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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.







o Bai nay nham cung cap cho hoc vién cdc kién thic
va ky ndng vé:
= khdi niém vé thong tin quang
= cau tric va thanh phan cau thanh mot hé thong théng
Tin quang
= lich str phdt trién cua thdng tin quang
= 1ru va nhugce diém cua thdng tin quang




Noi dung trinh bay

1.1, Dan nhap
1.2. M6 hinh hé thong thdng tin quang
1.3. Lich st phédt trién thang tin quang
1.4. Uu va nhuoc diém cua thdng tin quang




1.1. Din nhap

Luong Thong tin trao déi bén ’rr'ong cdc he hong
thong tin ngay cang tang lén nhanh chdng.

o Bén canh gia tdng vé s6 lwong, dang luu leong
truyén thong trén mang ciing thay doi.

o Chung ta dang hudng t6i mot xd hoi ma viéc truy
cap thong tin cé thé duoc ddp tthg moi noi, moi ldc.

o Tuy nhié€n, mang Internet ngay nay khdng con du

kha nang dé ddp ung cho nhu cau bdng théng dang
bling no.
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Su gia tang luu lwgng dir liéu (data) va

am thanh (voice) qua cac nam
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1.1. Dan nhap

0 Thong tin quang ducrc xem la guau phap cuu u tinh
trong viéc giai quyét van dé bung no nhu cau bang
thong boi:

= tiém ndng bdng thdng khong 16 (gan 50Tbps),

= muc do suy giam tin hiéu thap (khoang 0.2dB/km),
= mic do méo tin hiéu thap,

= doi hoi ndng lugng cung cap thap,

= khong bi anh huong cua nhiéu dién tr,

= kha ndng bao mat cao




1.1. Dan nhip

0 Hon hita, cc he ’rhong ’rhong tin quang khong ch1 dac bne’r
phu hop véi cac kleu truyén Thong duong dai ma con cé thé
trién khai trong cdc mang noi hat, ddp ang voi moi loai hinh
dich vu hién tai, cling nhu tuong lai.

o Thong tin quang la gi?

= Théng tin quang la mjt dang truyén théng sic aung dnh sdng
(lazer) nhw la phuong tien truyén din (mang tin hicu).

o Nhu vay, mot hé thong thong tin quang (opftical
communication system) bao gom mot bo phat
(transmitter), co nhiém vu md hda cac ’rhong diép
(message) dusi dang tin hiéu quang, mot kénh Truyen
(channel), co nhlem vu mang tin hiéu dén dich, va mot bo
nhan (receiver), cé nhiém vu tdi tao lai théng dnep ban dau
tr tin hiéu quang nhan dugc.
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1.2. M3 hinh hé thong thong tin guang
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That quang o o quang Thu
quang quang

o Phin phdt quang: gom nguon phdt tin higu quang va cdc
mach diéu khién lien két voi nhau.

o Cdp quang. gom cdc soi dan quang va cdc lop vo boc xung
quanh dé bao vé khoi tac dong co hai tir moi truong ben
ngoai.

o Phin thu quang. gom bo tdch séng quang va cdc mach
khuéch dai, tai tao tin hiéu hgp thanh.
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Phan phdt gquang

o Phan tir phdt xa dnh sdng
co thé la: Diod Laser (LD)
hay Diod phdt quang LED Insidea
(Light Emitting Diode). < e

o LED phu hop cho hé thong
thong tin quang c6 toc do
bit khdng qua 200Mbps va
su dung loai soi dan quang
da mode.

o LD c¢é nhiéu uu diém hon so
v6i LED nhu: pho phat xa
cua LD rat hep, goc phat
quang hep, hiéu suat ghép
anh sang vao sgi cao.




cap quang

0 Cac Ioan Soi quang da mode chne’r
suat nhay bac, da mode chiét suat
giam dan, don mode.

o Soi quang Ia nhiing day nho va déo | <o
truyen cac anh sang nhin ’rhay
duoc va cdc tia hong ngoai.

o Ching c6 16i thuy tinh (core) ¢
giita va phan bao vé (polymer
overcoat) bao boc xung quanh.

o B¢ dnh sdng cé thé phan
xa toan phan thi chiét o Cladding
xuat cua 16i phai I6n hon 1 ¢ : i
chiét suat do (cladding).

Polymer overcoat

Cladding

optical fiber
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Phan thu quang

o Trong hé thong thdong tin
quang, cdc bo tdch song
quang la cac diod quang
PIN va APD duoc ché tao
tr cdc chat bdn dan Si, Ge,
InP.

o Ngodi cdc thanh phan chu
yéu ndy, tuyén thdng tin
quang con cé cdc bo noi
quang, cdc moi han, céc bd
chia quang va cdc tram lap.
Tat ca tao nén mot hé
thong thdng tin hodn chinh

top metal contact ___

p diffusion

intrinsic region
(larger depletion
region)

n type

n+ contact region —

bottom metal contact
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1.3. Lich siv phdt tricn théng tin

quang

o Hinh thuc so khai cia thdng tin quang : lia, hai
ddng, den hiéu

o Cdc nghién cuu hién dai ve thong tin quang duoc
bat dau tu phat minh laser vao ham 1960 va dé
xuat ciia Kao va Hockham vdo ndm 1966 ve viéc
ché tao soi quang co do ton that Thap

o 1970, Kapron dd ché tao thanh cong cdc soi quang
trong sudt cé do suy hao khoang 20dB/km.

0 Ngay nay, véi su phat trién cua cong nghe Ccac
hguon phat va thu quang, cdc Ky thuat ve
’rach/ghep kénh quang trén cung soi dan quang

ngdy cang duoc hoan. thién-
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1.4. Uu va nhuwgc diém ciia théong tin

0 Tuem nang bang Thong khong b

o Sg¢i quang kich thudéc nhé va nhe

o Cach li vé dién

o Khong bi anh huéng béi nhiéu va xuyén am
o Bio mat thong tin

o Suy hao thap

o Tinh linh hoat

o Do tin cay ciia hé thong va dé bio duing
0 Gia thanh thap diy tiém ndng




1.5. Két luj

o Bai nay da trinh bé bay cac kién thic va ky nang Vé:
= khdi niém vé thong tin quang
= cau tric va thanh phan cau thanh mot hé thong théng
Tin quang
= lich str phdt trién cua thdng tin quang
= 1ru va nhugce diém cua thdng tin quang







Chuyén &2:  Mang truyén dan quang
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o Bdi hay nhim cung cap cho hoc vién cdc kién thuc
va ky ndng vé:
= ky thuat ghép kénh WDM
= md hinh mang truyén din quang WDM
= phan loai mang WDM
= cdc thé hé mang WDM




Noéi dung trinh bay

2.1. Ky thuat ghép kénh WDM
2.2. M6 hinh mang WDM

2.3. Phan loai mang WDM

2.4. Cac thé he mang WDM




2.1. Ky thuit ghép kénh WDM

0 Ghep Kénh busc song WDM (Waveleng’rh Devision
Multiplexing) la ky thuat “ truyen din dong thoi
nhiéu tin hicu quang trén nhié u bucc song khdc
nhau trong mot soi dan quang'.

= O dau phat, cdc tin hiéu quang cé buéc séng khac nhau
duoc 16 hop (ghép kénh) d¢ dong thoi truyén di trén
mot soi dan quang.

= O dau thu, tin hiéu 16 hop duoc phén giai (tdch kénh) va
khai phuc lai tin hiéu goc dé dua dén cdc dau cuoi.




2.1. /()7 thuit ghép kénh WODM

0 VIeC St dung cong nghe ghép kénh WDM ro r'ang
dd tan dung dugc bdng thong truyén dan rat lon
cua s¢l quang.

o Tuy nhién, dé trdnh hién tuong nhiéu xuyén kénh,
gitta cdc kénh phai cé khoing cdch nhat dinh.

= Qua nghién ctu, ITU-T dd dua ra cac kénh budc séng

va khoang cdch giita cdc k&nh ndy cé thé lua chon ¢ cdc
cip do 200 GHz, 100 GHz, 50 GHz.




2.2. Mo hinh mang WOM

o Hé thong truyén din quang WDM vé co bin dugc
chia lam 2 loai: don huéng va song hudng.
= Hg thong don huong chi truyen theo mot chieu trén soi
quang. Do vay, dé truyén thong tin gitta 2 diém can cé 2
soi quang.
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2.2. Mo hinh mang WOM

= Hé thong WDM song huong, nguoc lai, truyén hai chiéu
Tr%n cung mot soi quang nén chi? can mot sgi quang de cé
thé trao doi thong tin gitta 2 diém.
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2.2.1.Uu nhugc diém cia 2 hé thong

o Vé dung lugng, hé thong don huéng cé kha ndng
cung cap dung lugng cao gap ddi so véi hé thong
song huéng. Tuy nhién, s6 sgi quang can dung cling
gap ddi so véi hé thong song huéng.

o Khi su co dut cdp xay ra, hé thong song huéng

khdng can dén co ché chuyén mach bao vé tu dong

APS (Automatic Protection Switching) vi ca hai

dau cua lién két déu cé kha ndng nhan biét su ¢o6

ngay lap tuc.
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2.2.1.Uu nhugc diém cia 2 hé thong

0 Ve khia canh thiét ké mang he Thong Song hu:ong
khé thiét ké hon vi con phai xét thém cdc yéu 16
nhu van dé xuyén nhiéu do cé nhiéu buéc séng hon
trén mot soi quang, dam bao dinh tuyén va phan bd
buéc séng sao cho hai chiéu trén sgi quang khdng
dung chung mot budc séng ...

o Cdc bo khuéch dai trong hé thong song huéng
thusng cé cau trdc phuc tap hon. Tuy nhién, do s6
buéc song khuéch dai trong hé thong song huong
giam 3 theo mdi chiéu nén cdc bo khuyech dai s@
cho cbng suat ngd ra lén hon so véi hé thong don

g g o




2.2.2. Cac thanh phan cau thanh

mang WDM

Tl [— — Rxl
o o DE-
Tx2 MUX s 7 > | MUX |— Rx2
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EDFA 501 quang EDFA
T2 ——— Khuéch dai tin hiéu Khuéch da1 tin hiéu — Rx2
Phat tin hiéu  Ghép tin hiéu Tach tin higu  Thu tin hiéu

o By phat tin hi¢u: Stt dung nguon phdt laser nhu: laser diéu
chinh duoc budc song (tunable laser), laser da buéc song
(multiwavelength laser)...

o Yéu cau doi véi nguon phét laser la phai ¢é do rong pho hep,

buéc séng phdt on dinh, mitc cdng suat phdt dinh, busc

song trung tam va do.rong.pho-phai-nam trong gisi han cho




2.2.2. Cac thanh phan cau thanh

o Bo ghep/Tach tin hiéu: Kkét hop (ghep) mo‘r S0 nguon sang
khac nhau thanh mot Iuong tin hiéu dnh sdng tong hop &é
truyén dan qua soi quang va phdn chia (tdch) luéng dnh
sang ’rong hop d6 thanh cdc tin hiéu dnh sdng riéng le tai
moi cong dau ra cua bo tdch.

o Cdc loai by tach/ghép tin hieu WDM : b loc mang mong
dién moi, cach tu Bragg soi, cach ti nhiéu xa, linh kién
quang 16 hop AWG, bo loc Fabry-Perot...

o Cdc tham s6 can quan tdm: khoang cdch giita cdc kénh budc
séng, do rong bdng tan cia moi kénh, buéc séng trung tam
ctia k&nh, mic xuyén tam giita cdc ké&nh, tinh dong déu cia
kénh, suy hao xen, suy hao phén xa Bragg ...




2.2.2. Cac thanh phan cau thanh

mang WDM

o Vat 'rr'uyen n din tin hueu qua trinh ’rruyen din ’rm
hiéu trong soi quang chiu anh huéng cta nhiéu yéu
t6: suy hao s¢i quang, tdn sic, cdc hiéu ung phi
tuyén, cdc van dé lién quan dén khuéch dai tin
hiéu... phu thudc vao cdc dic tinh cua s¢i quang
(loai sgi quang, chat lugng soi...).
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2.2.2. Cac thanh phan cau thanh

o By khuéch dai tin higu: thuong st dung EDFA.

o Co3 ché do khuéch dai: khuegh dai cong suat,
khuéch dai duong va tién khuéch dai.
o Cdc yéu cau khi ding bo khuéch dai EDFA :
= D¢ khuech dai dong déu doi vai tat ca cdc kénh budc
song (mtc chénh léch khong qua 1 dB).

= Sy thay doi s6 lugng | kénh budc séng lam viéc khong lam
anh hudng dén mic cdng sudt dau ra cua cdc kénh.

* C6 kha nang phat hi¢n su chénh lech mirc cong suat dau
vao dé dleu chinh lai cdc hé s6 khuéch dai nham dam bao
dic tuyén khuéch dai biang phing ddi vai Tt ca cdc kénh.

o By thu tin hi¢u: cac hé thong WDM ciing str dung

cac loai bod tdch Soiﬂﬁﬁl APi‘ |




2.3. Phan loai mang WDM

0 Ngay nay ky ThUaT WDM l4 su |u:a Chon pho bién nhéat cho
viéc gop cdc tin hiéu trong i finh vuc quang. Uu dlem cua
chung la tinh trong suot ( f/"ansparency) tinh cd the mo
rong (scalabili fy) va tinh mem deéo (flexibility).

o Tinh trong suo6 = khdng bao gom cac xu ly dién trén mang.
Do vay cdc kénh hoat dong nhu la cac day dan doc lap (cdc
ong trong suot) dugc cap pha’r cho cdc nat dau-cuoi, véi
bang thong dugc xdc dinh trudc.

o MG&i khi mot két noi dugc thuc hién gitta cdc ndt dau-cudi
trén mot kénh WDM, viéc Truyen thdng s& tly chon vé toc
do truyen (bit rate), kidu tin hiéu, phuong thtc Truyen

o Tinh trong suo’r con cho phép cdc WDM ’rruyen tai cac
dang dit liéu va dich vu khdc nhau dong thoi; va s dung cdc
giao thic khdc nhau trong tuong lai ma khdng can thay doi
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2.3. Phan loai mang WDM

= g ——

o Cdc kién tric pho bién nhat cia mang WDM la
= Lién ket WOM (Link),
= Mang guang thu dong PON (Passive Optical Network ),

» Mang phdt tdn va chon lva BSN (Broadcast and Select
Networks), va

= Mang dinh tuyéen buéc song WRN (Wavelength Routing
Network)




2.3.1. Lien két WDM (Link)

o Trong huéng tiép can lién két WDM, cdc ddy din

song song duoc thay thé boi cdc kénh busc séng
trén cing mot day dan don (da kénh duoc gop trén
cung mot day dan don).

Ay 4
TX ""\ Optical fiber / = RX
A ' 5 A
e () b B4 —Rx
= -;-:' |\\"\ r\\ E £ .
55 > L |BE
= B Postamplifier In-line Preamplifier g T
Ay amplifier Ay
R S R
’ Span r
Transmiters - Receivers
Tunahle Sources icould include
optical filters)



2.3.1. Lien ket WDM (Link)

0 Tau moi bo khuyech dau quang (wndeband OPTICCll
amplifier), tat ca cdc kénh déu duoc khuyéch dai
dong thoi.

o Cdc lien két WDM la don gian trong viéc thuc hién
két noi v6i cdc thiét bi pho bien hién dang str dung
va hién nay dd truong thanh vé miat cdng nghé. Do
dé cdc lién két WDM htra hen s& xdy dung dugc
mot hé thong truyén théng quang voi gid canh
tranh.
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2.3.2. Mang quang thu dong PON

o Dic diém chinh cua mang PON la cdc day dan chia
sé gitta tram trung tam (Central Office) va cdc
tram bien ONU (Optical Network Unit)

Y

- ./ |ONU,
L ONU;
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Central )
Office T




2.3.2. Mang quang thu dong PON

0 Vm céc thiét lap cau trdc cay mang PON cho phep
truyén thong 2 chiéu giita server (central office)
va da ngudi dung (ONUs), vei viéc diéu khién va
dinh tuyén tap trung tai tram trung tam.

o Kién trdc nay ld mot su lua chon 161 doi véi cdc
nhd cung cap truyén théng noi ving, béi vi viéc
thict ké la ré tién, don gian va bén vitng doi véi cdc
tram ONU.




2.3.3. Mang phat tan va chon lua

BSN

0 Trong mang BSN, moi tram phat phat jrcin tin hiég
tren tat ca cdc kénh va tram thu tu diéu chinh dén
kénh ma minh muon thu tin hiéu.

M EEME]E)E)E)

“ 3 dB couplers
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2.3.3. Mang phat tan va chon lua
BSN

radio hay mang cuc bd truyén thong. Ching sir
dung mot thiét bi “star coupler” & phat tan mot
tin hiéu vao tir 1 cong vao dén tat ca cdc cong ra.
o Nhuoc diém:
= Cdc cip giao tiep phai phoi hop (coordination) véi nhau
dée diéu chinh dén cung kenh.
= Tin hiéu bi suy giam do "splitting” va tinh tdi st dung
budc séng kém.
=> M@ hinh ndy phu hop d6i véi mang cuc bo, nhung
khdng thé mé rong cho mang dién rong.




2.3.4. Mang dinh tuyén buéc séng

o Mang dinh Tuyen busc séng hién la cong nghé hia
hen nhét trong viéc thiet 1ap cdc mang duong truc

(backbone) hinh lusi.
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2.3.4. Mang dinh tuyen buéc séng

WRN |
o Mang WRN c6 thé 1a don hop hoac da- hop

= Trong mang don hop, viéc truyén thdng la todn quang;
dit lieu duogc chuyén thanh dang dién chi tai ndt bién.
Loai mang ndy cé thé la chuyén mach ké&nh, chuyén mach
géi, va cdc mang chuyén mach géi cé thé la huéng két noi
hoic khong.

= Trong mang da hop, moi ndt chi cé mot vai bo phat va
thu co dinh. Do vay, tin hiéu khdng phai ludn ludn dugc
truyén truc tiép tir nguon dén dich; cdc tin higu cé thé
bi chuyén d@6i thanh dang dién tai cdc ndt trung gian va
sau dé dugc chuyén lai thanh quang va truyén di lai.
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2.3.4. Mang dinh tuyen buéc séng

WRN e

o M3i nit (IOI) trén mang WRN & mOT bo dmh Tuyen
(router) budc séng. Mdi router cé cdc cong vao va
ra; Cdc cong hay két noi voi cde ndt bién hay véi
cac router khdc.

o Viéc dinh tuyén tin hiéu vao trén moi router thuc
hién dua trén s6 hiéu cong va buéc séng cuia né.

o Cdc tin hiéu dugc dinh tuyén trén cling cong ra
phai cé budc séng khac nhau:
=Nhu viy 2 kénh khdng st dung chung ddy dan cd thé cd

cung budc song Bay chinh la diac diém st dung lai
(reuse) buéc séng ’rr'en mang WRN




2.3.4. Mang dinh tuyen buéc séng

WRN

0 Rou’rer co The tinh hoic cau hinh dong No cung co
thé cé chirc ndng chuyén doi budc séng; Dic diém
nay cé anh huong truc tiép dén kha ndng hoat dong
va tinh cé thé mao rong clia mang.

o Cdc chuc ndng dinh tuyén va chuyén mach dugc
thuc hién tai 16p quang. Viéc truyén dit liéu do dé
dugc thuc hién tréen cdc /ightpaths.

o Mang WRN la ly tuong d@6i voi chuyén mach kénh,
nhung khdng phu hop voi chuyén mach géi. Tuy
nhién md hinh lai, bao gém ca chuyén mach kénh va

gbi, van cé thé du‘O’C cai dat.
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2.4. Cac the hé mang WDM

o Thé hé 1: 14 he t hong WDM didm néi dlem véi cdc
tram xen/r& trén tuyen quang phai la cac thiet bi
MUX/DEMUX dé tdch/ghép tat ca cdc buéc séng.

0 The hé 2: la hé ’rhong WDM diem noi da diem véi
cdc tram xen/ré trén tuyén quang la cdc OADM
cho phep tdch/ghép truc tiép nhitng budc séng can
xen/ré.

o Thé hé 3: mang WDM toan quang véi cac thiet bi
chuyén mach va dinh Tuyen buéc séng, duogc goi I
mang dinh tuyén buéc song Né cung cap Cac duong
quang (lightpath) t6i nguoi s dung la cdc dau cuoi

_ SDH (SONET) hay cdc bo dinh tuyén IP.
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Su phat trién ciia cac hé thong WDM

Hé thong SDH 10Gb/s ’1
Hé thong WDM diém no1 diém 8x2 5Gb/s Hé thong WDM diém ndi diém 4x10Gb/s ',i
Heé théng WDM diém ndi diém 16x2.5Gb/s Hé théng WDM diém noi diém §x<10Gh/s :
Hé théng WDM diém né1 diém 16x2.5Gb/s
i

Hé théng WDM sit dung OADM

Ring CS = 10Gbps /1 son -'

OMS Ring = 40 Gbps/1 sgi |

] ] ] : >
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2.6. Két luan

o Bai nay da trinh bay cac kién thic va ky nang Vé:
= ky thuat ghép kénh WDM
= mo6 hinh mang WDM
= phdn loai hé thong truyén dan quang WDM
= cdc thé hé mang WDM







Chuyén £2:  Mang truyen dan
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o Bdi hay nhim cung cap cho hoc vién cdc kién thuc
va ky ndng vé:
= t6hg quan van dé dinh tuyén va cap phdt busc séng
(RWA) tren mang WDM

= cdc mo hinh RWA finh (Static RWA)
+ Bdi todn thiét ké hinh thdi vat Iy (Physical Topology Design)
- Bdi todn thiét ké hinh thdi 40 (Virtual Topology Design)

= cdc mo hinh RWA dong (Dynamic RWA)
+ Dinh tuyén (Route Computation)
- Cap phdt buoc séng (Wavelength Assignment)
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Noéi dung trinh bay

0 Tng quan

o Cac mo hinh RWA tinh (Static RWA)
= Bdi todn thiét ké hinh thdi vat ly (Physical Topology
Design)
= Bdi todn thiét ké hinh thdi 40 (Virtual Topology
Design)
o Cdc mo6 hinh RWA dong (Dynamic RWA)
= Dinh tuyén (Route Computation)
= Cap phdt buéc séng (Wavelength Assignment)




3.1. Tong quan

0 Ky ’rhua’r ghep kenh quang WDM ’rrong mang quang da
nhanh chéng danh dugc su thira nhan nhu ld cong cu truyén
thdong ddp thg v6i nhu cau bdng thdng ngdy cdng tdng cia
ngudi dung.

o Trong mang dinh tuyén busc séng WRN, nguoi dung giao
tiép voi nhau thdng qua cdc kénh todn quang WDM, con
duoc goi la cdc lightpaths.

o Nhu vay, mot lightpath dugc s dung dé mang mot két noi
trén mang WRN. Né ¢é thé di qua (span) nhiéu ddy dan.

o Néu trén mang khéng cé trang bi cdc b chuyén d6i busc
séng, mot lightpath sé sir dung cling buéc séng trén tat ca
cac day dan ma né di qua; thuoc tinh nay duoc goi la rang

§ budc vé tinh lién tuc cliabudcsong (wavelenght continuity)

a ‘ R —— I




Mang dinh tuyéen buéc song WRN voi cdc
lightpaths

7 |
IIII
. Access node —= Lightpath on wavelength ;"'l

Oiptical switch Lightpath on wavelength A,




3.1. Tong quan

—e————

0 Nhu: vay VO’ImOT Tap cdc yeu cau ket ndi, van n dé ’rhle’r lap
cdc lightpaths boi dinh ‘ruyen va cap pha’r budc séng cho
moi két noi duoc goi ld van dé RWA (the Routing and

Wavelength-Assignment problem).
o Ching ta phan biét 3 loai yéu cau két noi: tinh (static),
tdng cuong (incremental) va déng (dynamic) [3].
= V6i huéng ticp can finh, mot tap cdc két noi la duoc ble‘r Truéc. Van
de la lam the ndo thiet lap dugc cdc lightpaths cho cac két nou nay
sao cho: 1oi thicu héa tai nguyén mang st dung nhu s6 buéc song S0
ddy dan Tren mang; hay t6i da s6 ket noi cé the thiet lap dugc néu

s budc séng dugc cho trudce co dinh. (hudng tiep can ndy cé tén goi
khdc la vin d& SLE (Static Lightpath Establishment problem))
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3.1. Tong quan

. Vi huong Tlep can tang cuong, cdc yeu cau ke’r n0| déen
lien tuc. Mot |i h‘rpa’rh duoc thuc hién cho mdi yéu cau
két noi den va cdc lightpath hién tai khdc trén mang la
khong xdc dinh duoc.

= Véi truong hop dong, mot lightpath duoc thiét 1ap cho
moi két noi khi cé yéu cau va lightpath nay s& dugc giai
phdng sau mot khoang thoi gian hitu han. Su khac biet
co ban ¢ day la cac I|gh’rpa’rh duoc quan ly.

" Muc dich cua husng ‘nep can tdng cuohg va dong la thiet
lap céc lightpaths va cap phat buéc séng sao cho toi
thicu xdc suat tac nghén (blockmg) do két noi khong
thiet 1ap duoc; hay 1‘0| da s6 ket noi ¢é The ThleT lap
duoc tai bat cu ldc ndo (hudng tiép can nay cé tén goi
khdc la DLE (Dynamic ngh’rpa’rh Es‘rabllshmen‘r)

}




Phat biéu bai todn RWA

o Vin dé RWA c6 thé phat biéu nhu sau:

= Cho mot tap cdc lightpaths can thiét lap trén mang va
rang buoc vé s6 budc séng cé thé st dung, ching ta
can xdc dinh duong (route) va buéc séng (wavelength)
cho cdc lightpaths sao cho 16i da s6 lightpaths cé thé
duoc thiét 1ap (hay toi thiéu s6 busc séng sir dung hay
toi thiéu xdc suat tic nghén vi khdng thiét lap duoc
lightpath)




o Cho: Y H a._
= Lightpaths = {AE, CD, ..} X I\HH

= Contraints = {AB(A, A5, ...),
AC(A,,..), ..} e I\ Hf}:\\}{
o Muc dich: OXC

= (1) thuc hién tat ca cdc lightpaths sao cho so budc séng
sir dung t6i thiéu,

* (2) thuc hién tat ca cdc lightpaths sao cho s6 d¢ dai
du:ong di 16i thiéu,

= (3) t6i da s6 I|gh1‘paThs duoc thuc hién, thoa mdn rang
budc vé sé budc song/do dai duoc di cho trudc

.
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2 rang bujc cia van dé RWA

1. Rang buoc vé tinh lién tuc budc song (waveleng’rh
continuity): Mot lightpath phai st dung ctng
buéc séng trén tat ca cdc lién két (link/fiber) tir
hguon dén dich ma né di qua

2. Rang buoc vé tinh phén biét budc séng (distinct
wavelength): tat ca cdc lightpaths st dung cung
lién két (link/fiber) phai cé buéc séng khdc nhau.




Tinh phic tap cia bai todn RWA

o Xet mo’r mang WRN VO W budc song trén n mai lién
két (link/fiber), viéc tim kiém duong di (lightpath)
cho mot két noi (connection) s& tro thanh W bai
toan tim duong trén W hinh thai mang khdc nhau.

OXC

i




Chuyén doi buéc séng

0 Tuy nhlenr'ang budc v tinh lign Tuc bu:oc song co
thé dugce nGi long néu cdc bo chuyén doi budc séng
(wavelength converter) dugc st dung.

o Mot b chuyeén doi bude séng chuyén doi budc séng
cua tin hiéu quang dén tai cong vao thanh tin hiéu
quang c6 budc song khac tai cong ra.

o Nhu vay, viéc chuyén doi budc séng cho phép mot
lightpath st dung cdc budc séng khdc nhau trén
cdc lien két vat ly khdc nhau ma né di qua.

}
: I-_‘—'.","I




Vi du vé by chuyén doi buéc séng

hy Moo A,
lli'l.: .II‘-.-: .II.-.-E - = = _3 lli'l.:

.li-..:,: .|"'-.-3 .Ili-.-s e s o .li-..:_

(a) No conversion (b) Fixed conversion

. L L .
||'I.I. - - .II‘-.-I. II‘-.-] = i ll"l'
£ Fir = : o " = _— e i __.-.—_,. - =
.li-.': - * o .|"'-.-1 Py R :_-_-‘_- = 3 Fony
" = b - ._ L] = L = - o, - " =
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Céac loai chuyén doi buéc song

0 Chuyen déi day du buéc song (Full)
= Loai bé hodn todn rang buoc vé tinh lién luc budc séng
= Dua van d&¢ RWA thdnh van & dinh tuyén co dién
o Chuyén doi cé gisi han busc séng (Limited)
= Phirc tap hon khdng cé chuyén doi
= 50 lua chon tdng cap Ity thira véi so OXCs can thict phai
di qua => do phtrc tap cua van dé RWA do do ciing tang
theo tuong ng.




Vi du vé chuyén doi cé gioi han buéc séng

(A2->A3) ’ @
I (A2 fAs) 1

) 5




Chuyén doi rii rac (sparse)

0 VIeC ’rmng bi cac thiét bi chuyen déi buoc song
(day du hay cé gisi han) tdng hiéu qua mang, nhung
dong thoi cling tdng chi phi mang.

o Giai phdp: phdn bo cdc bo chuyén doi rai rdc, thay
vi trén tat ci cdc ndt mang
= => phdn bo cdc bo chuyén doi thé nao?
= Viéc phdn bo rai rdc hop ly cdc bo chuyéen doi day du

buéc séng trén cdc OXCs trong mang sé gidp tdng rat
cao hiéu qua viéc st dung cdc buéc sdng.




RWA finh (static)

o Hudng ‘rié can RWA tinh
= S& hiéu qua khi cdc yéu cau vé ket noi la biet trusc va
trang thdi (tinh trang) mang it thay doi
= Su dung cdc giai thuat off-line
* Muc tiéu la t6i vu héa cdch st dung tai hguyén cho cdc
ket noi.
o Phan loai bai todn RWA tinh
= Bai todn thiét ké hinh thdi vat ly PTD (Physical
Topology Design): t6i uu vi tri va loai tai nguyén
* Bai todn thiet ke hinh thdi a0 VTD (Virtual Topology
Design): cho mot tap cdc lightpaths can thict lap lau dai
(long-lived), hdy thiet lap hinh thai mang ao gitra cac ndt
bien sao cho né phu hop véi hinh thdi cia mét mang vat
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Bai todn thiet ké hinh théai vat ly PTD

o Bai todn thiet ke hinh thdi vat ly PTD la nham thiet ké va
xdy dung mot hinh thdi mang véi cac rang budc ve
= khd ndng cua cdc lién ket (ket noi) nhu s6 luong cdc kénh buéc séng
trén moi soi dan quang, hay/va kha ndng bang thong cua moi kénh
= 56 cohg chuyén mach cua méi OXC
= vi tri lap dat cua cdc thiet bi nhu bo khuéch dai (amplifiers), bo
chuyén doi (converters), bo chia tin hiéu (power splitters)
= dam bdo ton tai it nhat 2 tuyén (path) tdch biét gitta 2 OXCs bat ky
de phong truong hop OXC hay sg¢i dan quang hong
o Cdch tiep can thong thuong cia bdi todn thiet ké hinh thdi
vat ly PTD la bat dau tur xdy dung moét mang xuong song
(skeleton) va sau d6 bo sung thém cdc tdi nguyén khdc khi
can thiét. Su thanh c6ng cua viéc thiet ke hinh thai mang
vat ly do do phu thudc vao tinh chinh xdc cua viéc dy dodn
16i tiem tang doi véi-hinh.thdi-mang.dugc thiét ke.

)




Cac vi du bai toan PTD

0 Bcu ’rocm ‘rlm Vi ’rru Iap daT cac OXC [27]

=  "Cho mét so by dinh tuyén chuyen mach nhan LSRs (Label
Switching Routers) va mot tip cdac lightpaths cin dwoc thiet
lap gita cdc LSRs, hdy xac dinh mjt hinh rhq’i vit /)? (ma giita
moi cap nut luon ton tai 2 lién két) sao cho so chuyén mach
quang OXC diwgc sic dung ld it nhat nhung vin dim bio thiet
lip dwoc tit ci cdc lightpaths da cho.”
o Thuc chat, bai todn ndy la két hop cua ci bdi todn thiét
ké hinh thdi vat ly va hinh théi ao. Gidi phdp dugc d¢ xuat
trong [27] la sir dung giai thuat di truyén, lip di lip lai
trong khong gian hinh thadi vat ly va su dung giai thuat
heuristics cho viéc dinh tuyén va cap phdt busc séng
RWA. Két qua 1a, véi 1000 bo dinh tuyén LSRs va 10.000
lightpaths, phuong phdp-ndy-van.cé-thé giai duoc.
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Cac vi du bai toan PTD

0 Bcu ’rocm ‘rlm Vi ’rru Iap da‘r cac bo chuyen dou WC [11 28]

= “Cho mét so lwong vira dii cdc by chuyen doi buéc song
(khoing 30% trén tong so by chuyén mach quang OXC), hdy
tim vi tri toi wu cdc by chuyen doi WC duwoc lap dit (théa
man tinh trang hién thoi cia div liéu leu thong)'
o Cdch tiép can "tdng truong” (incremental) cé thé duoc st
dung va két qua thu duoc la gan t6i wu (thay vi la 16i wu).
o Bai todn thiét ké hinh thdi vat ly PTD thuc té la bai todn
khé béi vi phu thudc rat nhiéu rdng buoc nhu kha ndng va
s6 lugng cdc lién két, s6 lugng bo chuyén mach quang
OXC, vi tri lap dat cdc thiét bi, ... Viéc giam bot cde rang
budc sé& lam cho bai todn tré nén dé giai hon.

I
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N\ e V4 4 A \ lLe o

Bai toan thiet ké hinh thai 40 VTD

o Bai todn thiét ké hinh thdi a0 dugc phdt bicu nhu
sau.

= "Cho mét mang quang voi cdc lién két quang ket noi
cdc bo chuyén mach quang OXCs (tao thdanh mgt hinh
thdi vit ly) va cho mét tip cdc lightpaths cin thict
lip (s¢ tao nén mét hinh thdi do) giita cac nut bién,
hdy xdc dinh mé hinh két noi 1oi wu (ching han, 167
da so lighpaths dicgc thict lip).”

o RO rang, hinh thai 40 dugc tao ra sé bi rang budc
boi hinh thai vat ly bén dudi. Do vay, kho co theé
tim duoc loi giai cho hinh thai do két n6i hoan
toan.

)
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Bai toan VTD dugc xem xét duwdi goc
do do 'l'hl [3]

0 C'ha mof hmh thai mang vit ly dﬁw’c b/eu d/en dhedi
dang do thi ép( V.Ep), trong do V la tip cac OXCs va
Ep la cdc spi din quang két noi cdc OXCs. Cho mjt tip
cdac ligh fpa: ths can thiet lip T = [p, psd], frong do p
bicu dien 1o ong fii lwu leong dirgc cung cip va psd la sy
phén bo cdc tii leu heong. Muc tiéu ciia viec thict ké
hinh thdi o cé thé la:

= To/ thieu micc tat nghén toi da ciia mang, v6i mjt so rdang bujc
ve mat tai nguyén mang [9, 10].
= To/ thieu so ching (hdnh trink) trung binh cia cdc ligthpath
thiet lip dirgc
= Toi thicu d tré goi trung binh."
o Phuong phdp gidi cho bai todn trén cé theé la st dung huéng

tieép can lap trinh niuiéi % ﬁeiris’rics‘




Chia nhé bai toan RWA finh

o Bdi fodn RWA 1inhh cé thé duoc chia nho (vé mat
logic) thanh 4 bai todn thanh phan (gia st khdng
xét dén kha ndng chuyén doi buéc séng)

= Bai todn hinh thai (Topology): xac dinh cac lightpaths
gitta cdc cip ndt bién nguon-dich.

= Bdi todn dinh tuyén budc séng (lightpath routing): xdc
dinh lién két vat ly @ dinh tuyén cdc lightpath.

= Badi todn cap phdt buéc séng (Wavelength Assignment)
xac dinh budc séng cho moi lightpath.

= Bai ”roén‘ dinh tuyén luu lwrong (Traffic Routing): dinh
tuyén luong cdc géi tin giita cdc cip ndt bién nguon-dich.
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ai phap cho RWA finh

e — e g o =

o Cdc glal ThuaT heuristic Thong thuong deO’c chon
dé giai quyét bai todn RWA finh, nhu:

= Cdc giai thuat giai quyéet bdi todn lap trinh tuyén tinh
nguyén ILP (Integer Linear Programming)

= Cdc giai thuat chi giai quyét mot tap con trong 4 bai
toan con

= Cdc giai thuat nham vdo bdi todn thiét ké mot hinh thdi
mang ao len mot hinh thai vat ly cia mot mang hién cé




Cac giiai phap cho RWA finh

0 Ky ’rhua’r LP r'elaxcmon két hop VGi vnec Iam tron (roundlng)
[31]

o Trong ky thuat nay, cac rcmg budc nguyen dugc nai long dé
tao ra mot bai todn don gian hon ma cé thé giai duoc bing
mot phuong phap lap trinh nguyén ndo dé. Sau dé, mot giai
thuat lam tron s& dugc dp dung de thu duoc giai phap Cuoi
cling bao gom ca cdc rang budc nguyeén.

o Cdc giai thuat di truyen hay "simulated annealing” cd thé
dugc dp dung dé thu duogc cdc giai phap toi uu. Tuy nhién,
diéu khé khan la lam ‘rhe nao dé klem sodt duoc tinh dung
din cua giai phap cuoi cung doi voi cdc mang co kich thudc
I6n, boi vi 0 phiic Tap vé mat tinh todn cua giai phClJD

“simulated anneallng" la tang theo ham mii so vai kich
thuéc bai toan, do do khong ’rhe ap dung dou VGi khong gian
rong H(mnu’ - elaxart ) thé dan d 1C G

lma khé cé




Cac giai phap cho RWA ftinh

0 Gii Thua’r tham &n (gr'eedy) [33]

o Trong giai thuat nay, cac Ilgtha’rhs duogc tao giiia
cdc cip nut bién nham dé giam cdc yéu cau luu
lugng. Gidi thuat s& bat dau véi tinh trang mang
chua duoc thiét lap lightpath va sau dé lan Iu:crc
thiet lap tung I|gthaTh sao cho khéng vi pham cdc
ring buoc dd cho.

o Mot cach lam nguoc lai cting duoc de xuat trong
[34] trong dé mot mang véi tat ca cdc lightpaths
da duoc ThleT lap. Giai thuat sé lan lugc loai bo cdc
li ’rhpa’rh v6i luu lugng bé nhat sao cho cdc rang
buoc bi vi pham giam dan dén khéng.
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Cac gia phap cho RWA Tlnh

0 Hu’qng Tlep can heuristics [34, 35]

o0 Giai thuat bat dau voi mot hinh thdi mang logic ndo
dé (nham d&é trdnh giai bai todn con thir 1). Sau @6
sir dung cdc giai thuat dinh tuyén luu lugng trén
mot hinh thdi mang théng thuong dé giai bai todn
con vé dinh tuyén. Cudi clng la xdc dinh xem ndt
vat Iy nao sé chiu trdach nhiém ndt logic nao va lién
két vat Iy ndo s& duoc sit dung cho cdc lightpath
nao trong hinh thai mang.

}
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cac mé hinh RWA dong

Z—  — e

0 Pa diém cua mé hinh RWA dong (Dynamic RWA)
a:
= Cdc yéu cau ket noi den mot cdch ngau nhién trong suot
thoi gian hoat dong cia mang. ?
= Cdc tai n?.uyén kha dung cé thé du hoic khdng dé thuc
hién mot lightpath. ?
= Trang thai mang thay doi lién tuc bai su kién cac

ligthpath méi duoc thiét lap va cdc lightpath dang ton
tai dugc go bo.




cac mé hinh RWA déng

0 Véi cdc dac diém dé, mot yéu cau thiét Iap
lightpath cé thé du:qc dap tng hodc khong. Hon
nira, cdc giai thuat RWA dong ciing phai thuc hién
theo thoi gian thuc (real time). V6i yéu cau vé thoi
gian thuc hién thoi gian thuc va trong moi truong
luu lwong thay doi, cde giai thuat RWA dong do dé
phai that don gian. Thong thuong, nguoi ta chia bai
toan RWA dong thanh hai bai todn con:

= Badi todn dinh tuyén va

= Badi todn cap phdt buéc séng

}
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Cac buéc thuc hién mot giai thuat

0 Cac bu’(YC ’rhong Thuong ma mot g|a| ‘rhﬁa‘r RWA ’rhuc hlen
bao gom

1. Tinh s6 tuyén vat ly cé thé (kha dung) va sip xép chiing vao mot
danh sach.

2. Sap xép cdc busc séng kha dung thanh mot danh sdch khéc.
3. Bat dau tir dau moi danh sdch, lan luge tim kiém tuyén vat ly va
budc séng pha hop véi mot yéu cau ligthpath den.
o Vi cdach thuc hién nhu vay, su thanh cong cua giai thuat
RWA dong phu thudc vao:
= S0 tuyen vat ly cé thé (kha dung) va cdch xdc dinh ching

= Thir tu sip xép cdc tuyén va busc séng trong cdc danh sdch; va
cdch lay chdng tir frong danh sach ra.




Tinh toan tuyén (Route Computation)

T — T We—

o Trong cdc giai Thuat inh todn tuyén finh, cdc
tuyén la dugc tinh todn va sap xép doc lap véi
trang thai mang; va cac tuyen da dyoc tinh toan sé
duoc luu lai dé phuc vu cho viéc thiét lap cac
lightpath sau nay. Tuy nhién véi cdc giai thuat tinh
toan tuyen dong, cac tuyen dugc tinh todn va sap
xep chuyén bien theo trang thai hién thoi cia
mang; va cac gidi thuat RWA dong dugc thuc hién
tai thoi diém yeu cau lightpath den; va do do cac
hut mang can phai trao déi thuong xuyen thong tin
trang thai mang.

I
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Tinh toan tuyén (Route Computation)

o Co 3 cach tiép can cua cac giai thuat dinh fuyén :

o Véi giai thuat dinh tuyén tinh, moi cip ndt bién nguon-dich
duoc cap phat mot tuyen don. Mot ket noi duoc goi la tat
ngén néu khong cé buoc song nao kha dung.

o Trong giai thuat dinh tuyén luan phién c6 dinh (fixed-
alternate), k tuyen (k>1) dugc tinh toan cho moi cap nut
bien nguon-dich. Khi c6 mot yeu cau thuc hién ket noi, cac
tuyén sé duoc xem xét theo mot thu tu duoc xac dinh
trugc nao do va tuyéen dau tién cé buéc song kha dung sé
duoc chon cho viéc thiét lap lightpath. Yéu cau két noi sé bi
:rréi’r ngén néu khong cé buéc song nao kha dung trong ca k

uyen.

o Giai thuat dinh tuyén thich nghi la tuong tu voi giai thuat
dinh tuyen luan phien c6 dinh, nhung cac tuyen duoc tinh
toan phu thudc vao trang thai mang tai thoi diém co yeu

cau ket noi den. —

|




Tinh toan tuyén (Route Computation)

o Tiéu chuin dé chon ‘ruyen c6 thé Ia do dai ’ruyen
(chi phi), tuc la tong cdc trong so (chi phi) cua cac
lien keT vat ly (Chang han s6 chang, khodng cdch).
Véi cac giai Thua’r thich nghi, Trong so lién ket cé
the la muc tai hay mirc d6 tat nghén trén moi lién
két (chang han, so llgthaTh dang hoat dong
(active) trén moi lien két). Trong truong hop co
hhicu Tuyen kha dung doi V6i mot cap ndt bién
nguon- dich, cdc tuyén cé so kénh roi nhleu nhaT sé
dugc phan b6 & dau danh sach. Cach nay sé gidp
cdn bang tai trén tat ca cdc lien két. Giai Thuat k
tuyén ngin nhat do dé cé thé dugc sir dung.

I
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Cap phat buéc séng

o Bai ’roan cap pha’r buéc séng ’rhuc chat Ia bdi todn
sip xép cdc buéc séng trong danh sdch. Trong
truong hop tinhh, tha tu sip xép cta cdc buéc séng
trong danh séch la dua trén thu tu tim duoc cac
buéc séng kha dung. Cé 2 cdch dé chon busc séng
tir danh sdch:

= Chon ngau nhién mot buéc séng trong danh sach cac
buéc séng kha dung do6i véi mot tuyen dugc yéu cau ndo
do.

= Chon buéc séng kha dung dau tién trong danh sdch

)
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Cap phat budéc séng

0 Trong Tr'ucmg hcrp thich nghi, thi ’ru Sap Xep cua
cdc buéc séng trong danh sdch la dua trén tan
suat st dung, nhu s6 lién két ma mot budc séng
hién dang duoc sir dung, hay s6 két noi dang hoat
dong dang st dung mot buéc sdng:

= Phuong phdp most-used: cdc buéc séng dugc st dung
nhieu nhat s& dugc chon dau tién. Cdch tiep can nay lam
tang so6 budc séng su dung lai.

= Phuong phdp least-used: cdc buéc séng dugc su dung it
nhat sg du:qc ghon dau tién. Cdch tiép can ndy cdn bing
tai frong so6 tat ca cdc budc song kha dung; tuy nhién no
lam phan manh tinh kha dung cua cdac budc séng.

I




Cap phat budéc séng

. Phuong phap Mm Product (MP) phu:ong phap nay dugc
dp dung trong mang da lién két (multi-fiber) [14]. Muc
tieu cua phuong phdp MP la dong goi cdc budc song vao
trong cdc fibers, va t6i thiéu s6 fibers st dung trén
mang.

* Phuong phdp Least-Loaded (LL): Tuong tu nhu MP,
phuong phdp LL cling duoc thiét ké cho cdc mang da soi
quang (multi-fiber) [15]. Phuong phap LL chon budc
séng c6 kha ndng con du (residual) I16n nhat trén lién két
cé tai cao nhat doc theo tuyén p. Khi dugc dp dung
trong mang don soi quang, kha ndng con du hoic la 1 hay
0; do @6 giai thuat chon buéc séng cé chi muc thap nhat
v6i kha nang con du.
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Cap phat budéc séng

. MAX SUM (MS) Phu:ong phap MS [12] [16] duo’c dé
xuat cho mang da soi quang nhung né cling cé thé dp
dung cho mang don sgi quang. MS xem xét tat ca cdc
tuyén cé thé (cdc lightpaths hoic cdc tuyén dugce chon
truéc) trong mang va co6 ging t6i da kha ndng tuyén con
lai sau khi thuc hién lightpath.

o Dé cé thé van hanh duoc, cdc phuong phdp most-
used va least-used yéu cau théng tin todn mang;
do d6 thdng tin trao doi la tran ngap. Vi phuong
phdp first-fit, khong can phai ¢é thdng tin todn
mang nén khdng yéu cau trao doi nhiéu thong tin.

I
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Cap phat budéc séng

o Cdc phuong phap cap phat budc s¢ song dong (’rhuch

nghi) khahc nhu sau:

= Xdc dinh tap cdc budc séng kha dung va chon ngau nhién
mot budc song

= Néu tat ca cdc OXCs déu cé kha ndng chuyén doi buéc
séng, van dé cap phdt buéc séng la dé dang

= Neu mot vai OXCs st dung bo chuyén doi, mot buéc séng
doi véi mdi doan tuyen cé thé duoc chon giita cdc OXCs
cé kha ndng chuyén doi.




HleLl nang cua cac giai thuit RWA

0 Hleunangcua mot guau ThuaT RWA Thong Thuong
duoc do luong dua trén xdc suat tit nghén.

o Viéc tinh todn xdc suat tit nghén trén mang WDM
lubng 1& cuc ky khéa khan.

o Mot khdi niém fairness dugc dua vao dé phan énh
tinh bién doi ctia xdc suat tat nghén cua cdc yéu
cau lightpath giita cdc cip nidt bién khdc nhau, sao
cho su bién doi it twong ttng voi musc @6 cao cua
fairness.




Hiéu ndng cia cac giai thuat RWA

dong

0 Chung ta cé thé xem dai Iu:ong unfairness nhu 13 ti
lé xdc suat tat nghén doi véi tuyén dai so véi tuyén
ngin cua mot giai thuat RWA da cho: viéc tim kiém
tuyén dai ma thoa mdn rang budc lién tuc buéc
séng la rat khé.

o Viéc sir dung cdc bo chuyén doi budc séng do @6
anh huéng ddng ké dén tinh fairness; nguoi ta dd
chitng minh dugc rang, véi mot leong nhé cdc OXCs
c6 kha ndng chuyén doi budc séng (20-30%),
fairness cé the dat dén mot muc do 1ot nhat.

)
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Hiéu ndng cia cac giai thuat RWA

dng

o Dinh tuyen léch huong (Alternate routing) ¢ the
cai thi¢n dang ke hi¢u nang mang, theo nghia xdc
suat tat nghén va fairness.

o Cdc chinh sdch cap phdt buoc séng cling déng mo+

vai ro quan trong doi véi viéc cai thién mac do

fairness.
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3.5. Két luan

0 Balnay dd trinh bay céc kién thirc va ky nang vé:

= Khdi niém vé van @ dinh tuyén va cap phdt budc séng
(RWA) tren mang WDM
= Cac mo hinh RWA tinh (Static RWA)
- Badi todn thiét ké hinh thdi vat Iy (Physical Topology Design)
- Bdi todn thiét ké hinh thdi ao (Virtual Topology Design)
= Cac mo hinh RWA dong (Dynamic RWA)
+ Dinh tuyén (Route Computation)
- Cap phdt buoc séng (Wavelength Assignment)
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0 Bau nay nham cung cap cho hoc ;én Cac knen thirc
va ky ndng vé:

= Y&u cau veé viéc tich hop IP over WDM

= Tich hop IP over WDM dua trén quan diém Data Plane
+ IP Over ATM Over SDH for WDM Transmission
» IP Over ATM Directly on WDM
» IP Over SDH; Packet Over SONET
* IP Over SDL Directly Over WDM
» IP Over GbE Over WDM

= Tich hop IP over WDM dua trén quan diém Control
Plane

" GMPLS trong viéc tich hop IP over WDM




4.2. IP Over WDM—The Data Plane Perspective
42.1. IP Over ATM Over SDH for WDM Transmission
4.2.2. IP Over ATM Directly on WDM
4.2.3. IP Over SDH; Packet Over SONET
4.2.4. IP Over SDL Directly Over WDM
4.2.5. IP Over GbE Over WDM

4.3. Control Plane Integration
4.4. GMPLS



4. 1. Introduction

= _ R — ———

0 Differen’r—ppr'oaches have been proposed for the
smooth, fast, and reliable provisioning and management of
Internet services over the optical layer.

o The approaches can be categorized in three main areas:
= ones using the control plane only,
= ones using the management plane only, and
= ones combing the management and control plane approaches.

o Most of the research efforts are trying to benefit from
the control and signaling mechanisms of the control plane
approach in the optical layer, leaving the management
functions in a supportive/secondary role.
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4. 1. Introduction

o The basic idea adopted was to extend the
control and signaling mechanisms of the Internet
to the optical layer, delegating extra intelligence
to the optical network elements (ONEs).

o Such efforts, driven by different
standardization bodies, are among others the
ITU-T: automatic switched optical
network/automatic switched transport network
(ASON/ASTN), the Optical Interworking Forum
(OIF): optical user network interface (UNI) and
network to network interface (NNI) activities,
and the IETF: generalized MPLS framework and

correspondini irofocole.xianiions.




4. 1. Introduction

o Another m‘regr'a’rlon appr'oach would be p055|ble
through the extension of the telecom-style
network management approach to the IP layer as
a result of MPLS capabilities, which are similar
to the connection-oriented technologies.

o Insuch a case, the integration of the IP/MPLS
and WDM layers is mainly performed with
management means capable of performing
integrated provisioning of LSPs over optical
channels (lambdas), as well as integrated
multilayer fault and performance management.

I
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Network devices as data channels \

LSR

Router Router
Interface, m Interface
Net devices connected
OXC

with local OXC

oA ’ y -F
¥ A "l - : . v
S a\ ol m A
-- = - 3 g _-

- Figure 2.4: GMPLS enabled muitilayer router. -

111

11 3

111



4 2. IP Over WDM—The Data Plane

Perspective

o Different ecapsula’rlon meThodshave been

proposed for the smooth integration of IP over
WDM.

o The basic approaches are
= TP over ATM over SDH over WDM
= TP over ATM over WDM
= TP over SDH; Packet over SONET
= TP Over SDL Directly Over WDM

IP over GbE over WDM, and now IP over 10GbE over
WDM.




4 2.1. IP Over ATM Over SDH for
WDM Tr'ansmlssmn

o There are many flavors of IP over ATM (e g.,
classical IP over ATM, LAN emulation, and
multiprotocol over ATM). For Iong-haul transport
over WDM, the most standard transmission
format currently is to use the SDH frame.

o In the scenario of IP over ATM over SDH
encapsulation, IP packets are segmented into
ATM cells and assignhed different virtual
connections by the SDH/ATM line card in the IP
router. The ATM cells are then packed into an
SDH frame, which can be sent either to an ATM
switch or directly o a WDM transponder.

)
: I_""-r,"I




Example of IP over ATM over SDH encapsulation
for transport over a WDM network

e ‘/ STM16c/ATM interface
- 1]

324 WDM ring

OADM

QADM
S TN ATV STM16¢c
interface > 4 ierfaces
ATM
switch

STM16c/ATM IP
interface router




4.2.2. IP Over ATM Directly on

o It is possible to have a scenario where ATM cells
are transported directly on a WDM channel.
From an architectural point of view, this scenario
is the same as the previous one but the ATM
cells are not encapsulated into SDH frames.
Instead they are sent directly on the physical
Imedium by using an ATM cell-based physical
ayer.

o Cell-based physical layer is a relatively new
technique for ATM transport that has been
developed specifically fo carry the ATM
protocol; this technique cannot support any other

protocol except if t 'ofocols are emulated
‘over‘ AT




4.2.2. IP Over ATM Directly on

WDM

o Some benefits of using a cell- based interface
instead of SDH are:

= Simple transmission technique for ATM cells, as cells
are directly sent over the physical medium after
scrambling;

= Lower physical layer overhead (around 16 times lower
than SDH));

= As ATM is asynchronous, there is no stringent timing
mechanism to be put on the network.

o However, the drawbacks are that the overhead
(i.e., cell tax) is the same as for transport on
SDH, the technology has not been endorsed yet
by the industry, and this:fransmission technique




4 2.3. IP Over SDH; Packet Over

o Itis possuble to sumply use SDH forma’rs to frame
encapsulated IP packets for transmission over WDM,
probably using a transponder (wavelength adapter). It is
also possible to transport the SDH-framed IP over an
SDH transport network along with other traffic, which
may then use WDM links.

o SDH can currently be used to protect IP traffic links
against cable breaks by automatic protection switching
(APS) in a variety of guises. The line card in the IP router
performs the PPP/HDLC framing. The optical signal is
then suitable for transmission over optical fiber either
into an SDH network element, a neighboring IP router, or
a WDM transponder for further transmission.

)




Example of IP over SDH over WDM network
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4 2.3. IP Over SDH; Packet Over

o There are also different ’rypes s of IP over SDH
interfaces:

= VVC4 or concatenated VC4 fat pipes, which provide
aggregate bandwidth without any partitions between
different IP services that may exist within the packet
stream;

= Channelized interfaces, where an STM16 optical
output may contain 16 individual VC4s, with a possible
service separation for each VC4.

= The different VC4s can then also be routed by an SDH
network to different destination routers.




4 2.3. IP Over SDH; Packet Over

0 Theversnonof IP over SDH exammed »her'e uses.PPP
encapsulation and HDLC framing. This is also known as
POS or packet over SONET.

o PPP is a standardized way to encapsulate IP and other
types of packets for transmission over many media from
analog phone lines to SDH. It also includes functionality
to set up and close links (LCP).

o HDLC is the International Organization for
Standardization (ISO)-standardized version of SDLC, a
protocol developed by IBM in the 1970s. The HDLC
framing contains delimiting flag sequences at the start
and end of the frame and also has a CRC checksum field

for error control.

)
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4.2.4. IP Over SDL Directly Over

WDM

— = i —

o Simple data link (SDL) is a framing method proposed by
Lucent Technologies, Inc., and can replace HDLC framing
for PPP-encapsulated packets. Compared with the HDLC
frame, the SDL frame has no delimiting flag sequences.
Instead, the SDL frame is started with a packet-length
field. This is advantageous at high bit rates where
synchronization with the flag sequence is difficult.

o The SDL format can be inserted into an SDH payload for
transmission over WDM. The SDL format can also be
encoded directly onto an optical carrier:

Fi F
§ S Packet T CRC-16 Packet S §
f / 7

SDL header structure




4 2.5. IP Over GbE Over WDM

o The new GbE standard can be used to extend high-
capacity LANs to MANs and maybe even WANSs, using
gigabit line cards on IP routers, which can cost five times
less than SDH line cards with similar capacity. For this
reason, GbE could be a very attractive means to
transport IP over metropolitan WDM rings, for example,
or even over longer WDM links. Furthermore, 10-Gbps
Ethernet ports are likely to be standardized in the near
future.

o The GbE line cards may be used on IP routers only, or
fast layer 2 Ethernet switches may also be used to
network several IP routers together.

)
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Example of IP being transported over a

WDM ring with GbE framing
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4.3. Control Plane Integration

0 Con‘rrol plane (CP) is used in the In’rera‘rure ’ro refer' to the
set of real-time mechanisms and algorithms needed for
call or connection control. It deals mainly with the
signaling to set up, supervise, and release calls and
connections [1].

o The signaling protocols for connection setup, the routing
protocols supporting network discovery, and the
protection/recovery mechanisms are the most significant
features of the control plane.

o A significant element in the IP and optical integration is
the corresponding business model proposed by each
framework: overfay, peer and augmented.

)
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The overlay model/

o The rou’rmg algor'l’rhm Topology distribution, and
connection setup signaling protocols of the IP
and the WDM networks are independent.

o The overlay model is the one that allows an easy
migration from the existing situation to the
deployment of ONEs for the transport of the IP
directly over WDM.

o However, the implementation complexity of this
model is a burden, and it does not promote the
integration of the control plane of the IP and the
WDM networks.

-0 Only a formal request.is-passed from the client

0 lover to the servendiicesmEma
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The peer model

o The IP network has full ’ropologlcal view of the
|31'IC(1| hetwork and just a single routing
orithm instance is running in both the IP and
’rhe WDM networks.

o This model promotes the integration of the
control plane of the IP and the WDM networks
and is simpler in implementation, but its
operation is far more complex than the overlay.

o In addition, this model can work only in cases
where there is a single entity operating and
managing the IP and the optical administrative
domains.
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The augmented model

o This is a combination of the prevuous two models.

o Each layer has its own protocols; however,
routing information exchange is allowed between
the two layers.

o This model can be seen as the golden mean,
combining the advantages of the peer and overlay
model and minimizing their disadvantages at the
same time.

o Some of the most significant control plane
efforts on IP over optical area are reported
hereafter, and although such efforts are still
under developmen’r their.first results are being

g elborated. e,



MPLS - Multiprotocol Label Switching

o MPLS was developed as a means of introducing
connection oriented features in an IP network.

o In MPLS, a FEC is associated with a label which is
used to determine the output interface of an IP
packet.

= Tn IPv6, the label is carried in the flow label field.

= Tn IPv4-over-ATM, the label is carried in the VPI/VCI
field.

= Tn IPv4-over-Frame Relay, the label is carried in the
DLCI field.

= For Ethernet, token ring, and point-to-point

connhections runnin er protocol the label is
carried i




MPLS - Multiprotocol Label Switching

LLC Shim labd IP TCP
header header header headmr
S(1hity | TTL (8 hif)

Label {20 hits) ‘ CoS (3 hits)

o A label switching network consists of label
switching routers (LSR), which are IP routers
that run MPLS

o A LSR can forward IP packets based on their
labels, also carry the customary IP forwarding
decision based on t refix-of an IP addresses




MPLS - Multiprotocol Label Switching
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MPLS - Multiprotocol Label Switching

— = g — — e ———— — — = = = =

o Labeled IP packets within an LSR are served according to
their priority, carried in the CoS field of the shim header

o An IP router maintains different quality-of-service
queues for each output interface

- 0 Label switching model can be used to create a dedicated
‘r'ou‘re, kno



Generalized MPLS

0 GMPLS [6] extends MPLS to o‘rher ’rypes of hon-
packet based networks

o The GMPLS architecture supports the following
types of switching: packet switching (IP, ATM,
and frame relay), wavelength switching, port or
fiber switching, and time slot switching.
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Generalized MPLS
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Generalized MPLS

o A GMPLS LSR may support the following five
interfaces:
= packet switch interfaces: IP header or shim header
= layer-2 switch interfaces: frame/cell header
= time-division multiplex interfaces: data's time slot
= lambda switch interfaces: lambda
= fiber switch interfaces: port




Generalized MPLS
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Generalized MPLS (3)

0 TheGMPLS suppor"rs the peer model and The over'lay
model

o downstream on-demand label allocation

o Explicit routing is normally used, but hop-by-hop routing
can be also used.

o CR-LDP and RSVP-TE have both been extended to allow
the signaling and instantiation of lightpaths.

o The interior gateway protocols IS-IS and OSPF have
been extended to advertise availability of optical
resources

o A new link management protocol (LMP) has been
developed to address issues rela’red to the link




GMPLS peer model

GMPLS




GMPLS overlay model
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4.5. Két luan

o Bai nay dd trinh bay cdc kién thic va ky nang vé:
= Y&u cau veé viéc tich hop IP over WDM

= Tich hop IP over WDM dua trén quan di¢m Data Plane
» IP Over ATM Over SDH for WDM Transmission
» IP Over ATM Directly on WDM
» IP Over SDH; Packet Over SONET
» IP Over SDL Directly Over WDM
+ IP Over GbE Over WDM

= Tich hop IP over WDM dua trén quan diém Control
Plane
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o Bai nay nham cung cap cho hoc vién cdc kién thic
va ky ndng vé:
= vi sao mo hinh chuyén mach géi quang duoc dé xuat
= mot s6 md hinh chuyén mach géi quang tiéu biéu
= nhitng can trs doi véi su phdt trién caa mé hinh chuyén
mach gdi quang




Noéi dung trinh bay

5.1. In’rroduc’rnon
5.2. Optical Packet Switching Fabric

5.2.1. The principle of wavelength routing
switch (WRS)




5.1. Tfmg quan

0 Khong 9|ong nhu mang ky ThuaT chuyen mach kénh (curcun’r)
WDM, chuyén mach géi quang OPS (optical packet
switching) van dang giai doan phdt trién. Mic du dd cé cdc
thuc nghiém dugc thuc hién & mot s6 du dn cap dai hoc hay
cong ty [8]-[10], OPS van phu thuoc vdo mot s6 thanh phan
(thiét bi) ma hién nay van chua dugc hodn thién.

0o OPS cé cdc uu diém khdng thé phii nhan khi so sdnh véi
chuyén mach géi dién: Tha nhat, né loai bé hodn todn cdc
gioi han vé vat ly doi véi viéc két noi da bo xir Iy véi mot s6
lwong I6n cdc nguon nudi. Tha 2, né loai bs hién tuong
xuyén nhiéu di¢n tir von cé trong cdc he ’rhéng truyén théng
dién t6c do cao, ma diéu ndy thdng thuong gdy ra tap am

(crosstalk) frong duong ‘rr'uyen

)




o C6 2 so do WDM va TDM du:oc de XUaT dm v6i OPS :
= Vi chuyén mach géi TDM, viéc cdi dat toc d6 géi cao ngam hiéu

rang can phai su dung cdc chuyen mach t6c d6 cao. => yéu cau cdc
cong quang, thay vi cdc cong dién.

= V6i chuyén mach géi WDM, kha ndng mang thdng tin cua cdc buésc
séng tai cdc cong vao cling nhu cdc cong ra dd lam giam nhe cdc yéu
cau chuyén mach cao. Chuyén mach géi WDM do dé san sang ket
hop véi tang dién (electronic-layer) ma ¢ d6 cdc xir ly dién cé the
thuc hién véi toc do cao.

o Vi quan diém nhu vay, chuyén mach quang WDM duong
nhu 16t hon TDM, tuy nhién né van yéu cau mot so6 loai
thiét bi dang trong giai doan thir nghiém nhu cdc by dem
quang (optical buffering) [8].
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0 Fur"rhermor'e ‘the abnluTy to switch OPTICC(l
packets rather than whole wavelengths has got a
significant advantage:

= With the help of buffering, the ability of packing

wavelengths directly at the optical layer obviously
improves bandwidth efficiency.

= From a general system overview, adding a faster level
of time-domain multiplexing beneath the electronic
layer indeed increases aggregation efficiency.
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0 Ac’rually breakmg down waveleng'rhs into smaller
controllable entities (i.e. optical packets) adds a
new level of granularity between electronic
networks and wavelength switched transport
networks.

WDM optical packet switching can hence be
viewed as a layer where fast changing
connections are managed without affecting
underlying wavelength circuit pipes. In other
words, as it is the case in electronic networks,
optical packet and circuit switching, rather than
being mutually exclusive, are complementary.
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o As shown in Flgure each swn’rchmg level correSponds toa
specific granularity. Besides, the network should be able
to assign different connection sizes depending on the
customer needs and data processing capabilities.

o The separation of the path setting and forwarding
functions in ATM, and more recently in MPLS-enabled IP,
optical packet switching makes a promising candidate to
support the multiple routing algorithms transparently.
This implies processing labels (IP) or virtual circuit
identifiers (ATM) at the optical layer, using optical label
switching (OLS).
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5.2. Optical Packet Switching Fabric

See———— e =

o Most optical packet schemes have proposed
splitting large data entities into equal optical
packets. All switching methods presented here
deal with fixed-length packets that use the same
wavelength for payload and header.
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0 Apacéis composed of the héader,con‘raining
mainly destination and control information, and
the payload.

o The three key functions of a packet switch are:

1. directing incoming packets to the appropriate outputs
(actual switching)

2. holding up packets to prevent their collision
(buffering)

3. updating the header according to the switching
algorithm, if necessary.

I- _""-ra—"I -




o The OPTICCll devices performmg those functions
are controlled electronically. It is important to
mention that electronics need only operate at
the packet rate.
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As shown in Figure, an optical packet switching node has
generally three sections: the lr%pu’r and output interfaces,
and the switching section itself.

Packets entering the input interface are split among the
electronic and optical sections.

The cop¥ entering the electronic section provides header
information to the switch. That information is used to
determine the packet's position in the optical section, as
well as its destination.

Meanwhile, the copy of the same packet entering the
optical section is delayed by the amount of time
necessary for electronic processing of the header.
Packet position information from the electronic section is
used by the optical synchronization module to align the
packet in time, relative o the master clock.

B
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0 Therefore ‘the mpu’r interface creates a synchronous
packet flow at the input of the switching fabric and
provides the electronic switching controller with
necessary destination and packet position information.
That information is used by the switch controller to
operate the optical components in the switch fabric so as
to switch and buffer the packet correctly.

The output interface performs such functions as power
level ad justment, signal shaping, header updating and
insertion, and wavelength allocation, if necessary.

Hence, at each time-slot, packets are switched from one
wavelength to another. That means that packets should
be somehow demultiplexed in wavelength before entering
a packet switch.
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traffic of each fiber enters a WDM demultiplexer [10].
Packets of the same wavelength enter the same switching
plane. That architecture requires as many switches as the
number of wavelengths used in the system.
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The principle of wavelength routing

switch (WRS)

o The switch fabric per‘for'ms the
two main functions of an optical
packet switch, namely switching
and buffering.

o Tunable wavelength converters

ka

$ 4

(TWC) convert incoming o . SN

S Y / Passive
packets to wavelengths I\ / Coupler
corresponding to fixed output N H"-:g., o 7L
filters, thus accomplishing the | — A0y .

switching function.

o Then an active demultiplexer
directs the packet to the
corresponding delay line,
representing delays from O to
d pGCkeT durations. = Fixed Filter

= Tunable Wavelength Converter

= Active Demultiplexer
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The electronics controlling the TWCs and active
demultiplexers ?’rhe shaded components) insures the
arrival of a single packet per wavelength and per time-
slot to the passive coupler.

That being done, the fixed filter at each output allows
only the packet destined for that particular output and
time-slot to leave the switch.

In addition, control electronics implement the system's
routing algorithm and optimize switching, while insuring
that no two packets of the same wavelength enter the
same buffer simultaneously.

The active demultiplexers are generally a combination of
passive couplers and semiconductor optical amplifier
(SOA) 3a’res, but arrayed waveguide (AWG) devices can
be used to achieve the same functionality. Buffers are
either optical fiber delay-line:memories or components
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Broadcast and Select Switch (BSS)

Figure depicts a i A
broadcast and 1 1 ’
select packet . — N >¢Z 5
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0 AII the packe‘rs are then combined cmd SphT over all the

b+1 delay-lines. Hence, each output block receives a copy
of all incoming packets with all possible delays.

Packets then go through a first gate bank that selects
the right time-window, or the right packet delay, thus
accomplishing the buffering function. At this point,
output ports have selected a time-slot containing at most
one packet at each wavelength.

Those packets go through a second bank of gates with
fixed filters. By controlling the gates so as to select a
unique wavelength, the electronic layer effectively maps
the output port to a specific input packet, thus achieving
the switching function:
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Broadcast and Select Switch (BSS)
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Multiwavelength Loop Switch (MLS)

= =

o The last swi’rcing fabric example presented
here is the multiwavelength loop switch (MLS),
described in Figure.
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In an MLS mul‘nple packe’rs are s’ror'ed ina smgle fiber
loop on different wavelengths. Electronics control the
input TWCs, the output tunable filters, and the amplifier
gates inside the loop.

Before entering the loop, TWCs convert every incoming
packet to a wavelength different from the wavelengths
already present in the loop.

At each rotation, packets split into two: one copy remains
in the loop while the second copy is split among the
output funable filters.

If those filters are not tuned to that specific packet
wavelength, the exiting packet copy is lost.
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The copy remaining in the loop is further split and can
only pass through the fixed loop filter corresponding to
its wavelength, then through the amplifier gate following
It

At this stage, the gate should theoretically allow the
packet to loop indefinitely.

All the splitting the packets undergo is compensated by
an EDFA at each loop rotation.

If one of the output filters is tuned to a given packet's
wavelength, that packet would leave the switch at that
output.

The copy of the packet remaining inside loop should
simultaneously be blocked by the amplifier gate, hence
freﬁinTg the packet's wavelength for a new incoming
packet.

B
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o In the MLS archl’rec’rure mappmg mpu‘r to output
ports (the switching function) is done in
coordination between TWCs and tunable filters,
whereas the delay for each packet (the
buffering function) is determined by the action
of the tunable filters and the amplifier gates.

o WDM is crucial for both functions. The resulting

architecture is flexible, for it allows multicast
connections. However, repeated packet splitting
and amplification are the sources of physical
limitations.
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5.5. Két luj

o Bai nay da trinh bay cac kién thic va ky nang Vé:
= vi sao md hinh chuyén mach géi quang duoc dé xuat
= mot s6 md hinh chuyén mach géi quang tiéu biéu

= nhitng can tré doi voi su phdt trién caa mé hinh chuyén
mach goéi quang







Chuyén &2:  Mang truyén dan quang
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0 Bau nay nham cung cap cho hoc ;én Cac knen thic
va ky ndng vé:

= Tong quan vé mang chuyén mach chim quang
= Kién trdc va nguyén tic hoat dong ctia mang chuyén
mach chum quang
+ Bo dinh tuyén bién
- Bo dinh tuyén I3i
» Cac hoat dong trén mang OBS
= Cdc van dé khdc cia mang OBS




Noi dung trinh bay

0 Tong quan vé mang chuyen mach chum quang
o Kién trdc va nguyén tic hoat dong mang chuyén
mach chum quang
= Bo dinh tuyén bién
= Bo dinh tuyén I3
= Cdc hoat dong trén mang OBS
o Cdc van dé khdc ciia mang OBS




6.1. Tong quan

0 Mang chuyen mach cham quang OBS [15] le:O’C thiét ké dé
dat duoc cdn bing (thoa hiép) gitta mang chuyén mach kénh
quang WR va mang chuyén mach géi quang OPS.

o Trong mang chuyén mach chum quang, cdc burst dit liéu,
bao gom nhiéu géi tin IP, dugc truyén todn quang qua mang.

o Mot géi tin diéu khién BHP (burst header packet) duoc
truyén @i truéc mot khoang thoi gian offset (hinh v&) dé
cau hinh cdc ndt doc theo duong di tir nguon dén dich.
Khoang thoi gian offset nay du cho phép géi tin diéu khién
cé the xur ly va thiet 1ap cdc chuyén mach truéc khi burst
dit liéu dén. Vi vady mang chuyén mach chim quang khong can
dén cdc bo dém dién tit hay bo dém quang.
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M6 hinh truyén dir liéu ciia mang chuyén
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0 Bang visc danh trudc tai nguyen Trong mot khodng
thoi gian nhat dinh hon 1d danh trusc tai nguyen
trong khoang thoi gian khong gisi han, tai nguyen
cé thé duogc phan bo mot cdch hiéu qua hon. Vi vay
chuyén mach chlim quang khic phuc dugc mot vai
han ché trong cdch phan bo tai nguyén finh dién ra
trong mang chuyen mach kénh.

Hon thé nita, vi dit lidu duoc Tr'uyen trong fung
chum (bur'sf) 16N, chuyen mach chim quang giam
dugc nhitng yéu cau ve cdng nghé doi véi cac bo
chuyén mach quang nhanh cén thiét dbi vsi chuyén
mach goi quang.
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So sdnh giira cdac cong nghé chuyén mach

todan quang

Cong nghé Tan Mtc | Yéucau | Chiphixir| Kha ning
chuyén mach | dung tré toc do ly /dong | thich nghi
guang bang | trong | chuyén b0 hoa vo1 luu
thong | caidat| mach luong mang
Chuyén Thap Cao Cham Thap Thap
mach kénh
Chuyén ca0 | Thap | Nhanh Cao Cao
mach goi
Chuyén cao Thap | T.Binh Thap Cao
mach chum

el




6.2. Kién tric va nguyén tic hoat dong ciia

mang chuyen mach chum quang

o Mot mang Chuyen mach chim quan OBS baogom
nhitng nat chuyén mach chim quang lién két voi
nhau qua cdc sgi quang.

o Mdi sgi quang cé kha ndng chuyén ché nhiéu (kénh)
buéc sdng.

o Mot ndt trong mang OBS cé thé la ndt bién hoic
ndt 16i .
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Kien trdc mang chuyén mach chim quang
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Nt bién chiu trdch nhiém két hop nhiing géi tin thanh
burst, va lap lich cho burst dé truyén tai trén cdc kénh
buéc séng & cong ra.

Nhiing ndt [8i chiu trach nhiém chuyen mach cac bursttu
cong vao 16 cong ra dua trén nhitng géi tin diéu khién va
xtr Iy cdc tranh chap burst.

NUt bién vao cé the ket hop nhiing géi tin dén tur nhiéu
nguon khdc nhau trong mot burst.

Burst dd tap hop dugc truyén frong mdi truong todn quang
qua nhirng bé dinh Tuyen 161 (OBS router) ma khong can bat
ky luu trir nao tai cdc ndt trung gian.

Nut bién ra nhan burst, tach burst thanh nhitng goi tin
ban diu va chuyén chiing t6i dich.
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So do chirc nang OBS

Mang OBS
Gai tin A
diéu khién &7 —-——
== R == & &7
> ang IP
urst
dir liéu
1L/
Nut bién vao o B
/ Nat bién ra
N\
- Tap hop burst Nt I5i .- Tach burst
- Binh tuyen va gan - Bao hiéu - Chuyén goéi tin
buéc song

- Lap lich nut 16i
- Giai quyét tranh
chép

- Lap lich nut bién




6.2.1. By dinh tuyen 16i

0 M0| nat 157 c6 mo’r bo dinh ‘ruyen 15 Bodmh ’ruyen 13i (bao
gom mot chuyen mach quang OXC (Optical Cross-Connect)
va mot don vi diéu khién chuyén mach SCU (Switch control
unit).

o SCU tao va duy tri bang thong tin chuyén tiép va chiu
trach nhiem cau hinh OXC. Khi SCU nhan mot géi tin diéu
khien, né xdc dinh dich du dinh va két hop véi bo xir ly bdo
hiéu cua bo dinh Tuyen (router) & +im cong ra.

o NEu cong ra cé sin khi burst dit lieu den, SCU s& cau hinh
OXC d¢ cho _phép burst dit liéu chuyen qua. Néu cong ra
khong san sdng, thi OXC s& duoc cau hinh phu thudc vao
chmh sach xu Iy tic nghan dd thiét lap.

o Trong fruong hop burst dit liéu dén OXC truéc géi diéu
E khién, burst dé s& bi.rat.
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B¢ dinh tuyen 16i OBS
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6.2.2. B dinh tuyén bién

(o) CéC nle blén dll'Q’C Bo tap hop burst (BA)
trang bi cac bo
dinh tuyén bién.

o Bo dinh tuyén bién

Burst di liéu

S s—

Hang dgi goi tin

thuc hién cac chuc } = s:Liplich
ndng nhu phan loai - — R M dun
truge géi tin, dua |, || L= L, LR
goi tin vao bo dém, © C—— :
tap hop gdi tin o b=
thanh burst va =
tach burstthanh : — \
cdc goi tin riéng. o —| PI——=2I
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6.2.2. B dinh tuyén bién

0 Nhung chinh sdch ‘rap hop burst khdc nhau nhu chinh sdch
dua trén ngudng kich thudc burst (length-based) hay dua
trén nhgudng thoi gian (timer-based) dugc st dung dé tap
hap goi tin dit liéu thanh burst dé goi di trong mang quang.

o Kién trdc cua b dinh tuyén bién bao gom mot bo dinh
tuyén (Routing Module), mot bo tap hop burst (Burst
Assembler), va mot bo lap lich (Shea’u/er) Bo dinh ’ruyen
lua chon cdng ra thich hop cho mdi géi tin va goi mdi goi
tin t6i bo tap hop burst tuong u:ng

o Moi b tap hop burst ket hop cac géi tin cung huéng téi bo
dinh tuyén bién ra cy thé thanh mot burst. Trong bo tap
hop burst, cé mot hang doi gdi tin cho moi 16p Iu:u lugng
mang. Bo lap lich phat bur‘ST di dua trén ky thuat tap hop

, burstva truyén burstqua cong ra du dinh.
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6.3. Cac van dé khac ciia mang chuyén

mach chum quan
o Labeled OBS

o Multicasting in OBS
o TCP over OBS




Labeled OBS

o How an op‘rlcal burst-switched network will
inferact with the IP layer:

= two layers can be implemented independently
= a common control plane is shared by the two layers
o Inorder to reduce management costs, it is

possible to implement OBS within the framework
of GMPLS

= label-switched paths (LSPs)
» |abel-switched router (LSR)




Labeled OBS

o The establishment of an LSP requires the
maintenance and distribution of topology and
state information:

= open shortest path first (OSPF): sending hello
messages and flooding link-state advertisements

o Routing in GMPLS can be :

= hop-by-hop routing: each node only knowing the next
hop node in the path

= explicit routing: routes for LSPs are determined by a
centralized entity
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Labeled OBS

o The sngnalmg for es’rabhshmg LSPs in GMPLS can
be done through protocols CR-LDP or RSVP-TE to
reserve resources and to configure the label
forwarding tables

= Tn packet-switched networks, each packet is assigned

a label at the ingress node, and is routed through the
network along a pre-determined label-switched path.

= Tn circuit-switched WDM optical networks, labels
correspond to wavelengths, and LSPs correspond to
lightpaths

= Tn optical burst-switched networks, labels are applied
to the burst header packets.

I
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Multicasting in OBS

— e e ————

o In pical networks, multicasting can either be
supported through the optical splitting of a
signal or through electronic duplication of data.

= In optical burst-switched networks requires the use of
optical splitters at nodes.




Multicasting in OBS

—e————

o Inan optical burst-switched network,
multicasting can be implemented by sending

= multiple unicast bursts: a separate copy of a given
burst is sent to each of the multicast destinations.
- simple and not require optical splitters at each node
* not efficient in terms of bandwidth utilization
= a burst along a multicast tree: each multicast session
can either have its own specific multicast tree, or
multicast sessions may share a set of multicast trees

a minimum-cost tree is should be found in order to minimize
the resources

* the bursts that are transmitted over the multicast tree can
be small, resulting in high overhead
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TCP over OBS

o When TCP is |mplemen’red over an op’rlcal burst-
switched network, a burst loss may result in the
loss of several TCP segments.

o However, the loss of a single burst does not
necessarily indicate congestion in the optical
burst-switched network.

o A false timeout (FTO): the timeout event of if
the loss of a single burst in the optical burst
switched network leads to a timeout event at the
TCP source, and if the optical burst-switched
network is not congested.

I
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TCP over OBS

o Several mechanisms for detecting FTOs and
avoiding slow start:
= In the first method, the TCP source must estimate
how many of its segments will be included in the same
burst.
- If the congestion window size is less than the estimated burst
size, then a timeout event is treated as a false timeout.
= Tn the second approach, the OBS ingress node informs
the TCP source of which TCP segments are included in
each burst.

* When a timeout event occurs, the TCP source can immediately
determine whether all segments were in the same burst or
not. If all segments were in the same burst, then the timeout
is treated as a false timeout event.
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TCP over OBS

" In a ’rhlr'd approach, “each burst header' packeT
contains information on the TCP segments contained

within the burst.

* When the burst is dropped, the dropping node will examine
the header and send a negative acknowledgement (NAK) to
the TCP source, indicating which TCP segments were lost. If
the TCP source determines that all segments in a congestion
window were contained within the same lost burst, then it will
interpret a timeout event as a false timeout.




TCP over OBS

o The advantage of detecting a false timeout is
that the TCP source can avoid entering the slow
start phase if a timeout event is caused by a
single burst loss rather than by network
congestion.

o A disadvantage of the second and third
approaches is that the OBS layer needs to know
about TCP segments, and the TCP layer needs to
be aware of bursts.
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1.5. Két luan

o Bai nay da trinh bay cac kién thic va ky nang Vé:
= Tong quan vé mang chuyén mach chim quang
= Kién trdc va nguyén tic hoat dong ciia mang chuyén
mach chum quang
+ Bo dinh tuyén bién
- Bo dinh tuyén 13i
= Cdc van dé khdc ctia mang OBS







Chuyén &2:  Mang truyén dan quang




0 Bau nay nham cung cap cho hoc ;én Cac knen thic
va ky ndng vé:

Khdi niém vé tap hop burst

Phan loai cdc giai thuat tap hop burst

M3d ta chi tiét cdc giai thuat tap hop burst
+ Tap hop burst dua trén ngudng d6 dai burst
- Tap hop burst dua trén ngudng thai gian
» Tap hop burst lai

Van dé chon ngudng
Giai thuat tap hop burst thich nghi




Noi dung trinh bay

7.1, Glm ’rhleu

7.2. Ky thuat tap hop chum dua trén ngudng do dai

7.3. Ky thuat tap hop chum dua trén ngudng thoi
gian

7.4. Ky thuat tap hop chim lai

7.5. Ky thuat tap hop chtim thich nghi




0 Tap hop burst 1 qua trinh Tap hop dit I|eu dén tir
|6p mang trén thanh cdc burst tai ndt bién vao cua
mang OBS.

o Khi géi tin dén tur I6p trén, ching dugc luu tai bo
dém dién dua tren dich va l6p dich vu cua ching.

o Ky thuat tap hop burst thuc hién dua trén mot vai
chinh sach tap hop.

E/Q
I
P/ATM / GbE (data) Control i
1 | | [ 1 Packet i
g ' T
TEE::;( NQresspe-------ecceceocnes D‘"i“"’ DEDS
eu:rESE(L o T e T e i o | g | Core
- - Burst i
|
|

‘ SONET ({voice)




o Hai Ky ’rhuaT Tap hop burst pho bién dua trén
ngudng kich thudc burst (length-based) va dua
trén ngudng thoi gian (timer-based).

= Trong ky thuat tap hop burst dua trén ngudng thoi gian,
mot burst dugc tao va goi vao mang OBS sau ting
khoang thoi gian déu din (timer).

= Trong ky thuat tap hop burst dua trén gia tri ngudng
kich thusc, mot gisi han (lenght) dua trén sé lugng 16i
da géi tin chira trong moi burst dugc dinh trudc. Do @6,
nhithg burst cé kich thusc ¢6 dinh s& duoc tao tai ndt
bien cua mang.
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o Cdc ’rhua’r todn tap hcrp burst cé thé du:oc phan
loai nhu sau:

= Dua trén ngudng thoi gian (timer-based).

= Dua trén ngudng do dai burst (size-based).

= Dua trén ca ngudong thoi gian va do dai burst (Aybrid).

= Thich nghi (adaptive) véi nhiing thay doi luong thong tin

dén.
[ Tap hop burst ]
|
| | | |
Nguong thoi Nguwangkich f :
gian thuéc Thich nghi
i i7p- Adaptive
(time-base) (size-base) EIZJ-I"I“IE}[SJZE Pase) [ 3 }




7.2. Ky thuat tap hop chum dua trén
hguong d¢ dai burst

o Thuat todn 1 ’rap hop burst dua trén nguong do dai
burstyéu cau mot tham s6 gid tri ngudng d6 dai
burst dugc xdc dinh truéc cho moi hang doi. Gia
tri ngudng chi dinh s6 leong géi tin duogc két hop
trong mot burst.

o Nhitng géi tin dén s& duoc luu trit trong hang doi
tai nat bién. Khi nqudng dat dén, mot burst dugc
tao ra va duoc goi qua mang.
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0 Thua’r todn nay khong dam bio vé ma’r do tré. Néu
luu lwong dau vao thap phai mat khoang thoi gian
dai dé gid tri nguong dat duoc; Tuy nhién néu luu
lugng dau vdo cao, gid tri hgudng nhanh chéng dat
duoc va sé toi thiéu duoc do tré.

o Vé6i phuong phdp tap hop burst dua trén ngudng,
tat ca cdc burst s& cé cling do dai khi di vdao trong
mang. Tuy nhién, khi mot burst dugc chuyén qua
mang 18i OBS, chiéu dai cua burst c¢é thé thay doi
dua trén nhitng chinh sdch vé giai quyét tranh
chap, nhu phan doan burst, xay ra tai l6p 19i.
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o Chiéu dcu bur'ST anh hudng dén ’rong S0 luong tranh
chap va so lugng mat géi trung binh trén tranh
chap.

* Doi v6i hhitng hgudng cao, burst s& dai va sg co it tranh
chap burst dién ra. Tuy nhlen khi ¢ tranh chap xay ra,
s6 lwong géi tin trung binh mat trén moi tranh chap sé
cao hon.

" Trong truong hop burst nhd, so lugng burst di vao mang
s& l6n va ket qua so lughg tranh chap cé thé dién ra s@
|6n; Tuy nhién so |u:0ng gbi tin bi mat trén tranh chap it.
o Vivay, can c6 su can bing gitra SO lugng tranh chap
va so lughg géi tin trung binh mat trén chap tranh,
=> canh Xdc dinh pham Vi gom nhu:ng gla tri ngudng

‘TOT nhat.sé




o Doi V6i ’rr'u:o’ng hc)'p ma co $ nhidu |0’p 90| tin dén
(CoS), mot ngudng don cé thé duge dp dung véi tat
ca g6i tin ma khdng can quan tém I6p géi tin, hoic
cdac ngudng khdc nhau dp dung cho cadc l6p géi tin.

0 C6 thé can nhiéu gid tri ngudng khdc nhau dé thoa
mdn do tré vé chat lugng dich vu (QoS delay) va
dim bao viéc mat mdt trén moi lop. Trong trudng
hop ndy, muc tiéu la tim ngudng toi uu cho mai l6p
géi tin nhu la yéu cau chat luong dich vu duoc ddp
ung.

I
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7.3. Ky thuit tip hop chum diwra trén

nguong thoi gian

o Ky thuat nay sir dung mo’r ‘rham s6 cho méi hang
doi la mot ngudng thoi gian T, , tuong tng voi hang
doi tha i. Bo d@ém thoi gian sé dugce bat dau ldc
khéi tao hé thong va ngay sau khi burst truéc dé

dugc lap lich goi di.




0 Ky Thua’r nay dam bao va : mat do Tr'e VOi IU’O’HQ tai
thap, & muac toi thiéu. Tuy nhién, déi véi luong tai
vao cao, thuat todn cé thé tao ra nhiing burst rat
lon.

o Tom lai ky thuat fdp hop chum diea trén nguong
thoi gian cung cap nhitng burst cé kich thusc ngau
nhién véi nhitng khoang thai gian c6 dinh. Thong
thuong gid tri bo dém thoi gian 1d hing s6 doi véi
tat ca nhitng hang doi.

I
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FAP (Fixed-Assembly-Period) [2]

o NGt OBS bign tap hop cdc g6i IP cé dich dén giong
nhau vao mot burst

= B1. Néu thoi gian timer chua hoat dong thi kich hoat
Timer;

= B2. Sip xép géi tin den vdo burst;

= B3. Néu timer dat dén ngudng, thi mot burst dugc hinh
thanh va ngitng timer; néu khong chuyén sang budc b2.

————— . -
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7.3. Ky thuit tip hop chum dwa trén

nguing dp dar bursf va nguong thoi gian

0 Mot vin d trong viéc tap hop burst I& lam cdch
hao dé chon nhiing gid tri ngudng thoi gian hay gid
tri nguong kich thudc thich hop khi tao burst
nhiam dé 16i thiéu kha ndng mat géi tin trong mang
OBS.

o Viéc chon lua mot gid tri ngudng ld mot van dé me.
Néu ngudng kich thusc qud thap, burst s& ngin va
tdng s6 lugng burst sinh ra trong mang. Hon nita,
s6 lugng burst cao sé dan dén s6 tranh chap cao,
nhung s6 lugng géi tin bi mat trung binh trén mot
tranh chap la it.




o Néu thoi gnan chu hmh lai viec chuyen mach |& dang
ké thi viéc tao ra cdc bursT hgan sg dan dén viéec
khai thdc mang thép vi chi phi thoi gian cho
chuyén mach cao doi véi mdi burst dugc chuyén

mach (duoc Sap Xép).

o Nguoc lai, néu nhgudng kich thusc cao, burst s¢ dai
va tong so burst di vao trong mang s& giam. Do do,
so lugng tranh chap trong mang giam so voi truong
hop burst ngan Tuy nhién, s6 géi tin mat trung
binh trén moi tranh chap s€ tang.

o Tém lai, can c6 mot su can bang gitra so lugng
tranh chap va s6 luong trung binh géi tin mat trén

R



Hiéu qua cia lwong tii trén nhitng ky thuat ket

hop bo dém va nguing
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o Dbi voi ’rru:ong hop cdc géi tin cé cdc mng budc
QoS, nhu la rang buoc do tré, gidi phap tot nhat I
giai thuat tap hop burst dua trén ngudng thoi glan

o Viéc su dung dong thoi gid tri ngudng thoi gian va
ngudng kich thusc s& mang lai hieu qua t6t cho hé
thong va tao ra burst linh dong hon la chi dua trén
mot trong hai gid tri nguong trén.

0 Bang viéc tinh todn gid tri ngudng ’rou uu, dua tréen
tinh todn chicu dai burst toi thiéu va dua trén sai
so do tré cua géi tin, ching ta s& giam Thleu duoc
su mat mdt gaoi tin ’rrong khi thoa mdn yéu cau do

tré.
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Fixed-Time-Min-Length Burst Assembly [9].

0 Giai Thua’r ’rap hop burst dua trén do dai burst t6i
thiéu va gisi han thai gian ¢6 dinh:
" su dyng mot tham o thoi gian co dinh lam chuan chinh

va yéu cau mdi burst phai cé kich thuoc I6n hon mot do
dai toi thiéu.

= B1. Néu thoi gian timer chua hoat dong thi kich hoat
Timer;

= B2. Sip xép géi tin dén vdo burst;
= B3. Néu timer dat dén ngudng,

+ B3.1: néu d6 ddi burst < d6 dai t6i thiéu, bo sung thém cdc dit
lieu don; chuyén sang buoc B3.2.

+ B3.2: hinh thanh burst va ngiing timer;
= B4. Néu timer chua dat dén ngu:cmg chuyén sang buéc




Fixed-Time-Min-Max-Length Burst Assembly [9]

o Giai ’rhua’r ’rap hO’p burst dua trén khoang do dcu burst
[min, max] va gi¢i han thoi gian c6 dinh
= sir dung mot tham s6 thoi gian ¢6 dinh lam chuan chinh va yéu cau
moi burst phai cé kich thusc trong khoang [min, max].
= B1. Néu thoi gian timer chua hoat dong thi kich hoat timer;
= B2. Sap xép géi tin dén vdo burst;
= B3. Néu timer dat dén ngudng,
- B3.1: néu do dai burst < do dai t6i thiéu(min), bo sung thém cdc dit licu
don; chuyén sang budc B3.2;
» B3.2: hinh thanh burst va ngirng timer;
= B4. Néu dat &n ngudng do dai burst t6i da (max), hinh thdanh
burst va ngung timer;
= B5. Néu chua dat deén ngudng timer hay ngudng do dai burst 16i da
(max), chuyén sang buéc b2.




7.5. Ky thuit fdp hop chum thich nghi

0 Nhuoc diém chinh cia nhithg ’rhua‘r todn ’rap hop
burst tihh ld chdng doc lap véi nhitng thay doi cua
luu lrong mang dén va vi vay chidng khdng hé cé
mot phan ting ndo khi ¢é nhitng thay doi cua luu
lugng mang.

o Vi vay can xem xét nhitng thuat todn tap hop
burst cé kha nang thich nghi dé giai quyét tinh
trang nay.
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0 Giééﬁy doi ngudng ﬂ;gi _g_ian C) Hdc‘li
burst thich nghi véi nhitng thay d6i cua luu lugng
mang [2]

. AvgBL; X N
Time Threshold.=xx .
‘ Bandwidth
AvoBL, 1f AveBL. = [ % E[ L
Size threhold. = { g8l Y AvgBL;>p [. d
‘ X E[L,] ngwgc lat

AvgBLi la chiéu dai burst trung binh trong hang doi i,
N ld s6 luong hang doi
Bandwidth la bdng thdng cua lién két.

5 * p.ald nhiing hé s6 tap. <
R . E[Ln]k‘l%




o Gii thuat tap hop burst thich nghi AAP (The
Adaptive-Assembly-Period) [2]
AvgBL

Qsq < AP, . =min(RTO - RTT)
BandWidth = Channel f

AP 54 la Thoi gian tap hop burst cia hang doi gsd

= AvgBL la chiéu dai burst trung binh cua hang doi gsd
Channel : la s6 lugng buéc séng trén lién két.

= Bandwidth : la bang thong cia mot kénh

RTO: la thoi gian gisi han dé burst t6i dich.

RTT : la thoi gian hanh trinh cua goi tin.

f : ludng TCP.
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1.5. Két luan

o Bdi nay dd trinh bay cdc kién thic va ky nang Vé:
= Khdi niém vé tap hop burst
= Phan loai cdc giai thuat tap hop burst
= M0 ta chi tiét cdc giai thuat tap hop burst
» Tap hop burst dua trén ngudng do6 dai burst
» Tap hop burst dua trén ngudng thoi gian
» Tap hop burst lai

= Van dé chon ngudng
= Giai thuat tap hop burst thich nghi







Chuyén &:  Mang truyen dan

\
¢

, IrenImangTors




0 Balnay nham cung cap cho hoc ;én Cac knen thic
va ky ndng vé:

= cdc giai thuat bao hiéu
- one-way, two-way, or hybrid reservation

- source-initiated, destination-initiated, or intermediate-node-
initiated reservation

* persistent or non-persistent reservation
* immediate or delayed reservation

- explicit or implicit release of resources
» centralized or distributed signaling




Noéi dung trinh bay
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In’rroduc’ruon
one-way, Two-way, or hybrid reservation

source-initiated, destination-initiated, or
intermediate-node-initiated reservation

persistent or non-persistent reservation
immediate or delayed reservation
explicit or implicit release of resources
centralized or distributed signaling




Introduction

oA sugnalmg scheme is lmplemer;c—d in order to
allocate resources and to configure optical
switches for the burst at each node.

o The signaling scheme in an OBS network is
typically implemented using out-of-band burst
header packets.




Classification of Signaling

0
O
O
0

ohe- way ’rw way or hybr'ld r'eser'va’rlon

source-initiated, destination-initiated, or
intermediate-node-initiated reservation

persistent or non-persistent reservation
immediate or delayed reservation
explicit or implicit release of resources
centralized or distributed signaling




Signaling Framework

Direction Initiation Resource

One-way || Hybrid| | Two-way Source || Intermediate | | Destination | | Persistent | | Non-Persistent

Reservation Release Compuiatlon
I | | | I
[mmediate | | Delayed Explicit | | Implicit [ Centralized | | Distributed

1111

Figure 4.1.  Signaling Classification.




One-way, Two-way, or Hybrid

—llER———

o In one-way reservation

= the source node sends out a control packet requesting
each node in The route to allocate the necessary
resources and to configure their cross-connects

= the data burst is then sent out without waiting for an
acknowledgement

= it is possible that the reservations were not successful
and the burst is dropped.

= But, the data burst can be sent out sooner, thereby
reducing the end-to-end data transfer latency




One-way Two-way, or Hybr'ld

o In Two way reserva’rlon
= Signaling techniques are acknowledgment based

= The data burst is fransmitted only after the
acknowledgement is received

= These signaling techniques can eliminate the loss of
bursts in the OBS core, but will also lead to higher
end-to-end delay for each burst




One-way, Two-way or Hybr'ld

o In hybr'ld reservation

= a frade-off between one-way and two-way
reservations is to provide partial confirmation of
reservations.




Source-, Destination-, Intermediate-
Node-InmaTed Reser'vaflon

o Source- IanIClTed reservation (SI)

= the resources for the burst are reserved in the

forward path as the burst header travels from the
source to the destination.

= a confirmed reservation technique is used in which an
acknowledgment message indicating the reserved
wavelengths is sent back to the source

= it may cause of blocking (or data loss) because of the
lack of free resources

————— . -
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Source-, Destination-, Intermediate-
Node-Inma'red Reser'vafln

0 DCTIHGTIOH ||’r|a’red reserva‘rlon(DIR) _

= the source transmits a resource request to the
destination node to collect wavelength availability
information

= the destination node then will choose an available
wavelength (if such exists) for the appropriate time
interval, and send a reservation request back to the
source.

= The reservation request will traverse the intermediate
nodes, reserving the chosen wavelength for the
appropriate period of time

" it may cause of blocking (or' daTa Ioss) because of
outdated i |




Source-, Destination-, Intermediate-

Node-Im‘l‘laTed Reser'vaflon

0 m’rrmedna’renode initiated reserva’rnon (INI)

= the resources are reserved similar to DIR from the
source to some intermediate node, and similar to SIR
from the intermediate node to the destination node.

o to reduce the loss

= SIR techniques may reserve more than one (or all
available) wavelengths => lower performance due to
lack of resources.

= Tn DIR techniques, because the individual state
information received are not up-to-date the selected
wavelength may be taken by some other request

T




Persistent or Non-persistent

o When a resource blockmg emerges
= Persistent: waiting for blocked resource => buffering

= Non-persistent: a bound on the delay (minimize round
trip delay) is defined => deflection or re-transmission.




Immediate or Delayed Reservation

0 Immed iate reservation

= The channel is reserved immediately from the instant
that the setup message (BHP) reaches the node.

= Tt is simple and practical to implement, but incurs
higher blocking due to inefficient bandwidth allocation.
o Delayed reservation

= The channel is reserved from the actual arrival instant
of the data burst at that node.

= Tt is more involved, but leads to higher bandwidth
utilization.

= Tt also leads to the generation of idle voids between
the scheduled bursts on the data channels




Explicit or Impllcn‘ Release

0 Expllu’r release

= a separate control message is sent following the data

burst in order to release or terminate an existing
reservation.

* lower bandwidth utilization and increased message
complexity

o Implicit release

= the control message has to carry additional

information about the burst length and the offset
Time.

= better loss performance




Combinations

o four ca’rgoris of signaling techniques

= Tmmediate Reservation with Explicit Release,
= Tmmediate Reservation with Implicit Release,
= Delayed Reservation with Explicit Release, and

= Delayed Reservation with Implicit Release

Header

Burst

| Offset — P

T A
Immediate Delayed
Feservation Reservation

A

Implicit
Release

..... _+

Explicit
Releass

Figure 4.2. Reservation and Release Mechanisms in OBS.
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Centralized or Distributed

= g dedicated centralized request server is responsible
for setting up the route and assigning the wavelength

= more efficiently when the network is small and the
traffic is non-bursty

o Distributed

= each node has a burst scheduler that assigns an
outgoing channel for each arriving BHP in a distributed
manner

= suitable of large optical networks and for bursty data
traffic




1.5. Két luan
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o Bai nay dd trinh bay cdc kién thuc va ky nang Vé:

= cdc giai thuat bdo hiéu
* one-way, two-way, or hybrid reservation

- source-initiated, destination-initiated, or intermediate-node-
initiated reservation

* persistent or non-persistent reservation
* immediate or delayed reservation

+ explicit or implicit release of resources
» centralized or distributed signaling
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0 Bau nay nham cung cap cho hoc ;én Cac knen thic
va ky ndng vé:

= Tong quan vé ky thuat lap lich chim
= Cac ky thuat lap lich chum khdac nhau:
- Lap lich khdng lap day khoang tréng
- First Fit Unscheduled Channel (FFUC)
- Latest Available Unscheduled Channel (LAUC)
- Lap lich ¢é lap day khoang trong
- First Fit Unscheduled Channel with Void Filling (FFUC-VF)

- Latest Available Unscheduled Channel with Void Filling
(LAUC-VF)




Noéi dung trinh bay

0 Tng quan vé ky Thua’r lap |1ch cHum

o Cadc ky thuat lap lich chum khdac nhau:
= Lap lich khdng lap day khoang trong
First Fit Unscheduled Channel (FFUC)
Latest Available Unscheduled Channel (LAUC)
- Lap lich cé lap day khoang tréng

First Fit Unscheduled Channel with Void
Filling (FFUC-VF)

Latest Available Unscheduled Channel with
Void Filling (LAUC-VF)




8.1. Gid¢i thiéu

0 Kh| mo’r burst dén mot nit, nd phal duoc cap phat
mot budc song thich hop trén kénh ra. Muc dich
cta viéc lap lich, ngodi nhiam ddp tng yu cau bdng
thdng, con dé t6i uu hda bdng thang st dung.

o Lap lich kénh trén mang OBS khdc v6i trén mang
IP truyen thong. Trong mang IP, moi nidt trung
tam luu trit cdc géi tin dén trong cdc by dém dien
tir va lap lich ching trén cong ra mong muon.
Trong OBS, mdi khi burst dén tai mot ndt 18i, né
phai dugc gui t6i ndt tiép theo ma khdng cé mot
luu trit nao tuwong tu nhu cdac bé dém dién ti.
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o The obec‘rlve of schedullng s to minimize:

* The latest available unscheduled time (LAUT) or the
horizon: the earliest time at which the data channel is
available for an unscheduled data burst to be
scheduled

= Gaps: the time difference between the arrival of the
unscheduled burst and ending time of the previously
scheduled burst

= Voids: the unscheduled duration (idle period) between
two scheduled bursts on a data channel

I
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Ex. of LAUT Gap and Void

- = ———

Arriving Burst

LAUT,

Void | LAUT,

<«—» LAUT,




o Cdc c giai thuat lap I1ch duoc phan loai du:a trén y
tuong chu dao la co hay khéng lap ddy khoang
trong (void fill).

o Nhu md ta ¢ hinh v&, néu chidng ta chi xem xét viéc
Iap lich cua burst dén doi véi cac kénh D1 va D2,
giai thuat lap lich dugc xem xét la khong xét den
Viéc Iap day khoang Trong Nguoc lai, néu co xét
dén ca kénh DO va D3 thi giai thuat Iap lich duoc
xem xét la cé xét dén viéc Iap diy khoang tréng.

o Thuc 1¢, cdc khoang trong nay duoc sinh ra khi cé
nhiing bién thién quan trong vé mat do Iuong dix
licu IP dén tai mot ndt bién vdo OBS, ciing nhu la

I mat do.cac an -
g it do cdc busidipaiicailim,



Viéc lap lich c6 thé xét dén cé hay khong

Iap d’ay khoang 1'r'ong

Burstdén | s

LAUT;

Théi gian
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Cac giai thuat lap lich khong xét dén
lap day khoing trong

o C6 hai giai thuat lap lich khong xét dén |ap day

khoing trong:
= FFUC (First Fit Unscheduled Channel) [2,3,4,5] va
= LAUC (Lastest Available Unused Channel) [D,6].

o Doi voi loai giai thuat ndy, ching ta can luu y dén 2
tham s6: thoi diém dén s cua burst so véi thoi
diém két thic cua burst sau clng nhat LAUTI trén
kénh dit liéu kha dung thtr i. Néu LAUT, > s, kénh
thi i méi dugc xem xét cho viéc lap lich burst dén.

o Nhu mo ta ¢ hinh Vg, ro r'cmg chi cé kénh DO va D3
Ia dugc xem xét vi thoa man dicu kién LAUT, > s

B ALAUT, s




Viéc lap lich c¢é thé xét dén cé hay khong

Burstdén | s

LAUT,

| LAUT,
FFUC *
| D
; LAUT,
LAUC *
| D

T

[

LAUT;

Théi gian
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Giai thuat FFUC

= s e —

o Vao:
= Thoi diém dén s cua burst dén
= 56 kénh kha dung n cho viéc lap lich
= Thoi diém két thic caa burst sau cing nhat LAUTI |, i=0..n-1
o Giai thuat:
Ii=0;
Néu van con kénh kha dung i van chua dugc thu lap lich (i<n),
chuyén sang buéc 3; neu khdng, thong bdo khdng theé lap lich duoc
va két thic
3. Thfx lap lich burst &n cho kénh kha dung i (kiém tra LAUTI > s):
Néu thanh cdng, chon kénh i cho viéc lap lich burst d&n va két
thdc. Néu khdng, quay lai buéc 2 thir d6i voi kEnh i=i+l.
= Vi giai thuat FFUC, kénh D1 s& dugc chon vi dé la kénh
E dau tién dugc tim thay théa mdan diéu kién LAUT, > s.




0

0

Vao:

Thoi diém dén s cua burst dén

S6 kénh kha dung n cho viéc lap lich

Thoi diém két thic cua burst sau cling nhat LAUTI , i=0..n-1

Chi 56 k&nh duoc chon sc;

khoang cdch 16i thieu gap,, gitta burst dén va burst dd duoc lap
lich sau cung nhat trén mot kénh nao dé;

Giai thuat:

1.

i=0; sc=-1; gapmin=-1;

Néu van con kénh kha dung i vin chua dugc thir lap lich (i<n),
chuyén sang buéc 3; néu khdng, chuyén sang buéc 5.

Thir lap lich burst &n cho kénh kha dung i (kiém tra LAUTI > s):
Néu thanh cdng, chuyén sang budc 4. Néu khdng, quay lai busc 2
va tha d6i voi kénh isislins o




0

4, Knem tra néu khoang céch gapmln lon hcm khoang céch glu’a burst
dén va burst dd duoc lap lich sau cung nhat trén mot kénh i
(gapmin>s-LAUTI): néu ding thi gdn lai gapmin=s-LAUTI, sc=i va
quay lai busc 2 thir doi véi kénh i=i+1; néu khéng quay lai budc 2
tha doi voi kénh i=i+l

5. Néu khdng tim dugc kénh kha dung ndo d¢ lap lich burst dén (sc=-
1), théng bdo khdng thé lap lich duoc va két thic; néu khdng, kénh
sc la duoc chon cho viéc lap lich burst dén va két thic.

Véi giai thuat LAUC, kénh D2 s& duoc chon vi do la kénh
thoa man dicu kién LAUT; > s véi hiéu s - LAUT; la nho
nhat.

Muc dich cta giai thuat nay la nhim t6i thiéu khoing
trong duoc tao ra tir thoi diém dén cua burst dén voi thoi
diem ket thidc cua burst.lien-ké dd dugc lap lich truéc dé.
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Cdc giai thuat lap lich cé xét den lap

day khoing 1'r'0ng

o Trén co so 2 giai thuat khong xét dén Iap day khoang
trong, 2 gidi thuat tuong tu cé xét dén lap day khoang
trong (Void-Filling) la:

= First Fit Unscheduled Channel with Void-Filling (FFUC-VF) va
= Latest Available Unscheduled Time with Void-Filling (LAUC-VF).

o Doi véi loai giai thuat ndy, ching ta can luu y dén thoi diém
bat dau va két thidc cua cdc burst: (s,e) cua burst méi dén
can xem xét d@é lap lich va (s,/, e/) cia cdc burst dd lap lich
trén tat ca cdc kénh.

o Nhu mo ta ¢ hinh v&, ré rang kénh DO va D3 la dugc xem
xét vi thoa mdn dicu kién e,/ < s va s, > e, i=0,3.
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Giai ‘l'hua'l' FFUC VF

0 l/aa
= Thoi diém dén s va thoi diém két thic e cua burst dén;nhu vay do
dai burst sé la (e-s)
= S0 kénh kha dung n cho viéc lap lich
= Thoi diém bat dau ski va két thic e,/ caa burst k trén kénh kha

dung i, i=0..n-1
o Giii thuit:
1. i=0;

2. Néu van con kénh kha dung i van chua dugc thu 13p lich (i<n),
chuyen sang bugc 3; neu khdng, théng bdo khdng thé lap lich dugc
va két thic

3. Thu lap lich burst den cho kénh kha dung i (kiem tras > el va sk+1
> e): Néu thanh cong chon kénh i cho vicc lap lich burst dén va
két thic. Néu khdng, quay lai buéc 2 va thi dbi vsi kénh izi+1.

o Vdigiai thuat FFUC-VF, kenh Do s& dugc chon vi do la
kenh day tié - ieukién e 2 < s va

l Sei2 > @ (




Giai ‘I'hua'l' LAUC-VF (Mln-SV)

o Vdo:
= Thoi diém dén s va thoi diém két thdc e cua burst dén; nhu vay do
dai burst sé la (e-s)
= S0 kénh kha dung n cho viéc lap lich
= Thoi diém bat dau s,/ va két thic e,/ cua burst k trén kénh kha
dung i, i=0..n-1
= Chi sb kénh dugc chon sc; khoang cdch ‘ron thiéu s _90Ppin gilia

burst dén va burst dd duoc lap lich sau cliing nhat trén mot kénh
nao do;

o Giii thuit:
= i=0; sc=-1; s_gap,i,=-1.
= Néu van con kénh kha dung i van chua duoc thu 1ap lich (i<n),
chuyén sang buéc 3; néu khdng, chuyén sang buéc 5.

= Thu lap lich bur's’r dén cho kénh kha dung i (k:em tra s > eki va s,,,'
> e): Néu thanh cong chuyen sang budc 4 Néu khdng, quay lai

- budc 2 va thir d6i véi keih.tel_h,# )




= Kiém tra néu khoang cich 9aPmin |6n hcm khoang céch ¢ guu:a burst dén
va burst dd duoc Ie_}p lich sau clng nhat trén mot kénh i
(S_gapnin>s- €y'): néu dung thi gan lai s_gapyn=s- ey, sc=i; va quay
lai buéc 2 thir d6i véi kénh i=i+1; néu khong quay lai budc 2 thi doi
vGi kénh i=i+1

= Néu khdng tim duoc kénh kha dung ndo dé lap lich burst dén (sc=-
1), thdng bdo khdng thé lap lich dugc va két thic; Néu khdng, chon
kénh sc cho viéc lap lich burst dén va két thic.

o Vsi gidi thuat LAUC, kénh D3 s& dugc chon vi dé la kénh
thoa mdn diéu kién ek3 < Sj Va Sy,4° > e; va hiéu s;- ¢,° la nho
nhat (khoang trong ma khoang cach tu thoi duem dén cua
burst dén va thoi diém két thic cua burst lién ké da duoc
lap lich trudc dé trén kénh tuong tng ld nho nhat).

o Giai thuat LAUC-VF con.c6.mét ten khdc la giai thuat Min-

g SV (mininum storiinenaitiem



Giai thuit Min-EV

o Tuong tu giai thuat Min-SV, giai thuat Min-EV
(minimum ending void) [8] chd y dén viéc 16i uu ld
khoang cdch tir thoi diém két thic cia burst dén
va thoi diém bat dau cua burst dd duoc l1ap lich
truéc dé trén mot kénh kha dung la nho nhat.

o Noi mot cach khac, mo ta giai thuat Min-EV la
hoan toan tuong tu vai giai thuat LAUC-VF, chi
khdc véi diéu kién chon kénh sc sao cho e_gap,,i, =
Min(e- s,.'), Vi.
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Giai thuat két hop Min-SV va Min-EV

Vlec két ho’p ca hai diéu kien Chon kénh cia Min-
SV, s_gapyin = Min(s- e)’), Vi, va Min-EV, e_gap,,
= Mln(e Sk.1'), Vi, s€ dua dén mot giai phap toi uu
hon khi chon kénh dé lap lich [8].

o Tuy nhién, viéc két hop ca hai diéu kién hay s& tao
nén khé khdn trong viéc chon kénh, nhu mod t
trong hinh v& sau, trong dé néu chon kénh Do cho
burst dén thi thoa mdn duoc s _gap.i, l1a nho nhaT
nhung khong théa mdn dugc e_gap,,, 1a nho nhat.
Nguoc lai néu chon D, cho bur'ST dén thi thoa man
dugc e_gapy,, la nho nhaT nhung khdng ding doi
v6i S_gap,.., Ia nhé nhat.

I
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o Giai phdp cho van @ nay la xét tong nho nhat cua 2 khoang
céch: gap,. = Min((s- ey) + (e- s,.1)). M8 ta giai thuat két
hop Min-SV va Min-EV do dé hoan toan tuong tu giai thuat
LAUC-VF, chi khdc & diéu kién chon kénh sc sao cho gap,y;,
= Min((s- ey) + (e- Si.4')), Vi.



Giai thuat BFUC-VF

Giai thuat BFUC-VF (Best Fit Unscheduled Channel - Void-
Filling) [9] dé xuat mot tham s6 “hiéu qua (ti I¢) sir dung
bdng thong khoang trong" (utilization) khi mot burst duoc
lap lich 1eén mot kenh:

utilization = (e-s)*100/ (e}~ sy.{'), Vi.
Kénh ndo cé gid tri hiéu qua bang thdng Isn nhat s& duoc
chon.
Nhu vay, giai thuat BFUC-VF vé ban chat 1 tuong tu voi
giai thuat két hop Min-SV va Min-EV. M4 t4 giai thuat
BFUC-VF do d6 la hoan toan tuong tu giai thuat LAUC-VF,
chi khdc & diéu kién chon kénh sc sao cho utilization =
MGX((C-S)*100/(€ki-5k+1i)), Vi,

)
: I_""-r,"I




Ai 'l'huzfl‘l' Max-EV

0 Ngu:crc VOi 9|a| ’rhua’r Mm SV, tdc gla ‘rr'ong [8] cho rang
viéc 16i da khoang trong sinh ra tai thoi diém két thic cua
burst dén dén thoi diém bt dau cia mot burst khac d@
du:qc Iap lich trén mot kénh kha dung nao co Ia can ’rhle’r ,
bai vi cdc burst dén sau dé s cé xu hudng cé thoi diem dén

1 16n hon thoi diem ket thic cua burst dén hién thoi e;.
\/lec toi da khoang trong tao ra nay sé& tao co hoi cho mot
burst dén khdc dugc 1ap lich va do dé khai thdc hiéu qua
hon viéc st dung bdng thong. DT nhién khoang trong tao ra
nay phai cé d6 dai |0’n hon d6 dai toi thicu cua mot burst
dugc phep sinh ra, néu khdng khoang tréng sinh ra khdng
co gia tri sir dung.

o Mo ta giai thuat Max-EV nhu vay s& hoan todn fuong fu véi
giai thuat LAUC-VF, chi khac voi dleu k|en chon kenh SC
sao cho e_ga = Max(e,s
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Segmentation-Based Channel

Scheduling

o the contention resolution ’rechmques drop the
burst completely if they fail to resolve the
contention.

o Instead of dropping the burst in its entirety, it
is possible to drop only the overlapping parts of a
burst using the burst segmentation technique.

————— . -
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Segmentation-Based Channel

Scheduling

o The segmen’ra’rlon -based channel schedulmg
algorithms can be either non-preemptive or
preemptive.

= In the non-preemptive approach, existing channel
assignments are not altered,

= Tn preemptive scheduling algorithms, an arriving
unscheduled burst may preempt existing data channel
assignments, and the preempted bursts (or burst
segments) may be rescheduled or dropped.




Segmentation-Based Channel
Scheduling

0 Advan’rages of the non- preemp;;/e approach

= the BHP of the segmented unscheduled burst can be
immediately updated with the corresponding change in
the burst length and arrival time (offset time).

= Also, once a burst is scheduled on the output port, it is
guaranteed to be transmitted without being further
segmented.

o Advantage of the preemptive approach

= In the case of QoS, a higher priority unscheduled
burst can preempt an already scheduled lower priority
data burst.




Non-preemptive Minimum Overlap

Channel (NP-MOC)

o NP-MOC algorithm is an |mpr'oemenT of‘rhe s
existing LAUC scheduling algorithm.

o For a given unscheduled burst, the scheduling
algorithm considers all outgoing data channels
and calculates the overlap on every channel and
chooses the data channel with minimum overlap.

————— . -
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Non-preemptive Minimum Overlap

' Channel (NP-MQOC)
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o The ftime complexity of the NP-MOC algorithm is ((log
W) <




Non-preemptive Minimum Overlap

Channel with Void Filling

o The data channel with a void that minimizes ’rhe
Gap; is chosen in case of more than one available
channel. If no channel is free, the channel with
minimum loss is assigned to the unscheduled
burst.




Non-preemptive Minimum Overlap
Channel with Void Filling

} Cime
L T

o The time complexity of the NP-MOC algorithm is ((log
WN,)
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1.5. Két luan

o Bai nay dd trinh bay cdc kién thic va ky nang vé:
= Tong quan vé ki thuat 1ap lich chim

= Cac ky thuat lap lich chum khac nhau:
- Lap lich khdng lap day khoing trong
- First Fit Unscheduled Channel (FFUC)
- Latest Available Unscheduled Channel (LAUC)
- Lap lich cé lap day khoang tréong
- First Fit Unscheduled Channel with Void Filling (FFUC-VF)

- Latest Available Unscheduled Channel with Void Filling
(LAUC-VF)
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o Bai nay nham cung cap cho hoc vién cdc kién thic
va ky ndng vé:
= Cdc phuong phdp xir ly tranh chap
- Str dung duong tré quang (FDL)
- Sir dung bo chuyén doi busc séng (wavelength converter)
» Dinh tuyén léch hudng
- két hop cdc gidi phdp trén




Noéi dung trinh bay

——

Tong quan
Xt ly tranh chap bing duong tré quang (FDL)
o Xu ly tranh chap bing bo chuyén doi buéc séng
(wavelength converter)
o Xu ly tranh chap bing dinh tuyén léch huong
két hop cdc giai phdp trén
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o Bai vi mang chuyén mach burst cung cap phuong
thac truyén tai khong két noi, kha ndng mot burst
co thé tranh chap voi mot burst khdc tai nhiing
ndt trung gian la luon co thé xay ra.

o Tranh chap s& xay ra néu nhiéu burst tu cdc cong

vao khdc nhau déen cung cong ra tai cung thoi diém.
o Viéc tranh chap xay ra trong nhiing mang chuyén
mach goi dién truyen thong thuong duoc dieu khien
bang nhitng bo dém, tuy nhién trong mang quang
kho co thé cai dat bo dém, vi hién van khong cé bo
nhG truy cap ngau nhién tuong itng cho mang
quang.

B
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o D¢ xtr ly van dé tranh chap trén mang quang, nquoi
ta dé xuat 3 giai phdp co ban sau:
= Sur dung duong tré quang (FDL)
= Sur dung bo chuyén doi budc séng (wavelength

converter)

= Dinh tuyén léch husng

o Viéc két hop cdc giai phdp co ban trén sg xu ly hiéu
qua hon van dé tranh chap
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10.2. Dung dwong tré quang FDL

0 Tr'ong cac mang quang cdc duong Tre quang (FDLs) cé thé
duoc st dung dé lam tré cdc géi tin mot luong thoi gian xdc
dinh trudc.

o Bing cdch cai dat nhicu duong cdp tré theo kicu nhicu tang
hoédc song song, mot bo dém dugc tao cé thé gitr burst
Trong nhitng khoang thai gian khdc nhau.

o Da s6 cdc nghuen ctu tap trung vao phuong phap thiét ké
bo dém I6n ma khdng phai trang bi mot s6 leong l6n cdc
duong jrr'e hodc kich thusc bo dém dugc tdng 1en bing cdch
xep chong nhiéu tang cua cdc duong tre.

o Kich thuéc ciia cde bo dém thuong bi gioi han rat nghiém
ngit: D¢ lam tré mot burst don cho 1ms can dén hon

200km cap quang (fiber).

}
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0 Du:o’ng tré quang c6 thé dugc phan loai vao cdc k§
thuat truyen thang (feed- forward), truyén nguoc
(feedback) va k¥ ’rhua‘r lai.

" Trong ky thuat truyén thang, moi duong tré két noi mot
cong ra cua mot phan fu chuyen mach tai mot tang cho
truéc voi mot cong vao ciia mot phan it chuyén mach
khdc trong tang ké ‘nep

" Trong ky thuat truyen ngugc, moi duong tré ket noi mot
cong ra cua mot phan tu chuyén mach tai mot tang cho
trusc voi mot Cong ra cua mot phan tu chuyén mach
trong cling tang do hoic & tang trusc.

= Trong k¥ thuat lai, cdc duong tré truyén thing va truyén
nguoc duoc két hop véi nhau.

I
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o Theo Vi tri cia cdc duong tré, chung ta phan bict 3 loai: bo

dém vao (input buffering), bo dém ra (output buffering),

va bo dém chia sé (shared buffer'mg)

= Bo dém vdo: mot tap cdc duong tré duge danh cho mdi cong vdo.

= Bo dém ra: mot tap cdc bo dém duoc danh cho mdi cong ra.

* By dém chia s¢: mot tap cdc bo dém cé thé dugc chia sé bsi tat ca
cac cong chuyen mach.

Bo dém vao co hiéu qua kém, bo dém ra va bo dém chia s¢

deu dat dugc hiéu qua tot. Tuy nhién, bo dém ra yeu cau

mot s6 lugng cdc FDL ddng ké cling nhu nhitng kich thudc

chuyén mach Isn hon.

Vi bo dém chia se, tat ca cac cong ra cé thé truy cap trén
cung cdc by dém. Vi vy, né c6 the duoc st dung dé lam
giam tong so6 luong cdc bo dém trong mot chuyen mach

-~ trong khi dat duoc mic dﬁ igl.Lim moni muon.




10.3. Dung by chuyén doi buéc séng

o Vé6i cong nghe WDM, mot lién két cdp quang cé thé
mang nhiéu buéc séng. Cdc budc séng do @6 ¢ thé
duoc khai thdc dé cuc tiéu héa cdc tranh chap.

= Gia st ring hai burst cung huéng di ra trén cung cong
ra tai cling thoi diém. Ca hai burst ¢6 the van dugc
truyén, nhung trén hai buéc séng khdc nhau.

o Phuong phdp ndy cé tiém ndng trong viéc cuc tiéu
hda cdc su tranh chap burst, dic biét 1 khi s6
lugng cdc budc séng cé thé truyén trén cing mot
soi quang don tiép tuc tdng I&n.

)
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0 Qua trinh chuyen déi budc song E qua trinh
chuyén doi bucc séng cia mot kénh vao thanh mot
buéc song khac tai mot kénh ra.

o Cdc bo chuyén doi buéc séng la cdc thiet bi ma
chdng chuyén doi mot busc séng cua tin hiéu vao
thanh mot budc song ra khac, vi vay tang mac do
str dung lai budc song

o Cdc bo chuyén doi buéc séng cé thé mang lai gid tri
su dung Ial Tﬁng i 10% dén 40% khi co it budc
song kha dung.

I
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Céc cap do chuyen doi buéc séng

0 Chuyen déi hoan todn (full conversuon) BAt ky budc song
vao nao ciing c6 The dugc chuyén thanh baT ky budc song
ra; do d6 khong co sy rang budc buéc song lien tuc trén
cdc yéu cau két noi dau cuoi (end-to-end).

o Chuyen doi cé gisi han (limited conversion): chi chuyén
dugc mot s6 han che cdc busc séng vao sang cdc busc séng
ra; giam chi ph| ctia mach chuyén.

0 Chuyen doi ¢ dmh (fixed conversion) : la mot hmh thuc
cua chuyén doi cé gisi han, véi moi budc séng vdo c6 thé
duoc chuyén doi d@én mot hay nhiéu budc séng ra dinh
Trudc.

0 Chuyen doi thua thot (spares conversuon) Tat ca hoic mot
0 (phan bé thua thei) cdc nit trén mang mang dugc frang
b1 cac bo chuyen doi day du, bi gigi han cd dinh hay khéng



10.4. Ky thuat dinh tuyén léch huéng

0 Tr'ong dthuyen léch huéng, su t tranh chap duoc
giai quyét bsi dinh Tuyen burst dit li¢u vao dén mot
cong ra khdc hon so voi cong ra dd du dinh.

o Dinh Tuyen léch huéng thuong khong duoc uu tién
trong cdc mang chuyen mach goi dién tir vi kha
nhdng lap lai va truyén 90| khéng theo thu tu. Tuy
nhién, phuong phdp nay la can thiét trong mang
chuyén mach burst, do kha ndng bo dém quang rat
gidi han.

}
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Control Fa chet A 10 E

- Figure 1. A conceptual view of deflection routing for optical bursts.
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0 Trong dmh ’ruyen lach hu:ong mo’r burst chuyen
huéng sé di con duong dai hon dé t6i dich, dan toi
ldm tdng d6 tré va giam chat lugng tin hiéu.

o Hon nita, c6 kha nang burst bi lap vo han trong
mang va cé thé dan toi tit nghén.

o Cdc co ché khdc nhau phai dugc thuc hién dé ngan
chin do dai duong léch huéng qud muc: by dém s6
ndt di qua (hop) hay mot tap rang budc khi thuc
hién chuyén huéng.

I
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Gisi han cua dinh tuyén ré nhdnh
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0 Mot van dé khdc trong dinh tuyén léch huéng la
diéu chinh khoang thoi gian offset sao cho ph
hop duong léch hudng:

= Khi burst bi chuyén huéng, né phéi di qua nhiéu nat
trung gian I6n hon la duong khéng bi chuyén husng. Thoi
gian of fset ban dau do dé cé thé khdng du cho géi tin
diéu khién thuc hién xt Iy chuyén mach va cau hinh lai tai
cdc ndt trung gian trusc khi burst dir ligu dén
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o Giai phap:

= Cdch tiép can don gian la loai bé burst néu thai gian
offset khdng du.

= Sir dung bo dém va bo do thoi gian dé phdt hién va gioi
han s6 cdc ndt trung gian ma mot burst phai di qua.

= Sir dung cdc duong tré FDL cling cé thé duoc dp dung;
tuy nhién cdc cdch tiép can nhu vay lam tdng do phuc
tap cua l6p quang.




u chinh thoi gian offset

s A = D S A B D S A B C D
T=33| [& T=3& JE T=23| |3
IE IE It
— | ¥ | 1
& &
&
(b) (c) (<)

Figure 3. Possible cases of a burst from 5 to I (a) a sample network. ()
successful transmission on path 5-4-B-D. (¢} FDL reservation

E

l failure at B, and (d) deflection routing 15 triggered at B e



Thém thoi gian offse‘r ngay tr dau

- Néu ta cung cap du S A B C D
thoi gian offset, T > & T
x (H+h), burst cé thé T T
goi mot lan nira mot
cdch thanh cdng dén L .
dinh tuyén ré nhdnh. M| Ta

'1 E:.;.I

+ Tuy nhién, khé dé xdc -- T
dinh thoi gian offset " |
thém vao tai thoi diem
ban dau la bao nhiéu. I




Delay tai cac hop truéc do

+ C6 thé lam tré burst
tai nGt trudc ndt bi tac
nghén sao cho tong
thoi gian delay l6n hon
5 X h.

T=3%
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Delay tai node tic nghén hoic niat ke ticp
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Phan doan burst

o Vin & ton tai trong chuyen mach mang SO quang
dd trinh bdy la khi cé su tranh chap xay ra gitta
hai burst ma khong thé giai quyét dugc thi mot
trong hai burst sg bi rét hoan toan.

o Giai phdp cho su ton tai ndy la phén chia burst
thanh nhiéu doan (segment) va 16 chirc truyén
theo tung segment.




Phan doan burst

o Ciu tric cua burst segmen’r gom header va
payload.
= Header: chtra cdc truong cho cdc bit dong bo, thdng tin
stra 16i, thdng tin nguon va dich, chiéu dai ctia doan
trong truong hop d6 dai cac doan khdc nhau.
= Payload: ¢é thé mang bat cir loai dit liéu ndo nhu cdc géi
IP, cdc cell ATM, hay cdc khung Ethernet




Phan doan burst

Burst Segmentation

; Seg 1 : Seg 2 : Seg 3 : Seg 4 : 682
— - / 4 ’ o R ~
Segment ’ N
Guard | Payload | Seg | Segment| . cum
Bits | Type Id | Length

Segment Header

= Figure 5.1. Segments header details.



Phan doan burst

o Khi mot burst canh tranh véi mot burst khac
trong mang, chi nhitng doan cia mot burst ma
chong leén mot burst khac sg b roi.

o Néu thoi gian chuyén mach ddng ke, thi cdc
doan cé thé s€ bi mat khi mach chuyén d6i dang
dugc cau hinh lai.

o Burst dén dau tién sé duoc xem nhu la burst

chinh (original burst) va burst den sau s& duoc
xem la burst tranh chap (contending burst )
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Phan doan burst

Dropped Burst Segments

Onginal Burst m I

| |
i |
) |
Contending Burst | :' :
| |

- g
Contention  Switching Time
Region  Time

Figure 3.2, Selecuve segment dropping [or two contending bursts.
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Xt ly tranh chap burst

o C6 hai t hu:cmg ‘ruep can xu ly tranh chap burst:

= tail-dropping, cdc doan dudi goi chong cua burst chinh
bi rét, va

= head-dropping, cdc doan dau gbi chong ctia burst tranh
chap bi rot.

o Luuy, véi tail-dropping, overlapping tail cia
original burst chi bi rét néu so cac segment trong
overlapping tail it hon téng sé cdc segment trong
contending burst. Nguoc lai, toan b6 contending
burst bi rét.

= Phuong phap nay lam giam kha nang mot burst hgén
tranh chap v6i burst dai hon va ciing nhim cuc tiéu héa
s6 cdc gdi tin bi mat trong su suot qua trinh tranh chip.




Xt ly tranh chap burst

o Dé cap nhat lai thong tin do dai burst, mot trailer
duoc sinh ra va dugc goi dén cdac ndt tiep do.
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Figure 5.3, Traler packel effective.




Xt ly tranh chap burst
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Figure 5.4, Trailler packet ineffect ve.




Phdn doan burst va dinh tuyen léch huéng
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ol W Trailer Header Header
ool G Saans == Output |
L 3.1 b} .
Input 1 !___W“ - L‘ J- ; Uutputl\
il "N T : |
Data L Ty ' ! ! Control
Eha.n:ufls 2 B : : 3 _K: _ Outpur2 Channels
Input2 W B : | / /
.1 oaf £
S Photonic Switch Output 2
i Header
' Offset Time '
- Figure 3.5,  Segmentation with deflection policy for two contending bursts.
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o Bdi nay dd trinh bay cdc kién thic va ki ndng vé:
= Cdc phuong phdp xir ly tranh chap
+ Str dung duong tré quang (FDL)
» Str dung bo chuyén doi busc séng (wavelength converter)
+ Dinh tuyén léch hudng
+ két hop cdc giai phdp trén









