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Tém tit: Chuyén mach chim quang dugc xem 1a cdng nghé chuyén mach
g6i kha thi nhat déi véi internet quang hién nay hay it nhat 1a trong mot
tuong lai gén Tuy nhién do khong co bo dém quang tai cac nut 16i mang vi
vay tranh chép tai nguyén 1a khong thé tranh khoi va mat chum 1a diéu tat
yéu s& xay ra. Bén canh d6 trong mang chuyén mach chum quang, giao thuc
TCP duogc thuc hién tai mot 16p cao hon, do do6 viéc tranh chap dan dén mat
chim c6 thé lam giam hiéu suét cua giao thirc TCP cua toan mang. Hién nay
¢6 nhiéu phuong phép giai quyét tranh chap chum trong qua trinh truyen
thong trén mang chuyén mach chim quang da duoc dé xuat, trong do truyén
lai va phan doan chum la hai phuong phap dang dugc quan tdm nghién ctu.
Trong nghién ciru nay chiing toi dé xuat mot mé hinh két hop giita truyén lai
VGi phan doan cham co diéu kién nham giam mat mat dir liéu, giam do tré
truyén théng du cudi va nang cao hiéu qua hoat dong caa mang OBS trong
tuong lai. Cac phan tich, danh gia hiéu qua dya trén md phong va phan tich
s& khang dinh wu diém ciia mo hinh dé xuét nay.

Tur khoa: Mang chuyén mach chiim quang, truyén lai chum, phan doan
chum, tac nghén.

1. GIOI THIEU

Téc d6 phat trién nhanh cua Internet trong nhitng ndm gan day, cung Vol su bung no cua
céc loai hinh dich vuy truyén thong, di 1am gia tang khong ngiing nhu cau vé biang thong
truyen thong. Diéu nay da dat ra mot thach thuc méi trong viéc tim kiém cac cong ngh¢
truyén thdng phd hop nham nang cao kha ning truyén thong caa mang Internet thé hé
méi. K thuat truyén dan quang, ciing vai cong ngh¢ ghép kénh budc séng quang WDM
(Wavelength Division Multiplexing) da mang dén mot giai phap hoan hao dap ung duoc
yéu cau bung no cia Internet trong tuong lai.

Truyén thdng quang, tir khi ra doi cho dén nay, dé trai qua nhiéu thé hé phét trién: tir
nhimg mo hinh dinh tuyén buéc séng WR (Wavelength-Routed) ban dau véi nhiing
duong quang (lightpath) dau-cudi danh riéng cho mdi dich vuy truyén thong cho den cac
mo hinh chuyen mach goi quang OPS (Optical Packet Switched) duoc dé xuat gan day,
VGi y tudng xuat phat tir cac mang chuyén mach g6i dién da thuc sy truong thanh [6]. Tuy
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nhién, véi mot sé han ché vé mat céng nghé quang hién nay, nhu khéng thé san xut cac
bo dém quang (tuwong ty bd nhé RAM trén mang dién) hay céc bo chuyén mach & toc do
nano gidy, md hinh chuyén mach géi quang chua thé tré thanh hién thuc. Mét giai phap
thoa hiép 1a md hinh chuyén mach cham quang OBS (Optical Burst Switched).

Mang chuyén mach chum quang (mang OBS) duoc d& xuit va chuyén mach cham
quang da trg thanh mot cong nghé haa hen co thé tan dung duoc nhimg wu diém cua
mang chuyén mach kénh quang va mang chuyén mach goi quang dé tranh duoc nhitng
bat lgi V& ki thuat trong thoi gian hién tai. Mang OBS d khic phuc dwoc han ché vé
kha nang str dung va khai thac khong hiéu qua bang thong va bude dau dua mé hinh
chuyén mach goi quang thanh hién thuc khi ma cong nghé ché tao bo dém quang chua
thuc su phét trién. Tuy nhién do su bung nd ty nhién cua mang truyén dir liéu va cau
trdc, cach truyen tai cua mang OBS, tac nghén chum c6 thé xuét hién khi hai hodc nhiéu
goi diéu khlen c¢b ging danh trude cung mot kénh budce song ra tai cung mot thoi dlem
vi vy, van dé giai quyét tic nghén chum rat quan trong trong viée giam bat mAat mat
chum trong mang OBS nham nang cao hi¢u ning cua mang la van dé can duoc quan
tam va nghién ctu. Hién nay c6 cac phuong phap co ban dé xtr ly tic nghén da duogc dé
Xuat: (1) dung duong tré soi quang [9] nham tri hodn thoi diém dén caa chim cho dén
khi mot kénh budc séng ra kha dung dé lap lich cho chum do; (2) st dung bo chuyén
d6i budc séng [7] véi truong hop chum dén trén mot budc song bi tic nghén s& duoc
chuyén doi qua mot budc song khac kha dung ¢ COng ra; (3) thyc hién dinh tuyén léch
hudng [5] bang cach dinh tuyén mot cham tranh chap dén mot cong ra khéc so véi cong
ra theo du kién ban dau; (3) truyén lai chom [2, 6, 11, 13, 18, 21] viéc nit bién vao
truyén ban sao cua chim bi danh roi khi c6 xay ra tranh chap tai nat I18i hay st dung k¥
thuat phan doan chim [1, 16, 19], khi c6 tiac nghén xay ra chi c6 doan chong lap bi danh
roi thay vi danh roi toan b chim. Trong d6 phan doan chim hoac truyén lai cham Ia
hai phuong phéap khong lam thay do6i hé thong mang, c6 thé tan dung tai nguyén ri trén
két ndi ra khac va dang duoc nghién ctiu rong réi hién nay. Tuy nhién viéc truyén lai
chiim hodc phan doan chim khéng kiém soat cd thé dan dén viéc tang s6 ludng dit liu
lwu thong, 1am phan manh trén cac kénh do ting sé lugng chim bi phan doan, ting do
tré truyén thong dau cudi, tinh trang tic nghén ting 1én do sb lwong chum duoc truyén
lai va 1am thay ddi thr ty cac goi tin dén dich. Bai viét nay s& dé xuat mot mo hinh két
hop phan doan va truyén lai chim cd kiém soat nham giam do tré truyén thdng, giam
X4C SUAt mat chuim va tang ti 1¢ sir dung bang théng ctia mang OBS.

Cau triic tiép theo cua bai viét nhu sau: Phan 11 trinh bay cac nghién ctru lién quan dén cac
cong bd, Phan 111 md ta md hinh két hop phan doan va truyén lai chim c6 kiém soat dé
xuat; Phan IV md phong thyc nghiém va phan tich két qua va Phan V 1a phan két luan.

2. MOT SO NGHIEN CUU LIEN QUAN

Hién nay c6 mot sé huéng tiép can vé truyén lai va phan doan chum di dwgc dé xuat

trong viéc giai quyet tac nghén tai cac nit 16i mang va dugc xem nhu mot giai phap lam
giam xac suat mat chum, giam do tré truyén thong va tang luu lugng giri vao mang.
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Y tudng phan doan chum dwoc dé xuat dau tién boi Vokkarane va cong su [17], trong
d6 moét chum duoc chia thanh cac doan (Hinh 1), mdi doan bao gé)m phén tiéu dé
(header) va phan dir liéu (payload). Phan tiéu dé chua théng tin vé bit dong bod
(GuardBits) dé ngan giita hai doan lién tiép, kiéu dir liéu (Payload Type), dinh danh
doan (Seg Id), o dai doan (Segmentlenght) va thong tin sta 16i (Checksum). Mdi doan
c6 thé mang bét ky loai dit liéu nao, nhu cac goi IP hoic té bao ATM. Khi chum dén
chdng Iap v&i mot chum da duoc 1ap lich trén mot kénh ra (Hinh 2), chi doan chéng lap
mai bi loai bo thay vi loai bo toan bo chum.

' Seg.1 | | Seg.2 | | Seqg.3 l ' Seg.4 ’ ' Seg.5 ‘

<« >
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Hinh 2. Trong truong hop chiim tranh chdp bi phdn doan, c6 2 kha nang xay ra: (a) logi bo
doan dudi va (b) loai bé doan dau ciia chiim tranh chdp.

Cac tac gia trong [6, 17] da dé xuat 2 giai thuat 1ap lich két hop phan doan cham NP-
MOC (Non-Preemptive Minimum Overlapping Channel) c¢6 va khong lap day khoang
trong. Giai thuat NP-MOC 14 sy cai tién cuaa giai thuat LAUC (Latest Available Unused
Channel). Y tuong giai thuat NP-MOC dya vao gia tri LAUT (Latest Available
Unscheduled Time) trén mdi kénh di liéu. Khi khong tim thiy kénh nao kha dung dé
lap lich cho chum dén, IGc nay giai thuat 1ap lich NP-MOC xem xét tat ca cac kénh dix
liéu ra va tim kiém kénh c6 khoang chdng lap nho nhat gitra thoi gian dén cua chum va
LAUT dé tién hanh phan doan va lap lich cho phan con lai caa cham trén kénh do6. Giai
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thuat NP-MOC-VF (Non-Preemptive Minimum Overlapping Channel Void Fill) 1a két
hop giai thuat LAUC-VF (Latest Available Unused Channel Void Fill) véi phan doan
chum va ciing 1a giai thuat cai tién cua giai thuat NP-MOC. Giai thuat két hop NP-
MOC-VF tién hanh tim kiém cac kénh kha dung. Khi khong tim thiy kénh nao kha
dung dé 14ap lich cho chum chua 1ap lich (voi giai thuat LAUC-VF) thi giai thuat NP-
MOC-VF uu tién xem xét tat ca cac kénh dir lidu ra trén nhom lap day khoang trng
truéc va tim kiém kénh c6 khoang chdng 1ap nhé nhat dé tién hanh phan doan va lap
lich cho chum chua 14p lich. Giai thuat NP-MOC-VF duoc xép vao nhom lap lich 1ap
day khoang trong. Trong giai thuat NP-MOC-VF, tac gia da chia ra nhiéu phuong an
loai bo doan bj chong lap nhu: loai bo phan dau, loai bé phan dudi, loai bo cung luc ca
phan dau va phan dudi nham tan dung béng thong trén cac kénh ra va giam s6 goi tin bi
loai bo trong cac chum bi tranh chap, tuy nhién van dé trong phan doan chum Ia lya
chon phuong an loai bo cac doan chong lap. C6 hai cach tiép can, gom:

e Loai bo phan dau, trong d6 cac doan dau ctua chum dén (chim tranh chap) bi
loai bo (Hinh 2b).

e Loai bo phan dudi, trong d6 cac doan dudi ctia chum dén (chim tranh chép) bi
loai bo (Hinh 2a).

Uu diém cua loai bo phan dudi so véi loai bo phan dau cia phan doan chim la khong
lam thay d6i trat ty cac goi tin dén tai dich, voi gia dinh rang cac goi tin duoc truyén lai
sau mot thoi gian. Bén canh d6 ddi voi céc giai thuat két hop phan doan chum thi doan
cham tranh chap s& bi loai bo va dugc gui lai tir nguon TCP. Piéu nay dan dén ting do
tré truyén théng va anh huong dén co ché tranh tic nghén, trong khi tai cac nat bién vao
khi gui cc chim vao mang sé& thuc hién luu lai ban sao cua chum d6, khi tic nghén xay
ra chi can truyén lai doan chim tir nt bién vao s& lam giam do tré tuyén thdng va
khong anh huong dén cira s6 diéu khién caa TCP. Ngoai ra viéc khong quan tim dén do
dai chum sau khi phan doan ciing 1am anh huéng dén sy phan manh céac kénh khi lap
lich cho chim nay trén hanh trinh tir nguon dén dich.

Déi voi truyén lai chum [11, 13, 15, 18]: Y tuéng co ban cua co ché truyén lai 1a cho
phép céac chum bi tranh chip dugc truyén lai trong 16p OBS khi mét ban sao cia cham
dugc Ivu & nat bién vao. Pa c6 nhiéu tac gia da dé xuat cac md hinh truyén lai va co thé
dugc phén thanh hai loai: thy dong/phan tng (reactive) [13,15] va chua dong (proactive)
[11,18]. DPbi véi co ché truyén lai chu dong, nit bién thyuc hién truyén lai chum sau mot
khoang thoi gian dinh trudce ma khéng can c6 su phan hoi tir nat 16i. Trong mo hinh
truyén lai BCS (Burst Clone Schema) [18], ¥ twong la nhan ban chum goc va gui dong
thoi cham nhén ban qua mang. Néu chum gbc bi mét, cham nhan ban van c6 kha ning
di dén dich. Nut dich sé& lva chon chim dén truéc, phan rd cham va chuyén céc goi bén
trong dén dich dén cua ching. Véi cach 1am nhu vay mé hinh BCS giam dugc Xac suat
mét mét dix liéu ngau nhién caa mang chuyén mach chim quang, nhung né chi phi hop
khi tai luu lwong giri vao mang thip. Nhuoc diém chinh caa md hinh nay la lam phét
sinh cac cham giéng nhau tai cac dich, ting luu lwong gui vao mang va ting xac suat
mat cham khi tai cao.
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Dé khic phuc ton tai ndy nhém tac gia trong [11] dé xuat md hinh DBTM (Duplicate
Burst Transmission Mechanism) véi y tuéng nhan ban chum va gan cung ID cho ban
sao chim nay tai nat bién vao. Goi diéu khlen cua chum géc va ban sao chim s& duoc
giri di, nhung thoi gian offset cua chum gdc s& dugc diéu chinh ting thém so voi chum
nhan ban. NGt ngudn sé& thuc hién gui cham géc sau khi ban sao chum da duoc gui di,
cac nit trung gian s& luu mot ban dinh tuyén dé nhan biét ban sao chum cé bi danh roi
hay khdng. Néu ban sao chim bi danh roi, cac niit trung gian sé tiép tuc nhan ban chum
gdc va truyén di sau khoang thoi gian diéu chinh.

Déi vai truyén lai thy dong [2, 6, 13, 21], nut 18i s& guri mot phan hdi vé nit bién vao dé
thong b&o Vé viéc danh roi chum khi phét hién tranh chap dan dén khong thé cip phét
tai nguyén. Khi nhan dugc thdng bao nay, ndt bién vao s& thuc hién truyén lai ban sao
ctia chum twong tng. Néu sau khoang thoi gian dinh trude ddi vaéi ban sao ciia chim ma
ndt bién vao khong nhan duoc thdng bao vé chim, n6 s& xem nhu chim da di dén dich
va x0a ban sao ctaa chum.

CAc téc gia trong [2,13] da d& xuat hai md hinh truyén lai cai tién dua vao co ché truyén
lai thu dong. Y tudng cai tién cua hai md hinh nay 1 khi khong thé cap phat tai nguyén
cho chum dan dén tranh chap, nit 16i sé tinh toan thoi diém lap lich lai va théng bao cho
nut bién vao dé truyén lai ban sao chim. Ca hai mé hinh nay déu yéu cau nat 18i phai c6
kha ning tinh toan thoi diém 1ap lich lai cho chim bi roi do tranh chap tai nguyén.
Trong mo hinh thi nhat, khi nat 18i nhan duge géi tin didu khién va khong thé cap phat
tai nguyén cho chum tuong ung, nat 16i s& tinh toan thoi diém c6 thé cap phat tai
nguyén cho viéc 1ap lich lai d6i véi chim bi danh roi va gui g6i tin CRP (Core Reserve
Packet) chira thdng tin nay vé nut bién vao dé thdng béo thoi diém thich hop truyén lai
cham. Bé xuat nay rd rang khong giam duoc tranh chip tai nguyén trong lan truyén
chim déu tién; nhung dam bao viéc truyén lai chim thanh cong cling nhu s6 lan truyén
lai chum s& nho hon 2. Trong trudng hop tai mang ting cao, s6 1an truyén lai c6 thé Ion
hon 2, diéu nay lam ting thoi gian ton tai ban sao cham trong bo dém chim va ting sb
lugng chum luu thong trong mang. Vi vay cac tac gia trong [6, 21] d& dé xuat cai tién
thr hai trong d6 nat bién s& khdng thuc hién viéc truyén cac chim méi ma s& gui mot
géi tin RRP (Reservation Request Packet) dén nat 16i va khdng truyén cham cho dén
khi nut 16i co thé cip phét tai nguyén cho chim tuong tng va co gui goi tin phan hoi
CRP vé cho nut bién vao. V6i nhitng cong bb cua cac tic gia d& xuat mot sé mo hinh
truyén lai nham giam xac suat mat chim, tuy nhién cac mé hinh nay chwa xét dén trang
thai cla mang nham thyc hién truyén lai mot cach hiéu qua tranh truong hop lam ting
tac nghén ctia mang khi tai cao, 1am phtrc tap thém hé thong, tang thoi gian xir 1y loai bo
céc goi tin giéng nhau tai dich va giam luu lugng giri vao mang.

Tir nhitng phan tich uu diém va mot s ton tai clia cac phuong phap giai quyét tic nghén
thong qua phan doan chum va truyén lai dd dugc cong b0 Trong nghién ctru nay ching
t6i dé xuat mot md hinh két hop phan doan chim va truyén lai chum c6 diéu kién nham
khic phuc nhitng ton tai néi trén.
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3. MO HINH TRUYEN LAI KET HOP PHAN POAN CHUM BE XUAT

Xét mot mang OBS c6 hd tro truyén lai va phan doan chum, & d6 nat bién vao chiu
trach nhiém luu mot ban sao ciia chum cho muc dich truyén lai trude khi truyén chum
nay vao trong mang, trong khi nut 16i déng vai trd kiém soat viéc phan doan va truyén
lai khi mot chim dén khong thé 1ap lich dugc. Nhu mé ta duoc chi ra & Hinh 3, mot
chum sau khi dugce tap hop xong s€ dugc nhan ban tai nat bién vao: chum chinh sé duoc
giri vao mang 13i, trong khi ban sao chim s& duoc luu vao b dém chum dé phuc vu cho
viée truyén lai. Gid sir niit bién vao dugc trang bi mot bo dém du 16n dé luu cac ban 520
cua cac chim duge hoan thanh, chum nhan béan s€ bi x6a khi chim chinh cta n6 truyen
dén dich thanh cong va ldc nady mot goi diéu khién (ARQ) dugc gui tra vé dé yéu cau
thue hién viéc nay hodc Chum nhan ban ciing sé bi x04 néu thoi glan song ctia chum hét.
Céc phan tich vé thoi gian sdng caa chim s& dugc xem xét trong cac phan sau.

Géi tin dén

Truyén lai chim

Nt bién vao

|cap nhan lai do dai chl‘lm| | Loai b chiim

Giri chum di tiép

Nut 16i

I
NUt bién ra I
I

phan rd chum

: Nhén chiim va
R S R
Hinh 3: M6 hinh két hop phédn doan va truyén lai chim dé xudt
Tai nat 16i m6 hinh thwe hién 2 giai doan:

Giai doan 1: Mot giai thuat 1ap lich BFVF (Best Fit Void Filling) [10]) s& duoc goi khi
c6 mot goi diéu khién dén yéu cau lap lich cho chum tuwong tng cua no. Néu viéc lap
lich thanh cong, chum s€ dugc chuyen tlep dén nut tlep theo va diéu nay dugc lap lai tai
cac nut 13i tiép theo cho dén khi chim dén dich (nut bién ra) cua né. Tuy nhién, néu
viéc lap lich khong thanh cong, mo hinh s& chuyén sang Giai doan 2 (cdc diéu kién
phdn doan chum va thyc hién truyén lai doan bi loai bo sé dwoc xem xét dén).



130 PHAN HOANG NAM va cs.

Giai doan 2: Tinh toan do chdng 1ap ctia chum dén véi cac chum da duoc lap lich trén cac
kénh va kénh c6 khoang chdng lap nhoé nhat s& duge chon dé 1ap lich cho chum dén sau khi
da cit phan doan chdng 1ap (mé hinh chi xem xét truong hop cdt phan dudi ciia chivm chong
Za’p nham dam bao cdc géi tin dén dich ding thir tir); Chum tic nghén hodc phan doan
chong lap s¢ dugc xem Xét truyén lai néu thoi gian séng cac g0i tin trong doan/chum con du
dé truyen lai tur nguon dén dich va bang thong hién tai trén két ndi ra chua dat den murc tic
nghén. Néu ca 2 diéu kién déu thoa man, nut 161 s& giri mot goi tin ARQ yéu cau nat bién
vao gui lai cac gdi tin nay trong chim hodc truyén lai chim nhén ban.

M6 hinh két hop phéin doan chim va truyén lai ¢é diéu kién dwoe mé ta chi tiét
nhuw sau, trong do:

- byp(Sup, eyp), burst dén chua 1ap lich, trong d6 s, 13 thoi diém dén, ey, 1a
thoi diém ket thac (chiéu dai chum leny,, = ey, —Sup);

- W:Sbkénh ratrén mdi lien két W = {1,2,...,w};

- Do tré cua truyén thong tir nut giri mang IP dén nat bién vao mang OBS 12 T,

- D0 tré ciia truyén thong tir niit bién ra mang OBS dén nut dich mang IP 14 T’

- Do tré tap hop chum trong mang OBS 14 T},

- Do tré tich chum trong mang OBS 1a T}’

- D6 tré lan truyén phat sinh trong mang OBS 1a T ps(n * Tpro + Tpacn), trong
do Tpro la thot gian xu 1y tai mot nat 161, Tpeen la d6 tré trén duong truyen n

1a s6 nit mang ma chum di di qua. Nhu vay do tré truyén tir nat ngudn dén nit
dich s€ duoc tinh:

Tpetay = (Tq + Ty + Tops + Ty + Tyr) 1)
- Do tré (thoi gian sdng cua goi tin) cho phép:
2% Tpelay = 2% (Tg + Ty + Tops + Ty + Tg)) (2)
- m: s6 nut ma burst da di qua;
1. Thudt todn lap lich két hop phén doan chum va truyén lai tai nut loi
Input
- bup(Sup, €up) ;
- W, T, Ty, Tops Tpr Tam,;

- SBy{b;(sj,e)|j = 1,2,...,|SBi|} tap cac chum da duoc Iap lich trén kénh thu
k(k e W);

- lenghtBurst,y;,: Chiéu dai chum téi thiéu [3];
- tg,: khoang cach giita cac chum duogc truyén trén 1 kénh;
- BW = 1Gbps;
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Output
- Chum duoc lap lich trén kénh sc hoac loai bo;
Phwong phap:
(Khoi tao) sc = —1;
sc = BFVF(ub,W);
IF (sc <> —1) THEN
{ Lap lich chum b, trén kénh sc; }
RETURN sc;
Else
dropmin = ;
FOR EACHEk € W DO
FOR EACH j € |SB,| DO

1f((sup > €1 )&(Sup < Sj+1.)& (up < €414)) &((up — Sj+1x) <
dropmin)) THEN

Aropmin = (€up — Sj+1,k);
sc =k;
Tpetay = (Ta +Tp + Tops + Ty + Tai);
2% Tpetay = 2% (Tqg+ Tp + Tops + Tpy + Tar);
T, = mxTyo +mxTpaen/n;

S, Pk e s
BWyow = = 1BW . ]1

IF (2 * Ty’ < Tpetay) A (BWpoy < 0.7) THEN
IF (sc > 0) THEN

eup = eyp — Arop

min T Lswi
{Lap lich chum b,,,5au khi cit doan chong lap trén kénh sc:}
IF (dropmin > lenghtBurst,,;,,) THEN
Tpetay = Tpeiay — Tn; 1/cap nhat lai thoi gian song ctia chim
Khoi tao chum méi véi doan bi chong I4p b, (s, enp);
Sub = €up — tsws
eup = Sup + ATOPmin;

tretransmission = resendseg;



132 PHAN HOANG NAM va cs.

SendARQ(IDBurst, byy, Tpeiay: tretransmission):
ELSE
Drop(drop,,y); I l0ai bo doan chong lap
ELSE
Tpetay = Tpetay — Tny //cap nht lai thoi gian séng cua cham
tretransmission = T€SeNdBurst;
SendARQ(IDBurst, byp, Tpeiay: tretransmission);
ELSE
Drop(byp);
RETURN sc;
2. Tai nut bién vao
INPUT
- ARQ(IDBurst, byp, Tpeiay: tretransmission);
OUTPUT
PHUONG PHAP:
IF (tretransmission = resendBurst) THEN
Send(b,p, IDBurst);
ELSE
Send(b,,;,, IDBurst);
RETURN;
FUCNTION BFVF(ub,W):
INPUT
- by (Sup, eyp) : chum dén chua l1ap lich,
- W: Sé kénh ra trén mdi lién két W={1,2,...w};
- SB = {SBy}, SBytap cac chum da dugc 1ap lich trén kénh thir k (KEW);
OouUTOoOUT
- sc: kénh tuong tmg dé 1ap lich cho chum dén.
PHUONG PHAP:
bestUtilisation = «;sc = —1;

FOR EACH k € W DO

eox = 0;SisBy|+1,k = %
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FOR EACH j € |SB,| DO

IF((Csup = €j k) A (Sjs1k = eup)) A ((Sj+1x — €x) < bestUtilisation)))
THEN

bestUtilisation = Sj41x — €jk;
sc = k;

RETURN sc;
Danh gia do phirc tap gidi thuat:
Tai nGt bién: Thuc hién viéc tap hop va Iap lich chim tai cong ra c6 d6 phuc tap O(w *
log(ISBw|)) [10].
Tai nut 16i: M6 hinh thyc hién 2 giai doan:
- Giai doan 1: Goi giai thuat 1ap lich BFVF [10] dé 1ap lich cho chum dén trén w kénh
ra c¢6 do phtrc tap O(w * log (|SBy|)).
- Giai doan 2: Thuc hién tinh toan d6 chdng lip dé thuc hién phan doan, tinh do tré va
bang thong chiém dung cho viéc truyen lai doan chong lap c¢6 d6 phac tap O(w *
log(ISBy|))-
O day 2 giai doan thuc hién tuan tu vi vay d6 phic tap cia md hinh tai nat 16i 1a:0(w *
log(ISBy|) + O(w * log(|SBx|)))-

Trong do w 1a tong s6 kénh ra, SByla s chim 16n nhat da 1ap lich trén 1 kénh nao
do6 trong w kénh ra tai cong ra xem xét.

4. MO PHONG VA PHAN TiCH KET QUA

Hinh 4 . M6 hinh mang mé phong NSFNET

Dé chang minh tinh hiéu qua caa mé hinh bang thuc nghiém chdng tdi thuc hién cai dat
mo phong mé hinh dé xuat va so sanh véi mé hinh truyén lai, phan doan chum di duoc
trinh bay ¢ phan trén dya trén xac suat mat byte (sé byte dwoc chira trong cac chim bj
mét), do tré truyén thong va luu luong giri vao mang. Mbi truong moé phong 1a NS2 voi



134 PHAN HOANG NAM va cs.

g6i mo rong obs0.9a [22] va phan mém C++, trén may tinh CPU Intel Core 5 CPU 2.4
GHz, 8G RAM. M6 hinh mang mé phong dugc thuc hién la mang NSFNet 14 nat 16i
(C;,i = 0,1,...,13), trong 6 mdi nat I18i két ndi véi mot nat bién (E;,i = 0,1, ...,13)
nhu moé ta & Hinh 4. Céc ludng dir liéu dén tai nat bién c6 phan phéi Poisson. M&i lién
két c6 10 kénh dir liéu va 2 kénh diéu khién. M6 phong duogc thuc hién véi tai chuan
hoé tir 0.1 &én 0.9 véi thoi gian 10s.

Qua két qua mo phong duge thé hién ¢ Hinh 5 khi so sanh xac suit mat byte gitta m6
hinh khong truyen lai (BFVF) va truyén lai thu dong véi tai mang tur 0.1 dén 0.9 cho
thiy xac sudt mat byte cua mo6 hinh tmyen lai thu dong giam dang ké so voi mé hinh
khong sir dung truyén lai véi céc tai thap. Tuy nhién véi khi tai cao 0.7, 0.8, 0.9 viéc
thuc hién truyén lai cac chim mét s& khoéng con hi¢u qua boi vi truyén lai chum ¢ trang
thai tai mang cao s€ lam tang thém tac nghén mang hién tai va két qua mé phong cho
thdy x4c suat mat byte s& ting khi truyén lai v6i cac tai tir 0.8 dén 0.9.

Ty lo milt byte

D.15
0.1
l m
0 - O L ' o Ug L

2335 pl0AL2 18
Tal chudn hod

Hinh 5. So sanh xdc sudt mat byte giita cdc mé hinh khéng’truyé‘n lai (BF_VF) va truyén lai thu
dong voi tai mang tue 0.1 den 0.9

Ty I mit byte

{
( S— CD m m L L1}
. 2 . . 3 17 Y 2.9
i 3 B 3 3
]

Tik e hok.
Hinh 6. So sdnh xdc sudt mat byte gitia mé hinh truyén lai thu déng va phan doan chim
NP _MOC VF voi tdai mang twe 0.1 dén 0.9

Bén canh d6 mot két qua dugc thé hién & Hinh 6 cho thiy xac sudt mét byte cia mé hinh phan
doan chum hiéu qua & cac tai cao tir 0.7 dén 0.9 di€u nay cé thé giai thich khi cac chum bi tac
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nghén khong thé 1ap lich dugc thay vi phai danh roi chum d6 thi mé hinh phan doan chi danh
roi phan doan bi chong lap, doan con lai van dugc thyc hién 1ap lich trén kénh dé.

Mot két qua khi so sanh ty 18 sé byte roi gitta md hinh truyén lai thu dong, mo hinh
phan doan chum NP_MOC_VF va mé hinh dé xuét duoc thé hién ¢ Hinh 7 cho thay mo
hinh dé xuét giam dang ke O cac tai thap va ngay cé trén cac tai cao, didu nay co thé giai
thich boi vi mé hinh truyén lai dé xudt khi chum dén 1ap lich khong tim thy tai nguyén,
luc nay mo hinh tinh todn bang thong hi¢n thoi dé x4c dinh mirc do tic nghén cua mang
va thoi gian séng cua chum nham xac dinh viéc truyén lai 13 c6 ¥y nghia. Néu chum roi
ngau nhién do tinh chat 1ap lich cia mang OBS s& thyc hién truyen lai chum, nguoc lai
khi tai cao s€ loai bo chum va khong thyc hién truyen lai nhim giam tic nghén cua
mang hién tai. Ngoai ra khi khong thé truyén lai chum tic nghén thi mé hinh dé xuat s&
thuc hién phan doan nham giam thém xac suét mat byte trén toan mang.

1

Ty 1o mik byte

oA hinh 48 xud ) 100154 | D.00FBE | 0.04571 012071 1020426 |0 34655 3.31244 | B.23795

Tal chuan hoa

Hinh 7. So sanh xdc sudt mdt byte giita cdc mo hinh truyén lai thy dong, phan doan
chum(NP_MOC VF) va mé hinh dé xuat voi tdai mang tw 0.1 dén 0.9

Bén canh d6 mot so sanh vé ti 18 giita s6 chum truyén lai thanh cong trén s6 chum
truyén lai duge chi ra & Hinh 8 cho thiy mé hinh d& xuét c6 ti 1¢ truyén lai thanh cong
cao hon so v6i mé hinh truyén lai thy dong va diéu nay ciing khang dinh mé hinh dé
Xut giam xac suit mat byte.

1.0000 @ " —
0.9300

% 0.8000 \\ %

E] 0.7000 \

& ' \\

E 0.6000 R

3 “

3 05000 .

2 \ v

’i 0.4000 N

2 03000 \‘

> \\
> 02000 Eo
2

0.1000

0.0000
0.2 a3 ns 05 06 Qa7 18] a9

e Ty e thy g 1 0000 1L00K0 09913 09153 08813 05523 0

o= M0 hinh 04 sum LOODD LOOK0 09574 09475 8132 0.7145 0%

Hinh 8. So sdanh ty Ié truyén lai thanh cong giira hai mé hinh truyén lai thu déng va mé hinh dé
xudt véi tai mang tir 0.1 dén 0.9
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5.KET LUAN

Trong nghién ctru nay ching t6i dé xuat moét mo hinh két hop giita truyén lai va phéan
doan chum c6 kiém soat. Qua két qua mo phong va thue hién so sanh, phan tich va danh
gia cho thdy hiéu qua cua md hinh két hop truyén lai va phén doan chum c6 kiém soat
dé xuat da duoc giam xac sudt mat byte, giam do tré truyén thong dau cudi va linh hoat
trong cac truong hop cua tai mang.
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Title: APROPOSED MODEL OF COMBINING CONTROLLED RETRANSMISSION AND
BURST SEGMENTATION IN OPTICAL BURST SWITCHING NETWORK

Abstract: Optical Burst Switching has been considered as a promising packet switching
technology for the Internet. However, because of the optical bufferless of core node, the
resource contention and burst loss are inevitable. In addition, the fact that TCP protocol operates
at a higher layer in Optical Burst Switching network might lead the entire network performance
to be reduced when burst loss rate rising due to contentions. There are currently many proposed
burst contention solutions for communication problems over Optical Burst Switching network,
in which retransmission and burst segmentation have been the two most concerned methods. In
this paper, we propose a model of controlled condition-based burst segmentation and
retransmission to efficiently decrease data loss probability, end-to-end delay and consequently
increase the OBS network performance. An extensive simulation is used to analyse and validate
our proposed model.

Keywords: Optical Burst Switching networks, burst retransmission, burst segmentation,
contention.
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