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MO PAU

Trong giai doan hién nay k¥ thuat ghép kénh phan chia theo budc song
WDM la mot giai phap dugc Iva chon dé cung cép mot co sO ha tﬁng mang nhanh
hon nham déap Ung su phét trién bung no cta Internet. Tuy nhién, véi sy phat trién
nhanh chéng ciia luu lwong dir liéu trén mang, tbe do xtr 1y dién tir ¢ thé khong con
phi hop trong tuong lai nita, dong thoi dir liéu quang thudng bi cham lai do xur ly
dién tir tai cac node, do d6 viéc tim kiém mot phuong phap chuyén tai cac goi IP
truc tiép trén 16p quang ma khong can qua chuyén doi O/E/O cho mang thong tin
thé hé sau (NGN) 1a mot tat yéu. Nham dé xay dung mot mang todn quang tai do dir
licu dugc duy tri trong mién quang & tat ca cac node trung gian, can phai thiét ké
c4c giao thirc mdi danh cho céc hé thong chuyén mach quang. Mot trong céc van dé
can thiét 12 1am thé nao dé hd tro viéc cung cap tai nguyén nhanh chong, truyén dan
dong bo (cua cac goi kich thudc bién doi nhu cac gbi IP) cling nhu hd trg mirc do
cao Viéc chia sé tai nguyén theo thong ké dé xur 1y hiéu qua luu lugng c6 tinh blng
nd ma khong can co6 dém ¢ 16p WDM (do chua ¢ cac bd nhé truy cap ngau nhién
RAM). Do d6 cac phuong phap chuyén tai todn quang can phai tranh dém quang
cang nhiéu cang tot.

Mot van dé khac 1a 1am thé nao hd tro chat luong dich vu (QoS) trong
mang Internet quang thé hé sau. Mang IP ban dau cung cap cac cac dich vu best-
effort, tuy nhién hién nay cac trng dung thoi gian thuc (vi du dién thoai va hoi nghi
truyén hinh qua Internet) yéu cau QoS cao hon cac ing dung khong phai thoi gian
thuc (nhu Email hay trinh duyét Web thong thuong) va do vay van dé dat ra d6i véi
I6p WDM 1a lam thé nao hd trg QoS cho Internet quang. Mot sd cong nghé khac
nhau dang dugc phat trién, nhu dinh tuyén budc song (chuyén mach kénh quang
OCS), chuyén mach géi quang OPS va chuyén mach chim quang OBS. C4c mang
quang dinh tuyén budc séng dd duoc trién khai va dat duoc mot sd hiéu qua nhat
dinh tuy nhién cac mang quang dinh tuyén budc song lai lai sir dung chuyén mach
kénh c6 thé khong phai 1a cdng nghé thich hop nhét cho cac (mg dung khéc nhau sir

dung Internet quang. K§¥ thuat chuyén mach géi quang 1a mot giai phap cong nghé




khac va c6 I& 1a t6i wu hon cho céc ing dung méi. Tuy nhién trong diéu kién mot s6
cong nghé hién dai nhu bd dém quang, logic quang van chua thyc hién dugc thi
chuyén mach goi quang van chua thé ap dung vao thuc té. Chuyén mach chim
quang la cdng nghé trung gian giira chuyén mach kénh quang va chuyén mach géi
quang dap Gng duoc yéu cau van chuyén mot luong 16n dit liéu qua mang véi toc
d6 cao va cung Ccap cac tinh ning mai trong giai doan téi.

Céc van dé can nghién ciu trong OBS 1a c4c giao thire du trit va giai phong
tai nguyén, phuong phap thiét 1ap burst, cac giai thuat xép lich trén cac lién két dau
ra cia mang OBS. Noi dung d6 an nay trinh bay téng quan vé mang OBS trong d6
di sau tim hiéu va mo phong cac giai thuat xép lich va qua trinh thiét 1ap burst, muc
dich dé tim ra duoc thuat toan téi wu nhat cho lwong dir lidu truyén qua mang cao
nhét va kich thuéc burst cho xac suat mat burst nho nhat dé nang cao chat lwong ciia
mang OBS.

Noi dung d6 an gébm 5 chuong:

= Chuong 1: Téng quan vé chuyén mach chim quang.

= Chuong 2: Kién triic mang chuyén mach chiim quang

= Chuong 3: B4o hiéu va giai quyét xung dot trong mang OBS

= Chuong 4: Cac giai thuat xép lich trong mang OBS

= Chuong 5:M6 phong va két qua
Phuong phap nghién ctru ciia d6 4n 1a md phong cac giai thuat xép lich trén céc lién
két ddu ra cia mang OBS, so sanh két qua cua cac giai thuat dé tir d6 tim ra giai
thuat toi wu. Ngoai ra dd an con néu 1én két qua mo phong qua trinh thiét 1ap burst
véi 2 truong hgp mot mirc ngudng khong c6 muc vu ti€n, mot mirc ngudng va co
mot murc wu tién dé tir d6 tim ra kich thudc burst tdi wu cho xac sut mat burst nho
nhét.

Trong qué trinh 1am do 4n mic d4 cd ging nhiéu nhung khdng thé trach
khoi nhiing sai sot, mong cac thay c6 thong cam va huéng dan cho em. Dé hoan
thanh d0 4n nday em d& duoc sy huéng dan tan tinh ciia thdy Nguyén Duy Nhat

Vién, em xin géi 151 cam on chan thanh dén thay. Em xin cam on céc thay c6 trong




khoa dién tir vién thong da truyén dat cho em kién thirc trong nim nam qua, gia
dinh, ban bé em d4 hd trg em trong sudt qué trinh 1am do an.
Cubi cling em xin to 10ng biét on bd me d4 lubn dong vién, gitip d& va tao
diéu kién t6t dé em co thé hoc hanh dén ngy hom nay.
Da Ning thang 6/2008
Sinh vién thuc hién
V6 Thi Kim Tuyén




Chuong 1:Tong quan vé chuyén mach chiim quang

Chuwong 1
TONG QUAN VE CHUYEN MACH CHUM QUANG
1.1 Giéi thiéu chwong

Nhu cau thong tin ctia con ngudi ngdy cang phat trién manh mé véi nhiéu
loai hinh dich vu da dang. Diéu nay dt ra nhitng thach thirc d6i véi hé théng truyén
thong von co, von duge xay dung chu yéu phuc vu cho nhu ciu thoai va truyén
thong tin khong doi hoi tdc do cao.

Mot yéu cau dat ra 1a phai xay dung mot hé thdng c¢6 kha niang cung cap
bang thong 16n, truyén dugc mot luong 16n dir liéu véi tbc do cao. Soi quang voi
nhitng tinh chat uu viét cing viéc ung dung ghép kénh phén chia theo budc song
(WDM) la mot giai phap hira hen cho mang Internet thé hé méi.

Mot mang toan quang la myc tiéu hudng téi nhung trong twong lai gan
chung ta c6 thé xay dung mot mang quang trong sudt it nhat dbi véi dir liéu trong
d6 dir liéu duoc chuyén hoan toan trong mién quang con goi tin diéu khién duoc
chuyén trong mién dién. Cac cong nghé chuyén mach quang dugc dé xuat nhu
chuyén mach kénh quang, chuyén mach géi quang va chuyén mach chim quang,
mdi cong nghé c6 cac wu va nhuoe diém riéng trong d6 chuyén mach chim quang
dung hoa duoc nhitng wu va nhuoc diém cua hai loai chuyén mach kia va 1a cong
ngh¢ hira hen trong tuong lai.

Noi dung trong chwong nay 1a nhiing nét chinh vé chuyén mach chim quang, wu
diém ciia nd so véi cac cong nghé chuyén mach khéc, cac phuong phép thiét lap
burst trong mang chuyén mach chim quang OBS.

1.2 C4c thé hé mang quang

Thé hé dau tién la kién tric mang point to point WDM (WDM diém-
diém). Mot mang nhu vay gdm nhiéu lién két diém diém, ¢ d6 tat ca cac Iuu luong
di vao mogt node tir mQt so1 quang dugc chuyén doi tur quang sang dién va tat ca cac
lwu lwong di ra mot node duge chuyén do6i tir dién sang quang trude khi dua vao soi
quang. Viéc tach ghép ludng quang bang cach chuyén doi quang dién tai mdi node

c6 thé 1am tang d6 tré va tang chi phi mang, do d6, dé giam duoc do tré va giam di
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chi phi mang ta nén xay dung mot mang toan quang nghia 1a viéc chuyén tiép géi
hoan toan trong mién quang.

Kién triic mang quang th hai dya trén cac bo xen rét ghép kénh theo budc
song Wavelength Add-Drop Multiplexer (WADM), trong d6 viéc tach ghép luu
luong dugc thyc hién tai noi c6 WADM . WADM c6 thé tach ra mot budc song
dugc chon va cho phép cac budc song di qua. Noi chung, luu luong di qua mot
node thi nhiéu hon luu lwong can & tai mot node. Do d6 bang viéc st dung WADM
chung ta c6 thé giam duoc chi phi toan mang bang cach chi tach nhimg budc song
ma dich dén cua no 1a tai node nay con tat ca cac bude song khac di dén node tiép
theo.

Kién tric mang quang thé hé thir ba duya trén viéc két ndi cac thiét bi toan
quang. Nhitng thiét bi nay thuong duoc phéan loai thanh passive star, passive router
va active switch. Tin hiéu duoc dua vao mot bude song tai ngd vao sao do cong suat
tin hiéu nay s& dugc chia déu cho tit ca cac ngd ra (sir dung cing budc séng). Mot
passive router co thé dinh tuyén mot cach riéng ré mot trong s nhicu budc song &
soi quang ngd vao dén mot budc song gidng nhu vay & ngd ra. Active switch cho
phép str dung lai budc song va cd thé hd tro nhirng két ndi lién tuc qua nd. Passive
star duoc sir dung dé xay duyng mot mang WDM noi bo. Trong khi active switch
dung dé xay dung mang dién rong dinh tuyén budc song, Passive router dung nhu 13
maot thiét bi mux va demux.

1.3 Céc cong nghé chuyén mach quang

Hién tai co6 3 cong nghé chuyén mach quang 1a chuyén mach kénh quang
Optical Circuit Switching (OCS), chuyén mach géi quang Optical Packet Switching
(OPS) va chuyén mach chim quang Optical Burst Switching (OBS). M&i loai ¢6
dic diém riéng va OBS dugc cho 1a cong nghé trung gian & giita 2 loai kia vi nd
dung hoa duoc uu va nhuoc diém cia ca hai va trg thanh cdng nghé day hap dan va

htra hen trong trong lai.
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1.3.1 Chuyén mach kénh quang OCS

Chuyén mach kénh quang hay con goi 1 giao thtrc dinh tuyén budc song
quang Wavelength Routed Networking (WRN) trong d6 mot duong din quang
duoc thiét 1ap giita dich va ngudn trudce khi truyén dit liéu. Trong khi truyén dir liéu
khong can node trung gian thuc hién nhimng cong viéc phirc tap nhu xir Iy header
hay dém tai trong. Mot duong dan quang (light path) duoc sir dung dé cung cap mot
két n6i trong mang WDM dinh tuyén budc song va co thé trai dai trén nhiéu lién két
soi quang. Céc bod chuyén ddi budc song tao ra cac budc song khac nhau trén cac
lién két quang. Trong mang WRN bing thong duoc cap phat tinh hay ¢ dinh nén
khong thé thich tng voi luu lwong don dap va thay doi cao cta Internet mot cach
hiéu qua. Véi mot sé budce song gidi han cho trude chi mot sd luong dudng dan
quang han ché duoc thiét 1ap tai cing mot thoi diém. Néu luu luong thay d6i dong,
luu lyong truyén qua cac dudng din tinh s& 1am cho su tan dung bang thong kém
hiéu qua. DPé co thé dap tmg dugc yéu cau vé bang thong 16n trong mang do thi va
mang dién rong, nhilng phuong thic truyén tai phai hd tro viée du trir tai nguyén va
c6 kha nang truyén duoc luu luong dot bién. Nhung néu ta cd ging thiét lap cac
duong din quang mot cach thirc dong, thong tin trang thai ciia mang s& thay doi lién
tuc gdy kho khan trong viéc cép nhat trang thai cia mang. Hon nita, du trit trong
WRN Ia dy trir hai chiéu trong d6 khi c6 nhu cau ngudn giri yéu ciu thiét 1ap dudng
dan quang va nhan vé mot xac nhan tir dich tuong tmg 1a két ndi da duoc thiét 1ap
cho dir két ndi nay cé dung luong bao nhiéu, do vay viéc sir dung bang thong khong
hiéu qua vé mit kinh té.
1.3.2 Chuyén mach géi quang OPS

Chuyén mach g6i quang c6 thé cung cap bang thong dong nén thich hop
véi luu luong thay d6i cta internet vi n6 cho phép chia sé thong ké cac budc song
thugc vé cac dich va nguon khac nhau. Trong mang chuyén mach goéi OPS phan
header ciia mdi goi dugc tach ra va xir 1y trong mién dién con dir lidu phai dém
trong mién quang dé chd header duoc xir Iy xong méi duoc truyén di. Vi vay yéu

cau phai c6 bo dém quang nhung day 1a cong nghé van chua thuc hién dugce. Hon
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nita viéc xir Iy header trong mién quang khong thé thyc hién dugc trong twong lai
gan do chua c6 logic quang hoan toan nén mac di OPS 14 mot cong nghé ¢ nhicu
tinh nang vuot trdi nhu tbc do chuyén mach cao, thich hgp vdi ban chét cua luu

lugng internet nhung khong thyc té trong twong lai gan.

{C} O/E converters E/O converters
(b) QIE converters E/O converters
i —————1H
Eleciranic "
contral 1= Electronic HES—,
trol  HEO—
—H - -
! e T
B — : : —_— L] || *
Optical : [ ] . :
Input . : . Output . Optical =
fibers : sw:tgh : fibers Ilnput ) switch . Qutput
fabric fibers . tabyic . fibars
Demultiplexers Multiplexers Demultiplexers Dp?cal Multiplexers
buffer
Chuyén mach burst quang Chuyén mach goi quang

Hinh 1.1 Cau trac cia OPS va OBS

1.3.3 Chuyén mach chum quang OBS

Chuyén mach chim quang ciing dya trén ¥ tuong tach goéi tin diéu khién
nhu OPS nhung giita goi tin diéu khién (BHP) va burst dir liéu co sy gan két chat
ché vé thoi gian hon trong OPS. Cac géi tin dugc tich hop thanh cac burst cé chiéu
dai khac nhau va duoc guri di sau goi tin diéu khién mot thoi gian offset. Thoi gian
offset duoc tinh toan sao cho géi tin diéu khién duoc xur Iy xong va hoan thanh viéc
du trir tai nguyén tai cac node trung gian. Vi vay cong ngh¢ bd dém quang khong
bat budc. Viéc xir Iy mot BHP cho nhiéu goi tin ciing mét lac 1am giam thoi gian xir
ly header cho tung goi trong OPS.

Khac véi OCS, OBS sir dung phuong thirc dy trir tai nguyén mot chiéu
truyén dan tirc thoi, nghia 1 burst dir liéu theo sau mot goi tin diéu khién ma khong
can chd chap thuan cia node ké tiép trén duong di dén dich nén chiém dung tai

nguyén hiéu qua hon OCS. N6 ciing t6 ra thich hop vdi luu lugng thay d6i dot bién
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clia internet va theo cac két qua nghién ciru cho thay luu luong cia internet nhat 13
cac trang web c6 ban chét burst| 4].

Do c6 su thay doi vé do dai burst ma mang OBS duoc coi 14 ¢ giita mang
OPS va WRN. Khi cac burst c6 chiéu dai rat nho, gan vai cac goi thong tin quang
thi mang OBS dugc coi 13 mang OPS nhung khi cac burst co chiéu dai kha lén thi
N6 c6 thé coi 1a mang WRN. Hon nita chuyén mach chum quang dugc thiét ké dé
khic phuc cac nhuge diém ciia OCS va OPS. Néu OCS chi thich hop véi cac dich
vy toc d9 cb dinh nhu thoai hay truyén hinh va chiém dung tai nguyén 16n, OPS thi
téc d6 cao nhung doi hoi cac cong nghé chua thuc hién duoc nhu bo dém quang hay
logic quang thi OBS lai dap mg duoc yéu cau toc do thay do6i cua cac dich vu
truyén sé liéu va do burst dit liéu duoc truyén di sau cac goi tin diéu khién mot thoi
gian offset nén khéng bat budc c6 bo dém quang. Vi vay OBS duoc xem nhu cong
nghé chuyén mach quang hira hen nhat trong tuong lai cho mot luong 16n dir liéu

Vi toc do cao.

Chuyén Str dung Toc do| . Kha nang | , .
N , Dong bo Van dé
mach bang Do tre chuyén dap tmng|
A overhead chinh
quang thong mach luu luong
. Cham . . Khong
OCS Thap cao Thap Thap
(ms) linh dong
Can  bo
) Nhanh
OPS Cao Thap Cao Cao dém
(ns)
quang
Vira  (c6
OBS Cao Thap thé ms hay | Thép Cao
Hs)

Bang 1.1: So sanh cac cong nghé chuyén mach
1.4. Nguyén tic thiét ap burst
Thiét 1ap burst 12 qua trinh tap hop va dong goi ¢ ngd vao tir 16p cao hon

thanh burst tai node bién ngd vao ciia mang OBS. C6 nhiéu k¥ thuat dugc dé xuét
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trong d6 hai k¥ thuat dugc quan tim nhat 1 thiét 1ap dua vao bo dinh thoi (timer-
based) va dua trén mirc nguong ( threshold —based).

Trong phuong phap thiét lap dwa trén b dinh thoi, mot burst duge tao ra
trong mang theo chu ky thoi gian, tic 1a ding thoi gian d4 dugc dinh sin trong bo
dinh thoi thi s& tao ra mot burst khong quan tam dén kich thude burst dai hay ngan.
Do d6, chiéu dai cua burst bién d6i khi tai vao mang bién doi. Trong phuong phép
dua trén mic ngudng, sd luong godi trong mdi burst bi gidi han hay néi cach khac 13
chiéu dai cac burst bang nhau. Phuong phap dong goi dua trén mic ngudng s&
khéng phat cac burst theo mét chu ky thoi gian nao ca. Phuong phap dong goi dua
trén bo dinh thoi va dua trén mic ngudng twong ty nhau, bai vi tai toc d6 c¢b dinh
cho trudc thi vé gia tri thoi gian hay gia tri kich thudc cé thé thay doi qua lai
(mapping).

Mot van dé dat ra cho thiét 1ap burst 12 1am sao tim ra gia tri ctia b dinh
thoi va kich thude ngudng dé toi thiéu xac sudt mat goi trong mang OBS. Viéc lua
chon mot con s6 t6i wu cho mirc ngudng (hay gia tri ctia bd dinh thoi) 14 mot van dé
can nghién ciu.

Néu nhu gia tri ngudng qué nho, burst s& ngan, sd lwong burst trong mang
s& nhiéu. Nhiéu burst trong mang dan dén nhiéu xung dot xay ra, nhung sd luong
mAét goi trung binh trong mdi 1an lai nho. Nhung véi s6 lugng burst nhiéu nhu vay
s& tang ap luc 18n mit phang diéu khién dé xir Iy cac goi diéu khién ctua mdi burst
dir li¢u. Néu nhu thoi gian chuyén mach khong duoc bo qua, burst ngan sé dan dén
viéc sir dung lai tai nguyén tré nén kém di do phai can nhiéu thoi gian cho chuyén
mach. Mit khac néu mirc ngudng qué 16n, burst s& dai, s lugng burst vao mang sé&
nhé nhung sé luong trung binh cac goi bi mat trong mot xung dot lai 16n hon nhiéu.
Do vdy can mot sy can nhac gitta sb lugng xung dot va sd goi mat trong mdi lan
xung dot. Ta can tinh toan dé cac burst dugc thiét 1ap v61 mot kich thude t61 wu dé
han ché dén murc thap nhét sy mét burst. Twong tu d6i voi k¥ thuat dya trén bo dinh

thoi ta phai chon ra thoi gian t6t nhat dé két thuc viée thiét lap burst.
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Trong trudng hop cac goéi chiu sy han ché vé QoS, nhu sy bat bude ¢b tré,
giai phap rd rang 1a thiét 1ap burst theo thoi gian. Gié tri dinh thoi duoc Iya chon
dua trén yéu cau tré end to end cua cac godi. CON trong trudng hop khong bat budce
c6 tré, sy thiét 1ap burst theo chiéu dai to ra hop 1y hon vi cac burst c6 kich thude cb
dinh khong thay doi trong mang sé& gitip giam bot kha ning mét burst do xung dot
(Su thay doi chiéu dai burst la 0). Bang cach tinh toan gi tri chiéu dai burst ngan
nhat, gia tri thoi gian dinh thoi dua trén kha ning chiu tré ciia goi ta ¢ thé dat duoc
X4C suat mét burst nho nhat ma vin thoa yéu cau tré.

Do luu lugng trong mang cé thé thay doi nén hién nay phuong phap thiét
lap burst tot nhét 13 vira thiét 1ap theo thoi gian, vira theo do dai burst. Trong cach
nay, burst s& dugc thiét 1ap trong mot khoang thoi gian nhat dinh, sau thoi gian nay
cac burst s& dugc goi di ma khong xét dén d6 dai cua burst do d6 cac burst s& co do
dai khac nhau nhung khong nhé hon d6 dai qui dinh, néu do dai burst nho hon do
dai qui dinh thi mot phan bo sung s& dugce thém vao phan burst d6 dé duoc do dai
qui dinh nho nhat. Néu chua hét thoi gian nay ma d6 dai burst co gié tri bang do dai

I6n nhét thi burst s& duoc goi di trude khi két thic thoi gian thiét 1ap burst.
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i
e Burst 3 Burst 2 Burst 1
| | ||
| Rich thwée 16 da ~
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Hinh 1.2 Céac phuong phap thiét 1ap burst theo chiéu dai burst va theo thoi gian
Trong [3], k¥ thuat thiét 1ap burst dua trén du doan dugc duge gidi thiéu,
trong d6 gia tri ngudng cia burst hay gan tri dinh thoi cta burst ké tiép duge du
doan dya trén toc d6 trung binh cia luu luong téi. Bang cach sir dung chiéu dai
burst du doan, goi BHP c6 thé duoc giri di vao mang 16i trude khi mot burst thuc sy
duoc tao ra va cd thé du trit tai nguyén trudc do, do d6 co thé 1am giam do tré do
thiét 1ap burst. Gia tri du doan c6 thé duoc st dung cho viéc thiét 13p cac gia tri mirc
ngudng hay bo dinh thoi cho burst ké tiép dya trén tinh twong quan ciia luu lugng.
Uu diém ctia phuong phap thiét 1ap burst dua trén du doan 1a béo hiéu va thiét 1ap
burst co thé thyc hién song song do do tiét kiém duogc thoi gian thiét 1ap burst.
Trong ldc thiét 1ap burst, goi dén & 16p cao hon duoc chira trong hang doi
dua trén dich dén va I6p QoS cua chung. Sau khi tiéu chuan thiét 1ap burst duoc

thoa man (mrc ngudng kich thich burst hay gia tri cia bd dinh thoi dat dugc), burst
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s& duoc tao ra va gui vao mang. Do d6, ching ta co thé thiy dic tinh dén cua goi va
phan phdi chiéu dai gdi anh huong nhiéu dén dic tinh dén caa burst va phan phbi
chiéu dai burst.

Trong lic thiét 1ap burst, node bién ngd vao sap xép va lap lich cho cac goi dén vao
trong nhimg bo dém ngd vao theo mirc QoS va dich dén ctia né. Nhiing gbi ndy sau
dé duoc tap hop thanh burst va chira trong cac bo dém ngd ra. Béi vi moi huéng va
mdi 16p dich vu yéu cau mot bo dém riéng, nén sé luong 16p dich vu va kich thudc
mang quyét dinh nhiéu dén kich thudc ciia bo dém tai node bién ngd vao.

Mot tinh huéng phirc tap hon khi géi dén co nhiéu 16p dich vu. trong
truong hop ndy, cac goi dén phai duoc dong thanh burst ciing véi mirc wu tién cua
n6 vao trong mdi burst dé mang 16i quang co thé cung cdp cac murc dich vu khac
nhau. Viéc Iya chon mot co cau thiét 1ap burst cho tat ca cac 16p dich vu c6 thé 1a
khong thich hop. Mot phuong phap thiét 1ap burst dua trén mirc ngudng hay bo
dinh thoi véi gia tri bo dinh thoi 16n c6 thé dan dén nhitng do tré khong chap nhan
duoc cho cac 16p dich vu yéu cau nghiém ngat vé do tré, trong khi chiéu dai burst
khong téi uu c6 thé lam tang do mat goi ddi véi cac 16p dich vu yéu cau nghiém
ngat vé mat mat dir liéu. Trong [3] d4 néu 1én céch thiét 1ap burst két hop dé khac
phuc nhitng van dé nay. Trong phuong phap thiét lap burst kicéu két hop, goi tir cac
I6p dich vu khac nhau véi nhimg yéu cau vé QoS khéac nhau co thé thiét lap trén
cling mot burst. Phan md phong qua trinh thiét 1ap burst & chuong 5 sir dung k¥
thuat thiét 1ap burst kiéu vi phan hd tro nhiéu 16p dich vu khac nhau. Trong phuong
phap nay, loai burst dugc dinh nghia duya trén yéu cau vé QoS. Mdi loai burst sau do
duogc thiét 1ap s dung mot co céu thiét 1ap thich hop dé chac chan rang dap mg
duoc yéu cau vé QoS. Gia tri ciia bo dinh thoi dua trén yéu cau nghiém ngat cua do
tré end-to-end va gia tri ciia mirc ngudng duoc thiét lap bang gia tri toi wu ciia do
dai burst véi luu lugng tai vao mang nam trong mot dai cho trude.

1.5 Thoi gian offset
Trong mang OBS c6 su lién két chat ché vé thoi gian gitra goi tin diéu

khién va burst dir liéu. Burst duoc giri di ngay sau goi tin diéu khién mot thoi gian
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offset du dé du trir tai nguyén cho burst tai cac node trung gian. Thoi gian offset nay
it nhat phai bﬁng thoi gian xu ly ¢ cac node cta goi tin diéu khién. Tofreer = A. H +
Ty + Ten VGi H 12 56 lugng node chuyén mach trung gian trén dudng truyén va A 13
thoi gian can thiét dé xtr Iy & mdi node. Ty VA Tey 12 thoi gian xir Iy va chuyén mach
burst ¢ node dich.

Mot yéu cau dit ra 14 phai tinh toan sao cho thoi gian offset khong dai qua
hay ngan. Néu thoi gian offset qua ngan gy ra tinh trang burst dugc giri di khi chua
hoan thanh dy trir tai nguyén & cac node trung gian, burst d6 s& bi mat. Nguoc lai
néu thoi gian offset qua dai 1am cham tré qua trinh truyén burst trong mang.

Mot cach dé xac dinh dung thoi gian offset 1a biét duoc s node ma burst
phai truyén qua trén dudng truyén. Tuy nhién, sé luong node trung gian giira node
nguon va node dich trong mang OBS thudng khong biét trude duoc va néu cé thé
biét duoc thi do 16 trinh c6 thé thay d6i, su thay d6i ndy c6 thé do dinh tuyén 1am
Iéch khi c6 xung dot ¢ cac node trung gian, nén no cling khong thich hop khi st
dung. Do d6 véan dé tinh thoi gian offset ciing 1a mot van dé can thiét trong mang
OBS. Yéu cau dua ra 1a phai c6 mot gia tri offset khong phu thudc dudng truyén va
khdng yéu cau su trao ddi thong tin giita cac node. Trén co so d6 16n cua thoi gian
offset, c6 thé chia thoi gian offset thanh cac loai.

1.5.1 Offset c6 dinh

Offset nay duoc dung cha yéu trong giao thirc JET, trong d6 n6 dugce tinh
bang tong thoi gian xir Iy goi tin diéu khién ¢ cac node trung gian va node dich
cling nhu thoi gian cau hinh chuyén mach & node dich. Véi cac chuyén mach toc do
cao thi ¢ thé gia thiét thoi gian xir 1y goi tin diéu khién & cac node trung gian 1a
kha nho nén thoi gian offset duoc tinh 13 thoi gian xir Iy goéi tin diéu khién va cu
hinh chuyén mach ¢ node dich. Ta c6 thé liy gia tri 16n nhat trong cic thoi gian
offset tinh & cac node dich dé 1am thoi gian offset chung cho toan mang. Thoi gian
offset khdng phu thudc dudng truyén 1am don gian hoa viéc tinh toan va thuc thi

c4c giao thire bao hiéu trong mang chuyén mach burst quang,
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1.5.2 Offset khi khong cé s dw triv

Trong kiéu offset nay burst duoc goi di ngay sau goi tin diéu khién. Thoi
gian offset nay duoc tinh bang thoi gian truyén cia goi tin diéu khién. Thoi gian
offset nay chi duoc ap dung trong mang c6 thoi gian thiét 1ap chuyén mach ciing
nhu xir Iy chuyén mach 12 rat ngan.
1.6 Két luan chwong

Qua nhiing ndi dung d& trinh bay trong chuong nay giup ta c6 dugc cai
nhin tong quan vé cong nghé chuyén mach chim quang OBS, céc tinh ning vuot
troi cila ciing nhu kha ning Gng dung trong thyc té cia OBS so véi cac cong nghé
khac nhu chuyén mach kénh quang hay chuyén mach goéi quang. Cac phuong phap
thiét 1ap burst dua trén mirc ngudng vé do dai burst hay bo dinh thoi cling duogc gidi
thiéu tir d6 dé xuat phuong phap thiét 1ap burst nham muc dich giam thiéu sy mat
burst. Mic du chua dugc biét dén nhiéu nhu chuyén mach kénh quang va chuyén
mach goi quang nhung chuyén mach chim quang OBS v&i nhiing tinh nang wu viét
hira hen sé& tré thanh cong nghé chuyén mach cho tuong lai, 1a giai phap hiéu qua

cho mang duong truc thé hé méi.
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Chuong 2
KIEN TRUC MANG CHUYEN MACH CHUM QUANG OBS

2.1. Gioi thiéu chwong

Céu triic phan cmg 1a mot phan quan trong trong OBS, n6 1am cho OBS ¢6
c4c churc nang riéng ciing nhu ¢ nhimg uu diém hon so véi cac chuyén mach khéc.
Chuong nay gidi thiéu vé cdu trac cua chuyén mach OBS gdm céac ndi dung chinh
nhu gidi thiéu mang OBS & dang mét ludi hay dang vong node,cau triic ciia node
bién, node 18i. Trong mang OBS, cac gbi IP khac nhau duogc tap hop thanh cac burst
& node bién dau vao sau d6 dugc truyén di, cac goi IP duoc két hop nay duge tach
roi tré lai & node bién déu ra. Chuc nang tao burst boi su két hop va giai két hop
duogc thuc hién khac nhau nhu c6 thé sir dung mot ngudng hoac khoang thoi gian
quy dinh dé két hop cac goi dit liéu tao ra mot burst quang va giri burst vao mang.
Céac node 16i sé cO cac by thu WDM, cac by phat WDM, cac bo ghép kénh
WDM, cac bo giai ghép kénh WDM cac bo khuyéch dai node, cac don vi diéu
khién chuyén mach, cac bo bién d6i budc song, cac duong tao tré, cac bd chuyén
mach phén chia khong gian. Nhu vay node bién va node 16i phai c6 ciu tric phi
hop dé thuc hién cac chirc nang ciia né duge trinh bay ¢ cac phan sau.
2.2. Kién triic cia mang OBS

Hinh 2.1 M6 ta thanh phan ctia mang OBS véi cac chirc niang khac nhau

Luu hrong vao Luu hrong ra
Béng khéi Bio hi¢u
Giai dong
khéi
Dinh tuyén Lip lich
VA Sap Hep I 4> : .
bude séng ] Chuyeén tiép
. gdi
Giat quiyet
? dot
Lip lich bidn Fns o
Mode bién ngd vio Mode 16i Mode bién ngdra

Hinh 2.1. So db cac chirc ning ciia mang OBS
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Trong mang OBS, mdi node co6 thé hd tro hai loai luu lugng ca dién lan
quang. Do d6, mdi node bao gdm mét node 16i va mot node bién, ta goi node nay la
node két hop.

2.2.1 Kién triic mang OBS dang mit lréi

Trong mang chuyén mach burst quang céac burst dit liéu bao gom to hop
nhiéu goi dugc chuyén qua mdi node mang ¢ dang toan quang. Mot théng béo diéu
khién duogc truyén trude burst dir liéu voi muc dich thiét lap cac chuyén mach
doc theo duong di cua burst. Burst dit liéu duogc truyén theo sau goi diéu khién ma
khong doi bao nhan dé thiét lap két ndi.

Hinh 2.2 thé hién mot mang OBS dang mat lugi bao gom cac node bién va cac
node 16i. Mang OBS bao gdm cac chuyén mach burst quang duoc ndi voi cac
tuyén WDM. OBS phéat mot burst tir cong dau vao téi cong dau ra, dya trén thiét
ké chuyén mach né c6 thé c6 hoiac khdng duoc trang bi bo dém quang. CAc tuyén
WDM mang t6 hgp nhiéu budc séng va mdi budc song coi nhu mot kénh truyen.
Goi diéu khién két hop voi mot burst cling c6 thé truyén trén bang tan qua cing
mot kénh nhu 14 dir liéu, hodc trén mot kénh diéu khién riéng biét. Burst c6 thé

duoc ¢b dinh dé mang mot hodc nhiéu géi IP.

!

Rebibnkitn

ety *~e== Mang OBS
Tugen OB3 4 :

Hinh 2.2. M6 hinh mang OBS dang mit luéi
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Mot node chuyén mach dic trung bao gom nhimg thanh phan sau:
= Giao dién dau vao: Tiép nhan goi diéu khién va burst dir liéu, chuyén doi goi
diéu khién thanh tin hi¢u dién.
= Pon vi didu khién chuyén mach: Phién dich gdi diéu khién, dit lich trinh va
giai quyét xung dot, dinh tuyén, diéu khién ma tran chuyén mach, tao lai géi
mao dau va diéu khién bién doi budc song.
= Céc bo bién d6i budc song va cac duong tré quang (ODL): duong tré quang
st dung nhu mot bo dém dé chira burst trong mot khoang thoi gian tré nhat
dinh.
= Pon vi chuyén mach quang: Cac chuyén mach khong gian 1am nhiém vy
chuyén burst dir liéu.
2.2.2. Kién trdc mang OBS dang Vong va Node
Chlng ta xem xét mang géom N node OBS dugc to chic trong mot

vong Ring don hudng, nhu trén hinh 2.3

OBS node ——

N+l
. wavelengths
Ay

Access Networks

Hinh 2.3. M6 hinh mang OBS dang vong RING
MOdi soi két néi giira hai node OBS lién tiép trong vong ring c6 thé hd tro
N+1 buéc séng. Trong d6 N budc séng duoc st dung dé truyén burst, budc song
thir N+1 duoc sir dung nhu mot kénh diéu khién.

Mbi node OBS duoc gan vdi mot hodc nhiéu mang truy nhap. Theo chiéu
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tir mang truy nhap dén vong Ring, cac node OBS hoat dong nhu mét bo tap trung.
Dit liéu tir nguoi st dung can chuyén qua mang Ring duoc tap hop, luu trir (dém) ¢
dang dién tir réi sau d6 dwoc nhém lai cing nhau va dugc truyén trong burst téi
node OBS dich. Mdi burst cé thé c6 kich thudc bat ky giita gia tri cuc dai va cuc
tiéu. Cac burst dugc truyén di & dang tin hiéu quang doc theo vong Ring ma
khdng trai qua bat ky su chuyén d6i dién-quang nao ¢ nhitng node trung gian.

Theo huéng tir vong Ring dén cac mang truy nhap, node OBS ngat céc
burst quang d& duoc dinh sin tdi chinh nd, chuyén tin hiéu quang thanh tin hiéu
dién tir, xr ly dién tir dir liu chia dung trong burst va chuyén giao ching téi
nhitng ngudi diing trong c4c mang truy nhap gan lién véi né.

Kién tric cua mot node OBS dugc cho thdy trong hinh 2.4, mdi node
dugc trang bi mot by tach ghép kénh quang (OADM), va hai cap thu phéat quang.
Cap dau tién gom c6 mot may thu va may phat ¢6 dinh dugc diéu huong boi budc
s6ng diéu khién, va 1a bo phan cua module diéu khién.

Budgc song diéu khién dugc tach boi OADM & mdi node, va dugc ghép
trg lai sau khi module diéu khién da doc thong tin diéu khién va cd thé chén thdng
tin moi vao. Cap thtr hai ctia bo phan thu va phat gém c6 mot may phéat duoc cb
dinh @é diéu huong tdi budc song chu caa node, va mot may thu nhanh dé cé thé
nhan cac burst tir tit ca N budc song truyén tgi. Mdi node OBS ¢ mot bude séng
cha chuyén dung dé truyén cac burst cta chinh nd. Bo OADM & mdi node loai bo
tin hiéu quang tir bude séng chu caa node bang cach tach budc séng twong tng. Bo
OADM ciing tach tin hiéu quang trén nhimg buéc song khac nhau, mdi khi cac

budc song d6 chira dung cac burst cho node nay.
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Tir mang truy nhap
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Tach ghép kénh quang
Hinh 2.4. Kien tric node chuyén mach quang

Trong truong hop khi co nhiéu burst dén, mdi burst trén mot bude song
khac nhau, & mot node OBS, module thu trong hinh 2.4 sir dung chién lugc giai
quyét xung dot dé xac dinh burst nao s& duoc chap nhan. Dir liéu truyén di duoc t6
chtre thanh nhimng hang doi truyén dya theo dich ciia chung. B6 dém dit liéu ¢ mdi
node OBS duoc chia s& thanh N-1 hang doi. Mdi hang doi twong tng véi mot trong
s6 N-1 node dich. Cac hang doi phuc vu theo thr ty x4c dinh bai module lich trinh
nhu trong hinh 2.4.

2.2.3. Céu tric va chirc ning ciia node bién

Node bién OBS gom hai loai, node bién & dau vao va node bién & dau ra,
day la giao dién giira mang IP va mang OBS. Trong mang OBS, cac goi IP khac
nhau dugc tap hop thanh céc burst tai node bién dau vao sau d6 né duogc truyén di,
va cac IP d duogc két hop lai ndy s& duoc tach roi tro lai tai node bién dau ra, qua

trinh nay dugc thé hién nhu sau:
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IP/ATH (data) . i didu khidn

_— J_DJ:LI:L ST I Y
bitnra | minini h:' _fla-.-:-zs

burst di lidu

S0MET (voice)

Eet hop burst

g didy khidn TPYATM (data)

tén rilt Sich
local

burst i liéu SONET (voree)
Tach rin burst
Hinh 2.5. Két hop va tach roi burst trong mang OBS

Tuong Gmg v&i mdi burst goi tin didu khién dugc tao ra. Goi tin diéu khién
mang thong tin nhu chiéu dai burst, thoi gian dén ciia burst, thong tin vé node dich
va dugc goi trén kénh diéu khién c6 budc song danh riéng con burst duoc goi di
trén céc kénh dir lidu. Su phén chia xir Iy nay lam cho kénh diéu khién c6 thé hoat
dong & toc do bit thap hon so v6i kénh dir liéu nén cd thé str dung cac phuong phap
diéu ché khac nhau. Vi mot goi diéu khién nhé hon nhiéu so véi mot burst dir liéu
nén mot kénh diéu khién thuong mang hang tram goi diéu khién, tuong ung véi

hang trdm burst dit ligu.

Cau trac co ban cua node bién dau vao nhu hinh:

Data
— . p chatinel
: urs hedulet st and  —w
Lire card (¢ - > — —*
—* i » agsetmbler EHP - onteol
switch chatinel
Data
hatiiel
. Burstand |—p °
— Line card (1) . Burst || scheduler |—p BHP
assembler | s Control
channel

Hinh 2.6 Céu trac ciia node bién dau vao
O node bién dau vao, burst dugc thiét 1ap tir cac goi tin sau d6 dugc dua

dén bo sap xép chon dudng ra cho burst va truyén trén duong truyén. Goi tin diéu
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khién ciing dugc truyén di trén kénh budc song riéng. O node bién dau ra, cac kénh
dir lieu DCG (data channel group) dugc dwa dén b nhan burst. Cac kénh diéu khién
CCG (control channel group) dugc dua dén bo nhan géi tin didu khién (BHP
receiver).

Cau trac co ban cua node bién dau ra nhu hinh:

DC —» Butstreceiver

Burst
J disassemhler

CC BHF teceiver
switch

Butst receivet Butst _ -
be J disaszembler

BHP teceiver

co o —

Hinh 2.7. Cau triic ctia node bién dau ra

Tai node bién dau ra burst dugc dwa dén bo tach burst dé tach thanh cac goi
tin ban dau, sau d6 duoc dua dén chuyén mach dé chuyén mach dén cong ra theo
yéu cau.

Trong node bién dau vao, khdi chirc nang chinh 13 bo phat véi budce song didu chinh
duge con & node bién dau ra 12 bd nhan burst.
Bo phat véi buéc song diéu chinh dwoc (Fast Tunable Laser)

Day 14 thanh phan chinh trong OBS node bién dau vao, né cho phép dicu
chinh budc song trong mot bang thong budc séng cho trude dé truyén burst trén cac
budc song khac nhau. Cac bd phat budc song co thé sir dung két hop vai bo chuyén
d6i bude séng giup cho viée gii quyét hidu qua xung dot trong mang OBS.

B0 nhan burst (Burst receiver)

Bo nhan burst ¢d nhiém vu 13y lai thong tin vé chiéu dai burst va bu lai
nhitng suy hao trén duong truyén. Bo nhan burst phai c6 kha nang xir Iy cac thong
s6 sau:

= Cau triic burst khac nhau: do ¢6 nhiéu phuong phap diéu ché khac nhau nén

6 thé c6 cac cau trac burst khac nhau. Cac hé théng truyén dan hién c6 dua trén
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phuong phap diéu ché NRZ (non-return to zero) va sy phat hién truc tiép tin hiéu dix
liu. Néu str dung phuong phap diéu ché DPSK (differential PSK) thi d6 nhay cao
hon va thich hop v&i nhiéu loai kién trac vat Iy hon. Trong mang OBS déu c6 thé sir
dung cac phuwong phap diéu ché nay nén burst receiver phai c6 kha nang xtr 1y céac
C4u tric riéng ciia mdi phuong phap.

= Sy thay doi do dai burst: cac burst trong OBS c6 thé c6 do dai khac nhau nén
bo thu can phai dong bd v6i moi burst dén.

= Sy thay d6i ctua khoang ho giita cac burst: Bo thu phai c6 kha ning nhan
duoc burst don sau mot khoang hd gitta cac burst. Néu bo thu co thé hoat dong
trong ché do truyén lién tuc thi khdng can quan tim dén khoang hg giira cac burst
khi va chi khi cac burst dén bo thu tir mot bo phat. Néu burst goi di tir cac bo phat
khac nhau thi su dong bo khoang ho giita cac burst 13 can thiét.

= CoOng suit burst thay doi: cac burst khac nhau dugc khuéch dai va suy hao
khéac nhau trén duong truyén do dé bo thu phai c6 kha niang dap ung ddi véi cac
murc cong suat khac nhau cia céc burst khac nhau.
2.2.4. Cau tric va chirc niing ciia node 1i

Node Ii: co ban bao gdm mdt bo két ndi chéo quang OXC va mot don vi

diéu khién chuyén mach SUC. SUC tao va bao tri mot bang chuyén tiép va chiu
trach nhiém c4u hinh cho OXC. Khi SUC nhan mot goéi BHP, n6 doc thong tin trong
goi xac dinh dich cua goi nay va burst dit li¢u theo sau, tra ctru thong tin trong bang
chuyén tiép dé dua ra quyét dinh nén mo ngd ra nao cua khdi két ndi chéo quang
OXC. Néu ngd ra co thé sir dung khi dugc khi burst dit liéu dén, SCU s& cau hinh
cho phép burst dir liéu chuyén thang sang hoan toan quang. Néu ngd ra mong muon
khdng thé str dung tirc dang duoc sir dung boi mot burst khac, viéc cau hinh cho
OXC phu thudc vao nguyén tic giai quyét xung dot dugc dua vao mang. N6i chung,
SUC chiu trach nhiém doc cac goi diéu khién, 1ap lich, nhan biét xung dot va giai
quyét xung dot, tra ctru bang chuyén tiép, diéu khién ma tran chuyén mach (hay

OXC), tao lai goi diéu khién dé phat tiép néu node nay chua phai la dich cta né va
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diéu khién viéc chuyén doi budc song. Trudng hop mot burst dir liéu vao OXC
trude goi didu khién ctia né thi burst nay sé bi rot.
Céu trac chung cia OBS core node gom céc khéi chinh: don vi diéu khién

chuyén mach O/E/O, co céu chuyén mach va bd chuyén doi bude song.

Header Processing
+ Controller

i

%

il
-

input stage switching core output stage

Hinh 2.8. Cau tao ciia node 16i trong mang OBS
» Pon vi diéu khién chuyén mach véi bo chuyén ddi O/E/O
Pon vi diéu khién chuyén mach c¢6 chirc nang xir Iy géi tin diéu khién, 1iy
ra cac thdng tin dinh tuyén va budc song, diéu khién co cdu chuyén mach va bo
chuyén d6i budc song dé chuyén burst dén cong ra mong mudn trén kénh budc song
mong mudn. Trong OBS, géi tin diéu khién duoc xtr 1y trong mién dién nén bo
chuyén d6i dién quang 1a can thiét.
= Co cau chuyén mach quang
Co cau chuyén mach quang thuong sir dung chuyén mach khong gian
quang. Do node c6 N dau vao va M budc song trén mdi cap quang nén phai sir dung
chuyén mach khong gian NM x MN. Trong OBS, co cdu chuyén mach quang phai
c6 kich thudc I6n, thoi gian chuyén mach nhanh, c6 do tin cay cao va chi phi thap
dé giam chi phi trong mang do trong OBS phai sir dung bd chuyén d6i O/E/O, bd
chuyén d6i bude song va o thé sir dung cac_duong day tré_nén rat ton kém.

=  Khoi chuyén do6i budc song
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Khbi chuyén doi budc song c6 thé dit & dau vao hay dau ra ciia co cu
chuyén mach. Néu by chuyén doi bude song dit & dau ra thi cac bude song & dau ra
ctia bo chuyén d6i khong do6i, néu dat & dau vao thi budc song dau ra c6 thé thay
d6i. Trong hai truong hop trén thi van c6 thé co dugc sy chuyén doi bude song day
du néu str dung bo chuyén d6i bude song hoan toan.

Dé giam sy phirc tap va ton kém ctia chuyén mach, cac node OBS c6 thé
chia sé cac bd chuyén doi budc séong. Tuy nhién, néu ding chung né chi co thé
chuyén doi mot sé han ché cac budc song va viée thuc hién cong nghé nay phai
duoc tinh toan k§. Néu mudn chuyén d6i toan bo budc song véi chuyén mach nay
thi cdu trac chuyén mach cang phtic tap hon. Chuyén d6i budc séng toan bo 1a can
thiét dé giai quyét xung dot trong OBS nén ¢ day chi dé cap dén chuyén mach véi
bo chuyén d6i budc song toan bo.

Tom lai node bién dau vao cé chic nang thiét 1ap burst,dinh tuyén,gan
budc song va sap xép burst tai bién dau vao.Cac node I8i ¢o chirc ning bao hiéu,
sap xép burst tai cac lién két trong 18i va giai quyét xung dot. Cac node bién dau ra
chiu trach nhiém tach burst thanh cac goi riéng ré rdi truyén dén 16p mang cao hon.
2.3 Két luan chwong

Nhu vay chuong nay d4 trinh bay dugc co ban céu triic phan cing va so d6
chtrc nang cuia mang OBS thé hién dugc wu diém ndi tri ciia nd so voi cac chuyén

mach khéc. Pic biét chi trong vao ciu tric cia node bién dau vao, node bién dau
ra va node 16i dé thuc hién cic chirc ning két hop burst & dau vao va giai két hop
burst ¢ dau ra, viéc xtr 1y burst, cAp phat budc song, khuéch dai bude song, ... cla
node I3i. Ngoai ra mang OBS bao gém céc chuyén mach burst quang dugc ndi baoi
cac tuyén WDM, céc tuyén WDM ndy mang té hop cac budc song va mdi budce
song coi nhu mot kénh truyén. Goi kénh diéu khién két hop véi mot burst duoc
truyén trén kénh diéu khién riéng biét hodc trén cing kénh nhu 1a kénh dir licu.
Hiéu duogc cau tric phan cimg dé thay duoc cac wu diém cua chuyén mach OBS va
khai thac cac vu diém d6 trong viéc dap tmg nhu cau truyén dir lidu 12 mot viéc hét

strc quan trong.
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Chuong 3
BAO HIEU VA GIAI QUYET XUNG PQT TRONG MANG OBS

3.1 Gigi thiéu chwong

Khi mot burst dugc guri téi node 16i, tién trinh béo hiéu duoc tién hanh dé
du trit tai nguyén va cau hinh cho bo chuyén mach quang tai mdi node. Tién trinh
bao hiéu trong mang chuyén mach burst quang thuc hién trén cac goi header va cac
g6i nay duge truyén doc lap voi cac burst dir liéu. Bén canh d6 dé tiang hiéu qua
truyén dir lidu, giam kha ning maét burst trong mang OBS ta phai c¢6 cic phuong
phap giai quyét xung dot thich hop. Trong chuong nay, em sé& trinh bay cac thong s6
va céc tinh chat khac nhau cua cac giao thirc bao hiéu trong mang OBS ciing nhu
dac diém riéng ciia timg phuong thire giai quyét xung dot trong mang OBS.
3.2. Bao hi¢u trong mang OBS

Trong mang OBS goéi tin header duoc truyén trén mot bude song khac véi
budc song cua burst dit liéu tuwong Gng vai nd. Header di cung duong va téi cac
node trude burst dir liéu, tai cac node ndy header cung cip thong tin cho cac node
ciu hinh bo két ndi chéo quang sao cho phl hop véi thoi gian toi twong Gng cia
burst dir liéu.
3.2.1. Phan loai cac giao thirc bao hi¢u

C6 nhiéu loai giao thirc bao hiéu dung cho chuyén mach burst quang, tiy
vao céch thire va thoi diém ma tai nguyén doc theo tuyén truyén duoc du trir cho
mot burst. Cu thé, phuong phap bao hiu co thé duoc phan loai boi cac tinh chat

Sau:

Du trit 1 chiéu (one-way reservastion), du trit hai chiéu (two-way

reservation), hay két hop.

Khoi tao tai node ngudn (source-initiated), node dich (destination-
initiated), hay node trung gian (intermediate-node-initiated

reservation).

Du trir lién tuc hay khong lién tuc.

Du trit ttirc thoi hay ¢6 tri hodn.
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= Giai phong tai nguyén tuong minh khong twong minh.

= B&o hiéu tap trung hay phéan b

3.2.1.1 Phwong thirc du trir mdt chiéu, hai chiéu hay két hop

Dua vao cach hoat dong ctia phuong phap bao hiéu, ta phan lam 3 loai: du
trit mot chiéu (one-way reservation), dy trir hai chiéu (two-way reservation), va du
trir két hop (hybrid reservation).

O bao hiéu dung cac dy trir mot chiéu, node ngudn giri ra mot goi dicu
khién yéu ciu mdi node doc trén tuyén dudng cip phat tai nguyén can thiét cho
burst dit liéu va cau hinh két ndi chéo & cac node cho ph hop. Tiép theo node
nguon guri ra burst dir liéu ma khong cho ban tin ACK tir cac node trung gian hay
node dich, mic cho viéc du trir tai nguyén & cac node 1a thanh cdng hay that bai. Vi
viéc du trit khong dugce xac nhan (mot chiéu), nén burst dir liéu c¢6 thé bi drop. Tuy
nhién, vi khdng phai chd ban tin ACK bao vé nén burst dir liéu duoc gui ra sém
hon, giam duoc do tré khi truyén dit lidu tir dau cudi toi dau cudi.

Phuong phap bao hiéu duy trit hai chiéu dua vao ban tin ACK. Khi header
duogc giri ra tir node ngudn t6i node dich dé du trir tai nguyén cho mot burst dir liéu
thi c6 mot ban tin ACK dugc giri nguoc trd lai, x4¢ nhan rang tai nguyén yéu cau da
duoc cap phat thanh cong. Burst dit liéu chi duoc truyén sau khi nhan duoc ban tin
ACK. Néu bat ki mot node trung gian ndo doc trén dudng truyén khong thé tiép
nhan duogc burst dir li¢u thi chinh tai node gy ra gian doan do6 s€ giri ban tin NACK
(Negative Acknowledgement) vé node ngudn, bao rang viéc du trir da that bai.
Node nay ciing sé& thuc hién nhiing hoat dong thich hop dé giai phong tat ca cac du
trit (néu co) trén cac link phia trudc ciia duong truyén. Phia ngudn co thé chon céch
thue hién yéu ciu du trir lai bang cach giri di mot header mai, hay cho drop ludn
yéu cau d6. Phuong phap bao hiéu co xac nhan (hai chiéu) viéc du trir ¢6 thé giam
thiéu kha nang mat burst dir liéu trong mang 16i OBS nhung n6 lai gay ra d6 tré 16n

hon cho mdi burst khi truyén tir dau cudi téi dau cudi.
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Phuong phép bao hi¢u két hop dua ra giai phap can bang giira du trit mot
chiéu va hai chiéu, day la phuong phap c6 mot phan xac nhan viéc dy trit. Trong
phuong phap bao hiéu két hop, viéc duy trir tir node ngudn t6i cac node trung gian
trén tuyén dudong dugc xac nhan bang ban tin ACK, trong khi viéc du trit tir node
trung gian téi dich thi khdng dugc xac nhan. Vi tri cua node dugc chi lam node
trung gian s& xac dinh kha niang mat hay do tré cta burst dir liéu. Néu node trung
gian gan véi ngudn thi hoat dong ciia mang sé& gidng nhu viée duy trir khong c6 xac
nhan (mdt chiéu), va néu node trung gian gan vé phia dich thi hoat dong giong nhu
viéc du trir ¢6 xac nhén (hai chiéu).
3.2.1.2 Phwong thirc di trit dwoc khéi tao ¢ node ngudn, node dich va & node
trung gian

Mot giao thirc bao hiéu co thé khoi tao yéu cau dy trir tai nguyén tai nguon,
dich hay tai mQt budc trung gian nao do. Trong phuong phap du trir dugc khéi tao
tai node ngudn (source initiated reservation — SIR), tai nguyén cho burst dir liéu
dugc du trir theo duong xudi theo header khi header di tir nguén t6i dich. Néu viéc
cap phat tai nguyén theo huéng xudi nhu thé thanh céng va mot giao thirc du trir
trude tuong tng duge dung thi mot ban tin ACK chi ra cac budc song da duoc
gianh trudc s& dugce glri nguge trd vé phia nguén. Tai ngudn, khi nhan duogc cac
thdng tin vé tai nguyén, né phat burst dir liéu vao mang 16i vao thoi diém dd dugc
dinh trudc.

Trong phuong phap dy trir dugc khoi tao ¢ node dich (Destination Initiated
Reservation — DIR ), node ngudn phat ra mot yéu cau vé tai nguyén vé phia node
dich, yéu cau nay thu thap thong tin vé cac budc song dang sin sang trén mdi link
doc theo tuyén duong. Dya trén thong tin thu thap duoc, node dich s& chon ra mot
budc song dang sin sang (néu ton tai) va phi hop voi thoi diém toi, tiép d6 nd giri
mot yéu cau du trir trude nguoc vé node ngudn. Yéu cau du trir ndy sé di qua céc
node trung gian, thuc hién viéc du trit cac budc song da dugc chon trong khoang

thoi gian thich hop. Nguyén nhan chinh dan t6i nghén (hay mét dir liéu) trong SIR
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la do thiéu tai nguyén rdi, trong khi trong DIR, mat mat 1 do thdng tin cung cép 16i
thoi, khong con dung nira.

Trong phuong phap du trit dugc khoi tao & node trung gian (intermediate
node initiated reservation - INI), co ban no giéng nhu phuong phap du trir tai
nguyén DIR trong doan tir ngudn tdi mot node trung gian nao do, va gidng véi
phuong phép SIR trong doan tir node trung gian do tdi node dich.

Nhin chung, dé giam mat mat tai cac node trén hudéng xudi, phwong phap
SIR ¢6 thé dy trir nhiéu hon 1 budc song (hay tit ca néu sin sang) khi toi dich, va
giai toa cac dy trir khong can thiét trén huéng ngugc lai. Dung phuong phap nay co
thé dan t6i mang hoat dong cham do nghén trén huéng xudi vi thiéu tai nguyén.
Trong khi d6, phuong phap DIR chi thu thap thong tin vé trang thai hién thoi cua
céc node trung gian rdi moi dua trén thong tin d6 chon ra budce séng. Vi vay thong
tin nhan duoc vé trang thai riéng cua timg node khong dugc cap nhat, diéu nay sé
dan téi viéc bude song duge chon c6 thé da bi lay di boi mot yéu cau khac trong
khoang thoi gian tir khi trang thai ciia node dugc thu thap cho tdi khi ban tin dy trlr
dén duoc node do, khoang thoi gian d6 goi 12 khoang thoi gian “dé bi xAm nhéap” —
vulnerable period. Qua d6 ta thay rang, phuong phap DIR chiu mét mat 1a do thong
tin 1 thoi trong sudt khoang thoi gian vulnerable.
3.2.1.3 Phuong thitc bén (Persistent) hay khong bén (Non-persistent)

Mot quyét dinh ma phwong phap bao hiéu ndo ciing phai thyc hién 1a hoic
cho doi tai nguyén bi nghén (cho tdi khi r8i) hodc 1a chi ngay ra rang c6 nghén va
khéi tao mot phuong phép giai quyét phil hop tranh cho két ndi that bai nhu phat
lai, chon duong khac hay dém lai.

Phuong phap persistent ding cach chd ngudn tai nguyén bi nghén (cho téi
khi hét nghén), v6i cac bd dém thich hop dugc dit tai cac node (node bién va node
16i) dé luu trix lai cac burst dén.

Phuong phép non-persistent mong mudn mot gigi han vé do tré (t6i thiéu

khoang thoi gian tré do round trip), vi viy mot node tuyén bd rang yéu cau da that
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bai néu tai nguyén khong sin sang ngay tic thoi va s& thuc hién cac giao thirc giai
quyét nghén phil hop.

3.21.4 Duw trir tirc thoi (Intermediate Reservation) hay duw trir ¢6 tri hoan
(Delayed Reservation)

Dua vao khoang thoi gian ma kénh bi dy trir, cac phuong phap bao hiéu
dugc phan thanh loai dy trit tire thoi hay du trir ¢6 tri hodn.

Trong phuong phap du trit tirc thoi, kénh truyén duoc dy trir ngay khi ban
tin thiét lap (header) dén dugc node. Trong khi d6, & phuong phép du trit c6 tri hodn
thi kénh truyén duoc du trir lic burst dir liéu that sy toi node (hay link). Pé thuc
hién viéc dy trir ¢6 tri hoén, header phai mang thong tin cua offset time gilra header
nay vaéi burst dit liéu twrong ing vdi nd. Vi du nhu trong phuong phap bao hiéu just-
in-time (JIT), dung cach du trir tirc thoi, con phuong phéap bao hiéu just-enough-
time (JET) dung cach dy trit co tri hodn. Nhin chung, dy trlr tirc thoi don gian va
thiét thuc khi thuc hién, nhung kha nang gay nghén cao hon vi cip phat bang thong
khong hiéu qua. Trong khi d6, thuc hién du trir ¢6 tri hoén lai phai lién quan téi
nhiéu thir hon nhung tan dung bang thong kénh truyén tét hon. Phuong phap du trir
c6 tri hodn con 1am phat sinh khoang trong khong 1am gi & giita cac burst dugc sap
xép trén kénh dir liéu. Cac giai thuat sip xép duoc sir dung trong qua trinh du trir s&
Iwu trir thém théng tin vé khoang tréng. Dya vao thong tin d6, bd scheduler s& cap
phat mot bude song cho yéu cau du trir.
3.2.1.5 Giai téa twong minh (Explicit Release) hay khong twong minh (Implicit
Release)

Mot du trit c6 thé dugc giai toa bang hai cach, twong minh hodc khong
tuong minh. Trong phuong phap giai toa tuong minh, mot ban tin diéu khién riéng
s& duoc giri theo burst dir liéu tir nguon t6i dich dé giai toa hay huy mot du trir dang
ton tai. Trong khi d6, trong phuong phap giai toa khong twdng minh, header phai
mang thém thdng tin chang han nhu thong tin vé chiéu dai burst va offset time. Ta
c6 thé thay phuong phap giai téa khong tuong minh cho két qua tot hon trong hoat

dong tranh mat dit liéu vi khong c6 do tré giita thoi diém két thiic that su ciia burst
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dir liéu va thoi diém dén ciia ban tin diéu khién giai toa tai mdi node. Trong khi do,
phuong phap gidi toa tuong minh cho két qua tin dung bang thong thip hon va gia
tang do phuc tap cua ban tin.

Dua trén giao thurc du trlr va giai toa tai nguyén, cac phuong phap bao hi¢u
c6 thé dugc chia ra thanh 4 loai: Dy trir tirc thoi v6i giai toa tudng minh, duy trit tirc
thoi voi giai toa khong tuong minh, dy trit co tri hodn véi giai toa twong minh, dy

trir ¢6 tri hodn voi giai toa khong tuong minh.

Header Burst
[« offset — ¥ | EREE
Immediate Delayed Implicit Explicit
Reservation Reservation Release Release

Hinh 3.1: Cac phuong phap du trir va giai toa trong mang OBS.

Du trit tirc thoi va giai téa twong minh doi hoi c6 mot ban tin diéu khién 1
rang dugc giri di dé thuc thi chirc nang d4 dinh trudce, vi du nhu du trit kénh truyén
hay giai toa mot két ndi. Trong phuong phép du trir ¢6 tri hodn, header out-of-band
can mang thong tin vé offset time, va néu 1a giai toa khong twdng minh thi mang
thém thong tin vé chiéu dai caa burst dit liéu. Ta c6 thé dé dang thay duoc phuong
phap ding céch duy trit ¢ tri hodn va giai toa khong twong minh cho két qua tan
dung hi¢u qua bang thong cao hon, trong khi phuong phap dy trit tire thoi va giai
téoa tuong minh tuy thuc hién don gian nhung hiéu qua tan dung bang thong thap
hon.
3.2.1.6 B&o hi¢u tap trung hay phén bd

Trong giao thirc bao hiéu tap trung, mot server dugc gianh riéng dé tap
trung giai quyét cac yéu cau duy trit, né thyc hién nhiém vu thiét 1ap tuyén duong va
cap phét budc song trén mdi tuyén cho mdi burst dir lidu dbi véi tat ca cac ddi node
nguon-dich trong mang. Giao thirc tap trung ndy c6 thé thuc thi ¢6 hiéu qua trong
mang nho va luu lugng khong dot bién. Mit khac, trong giao thirc bao hiéu phan

tan, mdi node déu c6 mot bo scheduler burst riéng, thuc hién nhiém vu cip phat
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kénh xuat cho mdi header dén theo kiéu phan phdi. Phuong phap phan phdi thich
hop voi mang quang 16n va luu lugng dit lidu dot bién.

Hai phuong phap bao hi¢u néi bat trong mang khong diing bo dém OBS 1a
Tell-and-Wait (TAW) va Just-enough-Time (JET). O ca hai phuong phéap nay, mot
header duoc giri ra trude burst dir liéu dé cau hinh cho bd chuyén mach doc trén
tuyén duong cua burst dir lidu. Sau day, ching ta tim hiéu vé hai phuong phap bao
hiéu nay.

3.2.2 Giao thirc bao hi¢u JET (Just Enough Time)

Hinh 3.2 minh hoa cho giao thirc bao hi¢u JET. Nhu ta thay, dau tién node
nguon guri ra mot goi header ciia burst (Burst header packet - BHP) trén kénh diéu
khién vé phia node dich. Goi BHP duoc xir 1y tai mdi node phia sau dé thiét 1ap mot
duong truyén dir liéu toan quang cho burst dit liéu twong tmg. Néu viéc du trir thanh
cong, bd chuyén mach s& duoc cau hinh trude khi burst dir liéu téi. Trong lac do
burst dit liéu doi tai node ngudn trong mién dién. Sau mot khoang thoi gian d& dinh
trude offset time, burst dit li€u dwoc giri toan quang trén budc song da chon.
Khoang thoi gian offset time dugc tinh toan dya trén s6 hop tir node ngudn ti node
dich va thoi gian chuyén mach tai mdi node 18i. Offset time dwgc tinh bang cong
thirc: OT = h. + ST, véi h 1a 6 hop giita node ngudn va node dich, 1a thoi gian xir
ly header caa burst tai moi hop, va ST 1a thoi gian cau hinh cho bd chuyén mach.
Néu tai bat ki node trung gian nao viéc duy trit khong thanh cong thi burst s& bi hiy.
Piém khéc biét ciia JET khi so sanh véi cac phuong phap bao hiéu mot chiéu khac

la dy trir co tri hodn va giai tda khong twong minh.
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Hinh 3.2: Giao thtrc bao hi¢u JET

Thong tin vé thoi diém bat dau va két thuc cua tat ca cac burst duoc sap
xép vao kénh truyén can phai duoc duy tri cho mdi kénh & mdi cong xuat cia timg
bo chuyén mach cho JET, diéu nay 1am cho hé thong trd nén phirc tap hon. Mit
khac, JET c6 thé do tim duoc vi tri ma & d6 khong ¢ xuét hién xung dot khi truyén
burst, mét di khoi diém ctia mot burst méi dén c6 thé s& sém hon thoi diém két thic
cua mot burst da duoc chép nhan trudc nod, c6 nghia 1& mot burst co thé s& duge
truyén di ¢ giira hai burst da dy trit kénh truyén rdi (néu chiéu dai burst moi nay
thich hop). Vi vy burst c6 xac suat duoc chap nhan cao hon trong giao thirc JET.

C6 nhiéu kiéu bao hiéu c6 lién quan mat thiét voi kiéu bao hiéu mot chiéu
nhu Tell-And-Go (TAG) va Just-In-Time (JIT). Trong phuong phap TAG, burst dix
liéu phai dwgc 1am tré lai tai mdi node dé cho phép co thoi gian xtr Iy header cua
burst gidp cau hinh cho b chuyén mach thay vi chi dinh trudc khoang thoi gian nay
tai node nguon va thoi gian hodn nay duoc dit trong offset time. Dé 1am tré cac
burst dir liéu lai nhu thé, doi hoi dung dén sgi quang 1am tré fiber delay lines (FDL),
C4u tao gdm nhiéu vOng soi quang. Khoang thoi gian bi tré khi dir liéu truyén di bén

trong FDL chinh 12 lugng thoi gian ma dit liéu duoc 1am tré.
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Hoat dong cta JIT gidng nhu JET nhung khac ¢ chd JIT ding cach duy trix
tirc thoi va giai toa twong minh thay vi dung dy trir ¢6 tri hodn va giai téa khong
tuong minh. Hinh 3.4 (a) va (b) so sanh gitra hai phuong phap JIT va JET véi cung

Mot kich ban bao hicu.

(a)
e f}'l"z L 4 U'l'l' L
L L 4 [eader
2 ! i 1 /] Control
i
i s Ec | e
- | 0 + Data
e Channel
(b) L] ﬂTﬂ L
Header lleader Header
< 3 [ i 1 i l Cuontrol
Channel
[ 1] l Data
* -
Channel

Hinh 3.3: So sénh b&o hiéu JET (a) va JIT (b).

Loi ich chinh ciia cach ding giao thirc bao hiéu mot chiéu 1a giam thicu
thoi gian tré khi truyén dir liéu tir dau cudi toi dau cudi trén mang truc (backbone)
gilp giam kha niang mat goi do xung dot burst vi tranh gianh ngudn tai nguyén
trong mang 16i khdng dung bo dém.

3.2.3 Giao thirc bao hi¢éu TAW (Tell and Wait)

Hinh 3.4 minh hoa phuong phap bao hiéu TAW. Véi TAW, ban tin BHP
thiét 1ap duoc giri di doc theo tuyén duong ma burst dir liéu di dé thu thap thong tin
vé kénh dang sn sang tai mdi node. Tai dich, mot giai thuat cap phat kénh duogc
thue thi, va thoi diém dy trir mdi link s& dugc xac dinh dya trén thoi diém sém nhét
ma mot kénh & mdi node trung gian sin sang. Mot ban tin BHP xac nhan dugc gui
ngugc trd vé phia nguon dé dy trir kénh truyén cho khoang thoi gian can thiét tai

mdi node. Tai bat ki node nao trén duong truyén, néu kénh can dung da bi du trix roi
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thi mot ban tin BHP giai toa duoc guri vé dich dé giai toa hét cac tai nguyén trudce da
duoc duy trir thanh cdng. Con néu ban tin xac nhan t6i duoc ngudn thi burst dir liéu
sé duogc gui di vao mang 16i.
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Hinh 3.4: Giao thtc bao hiéu TAW
Ciing n6i thém, TAW giéng v6i mang dinh tuyén theo budc song, kénh truyén co

thé dugc dy trit theo hudng xudi nhu phwong phép dy trir duoc tao & node ngudn
(SIR) hay dy trit theo huéng nguoc lai tir phia dich tr& vé nguén nhu ¢ phuong
phap du trir dugc tao ¢ node dich (DIR). TAW trong OBS khac véi mang dinh
tuyén theo budc song WDM & chd 14 tai nguyén cia cac node chi dugc dy trir trong
khoang chiéu dai cta burst. Va néu chiéu dai cia burst ¢4 duoc biét trude trong qua
trinh dy trir thi phuong phéap giai téa khong tuong minh s€ dugc dung kém theo
nham tan dung t6i da hiéu qua bang thong. Tat ca cac giao thirc ma ta dé cap dén &
trén déu 1a cac giao thirc bao hidu mot chiéu ngoai trir TAW Ia giao thirc bao hiéu
hai chiéu. Néu ta so sanh giita TAW va JET, nhuoc diém ctia TAW 12 tré nhiéu do &
thoi gian thiét 1ap round-trip, chinh 12 thoi gian ma ta dung dé thiét lap cac kénh;
tuy nhién, & TAW viéc mat burst xay ra rat thap. Vi viy ma TAW rat phl hop cho
Iwu lwong dé mat: loss-sensitive traffic. Con & JET, thoi gian tré it hon vi chi 14 tong
ctia thoi gian lan truyén theo mot chiéu va mot offset time. Khong ¢ giao thirc bao

hiéu nao cho ta tinh mém déo giira gia tri mat mat va thoi gian tré.
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3.24 BA&o hiéu dwgc khéi tao tai node trung gian INI (Intermediate Node
Initiated)

Nhiéu giao thtrc bao hiéu dwoc dua ra dé ap dung cho viée truyén dir lidu
trong mang toan quang OBS. Pé dap tmg cho yéu cau dy trir tai nguyén dong cho
viéc truyén cac burst dir lidu, dau tién phuong phap bao hiéu phai tim ra tuyén
duong thich hop tir ngudn toi dich, sau d6 méi sip xép dir liéu vao mot kénh bude
song riéng nao do6 tai mdi node trung gian. Giao thirc bao hiéu phan bd phd bién
nhat dd duoc nghién ciu 1a Tell-And-Wait (TAW) va just-enough-time (JET).
TAW 12 b4o hi¢u hai chiéu duya trén thong tin hoi dap, ding cac ban tin diéu khién
thiét lap va giai toa tuong minh. JET 14 giao thirc bao hiéu mot chiéu khong can
thdng tin hoi dap, ding céac gdi header cia burst — BHP (burst header packet) co
tinh wdc luong dé giai toa va thiét 1ap. Dé khoi phai chuyén d6i quang dién trong
16i, c&c phuong phap bao hiéu c6 mot offset time gitra BHP va dit liéu tuong ung
ctia nd. Trong BHP ¢6 chira thong tin vé chiéu dai cua burst, két hop v6i thong tin
vé offset time, bao cho node biét dugc thoi diém node ndy can cau hinh bo chuyén
mach cho burst dit liéu sap t6i. Khoang thoi gian offset time cho phép BHP dugc xtr
ly tai node trung gian trudc khi burst dir liéu téi node trung gian d6. Néu ta dem so
sanh giira TAW va JET, nhuoc diém ciia TAW Ia tré do round-trip time, nhung bu
lai rat it mat dir lidu, vi vay TAW phu hop cho loss-sensitive traffic. V& phia JET,
mat dir liéu dé xay ra, nhung d6 tré khi truyén dir lidu tir dau cudi ndy téi dau cudi
khac it hon TAW. Trong TAW phai mét 3 1an d tré lan truyén tir ngudn t&i dich thi
burst méi téi duoc dich, trong khi d6 JET chi can lan tré lan truyén mot chiéu va
mot khoang offset time. Nhu ta d& noi, chua c6 phuong phap bao hi¢u riéng biét
nao cho phép két hop uyén chuyén giira 6 tré va viéc mat dit liéu. Trong mang IP
over OBS, ngudi ta mong mudn cung cp hd tro chat lugng dich vu cho cac tng
dung d0i hoi nhiéu yéu cau vé chat luong dich vu khac nhau, chang han nhu voice-
over-IP, video-on-demand, hay video conferencing. Nhiéu giai phap duoc dua ra dé
hd trg chat luong dich vu trong mang 18i OBS. Tuy nhién, khéng c6 phuong phap

don 1& (khong c6 su két hop gitta cac giao thirc lai) ndo cho phép hd tro mot cach
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mém déo ca hai yéu cau vé do tré va mat dir liéu trong mang OBS. C6 mot sd
phuong phép cai thién QoS, vi du nhu JET két hop véi offset time danh cho céc 16p
luu lwong khac nhau, chiu duoc xac sudt nghén cao. Trong phuong phap nay, node
nguon phai udc lwong trudce offset time dé ¢ thé hd trg cho cac yéu cau khac nhau
cua cac 16p goéi dir ligu.

Dé khic phuc cac han ché cua hai phuong phap TAW va JET, phuong
phap bao hiéu dugc khoi tao ¢ node trung gian INI dugc dua ra. Trong phuong
phap INI, mot node & giita node ngudn va node dich nam trén duong truyén duoc
chon 1am node khoi tao (initiating node). Tai node khoi tao nay, mot thudt toan dy
trir kénh s& dugc thyc hién nham xac dinh thoi gian sém nhat ma burst ¢6 thé dugc
gui di & node ngudn va thoi gian sém nhat twong mg ma tai d6 cac node & giita
node nguén v6i node khoi tao ¢6 thé duogc sép xép dé nhan burst dit liéu téi. Viée
du trit that su cac kénh ¢ node khai tao bit dau theo ca hai hudng: tir node khoi tao
té1 node nguén 14n tir node khoi tao vé node dich. Viée Iwa chon node khéi tao duoc
chi ra trong giao thirc bao hi¢u INI. Hinh 3.5s minh hoa phuong phap bao hi¢u INI.
Khi mot burst dir liéu dugce hinh thanh tai node bién, mot ban tin BHP thiét 1ap
(setup BHP) duoc giri téi node. BHP s& thu thap thong tin chi tiét vé cac kénh tai
mdi node n6 di qua cho t6i khi dén node khéi tao (initiating node). Tai node khai
tao, thuat toan cp phat kénh duoc thyc thi dé xac dinh khoang thoi gian ma kénh
can duogc dy trir tai mdi hop trung gian nam giita node ngudn va node khoi tao. Ké
d6, mot goi xac nhan (confirm packet) dugc giri nguoce vé node ngudn, gdi nay tién
hanh du trir cac kénh doc theo duong di cia nd tir node khoi tao téi node ngudn.
Néu c6 kénh ban & bat ky node nao, goi giai toa (release packet) s& duoc gui trd vé
node khoi tao dé giai toa hét cho céc tai nguyén trude d6 da du trit thanh cdng. Néu
g6i xac nhan toi duoc ngudn thanh cong thi burst dir liéu s& duoc gui di tai thoi
diém d4 duoc sip xép trude. CUng Véi lac guri di gbi xac nhan vé node ngudn, node
khéi tao cling gri di mot ban tin BHP thiét 1ap khong can tra 1oi (unacknowledged

setup BHP) vé phia node dich nham du trit trudc cac kénh truyén giita node khoi
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tao va node dich. Néu tai bat ki node nao giira node khdi tao va node dich ma ban

tin BHP khong du trir duoc kénh truyén thi burst dit liéu s& bi drop & node do.
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Hinh 3.5: Bao hiéu dugc khdi tao ¢ node trung gian INI.

Trong giao thiee TAW, ban tin ACK dugc guri tir phia dich trudce khi burst
dir liéu duoc guri di tir ngudn, con trong JET, khong c6 ack. O INI, c¢6 ack xuat phat
tir node khoi tao, vi vay giam dugc xac suat nghén so véi JET. Khong nhiing thé, vi
khoang thoi gian ma burst dir lidu phai doi tai nguon it hon khoang thoi gian tré do
lan truyén tir ngudn t6i dich nén INI giam dugc tré truyén tir dau cudi dén dau cubi
khi so sanh voi TAW. Trong giao thirc bao hiéu INI, néu node khéi tao 1a node
ngudn thi né tro thanh béo hiéu JET, néu node khdi tao 14 node dich thi trg thanh
bao higu TAW. Trong INI, ta c6 thé ding ca hai phuong phap du trit thong thuong
hay du trir ¢6 tri hodn déu dugc. Véi cac du trir ¢6 tri hodn thi hoat dong ciia giao
thirc bao hiéu duoc cai thién hon.

3.2.5 Vi du minh hoa:

Xem duong di 2-4-5-7 trong hinh 3.6 c6 node 2 1a node ngudn, node 7 1a

node dich. Ta c6 4 node c6 thé 1am node khoi tao, bao gom luén ca node ngudn va

node dich. Néu ta chon node ngudn (chinh 13 node 2) 1am node khoi tao thi bao hiéu
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INI tré thanh béo hiéu JET. Néu chon node dich 1am node khai tao (node 7) thi tré
thanh bao hiéu TAW. Cac node co kha nang lam node khai tao khac 1a node 4 va
node 5. Ta xét node 5 la node khdi tao. Hoat dong ciia INI nhu sau: node 2 gtri ban
tin BHP cho hop ké tiép 1a node 4, c6 kém theo thong tin vé kénh san sang trén link
2-4. Tai node 4 thém vao thong tin vé kénh san sang trén link 4-5 sau d6 gui di ban
tin BHP t6i node ké 1a node 5. Khi node 5 13 node khoi tao nhan dugc ban tin BHP,
no6 thuc hién mot thuat toan du trir kénh dé xac dinh thoi gian sém nhat ma lac do
burst yéu cau c6 thé duoc phuc vu boi cac node trung gian nam gitta node nguon
véi node khoi tao, bao gdm ca node ngudn va node khai tao. Mot goi tra 101, s& du
trir kénh truyén tai cac node trung gian nay vao thoi diém da dugc dinh trude, duge
gui nguoc vé tir node khoi tao toi node ngudn. Ngay khi g6i tra 10i t6i duge node
ngudn 2 thi burst dit liéu s& dugc giri di. C6 mot ban tin BHP dugc giri tir node khoi
tao (node 5) dén node dich (node 7) va cdu hinh cho node 7 chuéan bi nhan burst dix
liéu t6i vao thoi diém thich hop. Node 7 khong giri ban tin ack vé cho node khai
tao. Ban tin BHP duogc giri di tir node khoi tao chi ¢6 nhiém vu du trir kénh truyén

san sang va tiép tuc di theo hudng tir node khoi tao vé phia dich.

Hinh 3.6: Cau hinh mang 14 node.

3.3. Cac phwong phap giai quyét xung dt trong mang OBS
Trong mang OBS cac burst duoc truyén tir node ngudn dén node dich sau
khi dugc chuyén mach qua hét cic node trung gian ma khong can bo dém quang

nén kha nang xay ra xung dot giita cac burst 1a rat 16n. Xung dot co thé xay ra khi
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nhiéu burst mudn roi node 16i trén cing mot tuyén WDM hay burst & cac ngd vao
khac nhau mudn dén mot ngd ra tai cing mot thoi diém. Cac phuong phép giai
quyét xung dot dugc dé xuit nhu sau

3.3.1. Cac duong day tré quang FDL (Fiber Delay Line)

Néu nhu trong mién dién tir 6 cac bd nhé truy cap ngau nhién nhuy RAM
thi trong mién quang y tuong bd dém quang van chua thuc hién duoc. Vi vay dé
dém burst dit liéu trong mot khoang thoi gian ngudi ta chi co thé dung dén cac
duong day tré quang FDL. Cac burst dit liéu dugc luu giit trong mién quang mot
khoang thoi gian ¢ dinh. Bang cach két ndi cac day tré FDL theo tang hay két ndi
song song, bo dém dugc dé xuat nay co thé giir cac burst dit liéu trong cac thoi gian
khac nhau. Véi phuwong phép nay, burst dang tham gia tranh chip s& dugc 1am tré
lai cho téi khi nghén duoc giai quyét. Phuong phép nay dua trén y tuong 1a: khi mot
budc song duge yéu cau lai chua sin sang thi burst dit liéu s& duoc 1am tré lai trong

mot FDL cho toi khi kénh bude song d6 tré vé trang thai san sang.

Budc song y
ngdra 4 Burst méi dén
A .,
: :
: | R
A time

(Delay period using FDL)

Hinh 3.7: Giai quyét xung dot bang phuong phap sir dung duong day tré FDL
O hinh trén kénh budc song mong muén cua burst dit liéu 12 A1 nhung kénh
nay d4 bi chiém tai thoi diém tdi cta burst. Trong trudng hop nay, burst dit liéu s&
duoc dém lai trong khoang thoi gian A, khi d6 kénh nay da tré vé trang thai san
sang tai thoi diém t6i caa burst dit liéu sau khi d duoc dém.
Do FDL duya trén tré truyén cua cap quang va Sy truy cap lién tuc nén nd co

nhiéu han ché so voi RAM. Néu dung luong bo dém 16n thi s6 lwong va chiéu dai
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cia FDL cang ting nén dé gy ton hao va viéc sir dung bd dém ciing khéng thé
hoan toan giam kha nang mat burst
3.3.2. B chuyén ddi buéc song

Str dung bd chuyén d6i budc song wavelength converter dé chuyén doi
kénh ngd ra khac cho burst dir liéu néu nhu kénh né mong mudn d bi chiém giir tai
thoi diém burst téi node. Trong WDM, nhiéu bude song duge ghép cling mot lac
trén mot lién két ndi hai chuyén mach chim quang. Nhiéu buéc séng co thé giam
t6i da s luong xung dot. Gia sir c6 hai burst cing di dén mot dich va ra ¢ cing ngd
ra tai mot thoi diém. Ca hai burst van c6 thé truyén di tiép néu o trén hai budc song
khac nhau.

Chuyén d6i budc song 1a qua trinh chuyén ddi mot bude song & ngd vao
thanh mot bude song khac ¢ ngd ra, do vay lam tang kha nang st dung lai budce
s6ng nghia 12 tat ca cac kénh budc séng trén cling mot cap quang c6 thé duoc ding
chung béi tat ca cac burst.

C6 céc kiéu chuyén doi sau:

= Chuyén d6i toan bo (Full conversion): Mot budc song co thé chuyén
thanh bat ki budc song nao & dau ra, do vay khong c6 mot bude song
nao xuét hién lién tuc trén mot két ndi tir dau cudi dén dau cudi.

= Chuyén d6i c6 gii han (Limitted conversion): Viéc chuyén d6i budc
s6ng bi gi¢i han dé khong phai tat ca cac kénh ngd vao déu co thé két
ndi dén kénh ngd ra. Viéc giéi han nay s& 1am giam chi phi ciia chuyén
mach trong khi chap nhan mot s6 lwong xung dot

= Chuyén d6i ¢ dinh (Fixed conversion): Day ciing 1a mot dang cua
chuyén d6i co gidi han, trong d6 mot kénh ngd vao duoc két ndi voi
mot hay nhiéu kénh ngd ra duoc chi dinh trude

= Chuyén d6i mot phan (Sparse conversion): Trong mang cé thé bao
gom cac node c6 chuyén doi todn bo co gidi han, cd dinh va khéng co

b6 chuyén doi budc song
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Budc song 4

ngd ra Burst mai to1

1

Ao |

A rzzzl  , cH 1
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Hinh 3.8: Giai quyét xung dot bang phuong phap chuyén doi budc séng.
3.3.3. Pinh tuyén chuyén hwéng

Trong dinh tuyén chuyén hudng, xung dot duoc giai quyét bang cach dinh
tuyén burst dir liéu dén mot ngd ra khac thay vi ngd ra ban dau, tirc 1a ké tir node d6
di theo con duong khic dé dén dich chir khéng con di theo con dudng ngan nhét
ban dau. Pinh tuyén chuyén huéng khong dugc quan tdm d6i voi mang chuyén
mach goi trong mién dién, tuy nhién nd lai thyc sy can thiét trong mang toan quang
khi chua c6 bd dém quang. Trong dinh tuyén chuyén hudng, goi hay burst dit liéu bi
chuyén huéng c6 thé di trén con dudng dai hon dé dén dich lam ting do tré va giam
chat luong tin hi¢u. Hon nira, ¢6 thé mot goi sé bi vong lap (loop) trong mang do
khong tim dugc duong dén dich hay bi chuyén huéng qua nhiéu va thém tic nghén
trong mang.

Mot s6 van dé khac trong dinh tuyén chuyén huéng 13 béo tri thoi gian
offset giira goi diéu khién va goi dir lidu cia mot burst bi chuyén hudéng. Boi vi
burst bi chuyén hudng phai di trén duong cé sb node trung gian nhiéu hon khi nd
khdng bi chuyén huéng, do d6 thoi gian offset trude day 1a khong du dé cac chuyén
mach ké tiép xtr Iy cac goi diéu khién trudc khi burst dit liéu dén. Pé khic phuc van
dé nay, nhiéu xtr 1y dugc thém vao dé tinh toan lai thoi gian offset. Mot cach don
gian hon 1a chi can loai bo nhimng burst c6 thoi gian offset khong hop 1¢. Dé biét

duoc s6 node trung gian ma burst phai di qua ta c6 thé ding céc bo dém.
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3.3.4. Phan doan burst

Trong phuong phéap nay burst dugc phéan thanh cac doan dé khi c6 xung dot
thi chi c6 mot phan burst bi mat, phan con lai van dugc truyén qua mang. Phan
burst bi mat c6 thé 1a phan truéc hay phan sau. Néu burst bi hiy bé phan dau thi
phan burst con lai can thong tin ciia offset giita goi tin dicu khién ciia burst va diém
dau ciia phan burst con lai. Néu burst bi hity bo phan duéi thi can phai thém goi tin
diéu khién cta burst cho phan dudi bi huy bo.

Néu nhu ranh giéi giita cic doan hoan toan trong sudt trong mang 18i toan

quang thi cac node bién phai chiu trach nhiém dinh nghia va xur ly cac doan trong

Mhitng doan br rét
Contenting burst /—45_'7

Mgé wao 1

mién

Mode trung
gian

Wing xung |
dét .

i Magéral .

H |
i Contented burst |

.4_... Con nguyén :

Maé vao 2 Contented burst ' Contentin:g

burst bixzén

mét phin

Hinh 3.9: Giai quyét xung dot bang phuong phap phan doan burst
dién. Hon nita, node nhan phai c6 kha nang nhan ra diém bét dau cua mdi doan va
xé4c dinh xem thtr doan d6 con nguyén ven hay khong, do d6 mot sb header dung dé
nhan ra 18i va sira 16i chira trong mot doan. Thém vao d6 thong tin vé tin hiéu dong
hd c6 thé cling can phai ¢ trong mdi header ctia mdi doan dé node nhan ngd ra c6
thé xac dinh va phuc hoi dir liéu trén mdi doan. Khi cac doan cé chiéu dai khong doi
thi viéc dong bo ¢ mdy thu tré nén dé dang, tuy nhién nhitng doan co chiéu dai thay
ddi lai c6 kha niang chira dugc nhitng goi c6 chiéu dai khac nhau. Kich thudc cua
mdi doan cOn phai can nhic giita mat mat trong mot lan xung dot va sb lugng
header trong mot burst. Poan dai s& din dén mét nhiéu dir liéu cho mdi lan xung
dot, tuy nhién nhimg doan dai ciing din dén overhead va ti sb gitra chiéu dai header

sovéi chiéu dai payload s& nho theo. Mot s6 van dé khac trong phan doan burst 12
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quyét dinh xem doan nao bi rét khi xung dot xay ra giita hai burst. Gia sir goi burst
bi xung dot 1a contented burst con burst xung dot 1a contenting burst. Cha y rang
burst duoc xem 12 contented hay contenting burst phu thudc vao thar tu caa no dén
chuyén mach chir khong phai thir ty ctia goi diéu khién dén trudc hay dén sau. Co
hai cach dé xac dinh xem nhiing doan nao nén rét, duoc goi 1 tail-dropping (rét
phan dudi) va head-dropping (rét phan dau).

Trong céch rét phan dudi tail-dropping thi cac doan chong lan cia
contented burst s& bi rt con trong cach rét phan dau heading-dropping thi cac doan
Clia contenting burst chong 1an sé& bi rét. Uu diém cuia viéc tail-dropping so véi tail-
dropping trong viéc thay doi cac géi sai thi ty ¢ node dich vé6i gia thuyét rang cac
goi rét duoc truyén lai sau d6. Viéc head-dropping 1am cho cac goi dén dich sai thir
tw, tuy nhién, vu diém cia head-dropping 1a n6 chiac chan rang mot khi burst dén
Mot node khong bat gap mot xung dot nao va sao dé cac burst nay tiép tuc di dén
dich ma khong phu thudc vao céc burst di sau ndé c6 muirc vu tién nao di chang nira.
3.4 Két luan chwong

Vay la trong chuong nay em da trinh bay cac giao thirc bao hiéu ciing nhu
cac phuong phap giai quyét xung dot trong mang OBS. C6 nhiéu cac k§ thuat du trit
va giai phong tai nguyén nhung k¥ thudt bao hiéu mot chiéu JET véi du trix ¢o tri
hodn va giai toa khong tudng minh cho x4c suat burst dugc chdp nhan cao hon cic
k¥ thuat khac duoc dé nghi sir dung trong mang OBS. Viéc lya chon giita cac bién
phap giai quyét xung dot ciing 14 mot van dé quan trong nham giam ti 16 mat burst
dén murc thap nhét co thé. TUy theo yéu cau cy thé cua timg mang va diéu kién cho
phép ma ta chon ra phuong phéap thich hop hay dé tan dung cac wu diém ctia mdi
phuong phap ta c6 thé sir dung két hop ching s& cho hiéu qua giam ti 16 mét burst

cao hon nhiéu so vé6i viéc dung riéng I& timg phuong phép.
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Chuong 4
CAC GIAI THUAT XEP LICH TRONG MANG OBS
4.1 Gigi thiéu chwong

Khi mot burst t6i mot node, nd can dugc cap cho mot kénh budce song &
ngd ra, Vi vdy tat ca cic node trong hé théng mang déu phai c6 bd wavelength
converter. Ngoai ra, nham 1am giam thiéu khoang thoi gian tréng giita 2 burst
truyén di trén cing mot kénh budc song, ngudi ta dung thém bo sip xép cac burst
tai tit ca cac node tham gia trong mang, b do dugc goi 1a bo Xép lich (channel
scheduling).

Khi header cua burst dit liéu téi duoc nat 16, cac thdng sé vé burst dir lidu
s& duoc nhan biét ¢ nat 16i nhu chiéu dai burst (burst duration), thoi gian burst d6
t6i nut (arrival time)... Dya vao nhiing thong s nay, nut I8i s& xac dinh dugc kénh
budc song thich hop nhat danh cho burst dit liéu nho thuat toan sip xép cta b
channel scheduling.

Thuat toan sap xép kénh budc song cho cac kénh dit liéu duge chia 1am hai
phan chinh nhu sau: ¢6 hodc khong ¢ st dung void filling (1ip day khoang trong).
Trong phan nay, em sé& trinh bay vé 2 loai xép lich nay dua trén hai giai thuat co ban
la FFUC (First Fit Unscheduled Channel) va LAUC (Latest Available Unscheduled
Channel).

4.2 Céc théng so sir dung trong cac thuit toan sap xép

Céc thong sé duoc sir dung cho hau hét cac loai thuat toan sip xép 1a:
L,: Chiéu dai burst chua duoc sép xép.

t,: Thoi gian t&i caa burst chua duogc sap xép.

W: S6 kénh dit liéu ngd ra.

N, : S burst t6i da ding trén mot kénh ngd ra.

D: Kénh ngo ra thir i.
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LAUT,: Thoi gian r6i sém nhat ciia kénh thtr i, ding cho bo xép lich ko sir dung
void filling.
S(i,j), E(i,j): Thoi diém bat dau va két thac cia mdi burst thir j d3 duoc sip xép trén
kénh thu i.
Gan: Néu kénh rdi, gap 1a sy chénh léch giita thoi gian dén ciia burst va cac théng
s6 LAUT; d6i véi truong hop khong st dung void filling, va thong sé Egjy déi véi
truong hop c6 void filling. Théng sé Gap 1a co s dé thuat toan quyét dinh nén sir
dung kénh nao khi c6 hon 1 kénh rdi. Trong truong hop kénh khong rdi, hé s6 gap
bang 0.
43  Céc giai thuit xép lich co ban
4.3.1 CAac thuat toan khong sir dung void-filling
4.3.1.1 Thuat toan FFUC

Giai thuat FFUC (First Fit Unschedule Channel) khong su dung void filling

c6 thé dugce trinh bay co ban nhu sau: Khi mot burst dit liéu dén mot nut. Nt d6 s&
so sanh thong sé6 G = t, - LAUT, néu thong s6 nay Ién hon 0 thi kénh d6 s@

thich hop dé cap cho burst d6. Trong trudng hop ¢6 nhidu hon 1 kénh thich hop,
thuat toan s& chon kénh c6 hé s6 i thap nhat.

tus

LAUTS (I
DO
LAUT:
[ D1
LAUT:
D2
LAUTs

— ] D3

time
Hinh 4.1: M0 hinh giai thuat FFUC khong stir dung void filling.
Trong vi du trén, ta thay khi burst dir liéu dén nut 16i thi c6 2 kénh khong

thoa mén yéu cau cua thuét toan 1a kénh 0 va kénh 3 do hé sé LAUT 16n, trong khi
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d6 kénh 1 va kénh 2 13 2 kénh thoa diéu kién cta thuat toan. Trong trudng hop nay,

thuat toan s& chon Iwa kénh 1 (1<2) dé 1a kénh ngd ra cho burst dit liéu.

Y
. fdl < o Lamtré
max
N
Channel
=i
l Drop
- Sép xép burst
I++ burst
y
update
v
end

Hinh 4.2: Luu d6 giai thuat FFUC
4.3.1.2 Giai thuat LAUC
Giai thuat LAUC (Latest Available Unschedule Channel) khong st dung

void filling ¢6 thé dugc trinh bay co ban nhu sau: Khi mot burst dit liéu dén mot
nat. Nut d6 sé so sanh thong sd G = t, - LAUT,, néu thong s6 nay Ién hon 0

thi kénh do s& thich hop dé cap cho burst d6. Trong trudng hop ¢ nhidu hon 1 kénh
thich hop, thuat toan s& chon kénh c6 hé sé gap nho nhét.
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tus

LAUT LAUT. (I
Do

LAUT:
D1
LAUT:
D D2
LAUT:

1 1 D3

time
Hinh 4.3: M0 hinh giai thuat LAUC khong stir dung void filling.
Trong trudng hop trén, ciing chi ¢6 2 kénh théa man yéu cau cia thuat toan, nhung

thuat toan s& chon kénh thtr 2 do c¢6 hé sé gap nho hon kénh thir 1.

Lam tré

l burst Drop
burst
i ++ l
update ‘
\4 <
A 4
end

Hinh 4.4: Luu d giai thuat LAUC
4.3.2 Giai thuit c6 sir dung void filling
Giai thuat FFUC va LAUC c6 muc sir dung tai nguyén thap do n6 khong quan tim
dén cac khoang tréng do d6 nguoi ta dua ra mot thuat toan khéc sira doi tir giai thuat
FFUC va LAUC ban dau goi 1a FFUC ¢6 sir dung void filling (FFUC-VF) va giai
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thuat LAUC c¢6 st dung void filling (LAUC-VF). Trong cac thuat toan c6 sir dung
void filling, khoang tréng gitta cac burst va khoang trong tinh tir thoi diém sir dung
sau cing cua kénh dir liéu hay thoi gian két thuc cudi cling cia burst cudi cling
duoc sap xép trén kénh dir lidu dén vo cing duoc tan dung dé sap xép cac burst.
4.3.2.1 Giai thuat FFUC_VF

Céc giai thuat su dyng void filling thi by channel scheduling sé phai ghi
nhan thong s6 bat dau va két thiic cia timg burst dir liéu trén kénh truyén. Khi mot
burst dit liéu dén, néu thoi diém bt dau burst dit liéu 16n hon thoi diem két thuc ctia
burst truée d6 va thoi diém két thic clia burst dit liéu nhé hon thoi diém bt dau cua
burst lién sau n6 (néu sau n6 khong con burst nao khac thi thoi gian bat dau d6 xem
nhu 13 o) thi kénh truyén d6 dugc chon 1am ngd ra cho burst dir liéu. Tuong tu nhu

trén, FFUC s& chon kénh ¢6 hé s6 i nho nhat 1am kénh ngo ra.

E 5
E 5 _ E 5
I [ | DO
E S

D1

E 5
[ | D2

E S E 5
— [ | D3

ime

Hinh 4.5 M0 hinh giai thuat FFUC c¢6 str dung void filling.

Trong truong hop trén thi ca 4 kénh déu thoa man diéu kién coa thuat toan,
nhung thuat toan FFUC s& chon kénh dau tién (kénh 0) lam kénh ngd ra cho burst
dur liéu.
4.3.2.2 Thuat toan LAUC_VF

Cing tuong ty nhu thuat toan FFUC_VF, thuat toan LAUC c¢6 stir dung
void filling ciing thyuc hién viéc xac dinh kénh ngd ra cho burst dit liéu dva vao cac
thong sb 1a thoi diém bat dau va két thic cua ting burst dit liéu dugc truyén trén
kénh truyén. Nhung chi khac & chd néu c6 nhiéu hon 1 kénh du diéu kién, thi LAUC

s& chon kénh rdi gan nhat thay vi 1a kénh rdi dau tién.
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E 5
E s E s
Do
E 5
D1
E 5
D2
E 5 E 5
[ | | D3
time
‘—

Hinh 4.6 : M0 hinh thuat toan LAUC c6 str dung void filling.
Trong trudng hop ndy ca 4 kénh déu du diéu kién nhung LAUC s& chon kénh s 3

do c6 thoi gian rdi gan véi burst dir liéu nhat.
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| result = »
Channel

scheTime
> start

(end-
scheTime)> —T
ScheDur

scheTime —
start < diff

(scheTime
- Ty) < diff

Channel =i
diff = scheTime-start

Channel =i
diff = scheTime- Ty

i—» <
l
T

| ».

Y

v

i++

Hinh 4.7: Luu d6 giai thuat LAUC_VF

Tom lai:
» Thuat toan FFUC 1a mot thuat toan kha don gian, dé thuc hién, nhung
bl lai kha nang mét burst dir liéu ctia thuat toan nay kha cao.
= Thuat toan LAUC hay con goi 1a horizon phirc tap hon, nhung né lai

cho hiéu qua cao hon so védi FFUC.
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= Viéc str dung void filling s& 1am ting hiéu quéa kénh truyén dir liéu hon,
dong thoiné ciing 1am giam ti 1¢ mat burst dang ké cho hé thong.
= Chat lugng hé thong sé& cai thién rat nhiéu néu st dung chung véi FDL
(Fiber Delay Line).
4.3.3 Van d¢ sir dung cac dwong day tré quang FDL trong cac giai thuit xép
lich
Pé giam ti 16 mat burst ta c¢6 thé st dung cac duong day tré quang FDL.
Céc tinh chat ciing nhu hoat dong ciia FDL da duoc trinh bay trong phan cac
phuong phép giai quyét xung dot & chuong 2
4.3.3.1 Thuat toan khong sir dung FDL

Initialize
parameters

A
Find an available

channel

A
Report scheduling Report the successful
failure channel

End

Hinh 4.8 : Luu d0 thuat toan khong sir dung FDL
Totalchannel: Sé kénh sir dung trong mang,
Ncc: S6 kénh danh cho burst header
Time gap: Tham s xem xét xem coi c6 sip xép dugc burst dir lidu vao
kénh truyén hay khong .
startTime: thoi diém t6i ctia burst dit ligu.

horizon_[i]: Thoi diém rdi ciia kénh thi i.
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e Thudt todn FirstFit:
unsigned int ndc = totalchannel_ - ncc_; // s6 kénh dir liéu
int ch = UNAVAILABLE;
for(inti=0;i<ndc; i++){
double time_gap = startTime - horizon_[i];// horrizon_[i]:

if (time_gap >=0.0)

{
ch=1i;
break;
}// end of >=0.0
} /1 end of for

if (ch != UNAVAILABLE ) {

result.Fflag() = FOUND;
result.LambdalD() = ch;
result.StartTime() = startTime;

}else {
result.Fflag() = NOT_FOUND;

¥

return (result);

e Thudt todn Horizon (LAUC):
unsigned int ndc = totalchannel_ - ncc_;
int ch = UNAVAILABLE;
double min_time_gap;
for(inti=0;i<ndc;i++){
double time_gap_ = startTime - horizon_[i];
if (time_gap_>=0.0){
if ( ch == UNAVAILABLE ) { // the first time for

updating min_time_gap
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min_time_gap =time_gap_;
ch=1i;
}else {
if ( min_time_gap > time_gap_ ) {
min_time_gap =time_gap_;
ch=1i;
}
} // end of UNAVAILABLE
}//end of >=0.0
} // end of for

/I evaluate the search process to report searching result
if (ch I= UNAVAILABLE ) {
result.Fflag() = FOUND;
result.LambdalD() = ch;
result.StartTime() = startTime;

}else {
result.Fflag() = NOT_FOUND;

¥

return (result);
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4.3.3.2 Thuat toan co6 sir dung FDL

Imtialize
parameters
I > | FirstFit/Horizo %
E
p—
Update X &
parameters = = #
Find an available
? channel
Probe an FDL

Zhannel Report the
successful
found ?
channel

Report scheduling
failure

Y
End
Hinh 4.9 : Iuu d6 thuat toan c6 sir dung FDL
Poan code diing cho c4c loai thuat toan c6 sir dung bo dém FDL giéng nhur

khdng str dung bd dém, chi khac & chd, trude khi cho drop mdt burst thi bién sb
starttime s€ duogc cong thém mot luong 1a unitdelay, sau do sé 1a mdt vong loop tim
kiém kénh rdi lai. Poan code can thém vao nhu sau:

for(intj=0;i<N; j++)

{...

startTime = starTime + unitdelay.

else {
result.Fflag() = NOT_FOUND;

¥

return (result);
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4.5 Két luan chwong

Trong chuong nay d& trinh bay céc giai thuat 1ap lich trong mang OBS. Cac
giai thuat co ban 1a FFUC va LAUC véi cac truong hop c6 hay khong st dung void
filling, truong hop c6 hay khong st dung cac dudng tao tré FDL. Yéu cau dit ra 1a
ta phai chon dugc giai thuat tot nhat ddp ing yéu cau tdi wu s6 luong burst tai dau
vao duoc sip xép trén cac kénh dir liéu dé dam bao cac burst dugc di chuyén nhanh
nhat, diy dii nhat dén dau ra. Trong phan mo6 phong ctia do 4n s& trinh bay cy thé vé
van dé mo phong cac thuat toan xép lich trong mang OBS, qua d6 ta sé& thdy dugc
tinh chat, vu nhugc diém cua timg giai thuat dé chon duogc giai thuét tét nhat dap
ung nhu cau van chuyén mot luong dir ligu 16n qua mang vai tbc do cao. Viée két
hop céc giai thudt co ban véi sir dung void filling hay FDL ciing dugc dé cap dén

trong phan mé phong.
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Chuong 5
MO PHONG VA KET QUA

5.1 Giéi thiéu chwong

Trong chuong 3 da trinh bay cac giai thuat xép lich trong mang OBS.
Mubn sap xép duoc cang nhiéu burst trén cac kénh dir liéu yéu cau ta phai chon
duogc thuat toan tot nhat dé giam thiéu kha ning mat burst. DPay 1a mot van dé rat
quan trong dbi voi chat luong cia mang OBS. Pong thoi dé giam kha ning mat
burst dén mirc thap nhét co thé ta phai chon duoc kich thudc burst toi wu trong qué
trinh thiét 1ap burst tir cac goi tin riéng ré & dau vao.Chuong nay dua ra két qua mo
phong tmg véi timg thuat toan dugc xem xét dé chon dugc thuat toan nao tot nhat
cho qué trinh sap xép burst vao cac kénh dir liéu trong mang OBS. Bén canh d6 cac
két qua mo phong cho qua trinh thiét 1ap burst cling duoc néu 1én dé danh gia va
chon ra dai kich thudc burst trong d6 xac suat mat burst 12 nho nhat déi véi mé hinh
mang cu thé trong bai todn md phong. Dong thoi chuong nay con gidi thidu so lugc
phan mém mo phong NS2 phuc vu cho md phong cac thuat xép lich trén.
5.2. Giéi thi¢u phin mém NS2

Phan mém NS2(network simulation version 2) 1a chwong trinh md phong
ma ngudén md danh cho muc dich nghién ciru, thyc hién mang sé liéu dya trén
chuyén mach géi. Khong chi 12 cong cu mo phong, NS-2 con la chuong trinh ¢6
nhiéu module hd tro va mot thu vién rat tién ich cho viéc mo phong cac sy kién
riéng lé. NS2 1a chuong mé phong hudng ddi tugng duge viét bang hai ngdn ngir
lap trinh C++ va OTcl, ching hd trg chit ch& cho nhau.

= Kién trac phan mém NS2
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Hinh 5.1. Kién triic thu muc cai dit cia NS2 va NAM trong mdi trudng Linux
Trong s6 cac thu muc con ciia ns-allinone-2.28 thi ns-2 1a noi chira céc file
phuc vu cho md phong (ca viét bang C++ 1an OTcl). Trong thu muc nay, tit ca
OTecl code va nhiing kich ban vi du déu chira trong thu muc goi 12 tcl va hau hét
dugc viét bﬁng C. Thu muc tcl ¢c6 nhiing thu muc con, trong s6 d6 c6 thu muc lib
chira ma ngudn OTel cho nhiig thanh phan co ban nhat va quan trong nhat (agent,
node, link, packet, address, routing,...).
Ns-lib. Tcl: Lép md phong va da sd cac dinh nghia chirc nang thanh phan cia no
ngoai trir LAN, Web, va Multicast dugc chira trong file nay.
Ns-default. Tcl: Nhitng gia tri mic dinh cho cac thong s cu hinh cho cac thanh
phan mang dugc chira ¢ day. Boi vi nhiéu thanh phan mang dugc bo sung bang
C++, nén nhitng thong s 1a nhimg bién C++ tao ra cac gia tri cho OTcl qua chirc
ning lién két OTcl.
Ns-packet. Tcl: Thanh phan khoi tao nhimg dinh dang header ciia goi dugc chira
trong file nay. Khi tao ra mot goi header thi phai dang ki header trong file nay d¢
tao ra nhiing xu ly khoi tao.
O mirc do nguoi str dung: Viéc mod phong bt ddu bang viéc nam rd cac cau
lénh tao d6i twong md phong tir 46 x4y dung cac kich ban mo phong Tel. Sau khi
tao mot kich ban mo phong Tcl, viéc chay chwong trinh chi bang lénh trong

terminal trong Linux.
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O mirc d6 nguoi vira phét trién vira sir dung: Viéc phat trién phan mém bat
dau tir viéc nim 18 cau triic thu muc chinh trong NS2 cling véi mét s file quan
trong lién quan trong lién quan dén dbi twong mai can them vao. Khi nguoi sir dung
tao ra mot chuong trinh mé phong chay trén nén NS2 cho riéng minh thi ciing c6
thé tao d6i tuong riéng cho minh, d6 ciing 1a mot vu diém cia phan mém NS2 mi
nguon md.

Kién tric lién két ciia NS2:

Mot bo phan chinh khac trong NS-2 13 link. Phan tir két hop nay gom ba
phan chinh: hang doi, delay va drophead-object. Hang doi quan 1y thong luong cac
goi phét trén link. Phan tir delay gia 1ap tré khi goi truyén trong link. Va drophead-
object quan 1y cac goi bi rét tir hang doi cta link. Céu triic cta link trong NS-2

dugc mo ta nhu hinh 5.2

ttl_

v

Q
c
[0}
c
[0}
A
g
=~
A

drophead_ —»

Hinh 5.2. Kién tric lién két cia NS2

5.3. MO0 phéng cac giai thuat xép lich trong mang OBS

Trong phan mo phong str dung mé hinh mang gom 10 node 18i va 10 node bién ndi
vong ring nhu hinh. Giao thirc dugc st dung l1a JET véi thoi gian offset la
0.000001s. Mbi lién két co 6 kénh budc song gom 2 kénh diéu khién va 4 kénh dix
licu. Bang thong mdi kénh 12 20Gb/s. Phuong phap thiét 1ap burst duoc sir dung 1a
thiét 1ap burst vira theo do dai vira theo thoi gian véi kich thude t6i da cia mdi burst
1a 60000 byte, thoi gian thiét 1ap 14 0.0003s.
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Hinh 5.3 M hinh mang OBS nbi vong ring
Két qua cho ra & mdi thuét toan 1a lugng dir liéu truyén duoc qua mang tmg voi luu
lwgng ciia mang thay doi tir 1.0000 dén 1.1000 Erlang
5.3.1 Thuét toan FFUC

bl xgraph

Iﬁl Hdepy || About x Graph -

v 106

fuc .data
200.0000

180.0000

160.0000

140.0000

120.0000: /

100.0000 /

&0.0000

B0.0000 /

40,0000 /

20,0000 /
0.0000 /

H
I 1.0000 1.0200 1.0400 1.0800 1.0800 1.1000 l

Hinh 5.4. Luong dir liéu truyén dugc qua mang khi sir dung thuét toan FFUC
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5.3.2 Thuat toan LAUC

W xgraph

Hinh 5.5 Luong dit liéu truyén duoc qua mang khi st dung thuat toan LAUC
5.3.3 Thuat toan LAUC_VF

hd xgraph

Hinh 5.6 Luong dir liéu truyén duoc qua mang khi str dung thuat toan LAUC-VF
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5.3.4. So sanh két qua cac thuit toan trén
Pé dé dang so sanh hiéu qua cac thuat toan trén em lay sb liéu két qua cia

ca 3 va vé trén cung mot do thi

—s—FFUC
LAauC
—=— LALUC_¥F

250000000 ul 1

OO0 5 = o & o o C o o e oo // e
ASO000000 5 = == = = = = = = m = mm mmm e m e m e m e e mmm e m e ,/ ____________________

I ng ik i€ truyén qua
s

100000000 § == == == == == = mmm e e e / ............................................
50000000 / ...........................................................

101 102 103 104 105 106 107 108 103 11

lwu hrgrng
Hinh 5.7 So sanh luong dif liéu truyén qua mang d6i véi 3 thuat toan

Dua vio do thi trén ta cd thé thay lugng dir liéu truyén qua mang cua 2 thuat toan
FFUC va LAUC gan nhu bang nhau nén 2 dudng biéu dién cta chung trén do thi
tring nhau. Trong thuc té thi thuat toan LAUC tuy c6 sir dung tai nguyén tot hon
FFUC do tao khoang tréng gitta thoi gian dén ctia burst va thoi gian str dung cubi
clng cua kénh dir nhung cac khoang tréng nay kha nho khong thé sap xép burst
khac dugc nén hiéu qua cia thuat toan FFUC va LAUC la nhu nhau.

Con thuat toan LAUC_VF do c6 xét dén khoang trong trén cac kénh dir liéu dé sap
xép burst nén hiéu qua cao hon, luong di liéu truyén dugc qua mang cao hon han 2

thuat toan kia.
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Bang: lugng dir liéu truyén qua mang cho cac thuat toan

| luongdﬁliéJUuyén

o lemg |FFUC LALC LAUC WE
1.01] 183639000 18360000 20549000
1.02| 38545000 38538000 40817000
1.03] 58775000 53770000 B2068500
1.041 79009000 79002000 82308000
1.05] 99223000 Qa216000 105540000
1.06] 119504400 119503500 123345000
1.07] 1329751000 139744500 144094000
1.058] 159931000 159975000 165344000
1.09] 180189000 180180000 186603000
1.1 200363000 200363500 2075818500

5.3.5 Sosanh cac thuat toan cé6 va khong co sir dung FDL

5.3.5.1 Thuat toan LAUC khong sir dung FDL

Hinh 5.8 Luong dit liéu truyén qua mang ddi véi thuat toan LAUC khong str dung

FDL

v ECTET] I————— - | EX
Close || Hdopy || About x Graph
W 108
lauc.data
200.0000
130.0000
160.0000
140.0000
120.0000
100.0000
&0.0000
G0.0000
40.0000
20.0000
0.0000 i
I 1.0000 1.0200 1.0400 1.0600 1.0500 1.1000 I
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5.3.5.2 Thuéat toan LAUC c0 sir dung FDL

™3 ygraph |
CloseUBHdcpy' Ahout X Graph
el

lanc+FDL data
200.0000

180.0000

160.0000

140.0000

120.0000

100.0000

50,0000 // /
50,0000 /
40,0000

20.0000

0.0000

b
] 1.0000 1.0200 1.0400 1.0600 1.0800 1.1000 I

Hinh 5.9 Luong dir liéu truyén qua mang doi véi thuat toan LAUC ¢ st dung
FDL

Qua 2 db thi biéu dién két qua luong dir liéu truyén qua mang khi sir dung
thuat toan LAUC c6 va khong c6 st dung b dém FDL ta thay viéc st dung bd dém
d4 lam giam kha niang mat burst dang ké, gitp cai thién kha nang truyén dir lidu qua
mang rat 16n. DU gy ra su tén kém nhat dinh nhung viéc str dung b dém rat hiéu
qua trong mang OBS vi gilp giam kha ning mat burst rét cao.
5.4. M6 phéng anh hwéng ciia qua trinh thiét 1ap burst trong mang OBS (Burst
Asembly)
5.4.1. Anh hwéng ciia thiét 1ap burst dén d¢ tré trong mang OBS

Trong mang OBS cac thong s6 mang can chon mot cach hop 1y va cac giao

thirc mang can chon mot cach hop 1y sao cho tot nhat vé mat mat méat va do tré.
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Kich thuwdc burst (goi)
Hinh 5.10 D9 tré end-to-end trung binh so véi kich thuéc burst
Nhu hinh 5.10 ta thay kich thudc burst ting 1én thi d6 tré end-to end ciing

tang 1én theo. Piéu nay 14 do kich thudc burst tang 1én thi can thoi gian cho dé cho

s6 luong goi dén du dé tao thanh mot burst. P tré end-to-end anh hudng rat 16n

dén cac dich yéu cau thoi gian thuc. Voi mot yéu cu vé do tré trung binh thi ta 6

duoc gidi han trén cia kich thudc burst. Khi ¢ cac yéu cau vé dich vu va cac thdng

s6 mang cho trudc ta co thé tim ra kich thude toi uu cta burst di liéu.

5.4.2. Bai toAn md phéng qua trinh thiét lap burst

Viéc mo6 phong nham tim duge mot gia tri hay mot dai gia tri vé kich thudc

burst cho x&c suat mat goi nho nhat trong mot mang OBS v6i mot topo va cac thdng

SO mang lién quan dugc gidi han trude.

Céc thdng so gidi han trong bai toan mé phong:

M6 phong mang NSENET 14 node, khoang cach ghi trén hinh tinh bang km.
Cac node mang déu 1a cac node két hop

Lién két 1a song hudng, mdi huéng c6 hai kénh diéu khién va hai kénh dir
liéu.

Céc goi dén c6 kich thudc cb dinh 12 1250 bytes

Téc d6 truyén dan trén mdi kénh truyén 12 10Gb/s

Thoi gian chuyén mach 12 10 us
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Thoi gian xir 1y goi diéu khién 12 2.5 us

Luu luong duoc phan b dong nhat giita tit ca cac cap node ngd vao
Dinh tuyén dya vao duong di ngan nhat gitta cac cip node

Thiét 1ap burst dua vao gidi han tdi da vé kich thudc burst

Kich thudc goi diéu khién 1a ¢ dinh va bang 64 bytes

Giai thuat 1ap lich kénh truyén 12 LAUCVF

Trong md phong so sanh cac xac suat mat goi vdi cac mirc ngudng khac nhau trong

khi mang c6 va khong co phan doan burst trong giai quyét xung dot. Mo phong bat

dau véi viéc xem xét trong mang chi c6 mdt 16p dich vu (murc vu tién) va sau do la

hai 16p dich vu.Ta mo phong truong hgp: Mot mirc ngudng va co hai uu tién.

70



Chuong 5:M6 phong va két qua

5.4.3. So' @b thuit toan

<&
<«

A

Burstsize=50
Seed = 12345

y

excute

Seed=Seed+100
nn

burstsize=burstsize
+50
Seed = 12345

Pracess and excute

Hinh 5.11. Luu dd thuat toan mo phong

Giai thich luu d6 thuat toén:

= Burstsize 1a kich thudc burst duoc tinh bang s6 lugng goi tin trong mot burst
dur liéu.

= Seed duoc sir dung dé tao ra mot con sd ngau nhién cho viéc tao luu luong
Poisson. Véi mbi sé Seed viéc phat Iuu lwong Poisson sé& khac nhau.

= Dau tién chuong trinh s& gan cac thong sé ban dau: burstsize = 50, seed =
12345. Ta sé& c6 két qua vé xac sudt mat goi tmg vai kich thudce burst va seed

d6. Sau d6 seed s& duoc tang 1én 10000 va chay lan th{ hai, chuong trinh ctr
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tiép tuc nhu vay cho dén khi seed dat gid tri 102345. Sau d6 ta ldy gia tri
trung binh cia xac suat mat burst tirc 13 ta ¢4 c6 mot diém trén trén do thi
mg v&i kich thudce burst 14 50. Ta lan Iuot ting kich thudc burst 1én 50 cho
dén khi dat 1200 g0i tin/burst. Nhu vay ta dugc dd thi mo ta vé xac suit mat
burst ing vai kich thudc burst tir 50 dén 1200 goi tin/ burst.

5.4.4. Truwong hgp Mot mirc ngwdng c6 hai mire wu tién

Tai=0.5 Erang —&— Friarity = 0
—— Friority = 1

0.08
0.08 =
0.07 +
0.08 '\%
0.08 S
0.04
0.03

Xac sudtmdt géi

0.02 o
0.01

F. Y
P F . B
=S R i s s e L L S R L

L L PELLOP LSS
Kich thiede burst
Hinh 5.12 X&c suit mat géi ciia timg muc dich vu ddi véi cac kich thudce
burst khac nhau.

Ta c6 hai mirc wu tién 1a mirc wru tién s6 1 cao hon va muc uu tién s6 0 1a
muc uvu tién nho hon. Theo hinh ta ¢6 ddi véi 16p dich vu cao hon thi Kich thudce
burst tdi wu 14 tir 200 dén 700 con ddi véi mirc wu tién thap hon thi kich thudc burst
tdi wu 1a 550 dén 700. Lép dich vu ¢6 mtrc uvu tién cao hon s€ cho xac suat mat go1
thap hon.

5.5 Két luan chwong

Nhu vay 14 trong chuong nay em d& tién hanh md phong duoc cac thuat
toan lap lich va néu két qua toi uu qua trinh thiét 1ap burst.

Dbi voi viec mo phong cac thuat toan lap lich em d ldy két qua vé trén
cling mot d6 thi lugng dir liéu truyén qua mang cta céac thuét toan sap xép kénh dir
liéu trong mang OBS gom FFUC, LAUC, LAUC_VF d¢ thiy dugc wu diém cia
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thuat toan LAUC_VF so Vi 2 thuat toan kia. Phan két qua ddi véi thuat toan co sir
dung va khdng st dung FDL ciing duoc trinh bay. Qua do ta thdy duoc viéc st dung
FDL da lam giam luong burst mat di dang ké, tir d6 1am ting luong dit lidu duoc
truyén di. Vay thuat toan toi uu 1a thuat toan LAUCVF két hop voi cac duong tré
quang FDL s& cho két qua tot nhét.

Tir két qua md phong ciia bai toan t6i wu trong qua trinh thiét 1ap burst cho
thay ton tai mot kich thudc burst cho xac suat mat burst 12 nho nhat. Con kich thude
burst 1a bao nhiéu thi tdy thudc vao topo mang va cac thong kém theo. Trong d6 an
em chi xét truong hop céc goi dén co kich thude ¢b dinh nén kich thudc burst ciing

dugc tinh bang so lugng goi ciia nod.
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Trong hoan canh cac dich vu mang dang phét trién manh mé& véi nhiéu loai
hinh phong pht, da dang khong chi dimg lai & cac dich vu toc d6 cb dinh nhu thoai
hay truyén hinh ma con phuc vu nhiéu cho truyén dir liéu véi tc do thay do6i. Vi
vay dat ra yéu cau phai c6 mot cong nghé dap ung dugc tinh chat dot bién coa luu
lugng trong mang. Va chuyén mach chim quang OBS 12 su lya chon wu viét nhat
khi cac cong nghé hién dai dap tng cho chuyén mach goi quang OPS nhu bd dém
quang hay logic quang van chua thuc hién duoc. DU khdng ¢6 nhiéu vu diém noi
bat nhu OPS nhung OBS cling ¢6 thé truyén dugc mot lugng dir lidu voi tbc do cao
va 1a mot cong nghé htra hen cia mang duong truc thé hé sau.

Muc dich ciia do 4n 12 gidi thiéu tong quat vé chuyén mach chim quang,
trong d6 tim hiéu sau hon va tién hanh mod phong cac giai thuat xép lich trong mang
OBS ciing nhu tim ra kich thudc burst t6i wu dé giam thiéu ti 16 mat burst. Qua két
qua mo phong 2 van dé trén co thé két luan rang thuat toan tdi wu cho viée sap xép
kénh dir liéu 1a LAUC_VF két hop véi viéc str dung bd dém FDL vi cho luong dir
liéu truyén qua mang cao nhat so v6i cac thuat toan con lai. Pong thoi ta thay duoc
d6i voi topo mang trong phan mé phong trén thi kich thudc burst nam trong khoang
350-750 goi cho x&c suat mat burst nho nhat dbi voi truong hop mot mic ngudng
va khéng c6 muc uu tién. Con truong hgp mot mirc ngudng va ¢ 2 muc wu tién thi
s6 g6i 550-750 dbi v6i mirc wu tién s6 0 va sé gbi 200-700 d6i voi murc wu tién s6 1
trong mot burst 12 t6i wu. Nhu vay ddi véi mdi mo hinh mang cu thé ludn ton tai
mot dai kich thude burst xac dinh cho xac suat mat burst nho nhit.

Hudng phat trién cia dé tai 1a xay dung mot mo hinh mang phtrc tap hon
véi viée tang s6 luong node, sd lugng cac b scheduler. Tir d6 tién hanh md phong
véi nhidu thuét toan khac, két hop 2 phuong thirc sap xép burst dwa trén muc
ngudng (chiéu dai burst) va bo dinh thoi (thoi gian sip xép) dé nang cao chat lugng

cho mang OBS.
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PHU LUC
M3 ngudn cac giai thuit xép lich
#Céac thong s6 ban dau
#10CNs in ring; 10 attached ENs
#20 Gbit/s channels
StatCollector set debug_ 0
Classifier/BaseClassifier/EdgeClassifier set type 0
Classifier/BaseClassifier/CoreClassifier set type_ 1
#Thoi gian xir 1y goi tin diéu khién tai mot node 1a 1us
source ../lib/ns-obs-lib.tcl
source ../lib/ns-obs-defaults.tcl
source ../lib/ns-optic-link.tcl
set ns [new Simulator]
set nf [open basicO1l.nam w]
set sc [new StatCollector]
set tf [open trace01.tr w]
set ndf [open ndtrace01.tr w]
set old_data O
# dump all the traces out to the nam file
$ns namtrace-all $nf
$ns trace-all $tf

$ns nodetrace-all $ndf

# cac thong so bat bién trong mang
BurstManager offsettime 0.00001
#kich thude burst toi da

BurstManager maxburstsize 60000
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#thoi gian thiét 1ap burst

BurstManager bursttimeout 0.0003
Classifier/BaseClassifier/CoreClassifier set bhpProcTime 0.000001
Classifier/BaseClassifier/EdgeClassifier set bhpProcTime 0.0000015
#gia sir c6 1 FDL trén mdi kénh budc song dau ra
Classifier/BaseClassifier set nfdl 10
Classifier/BaseClassifier set fdldelay 0.0001
Classifier/BaseClassifier set option 0
Classifier/BaseClassifier set maxfdls 8
Classifier/BaseClassifier set ebufoption 1

#this is a fixed delay line present at the ingress of every node
OBSFiberDelayLink set FDLdelay 0.0001

# total number of edge nodes

set edge_count 10

# total number of core routers

set core_count 10

# total bandwidth/channel (Imb = 1000000)

set bwpc 20000000000

#set bwpc

# delay in milliseconds

set delay 0.02ms

# tong s6 kénh budc song trén 1 lién két

set maxch 4

# 6 kénh diéu khién

set ncc 1

# s6 kénh dit ligu

set ndc 3
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# cac qua trinh ho tro
# finish procedure
proc finish {3} {
global ns nf sc tf ndf old_data
$ns flush-trace
$ns flush-nodetrace
close $nf
close $tf
close $ndf
$sc display-sim-list
#Execute NAM on the trace file

#exec nam basicOl.nam &

exec awk {
{
if ($1=="r") {

old_data = old_data + $5 }
print $2, old_data*1.0

b
} ndtrace01.tr > ffuc.data

exec xgraph ffuc.data &

puts "Simulation complete™;

exit 0
b
#print $2, old_data*8.0/$2/10000000000
#tao ra topo node bién-node 18i-node bién
Simulator instproc create_topology { } {

$self instvar Node
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global EC
global edge_count core_count
global bwpc maxch ncc ndc delay
setiO
# thiét 1ap node bién
while { $i < $edge_count } {
set E($i) [$self create-edge-node $edge_count]
set nid [$E($i) id]
set stringl "E($i) node id:  $nid"
puts $stringl

incri

setiO
# thiét lap node 16i
while { $i < $core_count } {
set C($i) [$self create-core-node $core_count]
set nid [$C($i) id]
set stringl "C($i) node id: ~ $nid"
puts $stringl
incr i
}
$self createDuplexFiberLink $E(0) $C(0) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(1) $C(1) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(2) $C(2) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(3) $C(3) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(4) $C(4) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(5) $C(5) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(6) $C(6) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(7) $C(7) $bwpc $delay $ncc $ndc $maxch
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$self createDuplexFiberLink $E(8) $C(8) $bwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $E(9) $C(9) $bwpc $delay $ncc $ndc $maxch

$self createDuplexFiberLink $C(0) $C(1) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(1) $C(2) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(2) $C(3) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(3) $C(4) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(4) $C(5) $bhwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(5) $C(6) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(6) $C(0) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(7) $C(0) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(8) $C(0) $hwpc $delay $ncc $ndc $maxch
$self createDuplexFiberLink $C(9) $C(0) $hwpc $delay $ncc $ndc $maxch
$self build-routing-table
}
#create a self-similar traffic-stream over a UDP agent
Simulator instproc create_selfsim_connection { selfsim udp null src dest startO
stop0 } {
upvar 1 $udp udpr
upvar 1 $selfsim selfsimr
upvar 1 $null nullr
upvar 1 $src srcr
upvar 1 $dest destr
set udpr [ new Agent/UDP]
$self attach-agent $srcr $udpr
set selfsimr [ new Application/Traffic/SelfSimilar ]
$selfsimr set starttime $start0

$selfsimr set stoptime $stop0
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$selfsimr attach-agent Sudpr
set nullr [ new Agent/Null ]
$self attach-agent $destr $nullr

$self connect Sudpr $nullr

$self at $start0 “$selfsimr start™

$self at $stop0 "$selfsimr stop”

puts “traffic stream between $src = $srcr and $dest = $destr created"
¥
$ns create_topology
Agent/UDP set packetSize_ 1500
Application/Traffic/SelfSimilar set batchsize 4500
Application/Traffic/SelfSimilar set sb 0
Application/Traffic/SelfSimilar set Hb -0.5
Application/Traffic/SelfSimilar set rate 5000.0
Application/Traffic/SelfSimilar set std_dev_inter_batch_time 1.0e-5
Application/Traffic/SelfSimilar set Ht 0.5
#add traffic stream between every pair of edge nodes in both directions
setiO
while {$i < $edge_count} {

setj 0
while {$j < $edge_count} {
if {$i'=$j}{

$ns create_selfsim_connection selfsim($i:$j) udp($i:$j) null($i:$j) E($i) E($))
1011

incr j
¥

incr i
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}
$ns at 5.1 "finish"

$ns run
M3 ngudn thiét 1ap burst
set number [lindex $argv 0]

set opt(seed) [lindex $argv 1]

# source for simulation

source /home/ext/ns-allinone-2.28/ns-2.28/obs4ns-3.4/tcl/lib/ns-obs-lib.tcl
source /home/ext/ns-allinone-2.28/ns-2.28/obs4ns-3.4/tcl/lib/ns-obs-node.tcl
source /home/ext/ns-allinone-2.28/ns-2.28/obs4ns-3.4/tcl/lib/ns-obs-link.tcl
source /home/ext/ns-allinone-2.28/ns-2.28/obs4ns-3.4/tcl/lib/ns-obs-stats.tcl

source /home/ext/ns-allinone-2.28/ns-2.28/obs4ns-3.4/tcl/lib/ns-obs-defaults.tcl

set ns [new Simulator]

global defaultRNG
$defaultRNG seed $opt(seed)

Connector/ObsLink dc_bandwidth 10Gb
Connector/ObsLink cc_bandwidth 10Gb

Agent/Burstifier set max_db_size [expr 1250*$number]
Agent/Burstifier set bhp_size 64
Agent/Burstifier set timeout_ 2000ms

Agent/OXC switch_time  10us

Agent/SCU max_bhp_proc_time  2.5us

Agent/Burstifier set max_packets_ 2000

[Agent/SCU set bhp_proc_time_] set max_ [Agent/SCU max_bhp_proc_time]

Agent/Burstifier set max_segmentations_ 10
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Agent/Burstifier set min_segmentable_size_ 1250
Agent/Burstifier set segmentation_ true
Agent/SCU max_segmentations 10

Agent/SCU min_segmentable_size 1250
Agent/SCU set segmentation_ 10

Agent/SCU set deflection_ 0

set edge_count 14
set core_count 14
set ndc 1

set ncc 1

set n_app 364

set n_links 21

set stype LAUCVF
set load 0.5

# # set up the hybrid nodes
setil
while { $i <= $core_count } {
set ¢($i) [$ns ObsHybridNode $ncc $ndc ChannelScheduler/$stype 2]

incri

#creat NSFNET in real distances

$ns duplex-obs-link $c(1) $c(2) $ncc $ndc 1100 ChannelScheduler/$stype
$ns duplex-obs-link $c(1) $c(3) $ncc $ndc 1600 ChannelScheduler/$stype
$ns duplex-obs-link $c(1) $c(8) $ncc $ndc 2800 ChannelScheduler/$stype
$ns duplex-obs-link $c(2) $c(3) $ncc $ndc 600 ChannelScheduler/$stype
$ns duplex-obs-link $¢(2) $c(4) $ncc $ndc 1000 ChannelScheduler/$stype
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$ns duplex-obs-link $¢(3) $c(6) $ncc $ndc 2000 ChannelScheduler/$stype
$ns duplex-obs-link $c(4) $c(5) $ncc $ndc 600 ChannelScheduler/$stype
$ns duplex-obs-link $c(4) $c(11) $ncc $ndc 2400 ChannelScheduler/$stype
$ns duplex-obs-link $¢(5) $c(6) $ncc $ndc 1100 ChannelScheduler/$stype
$ns duplex-obs-link $c(5) $c(7) $ncc $ndc 800 ChannelScheduler/$stype
$ns duplex-obs-link $c(6) $c(10) $ncc $ndc 1200 ChannelScheduler/$stype
$ns duplex-obs-link $c¢(6) $c(13) $ncc $ndc 2000 ChannelScheduler/$stype
$ns duplex-obs-link $¢(7) $c(8) $ncc $ndc 700 ChannelScheduler/$stype
$ns duplex-obs-link $¢(8) $c(9) $ncc $ndc 700 ChannelScheduler/$stype
$ns duplex-obs-link $¢(9) $c(10) $ncc $ndc 900 ChannelScheduler/$stype
$ns duplex-obs-link $¢(9) $c(12) $ncc $ndc 500 ChannelScheduler/$stype
$ns duplex-obs-link $¢(9) $c(14) $ncc $ndc 500 ChannelScheduler/$stype
$ns duplex-obs-link $c(11) $c(12) $ncc $ndc 800 ChannelScheduler/$stype
$ns duplex-obs-link $c(11) $c(14) $ncc $ndc 800 ChannelScheduler/$stype
$ns duplex-obs-link $c(12) $c(13) $ncc $ndc 300 ChannelScheduler/$stype
$ns duplex-obs-link $¢(13) $c(14) $ncc $ndc 300 ChannelScheduler/$stype

$ns compile-obs

set rate [expr $load*$ndc*[Connector/ObsLink dc_bandwidth]/$n_app]

#k refer to class of service

setk 0
while {$k < 2} {
setil
while {$i <= $edge_count} {
setjl
while {$j <= $edge_count} {
if {$i 1= $j} {

#the rate of one class is a half
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set Poi($i$j$k) [new Application/Traffic/Poisson]
$Poi($i$j$k) set rate $rate

$Poi($i$j$k) set packetSize 1250

#creat udp to attach traffic

set udp($isjsk) [$c($i) set burstifier_([$c($)) id]:$k)]
$Poi($i$j$k) attach-agent Sudp($i$j$k)
$udp($i$j$k) set-traffic-generator $Poi($i$j$k)

$ns at 0.0 "$udp($i$j$k) start™

incr j

incr i

incr k

proc stop {} {
global ns udp edge_count

for {set k0 } { $k <2} { set k [expr $k + 1]} {
for {setil} {$i<=3%$edge count} { seti [expr $i + 1]} {
for {setj 1} {$j <=3%$edge count} { setj [expr $j + 1]} {

if {$i!=$j}{
$ns at-now "$udp($i$j$k) stop”
}

¥
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¥

set now [$ns now]

$ns at [expr $now + 0.2] “finish™

¥

# finish procedure
proc finish {3} {
global ns sc0 scl defaultRNG number

set ip_snd0 [expr [$scO get-counter-value DATA SND]]
set ip_rcv0 [expr [$scO get-counter-value DATA RCV]]
set ip_dropO0 [expr $ip_snd0 - $ip_rcv0]

set ip_pO [expr 1.0*$ip_drop0/$ip_snd0]

set fileO [open "results-0.txt" "a"]
puts $file0 "$ip_p0"

set ip_sndl [expr [$scl get-counter-value DATA SND]]
set ip_rcv1 [expr [$scl get-counter-value DATA_RCV]]
set ip_drop1 [expr $ip_snd1 - Sip_rcvi]

setip_pl [expr 1.0*$ip_dropl/$ip_snd1]

set filel [open "results-1.txt" "a"]

puts $filel "$ip_p1"

exit 0

b

set scO [$ns get-global-stats-collector 0]

$sc0 set-counter-convergence DATA_SND 1250000

Stats stop-command "stop™
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set scl [$ns get-global-stats-collector 1]

$scl set-counter-convergence DATA _SND 1250000

Stats stop-command "stop™

# enable stats collector

$ns at [RouteLogic/ObsRoute transit_time] "$ns enable-stats"

$ns run
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