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Muc dich cua chwong

m Gidi thiéu vé cdng nghé mang cap quang
m Gi®i thiéu vé cac mé hinh mang cap quang

m Gidi thiéu vé cac van dé trong thiét ké mang cap
quang
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NOI dung

m Gi&i thiéu vé mang cap quang

m Cac kién tric mang sir dung cap quang
m Cac thanh phan clia mang WDM

m Thiét ké mang cap quang

m D phong va khoi phuc

m Mang truy nhap
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Chuong 1: Giéi thiéu vé mang thong tin quang
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NOI dung

Kién tric mang truyén théng

«  COng nghé chuyén mach kénh, goi
 Mang cap quang

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Cap quang

Cac ky thuat don kénh dung trong mang cap
quang

Cac thé hé mang cap quang

Hién trang st dung mang cap quang trén thé
gioi

C4c thiét bi trong mang cap quang




Cap s¢i quang
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Cap quang

m Truyén tin hiéu anh
sang trong cap

. An h Sé n g Sender -/’\/\&)V\/\_ Receiver

mang tinh chat song: et
phan xa, tan za, nhiéu,

phan cuwc, suy yéu, mat

mat...

GOm nhiéu buwdc eAnn

Truyén di theo hu Mode I
thang

. CéC Ché d(’j truyél ‘ Multimode I ‘ Single-mode I

m Multimode: | I

= Nhiéutia | Step-index I ‘Graded—indexl

m Single mode

m 1 tia.
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Truyén anh sang trong cap quang

A

TUL
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a. Multimode, step-index
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Single-mode vs. Multi-mode

m Multi-mode (cl)

71 Truyén nhiéu tia sang

71 L&i Ién, ngudn sang ré

71 Nhiéu gilra cac ché do truyén
1 Sinh lai tin hiéu sau mdi 10km
©1 Téc dd 32-140 Mbps

) Graded index: hé s6 phan xa
thay doi tw trung tam 16i dén
VO.

m Single-mode (m&i)

&
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01 Truyén mot tia sang

71 L&i nhd, ngudn sang dat tién
1 Loai bd nhiéu

1 Sinh lai tin hiéu sau mdi 40km

211 Toc dd vai tram Mbps

Plastic

Prot. layer, €.g., Kevlar™
Buffer Coating

Cladding
Glassy Core

Cladding Core fiber

Cross-section
(notin Scale)
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Multimode fiber
supports Propagation
of many rays (modes)
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Subports propagation
of a single mode
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Nguon phat

« Laser
« Phat tin hiéu nang lwvgng cao
- Tin hiéu c6 do rong pho hep dé co thé don nhiéu kénh sat nhau trén
dwong truyén.
MLM Laser: Multiple-Longitudinal Mode
« Tin hiéu sinh ra c6 dai buwdc song réng ~ 10nm

SLM Laser: Single-Longitudinal Mode
« Tin hiéu sinh ra c6 dai buwdc sdng hep.

Turnable laser:

 Buwdc song phat ra co thé thay dbi/diéu khién duwoc
LED: Light Emitting Diodes

« Tin hiéu c6 dé rong phd rong

« Nang lwong thap

 Phu hop khodng cach truyén ngan, toc dé thap
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Phwong phap ma hoa

- St dung phd bién OOK:

« On-Off keying

* 1. Co4 tin hiéu anh sang trong thoi gian bit

* 0: Khong co tin hiéu anh sang trong thoi gian bit
* Dung 2 dang tin hiéu

« Dang NRZ: Xung réng ca thoi gian bit

 Dang RZ: Xung chi chiém mét phan thi gian bit
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Ma On-Off Keying (OOK)
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On off key nhin tr phwong dién cwdng d6 sang (hinh trén)
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phat trién ctia hé thong cap
éen
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WDM multiplexer

Optical amplifier

(d)

WDM demultiplexer
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Free Space Optics

» Truyén tin hiéu quang trong khéng gian

» Yéu cau 2 thiét bi dau cudi nhin thay nhau:
Line of Sight

» S dung phd bién bwéc song 1550 nm.
\ /

¥ | f
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Free Space Optics

 COng nghé dang phat trién

va nghién ctru str dung & cac

khoang cach khac nhau
- FSO mat dat da dwoc thuwong
mai hoa
« khoang cach ~2km
* Tiéu thu dién 40W
« Tbc do truyén: 1-2 Gbps
- FSO mat dat va thiét bi bay
trén cao (HAP)
D6 cao 20 km, it gio

« Phu mét ving dwéi mat dat
dwong kinh rong hang chuc
km.
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LEO satellite network

Interface to LEO

HAPS-SMBS Aerial Data Center

Big data
center




Mang thong tin quang

m S& dung anh sang dé truyén tin hiéu trén dwong
truyén
Dung cap quang dé dan anh sang
Truyén trong méi trwdng khéng day.
m Uu diém
Bang thong rong
Truyén dwoc xa v&i do suy hao thap: vai chuc km
m Nhuoc diém
X ly phtre tap vi chwa ¢6 bé nhé quang hoc (b6 nhé
hién tai lwu tin hiéu & dang dién)
m Ung dung cho cac mang truc
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Mang thong tin quang
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Hé thong truyén dan thdng tin quang

1.1.1 Optical Transmission System Concepts

<—Transmitter— - Receiver—»
=i Connector : Connector
- — ~\ __ _Glass Fibre P |
—=Modulator—= 7" “rF 2= |Amplifier—
Light Source Light Sensor -—» Detector—»
(Detector) L
<— Electricity . Light — »==——Electricity =

Figure 1. Optical Transmission - Schematic
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Vi du mang WDM

—

SONET IP
terminal router

OADM SONET

. IP -
terminal A IP
TOULEr emaman e e
2 router
-n
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Vi du mang WDM

Sonet /SDH

Wavelength

Routing Node

OXC

P
e ATM Switch
c

ATM Switch|
A [ ™}

Sonet /SDH
A

End
MNodes

Sonet /SDH
E
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Lich s&r mang théng tin quang

» 1960: Phat minh ra laser, 1a co s& cho ngudn phat quang
sau nay.

. 1966: Cap quang dwoc dé nghi dé sir dung cho truyén tin
dwong dai. Hai nha khoa hoc Charles K. Kao va George
A. Hockham cua moét cong ty Anh quoc da khang dinh
rang sw suy hao nang lwong cda soi quang chud yéu la do
tap chat.

 1970: Ché tao thanh cdng soi quang v&i dd suy hao thap
20dB/km.

« Thap ky 70-80: St dung cap quang trong mang dién
thoai voi cong nghé mang SONET
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Lich s&r mang théng tin quang

 Gilra nhirng nam 80s: St dung cap quang trong mét
sO kién triuc mang LAN va mang do thi.

«  1988: Pwdng cap quang xuyén Pai Tay Duwong dau
tien dwoc dat.

»  Cudi thap ky 80: Cac b khuyéch dai quang st dung
cong nghé EDFA ra doi, cho phép truyén thong tin
quang & khoang cach xa.

+ 1995: Cac hé théng DWDM dwoc trién khai.

«  Cudi thap ky 90: Mang quang théng minh bat dau
dwoc quan tdm phat trién.
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Cap quang bién thé gioi
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Cap quang bién thé
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Cap quang bién cap bd Viét nam

« Nguodn: http://vnpti.vn/

« Tuyén cap quang bién SMW-3
« Tuyén cap quang bién AAG

« Tuyén cap quang bién APG
 Tuyén cap quang AAE-1
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http://vnpti.vn/

Tuyén cép quang bién SMW-3:

« S dung céng nghé DWDM

 tbng dung lwvong 320 Gbps

- ndi lién Viét Nam véi hon 30 nwde :Nhat Ban, Han
Quodc qua Trung Quobc, Béng Nam A t¢i Chau Au

thuwdng xuyén két ndi voi Hong Kong, Singapore, Trung
Quobc, Nhat Ban.

» Tai Viét Nam, tuyén SMW-3 cap b& tai Ba Nang.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



2 ] 0 tend
§Q§nhilly

Penmarch

/ . ?A\ W
‘ %es:mbrf/z ) "oy, yMazara: Marmatris
- S S Chaniag_— e

) Yer skipou

54

~ /ila[é{.aﬁa ‘ \'5‘35

Shangh;ji

Tm;ch 2ol » Okinawa
Shantou
- Deep Water Bay g~ "/Fa y

SN
" Taipa
N

Fuj a i':qh

\

fshan

4\“‘\‘Jeddah Muscat ) <
A St — |Mumbai

\ S \ /
S /
pos \ g

;1 ~ S ARABIAN SEA Cochin k U/ N
‘ ] (N AN [
\ N a.a Wi e
' MtLavinia  |Satun_
Y | Penang

y SO | Mepfing
e Medan "\ o
C Tuas |

INDIAN OCEAN o~ ¢

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Tuyén cép quang bién AAG

- Tuyén cap quang bién AAG la tuyén cap dau
tien két noi gilra Dong Nam A va Hoa Ky,

* s dung cébng nghé DWDM,

 NOi Viét Nam v@&i cac nwde vang lanh thod
Malaysia, Singapore, Thai Lan, Brunei, Hong
Kong, Philippines va Hoa Ky.

« Cap bo tai Ving Tau

- tong dung lwgng 29,5 Tbps va dang dwoc
tiep tuc mé rong thém trong thdi gian toi.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Tuyén cép quang bién AAG

. San Luis Obispo, CA
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Tuyén cép quang bién APG

. Tuyen cap quang blen APG két ndi gilra cac
nwéce va vang 1anh thd trong khu viee Chau A
- Thai Binh Dwong la Trung Qudc, Hong
Kong, Nhat Ban, Han Quéc, Malaysia, Dai
Loan, Thailand, Viét Nam va Singapore.

. Tuyen APG céap bo Ba Nang voi dung lwong
thiét ké 1én t&i 43,8 Tbps
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Tuyén cap quang bién APG
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Tuyén cap quang AAE-1

Tuyén cap quang AAE-1 két ndi Hong Kong,
Viét Nam, Cam-pu-chia, Malaysia, Slngapore
Thai Lan, An Do, Paklstan Oman, cac tieu
vwong quoc A Rap, Qatar, Yemen Djibouti,
Saudi Arabia, Ai Cap, Hy Lap, Y va Phap.

Dung lwong thiét ké: 40 Terabytes
Cong nghé 100Gbps/bwdc song,

Dung lwong cua VNPT la 298 Gbps. AAE-1
dw kién dwa vao hoat ddng trong Quy 1 nam
2017.
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Tuyén cap quang AAE-1

25000 Km 4/5 100Gbps 80X 40 Tbps

Submarine cable Number of Fiber Pair Wavelength Technology Initial Design WL per FP Initial System Design Capacity

France

UAE Pakistan - .
ong Kong
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Coéng nghé don kénh trén cap

m TDM: Electronic Time Division Mux B

Pwa xen ké cac bit clia cac lubng toc dd thap — <k
vao moét ludng téc dd cao 2— \

2 1 b e
10 Gbps-40Gbps 5 e ELLLLLILIY
SONET/SDH S
m OTDM: Optical Time Division Mux >/

Cung nguyén tac vgi TDM nhwng thyc hién TDM or OTDM mux
xen ké bit trong mién quang hoc ()

250 Gbps Ha
DPang trong thi nghiém L I
= WDM: Wavelength Division Mux iy T 2
Truyén nhiéu bwdc song trén mot cable _ bV \ :
s WDM: St dung 2 bwéc séng 1310,1550nm il [ I I Y ¥ N N ™M

m Coarse WDM (CWDM): St dung dén 16 buwéc ;
song & nhiéu khoang tan so. W - B

m Dense WDM (DWDM): St dung cac bwégséng — — — 5./
trong khoang 1530-1565 nm v&1 mat do day.
VD: 40 budc song khoang cach 100 GHz, 80 TERAN
budc sdong khoang cach 50 GHz (b)

S& dung réng rai trong mang truc, di cap dwéi
bién va dan dwa vao trong mang do thi
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Mang cap quang thé hé 1

m Tin hiéu s dung trén dwdng truyén 13 tin hiéu
gquang hoc
Ti 1& 16i thap
Dung lwong Ion
m Chuyén mach va cac chirc nang mang thong
minh dwoc x& ly trén mién tin hiéu dién
Tin hiéu dwoc chuyén sang dang dién trudc khi duwoc
X ly
m Thwong dung cdng nghé don kénh TDM
m S dung rong rai trong cac mang vién thong
m VD: SONET/SDH
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Mang cap quang thé hé 2

= Dinh tuyén, chuyén mach va céc chirc nang
mang thong minh duwoc thwe hién trong mién tin
hiéu quang
m Thwong dung cong nghé don kénh WDM
= Tin hiéu thwong & mét bwde song tir dau dén
CUOI
can c6 mot bwdc séng réi doc theo dwdng truyen >
diéu kién lién tuc vé buwdc song
m D3 duwoc dwa vao st dung va thuwdng dwoc goi
la Wavelength routed network hay All optical
network

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Su phat trién clia mang quang thé hé 2

Point-to-Point WDM }, — M
Line System A, % .......... 0op0NO »

‘ 7\'N 7\‘N
Multipoint Network Py O [wom| O [wom] Q
WDM Add/Drop @ ﬂ @
‘ A A
B -0~
Optical Cross-Connect K - /

WDM Networking @_/V/ RN
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C4c thiét bj cia mang thuan quang

Optical Line Terminal (OLT)

s Chuyén déi dir liéu dau cudi sang dang quang

= Don kénh

Optical Line Amplifier

s Khuyéch dai

Optical Add/Drop Multiplexers (OADM)

s Ghép thém hodc ré nhanh mdt phan bang thdng
Optical Cross-connect (OXC)

= Chuyén mach quang hoc
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OXC thuan quang

mEE_ NLLL

M*M switch

A NNM*:NM Cracecrnnnact withniit % CAanviarcinn
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Chuyén mach

m Chuyén mach quang-
Optical switch
Thyc hién chuyén

h A Table 3.3 Applications for optical switches and their switching time and port
l I I a C tro n g I I I Ie n count requirements.
q u a n g h O C Application Switching Time Required Number of Ports
- Provisioning 1-10 ms > 1000
A A Protection switching 1-10 ms 2-1000
. u ye n I I I aC I e n — Packet switching 1ns > 100
- - External modulation 10 ps 1

Electronic switch

Thwc hién chuyén
mach trong mién dién
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Céng nghé chuyén mach quang

Table 3.5 Comparison of different optical switching technologies. The mechanical, MEMS, and
polymer-based switches behave in the same manner for 1.3 and 1.55 um wavelengths, but other
switches are designed to operate at only one of these wavelength bands. The numbers represent
parameters for commercially available switches in early 2001.

Type Size Loss Crosstalk PDL Switching
(dB) (dB) (dB) Time

Bulk mechanical 8 x 8 3 55 0.2 10 ms
2D MEMS 32 x 32 5 55 0.2 10 ms
3D MEMS 1000 x 1000 5 55 0.5 10 ms
Thermo-optic

silica 8 x 8 8 40 Low 3 ms
Bubble-based 32 x 32 7.5 50 0.3 10 ms
Liquid crystal 2x2 1 35 0.1 4 ms
Polymer 8 x 8 10 30 Low 2 ms
Electro-optic

LiNbO; 4 x4 8 35 1 10 ps
SOA 4x4 0 40 Low 1 ns
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Céng nghé chuyén mach dién

m CU hon céng nghé chuyén mach quang
m VVan dang duoc st dung rong rai hién nay
m Hoat dong
Chuyén dbi tin hiéu quang = dién
= Chiém phan I&n gia thanh cta switch
Thuwc hién chuyén mach di¥ lieu trong mién dién

s Chuyén mach vi cac dong dir liéu & toc do thap:

D liéu duwoc chuyen thanh cac dong bit & tdc dé 51 Mbps
(STS-1) va chuyén mach cac dong bit ndy mét cach song song

s Chuyén mach véi tbc dd dwdng truyén 2,5 Gbps hodc hon.
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Thiét bj chuyén doi budc song

m Chuyén d@ liéu tr mot bwdc séng dau vao thanh mét
bwdc song dau ra
Giai phong rang budc lién tuc vé bwdc séng
Tang kha nang tan dung cac budc song roi
m Chuyén déi Optoelectronic
Chuyén tin hiéu sang dang dién
Sinh lai tin hiéu va truyén trén mét bwdc séng khac
= 1R: khuyéch dai, khéng diéu ché lai
m 2R; khuyéch dai, khoéi phuc lai dang xung tin hiéu
= 3R: khuyéch dai, khéi phuc lai dang xung va dd rong xung
Thwong dung hién nay
m Chuyén dbi trong mién quang
Optical gating, interferometric, wave mixing
Chwa phat trién

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG




iét bi chuvén doi buwdc son

Noisy signal Amplified noisy signal
—— Photodetector Amplifier Laser driver [aser
(a)
Noisy signal Reshaped signal

K Phase jitter present)
| ’

Photodetector Amplifier Gate Laser driver Laser |—3»

(b)

) Reshaped and retimed
Noisy signal signal

TUL

’ Performance

.

_J Photodetector Amplifier Gate monitoring, LLaser driver Laser |— 3
h overhead - ‘
A processing
('lk\ck

Iming recovery

(c)

Figure 3.76 Different types of optoelectronic regeneration. (a) 1R (regeneration without reshaping
or retiming. (b) 2R (regeneration with reshaping). (c) 3R (regeneration with reshaping and retiming).
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Chuyén mach kénh, goi

«  Chuyén mach kénh

Kénh: dwérng di tr ngudn dén dich

D@ liéu dwoc truyén trén mét kénh cb dinh

Pam bao bang théng khéng ddi cho méi két ndi
Bang théng tdng cua cac két ndi <= bang thdng méi
link

Khéng hiéu quéa dbi véi ludng div liéu khéng 6n dinh

.  Chuyén mach géi

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

D{ lieu dwoc chia thanh cac goi

Cac goi dwoc chuyén mach theo dia chi dich

Don kénh céc goi trén cung mot link

Bang théng tdng cua cac két ndi >= bang thdng méi
link




Céng nghé chuyén mach dung trong
mang quang

m Chuyén mach kénh
— Thong thwong cac mang cap quang dung cong
nghé chuyén mach kénh
—  Dinh tuyén can dwoc xac dinh trwée.
— S dung trong SONET/SDH, WDM
m Chuyén mach goi — OPS

m Chuyén mach Burst — OBS
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Chuong 2: Céc kién triic mang sir dung cap
quang
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Cac kién tric mang dung cap quang

m Cac mang duing cong nghé chuyén mach kénh
cho tang quang
Mang SONET/ SDH
Mang ATM
Mang WDM

m  Optical Bust Switching

Pon vi di liéu la cac bust

m  Optical Packet Switching

Pon vi dr lieu la cac goi tin

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang SONET/SDH

m SONET (Synchronous Optical Network)
Duwa ra béi Telcordia, USA
dung & Bac My
m SDH (Synchronous Digital Hierarchy)
Puwa ra b&i ETSI, td chirc chuan Telecom chau Au
dung & chau Au, Nhat, Viét Nam
S dung cap quang trén cac két noi
Hoat déng theo co ché chuyén mach kénh
Dung cong nghé TDM
S dung co ché don kénh dong bé tai cac nuat
Pong hd dwgc ddng bo trén toan hé thong
Dé trich mot kénh dwoc don trong kénh I&n
m Dinh nghia khuén dang frame d liéu dwo'c don kénh
m Chuan SONET/SDH dwoc phat trién két hop véi mét s topo va phwong
phap dw phong riéng
Kha nang khéi phuc sau 16i nhanh < 60ms

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang SONET/SDH

m Don vj truyén co ban Ia khung
STS-1, kich thwée 810 byte,
phat trong khe thoi gian kich
thwdc 125 microseconds

Table 6.2 Transmission rates for SONET/SDH, adapted
from [S596].

SONET Signal SDH Signal Bit Rate (Mb/s)

m = tdc do kénh STS-1 = 8000 STS-1 51.84

p . - STM-1 155.52

frame/s*810 bytes*8bits/byte 2%2’2 STM.4 62 08

= 51.84 Mbps. STS-24 1244.16

. , . STS-48 STM-16 2488133

m STS-1dung cac Virtual ST$-192 STM-64 9953.28
STS5-768 STM-2356 39, 814.32

Tributaries (VT) dé truyén cac
toc d6 nho hon
VT1.5,2,3,6 (tbc dd 1.5, 2, 3

Table 6.1 Transmission rates for asynchronous and plesiochronous

6 Mpbs) signals, adapted from [S596].
VT1.5 chtra tin hiéu khong Levl  North America  Europe Japan
dong bo DS1 0 0.064 Mbs 0.064 Mbls  0.064 Mb/s
m STM dwoc diing cho céc tin ) CIIMbe  G4sMbE 6313 Mbe
hiéu E1, E3, E4 P ABDe4Mbe  1926AMbA 9778 Mbe
Virtual Container (VC) twong T T
GlcTu VIEN CONG NGHE THONG TIN VA TRUYEN THONG DS Y



Mang SONET/SDH

DS1 {SPE + path overhead)

1.544 Mb/s
—» VTISSPE —»{ VTISK _,

El

2,048 Mb/s
——» VI2SPE ——» VI2 aﬂ\‘

DSIC 3 VT group

3.152 Mbs | <2
——»{ VT3 SPE » VT3

DS2

6.312 Mb/s < 7
———» VT6SPE +——» VT6

DS3

44.736 Mbis Y

STS-1 SPE — STS-1

ATM x N
48 384 Mb/'s

Yy

STS-N

E4
139.264 Mb/s

= N/3

5TS-3c SPE —®{5T5-3¢

Yy

ATM
149.760 Mb/s

Figurc 6.2 The mapping of lower-speed asynchronous streams into virtual tributaries
in SONET.




Mang SONET/SDH

STS payload pointer
>

D"“) VT pointer
VT SPE
| STS-1 SPE
 Transport
overhead

Pavload

Figure 6.3 The use of pointers in a SONET STS-1 signal carrying virtual tributaries
(VTs). The STS payload pointer in the transport overhead points to the STS-1 synchronous
payload envelope (SPE) and the VT pointer inside the STS-1 SPE points to the VT SPE.

y 4 . o =
nl s=em \/IEN CONG NGHE THONG TIN VA TRUYEN THONG

*
v
.

)

n




Chuyen mach SONET

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Cac thanh phan va topo mang SONET

Backbone ring Backbone rng
| TR 1 | |
= ADM | - = ADM F~
- [t el . Py .
"J .\\ . //
4 . Y Pomt=to-point # _
/ BLSR/2 \ / BLSR/2 \
! 01 \ | f o1 A
PR BLSR/4 BLSR/4 :
ADM ADM DCS ADM ADM
e — ~ T
\ OC-12/0C-48 OC-12/00C-48 ]
N /" Central office e N 4
Central oftice g SR b , /
A " // \\\_\ /.r’/
. e A 4 | -
T apm — Rasiid ~~ aApM [
~ ADM | — ADM L TS L
/r \\ /_,/' At ‘\\ \\\
Fd A rd A N
* \
UPSR \m 4 N UPSR R ADM | Linear add/drop
ADM 8 DCS B . ADM
e OC-30 =12 .I'I/- W (8] 1'0OC=12 7 \\__
\ f T ' / -
\ / 1aai AN / .
\\ | / ", e T
~.] ADM L~ 4 ADM | ~.J ADM |- ™
, . Ve ™ . )
\eeessring CCRSS ring
LUPSR
ADM PSR D
. oC-yoc-12 ]
\\ J
\ _,-f
"“-‘ ADM }'
\Cceess rnng

Figure 6.8 Elements of a SONET infrastructure. Several different SONET configurations are
shown, including point-to-point, linear add/drop, and ring configurations, Both access and interoffice
(backbone) rings are shown. The figure also explains the role of a DCS in the SONET infrastructure,
to crossconnect lower-speed streams, to interconnect multiple rings, and to serve as a node on rings




Cac thanh phan va topo mang SONET

m Topo
Ring, Point-to-point, linear ADM
Mesh

m ADM: Add/drop mux

Ghép, tach cac ludng di¥ liéu nhoé vao dwdng truyén
m DCS: Digital Cross-connect

Chuyén mach dién

Piéu khién bang phan mém

Cho phép gop (grooming) hoac tach cac lubng di liéu
nhé dén muc DS-x

Chuyén mach cac luéng nay gitra cac cong

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang SONET hinh vong:
Unidirectional Path Switched Ring

A-B B-A

Failure-free State

| Bridge
Path Selection — /
[
w
B
. fiber 1
Bridge
\ P
A-B
o A
B-A
Path fiber 2
Selection
D

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang SONET hinh vong:
Bidirectional Line Switched Ring

Working  Protection

N/
5 2-Fiber BLSR
A=C c _; ASC
C A A - CoA
D

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang ATM

m ATM (asynchronous transfer mode)

m Truyén cac don vj di liéu té bao (cell)
53 bytes
Khéng déng bd
C6 thé dung ha tang la mang SONET/SDH dé két ndi
cac node ATM v@i nhau trén giao dién UNI

Cac cell ATM duwgc dong vao trong cac frame
SONET/SDH

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Mang ATM

Public ATM
Network

Public NNI
| ATM | L
Switch . . Public
ATM ATM
Endpoint (") Switch
ATM
Endpoint
Rl Private | | -~  — | T
.............. . . ATM L
AAL. © | switch Private R A
ATM <o s . AAL[
Switch -

Customer
Premises
Network

P
o =L
e ustomer
'/‘\Premises

Network

Endpoint ATM

Endpoint

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang WDM

 Wavelength routed network
— M@t bwédc séng la don vi bang théng nhé nhat
—  Chuyén mach bwdc séng
— Khai thac nhieu buoc song tren 1 lien ket
—  Dung chuyen mach thuan quang.

«  Wavelength continuity
— Rang buoc s lién tuc vé budc song doc theo
mOi két noi
« Wavelength conversion
— Chuyén doi bwéc song dé giai phong rang budc
tai mot s6 diem

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Trién khai IP trén nén WDM

[P

ATM

SONET

IP IP
PPP Ethernet MAC
SONET Ethernet PHY

IP

Optical (WDM)

(a)

Optical (WDM)

Optical (WDM)

(b)

(©)

Optical
(WDM)

(d)

Figure 6.14 Various implementations of IP over WDM. (a) A traditional implemen-
tation, which maps IP packets into ATM cells, which are then encoded using SONET
framing, before being transmitted over a wavelength. (b) The packet-over-SONET (POS)
variant, where IP packets are mapped into PPP frames and then encoded using SONET
framing. (¢) Using Gigabit or 10-Gigabit Ethernet media access control (MAC) as the link
layer and Gigabit or 10-Gigabit Ethernet physical layer (PHY) for encoding the frames

for transmission over a wavelength.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




IP/ATM/SONET/DWDM

T Series T Series T Series

Q SONET/SDH DWDM .
0C3/0C48 DWDM

Figure 1: IP over ATM over SONET/SDH over DWDM

'b
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IP/ISONET/WDM

TSerles TSerles TSerles

SONET/SDH DWDM

//“\
P

L ’ . -
-ni VIEN CONG NGHE THONG TIN VA TRUYEN THONG
-y

-
=D



Cac kiéu kién truc

POP 4 RPOR 3 POP 4
Architecture A: Architecture B:

Routers connected via DWDM links Routers connected via reconfigurable
OXC backbone

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




IP/WDM vs. IP/OTN

.« IP/OTN (mb hinh a, b, c)

- IP (hoac ATM, SONET/SDH/WDM) doéng vai tro la mang truy cap
cua mang OTN

- Mang 16i OTN c¢6 thé cau hinh dwoc nhé cac chuyén mach quang
Optical Cross-connect (OXC).

- Chirc nang chuyén mach, dw phéng, thiét 13p két néi dwgrc thuc
hien béi OXC cua tang quang

 |IP/WDM (m6 hinh d)

—  Router IP két ndi v&i nhau tryc tiép bang dwérng cap quang

— D@ liéu IP dwoc truyén thwe sw truwc tiép trén cac bwdc song ma
khdng dong goi trong mot khuén dang khac.

—  Tang quang chi bao gébm cac phan t&r thu dong khong cau
hinh lai dwoc: cap quang, MUX, OADM, khuyéch dai

- Chirc nang chuyén mach, dw phéng, thiét 1ap két néi dwgrc thuc
hién nh& IP hoac giao thirc bo troo nhw MPLS

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




IP/WDM: U'u nhuoc diém
U'u Nhwoc

— Pép rng dwoc nhu cau bang théng

ngay cang cao cla tang IP nhat I3 tw . CoAng nghé tao cac cbng router IP

cac wng dung High-Definition TV c6 dung lwvong ngay cang I&n c&
— IP-routers co cac giao dién quang OC- nhieu terabit s& c6 anh hudng dén

48¢c/0C-192¢ c6 thé tap hop div liéu c& higu suat, tinh an toan va toc do

hang trdm Gbps dé truyén trén cap phuc hoi 77?7

quang

— Diéu khién viéc thiét 1ap két ndi tlr dau
dén cubi s dung chi thwe hién & tang
IP — tap trung, hiéu qua

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




IP-over-OTN: Pros and Cons

U'u Nhwoc

~ Kha néng cau hinh dwoc cia mang . Cac tang gitra IP va WDM tao ra
16i OTN dem lai tinh mem deo overhead di¥ liéu va diéu khién.
— L&i OTN c6 thé phuc vu nhiéu mang

khac nhau ATM, Frame Relay, P . o
SONET/SDH. Y . Van dé diéu khién ludng dir liéu dwoc

thwc hién & ca 2 mién

. (i) Mang IP dinh tuyén dr liéu gitra
cac IP router (dwoc noi logic voi
nhau théng qua cac OXC)

« (ii) Mang quang tao lap cac
lightpaths gilra cac router IP

« — D@ liéu khédng dwoc dinh tuyén
hiéu qua toan cuc

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Optical Burst Switching

Mang quang chuyén mach burst

Ky thuat cho phép chuyén mach véi don vi
nho hon mét buwdc séng

Ky thuat dung hoa gitra OPS va cac ky thuat
chuyén mach kénh quang

Mot tap cac goi dwoc két hop tai bién mang
tao thanh burst

M®&i burst c6 phan diéu khién va phan di liéu

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Optical Burst Switching

» Phan diéu khién dwoc truyén trén 1 kénh quang
riéng va dwoc xw ly trong mién dién tai moi
router OBS

+ Phan di¥ liéu dwoc truyén trén mot kénh quang
khac luén & trong mién quang ttr dau dén cudi

+ OBS str dung bang théng hiéu qua hon cac
cong nghé chuyéen mach kénh quang

» OBS doi hdi chuyén mach toc dd cao hon
» Van dé nghién clu:
— thiét 1ap kénh di liéu cho burst,
—  x& ly phan diéu khién trudc khi div liéu dén

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Optical Packet Switching

»  Mang quang chuyén mach goéi quang

« D liéu duoc chia thanh cac gbi nho

«  MO0i goi duwoc dinh tuyén doc lap tai cac nut
»  Khong thuc té

—  Toc dd xi ly gai tai cac nat phai rat nhanh

—  Can chuyén d6i OEO dé xt ly phan diéu khién
tai cac nut — hiéu qua thap khi packet rat nho
SO vOi burst

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Chuong 4: Thiét ké mang cap quang

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Thiét ke mang WDM
= \WDM hoat déng theo co’ ché chuyén mach kénh

m Duong di cua dir liéu tw dau dén cudi phai dwoc
xac dinh trwdc khi truyén

m Cac van dé thiét ké
Thiét ké vat ly: thiét ké dworng di cap, diém dat nat
mang
Thiét ké logic: xac dinh cac lightpath can co
Pinh tuyén va gan budc song
S dung cac bd chuyén déi bwdc song

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Thiét ké mang WDM-Vi du

~ m Cho trudc topo

m/ \._,,\%\,-;’“' m Cho trudc yéu cau

/| ” \\ thong lvgng

AL ___m —*rL o WA-CO: x1 Gbps

_{\;‘._ | T - I~ WA-CA1: x2 Gbps
WA-CA2: X3 Gbps

CA o WA-TX: x4 Gbps

.:n,____-—-—""-—‘- CA1-GA: y1 Gbps

m Dinh tuyén cho cac
thong lwgng nay

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




NSFNET Traffic Matrix (11:45 PM to midnight, ET, Jan.

12, 1992)
Traffic Matrix (multiply by 1000 to get bytes per 15-minute interval)

WA |CAl |([CA2 |UT |CO |TX |NE| IL | PA |GA| MI | NY |NJ | MD
WA 531 | 2682 | 1171 | 272|1966| 88| 538 | 2490 | 342 | 185| 3118 | 967 | 442 | 1914
CA1| 7191 391 | 6101 [ 3013|5864 | 2618 | 3988 | 15497 | 1145|2141 | 7993 | 10314 | 5524 | 7759
CA2 | 1092 | 4757 44661 | 851 |3637| 866 | 8567 | 1003 | 462 | 5164 | 6211392 | 2158
ut 702 | 621 | 1364 O 191 61| 70| 288| 200| 326 | 1311 | 1216 | 239| 697
CO [12277 | 15999 | 1902 | 344 | 36| 404 | 1078 | 6223 | 2402 | 1792 | 7211 |11856 | 1318 | 2176
1D, 184 | 1654 | 343 | 552 | 340 0| 261| 269 88| 387| 606| 482| 154| 696
NE | 3701 | 6201 |10231 | 448 |2204 | 790 011418 | 1983|2196 | 15403 | 9333 | 2367 | 16388
IL 1495 | 23455 | 21035 | 852 | 2822 | 267 | 9708 32| 4395|3301 | 9006 | 7116 | 2020 | 8890
PA | 8493 | 1994 | 3735| 601|2499 | 6812507 | 6102 0]3962 | 11069 | 14761 | 4567 | 6314
GA 186 | 4193 | 1026 | 374 2234 | 948 | 499 | 5708 | 685 | 14| 3632 | 2617 | 1270 | 1437
MI | 1117 | 3761 | 5830 | 507 | 9451299 | 1879 | 3789 | 2048 | 2512 | 4550 | 5967 | 3228 | 3719
NY | 3123 | 13184 | 1987 | 1462|4300 | 715 (1732 | 5732 | 3960 | 2943 | 21164 | 7425 | 2800 | 6597
NJ | 3937 | 5534 | 1860 | 754 | 842 | 85| 449 | 2440 11768 | 3569 | 6918 | 7921 | 707 | 5220
MD | 8191 | 22701 | 5429 | 2296 | 8928 | 3182 [ 3270 | 9185 | 3061 | 166 | 12970 | 13760 | 6275 | 12163

7 y ;
¥ ‘ﬁ ~ g ~ . ~ ~ ~
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Thiét ké mang WDM — Vi du

CA2

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Thiét ké mang cap quang WDM

m Thiét ké tang WDM
m Can cl yéu cau théng lwong cua
tang trén SONET/SDH hoac IP
m Can clr vao gidi han s6 cong —

gioi han so lightpath dwng tai moi
nut
m Vidu
Cho trwde A-B-C ndi vai nhau
bang cap quang WDM
A,B,C ndi v&i cac router
Méi cdng router = 10 Gbps = 1
wavelength
Théng lwong yéu cau:
m A-B: 50 Gbps
m B-C: 50 Gbps
m A-C: 50 Gbps
Thiét ké dwdng di cho céac thdng
“ seld{fO’W@ JPBYNGHE THONG TIN VA TRUYEN THONG

[ Router ]

[ Router ]




Thiét ké mang cap quang WDM

m Khdng dung OADM
Thong lwgng A-C sé di trén link A-
B xuong router B g:huyén doi
OEO) rai lai di tw
10 bwdc song tir router A dén
router B

10 bwde song router B dén router

-~
ve)
~

s
S
~

C

A, C: 10 cdng router

[ Router |
f
[ R.:lll\'l ]

—
-

B: 20 cbng router
5 chuyén déi OEO

[ Router ]

= Ding OADM i —
5 budc song tw router A-B i — LA
5 budc song tr router B-C [ Router ]

5 budc song di thang tir router A (©
dén C khong xudng router B

OADM phai dung tai B dé ré
nhanh thong lvong xuodng router B

A, B, C: 10 cong router
Khoéng cé chuyén déi OEO
Gia cua thiet bi OADM vs. cong

. _rquL i VIEN CONG NGHE THONG TIN VA TRUYEN THONG

[ Router ]




Thiét ké mang cap quang WDM

m Lightpath:
Mot két ndi bang 1 bwdc séng 10 links
ilba 2 diém ‘
g- z R g 2: g ‘ A T B : c |
Lightpath c6 thé trai dai qua ! .| : |

| SN

nhiéu cap nh& cac OADM A 5 .
m Lightpath Topology @ o)

Xac dinh cac lightpath cua
tang WDM dé théa man ma
tran thong lwvong

Logical topo, virtual topo o
m Topo vatly
Topo cua cac cap /
DY £

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Thiét ké mang cap quang WDM

m Thiét ké vat ly
Thiét ké cac dwdng di cap, vi tri dat cac nut
m Thiét ké logic

Cho truwédc cac nut truy cap (router), topo cua cap
quang

Cho trwéc ma tran thdng lwong yéu cau (gitra cac
router)
Yéu cau
= Tim c&c lightpath can thiét 1ap (dé két noi cac router), chwa
quan tam dén duwdng di cu thé cua céac lightpath
Lightpath Topology Design (LTD)
= Dinh tuyén céc lightpath nay trén cac cap quang da cé va
xac dinh bwdc séng cho chung
Routing and Wavelength Assignement (RWA)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Lightpath Topology Design (LTD)

Bai toan twong doi don gian
Cho trwéc ma tran thdng lwong gilra cac nut (router)
Cho trw&c cac router
Yéu cau:
Xac dinh céac lightpath ndo can xay dwng gitra cac router
m Lightpath chinh la cac link ao gilra cac router la nut cua topo ao
Anh xa thdng lwong vao cac lightpaths
= Phan bd théng lwong clia mdi cap router vao cac lightpath
m Rang budc
Cac théng lwong yéu cau dwoc thda man
m Muc tiéu
Giam thiéu tac nghén-> tai trén cac lightpath 1a nhd nhét
C6 thé c6 cac muc tiéu khac tuy bai toan.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Lightpath Topology Design (LTD)

m Bai toan LTD Ila bai toan multi-commodity

» Thwong dworc gidi bang cach sir dung phuwong
trinh tuyén tinh (LP) d& mo hinh héa

m S dung cac cong cu gidi LP dé giai
m Co thé dung céc heuristic dé giai khdng toi wu.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



RWA (routing and wavelength

assignment)
m Cho trwdc cac lightpath va topo cac cap, vi tri cac
chuyén mach quang
m Yéu cau
Xac dinh dwong di cac lightpath trén topo cac cap - Routing
Gan bu&c séng cho tirng lightpath > Wavelength Assignment
m Muc tiéu
Dung it bwdc séng nhat
C6 thé cé muc tiéu khac tly bai toan
m Rang budc
Hai lightpath khéng thé cung dung 1 buwéc séng trén mét link
Néu khdng dung bd chuyén dbéi bwdc séng thi mét lightpath phai
dung cung mét budc séng trén tat ca cac link doc theo né.
m Dung hay khdng cac bd chuyén dbi buéc song? So
lwong bao nhiéu?
Thwéng bi han ché

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



RWA |

m D& giam do phirc tap Dinh tuyén va Gan buwéc’
song thuwdng duoc giai trong 2 budce riéng biét
m Dinh tuyén
Fixed path routing, Alternate-path routing, adaptive routing,
multicommodity flow formulation, randomized routing
m Gan buwdc song
S dung thuat toan t& mau dd thi, First Fit, Random Fit,
Least Used, Most Used, Min Product, Least Loaded, Max
Sum .
m Giai hai bal toan dong thoi sé dem lai két qua toi wu
hon, nhwng day la bai toan NP-day du nén khé co
thé cé I&i gidi chinh xac

nl s=ew \VIEN CONG NGHE THONG TIN VA TRUYEN THONG
wil |



Pinh tuyén déng cho mang cép quang

m Phat biéu bai toan
Cho trwdc mdét mang dang co tai
C6 thém 1 yéu cau két ndi maéi tr s =d voi bang théng w
Dinh tuyén cho yéu cau két ndi nay
m Rang budc
Khéng thay dbi cac két néi dang ton tai trong mang
m C6 nhiéu tiéu chi dinh tuyén khac nhau
Tiét kiém tai nguyén nhat

Danh nhiéu kha nang chap nhan cac yéu cau khac trong twong
lai nhat

m E)|nh tuyén déng kho phan bd tai nguyén toan cuc mot
cach to1 wu nhw dinh tuyén tinh

=n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
0| ) SV




N =

tap

m Cho truwdc topo

m Cho trwédc yéu cau
T /N thong lvong
R (T WA-CO: 10 Gbps
T 7 oY WA-CA1: 20 Gbps
\ | \ ) WA-CA2: 30 Gbps
A\ WA-TX: 40 Gbps
= i CA1-GA: 10 Gbps

-Str dung Fixed path routing v&i-
dwong di dwec chon la ngan nhat

- Gan buwdc séng stir dung First Fit.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

m Dinh tuyén cho céc
thOng lwvong nay

m SO budc song trén moi
lieén két W=4

m MOi budc séng tai: 10
Gbps
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-S&r dung Fixed path routing vé&i
dwdng di dwoc chon la ngan nhat
- Gan buwéc séng st dung First Fit.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Céc lightpaths can thiét 1ap (LTD)
WA-CO: 1 lightpath
WA-CAT: 2 LP
WA-CA2: 3 LP
WA-TX: 4 LP
CA1-GA: 5 LP

Pinh tuyén (Fixed path routing)
WA-CO: WA-CA1-UT-CO
WA-CA1: WA-CA1
WA-CA2: WA-CA2
WA-TX: WA-CA2-TX
CA1-GA: CA1-CA2-TX-GA

Gan buwéc song (First Fit)
DPanh sb cho cac bwéc séng la 1,2,3,4.
WA-CO: dung buwéc séng 1
WA-CA1: ding 2,3
WA-CA2:1,2,3

WA-TX: con méi buwéc séng 4 ranh = thiét
lap dwoc 1 LP, con lai 3 LP khéng thiét 1ap
duwoc

CA1-GA: chi thiét 1ap dwoc 3 LP, ding
1,2,3, con lai 2 LP khong thiét lap dwoc




Chuong 5: Du phong va kho1 phuc
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Dw phong va khoi phuc

Khai niém co ban

= Tinh san sang

s CA&c loai l6i

s Dy phong vs khéi phuc
s Dy phong danh riéng

s Dw phdong chia sé

Dw phong trong SONET/SDH
P-cycle

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




y n = A >
Khai niem co ban
m Cac sw ¢ trén mang lam gian

doan hoat déng cua mang
Puwt cap
HAng thiét bi

m Thoi gian gian doan cang nho
cang tot /‘\
Mean Time to Repare: MTR e
m Tan suat xay ra sy co

Mean Time between Failures: !7’/ e

MTF
m Kha nang duy tri dich vu khi

xay ra 16i~> Survivability N “IHDONE R
.é’ w & —

'(A
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Anh hwéng cla viéc gidn doan

A

FCC
Reportable

Social/
Business
Impacts

Impact
Packet
Call-
Dropping - (X.25)
. _ Disconnect
Trigger May Drop  Frivateline
Change- Voiceband DI
over of Calls Ath
CCS Links 3rd Range
"Hit" 2nd
Hit Range
Ist Range
APS Range | |
0 50 200 2 10
msecC MsSecC SeC SecC min

5th
Range

min

L |

Suw co trén mang lam thiet hai vé tién

a=e== * \/|[EN CONG NGHE THONG TI

A TRUYEN THONG




Yéu to thi trwdng clia Survivability

m Quan hé v&i khach hang

m Loi thé canh tranh

m Lol nhuan
Bat loi — Phai tang chi phi dé mang co tinh tw
phuc hoi sau I0i

Wu diém — Tao cac dich vu cao Cép dem lai
o'l nhuan Ion

m Dich vu danh cho doanh nghiép

= Dich vu cho cac tb6 chirc y té

= Dich vu danh cho cac td chirc chinh phd

m Van hanh phwc tap hon

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Network Survivability

m Tinh san sang
99.999% (5 con 9) => dw¢i 5 phut gian doan/nam

m Can co ké hoach ddi phé vai 16i
Thém tai nguyén thay thé, phat hién 16i va tw dong dinh hwéong
cac ludng di lieu vong qua I0i

m Khoi phuc:
Chi bd sung bang théng, thiét bi thay thé khi sy cd da xay ra
Tiét kiem tai nguyén
Cham - thoi gian gian doan I&n

m Dy phong: fast time-scale:

Chuan bi s&n tai nguyén duw phong dé thay thé tai nguyén chinh
khi xay ra sy co

Chuyén Iuong di lieu tr dwong truyén bj 16i sang dwdng dw
phong khi cé sw cb xay ra

Nhanh: khodng hang chuc dén hang trdm ms...

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Tinh san sang

Availability 13 x4c suat thiét bi hoat dong binh
thuong

Reliability

Reliability + Recovery

Availability =

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Pinh lwong tinh san sang

99% 2-Nines
99.9% 3-Nines
99.99% 4-Nines
99.999% 5-Nines
99.9999% 6-Nines

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

5,000 Min/Yr
500 Min/Yr
50 Min/YTr

5 Min/Yr

0.5 Min/Yr




Vi du mang PSTN

= M&i thanh phan clia mang co tinh san sang 99.99%

m One cut off call in 8000 calls (3 min for average
call). Five ineffective calls in every 10,000 calls.

T
99.94%

0.005 % 0.005 %

AN AN
Facility 1T

0109 Facili | E'

0-01% Entrance Entra?ce - 0-01 %

NI : Network Interface
LE : Local Exchange 0.005 % I LD I 0.005 %

LD : Long Distance
0.02 %

Access Network

s=em  \IEN CONG NGHE THONG TIN VA TRUYEN THONG
: lL I

Source : http://www.packetcable.com/downloads/specs/pkt-tr-voipar-v01-001128.pdf



Sw ¢

m Cac loai suw ¢
Sy co thanh phan: trén link, nut, kénh WDM, phan
mém...
Sw cérhé ,théng: Tham hoa c6 thé hiy hoai toan bd trung
tam két noi

m L&i don vs. nhiéu 16i ddng thoi
4.39 cap det/nam/1000 dam cap
Théng thwérng gid thiét mang chi co 16i don

m Dy phong va khéi phuc ¢ thé thwe hién & nhiéu
murc

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Cac phwong phap bao vé mang

Network Survivability Architectures

/\

Restoration Protection
Self-healing Re-Configurable Protection
Network Network Switching

~_ T

Linear Protection Ring Protection

Mesh Restoration Architectures Architectures

Architectures
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Phan loai cac phwong phap dw phong

m Theo topo
Vong
Tuyén tinh: link, doan, dwdng
m Theo s dung tai nguyén
Dw phong danh riéng
Dy phdng chia sé

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Topo dvw phong - vong
m Cac nut dwoc ndi v&i nhau qua cac link tao

thanh vong tron
D liéu dwoc truyén theo chiéu nguoec lai khi co sw ¢

i&

Protect

Working

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Topo duw phong— Tuyén tinh

=== .!
\ ‘A 4 ! \ oo
Du phong theo lién két R Nttt
@ &% -—
-« >
Motification

-~————- -
Dy phong theo duong AN
(b) L.
|
Motification
- 5 s;
rf H‘a f; hhit
. ] Y V.,
Du phong theo doane ¢ P W NP —
’ v, V, v,
1 < >
Motification
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Dw phdng danh riéng vs. chia sé
m D phong danh riéng

Mot tai nguyén dw phong chi dung dé bao vé mot
dwong truyén chinh

m D phdng chia sé
Mot tai nguyen diw phong co thé dwoc dung trong
nhiéu dwdng dw phong dé bao vé nhiéu dwdng truyén
chinh

m D phong chia sé co6 toc dé khbi phuc chadm hon

dy phong danh riéng

Mat th&i gian thanh 1ap dwong dw phong tir cac tai
nguyén dy phong khi sw ¢b xay ra

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Dw phdng danh riéng vs. chia sé

-Ir.ll I::;r F‘E
" — t
\ /
~ max{éd,.d, | ”
M e -
FaR LAY
/
wh &
v, " d v,

S — I

Bing thong can thiét cho cac dudng bao vé trén link chung v3-v4

£

g SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
Cl and b

L |



Dw phong trong SONET/SDH

Table 10.1 A summary of protection schemes in SONET and SDH. N denotes the number of
working interfaces that share a single protection interface, The schemes operate either in the path
layer or in the SONET line layer/SDH multiplex section (MS) layer. Path layer ring schemes include
unidirectional path-switched ring (UPSR) or 1 4 1 subnetwork connection protection (SNCP}. Line
layer ring schemes include bidirectional line-switched ring (BLSR) or, equivalently, multiplexed
section-shared protection ring {MS-SPRing).

Protection Scheme

SONET Term 1+1 1:N UPSR BLSR
SDH Term 1+1 1:N SNCP MS-SPRing
Type Dedicated Shared Dedicated Dedicated Shared
Topology Point-point  Point-point  Ring Ring/mesh Ring

Layer Line/MS Line/MS Path/- ~Ipath Line/MS
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Dw phdong 1+1 theo link cua SONET/SDH

Dit liéu dugc truyén dong thoi trén ca duong
chinh va duong du phong

Working

/ » TX % RX
» BR SW
Protection /
» TX — RX >

/— RX l— X
9 SW BR .
Protection
— <

A-TRUYEN THONG




Dw phong 1:1 theo link cua SONET/SDH

Dir liéu duoc trén dudng chinh va chuyén sang dudng
du phong khi ¢6 su ¢

/ " TX RX
»Bridge SW

Protection /
» TX — RX >

Protection

«l—RX—TX:

- —— — —

VIEN CONG NGHE THONG TIN VA TRUYEN THRRS Clrarrre |




Automatic Protection Switching ctia SONET/SDH
! i

Téc do khoi phuc 60ms T ovesen (N

/
A L I

Coupure de
protection ~~ 4 cable

Unidirectional path-switched ring "'.
UPSR
1 cap cho working,

1 cap cho protection ﬂ

Bidirectional line-switched ring Vot

BLSR 4 cap: 2 cap cho working, Py
. Coupurede -~

2 cap cho protection cabie

BLSR 2 c4p: Biang thong trén moi
i duoc chia doi, ¥ van chuyén working traffic, ®

Ly =n!ﬁ-',‘(VIEN CONG NGHETHONG TIN va IkuYEN IHUNG
wFRefuyen profection trafic




UPSR vs. BLSR

. URPS, moi ket noi dung toan bo vong cho trafic theo 2

chieu
. BLSR: Moi ket noi dung 1 phan cua 2 vong cho trafic theo
2 chieu
—  Co the tai nhieu ket noi hon khi cac diem nguon,
dich ke nhau ouT N
out } IN West 4| East
i) Ring? > \
>t / & -
Ring2 A ."_,,_..-;;,‘\'ﬂ-ﬁ‘\—’ A 5
Y East c,'\(o\ YI‘*’? West
D OC-N 8 o 0C-48 B Jsour
f A xlN
West 0}‘97/ 4 -
> - > ,53% c (—\”ﬁk\.—//
En —>
o g
IN out East West
Ul VI DLON

A
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7
(
.
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P-cycle

m Mang mesh khong co
topo hinh vong

m [ao cac vong trong
mang > p-cycle

u S}P dung CcO Ch‘e bao (a) A p-cycle, X (b) A span on the cycle fails, p-cycle X contributes
Ve theo topo Vong one protection path (BLSR-like behavior)

m Cac link trén p-cycle va /\

cac doan cat p-cycle
dwoc bao vé

{c) (d) Spans straddling the p-cycle fail. p-cycle X contributes
two protection paths (mesh-like).
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Bai toan dinh tuyén co dw phong

mTim klem dworng di chinh va dwdng di dw phong cho moi
két noi

m Rang budc

Puwdng di chinh va dwdng di dw phong phai khong bi anh hwéng
dong thdi béi mot 16i don

m Hai dwong di khéng dung chung 1 cap
= Hai dwong di khéng dung chung mot thiét bi
Toc d6 khdi phuc chap nhan duwoc
Pwong di dw phong khdng qua dai lam anh hwdng do tré
m [iéu chi
Tiét kiém tai nguyén téng cdng
m CO 2 dang tinh va dong twong ng v&i bai toan dinh
tuyén théng thuwdng

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Bai toan dinh tuyén co dw phong

m Hwdng tiép can
Tach thanh 2 bwdce dinh tuyén:

= Dinh tuyén cho dwdng chinh trwdc sau d6 tim dwdng dy
phong

Pinh tuyén déng th&i cho c& dwdng chinh va dy
phong
= Rat khé trong trwdrng hop dinh tuyén déng

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Chuong 6: Mang truy nhap

L’ 5

nl o= \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Mang truy nhap quang va dich vu

*  Mang truy nhap thu thap dir ligu twr phia nguwoi
dung va cung cap cho mang IO
»  Cac dich vu phd bién tir phia ngudi ding
—  Dién thoai
—  Mang tryén hinh cap
— Internet trén nén dién thoai (xDSL) hodc céap

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang truy nhap

Provider
Services

Provider
Services

3

——1—3 ‘uthertication Reques:

4—2—— Authentication Granted

——3— User Able To Traverse
Network
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Kién truc ciia mang truy nhap

ﬁ NIU

{ Remote node /./"'
_/// //

A

// ‘ ,/
N e S——
~ ~_ \\
\\\ \
‘ Remote node .
NIU

Feeder network Distribution network

Figure 11.1 Architecture of an access network. It consists of a hub, which is a telephone

company central office or cable company head end, remote nodes deployed in the field,
and network interface units that serve one or more individual subscribers.
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Kién tric mang truy nhap

« Hub

— Nam phia nha cung cap
 NIU: Network Interface Unit

— Nam phia nguwoi str dung

— NO&i v&i 1 ngudi dung hodc 1 doanh nghiép
 Remote Node

— Trong mang broadcast, RN phan phoi div

lieu tv Hub dén moi NIU

— Trong mang switched, RN nhan di ligu tw
Hub va phan phdi cac ludng khac nhau dén

cac NIU

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Phan loal mang truy nhap

Distribution Feeder Network

Network Shared BW Dedicated BW
Broadcast CATV (HFC), TPON | WPON

Switched Telephony, DSL, WRPON

HFC = Hybrid Fiber Coaxial, DSL : Digital Subscriber Loop; PON : Passive Optical Network;
T = Telephony; W . Wavelength; WR = Wavelength Routed; BW = BandWidth.

— Mang dién thoai
—  Mang truyén hinh cap
— Mang FTTH
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Mang dién thoai noi bo

» S dung cap xoan

CO = Central Office (USA) or Local Exchange (EU)

‘J/-

co

T

C=1]
T

TPs = Twisted Pairs
(copper)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Mang truyén hinh cép

«  Dung ca cap dong truc va cap quang
— Hybrid Fiber Coaxial cable: HFC

« HE: headend

RN

| £ | =3 /

N

A \; >
HE | O

| Fiber Amplifier

" N

Ll >

)




Mang truy nhap quang: FTTx

. D@ liéu dwoc truyén trén cap quang trong mang phan phoi
(distribution network) cho dén ONU (Optical Network Unit)

—  Mong muén: Cap quang dén gan thué bao nhat
FTTCab (Fiber To The Cabmet) Cap quang két thuc & mét

cabinet, dw®i 1km cudi dén thué bao ding mang
phan phdi cap dong.

FTTC (Fiber To The Curb) | FTTB(Fiber To The Building); ONU phUC
vu mot s6 thué bao (8 to 64); tw ONU dén NIU dung cap
déng (dwéi 100m)

. FTTH (Fiber To The Home); ONUs thwc hién chirc nang
cua NIUs;

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Mang truy nhap quang: FTTx

Central office Cabinet Curb Home

A aa—

CO @——==1 RN ——><’\1J< el NI FTTCab
— Fiber —¥ Fiber »‘f—\ Copper_

CO g RN ONU e t(\u FTTC/FTTB
N \__J§ L___/ ; J
J—

L)j‘___’" RN ’[ ONUNIU | FTTB/FTTH
\ N

Passive optical network (PON)

Figure 11.5 Different types of fiber access networks, based on how close the fiber gets

to the end user. In many cases, the remote node may be located at the central office itself.
The ONUs terminate the fiber signal, and the links between the ONUs and the NIUs are
copper based.
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Mang truy cap FTTx

Exchonge

FITB - Fiber-to-the-building
FITC - Fiber-to-thecurb
PON - Possive optical network

YDSL - Very-high-speed digitel subscriber line
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AON vs. PON

Remote Note (Distribution nodes) chia di¥ liéu

Active Optical Network (AON)

vé cac dich.

Routed
to 500 ONTSs.

AON: Active Optical Network \
‘ > ~ ~ > A~ ABC—

- la mang su dung c6ng nghé chu déng

(Remote Node tiéu thu dién)

-Remote node phan tich va dinh tuyén riéng

cac goi tin theo dia chi dich ,

-Khoang chay cap co6 thé dai dén 100km

|
up to 70 Km ! up to 20 Km

PON: Passive Optical Network Passive Optical Network (PON)
- La mang s dung céng nghé thu déng, o
(Remote Node khong tiéu thu dién) .
-Remote node (Splitter) khGng phan tich ma
chi 13p tin hiéu trén tat ca cac cdng ra
-Upstream: MUX tlr cac ngudn khac nhau
bang TDM (TDM PON) hodc WDM (WDM
PON)

up 10 20 Km

K hoang chay cap gi¢i han 20km
- == \/[EN CONG NGHE THONG TIN VA TRUYEN THONG

oICh

Key: A - Data or voice for a single customer. 0 - Video for multiple customers.




Kién trac PON

» Kién tric mang gitra CO va ONU

 RN: thiét bi thu dong, la mot bé chia nhanh hinh sao
hoac bo dinh tuyén tinh theo bwdc song

» Tin hiéu thwong dwoc broadcast gilba CO-ONU va
chia sé bang théng theo co ché TDM tai ONU

Architecture Shared Power Data Rate at Node Shared

Fiber Splitting the ONU Synchronization CcO
AF (All Fiber) No None 1 No No
TPON Yes 1IN N Yes Yes
WPON Yes 1/N 1 Yes No
WRPON Yes None 1 Yes Yes

N . number of ONUSs in the network.
Data Rate: 1 means that ONU operates at the rate of the traffic delivered to it, instead of the aggregate rate N.
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Topo PON

ONU5

(a) Tree topology (using 1:N splitter) (c) Ring topology (using 2x2 tap couplers)

ONU5

(b) Bus topology (using 1:2 tap couplers) (d) Tree with redundant trunk (using 2:N splitter)




Kién trac AF (all fiber)

« M6t cap cap ndi CO véi mbdi ONU

«  Gia thanh ti 1& vé&i s6 ONU va chi phi bao tri
cap

« S dung trong pham vi nhd nhw doanh nghiép

Solution with point-to-point fibre Solution with fibre in a ring

cable H@
o
AONU)
(O[llU}




Kién truc Telephone PON (TPON)

» EU

7
g

® In spite of being a broadcast architecture, it may support switched g ONU Y
services py assigning specific time slots to each ONU, based on S
its bandwidth needs.
¥ In the distribution network, the upstream shares the fibre with the P—
downstream by using TDM, in a different wavelength, through a 131071550 13um [
coupler. %
¥ ONUs must be synchronized (ranging). :
.
/" co N\ | y ‘ 4 ONU ™
ONU Laser . Receiver [—>
Rx: pin FET Lo Splitter/ )
Tx: LED or FP laser Combiner .
Receiver < . TS Laser |
\ / \ 1310/1550 nm 1,3 um
¥ The number of ONUs that can be ;/ . /
supported is limited by the splitting Passive Star Coupler :
losses at the RN. 4 ONU N
Receiver —
® ONUs must operate at the aggregate rate coming from the CO.
B There is a trade off between transmitted power, receiver sensitivity, AA— Laser |
data rate, number of ONUs, and maximum coverage distance. 1310/1550 nm 1,3 um y

£
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WPON (WDM PON)

B This architecture enables the operation of each ONU
at the data rate of the traffic delivered to it, instead

of the aggregate data rate transmitted by the CO.

E However, it is still limited by the power splitting ~ *1: %2 - Ax

at the star coupler (RN). 1.55 um band
/RN \
/ (of0) \
Tx at the CO: /
Array of Lasers WDM Laser
or Tuneable Laser Splitter/
Combiner .
Receiver |« \ .
®# ONUs share the upstream wavelength ) )
: bp> Ags e s Ay
of 1.3 um, with TDM. 1,55 um band

~

&z z

"7\
q)

ONU N
Filter 1 | Receiver ———»
Laser |
1.3 um
ONU I
Filter %, | Receiver —>
Laser |
1.3 um
ONU N
Fllter A N Receiver ——
Laser |
1.3 um
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WRPON (Wavelength Routed PON)

Puwoc phat trién bdi cac cong ty, chwa chuan hda
M&i ONT str dung mét bwdc séng dé truyén di liéu

Remote note 1a AWG thiét bi c6 kha nang tach ghep cac bwoc
song, thwc hién MUX/DEMUX theo buédc sdng chiéu xudng va
lén.

Thudc loai Wavelength routing PON

ONT =1

Central
office

Remote

------




GPON: Gigabit Capable PON

* GPON c06 thé dung dé tai nhiéu di¥ liéu cha cac giao
thirc khac nhau: Ethernet, ATM, voice ...
* D{¥ liéu tr OLT dén nguwdi dung chia sé kénh chung
gitra OLT va RN
* Downstream broadcast

* Upstream TDM
* Cac goi dwoc dong trong khung di¥ lieu GPON c6 trweong dinh

dc.-l- TS G N . QU2 P S S R W TR S T . S
ur mﬁm
[2 I 331
OLT
®

TIME SLOT

OPTICAL SPLITTER UPTO 32 1.244 Gbits/s UPSTREA




EPON: Ethernet PON

« EPON: PON van chuyén di¥ liéu & cac frame

Ethernet
. l ‘%> USER 1 '

» Chiéu xudng (down stream)
Quang ba dir liéu chung

802.3 frame

[[resse ["povoos

\ Figure 8-6. Downstream traffic in EPON.



EPON

e Chiéu lén (Upstream): dén kénh theo
thoi gian (TDM) tryc ti€p cac goi
Ethernet clia nguwdi dung tlr cdc ngudn
khac nhau vao két néi chung OLT-RN

e EPON thudc loai TDM PON

time slot

[[[ocer]_povess Jrcs

Figure 8-7. Upstream traffic in EPON.




