao.

Vé6i nhu cau Iuu lugng thong tin ngady cang tang va téc do truyen dan ngay cang cao, véi
cong nghe hién tai da dat dén 448Gbit/s va léen dén hang Terabits/s cho méi kénh budc séng
nén viéc thiét 1lap mo hinh mo6 phéng va danh gia tinh chinh x4c ctia mo6 hinh 14 diéu dic
biét quan trong. Do d6, can tiép tuc phét trién mo hinh st dung ly thuyét hang dgi c6 xét
dén dnh hudng ciia cic hiéu tGng vat 1y trén cac tuyén truyén din ciing nhu cac bo chuyén
mach WSS trong mang quang thé hé mdéi. Day 14 huéng nghién cttu duge tiép tuc thie hien
trong thaoi gian tdéi.
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