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TOM TAT Bai toan tic nghén trong mang chuyén mach chiim quang (Optical Burst Switching - OBS) dwoc xem la bai todn quan
trong can gidi quyet Trong mang OBS, tdc nghén chivm c6 thé xudt hién khi hai chiim di liéu ttr hai cong vdo khdc nhau o ging di
ra trén ciung mot cong ra, trén cung kénh budc song va cing thoi diém. Céc giai phdp xir Iy tic nghén hién nay bao gom thuc hién
chuyén doi buée ' song, sur dung dwong tré quang (Fiber Delay Line - FDL) de lam tré hay dinh tuyén léch hudng. Bai viét ndy nham
phan tich mét s6 ky thudt phdan doan chim két hop véi ldp lich va dwong tré quang FDL. Két qua ciia bdi viét dwoe danh gid théng
qua g6i mé phéng OBS0.9a trén phan mém mé phéng NS2-OBS.

Tir khéa — Mang chuyén mach chiim quang, phdn dogn chiim, phan mém mé phéng NS2-OBS.
I. GIOI THIEU

Lich sir phat trién ctia mang truyen dan quang da trai qua cac giai doan, tir mang chuyén mach kénh quang
(Optical Channel Switching — OCS), chuyén mach chum quang va chuyen mach goi quang (Optical Packet Switched —
OPS) Mang chuyén mach kénh quang khong dap timg dugc nhu cau internet toc d6 cao, boi vi chuyén mach nay ludn
chiém giit mot kénh truyén riéng cho dén khi hai may két thiic qua trinh truyén. Mang chuyen mach goi quang la muc
tiéu hudng dén cua cac nha nghién ctru va phét trién mang quang, tuy nhién c6 mot dic diém trong chuyén mach goi
quang 1a chung ta chua thé xay dung duogc cac b dém quang tai cac diém trung gian. Vi vdy, mé hinh mang chuyén
mach chum quang thuong duoc lya chon nhu 1a mét giai phap dung hoa duoc cac uu dlem ctia md hinh chuyén mach
kénh va m6 hinh chuyen mach goi. Hon nita mang chuyén mach chum quang khong yéu cau cac bd dém quang va do
d6 trong subt v4i ting diéu khién.

Ciing nhu cac mang chuyén mach géi khac, mang OBS ludn ton tai kha nang xay ra tranh chap gitta mot chum
v6i mot chum khac tai cong ra ctia mét nut. Sy tranh chap s€ xdy ra néu nhiéu chum dén tir nhidu cong vao khac nhau
dugc dinh tuyén dén cung mot cong ra tai cung thoi diém va yéu cau cung mét kénh (budc song). Dién hinh cua viéc
giai quyét tranh chip trong cdc mang chuyén mach goi dién tir truyén thong 1a duoc quan 1y thong qua bo dém, tuy
nhién trong linh vuc quang, viéc sir dung bd dém tai cac nut dang gap kho khan (vé mat cong nghe). bPé giai quyet cac
tranh chap va giam mat chum, mot sé phuong phap co ban sau c6 thé str dung nhu: thay ddi thoi gian dén tai cong ra
ctia chum dit lidu bang cach sir dung cac duong tré quang [3][9], thay do6i budc song ra cua chum bang cach sir dung bo
chuyén d6i bude song [3][9], thay d6i cong ra ciia chim bang cach dinh tuyén léch hudng [3][10] hay phan doan chum
(GG, , ‘ ,

Trong bai viét nay, ching t6i tp trung nghién ctru mot s6 k¥ thudt phan doan chim nham giam viéc mat goi
tin (trong chum) bang cach chi danh roi (drop) mot s6 goi tin trong chum bj tic nghén (thay vi danh roi toan by chum
nhu cac phuong phap giai quyét tic nghén khac).

II. PHAN POAN CHUM TRONG MANG CHUYEN MACH CHUM QUANG

Tai nat 16i mang OBS, khi c¢6 su tranh chip giita hai chum ma khong thé giai quyét bang cac phuong phap
nhu sir dung FDL, chuyén d6i bude song hay dinh tuyén léch huong thi mot trong hai chum s€ bi danh roi, ngay ca khi
sy chong lap (gy ra tranh chép) 1a nho nhat. Vi vy, dé han ché viéc mit cac géi tin trong chum, mot giai phap da
dugc dé xuit trong [6] duoc goi 1a phan doan chum (burst segmentation), chi nhitng goi tin trong doan bi chdng 1ap cua
chum bi danh roi thay vi danh roi toan bo chim. Véi phuong phap nay, ro rang xac xudt mit goi tin trong mang OBS
s& dugc giam dang ké [6].

Trong bai viét nay s& trinh bay cac ky thuat phan doan chiim trong diéu khién tranh tic nghén tai nit 16i mang
OBS ciing nhu sy két hop giita k¥ thuat phan doan va cac giai phap khac nhu két hop vai cac giai thuat 1ap lich (Non-
Preemptive Minimum Overlap Channel - NPMOC, Non-Preemptive Minimum Overlap Channel With Void Filling -
NPMOC-VF), két hop véi viéc sir dung FDL (Non-Preemptive Delay-First Minimum Overlap Channel - NP-DFMOC,
Non-Preemptive Delay-First Minimum Overlap Channel With Void Filling - NP-DFMOC-VF) nhim ting hi¢u qua ctia
cac giai phap phan doan. Ngoai ra, bai viét ciing phat trién thém mot sb phuong an danh roi trong cac giai thuat
NPMOC, NPMOC-VF bao gom: danh roi dau, dénh roi dudi va danh roi ca dau 13n dudi.

A. Cdc ky thudt phan doan chim trong mang chuyén mach chiom quang

Trong k¥ thudt phan doan chum, mét chum dugc chia thanh cac phan doan, mbi phan doan bao gém phén dau
ctia phan doan (header) va tai trong (payload). Cac header chira cac khoan cho cac bit ddng bo, thong tin sira 151, thong
tin ngudn va dich, d6 dai ctia cac phan doan. Cac payload c6 thé mang theo bat ky loai dit liéu, ching han nhu cac gbi
IP hodc gdi ATM.
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) Hinh 1. Chi tiét phin d4u phan doan
Khi hai chum tranh chap v6i nhau trong mang OBS, thay vi roi toan by chum thi chi ¢6 nhiing phan doan
chong 1ap méi bj danh roi, nhu thé hién trong Hinh 2.
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Hinh 2. Hai cach tiép can danh roi cia phan doan chum
) Mot van dé trong phan doan ChUm la viéc lua chon phuong an danh roi cac phan doan chdng lap khi c6 tranh
chap xay ra gitra hai chum. C¢ hai céch tiép can doi véi phuong an danh roi, gom:

= Pdnh roi phan ddu, trong 6 cac phan doan dau cta chum b tranh chdp bi danh roi (Hinh 2.a).

= Pdnh roi phan dudi, trong d6 phan doan dudi ciia chum d@én (Hinh 2.b) bi danh roi.

Uu diém ctia ddnh roi phan dudi so v6i dénh roi phan dau clia phan doan chum 1a khong 1am thay doi trat ty
cac cac goi tin tai dich dén, gia dinh rang cac goi tin dwgc truyén lai sau mot thoi gian [6].

Ngoai ra, dé tang tinh hiéu qua cua phuong phap phén doan trong vi€c giam thiéu x4c xudt mat chum, phan
doan chum c6 th€ dugc ket hop voi mot so giai phap khdac nhu: phan doan ket hop véi 1ap lich chum [1][8], phan doan
két hop vai FDL, phan doan két hgp véi dinh tuyén 1éch hudng va phan doan két hop vai 14p lich lai.

B. Cic kj thudt phin doan két hop
1. Phan doan két hop 1ap lich

'Phﬁn ndy s€ tap trung vao cac giai thuat phan doan két hop véi lap lich, theo d6 s& wu tién cho viéc lap lich
truge, néu khong tim thay kénh kha dung thi sé tiép tuc thyc hién phuong an phén doan, di€u nay s& cho phép lam giam
ty 1¢ mat goi tin tot hon so véi giai thuét lap lich.

a) Giai thuat NPMOC

Y tuéng cua giai thuat NPMOC la két hop giai thuat LAUC va phén doan chum. Giai thuat NPMOC dua vao
gia tri LAUT trén moi kénh dir li€u. Khi khong tim thay kénh nao kha dung dé 1ap lich cho chum thi giai thuat 1ap lich
NPMOC xem xét tat ca cac kénh dir liéu ra va tim kiém kénh c6 khoang chong lap nho nhat dé tién hanh phan doan va
lap lich cho chum chua 1p lich. Khoang chong lap dugc tinh bang Overlap = LAUT; - Typ. Nhu m6 ta ¢ Hinh 3, voi
mdt chum moi dén va trang thai cac chum da dugc 1ap lich trén 4 kénh, thi giai ,thuét lép lich‘ NPMOC s€ tif:n hanh
phan doan va lap lich cho chum méi (chua dugc 1ap lich) trén kénh D, sau khi da cat bé phan chong 1ap nhoé nhat.
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Giai thuat NPMOC c6 thé dwoc xay dung lai dua theo ¥ tuong da dugc mo ta trong [6] nhu sau:
Function NPMOC(T, Ly, W)
Input: T, L, W
Output: selectedChannel, Tz, Lot

Process
1 minOverlap « o
2 selectedChannel « -1
3 selectedChannel < LAUC(T, Ly, W)
4 if (selectedChannel <>-1) then
5 return selectedChannel, T, Ly
6 foreach (i e W)
7 if (T < LAUT;) then
8 Overlap; < LAUT; - Ty,
9 if (Overlap; < minOverlap) then
10 minOverlap <« Overlap;
11 selectedChannel « i
12 end if
13 end if
14 end for
15 if (selectedChannel <> -1) then
16 Tubt < Tup + minOverlap
17 Lp; < L, — minOverlap
18 return selectedChannel, Ty, Lot
19 end if
20 return selectedChannel, T, Ly

b) Giai thuat NPMOC-VF
Y tuéng giai thuat NPMOC-VF 1a 1a két hop giai thuat LAUC-VF véi phan doan chum va ciing 1a giai thuat
cai tién cua giai thuat NPMOC. Giai thuét két hop NPMOC-VF tién hanh tim kiém cac kénh kha dung. Khi khong tim
thdy kénh nao kha dung dé 1ap lich cho chum chua 1ap lich (v6i giai thuat LAUC-VF) thi giai thuat NPMOC-VF wu
tién xem xét tat ca cac kénh dir lidu ra trén nhom lap day khoang trdng trude va tim kiém kénh c6 khoang chong lap
nho nhét dé tién hanh phén doan va 14ap lich cho chum chua lap lich. Giai thuat NPMOC-VF dugc xép vao nhom lap
lich lap day khoang trong. Trong giai thust NPMOC-VF, ta chia ra nhiéu phuong an danh roi chum bj chong lap nhu:
danh roi phan dau, danh roi phan duéi, danh roi ciing lic ca phan dau va phan duéi[3][6].
Tuong ty nhu NPMOC, giai thudt NPMOC-VF ciing ¢6 thé dugc xay dung dua theo [6] nhu sau:
Function NPMOC-VF(Tp, Ly, W)
Input: Ty, Ly, W
Output: selectedChannel, Tz, Lot
Process
1 minOverlap < o
selectedChannel « -1
selectedChannel «~LAUC-VF(T, Ly, W)
if (selectedChannel<>-1) then //trudng hgp khong phan doan
return selectedChannel, T, Ly
foreach (i e W)
if (Tu < Eip) and (Tu+Ly) < Si1) then //Danh roi doan dau
Overlap; « Ty — Eip
if (Overlap; < minOverlap) then
minOverlap < Overlap;
selectedChannel « i
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end if
end if
end for
if (selectedChannel <> -1) then //Cap nhat lai thong tin chum méi
Tupz = Tup + minOverlap
Lp; = Ly - minOverlap
return selectedChannel, T, Lyt
end if
foreach (i e W)

21 if (Tu > Eip) and ((Tuy+Ly)>Si1) then //Banh roi doan dudi
22 Overlap; < Ty + Lp- Six
23 if (Overlap; < minOverlap) then



Mai Hoang Thién, Dang Thanh Chuong 269

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60
61

minOverlap <« Overlap;
selectedChannel <« i
end if
end if
end for
if (selectedChannel <> -1) then //Cap nhét lai thong tin chum méi
Tubl <~ Tub
Lp1 < Lp-Tup
return selectedChannel, T, Lyt
end if
foreach (i e W)
if (Tu < Eip) and (Tuy+Ly) > Si1) then //Déanh roi doan dau va dudi
Overlap; < (Eio — Tuw) + ((Tup*tLp)-Si1)
if (Overlap; < minOverlap) then
minOverlap « Overlap;
selectedChannel <« i
end if
end for
if (selectedChannel <> -1) then //Cap nhat thong tin chum
Tubl = SselectedChannel
Lp: = Ly - minOverlap
return selectedChannel, Ty, Lot
end if
for each (i € W)/Kiém tra truong hop khong lap dy khoang trong
if (Tub < LAUT,) then
Overlapi <« LAUT; - Ty
if (Overlap; < minOverlap) then //chon kénh chdng lap
nho nhét
minOverlap <« Overlap;
selectedChannel <« i
end if
end if
end for
if (selectedChannel <> -1) then //Cap nhat lai thong tin chum
Tut < Ty + minOverlap
Lp; < Ly — minOverlap
return selectedChannel, T, Lyt
end if
return selectedChannel, T, Ly

i
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(c) NPMOC-VF véi danh roi cing luc phan dau va phin du01

Hinh 4. Minh hoa thuét toan 1ap lich khong wu tién NPMOC-VF

Ap dung giai thuat NPMOC-VF ¢ vi du Hinh 4.a, ching ta nhan thiy rang, kénh dit liéu D ¢ su chong 1ip
nhoé nhét va chum chua 1ap lich duoc 1ap lich trén Dy, O day, chi cac doan chéng lép cua chum khong 1ap lich bi loai
bo thay vi toan bd cac chum chua 18p lich nhu trong truong hgp cia LAUC-VF. B§ phirc tap cua thudt toan NPMOC-
VF 1a O(log(W Np)). Ngoai ra, & cac truong hop nhu Hinh 4.b va Hinh 4.c chiing ta cling xem xét twong tu.

2. Phan doan két hop v6i dudng tré FDL

Viée str dung FDLs trong mang quang da mang lai nhiing cai tién quan trong [31[9]. Trong phan nay, chiing

t6i mo ta mot s6 thuat toan lap lich khong thir ty vu tién dya trén phan doan két hop FDL, gom:
= Cac thuat toan lap lich d9 tré dau tién: Thuat toan NP-DFMOC va NP-DFMOC-VF chinh 1a sy cai tién cua
thuat toan LAUC va LAUC-VF két hop véi FDL va phan doan chim dé giai quyét nhitng chum tai noi xay ra

tranh chép.

= Cac thuit toan 1ap lich doan ,d%lll tién: Thuat toan NP-SFMOC va NP-SFMOC-VF thuc chét 1a cai tién cua

giai thuat LAUC, LAUC-VF k&t hgp v6i phan doan chum va FDL dé truyén lai phan doan bi danh roi.
a) Giai thuat NP-DFMOC
Y tudng cua giai thut NP-DFMOC 12 két hop giai thudt 14p lich LAUC véi phan doan chim (dya trén khodng

chdng 1ap nho nhat) va duong tré FDL (dua trén thoi gian MAX_DELAY) dé 1ap lich cho chum chua 14p lich [9].
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Hinh 5. Minh hoa giai thudt NP-DFMOC
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Vi du & Hinh 5, dit liéu kénh Dy c6 khoang chdng 14p nho nhét va thoa man MAX_DELAY vi thé chum chua
1ap lich dugc 1am tré va lap lich trén kénh D;.
b) Giai thuat NP-DFMOC-VF

Giai thuat NP-DFMOC-VF la sy cai tién gidi thugt NP-DFMOC, khic phuc nhuoc diém cua gidi thuft
NP-DFMOC véi viée tan dung cac khoang trong trén kénh 1ap lich.
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Hinh 6. Minh hoa giai thudt NP-DFMOC-VF

Vi du Hinh 6, 4p dung thuét toan NP-DFMOC-VF, ta thiy & kénh D, c6 khoang chdong 1ip nhé nhét va thoa
man MAX_DELAY vi thé chum chua lap lich dugc lam tré va 1ap lich trén kénh Dj.

I11. MO PHONG, PHAN TiCH VA MO HINH MINH HQA

Nhirng m6 phong dugc trinh bay trong bai viét dugc thuc hién trén mdy tinh véi CPU Intel Core 2 CPU 2.4
Ghz, 2G b nhé RAM. K&t qua md phong dua trén goi m6 phong trén phan mém mé phong NS2-OBS0.9a [11][12] va
ket hop voi phan mém Microsoft Excel 2013 d€ phan tich két qua.

Mo phong tap trung trén cac giai thuat 1ap lich da duoc dé xuit cho mang chuyén mach chum quang. Topo
ciia mang chuyén mach chum quang thyc hién mo phdong 1a mdt mang dumbbell duogc tao thanh tir 2 nit 151 (C;j =1 2),
mdi nut 161 két ndi voi 18 nat bién nhu mé ta & Hinh 7, cac ludng dit liéu dén theo phan phdi Poisson. Cac chim do d6
dugc sinh ra tai cac thoi diém thay d6i va cling nhu c¢6 kich thudce thay dbi. C6 4 kénh dir liéu va 2 kénh diéu khién trén
mdi lién két. Bang thong trén mdi kénh 13 10Gb/s. Luu luong dit liéu dén tai mot nit cd phan bd Poisson véi mat do tir
0.1 dén 0.9 Erlang.
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Hinh 7. M6 hinh mang md phong
Ching ta s& danh gia cac giai thuat 1ap lich két hgp phan doan chum dya trén xac xuét roi goi tin theo mo hinh
mang mo6 phéng & Hinh 7.
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Hinh 8. So sénh xéc xudt roi goi tin trén toan mang ddi vai 2 giai thuat LAUC va NPMOC

O két qua md phong Hinh 8 chi ra rang cac giai thuat lap lich két hop phan doan NPMOC hiéu qua hon
LAUC, thé hién & viéc xac xuat roi goi tin it hon. Vi nhu da trinh by & phan 2, giai thuat NPMOC giam thiéu duoc ti
16 mat chum trén kénh dit liéu tét hon giai thuat LAUC vi giai thuat NPMOC chi déanh roi cac phan doan bi chong lap
thay vi danh roi toan by chum nhu giai thuat LAUC.
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Hinh 9. So sénh xac xut roi goi tin trén toan mang vdi 2 giai thuat LAUC-VF va NPMOC-VF.HEAD

Trong két qua mo phong Hinh 9 da chi ra rang giai thut lap lich NPMOC-VF.HEAD hiéu qua hon giai thuat
LAUC-VF thé hién & viéc x4c xudt roi goi tin it hon giai thuat LAUC-VF.
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Hinh 10. So sanh xé4c xuét roi goi tin trén toan mang voi cac giai thuat NPMOC-VF,
NPMOC-VF.HEAD, NPMOC-VF.TAIL, NPMOC-VF.HEAD_TAIL

Dua vao két qua mo phong & Hinh 10, ta c6 thé thiy ring, trong cac phuong an danh roi thi phuong an danh
roi cac phan doan bi chéng 14p & doan dudi ludn tdt nhit so voi cac phuong an danh roi phan dau va phuong an danh
roi cling lic ciing ltc ca phan dau va dudi. Nhu trinh bay trong phan 2, thi phwong an danh roi phan duéi s& khong lam
thay doi trat tu sap xép cac goi tin trong chim chua dugc 1ap lich nén xac xuat roi goi tin luén thap nhat.
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- « = NP-MOC 0000732308 0002192174 D005551671 001088395  0,007133197 023793174 | 0030810455  0,03/006026  0,042173516
e NP-MOC-VF | 0000369441 DAKIOIAGA71  DAICIOEI6]  0,000386326 0000319076  DOIOIZESTA  000DMITIE6  0D,000M36939 0000487266
Téi (Erlang)
L

Hinh 11. So sanh xéc xuét roi goi tin trén toan mang v&i 2 giai thudt NPMOC va NPMOC-VF
O két qua md phong Hinh 11, ta thiy duoc xac xuat roi goi tin cua giai thudt NPMOC-VF t6t hon giai thuat
N?MOC, vi giai thudt NPMOC-VF khac phuc dugc nhuge diém cua giai thuat NPMOC 1a tan dung dugc cac khoang
trong trén cac kénh 1ap lich ma giai thuat NPMOC khong tan dung duogc.

IV. KET LUAN

Bai viét dd néu 1én duoc mot sé ki thuat phan doan chum két hop véi lap lich, trong d6 da lam 16 cac phuong
an danh roi dau, danh roi duéi, danh roi phan dau, danh roi phan dau va dudi cling nhu viéc két hgp ca ba phuong an.
Ket qua phan tich cling nhu van d¢ xay dung cai dat thuat toan cho thay tinh hiéu qua cua ky thuét phan doan chum.
Ngoai ra, k¥ thuat phan doan chum ciing c6 thé két hop dugc véi cac bai toan 1dp lich khac trong mang OBS néi riéng
va mang truyen thong ndi chung.
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TECHNICAL BURST SEGMENTATION
IN OPTICAL BURST SWITCHING NETWORKS
Mai Hoang Thien, Dang Thanh Chuong

ABSTRACT—The problem of congestion in optical burst-switched networks (OBS) is considered an important problem to be
solved. Burst segmentation in OBS networks can appear when two burst of optical data from two different ports to try to come out
on the same port, on the same wavelength channels, and at the same time. The congestion processing solutions now include
implementing wavelength conversion, fiber delay lines and deflection routing. In this paper aims to analyze some technical burst
segmentation with scheduling and fiber delay lines. The results of the paper is evaluated through simulation package obs-0.9a on
NS-2 software.



