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Dinh tuyén va gan budc song trong mang
WDM (Routing and Wavelength Assignment)
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LOI MO DAU

Hé thdng thong tin quang ra doi cing véi nhimng wu diém vuot trdi ciia nd ¢ va
dang ap dung rong réi trén mang ludi thong tin todn cau. Hién nay, cic hé thong
thdng tin quang truyén dan tat ca cac tin hiéu dich vu bang hep, bang rong dap tng
yéu cau ciia mang sb tich hop dich vu ISDN. Vi thé, h¢ théng thong tin quang s& 1a
miii dot pha vé téc do truyén din va cdu hinh linh hoat cho cac dich vu vién thong
cép cao.

Déi voi hé thong thong tin quang, moi truong truyén dan chinh 13 sgi quang, né
thuc hién truyén anh sang mang tin hiéu thong tin tir phia phat téi phia thu. Dinh
tuyén va gan budc séng tré thanh chuc nang khdng thé thiéu dugc trong mang
quang WDM. Vén d¢ dit ra 1a dinh tuyén duong di cho 4nh sang va gan budc song
cho né trén mdi tuyén nhu thé nao dé dat dwgc mot mang tbi uu.

Trong do an ki thuat thong tin ndy, em xin trinh bay vé d¢ tai dinh tuyén va gan
budc séong trong mang WDM (Routing and Wavelength Assignment). D6 an duogc
chia thanh bén chuong:

% Chuong 1: Tong quan vé h¢ thong thong tin quang.

% Chuong 2: Giéi thiéu vé hé théng WDM.

% Chuong 3: Dinh tuyén va gan budc song trong mang WDM.

% Chuong 4: Thyc hién moé phong dinh tuyén cho duong di anh sang lightpath.

Pé tai “Pinh tuyén va gan budc song trong mang WDM?” ciia dd 4n ndy da phan
tich sy can thiét cua chirc nang dinh tuyén va gan budc séng trong mang quang
WDM, tré thanh chirc nang khong thé thiéu trong viéc diéu hanh mang quang.

Phuong phap nghién ctu cta dé tai: dwa vao chirc nang ciia dinh tuyén va gan
budc séng trong WDM, thuc hién mé phong chire nang dinh tuyén trong mang. Anh
séng di trong soi quang phai di qua nhiéu node mang trung gian dé tdi node dich,
tirc 12 qua cac tuyén trung gian. Viéc dinh tuyén vai tiéu chi toi wu ham muc tiéu 1a
céc tham sb quen thudc nhu bang théng, do tré, chi phi tuyén,... Vi thé ding thuat

toan tim dudng ngan nhét Dijkstra dé thyc hién mo phong dinh tuyén tdi uu mang.



Em xin chan thanh cam on thay gido Nguyén Van Phong d4 tan tinh hudng dan,
cung cép tai liéu, dong thoi dong vién trong thoi gian em nghién ciru dé tai nay. Em
Xin cam on tat ca cac thay co gido trong khoa Dién Tir Vién Thong da nhiét tinh day
dd, cung cap trang bi cho em nhing kién thirc qui bau, cam on gia dinh da dong
vién em trong sudt thoi gian vira qua, cam on cac ban d& gop nhiing y kién chan
thanh gop phan giap em hoan thanh do an.

Trong thoi gian thyc hién d6 an kha ngan d6 an, mac du ¢6 nhiéu ¢ gang nhung
d6 4n khong khoi tranh nhimng thiéu sot. Kinh mong céac thay c¢6 gido trong khoa
cling céc ban tan tinh chi bao va gop y kién dé d6 an duoc hoan thién hon. Em xin
chan thanh cam on.

Da Niéng, ngay...thdng...nam 2007
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CHUONG 1
TONG QUAN VE HE THONG THONG TIN QUANG.

1.1. Gioi thiéu chwong

Luong thong tin trao doi trong cac hé théng thong tin ngiy nay ting 1én rat
nhanh. Bén canh gia ting vé s6 luong, dang luu luong truyén thong trén mang ciing
thay d6i. Dang dir liéu chu yéu 13 luu luong Internet. S6 ngudi sir dung truy cap
Internet ngay cang ting va thoi gian mdi lan truy cap thuong kéo dai gap nhiéu lan
cudc ndi chuyén dién thoai. Chiing ta dang hudng tdi mot x& hgi ma viéce truy cap
thong tin c6 thé dugc dap tmg ¢ moi 14c, moi noi chung ta can. Mang internet va
ATM ngay nay khong dii dung luong dé dap ung cho nhu cau bang thong trong

tuong lai.
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Hinh 1.1: Sw gia ting lvu lwgng dit liéu va tiéng néi qua cic nim.

Ki thuat thong tin quang c6 thé dugc xem 13 vi ciru tinh ciia ching ta trong viéc
giai quyét van dé trén. Boi vi hé thong thong tin quang ra doi voi nhitng kha ning
vuot troi ciia nd: bang thong khong 16 (gan 50Tbps), suy giam tin hiéu thap (khoang
0.2dB/km), méo tin hiéu thap, doi hoi ning luong cung cép thap, khong bi anh
huodng ciia nhiu dién tir, kha ning bao mat cao... Vi vay thong tin quang duoc xem
la Ki thuat cho hé thong thong tin bang rong. Cac hé thong thong tin quang khong
chi dic biét phi hop véi cac tuyén thong tin duong dai, trung ké ma con co tiém
nang to 16n trong viéc thuc hién cac chic nang cua mang ndi hat va dap tmg moi

loai hinh dich vu hién tai va trong tuong lai.
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Vi vay viéc phét trién va xay dung hé thong thong tin sgi quang 14 can thiét cho
nhu cau phit trién thong tin trong tuong lai. Trong chuong nay s& noi 18 vé hé thong
thdng tin soi quang va viéc truyén anh séang trong sgi quang.

1.2. Giéi thi¢u vé thong tin quang

Khéc véi thong tin hitu tuyén hay vo tuyén - cAc loai thong tin sir dung cac moi
truong truyén dan twong ung 1a day dan va khong gian nhu hinh 1.2 - thi théng tin
quang la hé thong truyén tin qua soi quang nhu hinh 1.3. Diéu d6 c6 nghia 1a théng
tin dugc chuyén thanh anh sang va sau d6 anh sang dugc truyén qua soi quang. Tai

noinhan, né lai duoc bién d6i thanh thong tin ban dau.

metal wire

Sound electrical signal
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Hinh 1.2: Théng tin hiru tuyén
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Hinh 1.3: Thong tin quang

1.2.1. Sw phat trién ciia thong tin quang

Céc phuong tién so khai cila thong tin quang 13 kha nang nhan biét cia con
ngudi vé chuyén dong, hinh dang va mau sac sy vat qua doi mat. Tiép d6 mot hé
thdng thong tin diéu ché don gian xuat hién bang cach sir dung cac dén hai dang,
cac den hiéu. Sau do, nam 1791, VC. Chape phat minh mdt may dién bdo quang.
Thiét bi nay sir dung khi quyén nhu 1a mot moi truong truyén dén, do dé chiu anh
hudng cua cac diéu kién vé thoi tiét. Dé giai quyét han ché nay, Marconi da sang
ché ra may dién bao vo tuyén co kha nang thyc hién thong tin gitra nhimg ngudi goi
va nguoi nhan ¢ xa nhau.

Pau nam 1880, A.G. Bell- ngudi phat minh ra hé théng dién thoai d& nghi ra

mot thiét bi quang thoai c6 kha ning bién doi dao dong may hat thanh anh sang.
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Tuy nhién, sy phat trién tiép theo cta hé théng nay d4 bi bo bé do su xuat hién hé
thdng vo tuyén.

Su nghién ciu hién dai vé thong tin quang dugc bat dau bang sy phat minh
thanh cong cia Laser nam 1960 va bang khuyén nghi cia Kao va Hockham nam
1966 Vé viéc ché tao soi quang c6 do ton that thap. Bén nim sau, Kapron da co thé
ché tao cac soi quang trong sudt co do suy hao khoang 20dB/km. Pugc ¢ vii boi
thanh cong nay, cac nha khoa hoc va ki su trén khap thé gigi da bat dau tién hanh
cac hoat dong nghién ctru va phat trién va két qua 1a cac cong nghé méi vé giam suy
hao truyén dan, vé ting dai théng, vé cac Laser ban dan... ¢4 dugc phat trién thanh
cdng trong nhimg nam 70, d6 ton that ciia suy hao di dugc giam dén 0.18dB/km.
Hon nita trong nhitng nim 70, Laser ban dan c6 kha ning thyc hién dao dong lién
tuc d& duoc ché tao, tudi tho cia nd wée lugng khoang 100 nam va cho phép tao ra
cu ly truyén xa hon v6i dung luong truyén 16n hon ma khong can dén cac bo tai tao.
Cung voi cong nghé ché tao cac ngudn phat va thu quang, soi dan quang da tao ra
cac hé thong thong tin quang voi nhiéu vu diém vuot trdi hon hin so véi cac hé
thdng thong tin cap kim loai.

Hién nay cac hé thong thong tin quang truyén dan tat ca cac tin hiéu dich vu
biang hep, bang rong dap Gmg yéu cau cila mang s lién két da dich vu ISDN.

1.2.2. Nhirng wu diém ctia h¢ thong thong tin quang

Thong tin soi quang ¢6 nhimg wu diém vuot trdi. Trong phan niy, em dua nhiing
uu diém thé hién tinh vuot trdi clia né:

< Bing thong khong 16 diy tiém ning: tan sb séng mang quang trong
khoang10™ dén 10" Hz (thuong gin viing hdng ngoai quanh gi tri 10" Hz), cung
cép bang thong truyén 16n hon nhiéu so v6i hé thong cap kim loai (biang thong cia
cap dong truc khoang 500Mhz). Hién tai, gi4 tri bang thong ciia hé thdng soi quang
chua sir dung hét nhung viéc & mot vai GHz qua khoang cach vai km va hang tram
Mhz qua khoang cach hang chuc Km ma khéng can su can thiép vé dién (dung bo
lip) 1a c6 thé. Vi thé, dung lugng mang thong tin cia hé thong thong tin quang 16n

hon nhiéu so voi hé théng cap dong tot nhat. Do suy hao 16n & bang théng rong, hé
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thdng cap dong truc gidi han khoang cach truyén véi chi mot vai km & bang thong
trén 100Mhz.

% Soi quang kich thwéc nhé va nhe: soi quang co ban kinh rat nho, thuong
ban kinh nay khéng Ién hon ban kinh soi toc con ngudi. Vi thé, tham chi khi soi
quang duoc phil thém nhitng 16p bao vé thi chling van nhé va nhe hon nhiéu so véi
cap dong.

% Sw cach li vé dién: soi quang duoc ché tao tir thuy tinh hodc doi luc 1a chat
déo, d6 1a nhitng chat cach dién, vi thé khong gidng véi day dan kim loai, n6 khong
cho thay nhiing truc tric co ban. Hon nita, dac tinh nay Iam cho viéc truyén thong
tin cia sgi quang trd nén phu hop mot cach li tuong cho sy thong tin trong nhiing
moi truong mao hiém vé dién.

< Khong bi anh hwéng béi nhidu va xuyén am: soi quang dugc ché tao tir
céc chat dién moi phi dan nén ching khdng bi anh huéng béi nhidu dién tir, cac
xung dién tir, nhidu tan sb vo tuyén. Vi thé hoat dong cua hé thong thong tin quang
khong bi anh huong khi truyén qua méi trudng nhidu dién. Piéu dé c6 nghia 1a né
c6 thé lap dat cung tmg vai cap dién luc va co thé str dung trong méi truong phan
ung hat nhan.

% Bao mat thong tin: 4nh sang tir soi quang bi blrc xa mot cach khong dang ké
nén ching co tinh bao mat tin hiéu cao. Pac tinh nay thu hut dbi voi quan doi, ngan
hang va cac tmg dung truyén dir liéu.

% Suy hao thap: sy phat trién ciia soi quang qua nhiéu nam da dat duoc két
qua trong viéc ché tao ra soi quang c6 do suy hao rat thap. Soi quang duogc ché tao
véi do suy hao 0.2dB/km va dic tinh ndy tro thanh lgi thé chinh cua thong tin
quang. Diéu ndy thuan loi cho viéc dit bo khuéch dai cho mdi khoang cach trén
duong truyén ma khdng can chuyén sang tin hiéu dién ¢ budc trung gian, do d6
giam duoc ca gia thanh va ca do phirc tap ciia hé thong.

< Tinh linh hoat: mac du cé4c 16p bao vé 1a can thiét, soi quang duoc ché tao

V01 stic cang cao, ban kinh rat nho. Véi loi thé vé kich thude va trong luong, soi
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quang noi chung 12 tot hon trong viéc luu trit, chuyén cha, xir I va lap dat dé hon hé
théng cap dong.

< P tin ciy ciia hé thong va dé bao dwdng: do dic tinh suy hao thip cua soi
quang nén cd thé giam dugc yéu cau sb bo lap trung gian hodc s6 bo khuéch dai trén
duong truyén. Vi thé, voi mot vai bo lap thi do tin cay cua hé thong co thé duogc
nang cao hon han hé théng dan dién. Hon nira, d tin ciy cua céc thiét bi quang
khong con 1a van dé, cac thiét bi quang ¢6 tudi tho rét cao, khoang 20-30 nam.

% Gia thanh thip day tiém ning: thuy tinh cung cép cho thong tin quang
duogc 13y tir cat, khong phai 12 ngudn tai nguyén khan hiém. Vi thé, soi quang dem
lai gia thanh thap.

Thong tin quang ciing cho phép truyén dong thoi cac tin hiéu c6 budc song khac
nhau. Dic tinh ndy cing véi kha ning truyén dan bang théng rong cia sgi quang
san c¢6 lam cho dung luong truyén din cila tuyén trd nén rat 16n.

1.2.3. Cu tric va cac thanh phan chinh ciia h¢ thong thong tin quang
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Hinh 1.4: Céu triic ciia hé thong théng tin quang

Céc thanh phan ciia tuyén truyén dan quang bao gém: phan phat quang, cap soi
quang va phan thu quang.

-Phan phat quang: duoc ciu tao tir nguon phat tin hiéu quang va cac mach diéu
khién lién két voi nhau. Phan tir phat xa anh sang c6 thé 1a: Diod Laser (LD), Diod
phat quang (LED: Light Emitting Diode). LED dung pht hop cho hé théng thong
tin quang c6 toc do bit khong qua 200Mbps sir dung soi da mode. LED phat xa tur
phat, anh sang khong dinh huéng nén dé sir dung LED t6t trong hé thong thong tin
quang thi nd phai c6 cong suét birc xa cao, thoi gian dép ing nhanh. LD khic phuc
nhugc diém cia LED, thudng sit dung LD cho truyén dan toc do cao. LD c6 nhiéu

vu diém hon so véi LED: pho phat xa cta LD rat hep (khoang tir 1 dén 4nm nén

bi thu ma |p———
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giam dugc tan sic chét liéu), goc phat quang hep (5- 10°), hiéu suit ghép anh sang
Vao Soi cao.

- C4p soi quang: gom cac soi dan quang va cac 16p vo boc xung quanh dé bao
vé khoi tac dong co hai tir moi trudng bén ngodi. CH thé chon cac loai soi sau: soi
quang da mode chiét suat nhdy bac, soi quang da mode chiét suat giam dan, soi
quang don mode.

- Phan thu quang: do b tach song quang va cac mach khuéch dai, tai tao tin
hiéu hop thanh. Trong hé thong thong tin quang, ngudi ta quan tdm nhat ddi véi cac
bo tach song quang 1a cac diod quang PIN va diod quang kiéu thac APD dugc ché
tao tir cac ban dan co ban Si, Ge, InP.

Ngoai c4c thanh phan chi yéu ndy, tuyén thong tin quang coOn cd cac bd ndi
quang, cac mdi han, céc bo chia quang va cac tram lip. TAt ca tao nén mot tuyén
thong tin hoan chinh.

Tuong tu nhu cap dong, cap soi quang dugc khai thac véi diéu kién 1ap dat khac
nhau, cd thé duoc treo ngoai troi, chon truc tiép dudi dat hodc dat dudi bién,...tuy
thudc vao cac diéu kién la‘ip dat khac nhau ma do ché tao cua cap ciing khac nhau va
cac mbi han s& két nbi cac do dai cap thanh do dai tong cong cua tuyén dugc lap
dat. Tham s6 quan trong nht ctia cap soi quang tham gia quyét dinh do dai tuyén 1a
suy hao soi quang theo budc song.

Ngudn phat quang & thiét bi phat co thé st dung LED hoic laser ban dan. Ca hai
nguon phat nay déu phd hop cho cac hé thong thong tin quang, véi tin hiéu quang
dau ra co tham sé bién d6i twong tng véi su thay d6i cia dong diéu bién. Budc
s6ng lam viéc ctia ngudn phat quang co ban phu thudc vao vat liéu ché tao, doan soi
quang ra cia ngudn phat quang phai phl hop véi soi dan quang khai thac trén
tuyén.

Tin hiéu anh sang da dugc diéu ché tai ngudn phat quang sé dugc lan truyén doc
theo soi quang dé téi phan thu quang. Khi truyén trén sgi dan quang, tin hiéu
thudong bi suy hao va méo do cac yéu té hap thy, tan xa, tan sic gdy nén. Bo tach

s6ng quang ¢ phan thu thuc hién tiép nhan anh sang va tach lay tin hiéu tir huéng
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phét t6i. Tin hiéu quang duoc bién ddi tro lai thanh tin hiéu dién. Cac Photodiod
PIN va Photodiod thac APD déu c6 thé sir dung 1am cac bo tach séng quang trong
c4c hé thong thong tin quang. Dic tinh quan trong nhat cia thiét bi thu quang 1a do
nhay thu quang.

Khi khoang céch truyén dan kha dai, téi mot cu ly nao do, tin hiéu quang trong
soi bi suy hao kha nhiéu thi can thiét phai c6 cic tram lip quang dat trén tuyén.
Nhimng nam gan dy, cac bo khuéch dai quang da dugc sir dung dé thay thé cho cac
thiét bi tram 1dp quang.

1.3. S¢i quang
1.3.1. S¢i din quang

Soi quang 1a nhimg day nho va déo truyén cac anh sang nhin thdy duoc va céc
tia hong ngoai. Chung c6 18i ¢ gilta va c6 phan bao boc xung quanh 16i. Dé anh
sang co thé phan xa mot cach hoan toan trong I8i thi chiét xuét cua 16i phai 16n hon

chiét suat 40 mot chut.

Folym er overcoat

e

Cladding

optical fiber
Hinh 1.5: Ciu tao soi quang
V6 boc phia ngoai 40 bao vé soi quang khoi bi am va dn mon, déng thdi chong
Xuyén am voéi cac soi di bén canh va 1am cho soi quang dé xur li. Dé boc ngoai ta
ding cac nguyén liéu mém.
L&i va 40 duoc 1am bang thuy tinh hay chat déo (silicat, chat déo, kim loai,

Flour, soi quang két tinh). Ngoai ra chiing dugc phan loai thanh c4c loai sgi quang
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don mode va da mode twong tmg véi sé lugng mode ciia anh sang truyén qua soi
quang. Ngoai ra chling con dugc phan loai thanh soi quang c¢6 chi sé bude song va
chi s6 16p tuy theo hinh dang va chiét suat ctia cac phan cua 16i soi quang.

1.3.2. Sw truyén 4nh sang trong s¢i quang.

Soi quang 1& méi truong truyén thong dic biét so voi cac mdi truong khac nhu
cap dong hay khong gian tu do. Mot soi quang cho suy hao tin hiéu thap trén mot
pham vi tan s 16n, dic tinh ndy cho phép tin hiéu duoc truyén qua cac khoang cach
xa & toc do cao trude khi can khuéch dai hoac tai lap lai.

Mot soi quang gdm c6 mot 18i hinh try dugce bao quanh boi 16p vo. Ca phan 18i
va phan vo dugc 1am cha yéu tir silica (SiOy), ¢6 chi s6 khuc xa (chiét suat) xap xi
1.45. Chi s khiic xa cua vat lidu 12 ti s6 van toc 4nh sang trong chan khong so Véi

téc d6 anh sang trong vat liéu do.

>
1
<|o

n: chiét suat ctia moi truong, khong co don vi.

¢: van toc anh sang trong chan khong , don vi : m/s

v: van toc anh sang trong mdi truong, don vi : m/s.

Vic>v nénnx1

Trong quaé trinh san xuét sgi, mot s6 tap chat nao d6 duoc dua vao trong 16i hoic
v6 dé cho chi sb khuc xa trong 16i 16n hon mét ti so véi vo. Cac nguyén liéu nhu
Germani hoic Photpho 1am ting chiét suat silica va dugc dung dé thém vao phan 15i
clia sgi quang, trong khi chat Bo hay Flo 1am giam chiét suat cia Silica nén dugc
ding tap chat cho 16p vo.

Anh sang c6 thé duoc xem nhu mot chim tia truyén theo nhimg dudng thang
trong mot mdi trudng va bi phan xa hodc khuc xa & bé mit giita hai vat liéu khac
nhau. Mot tia sang tir moi truong 1 dén mat phan cach ctia moi truong 2, goc toi 1a
goc giira tia toi va phap tuyén véi bé mat chung cua hai moi truong dugc biéu thi

bang 6,. Phan ning lugng bi phan xa vao moi trudong 1 1a mot tia phan xa, phan con
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lai di xuyén qua moi truong 2 1a tia khic xa. Goc phan xa 6, 1a goc gitra tia phan xa
va phép tuyén, twong tu goc khic xa 1a goc giira tia khic xa va phap tuyén.

Ta co: 0, =0,

Theo dinh luat Snell: n, sin 6, =n, sin 6,

Khi goc téi 6, tang lén thi goc khic xa 6,ciing ting theo. Néu 6, = 90°thi

n,

£ Vo1
nl

sing,=—%, luc nay géc 6, dugc goi 1a goc téi han co gid tri 6, =sin™
nl
n, >n,.
V6i nhiing gid tri 6, > 6,, & khong co tia khiic xa va tat ca nang luong tir tia toi

dugc phan xa hét. Hién tuong nay duoc goi 12 hién twong phan xa toan phan.

n;

Hinh 1.6: Sy phan xa va khdc xa cac tia sang tai mat phan cach hai méi trweong.
Diéu kién dé xdy ra hién tuong phan xa toan phan:
% CAc tia sang phai di tir moi truong c6 chiét suat 1on sang moi trudng cd chiét
suat nhé hon.
% GOc t6i cia tia sang phai 16n hon goc téi han.
Anh sang truyén trong soi quang do hién tugng phan xa toan phan xay ra giita bé

mat phan 18i va vo.
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Hinh 1.7: Anh sang trong s¢i quang

Hinh trén cho thiy anh sang duoc ghép tir méi truong bén ngoai (khdng khi véi
chiét suit ng) vao soi.

1.3.3. C4c thdng sb ciia sgi quang.

Dé xac dinh toc do truyén dan va khoang cach tram ldp cia hé thong thong tin
soi quang, c6 hai tham sb can phai nghién ciru 14 ton hao quang va do rong bang
truyén dan. Po ton hao quang dé xac dinh ton hao cong suit anh sang lan truyén
trong soi quang.
1.3.3.1. Suy hao cua s¢i quang
1.3.3.1.1. Dinh nghia

Cong suat quang truyén tai soi ciing giam dan theo cy ly véi quy luat ham sé mii

tuong tng nhu tin hiéu dién. Biéu thirc ciia ham s truyén cong suat c6 dang:

Pz=Pox 10 ©°

Trong do:
P(o): C6 cdng suat & dau soi.
P(: cng suat & cy ly z tinh tir dau soi.
a :hé sé suy hao.

- Hé s6 suy hao cuia soi duoc tinh theo cong thirc:

A(dB): 10|g %

2

Trong do:

P,: Cong sut dua vao soi.
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P,: Cong suat & cudi soi.

- Hé s0 suy hao trung binh:

Trong do:
A: Suy hao cua soi.
L: Chiéu dai cua soi.
1.3.3.1.2. DPic tuyén suy hao
Pic tuyén suy hao cia soi quang khac nhau tuy thudc vao loai soi. Hinh duéi
cho thiy suy hao trong s¢i quang nhu mot ham theo bude song. Ta thay rang suy
hao nho nhat ¢ ba dai budc song dung trong thong tin quang: 0.8 um, 1.3 um va

1.55 um.

LDSS
dB/Km — 50 THz
USABLE
BANDWIDTH
|
boonm | | 200nm
2.0
1.0
| ] | i
T T I I
BOO 1000 1200 1400 1800 1800

WAVELENGTH (nm)

Figure I.]  The low-attenuation regions of an optical fiber.

Hinh 1.8: Dic tuyén suy hao ciia s¢i quang
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1.3.3.1.3. Cac nguyén nhan gay suy hao trén s¢i quang

% Suy hao do hap thu: Sy hip thu anh sang xay ra do cic nguyén nhan sau
gay ra: suy hao do su hép thu cta cac tap chat kim loai, sy hap thu cua ion OH, su
hap thu bang cuc tim va hong ngoai.

Sy hép thy ctia c&c tap chat kim loai: cac tap chat kim loai trong thuy tinh 12 mot
trong nhitng nguon hép thu ning lwong anh sang, cac tap chat thuong gip 1a sit
(Fe), dong (Cu), mangan (Mn), choromium (Cr), cobar (Co), niken (Ni). Mtrc do
hap thu cua timg tap chit phu thudc vao ndng do tap chat va budc soéng anh sang
truyén qua né. Dé co soi quang co dd suy hao nho hon 1dB/km cin phai ¢ thuy
tinh that tinh khiét véi ndng do tap chat khong qua mot phan ty (107).

Sy hép thy caa ion OH: cac lién két giita SiO, va cac ion OH cia nudc con sot
lai trong vt liéu khi ché tao sgi quang ciing tao ra mat do suy hao hap thu dang ké.
Dic biét ¢ hap thu tang vot & cac budce song gan 950nm, 1240nm va 1400 nm.

Sy hép thu bang cyc tim va hong ngoai: ngay ca khi soi quang duoc ché tao tir
thuy tinh c6 d6 tinh khiét cao thi sy hip thu van xay ra. Ban than thuy tinh tinh
khiét cling hap thy 4anh sang vling cuc tim va hong ngoai. Sy hép thu trong ving
hong ngoai gay tré ngai cho khuynh huéng st dung cac budc song dai trong thong
tin quang.

% Suy hao do tan xa: Suy hao do tan xa bao gom tan xa Rayleigh, tan xa do
mét phan cach gitra 16i va 16p boc khong hoan hao.

Tén xa Rayleigh: khi séng dién tir truyén trong méi truong dién moi gip nhiing
chd khong dong nhit trong soi quang do cach sip xép cac phan tir thuy tinh, cac
khuyét tat nhu bot khong khi, cdc vét nut sé& xdy ra hién tuong tan xa. Khi kich
thudc cta ving khong dong nhat vao khoang mot phan mudi bude song thi chiing
trg thanh nhitng ngudn diém dé tan xa. Céc tia truyén qua nhimg chd khong dong
nhat ndy s& tao ra nhiéu huéng, chi mot phan ning luong anh sang truyén theo
huéng cii, phan con lai truyén theo huéng khac tham chi con truyén nguoc lai
nguon quang. D tieu hao do tan xa Rayleigh ti 1¢ nghich véi luy thira bac bon ciia

budc song.
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Tén xa do mat phan cach giira 18i va 16p boc khong hoan hao: khi tia sang truyén
dén nhitng chd khong hoan hao giira 18i va 16p boc tia sang bi tan xa. Luc do 1 tia
t6i 6 nhiéu tia phan xa v&i nhidu goc phan xa khac nhau.

% Suy hao do bi uon cong: bao gom suy hao do vi udn cong va do uén cong.

Suy hao do vi uén cong: sgi quang bi chén ép tao nén nhitng chd udén cong nhod
thi suy hao cua soi ciing ting 1én. Suy hao nay xuat hién do tia sang bi 1éch truc di
qua nhimng chd vi uén cong dé. Soi don mode rat nhay véi nhiing chd vi uén cong
nhét 1 vé phia budc song dai.

Suy hao do udn cong: khi bi uén cong véi ban kinh cong cang nho thi suy hao
cang tang.
1.3.3.2. Tan siac 4nh sang

Twong ty nhu tin hiéu dién, tin hiéu quang truyén qua soi quang ciing bi bién
dang. Hién tuong nay duoc goi 1a tan sic. Su tan sac méo dang tin hiéu analog va
lam xung bi chong lap trong tin hiéu digital. Sy tan sac 1am han ché dai thong cia

duong truyén dan quang.

Hinh 1.9: Dang xung vao va ra do tan sic

> Tan sic mode: trong soi da mode, do xung 4anh sang vao mic du chi c6 mot
budc séng nhung lan truyén véi vai mode khac nhau vai toc do truyén khéac nhau,
no lam khoang tréng thoi gian giita cac xung canh nhau tré nén ngan hon va ting
theo khau do6 sé cua soi. Hién twong nay goi 12 tan sic mode. Do d6, d6 rong bing
truyén dan ctia nd bi gidi han chu yéu do tan sic mode.

> Tan sic thé: bao gom tan sac chat liéu va tan sic dan song.

Tén sac chat lidu: 4nh sang sir dung trong thong tin quang khong phai 13 anh

sang hoan toan don sac. Chiét suat ciia thuy tinh thay d6i theo budc song nén van
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téc truyén clia anh sang c6 budce song khac nhau ciing khac nhau. Chinh vi thé, anh
sang c6 phan b téc do lan truyén khic nhau cta cic thanh phan budc song anh
séang khac nhau. Hién tuong nay duoc goi 12 téan sic chat lidu.

Tén sic dan song: sy phan bd ning luong anh sang trong soi quang phu thudc
vao budc song. Sy phan bd ndy gay nén tén sic 6ng dan song.
1.3.4. Anh hwéng ciia tan sic dén dung lugng truyén din trén s¢i quang

Tén sac gy ra méo tin hidu va diéu nay 1am cho céc xung anh sang bi gian rong
ra khi duoc truyén doc theo soi ddn quang. Khi xung bi gidn ra s& dan t6i chong lap
Ién xung bén canh. Néu vuot qua mot gia tri nao do6 thi thiét bi thu s& khong con
phan biét cac xung ké nhau nira va lic ndy xuat hién 18i. Nhu vay, cac dic tinh tan

sac s& xac dinh gidi han dung luong truyén dan cila soi ddn quang.

Hinh 1.10: Anh hwéng ciia tin sic.

1.4. Két luan chwong

Qua chuong nay, chiing ta d& tim hiéu tong quan vé hé¢ thong thong tin quang
véi nhitng wu nhuge diém cia no. Hé thong thong tin quang dya vao nhitng uu diém
vuot trdi ciia minh dang phat trién manh mé dap ung nhu cau théng tin bang rong

hién nay.
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CHUONG 2
GIOI THIEU MANG WDM.

2.1. Gioi thiéu chwong

Ki thuat mang ghép kénh phan chia theo budc song WDM (Wavelength
Division Mutiplexing) dugc coi 1a cudc cich mang vé bang thong trong mang
xuong sdng Internet va hon thé nita. Nhu cau bang thong dang gia ting mot cach
nhanh chong véi nhiéu tmg dung mé&i phong phii, chang han nhu thuong mai dién
tir, video theo yéu cau, cac cong viéc doi hoi hoat dong dong bd trén toan cau.
Mang quang WDM d dua ra hira hen hét sirc y nghia cho nhu cau bic thiét trén.

Khi soi quang dugc str dung dé truyén thong tin thi thach thie duoc dat ra ddi
Vvéi chiing ta trong giai doan méi trudc nhu ciu thong tin ngay cang ting manh mé
ctia con ngudi. Khi ma ngay cang c6 nhiéu ngudi bat dau sir dung cac mang dit liéu
va cr mdi lan st dung d6 ciing d4 chiém mot bang thong déng ké trong cac ung
dung thong tin ctia ho chang han nhu doc lu6t thong tin trén c4c trang web, cac tng
dung sur dung Java, hoi nghi truyén hinh, ... Tir 36 cho théy nhu cau thong tin bang
rong dat ra hét sirc buc thiét, va nhu cdu ndy con vuot xa hon nita trong tuong lai.
Hinh 2.1 cho thay su gia ting bang thong ciia cac mang khac nhau qua cac nam. Sy
phét trién manh m& ndy cha yéu 1a do sy trién khai cac hé thong thong tin quang.

Bit rate (Mb/s)

10,000
100

Local-area networks

0.01

Residential access

0.0001 , , . ,
1930 1935 1990 1995 2000

Year

Hinh 2.1: Sy gia ting bang thong ciia cic mang khac nhau qua cac nim
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Dé thich (mg v&i sy phét trién khong ngimg d6 va thoa man yéu cau tinh linh
hoat vé thay d6i mang, cac cong nghé truyén dan khac nhau d& dugc nghién ciru,
trién khai thir nghiém va dwa vao ung dung nhu ki thuat TDM, CDM. Céng nghé
ghép kénh phan chia theo budc song WDM duge wa chudng hon ca. Diéu nay la do
cong nghé TDM c6 chi phi ki thuat va thiét bi lap dat hé thong twong dbi cao, dic
biét trong TDM gay 1ang phi mot s6 kénh thdng tin khi mdi khe thoi gian duoc du
trir ngay ca khi khong co6 dir liéu dé giri va phia thu khé khan khi phan biét cac khe
thoi gian thudc vé kénh nao dé giai ghép kénh tin hiéu. Bén canh d6, ghép kénh
phan chia theo m& CDM con ton tai nhitng han ché vé ki thuat nhu téc do diéu ché
va suy hao trong mé hod ciing nhu giai ma cao. WDM Ia tién b rat 16n trong cong
nghé truyén thong quang, né cho phép tang dung luong kénh ma khdng can ting toc

d06 bit duong truyén ciing nhu khong can ding thém soi dan quang.

ﬁﬁD
—g&-—-ﬁ-—g}—o.ﬁ, I S S F— ——
-O-O-O—|_"3

Hinh 2.2: Hé thong TDM

Independence
of Bit Rates “ﬁﬂ_
and Feorinats

20O O, N

Hinh 2.3: H¢ théng WDM

V6i WDM, mdi kénh véi mot bude song khac nhau va cac budc song anh sang
nay khdng anh hudéng 1an nhau béi vi chu ki dao dong ctia cac cac kénh khac nhau
1a hoan toan doc lap nhau. Khac vé6i hé thong TDM, mdi phéan tir kénh WDM cd thé
hoat dong & toc do bat ki va mdi kénh ciing c¢6 thé mang day dung luong cia mdi
budc song. Chuong nay s& trinh bay rd nguyén Ii hoat dong cua hé théng WDM va

c4c thanh phan cia no.

16



Chuong 2: Gidi thi¢u mang WDM

2.2. Nguyén Ii hoat dong ciia hé thong WDM

Ngay nay, nhu cau cila con ngudi vé cac dich vu thong tin bang rong ngay mot
tang 1én, thi mang ghép kénh da budc song WDM da thoa man duoc nhu cau do.
Theo ki thuat ndy, cic ludng anh sang véi cac budc song khac nhau duge truyén
trén cing maot soi quang. Mdi budc song mang mot dung hwong dién hinh, thuong 1a
2.5Gbps.

Principe d'une haison WDM/DWDM

_ Fibre A
'\.II ln'

1 I|II

O
\ hl, L2....Ln ’ |
Ampli Ampli |I

__#,. EDFA EDFA |
Ry '

Hinh 2.4: Nguyén li ghép kénh phan chia theo bwéc song
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!
! ",

=

(q;nu.u-u.u.....Fz
—
i

Nguyén li co ban cua ghép kénh theo budc song 1a ghép tat ca cac budc song
khac nhau ciia ngudn phat quang vao cling mét soi dan quang nhd bd ghép kénh
MUX va truyén dan cac budc song nay trén clng soi quang. Khi dén dau thu, bd
tach kénh quang sé& phan tach dé thu nhan lai cac budc song do.

V6i cling mot nguyén |i hoat dong cé hai loai truyén dan trong WDM, d6 1a:
truyén dan mot chiéu va truyén dan hai chiéu mot soi.

< Hé thong WDM mét chiéu: c6 nghia 1a tat ca cac kénh clng trén mot soi
quang truyén dan theo cing mot chiéu.

% Hé thong WDM hai chiéu: c6 nghia 1a kénh quang trén mdi soi quang
truyén dan theo hai huéng khac nhau, dung cic budc song tach roi nhau dé thong

tin hai chiéu.
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Kénh 1

Kénh 2

Kénh n

Kénh vao
— >

Kénh ra
—]

Ngudn Aq Thu Aq ﬂ 1
- mot soi Kénh 2
Ngudn A \ . . / Thud, —
HOR 72 N Y Thiét bi uang | hige v | 2
E WDM WDM
/ Ay Ao
: — < N,
N Kénh n
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(@)
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1
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(b)

Hinh 2.5: Hé thong WDM theo mét huéng (a) va hai hwéng (b)

S0 véi hé thdng WDM moét chiéu, hé thdng WDM hai chiéu giam duoc s luong

bo khuéch dai va duong day. Tuy nhién, hé théng WDM hai chiéu thudng bi can

nhiéu nhiéu kénh, anh huéng phan xa quang, vin dé cach li giira cac kénh hai chiéu,

tri s6 va loai hinh xuyén am,... dong thoi phai sir dung bo khuéch dai quang hai

chiéu.

2.3. Uu diém ciia h¢ thong WDM
% CO kha nang tao dung luwong I6n chi trén mot soi quang, va cd thé dat

dung luong 16n hon khi stt dung ki thuat DWDM (Dense WDM: ghép kénh phan

chia theo budc song mat do cao).
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% Hé thong WDM thuan tién khi cho phép truyén din dong thoi tin hiéu khong
dong nhat.

% CO kha nang truyén dan tin hiéu hai chiéu.

2.4. Van dé ton tai ctia h¢ thong WDM va hwéng gidi quyét trong twong lai

V6i hé thong WDM, soi quang cung cp cho ching ta tbc do truyén mong mudn
nhung bang thong mang lai bi gidi han boi tdc d6 xur i & cac nit, do toc do xir 1i &
cac nat duoc thuc hién bﬁng dién tir, ma toc do dién tir lai thép hon rat nhiéu so véi
téc do thong tin truyén trong soi quang (khoang vai Gbps). Nhu vay, tin hiéu quang
trén soi khi dén nut s& dugc chuyén thanh tin hiéu dién dé thyc hién xir 1i dién tir (su
chuyén d6i quang- dién O/E), sau d6 duoc chuyén lai thanh tin quang dé truyén di.
Diéu nay d4 lam giam téc d6 mang, giai phap dit ra 1a Xy dyng mang ma trong d6
tin hiéu duge xir li hodn toan trong mién quang, goi 1a mang toan quang.

Trong mang todn quang, di liéu di tir ngudén dén dich hoan toan dudi dang
quang ma khong can bat ctr sy chuyén doi quang- dién nao trén duong di, viéc diéu
khién xir li chuyén mach ciing duoc thuc hién dudi dang quang. Tuy nhién, mang
toan quang hién tai van chwa duoc tién hanh thanh cong bgi nhiing ton tai clia no.
Céc thiét bi logic hoan toan trong mién quang khé thuc hién hon nhiéu so voi cac
thiét bi logic dién tir. Bai vi, khac véi cac electron thi cac photon khéng tuong tac
anh huong 1an nhau, thuong thi céc thiét bi logic phirc tap déu dugc tao ra bang
cach sir dung cong nghé dién tir. Bén canh d6, cac tram ldp bang quang ciing rat kho
thue hién hon nhiéu so voi cac tram lip dién tor mic d0 cac tram lip trong mang
toan quang dugc dit & nhig khoang cach dinh ki rat xa nhau.

2.5. Chuyén mach quang

Hau hét cac thiét bi mang ngay nay déu dya trén tin hiéu dién, diéu d6 co nghia
tin hiéu quang can chuyén doi sang tin hiéu dién dé dugc khuéch dai, tai tao hoic
chuyén mach va sau d6 duoc chuyén ddi tré lai tin hiéu quang. Piéu nay néi dén su
chuyén doi optical-to-electronic-to-optical (O-E-O) va la cong viéc cot 18i hét sirc
6 y nghia trong viéc truyén tin hi¢u. S6 lugng 16n tin hidu di qua mang quang can

dugc chuyén mach qua cac diém khéac nhau, dugc goi 1a cadc node. Thong tin dén
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node s& duoc chuyén vé phia trude theo huéng dén noi ma noé dwgce giri toi qua
duong t6t nhét c6 thé, con duong ndy cé thé xac dinh bdi cac yéu td nhu khoang
cach, chi phi, do tin cdy,bing thong... clia tuyén d6. Cach chuyén doi tin higu dé
thuc hién chuyén mach 1 dé tach anh sang tir nhitng dau vao soi quang, chuyén do6i
no6 sang tin hiéu dién va sau d6 chuyén doi trd lai tin hiéu anh sang laser, tin hiéu
nay dugc goi di trong sgi quang.

Vian d¢ co ban cila chuyén mach quang 1 thay thé sy ton tai ctia chuyén mach
mang dién bang mang todn quang, sy can thiét cua viéc chuyén d6i O-E-O duoc
loai bo. Nhirng thuén lgi ctia kha nang nay khi tranh duge viée chuyén d6i O-E-O la
diéu hét sirc y nghia. Pau tién chuyén mach quang c6 thé ré hon boi vi khong can
nhiéu tin hiéu dién toc d6 cao dit tién.

Cé4c bo chuyén mach quang cho nhiéu ing dung trong mang quang. Mdi tng
dung yéu cau thoi gian chuyén mach va s6 cong chuyén mach khac nhau. Mot tng
dung ciia chuyén mach quang 13 cung cap cac lightpath. Vi timg dung nay, chuyén
mach dugc st dung bén trong bo két ndi chéo nham céu hinh lai ching dé cung cap
cac lightpath méi. Mot phan mém duoc thém vao dé quan 1i mang tir dau cudi dén
dau cudi. Vi thé voi ing dung ndy, cac bo chuyén mach véi thoi gian chuyén mach
ms ¢6 thé chap nhéan, nhung cac bd chuyén mach ¢ day doi hoi phai cé kich thudc
I6n.

Mot tng dung quan trong khac 1a chuyén mach bao vé. O day cac chuyén mach
dugc s dung dé chuyén cac ludng luu luong tir soi chinh sang soi khac trong
truong hop soi chinh gip su c¢6. Toan bo hoat dong nhu thoi gian tim ra 18i, thong
tin 16i dén cac phan tir mang diéu khién viéc chuyén mach va qué trinh chuyén
mach thuc sy doi hoi phai hoan thanh trong thoi gian rat ngan. C6 thé c6 nhiéu dang
chuyén mach bao vé khac nhau, phy thudc vao phuong phap duoc st dung, sé cac
cong chuyén mach can thiét c6 thé thay doi tir hang trim dén hang ngan cong khi sir

dung trong cac b két noi chéo bude song.
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2.6. Cac thanh phan chinh ciia h¢ thong WDM

Céu trac ctia mang WDM gdm c6 cac thanh phan: thiét bi dau cudi OLT, cac bo
ghép kénh xen/rét quang OADM, céc bo két ndi chéo quang OXC lién két véi nhau
qua cac két ndi soi quang. Ngoai ra con c6 bo khuéch dai dé bu suy hao trén duong
truyén.

2.6.1. Thiét bi diu cudi OLT

Thiét bi dau cudi OLT (Optical Line Terminator) 1a thiét bi dugc ding & dau
cudi ctia mot lién két diém ndi diém dé ghép va phan kénh cac bude song. Thiét bi
dau cudi gdm co ba phan tir: bo tiép song (transponder), bd ghép kénh cac budc
song (wavelength multiplexer) va bo khuéch dai (optical amplifier).

Bo tiép song lam nhiém vu thich Gmg tin hiéu di vao tr mot ngudi sir dung mang
thanh mot tin hiéu phu hop str dung trong mang. Va ¢ hudng nguoc lai n6 1am thich
ung tin hi¢u tr mang quang thanh tin hi¢u phu hop vdi nguoi st dung. Giao dién
gitra ngudi str dung va bo tiép song c6 thé thay doi dwa vao ngudi st dung, toc do
bit va khoang cach hodc suy hao giita ngudi ding va bo chuyén tiép. Giao dién pho
bién nhat 14 giao dién SONET/SDH.

Tranzponder Mux/demuox

Moo ITU &, ITU &,
Non ITU & . ITU b,

+ - hose| |
ITU ., el
=2 Lazer |

SONET "' J

Receiver 3

Aadals

L

&

Crptical line terminal

Hinh 2.6: OLT

Sy thich img bao gdm nhiéu chic ning, tin hiéu ¢ thé dugce chuyén d6i thanh
budc song thich hop trong mang quang, né ciing co thé thém vao céc phan dau

header nham quan 1i mang. B tiép song ciing ¢ thé giam sét ti 18 1i bit cia tin

21



Chuong 2: Gi61 thiéu mang WDM

hiéu & diém di vao va di ra trong mang. Vi nhimg 1i do nay nén bo chuyén tiép thyc
hién chuyén do6i quang- dién- quang.

O hinh trén, sy 1am thich tmg chi cho theo huéng di vao va budc song & hudng
nguoc lai duge goi truc tiép dén hudng nguoi dung. Trong mot sé truong hop, ta 6
thé tranh sir dung bo tiép song bang cach thyc hién chirc nang thich ing bén trong
thiét bi nguoi ding, nhu phan tor mang SONET nhu hinh trén, diéu nay lam giam
duoc chi phi déng ké.

Tin hiéu ra khoi bo tiép séng duge ghép kénh véi cac tin hidu khac & cac bude
song khac nhau st dung bo ghép kénh theo budc song trén mot soi quang. Thém
vao d6 bo khuéch dai co thé duoc dung dé khuéch dai cong suat 1&n néu can thiét
trudc khi chung duoc dwa dén bo phan kénh. Nhiing budc song ndy lai dugc két
thiic trong mot bo tiép song néu c6 hodc két thuc tryc tiép trong thiét bi ngudi sir
dung.

Cubi cling OLT ciing két thuc mot kénh giam sat quang (OSC). OSC dugc mang
budc song riéng ¢, khac voi cac budc song mang luu luong thuc sy. N6 dung dé
giam sét viéc thuc hién cua cac bd khuéch dai doc theo lién két ciing nhu cho cac
chirc nang quan 1i khac.

2.6.2. B ghép kénh xen/rot quang OADM

Bo ghép kénh xen/rét quang cung cdp mot phuong tién didu khién luu lugng
trong mang. OADM c6 thé duoc ding & cac vi tri khuéch dai trong cac mang duong
dai nhung cling c6 thé sir dung ¢ nhiing phﬁn tor mang ddc lap. Dé hiéu duoc loi ich
cua bd xen/rét quang, ta xét mot mang gilra ba node A, B va C nhu hinh vé dudi,
luu lwong mang gitta A va C di qua node B, gia thiét cac tuyén lién két hoan toan
song cong.

Gia str yeu cau luu lwong nhu sau: mot bude song giita A va B, mot budc song
gitta B va C, ba budc song giita A va C. Bay gio trién khai cac hé théng WDM
diém ndi diém dé cung cap nhu cau luu lugng ndy. Vi giai phap trong hinh (a), hai
hé thong diém ndi diém duoc trién khai, mot giira A va B, mot giita B va C. Mdi

lien két diém ndi diém st dung mot OLT & cudi lién két. Node B c6 hai OLT, mdi
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OLT két thuc bon budce song, vi thé can yéu cau bon b tiép song. Tuy nhién chi co
mat trong bon budc song 1a danh cho node B, cac bo tiép song con lai dung dé cung
cap luu luong giita A va C. Vi thé sau trong tam b tiép song & node B duoc dung
dé diéu khién luu luong. Day 14 viéc rat ton kém.

V6i giai phép trong hinh (b), thay vi sir dung cac hé thong WDM diém nbi diém,
ta trién khai mot mang dinh tuyén budc séng. Mang sir dung mot OLT & node A va
C, mot OADM 6 node B. OADM rét mot trong bdn bude song, sau do két thic &
cac transponder. Ba budc song con lai di xuyén qua trong mién quang ma khdng
can két thuc trong céac transponder. Piéu nay thay duoc hiéu qua 1a chi st dung hai
transponder thay vi st dung dén tam transponder nhu giai phap (a), do d6 giam

duoc chi phi déng ké.

Node A Neode B Node C
1N -
Add/Drop /
{al
Tranzpeonder
Mode & Node B Node C
/ \ 0ADM
\ Optical passthrough /
[
Add/Drop
(b}
Tranzponder

Hinh 2.7: Vai tro cia OADM trong mang
Cau hoi dat ra 12 tai sao cac b tiép song can thiét ¢ giai phap (a) dé diéu khién
luu lugng di qua. Noi cach khac 1a tai sao chung ta khong don gian loai bo cac bd

tiép song va thuc hién két ndi truc tiép cac bo ghép kénh va tach kénh WDM giira
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hai bo tiép song & node B nhu trong hinh (b), hon 1a thiét ké mot OADM riéng biét.
Piéu nay la c6 thé, cac OLT dugc thiét ké dé hd tro kha nang nay. Lép vat 1i duoc
xay dung trong c4C mang phtrc tap hon nhiéu cac hé thong diém ndi diém.

C6 nhiéu kién trac dé xay dung nén OADM, cAc Kién tric nay dién hinh sir dung
cac bo ghép/bo loc. Ta xét OADM nhu mot hop den c6 hai cong mang mot tap hop
cac budc song va mot s6 cong ndi bo. Cac thude tinh chinh cia OADM gdm co:

> Tong s6 budc song c6 thé cung cap duge 1a bao nhiéu.

> S6 budc song 16n nhat c¢6 thé xen/ rét 1a bao nhiéu.

> C6 rang budc trén mot budc song nao do duge xen/rét. Mot kién tric chi cho
phép mot sd budc song xac dinh nao dé duge xen/ rét chir khong phai bat ki budc
song tuy y nao ciing dugc.

> CO dé dang xen/ rét cac kénh thém vao. C6 can thiét pha v& mot kénh dang
ton tai dé xen/ rot cac kénh thém vao.

> Tinh dén chi phi.

> Tinh phtic tap ctia viéc thiét ké OADM ¢ 16p vat li va khi thém vao cac kénh
méi thi anh hudng dén viée thiét ké nay nhur thé nao.

Hinh dudi day cho ta thay céc kién trac cia OADM:
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Hinh 2.8: Cac kién tric OADM
O hinh 2.8(a), mot s6 kénh duoc chon co thé duge tach ra va nhitng kénh khac
duoc di qua. Vi thé khong c6 su rang budc trén cac kénh duoc rét va xen. Vi vay
cau tric nay ap dat nhitng rang budc nho nhét trong viéc thiét lap cac lightpath
trong mang, Ngoai ra suy hao qua OADM cé dinh, doc 1ap véi s6 kénh duge rét va
xen 1a bao nhiéu. Tuy nhién kién trac nay lai khong hiéu qua vé chi phi trong viéc
diéu khién mot sd nho cac kénh duoc rét, vi bat ké bao nhiéu kénh duoc rot, tt ca

céc kénh déu can phai dugc tach va ghép lai véi nhau. Do d6 ta phai tén chi phi cho
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viéc tach va ghép cho tat ca nhiing kénh di vao. Diéu ndy ciing dan dén suy hao cao
hon. Tuy nhién khi mot sb luong 16n sé kénh duoc rdt va linh hoat trong viéc thém
vao hoic 14y ra bat cir kénh nao thi cu triic ndy ciing cho ta hiéu qua kinh té.

Hinh 2.8(b) 12 sy cai tién cia hinh 2.8(a) nham giam chi phi thiét ké trén, viéc
ghép va tach kénh dugc thuc hién qua hai giai doan. Giai doan thr nhét tach riéng
cac budc song thanh nhitng dai (bands), giai doan thir hai tach nhitng dai thanh cac
budc song riéng 1é. Vi dy nhu hé thdng 16 kénh, c¢d thé thuc hién s dung bon dai,
mdi dai gdm bdn kénh. Néu chi ¢6 bon kénh duoc rét & mot vi tri, thi 12 kénh c6
thé giit nguyén trong cac dai, thay vi phai tach xudng thanh timg kénh riéng lé. Bicu
nay cho thay ta da tiét kiém duogc chi phi cho b MUX va DEMUX. Ngoai ra, viéc
st dung céc dai cho phép tin hiéu duoc di qua véi suy hao quang thap hon. Khi
mang c6 s6 kénh Ién thi cau trac hinh 2.8(b) ghép kénh nhiéu giai doan trd nén can
thiét.

Trong céu tric hinh 2.8(c), mot kénh riéng 1¢ duoc tach va ghép tir mot tap cac
kénh di vao. Ta goi thiét bi nay 1a bo xen rdt don kénh (SC - OADM). Pé tach va
ghép nhiéu kénh thi cac SC - OADM dugc ndi lién tiép nhau. Kién trac nay bo sung
cho kién triic ctia hinh 2.8(a). Viéc tach va ghép kénh anh huong dén cac kénh dang
t6n tai, nén nham giam tdi thiéu anh huéng nay thi 1én ké hoach tap budc song nao
can duogc ldy ra & timg vi tri. Tuy nhién néu s6 kénh can dugc tach ra 12 I6n thi kién
tric nay khong con phl hop nita, do chung ta phai str dung nhiéu thiét b riéng lé
néi lai véi nhau. Pidu d6 cho thay né khong hiéu qua vé kinh té. Ngoai ra suy hao
cling gia tang theo.

2.6.3. B khuéch dai quang

Nham bl lai sy suy hao tin hiéu trén dudng truyén soi quang ciing nhu tai cac
thiét bi (nhu cac bd ghép kénh) thi cac bo khuéch dai dugc dat giita cac két ndi soi
quang ¢ nhirng khoang cach dinh ki. Trudc khi cac bo khuéch dai quang ra doi thi
lya chon duy nhét 14 téi tao lai tin hiéu, nghia 1a nhan tin hiéu va sau d6 phat lai né.

Quaé trinh nay dugc thuc hién bang cac bo lap tai sinh. Mot bo 1ap chuyén tin hiéu
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quang thanh tin hi¢u dién, khoi phuc sau d6 chuyén lai thanh tin hiéu quang dé
truyén tiép. Diéu ndy han ché tinh trong sudt va tang chi phi béo tri cia hé thong.

Ki thuat khuéch dai quang chiém wu thé hon nhiéu cac bo lap. Bo khuéch dai
quang khéng phu thudc vao téc do bit va cac dinh dang tin hiéu. Mot hé thong sir
dung khuéch dai quang c6 thé d& nang cép hon nhiéu, vi du dén mot tdc d6 bit cao
hon ma khéng can phai thay thé bo khuéch dai. Hon nita cac bo khuéch dai quang
c6 bang thong 16n nén cé thé duoc dung dé khuéch dai dong thoi nhiéu tin hiéu
WDM. Néu khong v6i mdi bude song ta phai st dung mot b lap.

Loai khuéch dai quang dién hinh 12 bo khuéch dai quang sgi EDFA (Erbium
Doped Fiber Amplifier - khuéch dai quang soi c6 pha tap Erbium).

Bo EDFA thyc chat 13 soi quang c¢6 pha tap c6 chic niang khuéch dai duoc tin
hiéu anh sang, chung c6 thé thay d6i cac dic tinh vat 1i cia soi theo nhiét do, ap suat
va chung c6 tinh chat birc xa 4nh sang. Pac diém cta soi nay la chlng c¢6 kha nang

tu khuéch dai hodc tai tao tin hiéu khi c6 kich thich phu hop.

. . EDF
Pau vao WDM .
_ aura
- QO - -
S —>
B cach li
o cach i [ Bo cach li
Hinh 2.9: EDEA

Theo hinh vé thi &nh sang bom vao tir laser duoc két hop véi tin hiéu vao nho
s dung bo ghép WDM trén hé thong sir dung mot bo ghép. Anh sang bom nay
duoc truyén doc theo sgi co pha Eribium va tin hiéu bom nay kich thich cac cac ion
Eribium I&n mic nang lugng cao hon. Sy dich chuyén mirc nang lugng ciia dién tir
tir cao xudng thap s& phat ra photon, duwgc goi 1a birc xa tyr phat néu khong c6 bat cir

tac dong nao tir phia bén ngoai, con goi 1a birc xa kich thich khi do sy c6 mat cac
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photon chtra nang lugng bang nang lwong dich chuyén. Khi tin hiéu dir liéu duoc
truyén dén EDFA, tin hiéu dit liéu nay dén gip cac ion Er’* d4 duoc kich thich &
mirc nang lugng cao. Qua trinh nay lam cho cac ion nhay tir trang thai nang lugng
cao xudng mirc trang thai nang lugng thip nén phat ra photon, do d6 s& khuéch dai
cong suat tin hi¢u 1&n rdi truyén di tiép trong soi quang.

Thong thuong, mot bd cach li duge dung ¢ trude ngd vao hoac ngd ra cia bod
khuéch dai tin hiéu EDFA dé ngan su phan xa vao trong bo khuéch dai nay.

EDFA cho hé s6 khuéch dai 16n, cong suét ra 16n va nhidu thap, no 1am viéc &
budc song 1550nm. Trong cac hé thong thong tin quang, dé cho cac EDFA hoat
dong thi can c6 ngudn bom. Cac ngudn bom thuc té 1 cac diod laser ban dan cong
suat cao ding dé cung cap ngudn anh sang cho EDFA.

EDFA ¢6 cac dic diém sau:

> Khong c6 mach tai tao thoi gian, mach phuc hoi (bd chuyén d6i O/E va
E/O).Do d6 mach sé tr¢ nén linh hoac hon.

> COng suat ngudn nudi nho nén khi ap dung cho céc tuyén thong tin vuot
bién, cap s& ¢ cau trac nho va nhe hon cap thuong.

> Gia thanh cua hé thong thap do cdu trac cia EDFA don gian, trong luong
nho, khoang lp va dung lwong truyén dan duoc nang cao.

Ngoai ra do EDFA c6 kha nang khuéch dai nhiéu budc song trong cling mot soi
nén né c6 kha ning tang dung lugng toc do 1én dén 20Gbps hoic cao hon khi sir
dung ki thuat WDM.

Ngoai loai khuéch dai EDFA con c6 dang khuéch dai SOA (Semiconductor
Optical Amplifiers- bo khuéch dai quang ban din). Vé co ban, SOA 1a mot mdi ndi
P-N. Lép giira duge hinh thanh & mdi nbi hoat dong nhur 1a mot viing tich cyc. Anh
sang duoc khuéch dai do su phét xa kich thich khi n6 lan truyén qua ving tich cuc
nay. Dbi voi mot bo khuéch dai, hai dau cudi cua ving tich cuc duge phi mot 16p

khdng phan xa dé loai bo gon séng trong do loi bd khuéch dai.
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2.6.4. Giéi thi¢u vé bd két noi chéo quang OXC
2.6.4.1. Chirc nang OXC

Edge Node Edge Node
y Edge Node
Edgze Node i \% "’/C)

1|| \ 3{ / I \
Edge Node |\ o i =
ORE———- 6

\ / 0XC oxXC l
%: 0: Optics

o

Edge Node ;'/ N E: Electromes

Hinh 2.10: Mang WDM dinh tuyén buéc song

R3]

Trong mang dinh tuyén budc song WDM, ¢ hinh trén gdm c6 hai loai node 1a:
OXC va Edge node. OXC 1 node ma dong vai trd két ndi cac soi quang trong
mang. Edge node dong vai trd cung cép giao dién giita nhiing hé thong két cudi phi
quang (nhu 1a cac IP Router, chuyén mach ATM, hay céc siéu may tinh) véi 18i
quang. Cac Edge node thudng nim & dau cudi ctia hé thong va céc lightpath duoc
thiét lap gitra hai edge node qua céc node trung gian nhu hinh trén. Pay dugc mong
doi mang lai cdu triic cia mang toan quang, thdng tin truyén di trén lightpath khong
can su chuyén doi ndo tir tin hiéu dién sang quang hoic nguoc lai tir quang sang tin
hi¢u dién.

OXC cung cip chirc nang chuyén mach va dinh tuyén dé ho tro cac lién két
logic giira hai Edge. Mot OXC 1am nhiém vu truyén thong tin trén mdi budc song &
mot dau vao va no co thé chuyén mach dén mot cong ra riéng biét. Mot OXC voi N
cong vao- N cong ra ma cac cong ndy ¢ kha nang xir li W budce song trén mdi cong
OXC ( optical cross connect) la thanh phan dung dé diéu khién cac cu trac mat
luéi phire tap va mot sd luong 16n cac budc song. OXC 1a thanh phan mang chinh

cho phép cau hinh lai mang quang, ma & d6 cac lightpath c6 thé thiét 1ap va két thuc
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khi can thiét ma khong phai duoc cung cap cb dinh. OXC duoc cau tric véi mach
tich hop rat 16n va kha niang néi két hang ngan dau vao véi hang ngan dau ra tao
nén chirc nang chuyén mach va dinh tuyén. Trong thong tin quang, bon muoi kénh
quang c6 thé dugc truyén di trong mot soi don, OXC 1a thiét bi can thiét dé c6 thé
tiép nhan nhiéu budc soéng khac nhau & cac dau vao va dinh tuyén cac budc song
nay dén cac dau ra thich hop trong mang. Dé thyc hién diéu nay, OXC can thiét xay
dung céc khdi chirc ning:

= Chuyén mach soi: kha ning dinh tuyén tit ca cic budc song trén mot soi
quang dau vao tdi mot soi quang khac ¢ ngd ra.

= Chuyén mach budc séng: kha ning chuyén mach cac budc song cu thé tir
mot soi quang dau vao téi nhiéu sgi quang khac ¢ dau ra.

= Chuyén d6i budc song: kha nang nhan cac budc song dau vao va chuyén doi
chung thanh tan sb quang khac & ngd ra, diéu nay la can thiét thoa man céc Kién trac

bat dong khdi khi str dung chuyén mach budc song.
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Hinh 2.11: Cac khdi chirc ning ciia OXC

Mot OXC c6 céac chirc nang sau:
= Cung cap dich vu: Mot OXC c6 thé dung dé cung cép cac lightpath trong
mot mang 16n mot cach tu dong, ma khdng phai thao tac bang tay. Kha nang nay tro

nén quan trong khi giai quyét sé budc séng 16n trong mot nit hodc véi sb nit trong
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mang 16n. N6 ciing quan trong khi cac lightpath trong mang can cau hinh lai dé dap
mg vé6i su thay d6i lvu lwong ctia mang.

= Bao vé&: Chic ning quan trong ciia bo két ndi chéo 1a bao vé cac lightpath
khi soi bi dut hodc thiét bi gap su ¢d trong mang. Bo OXC 1a phan tir mang thong
minh ma nd c6 thé phét hién sy ¢ trong mang va nhanh chéng dinh tuyén lai cac
lightpath.

= Trong sudt ddi voi tdc do bit: kha ning chuyén mach cac tin hiéu voi toc do
bit.

= Giam sét thuc hién, dinh vi 16i: OXC cho thay tham sé cia mot tin hiéu &
nhitng nit trung gian, OXC cho phép kiém tra thiét bi va giam sét cé4c tin hiéu di
XUyén qua no.

= Chuyén dbi budc song: ngodi kha nang chuyén tin hi¢u tir cong ndy sang
cong khac, OXC con kha nang c6 thé chuyén doi budc séng bén trong.

= Ghép kénh: cac OXC diéu khién cac tin hiéu ngd vao va ngd ra ¢ toc do
duong diy quang, tuy nhién n6 c6 kha ning ghép kénh dé chuyén mach luu luong
Nnai tai.

Mot OXC duoc phan theo chirc nang thanh mot trung tdm chuyén mach va mot
khu lién hop cong. Trung tdm chuyén mach chtra bd chuyén mach ma n6 thuc hién
chtre nang két ndi chéo thyc su. Khu 1ién hop cong chitra cac card duoc dung nhu
céc giao dién dé lién lac voi cac thiét bi khic. Cac cong giao tiép co thé bao gom
cac bo chuyén d6i quang- dién, dién- quang hodc khong.

Mot phan tir két ndi chéo co ban 2 x 2 giri cac tin hi¢u quang tir hai ng vao dén
hai ngd ra va cd hai trang thai, do 1a: trang thai cross va trang thai bar. Trong trang
thai cross, tin hiéu tir cong vao phia trén dugc goi dén cong ra phia dudi, va tin hiéu
tir cong vao phia dudi duoc gdi dén ngd ra phia trén. Trong trang théi bar, tin hiéu
tir cong vao phia trén dugce goi dén cong ra phia trén, va tin higu tir cong phia dudi

dugc goi to1 cong ra bén dudi.
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Cross stae Ms bar state

Hinh 2.12: Trang thai cia OXC

2.6.4.2. Phan loai OXC

OXC duoc chia lam hai loai:
- Hybrid OXC (hay OXC khong trong sudt): hién dang rat pho bién, né thyc hién
Chuyén dbi tin hiéu quang sang tin hi€u dién, thyc hi¢n két ndi béng cach str dung ki

thuat két ndi dién tir va sau d6 lai chuyén doi tin hiéu dién sang tin hiéu quang.

|
7
|

O-E-O
DXC

Figure 6-1: Hybrid OCX

Hinh 2.13: Hybrid OXC

- All optical OXC (hay OXC trong sudt): 1a cach két ndi truc tiép cac kénh quang
trong mién photonic. Tin hiéu & dang photonic trong sudt qua trinh chuyén mach
ma khong can thiét qué trinh chuyén d6i O-E-O. OXC nay c6 thé phan thanh céc
thanh phan thiét bi chuyén mach quang Free Space, thiét bi quang trang thai ran va
cac thiét bi guong co dién. Trong sd cac thiét bi chuyén mach phd bién nhat két ndi

nhiéu dau vao voi nhidu dau ra 1a WRG. Véi thiét bi ndy, mot bude song cho trudce
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& cong vao bat ki s& xuat hién & mot cong ra xac dinh nhu hinh 2.13. Loai chuyén
mach quang Free Space nay duoc biét nhu 1a chirc nang dinh tuyén budc song.

= CA4c thiét bi chuyén mach quang Free Space: né duoc hiéu 1a 1am nhiém vu
dinh tuyén budc song, mot loai khac thi cham laser dugc chiéu mot cach co hoc vao
mot trong nhimg sgi quang. Trong truong hop nay, Mot ma tran cua cac chum tia
trén dén két hop mot ma tran ciia cic soi quang, luc d6 mot trong nhitng chim tia
ning lugng va mot sgi quang thu s& duoc dinh hudéng dé chung két hop véi nhau dé
dat duge mot két ndi trong khong gian.

= Cé4c thiét bi quang ¢ trang thai ran: 1a c4c cap thiét bi ban dan dinh hudng,
c4c thiét bi nay c6 thé thay d6i mot trong nhiing dic tinh quang trén duong di dua
vao cé4c ung dung diéu khién tin hiéu nhu nhiét do, anh sang, dong dién hay dién ap.
Céac dic tinh quang bao gdm sy phan cuc, su truyén anh sang, sy hap thu, chi sb
khic xa.

= Hé théng vi co dién: dua vao su phan xa anh sang trén mot bé mat sang bong
lam thay d6i tinh dinh huéng cia anh sang. Ki thuat nay dua trén hé théng guong
co dién (MEMS - Micro Electro Mechanical Systems).

LY
Free space Output
regions Ay flbers

Figure 6=2: Mach-Zehnder WGR
Hinh 2.14: OXC toan quang WGR

Xét mot trung tim cung cép dich vu 16n, & ddy c6 thé két thuc nhiéu két ndi, o

mdi két ndi mang nhiéu budce song. Mot sé budc song nay khong can duge két thic
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& vi tri d6 ma muébn di dén node khac. OXC thuc hién chirc ning nay, n6 lam viéc
ké bén cac phan tir mang SONET/ SDH, bo dinh tuyén IP va c4c chuyén mach
ATM, cac thiét bi dau cudi WDM va bo ghép kénh xen/ rot. Mot cach dién hinh,
mot sb céng OXC duge két ndi dén cac thiét bi WDM, cac céng khac duge ndi dén
cac thiét bi két cudi. Vi thé OXC cung cip dung lugng hiéu qua hon nhiéu.

2.7. Sw chuyén d6i buéc song

Chuyén doi budc song 1a kha nang chuyén tin hiéu tir budc song nay(4,) trén
mot ngd vao sang budc song khac tai ngd ra (A,). Bo chuyén doi rat c6 ich trong
viéc giam xac suat tac nghén mang. Néu cac bo chuyén doi dugce tich hop vao trong
bo két ndi chéo quang trong mang WDM, cac két ndi c6 thé duogc thiét lap giira
nguon va dich ngay ca khi trén tat ca cac tuyén cua duong di khong cé sin cling mot
budc song. Cac bd chuyén doi bude song gitp loai trir sy bat budc tinh lién tuc vé
budc song.

Bo chuyén d6i bude song day du giup cho viée giam xac suét tic nghén tot hon
nhung thuc t& bd chuyén ddi nay rat kho thyc hién bai cac 1i do vé chi phi va giodi
han ki thuat. Trong mdt mang c6 rat it node mang dugc trang bi bd chuyén ddi bude
song, do d6 can phai ¢ sy lya chon cac node dit cac bo chuyén doi bude song &
cac vj tri thich hop sao cho t6i vu mang, thuong dit cac bo chuyén ddi bude song &

nhitmg node ma luu lugng mang xay ra cuc dai.

Node A Node B Node C
A A

| S .

Hinh 2.15: Su chuyén déi buéc song

Vi du nhu hinh trén, mot lightpath duoc thiét 1ap giita Node A va Node B trén
budc song A, va mot duong lightpath khac dugc thiét 1ap giita Node B véi Node C

trén budc song A,. Néu c6 mot yéu cau & Node A dén Node C, yéu cau khong thé
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thiét 1ap duoc vé su bat budc tinh lién tuc vé bude song. Néu c6 bo chuyén doi bude
song duoc dat & Node B ma né c6 kha nang chuyén doi tir bude song A, sang2,, thi
yéu cau co thé thuc hién thanh cong. RS rang cac bo chuyén d6i budc song co thé
cai thién duoc hiéu suat khi cac bude song rdi ¢ san trén cac tuyén, va mot budc
song chung thi khdng co.

Chuyén doi budc séng duoc chia ra 1am hai loai:

> Chuyén do6i buwéc song quang - dién: theo phuong phap nay, tin hiéu trudc
tién duoc chuyén sang tin hiéu dién sur dung bo tach song. Luéng bit duoc luu triv
trong bo dém. Sau d6 tin hiéu dién dugc dung dé 14i ngd ra cia mot tunable laser dé
tao thanh mot bude séong mong mudn & ngd ra. Phuong phap nay khong thich hop
cho téc d6 bit cao hon 10Gbps, tiéu hao cong suét 16n va thuc hién phirc tap hon
cac phuong phap khac.

> Chuyén ddi bude séng toan quang: qua trinh chuyén doi budc song duge
thue hién hoan toan trong mién quang. Phuong phap nay dya vao hiéu tng tron
budc séng dé tao ra mot budc song khac.

Kha nang chuyén doi budc song cé thé thyc hién qua nhiéu mic khac nhau.
Hinh dudi day minh hoa sy khac nhau giita dau vao va dau ra, truong hop nhiéu
cong thi cang phtic tap hon nhung ciing twong ty. Kha nang chuyén d6i bude song
hoan toan tirc 1a c6 thé chuyén doi mot budce song ¢ ngd vao thanh mot budce song
bat ki & ngd ra. Kha ning chuyén dbi budc song gidi han qui dinh rang mdi budc
song dau vao cd thé dugc chuyén do6i thanh mot s budc song xac dinh trude & ngd
ra. Truong hop dic biét ciia chuyén budce song gidi han 1a chuyén doi budc séng cb
dinh khi ma mot budc séng dau vao chi co thé chuyén doi thanh mot bude song cb
dinh ¢ dau ra. Néu mdi budc song duge “chuyén d6i ” thanh chinh né thi ching ta

goi khong c6 sy chuyén doi nao.
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(c) Limited conversion (d) Full conversion

Hinh 2.16: Cac kha ning chuyén ddi buwéc séng

2.8. Két luan chuong.

Qua chuong nay, ta da thdy duoc dong luc dé thuc ddy mang WDM hién nay.
Nhitng mang ndy cung cip cac lightpath tir dau cudi nay dén dau cudi kia qua cac
node mang trung gian. Mot lightpath gdm c6 mot kénh thong tin quang, hoic budc
song, gitta hai node mang ma dugc dinh tuyén qua nhirg node trung gian. Cac node
mang trung gian c6 thé chuyén mach va chuyén d6i budc séong. Vi vy cac mang

nay duoc xem 13 cAc mang dinh tuyén budc song.
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CHUONG 3
PINH TUYEN VA GAN BUOC SONG.

3.1. Gioi thiéu chwong

Trong mang quang dinh tuyén budc séng, nguoi st dung lién lac voi nhau qua cac
kénh thong tin quang dugc goi 1a cac lightpath. Lightpath 1a mot duong di cua tin
hiéu 4nh sang tir ngudén dén dich dudi dang quang théng qua cac két ndi trung gian.
Mot lightpath ¢ thé kéo dai qua nhiéu tuyén truyén dan dé cung cap mot két ndi
chuyén mach mach giita hai node ma c6 thé chira mot ludng luu luong 16n giira
chang.

Khi cac lightpath thyce hién viéc mang thong tin tir mot node ngudén dén mot node
dich nao d6 thi n6 can duoc dinh tuyén va gan budc song. Pinh tuyén va gan budc
song cho lightpath 1a van dé hét sirc quan trong va Xay ra thuong xuyén trong mang.

Chuong nay sé& noi rd vé viéc dinh tuyén va gan budc séng cho cac lightpath, cac
thuat toan thyc hién dinh tuyén va cac phuong phip gin budc séng trong mang
WDM.

3.2. Gié¢i thiéu vé dinh tuyén va gan bwéc séng (Routing and Wavelength
Assignment - RWA).

Khi mét lightpath duoc chon va xac dinh, mdi lightpath can dugc dinh tuyén va
gan budc song cho né. Tir 46 dit ra bai toan dinh tuyén va gan budc song.

Dinh tuyén 12 van dé tim duong giita hai node bat ki trong mang dé thoa man mot
muc dich nao d6, thuat ngir goi 1a dé tdi wu ham muc tiéu (cost function). Véan dé nay
rat quen thudc va rat quan trong trong mang. Thong thuong dinh tuyén trong IP sir
dung thuat toan tim duong Dijkstra, vdi ham muc tiéu la cac metric quen thudc nhu
bing thong, do tré, chi phi tuyén, ...

Trong mang quang, tim dudng dugc hiéu theo hai khia canh, d6 1a tim dudng vat
li mang duoc mau luu lwong yéu cau (Routing) va dua ra bude soéng phil hop dé mang
Iuu Iuong trén mdi link doc path (Wavelength Assignment) trong s6 cac budc song
cho phép (béi mdi path gdm mot sd fiber, ma trén mdi fiber ndy, ban cé thé c6 W

sub-chanels, ciing 1a W budc séng va W lya chon cho yéu cau két ndi hién tai). Van
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dé nay duogc viét tit 1a RWA. Khi tim duoc mot path vat li va danh dau budc song
trén cac link doc theo path do, thi chiing ta c6 mgt duong quang, con goi l1a lightpath
(LP). Ric r6i dat ra ddi v6i bai toan RWA 12 nd dua ra hai diéu kién sau:

< Diéu kién tinh lién tuc bwéc séng: mot lightpath phai str dung chung mot
budc song trén tat ca cac link doc theo duong di ciia nd tir ngudn dén dich. Diéu kién
nay duoc minh hoa nhu hinh dudi bang cach mdi lightpath duoc thé hién bang mot

mau nhét dinh trong suét dudng di.

Hinh 3.1: Piéu kién tinh lién tuc buéc song

<% Diéu kién tinh riéng biét vé bwée séng: tt ca cac lightpath sir dung cling mot
link (fiber) phai dugc gan cac bude song riéng biét. Didu kién dugc minh hoa nhu
(hinh 2.10) ma n6 duoc thoa mén khi hai lightpath cung chia sé cung mét link dugc
thé hién bang hai mau khac nhau (hai budc song khac nhau).

Vian d¢ xay ra khi cac budc song trén hai link ké can khac nhau, luc d6 can ding
dén bo chuyén d6i budc song, 13 tai nguyén dit d6 ciia mang. Cac giai thuat ludn tim
cach giam thiéu chi phi nay.

Bai toAn RWA ¢6 thé dua ra nhu sau: cho mot s6 hitu han céc lightpath dugc thiét
lap trén mang va mot sd gidi han cic bude song. Ta phai xac dinh duong di cho mbi
lightpath va xac dinh s6 budc song nén duoc gan cho cho céac lightpath nay dé dat

dugc sb lightpath c6 thé thiét 1ap 1a 1on nhat. Mac du nhimg lightpath c6 duong di
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ngan nhat c6 vé tdi wu hon, nhung doi khi ta danh phai loai bo su lya chon nay dé
nhiéu lightpath hon ¢6 thé thiét 1ap. Vi thé cac giai thuat thuong cho phép nhiéu
duong di thay phién nhau ddi v6i mdi lightpath duoc thiét lap.

Céc duong di anh sang (lightpath) ma khéng thé dugc thiét lap vi nhiing rang
budc vé duong di va bude song duge goi 1 nghén, do vay van dé t6i vu mang tuong
mg han ché dén muc thap nhét xac xuét tac nghén nay.

Khi hai lightpath ma ching c6 tuyén truyén dan triing nhau thi chiing s& khong
dugc gan cung mot budce séng. Thong thuong mot duong di anh sang (lightpath) hoat
dong vdi cung mot budce song trén nhiing sgi quang ma no6 di qua. Truong hop nay ta
noi rang lightpath thod man sy rang budc vé tinh lién tuc budce séng. Tuy nhién néu
mot nit chuyén mach/dinh tuyén duoc trang bi véi mot bo chuyén doi bude song thi
diéu kién rang budc vé tinh lién tuc budc soéng khong con nira, lightpath nady c6 thé
chuyén sang nhiéu budc song khac nhau trén duong di tir nguén dén dich cia né.

Mang 16i dugc mo hinh bang Graph G(E,V) véi E (edge) 1a tap cac canh va V Ia
tap cac dinh (vertical). Vi mdi cap node bat ki S-D trong mang (va twong tng trong
Graph), ton tai mot tap cac duong di (path) vat li co thé gitra chiing (mdi path bao
gom mot so fiber hay link, edge trung gian), ki hiéu: R. Tap cac dudng di ndy c6 thé
tim theo mot giai thuat tim duong pho bién nhu Dijkstra, Prim hay Mentor v6i mot
ham muc tiéu tuy chon.

3.3. Pinh tuyén budéc séng

Trong mot mang khong co b chuyén doi bude séng, cac lightpath phai sir dung
cling mot budce séng tir ngudn dén dich. Khi co nhu cau cho cude goi, bd dinh tuyén
budc song WR phai str dung giai thuat dugc thiét 1ap tir trude dé chon mot cong ra va
budc song twong ung. Su lya chon budce song dong vai trd quan trong ddi véi toan bo
X4C suat tic nghén. Vi viy mot WR phai tim ra duong di cho yéu cau thiét lap
lightpath va thuc hién gan budc séng sao cho tdi thiéu hoa xac suat tic nghén. Chire
nang nay cO tim quan trong trong viéc thiét ké cac mang toan quang.

Bai toAn RWA duoc chia lam hai loai nhu sau:
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= RWA danh cho luu lwong mang c¢6 dinh (static traffic): v6i loai ndy thi cac
yéu cau vé lightpath duoc biét trude, tit ca moi duong di va budc séng gan cho cac
lightpath d& duoc thiét 1ap c¢b dinh tir trede ( vi du nhu yéu cau truyén tir Router nay
dén Router 1a khong ddi, tinh theo don vi LP, xét trén toan mang ta c6 ma tran hang
N*N ). Khi c6 yéu cau di dén, mot duong di va bude song da chi dinh tir trude do
duoc gan cho yéu cau tuong tmg d6. Vi vy, qui trinh dinh tuyén va gan budc song 1a
cb dinh, khong thay d6i theo thoi gian. Vi loai ndy, cong viéc thuc hién khong phirc
tap, n6 don gian 1a gan mot duong di nao do6 cho lightpath. Muc dich ctiia phuong
phap nay 1a ting cuc dai toan bd dung lugng ctia mang, tirc 1a ¢ thé thiét 1ap dong
thoi sd lightpath 13 16n nhat. Pay 1a bai toan trong mang khong ¢ su chuyén d6i budc
song.

= RWA danh cho hru hrong mang thay d6i (dynamic traffic): trong mang
quang dinh tuyén budc séng, cac yéu cau vé lightpath di dén theo mot qui trinh riéng
biét va thoi gian chiém bdi cac yéu cau ndy ciing theo mot qui luat riéng. V6i dang
luu lwong mang thay d6i thi cin c6 mot giai thuat dong dé dinh tuyén céc lightpath
qua nhimg dudng di khac nhau dya vao su tic nghén trén cac tuyén truyén dan. Tir d6
giai thuat cho bai toan RWA dong dugc dua ra, ndé dua vao trang thai hién thoi cla
mang dé xac dinh duong di cho mdi yéu cau thiét lap lightpath. Mot két ndi bi nghén
néu khong c6 duong di ndo ¢ thé dung dé mang no. Mot trong nhiing thach thirc dé
giai quyét bai toan dinh tuyén va gan budc song véi luu lugng mang thay doi 1a phat
trién cac giai thuat va giao thirc dé thiét lap cac lightpath, nham han ché dén mirc thap
nhat xac suat tac nghén trong mang (tc 12 s6 yéu cau két ndi s& bi tir chbi/ tong sd
yéu cau), nang cao hiéu suét st dung tai nguyén (cing mot luong fiber, node, bo
chuyén doi budc song,...co thé tao ra nhiéu lightpath nhat) va ci thién hiéu ning
tong thé ciia mang (hiéu ning = x4ac suat tic nghén ciia mang + do phtc tap cila giai
thuat) . Mot phuong phap don gian 13 dya vao giai thuét tim dudng di bi nghén it nhat
dé thiét 1ap cac lightpath dong. Trong giai thuat ndy, mot lightpath dugc thiét 1ap trén
duong di it bi nghén nhét tir tap cac lightpath khac nhau giita cap nguén - dich. Budc
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song dugc cap phat 1a budc song dau tién con rdi giita nhitng tuyén lién két trong
duong nay.

Bai toan RWA ( Routing and Wavelength Assignment) dugc chia 1am hai phan:
dinh tuyén va gan budc song.

3.4. Pinh tuyén (Routing)
3.4.1. Giéi thi¢u

Dinh tuyén dugc coi 12 thanh phan cbt yéu cia kién tric mang, thiét ké mang va
diéu hanh mang cta moi mang thong tin, 14 thanh phan khong thé thiéu trong mang
vién thong. Céc yéu té thiic day cho qua trinh thay d6i va phét trién dinh tuyén mang
chu yéu do nhu cau cai thién hiéu nang mang, cac dich vu méi dua vao khai thac va
su thay d0i cong nghé mang, va day ciing 1a mot trong nhiing thach thtrc khi xay dung
va khai thac mang. Hau hét cdc mang vién thong truyén thong dugc xay dung theo
m6 hinh mang phan cap mo hinh nay cho phép sir dung dinh tuyén tinh trén qui mo
[6n.

Trong khi dinh tuyén tinh van cOn ton tai thi tinh chat doc 1ap giita nguoi sir dung
va mang van ¢ mirc cao; dinh tuyén tinh chii yéu dwa trén mong muén ctia nguoi sir
dung nhiéu hon 1a tinh trang ciia mang hién thoi. Mang hién dai hién nay c¢6 xu huéng
hoi tu cac dich vu mang, yéu cau dit ra tir phia ngudi sit dung 1a rat da dang va phuc
tap. Cac phuong phap dinh tuyén dong duoc st dung nham nang cao hiéu ning mang
clia mang méi ndy, tang thém tinh chi dong, mém déo dap ung tét hon yéu cau ngudi
st dung dich vuy.

Dinh tuyén dé chi su lua chon duong di trén mot két ndi mang dé thuc hién viéc
guri dir liéu. Pinh tuyén chi ra hudng, su dich chuyén cia cac goi (dir lidu) duge danh
dia chi tir mang ngudn dén dich thong qua cic node trung gian; thiét bi chuyén dung
la by dinh tuyén (router). Tién trinh dinh tuyén thuong chi huéng di dua vao bang
dinh tuyén, d6 1a bang chira cac 16 trinh tt nhat dén cac dich khac nhau trén mang. Vi
vay viéc xdy dung bang dinh tuyén, dugc to chirc trong bd nhé cila router, trd nén vo

cling quan trong cho viéc dinh tuyén hiéu qua.
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Khi ¢6 nhu cau cho cudc goi dén, bo dinh tuyén xac dinh dudng di cho yéu cau
thiét 1ap lightpath. Nhu vay bai toan dinh tuyén 1a xac dinh dudng di cho mdi yéu cau
thiét 1ap lightpath. Mdi duong di 1a mot chudi cac tuyén truyén din tir diém nguén
dén diém dich. Nham giam su phirc tap trong tinh toan, dong thoi dé bai toan don
gian hon, ta s& xét duong di ngén nhat giira hai diém dau cudi nay. Dé thyc hién diéu
nay, ta str dung mot giai thuat tim duong di ngan nhat dya trén giai thuat Dijkstra. Dé
hiéu 18 vé thuat toan dung trong dinh tuyén, ta tim hiéu vé 1i thuyét d6 thi.

3.4.2. Phan loai dinh tuyén

C6 nhiéu cach phan loai dinh tuyén, c6 thé dua ra mot s6 loai dinh tuyén nhu sau:

= Duya vao chirc ning thich nghi véi trang thai hién thoi ctia mang dé phan loai
thanh: dinh tuyén tinh va dinh tuyén dong

Dinh tuyén tinh: véi dinh tuyén tinh, dudng dan dugc chon trude cho mdi cip
nguoén — dich cuia cac node trong mang. Cac giai thuat dinh tuyén chi phi toi thiu co
thé dugc st dung. Ké hoach dinh myén tinh dugc str dung hau hét cac mang truyén
thdng, trong ké hoach dinh tuyén nay cha yéu voi muc dich 1am giam cac hé thong
chuyén mach phai di qua voi yéu cau két ndi duong dai. Ki thuat dinh tuyén tinh boc
16 mot sb nhuoc diém nhu: quyét dinh dinh tuyén tinh khong dua trén sy danh gia luu
lrong va topo mang hién thoi. Cac b dinh tuyén khong phat hién ra cac by dinh
tuyén mai, chiing chi ¢ thé chuyén thong tin dén tdi cac cac bo dinh tuyén dugc chi
dinh trude ctia nha quan 1i mang.

Dinh tuyén dong: dinh tuyén dong lwa chon tuyén dya trén thong tin trang thai
hién thoi cia mang. Thong tin trang thai c6 thé do hodc dy doan va tuyén duong cé
thé thay d6i khi topo mang thay d6i hodc luu luong mang thay d6i. Dinh tuyén dong
thé hién tinh linh hoat va d& dang mo rong mang.

= Dya vao pham vi dinh tuyén, ta phan loai thanh: dinh tuyén trong va dinh
tuyén ngoai.

Dinh tuyén trong: dinh tuyén xay ra bén trong mot hé thong doc lap (AS -

Autonomous System), cac giao thuc thuong dung la RIP (Router Information
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Protocol), IGRP (Interior Gateway Routing Protocol), OSPF (Open Shortest Path
First), EIGRP (Enhanced IGRP),...

Dinh tuyén ngoai: dinh tuyén xay ra giita cic hé thong doc lap (AS), lién quan téi
dich vu ctia nha cung cip mang sir dung giao thirc dinh tuyén ngoai rong va phiec tap.

Giao thuc thuong dung 1a BGP (Border Gateway Protocol).

Hinh 3.2: Pinh tuyén trong va dinh tuyén ngoai

3.4.3. Li thuyét d@o thi

Trong toan hoc va tin hoc, d6 thi 1a d6i tugng nghién ciru co ban cua 1i thuyét d6
thi. Mot cach khong chinh thirc, dd thi 12 mot tip cac déi twong goi 1a dinh ndi véi
nhau boi cac canh. Thong thuong d6 thi thuong duoc vé dudi dang tp cac diém
(dinh, nut) ndi voi nhau boi cac doan thang (canh). Tuy theo tng dung ma mot sb

canh co thé c6 hudng.

Hinh 3.3: Li thuyét db thi
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C6 3 loai db thi: do thi c6 huéng, dd thi v hudng va d6 thi hdn hop.
3.4.3.1. Do thi vo huéng.

Do thi vo hudng hodc d6 thi G 12 mot cip co thu ty (order pair) G=(V,E), trong
do:

= Vlatap cac dinh hodc nut.

» E la tap cac cap khong thir ty chira cac dinh phan biét, dugc goi 1a canh. Hai

dinh thudc mdt canh dugce goi la cac dinh dau cudi cua canh do.

-

Hinh 3.4: Db thi vé huéng

7

Hinh 3.5: D6 thi c6 hwéng

3.4.3.2. Pb thi c6 hwéng.

Do thi c6 huéng G 1a mot cip co thir tw G=(V,A), trong do:
= Vlatap cac nut hodc dinh.
= A& tap cac canh co thur tu chira cac dinh, duoc goi 1a cac canh c¢6 hudng hodc

cung.
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M6t canh e=(x,y) dugc coi 1a 6 hudng tir x d&én y, x duge goi la diém dau/gde va
y dugc coi la diém cuéi/ng(_)n cua canh.

Tir d6 ta phan loai ra: do thi don va da d6 thi.

<% Do thi don: 12 dd thi ma giira hai dinh chi c6 t6i da mot canh.

% Pa d0 thi: 1a do thi ma giira hai dinh c6 thé c6 nhiéu hon mét canh.

Pa d6 thi c6 hudng 1a mot d6 thi c6 hudng ma trong d6 néu x va y 1a hai dinh thi
d6 thi duoc phép c6 ca hai cung (x,y) va (y,x). P thi don c6 hudng 1a mot db thi co
huéng, trong d6, néu x va y 1a hai dinh thi d6 thi chi dugc phép c6 t6i da mot trong
hai cung (X,y) va (y,Xx).
3.4.3.3. Do thi hon hop

Do thi hdn hop G 1a bo ba c6 th tw G=(V,E,A) vdi V,E,A dugc dinh nghia nhu
trén.
3.4.3.4. Vidu

Hinh 3.6: Vi du

Vi hinh trén, ta cd cac gia tri sau:
-Vv={1,2,3,4,5,6}

- E={{1,2},{1,5}{2,3}{2,5}.{3.4}.{4.5}.{4.6}}
Poi khi thong tin ndi tir dinh 1 dén dinh 2 dugc ki hiéu 1a 1~2.
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Bai toan dinh tuyén gan budc song co lién hé chat ché véi bai toan t6 mau cho cac
nat trong do thi. Bai toan cia chung ta 12 t6 mau cho céc nat thuoc G sao cho hai
node ké can nhau phai mang mau khac nhau thé hién mdi trang thai cta node.

3.4.4. Cac thuit toan co ban trong dinh tuyén

Cac mang chuyén mach géi va internet dia trén quyét dinh dinh tuyén cua no tir
c4c tiéu chi tdi thiéu. O day ta xét dén chi phi tuyén duoc sir dung nhu tham sé ngd
Va0 ciia thuat toan dinh tuyén chi phi toi thiéu ma c6 thé phat biéu don gian nhu sau:

Cho mot mang gdm céc node dugce ndi boi cac tuyén song cong, trong d6, mdi
tuyén c6 mot chi phi dugce gan cho mdi huéng, dinh nghia chi phi cia duong dan giira
hai node la téng chi phi ciia cac tuyén hop thanh duong dan. V&i méi cip node, tim
duong dan véi chi phi t6i thicu.

Hau hét cac thuat toan chi phi t6i thiéu dang sir dung trong cac mang chuyén mach
goi va internet la Dijkstra hoac Bellman-Ford. Ta s€ xét hai thudt toan nay dudi day.
3.4.4.1. Thuit toan trang thai lién két LSA

Trong thuat toan trang thai lién két, cac node mang quang bé gia tri lién két cia no
V6i cac node xung quanh téi cic node khac. Sau khi quang ba, tat ca cac node déu
biét 16 topo mang va thuat toan sir dung dé tinh toan con duong ngin nhat téi node
dich 1a thuat toan Dijkstra.

Thuat toan Dijkstra, mang tén cia nha khoa hoc may tinh nguoi Ha Lan Edsger
Dijkstra, 1a mot thuat toan giai quyét bai toan tim duong di ngan nhét trong mot do thi
c¢6 huéng khong co canh mang trong s am.
3.4.4.1.1. Bai toan

Cho mét dd thi c6 hudng G=(V,E), mot ham trong sé w: E — [0, ) v mot dinh
nguon s. Can tinh toan dugc duong di ngan nhat tir dinh ngudn s dén mdi dinh cta do
thi. Vi du: ching ta dung céac dinh ciia d6 thi ¢&é mé hinh céc thanh phé va cac canh dé
md hinh cac duong ndi giita ching. Khi d6 trong sd cac canh co thé xem nhu d6 dai
cta cac con dudng hay c6 thé 1a chi phi (va do d6 1a khong am). Chung ta cin van
chuyén tir thanh phd s dén thanh phd t. Thuat toan Dijkstra s& gitp chi ra duong di

ngan nhat ching ta c6 thé di.
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Trong s6 khong 4m cia cac canh ctia do thi mang tinh tong quat hon khoang cach
hinh hoc gitra hai dinh dau mut caa chung. Vi dy, voi 3 dinh A, B, C duong di A-B-C
c6 thé ngan hon so véi duong di truc tiép A-C.
3.4.4.1.2. Thuat toan

Thuat toan Dijkstra 6 thé mo ta nhu sau:

Ta quan Iy mot tap hop dong S. Ban dau S={s}.

V6i mdi dinh v, chung ta quan Iy mot nhan d[v] 1a d6 dai bé nhat trong cac duong
di tir ngudn s dén mot dinh u nao dé thude S, rdi di theo canh ndi u-v.

Trong céc dinh ngodi S, chiing ta chon dinh u c¢6 nhan d[u] bé nhat, bo sung vao
tap S. Tap S dugc mo rong thém mot dinh, khi d6 ching ta can cap nhat lai cac nhén
d cho phu hgp véi dinh nghia.

Thuat toan két thuc khi toan bo cac dinh dd nam trong tap S, hodc néu chi can tim
duong di ngan nhat dén mot dinh dich t, thi chiing ta dirng lai khi dinh t duoc bo sung
vao tap S.

Tinh chét khong am cia trong s6 cac canh lién quan chit ché dén tinh dung dan
cta thuat toan. Khi chimg minh tinh diing dan cuia thuét toan, chiing ta phai dung dén
tinh chét nay.
3.4.4.1.3. Chirng minh

Y tuong dugce ching minh nhu sau:

Chung ta s& chi ra, khi mot dinh v dugc bo sung vao tap S, thi d[v] 1a gié tri cia
duong di ngan nhét tir ngudn s dén v.

Theo dinh nghia nhén d, d[v] 14 gia tri cia dudng di ngan nhat trong cac duong di
tir ngudn s, qua cac dinh trong S, rdi theo mot canh ndi tryc tiép u-v dén v.

Gia st ton tai mot duong di tir s dén v c6 gia trj bé hon d[v]. Nhu vay trong duong
di, ton tai dinh giita s va v khoéng thudc S. Chon w 1a dinh dau tién nhu vay.

Puong di clia ta ¢6 dang s - ... - W - ... - v. Nhung do trong s cac canh khong 4m
nén doan s - ... - w c6 d¢ dai khong I6n hon hon toan bo duong di, va do d6 c6 gia tri

bé hon d[v]. Mat khac, do cach chon w cua ta, nén do dai cua doan s - ... - w chinh la
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d[w]. Nhu vay d[w] < d[v], tréi véi cach chon dinh v. Pay 1a diéu mau thuan. Vay
diéu gia str cua ta 12 sai. Ta c6 diéu phai ching minh.
3.4.4.1.4. Cac budc thue hién

Thuat toan Dijkstra diing trong giao thire dinh tuyén 0SPF di qua céc budc sau:
1. B6 dinh tuyén xay dung dd thi cua mang va xac dinh cac node nguén — dich, vi du
nhu V3 va V,. Sau d6 nd xay dung mot ma tran, dugc goi la ma tran lién ké. Ma tran
nay thé hién trong s cua cac canh, vi du nhu [i,j] 1a trong s6 cia canh ndi V; véi V.
Néu khong c6 két néi truc tiép giita V; va Vj, trong s niy duoc xac dinh 13 vo clng.
2. Bo dinh tuyén xdy dung bang trang thai cho tit ca cac node trong mang. Bang nay
gom céc phan:

% Chiéu dai: thé hién d6 16n cta trong sd tir ngudn dén node do.

< Nhan cua node: thé hién trang thai ctia node, mdi mot node cé thé co mot
trong hai trang thai 12 ¢6 dinh hay tam thoi.
3. BO dinh tuyén gan thong sd ban dau ctia bang trang thai cho tit ca cac node va thiét
lap chiéu dai cua chung 1a v cing va nhan cta ching 1 tam thoi.
4. Bo dinh tuyén thiét 1ap mot T-node. Vi du nhu V; 1a node nguén T-node, bo dinh
tuyén s& chuyén nhan cta V; sang ¢ dinh. Khi mot nhin chuyén sang c¢6 dinh, né s&
khong thay doi nira.
5. BO dinh tuyén s& cap nhat bang thai trang thai cla tat ca cic node tam thdi ma cac
node nay lién két véi node ngudn T-node.
6. Bo dinh tuyén nhin vao cac node tam thoi va chon mot node duy nhat ma node nay
c6 trong s6 dén Vi 1a nho nhét. Node nay sau d6 tro thand node dich T-node.
7. Néu node nay khong phai 1a V; thi bo dinh tuyén tro lai budc 5.
8. Néu node nay la V, thi bo dinh tuyén tach node truéc d6 ciia né khoi bang trang
thai va cir thuc hién didu nay cho dén khi dén node Vi. Mot luot cac node chi ra tuyén
toi uu nhét tir V; dén V,.
3.4.4.1.5. Vi du vé thuit toan Dijkstra

Duéi day ta s& tim duong ngan nhat giita A va E.
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Buwéc 1: Theo hinh sau, node A lam node ngudn T-node, nhdn cia n6 chuyén

sang ¢6 dinh va dugc danh dau bang —>

Buéc 2: Trong budc ndy, ta s& thidy dugc bang trang thai cia cac node ndi truc
tiép voi node A 1a cap node (B,C). Pudng tir A dén B 1a ngin nhat (c6 trong sd nho
nhét), do @6 n6 duoc chon lam T-node va sau d6 nhén ctua nd chuyén sang 6 dinh.

_*Bu.n.:.

Budéc 3: gidng nhu budc 2, dua trén bang trang thai cia cac node két ndi truc tiép
v6i node B 1 cap node (D,E).Tuong ty nhu thé, node D két ndi v6i node B 1a duong
ngan nhat (mang trong s6 2 nén nhé hon trong sd cia canh BE), do d6 node D dugc
lam T-node, va sau d6 nhan cua né chuyén sang ¢ dinh.

B

GCis.a)

Buéc 4: trong budc ndy chling ta khdng c6 node tam thoi nao, vi thé ta chi co thé

chon T-node tiép theo. Node E dugc chon vao do thi, canh DE c6 trong s6 nhé nhét.
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Buéc 5: Node E 12 node dich nén chiing ta két thuc qua trinh dinh tuyén nay.
3.4.4.2. Thuit toan dinh tuyén vecto khoing cach DVA
La mot thuat toan dinh tuyén twong thich nham tinh toan con dudng ngin nhét
gilta cac cdp node trong mang, dugc biét dén nhu 13 thuat toan Bellman-Ford. Céc
node mang thyc hién qua trinh trao doi thong tin trén co s cua dia chi dich, node ké
tiép, va con dudng ngin nhat ti dich. Mdi node trong mang c6 bang dinh tuyén cho
thiy duong tt nhat dén moi dich va mdi node chi goi bang dinh tuyén cta nd dén cac
node lang giéng.
Vén dé ton tai cua thuét toan DV 13 n6 thyc hién dém dén v6 cling khi c6 mot két
ndi bi hong. Véan dé nay c6 thé thay rd ¢ vi du sau:
S
i Q\ e
l'tA_

- f‘”\\ T
} e (R el ./
/ \_‘{\BJ kC,f \@

Hinh 3.8: Vi du cua thuét toan DVA

V6i hinh 3.8 cho thay c6 duy nhat mot tuyén gitta node A dén nhiing node khéc.
Gia sir trong sd trén mdi canh déu bang 1, mdi node (Router) déu chira bang dinh
tuyén. Bay gio, néu ta cat két ndi giita A va B thi node B s& hiéu chinh lai bang dinh
tuyén ciia nd. Sau khoang thoi gian, cac node trao d6i thong tin bang dinh tuyén va B
nhan bang dinh tuyén ciia C. Khi C khong biét gi Xay ra véi két ndi giira két ndi giira
A va B, n6 sé& cho rang c6 mot tuyén két ndi véi trong s6 14 2 (1 cho két ndi C-B va 1
cho két ndi B-A), nd khong biét rang két néi A-B da bi cat. B nhan bang dinh tuyén
nay va nghi rang c6 mot tuyén khac gitra C va A, vi thé n6 stra lai bang dinh tuyén va

thay doi gia tri trong sb ciia két ndi B-A vé 3 (1 cho két ndi B-C, 2 cho két C-A). Mot
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lan nita cac node thay d6i bang dinh tuyén ciia n6. Khi C nhan bang dinh tuyén cta B,
né thay rang bang B thay d6i trong s6 cta tuyén B-A tir 1 thanh 3, vi thé né cép nhat
bang dinh tuyén va thay doi trong s6 ciia tuyén C-A thanh 4 (1 cho két néi C-B va 3
cho két ndi B-A). Qua trinh ndy cir xay ra miét cho dén khi tat ca cac node tim ra
trong sd cua tuyén dén A 1a v6 clng.

Thuat toan Bellman-Ford 12 mét thuat toan tinh cac duong di ngén nhat trong mot
d6 thi co hudng co trong s6 (trong d6 mot sé cung c6 thé cé trong s6 4m).Thuat toan
Dijksta d0i hoi trong s6 cua cac cung phéi c6 gia tri khong 4m. Do d6 thuat toan
Bellman-Ford thuong dung khi ¢ cac cung véi trong s6 am.
3.4.4.2.1. Thuit toan

Giai thuat Bellman-Ford c6 thé phat biéu: Tim cac duong dan ngan nhat tir node
nguon cho trudc véi rang budce chi chira mot tuyén, sau d6 tim duong dan ngén nhat
vé6i rang budc chi chira toi da hai tuyén va cir thé tiép tuc. Néu duong din trude d6 12
ngan nhat thi dé lai con khong thi cap nhat dudong ddn méi. Thuat toan dugc tién hanh
qua cac tang dugc biéu dién nhu sau:
function BellmanFord (danh_sach _dinh, danh_sach_cung, ngudn)

/I ham yéu cau do thi dua vao dudi dang mot danh sach dinh, mot danh cung
/I ham tinh cAc gia tri khoang_cach va dinh_lién_trudc ciia cac dinh, sao cho cac

/lgi& tri dinh_lién_ trudc sé& luu lai cac duong di ngan nhat.

// buéce 1: khéi tao do thi

for each v in danh_sach_dinh:
if v is ngudn then khoang_cach (v) :=0
else khoang_cach (v) := infinity

dinh_lién_trude (v) = null

// bude 2: két nap canh
for i from 1 to size (danh_sach_dinh) :

for each (u, v) in danh_sach_cung :
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if khoang_cach (v) > khoang_cach (u) + trong_sd (u, v) :
khoang_cach (v) := khoang_cach (u) + trong_sd (u, v)

dinh_lién_trude (v) ==u

// bude 3: kiém tra chu trinh 4m
for each (u, v) in danh_séach_cung :

if khoang_céach (v) > khoang_cach (u) + trong_sd (u, v) :

error “Do thi chira chu trinh 6 trong s6 am”
3.4.4.2.2.Chitng minh

Tinh ding dan cua thuat toan c6 thé ching minh bang qui nap. Thuat toan c6 thé
phat biéu chinh xac theo kiéu qui nap nhu sau:

Pinh ly: Sau i lan lap vong for:

1. Néu Khoang_cach(u) khong c¢6 gia tri vo clng Ion, thi né bang do dai cua mot
duong di nao do tu s tdi u;

2. Néu c6 mot duong di tir s téi u qua nhidu nhat i cung, thi Khoang_cach (u) c6 gia
tri khong vuot qua do dai cia duong di ngan nhét tir s téi u qua toi da i cung.

Chirng minh:

Truong hop co ban: Xét i =0 va thoi diém trude khi vong for duoc chay lan dau
tién. Khi d6, véi dinh ngudn khoang_céch (ngudn) := 0, diéu nay dung. Péi véi cac
dinh u khéac, khoang_cach (u) := infinity, diéu ndy ciing ding vi khdng c6 duong di
nao tir ngudn dén u qua 0 cung.

Truong hop quy nap:

Chumg minh cau 1: Xét thoi diém khi khoang cach t6i mot dinh duoc cap nhat boi
cong thirc khoang_cach (v) := khoang_cach (u) + trong_sd (u,v). Theo gia thiét quy
nap, khoang cach (u) 1a do dai cia mot duong di nao d6 tir ngudn téi u. Do do,
khoang_cach (u) + trong_s (u, v) & d6 dai ciia duong di tir ngudn téi u i t6i v.

Chutng minh cau 2: Xét duong di ngan nhat tir ngudn t6i u qua téi da i cung. Gia
sir v 1a dinh lién ngay trudc u trén duong di nay. Khi d6, phan dudng di tir ngudn t6i

v 1a dudng di ngan nhat tir nguén tdi v qua tdi da i-1 cung. Theo gia thuyét quy nap,
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khoang_cach (v) sau i-1 vong lap khong vuot qua do dai duong di nay. Do do,
trong_sd (v, u) + khoang_cach (v) co gia tri khong vuot quéa do dai cua duong di tir s
t6i u. Trong lan lap thir i, khoang_céch (u) duoc lay gia tri nhé nhét ciia khoang_cach
(V) + trong_sb (v, u) voi moi v ¢d thé. Do dé, sau i lan lap, khoang cach (u) c6 gia tri
khong vuot qua d6 dai duong di ngan nhat tir ngudn téi u qua tdi da i cung. Khi i
bang s6 dinh ctia d6 thi, mdi dudng di tim dugc s& 13 dudng di ngan nhat toan cuc, trir
khi d6 thi c6 chu trinh am. Néu ton tai chu trinh &m ma tir dinh nguon co6 thé di dén
dugc thi s& khong ton tai duong di nho nhat (vi mdi 1an di quanh chu trinh am 1a mot
lan giam trong s ciia dudng).
3.4.5. Két luan

Ca hai thuat toan nay déu hoat dong duéi dicu kién tinh ctia topo mang va chi phi
tuyén thi ca hai hoi tu vé mot nghiém. Khi mang c6 nhiéu su thay d6i thi thuat toan s&
¢ gang bam theo sy thay doi, tuy nhién, néu chi phi tuyén phy thudc vao luu luong,
tirc 1a nd lai phu thudc vao duong dan dugc chon thi véi dap ung lam cho mang
khéng 6n dinh.
3.5. Gan budc song

Viéc gan bude song 12 nhan to chinh anh huéng dén xac suat tic nghén va tinh
thyc thi ciia mang. Gan budc song thich hop c6 thé 1am giam sé budc song sir dung
hodc khong can dung dén bo chuyén d6i budc song, nén ta co thé giam duoc chi phi
clia mang xudng rat nhidu. Gan budc song duoc chia 1am hai loai cho luu lwgng mang
¢ dinh va luu lwong mang thay doi. Khi luu lugng mang c6 dinh thi phép gan cd
dinh, cling mot budc séng duoc gan néu( néu cb sin) cho moi yéu cau duoc tao ra &
mot nat, néu khong thi yéu cau bi chan. Khi luu luong mang thay d6i, lic ¢6 yéu cau
dén mot nit mang nao d6 thi nit d6 s& dung mot giai thuat dé chon mot budc song
riéng biét con rdi & nit d6 va gan cho lightpath d6 dé dinh tuyén no, néu khong thi
yéu cau khong duogc giai quyét. Giai thuat cho phuong phap gan quan li mot danh
sach cac budc song duoc st dung, cac budc song cOn rdi & modi nut.

Cac phuong phap gan budc song duoc chia lam céc loai nhu sau:

53



Chuong 3: Pinh tuyén va gan budc song

> Kiéu gan Random: khi c¢6 yéu cau dén mot nit, nit d6 s& xac dinh nhiing
budc séng con hiéu lyc ( tirc 1a con rdi) va chon ngau nhién mot A, trong nhitng bude
song d6 dé gan cho yéu cau dé. Cac bude song con rdi & mdi nut duoc xac dinh bang
cach loai bé buéc song 2, da sir dung ra khéi danh sach budc song con rdi; khi cude
goi két thiic, 1, duoc loai ra khoi danh sach budc song bi ban va duge thém vao tré lai
danh sach budc song rdi ban dau. Phuong phap nay khong can doi hoi nhiing thong
tin vé toan bo trang thai ctia mang khi thuc hién gan budc song. Phép gan nay phan
phdi luu lwong mot cach tuy ¥, do vdy su tin dung bude song duoc can bang va tranh
chap budc song thap nén XAc suat tic nghén ciing thap hon.

> Kiéu gan First - Fit: phép gan nay sé tim va gan nhiing budc séng theo mot
trinh tu ¢ dinh. Tét ca cac budc song duge danh sb tir thip dén cao va cac bude song
dugc chon dé gan ciing theo chi sb tir thdp dén cao, tirc 1a budc song dau tién duoc
chon 13 budc séng c6 chi sé nhod nhét trong sb budc séng rdi va gan cho yéu cau.
Ciing tuong tu nhu phuong phap gan Random, phép gan nay khong can bat ki thong
tin nao vé thong tin trang thai mang. Han ché cta phuong phap nay 1a cac budc song
¢6 chi s6 nho hon duoc ding nhiéu, trong khi nhitng budc song c6 chi s6 16n hau nhur
khong duoc sir dung. Hon nita sy gia ting sd budc song trong soi cling khong mang
lai hiéu qua nao boi vi nhitng budc séng co chi sd cao rat it khi duoc dung. Do d6 su
tranh chap d6i voi nhimg bude song co chi sb nho tang 18n, 1am Xac suét tic nghén
cling tang 1&n. Phép géan nay cho chi phi thap hon so véi phép gan Random boi vi n6
khong can phai kiém tra tit ca cac budc song trong mdi tuyén, vi thé nd dugc ua
chudng hon.

» Phép gan Least - used: Phép gan nay chon nhitng budc song ma nhiing budc
song nay it duoc sir dung nhat trong mang. Muc dich ctia phép gan nay la can bang tai
trén tat ca nhiig budc song. Phép gan nay doi hoi thong tin trang thai vé mang dé tim
ra bude song it duoc sir dung nhat. Tuy nhién phuong phap nay phai ton kém cho chi
phi luu trlr va tinh toén.

» Phép gan Most - used: no la phép gan chi 1a nguoc vdi phép gan Least-used,

nd tim chon nhimg budc séng dugc sir dung nhiéu nhat trong mang. Phép gan nay
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phai doi hoi nhimg thong tin vé trang thai mang dé tim ra budc séng duge s dung
nhiéu nhat. N6 ciing ton nhitng chi phi twong tu nhu trong phép gan Least- used, tuy
nhién nd thue hién tot hon so voi phép gan Least- used.

V6i cac phép gan budc song ké trén, phwong phap Random va First - Fit 12 thyc té
hon vi dé thuc hién. Khéng gidng nhu hai phwong phép Least- used va Most- used
d0i hoi phai co cac thong tin vé mang. N6 don gian chi dya vao trang thai nat lic do
va chon mét budc song tir nhitng budc song rdi ¢ két ndi ngd ra d6. Mot cach tuong
d6i, phurong phap ngau nhién Random cho hiéu qua t6t hon phwong phap First - Fit.

Pé thuc hién hai phuong phap gan Least - used va Most - used, mdi nat can trang
bi thong tin toan bd mang. Nén nhitng phuong phap nay phy thudc vao sy thong minh
va hiéu biét chinh x4c cta cac nut. Vi trang thai mang thay d6i mot cach nhanh chong
nén kho c6 thé biét duge mot cach chinh xac thong tin mang & tat ca cac thoi diém, do
vay anh hudéng dén viéc gan budce song. Hon nita cac nut trao doi thong tin véi nhau
vé mang sau mdi khoang thoi gian ¢d dinh va nhiing thong tin nay sé tiéu thuy mot
bang thong dang ké, vi thé 1am giam bang thong san ¢ dé truyén dir lidu.

3.6. Sur thiét 1ap dwong do (Virtual path)

Mot duong 4o duge xem nhur mot duong di cia anh sang tir ngudn dén dich. Khi
¢ yéu cau cudc goi dugc tao ra ¢ nit, nut sir dung giai thuat dinh tuyén va gan budc
song dé tim ra mot duong di va mot budc song cho cude goi d6. NGt s& gan budc
song da duge chon cho cudc goi d6 va dinh tuyén né dén nat ké tiép. G mdi nut trung
gian cua dudng di, budc song cua lightpath di téi duoc kiém tra xem co6 san dé duoc
gan va tir d6 dé c6 thé di tiép hay khong. Néu budc song d6 khong c6 sin, va néu nut
c6 bd chuyén d6i bude song, nd ¢ thé chuyén sang budc song khac dé dinh tuyén
lightpath. Puong di vira thiét 1ap dugc goi 1a duong 4o, duoc thiét 1ap sin trude khi
bat ki dit liéu ndo dugc truyén qua.

Mot dudng vat 1i bao gom tat ca cac tuyén truyén dan (link) hinh thanh trén 1o
trinh tir ngudn dén dich, nhung dudng 4o c6 thé chira cac budc song gidng hoic khac
nhau tir nguon dén dich. Hai yéu cau cho cudc goi c6 cung chung diém dau cudi dich

va nguon cé thé co cung duong vat li nhung c6 cac dudng 4o khac nhau. Hinh sau chi
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ra sy hanh thanh ciia mot lightpath. O day hai cudc goi duoc tao ra tir nut 1 va dudng
a0 cho mdi cudc goi tao thanh dugc vé ra. P6i v6i cude goi thir nhét, nat 1 gan bude
song A, va goi né dén nat 2. Gia st nit 2 ¢6 mot bd chuyén doi bude séong nhung
khéng co sin budc séng A,, Vi thé nd chuyén sang budc song 1,va gui dén nat 3. Nut
3 gan tiép 4, vi n6 0 san va dinh tuyén lightpath dén noi. Bang cach nay duong o
thir nhat duoc thiét 1ap. Néu cudc goi thir hai duoc tao ra ¢ nut 1 ngay sau do, thi mot
duong 4o thu hai dugc tao ra twong tw. Ta thay rang duong vat 1i thi giong nhau
nhung cac duong 4o thi khac nhau. Tong s cac dudng ao dugc thiét 1ap tir ngudn dén
dich phu thudc vao sé budc song san co trén soi. S6 dudng 4o dugc thiét 1ap that su
phu thudc vao toc do cudc goi di dén. Cac bd chuyén d6i budc song gitp thiét lap
dugc nhiéu dudng o hon.

Link 1 Link 2

1} [ [ 3
S Physical path
Az s
O—0 (——=)
Virtual path 1
Ay A A
O——"¢

Virtual path 2

Hinh 3.9: Sw thiét lap dwdng o

3.7. Phan loai mang quang WDM
3.7.1. Mang single- hop

Trong mang quang WDM single- hop, mot khi ludng dir lidu duoc phat di dudi
dang anh sang s& dén duogc dich truc tiép ma khong can phai chuyén sang dang dién &
nhitng node trung gian. D& truyén dan mot goi, mot trong nhiing laser phat cta nut
goi vd mot trong nhitng bd thu cta node nhan phai duge chinh dén cling mot budec
song trong khoang thoi gian truyén dan géi.

Trong cac mang chuyén mach mach, tc d6 diéu chinh ciia cic bo thu phat thuong

yéu cau thap. Nguoc lai trong cac mang chuyén mach goi, cac bd thu phat & cac node
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can dugc chinh dén cic budce song khac nhau mot cach nhanh chong dé giri va nhan
cac goi tin khac tiép theo. Bén canh van dé ki thuat cia viéc chuyén d6i budc song
nhanh, mot thach thirc quan trong khac nira 1a phét trién cac giao thirc dé phdi hop
hiéu qua nhiing két nbi & cac budc song khac nhau trong mang.

Pé mot hé thong single- hop hoat dong hiéu qua, bang thong dugc cap phat gitra
cac node dang tranh chip phai dugc quan li linh dong. Cac hé théng nady cd thé phan
thanh hai loai: c6 phdi hop trudce khi truyén dan va khdng yéu cau phdi hop trude khi
truyén dan.

Cac loai phdi hop dung mot kénh diéu khién don dung chung giita cic node va sy
truyén dir liéu that sy xay ra thong qua mot sé cac kénh dir lidu. Cac node ri can
giam sat kénh diéu khién. Trudc khi phat hodc thu géi dir liéu, mot goi chinh bo phat
hay bot thu ciia n6 dén kénh dir liéu thich hop. Nguoc lai trong hé thong loai thir hai,
khong c6 sy ton tai cia kénh diéu khién va cac node phét hoidc thu tir cac kénh duoc
dinh trudc.

3.7.2. Mang Multi- hop

Mang multi- hop khic phuc duge nhuoge diém ndy bang cach tranh sir dung bo thu
phat diéu chinh budc séng. Mbi node dugc trang bi mot sé cac bd thu phat quang
duoc chinh ¢b dinh. Mdi bo phat trong mang dugc chinh dén mot budc song khac
nhau. Két ndi truc tiép single- hop giira hai node chi c6 thé xay ra khi néu nat dén c6
mot trong nhimg bd thu ciia né duoc chinh dén mot trong nhimg budc séng cia node
goi. Su két ndi gifra mot cdp node bat ki trong mang dat dugc bﬁng cach dinh tuyén
thdng qua cac node trung gian. O d6 kénh thong tin quang dugc chuyén thanh dang
dién, dia chi dén cua g0oi dugc giai md, sau do goi dugc chuyén mach dién va duoc
phét lai trén budc song dé dén node dich hoic dén cac node trung gian khac ma & dé
qua trinh nay duoc lap lai. Vi vay, mot goi sé trai qua nhiéu budc song thong qua mot

s6 node trung gian trudc khi dén dugc node dich.
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3.8. Giai thuit cho vin dé dinh tuyén va gan buéc séng véi hru hrgng mang thay
d6i DRWA
Ban co6 thé hinh dung c4c van dé ma mot giai phap cho DRWA can phai giai
quyét, muc dich ctia né 1a téi thiéu tic nghén tai node mang (tirc 14 s6 yéu cau két nbi
s& bi refuse/tong s yéu cau), nang cao hiéu suit str dung tai nguyén (cing mot lugng
fiber, node, chuyén d6i budc séng,...co thé tao ra nhiéu LP nhat) va cai thién hiéu
nang tong thé ciia mang (hiéu ning = xé4c suét tac nghén + do phic tap cia giai thuat).
Giai thuat dugc trinh bay nhu sau:
Gia st mdi LP c6 toi da H hop (link). Trén mdi link (fiber) sir dung W budc song
(sub-channel). Tap ciac dudng di c6 thé gita hai node bat ky 1a R*.
Trang thai cia mdi budc song trén link (fiber) duoc ma hod bang hai bit bOb1. Khi
c6 yéu cau LP, node ngudn s& goi ban tin cap nhat trang thai doc theo cac path tiém
nang dé tap hop thong tin trang thai dudng truyén (ban tin c6 thé nhung trong giao
thirc bao hiéu nao do)
Hai bit trang thai nhu sau:
bOb1= 00: budc song dang ban.
bOb1=01: ¢ thé dung lién tuc khong can chuyén doi budc song.
bOb1= 10: mudn ding phai chuyén d6i budc song
bOb1=11: c6 thé dung ca hai cach
Tai mdi node trung gian thudc LP, 2*W bit trang thai budc song dugc ghi (tagged)
Va0 sau ban tin ndy, va giri dén dich. Néu ¢ thoi diém d6 node khong thé thiét 1ap
kénh (do hét budc song chang han), nd loai bo (discard) géi tin bao hiéu va guri ban
tin thdng béo (notification) t6i ngudn hodc dich dé xu 1y.
Tai dich, thong tin trong moi ban tin cap nhat trang thai dugc dua ra dang ma tran:
Toan bo hinh anh vé trang thai tai nguyén dudng truyén tir node 0 dén node H-1
dugc phan anh trén ma tran nay. Giai thuat danh dau budc song thuc hién dya trén
c4c ma tran (thanh cong) tir R* path tiém ning ctia mdi cap node.
Ky hiéu CS cua budc song lamda(m) 1a bac lién tuc ciia bude song, tic 1a ¢ thé

ding n6 lién tuc trong day lién tiép cac node nao d6 doc theo path. Giai thuat nhu sau:
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1. Tim tap tat ca cac t6 hop CS ctia mdi budc song, trén mdi path, ky hiéu CSij
2. Tim tap cac to hop CS* thudc {CSij} (i=1: W; j =1:R*) phi kin LP véi s6 phan tir
t6i thiéu (trc 1a it doan CS nhat, diéu nay tvong dwong it phai ding bo chuyén dbi
budc song nhat)
3. Ap dung ham muyc tiéu (trong giai thuat 13 tong chi phi) cho mdi t6 hop CS tim
thiy trong budc 2 dé chon ra t6 hop c6 tong chi phi tdi thiéu.
3.9. Két luan chwong

Qua chuong nay, chung ta d& tim hiéu vé phuong phap dinh tuyén va gan budc
song trong mang WDM, khi c6 yéu cau thiét lap lightpath tir node ngudn dén node
dich thi bo dinh tuyén budc song co nhiém vu xac dinh duong di va gan budc song
cho lightpath d6. Trong mang quang WDM, viéc sir dung thuét toan dinh tuyén budc
song dé dat dugc t6i wu mang 1a diéu hét strc y nghia.

Thuat toan Dijkstra voi viée dinh tuyén tim duong ngin nhét ¢6 nhidu wu diém
trong mang tap trung nén em sé& str dung dé mo phong viéc dinh tuyén trong mang

guang.

59



Chuong 4: Thuc hién md phong

CHUONG 4
THU'C HIEN MO PHONG

4.1. Giéi thiéu chwong

Pinh tuyén 1a cdng viéc hét stic quan trong trong mang quang WDM, no thyc
hién tim duong cho lightpath mang luu luong thong tin tir nguén dén dich véi muc
dich t6i wu mang. Trong chuong nay, dwa trén phan mém Visual C++, em md
phong phan dinh tuyén cho cac lightpath vai ham muc tiéu chling ta c6 thé tuy chon
nhu chi phi, d6 tré, luong luu luong... qua cac tuyén tir ngudn dén dich. Thuat toan
sir dung dé thyc hién dinh tuyén 13 thuat toan Dijkstra.

Céc trong s trén cac tuyén khong chi 1a d6 dai duong di clia tuyén ma tuy theo
mot tiéu chi ndo d6 ctia mang nhu chi phi tuyén, do tré, bang théng, luu lugng
thong tin... Néu lay theo tiéu chi Ia chi phi thip nhét thi trong sd trén cac tuyén
(canh) 1a chi phi caa tuyén do.

4.2. Gi6i thiéu vé ngdn ngir Visual C++

Visual C++ 1a ngdn ngit 1ap trinh dia trén nén tang co ban ctia C++, d6 1a lap
trinh huéng déi twrong. Néu cac ban d4 lap trinh trén C++ thi viéc xay dung cac ing
dung trén Visual C++ rat thuéan loi.

Khi thue hién 1ap trinh C/C++, dé tao cac giao dién phirc tap, trinh bay dep hoan
toan khoéng don gian. Nhung déi voi Visual C++ thi viéc d6 kha don gian. Ban chi
can sir dung cac diéu khién hay xay dung mot menu dwa vao ing dung ctia minh ma
cac ma lénh can viét khong qua dai dong va phirc tap nhu trong C/C++.

Trong chuong trinh md phong ciia em c6 thé sir dung bat ki ngdn ngir lap trinh
nao. Em chon ngdn ngit Visual C++ do kha ning cta né tao giao dién dé dang hon
C/C++.

4.3. Luu db thuit toan

Gia sir by dinh tuyén mo phong tim duong di v6i duong di ngan nhat qua cac

tuyén giita node ngudn va node dich. Céc trong sb trén cac canh 1a do dai cua tuyén

thdng tin tir node nay dén node kia.
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Xéc dinh node nguén va dich nhu
Vi va V,

l

Thiét 1ap V. 1a T-node

y
Thiét 1ap nhan caa T-node sang ¢
dinh, sau d6 cap nhét bang trang
thai cac node lan can.

|

Xac dinh node tam thoi ndi véi V;
ma co trong so nho nhat va thiet
lap thanh T-node

T-node c6
phai 1a V,

Duya vao thong tin trong bang trang
thai, lam nhu thé cho dén khi t&i
node Vi, ddy cac node dé la duong
di ngan nhét

A 4
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Thuat toan s& thyc hién tim dinh u trong tap hop Q ma c6 gia tri d[u] nho nhat.
Dinh nay dugc loai ra khoi Q va dugce dua vao tap S. Tap S chira mdt bang cac dinh
tao thanh mot trong nhiig duong di ngan nhét tir s dén node ngudn t nao do.

1 function Dijkstra(G, w, s)

2 foreach vertex vin V[G]

3 d[v] := infinity /l Gan céc gia tri ban dau

4 previous[v] := undefined

5 d[s]:=0 /I Khoang céch tir s dén s bang 0
6 S:=empty set /l Thiét 1ap S la tap hop rdng

7 Q:=VI[G] Il Tap Q chira tat ca cac node cua do thi
8 while Q is not an empty set

9 u := Extract_Min(Q)

10 S := S union {u}

11 for each edge (u,v) outgoing from u

12 if d[u] + w(u,v) <d[v]

13 d[v] :=d[u] + w(u,v)

14 previous[v] :=u

4.4. Két qua md phéng

Thuat toan Dijkstra tim dudng di ngan nhat tir node ngudn dén node dich duoc
thuc hién nhu sau:
1.Click vao biéu twong "THEM NODE” dé lay node ra nhu sau:
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#» THUAT TOAN DINH TUYEN DIJKSTRA - *DOAN THI THIEN HUONG* - [THUAT To... [ ][B][X] |
=

File Edit Wiew ‘Window Help @
D@ Hd|o /-l
5 ,_ B
@ {10} {13}

® ® %

& ® (1) (14}

© © © 9 ®

: T

Ready

2.Click vao biéu tuong “THEM CANH” dé ndi cac canh lai v6i nhau.
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| ' THUAT TOAN DINH TUYEN DIIKSTRA - *D0OAN THI THIEN HUONG® - [THUAT T0...
Fle Edit Yiew Window Help

3.Click vao biéu twong “DUONG NGAN NHAT” thuc hién tim duong ngin nhat

giira hai cap node bat ki.
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: 2 \
DUDNG DI NGAN NHAT X

MNode nguon 1 Mode dich |17 oK I
Cancel I

Ll g 4 0

17

g*a‘g 3 _Ql 0 G -~ o

Ready | | o

4.Click “OK” dé nhan duoc két qua.
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=+ THUAT TOAN DINH TUYEN DIJKSTRA - *DOAN THI THIEN HUONG* - [THUAT To... [=|[B]X]
File Edt Wiew ‘Window Help _ a8 x

D o~ 2

4.5. Két luan chwong.

Ta thdy duogc thuit toan dinh tuyén Dijkstra dugc tng dung hiéu qua trong viéc
dinh tuyén cac lightpath trong mang WDM dé tim duoc duong di tdi wu véi cac
ham muc tiéu (cost function) ciia mang ma ta c6 thé 4p dat cho n6. Ham muc tiéu
nay ta co thé theo tiéu chi nao d6 ciia mang nhu 1a chi phi tuyén, luong luu luong,
bang thong... Su ap dit ndy thuc hién bang cach dit trong s trén céc tuyén 1a gia
tri ctia cac ham muc tiéu trén. Sau qué trinh dinh tuyén dén cac node mang, cic
node mang thuc hién gan budc séng cho lightpath. Viéc gan budc song phai thoa
man diéu kién lién tuc budc song néu khong node mang d6 phai sir dung bd chuyén

doi1 budce song.
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p’ . 1 7 P o 9 p&
Kéi lufin va hwdng phis tridn d8

Pé tai “dinh tuyén va gan budc song trong mang quang WDM” da cho thay
duogc vai trd quan trong cia dinh tuyén va gan budc séng trong mang quang WDM,
hiéu dugc mot sé giai thuat dinh tuyén va cac phuong phéap gan budc song cho cac
lightpath trong mang quang. Dong thoi chuong trinh md phong da thé hién qua trinh
dinh tuyén ciia cac lightpath tir node ngudn dén node dich dé duoc mot dudng di toi
uu theo mot ham muyc tiéu nao d6. Két thuc qua trinh nghién ciru dé tai, em dua ra
maot sb nhan xét nhu sau:

% Chuong trinh md phong thuc hién dinh tuyén véi muc dich tim duong di t6i
uu tir node ngudn dén node dich, day la duong di duy nhat. Tuy vdy, dé ting cudng
hiéu nang mang thi khéng thé don thuan chon duy nhat mot tuyén toi wu d6 ma phai
danh gia dugc cac tuyén con lai dé thuc hién phan tai, tranh tinh trang mot tuyén
hoat dong hét cong suat trong khi d6 c6 nhiing tuyén kha thi con rdi.

% Sau khi thuc hién dinh tuyén cho lightpath, phai thuc hién gan budc séng
cho nd. Néu toan bo node mang khong str dung bd chuyén ddi bude song thi toan bo
c4c tuyén trén duong di tir nguén dén dich chi dugc gan mot bude song duy nhat.
Tuy nhién, tai nguyén sé budc song trén mdi node mang cé han, diéu ndy lam xac
suat tic nghén rat cao khi mot node mang khong cung cap budc song da rang budc
tir trude. Vi thé, cac mang hién nay ludn tim céch thyc hién dinh tuyén va gan budc
song sao cho dat duoc t6i wvu mang 14 giam x4c suat tic nghén.

Ngay nay, ngudi ta dang hudng tdi mang todn quang ma moi céng viée xir 1i déu
thue hién hoan toan trong mién quang. Mang todn quang htra hen s& dem lai toc do
cao, gia thanh mang sé& dugc giam xuéng mot cach dang ke.

D6 an duoc hoan thanh trong thoi gian han ché, dat nén moéng cho viéc nghién
ctru va phat trién sau nady, vi thé khong thé tranh khoi nhiing thiéu sét. Hi vong
trong thoi gian t6i v6i kinh nghiém thuc tién, em s& cd gang hoan thién hon d¢é tai

cua minh.
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PHU LUC
= Thuc hién thém bién va thwe hi¢n ma I¢nh sau:
void CAlgorithmsView::OnAddNode()

{
m_Dijkstra.StartAddNodes();

void CAlgorithmsView::OnAddEdge()

{
m_Dijkstra.StartAddEdges();

void CAlgorithmsView::OnShortestPath()
{
CShorthestPath dlg;
if(dlg.DoModal()==IDOK)
/!

m_Dijkstra.ShortestPath(dlg.m_nodel, dlg.m_node2);

=  Thue hién vé cic node va cac canh bing ma nhu sau:

class CGraph
{

public:

long GetNrNodes();

CGraph();

virtual ~CGraph();

VTYPE_NODE m_nodes; // ddy cac node
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VTYPE_EDGE m_edges; // ddy cac canh
VTYPE_NODE_P d; // array of longs that contain
/I the shortest path at every step
VTYPE_NODE_P pi; // array of longs that contain
/I the predecessor of each node for the shortest path
3
A0
class CNode
{
public:
CNode Copy();
double m_cost; // gia tri trong so
long m_NodeNr; // so node
POINT m_p; // diem do hoa cho node
CNode();
virtual ~CNode();
3
A nannn
class CEdge
{
public:
bool m_red; // ve duong di ngan nhat
/I (neu mot canh la mot phan cua duong di ngan nhat thi no duoc ve mau do)
double m_cost; // trong so cua canh (lay gia tri ngau nhien tu 0-9)
long m_secondNode;
long m_firstNode;
POINT m_secondPct;
POINT m_firstPct;
CEdge();
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virtual ~CEdge();
3
/l ve canh bat dau tu node dau den node cuoi
= Thuét toan Dijkstra:
/I The Dijkstra's algorithm
STDMETHODIMP CDijkstra::ShortestPath(long nodel, long node?2)
{
ReleaseGraph();
InitializeSource(g, g.m_nodes[nhodel-1]);
/I Thiet lap S ve rong
VTYPE_NODE S;
// Dat cac node vao Q
VTYPE_NODE Q;
VTYPE_NODE::iterator Kl;
for(kl=g.m_nodes.begin(); kl<g.m_nodes.end(); kl++)
{
CNode node = (*kl).Copy();
Q.push_back(node);
b
/I Algorithm
while(Q.size())
{
CNode nod = ExtractMin(Q); // tach node tim duoc ra khoi tap Q
// dua node nay vao tapS
S.push_back(nod);
VTYPE_NODE::iterator Kl;
for(kl=g.m_nodes.begin(); kl<g.m_nodes.end(); kl++)

{
if(ExistEdge(nod, (*kl)))
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bool gasit = false;
VTYPE_NODE::iterator Kill;
for(kll=Q.begin(); kll<Q.end(); kll++)
{
if((*kIl).m_NodeNr == (*kl).m_NodeNr)
gasit = true;
¥
if(gasit)
Relax(nod, (*klI), GetEdgeVal(nod, (*Kkl)));

}
RefreshDone(nodel, node2);

return S_OK;

= Lé&nh thuc hién vé:

/I Draw
HDC dc = ::GetDC(m_hWnd);
HPEN pen=CreatePen(PS_SOLID,0,RGB(0,0,0));
HPEN penred=CreatePen(PS_SOLID,2,RGB(255,0,0));
HBRUSH brush=CreateSolidBrush(RGB(0,0,0));
HPEN oldpen;
HPEN oldbrush;
oldpen=(HPEN)SelectObject(dc,pen);

RECT rc;

::GetClientRect(m_hWndCD, &rc);

Rectangle(dc, rc.left, rc.top, rc.right, rc.bottom);
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HFONT OldFont = (HFONT)::SelectObject(dc, m_Imfont);

long nr=0;
VTYPE_NODE::iterator kl;
for(kl=g.m_nodes.begin(); kl<g.m_nodes.end(); kl++)
{
char s[5];
Itoa((*kl).m_NodeNr, s, 10);;
Ellipse(dc, (*kl).m_p.x-10, (*kl).m_p.y-10, (*kl).m_p.x+10,
(*kD).m_p.y+10);
if(nr<9)
TextOut(dc, (*kl).m_p.x-5, (*kl).m_p.y-8, s, 1);
else
TextOut(dc, (*kl).m_p.x-8, (*kl).m_p.y-8, s, 2);

nr++;

oldbrush=(HPEN)SelectObject(dc,brush);
VTYPE_EDGE::iterator Kill;
for(kll=g.m_edges.begin(); kll<g.m_edges.end(); kll++)
{
HPEN temp;
if((*klIl).m_red)
temp=(HPEN)SelectObject(dc,penred);
MoveToEx(dc, (*kIl).m_firstPct.x, (*kll).m_firstPct.y, NULL);
LineTo(dc, (*klIlI).m_secondPct.x, (*kll).m_secondPct.y);
Ellipse(dc, (*klIl).m_secondPct.x-5, (*kll).m_secondPct.y-5,
(*kll).m_secondPct.x+5, (*kll).m_secondPct.y+5);
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POINT po;
po.x = ((*kll).m_firstPct.x+(*klIl).m_secondPct.x)/2;
po.y = ((*kll).m_firstPct.y+(*kll).m_secondPct.y)/2;
char s[5];
Itoa((*kll).m_cost, s, 10);
TextOut(dc, po.x, po.y, s, 1);
if((*kIl).m_red)
SelectObject(dc,temp);
b
::SelectObject(dc, OldFont);
SelectObject(dc,oldpen);
SelectObject(dc,oldbrush);
DeleteObject(pen);
DeleteObject(brush);
::ReleaseDC(m_hWnd, dc);

void CDijkstra::ReleaseGraph()

{
g.d.clear();

g.pi.clear();
VTYPE_EDGE::iterator KilI;
for(kll=g.m_edges.begin(); kll<g.m_edges.end(); kll++)
{

(*kIl).m_red = false;

}
Refresh();

74



Chuong 4: Thuc hién md phong

Muc luc

CHUONG 1 ....... TP s 1
TONG QUAN VE HE THONG THONG TIN QUANG. ......c.cooovevecereereeen, 1
1.1, GiG1 thi€U CHUONE ....eivviiiiiiieiiie ettt 1
1.2. Gi6i thidu Ve thong tin qUANG.........c.cveveveveerereeeereeereseeeeeee e eeeseseraesnes e, 2
1.2.1. Su phat trién clia thong tin QUANG ...........ccoveereeeeeerereceeeseseee e 2
1.2.2. Nhimng wu diém ctia hé thong thong tin quang ............c.co.cceeeveeererenennn. 3
1.2.3. Cu triic va cac thanh phan chinh ctia hé thong thong tin quang............ 5
1,30 SO QUANG. ...ttt 7
1.3.1. SO1 AN QUANGE ... 7
1.3.2. Sy truyén 4nh SANG trong SOI QUANG. .......c.eveeerveveeerreereseeerreeesnseeneeeeeas 8
1.3.3. CAC thONQ SO A SOT QUANG. ...cvvveveveeeeeereeeeeseeee e enesies e senee e, 10
1.3.3.1. SUY ha0 CUA SOT QUANG ...cvveieeiiieieeriiee ettt 10
1.3.3.1.1. PinhnghTa.......cccooiiiiiii 10
1.3.3.1.2. DAC tUYEN SUY NA0 w..ocvvvcceceeeceee e 11
1.3.3.1.3. Cac nguyén nhén gay suy hao trén soi quang............c.cceeeueneee. 12
1.3.3.2. TN SAC ANN SANG .....ooveveievceeeeeecee e es et 13
1.3.4. Anh huong ciia tan sic dén dung luong truyén dan trén soi quang........ 14
1.4, K&t TUAN CAUONG ....v.voveeeieeceetceceee e eae e 14
CHUONG 2 ..ottt ettt ettt bbbt bttt et e saenens 15
GIOT THIEU MANG WDM. .......cooooiiiiiniieieeeee oo ene s enaen e 15
2.1, Gidi thi€Uu CAUONG ... .oiviiiiiiiieii e 15
2.2. Nguyén Ii hoat dong ctia hé thng WDM .........ccccoeveecuivicceeeeeeiereeeennens 17
2.3. U diém clia hé thOng WDM ........ccoeuiviiiieieieeieees s 18
2.4. Van dé ton tai ctia hé thdng WDM va hudng giai quyét trong tuong lai....... 19
2.5. ChUYEN MACh QUANG. ........cvvveeieeeeeseceee et es ettt rae e 19
2.6. Céc thanh phéan chinh ctia hé thdng WDM ..........ccccevomiiiccieiieeeeerereennens 21
2.6.1. Thi€t bi dAu cudi OLT .....cvvuuiviriiereriieieieeies e 21
2.6.2. B ghép kénh xen/rét quang OADM ........cccooiiiiiiiiiiiciieee e 22
2.6.3. BO khuéch dai qUANG.........c.covveevieeeeeeecececeee e 26
2.6.4. Gioi thiéu vé bd két ndi chéo quang OXC .......c.coevvvveveeeireier e, 29
2.6.4.1. ChUc nAng OXC....ooiviiiiiiieiie et 29
2.6.4.2. PhAN 1021 OXC ..oooviiiiii it 32
2.7. SU Chuyén d0i DUGC SONG ......eevveeeeeieeeeeeieeee e e es e iesene s 34
2.8. K&t TUAN CRUONG. .......cvvveeieeeeie et 36
CHUGONG 3 ..ottt et ettt ettt sttt et stesenns 37
PINH TUYEN VA GAN BUGC SONG..........cocoooveoeoeeceeeeeeeeeeeee e, 37
3.1, Gidi thi€Uu CAUONG ... .oviiiiiiiiiiie e 37

3.2. Gi6i thiéu vé dinh tuyén va gan budc song (Routing and Wavelength
ASSIGNMENT - RWA). ..ot 37
3.3. Dinh tUYEN DUGC SONE ....ververveveieeeeeevecee e e tes et enee e 39
3.4. Dinh tyen (ROULNE) .......cvvveeveieeeeeeseceeeeeeee e e ses et es st enee e 41
B4 L. GIOT hIGU ..eeieie ettt et 41

75



Chuong 4: Thuc hién md phong

3.4.2. PhaNn 10ai @inh tUYEN.........coceveeeeeeeeeiee e 42
3.4.3. LI thUYSt d0 thi....ceveveeeeeeeeeeeeeeee e 43
3.4.3.1. DO thi VO RUONE. .....vceerceeieieeeeee oo 44
3.4.3.2. DO thi CONUGNG. ...voveveerceeiereieeee e 44
3.4.3.3. DO thi RONNOP cvocevivceeieiceeeeee e 45
3.4.4. C4c thuat toan co ban trong dinh tUYEN ..........ceveveevvererereceeeeeeecee e, 46
3.4.4.1. Thuat toan trang thai lien K&t LSA........c.cooveveeeeeeeeieeee e, 46
A4 L1 BAITOAN ..ottt 46
344 1.2, TRUBL LOAN ..eevviiie e et 47
3.4.4.1.3. Chung MINN......coooiiiiii e 47
3.44.1.4. Cac budc thuc hin........ccovviiiiiiiiiiii s 48
3.4.4.1.5. Vi du vé thuat toan DijKStra.........ccoceevvirvereereiieeeesiesssns 48
3.4.4.2. Thuat toan dinh tuyén vecto khoang cach DVA .........cc..cccoevevnee 50
34421 TRUBL LOAN c..eivviiie e et 51
3.4.4.2.2.Chlg Minh.......cooooiiiiiiiiiiii e 52
345, KELTUAN .ooo s 53
3.5. GAN DUGC SONE ...ttt 53
3.6. Su thiét 1ap duong 40 (Virtual Path)...........ccceveveevererecier oo 55
3.7. Phén loai mang quang WDM .........cccooiiiiiiiiiiie e, 56
3.7.1. Mang single- NOP ....ooveiiiiiiiiie e 56
3.7.2. Mang Multi- NOP ......ooiiiiiiiiie e 57
3.8. Giai thuét cho van dé dinh tuyén va gan budc song véi luu lwgng mang thay
G0T DRWA ..ottt 58
3.9. K&t TUAN CRUONE c....vocvveei et 59
CHUGONG 4 ...t ettt ettt st s ettt et naeneans 60
THUC HIEN MO PHONG. .......c.coooiiiioiieeeeeeeeeeeee e 60
4.1, GiO1 thi€u ChUONG ......oiviiiiiiiieiii e 60
4.2. Gidi thiéu vé ngon ngit Visual CH ......c.ceveevieeieeiececeereeee e 60
4.3. LUt @0 thUAL t0AN......veeeeeieeioeeieeee s 60
4.4, K&t QUA MO PRONG.....coovvreerereeeieeeeeee s eeeee e e eserae et eras s 62
4.5, K&t TUAN CRUONE.......oovvvceeevcee e 66

76



CACTUWY

APD  Avalanche Photodiode
AS Autonomous System

ATM  Asynchronous Transfer Mode

BGP  Border Gateway Protocol

CDM  Code Division Multiplexing
D

DVA Distance Vector Algorithm
DWDM Dense WDM

E

EDFA Erbium Doped Fiber Amplifier

EIGRP Enhanced IGRP

IGRP Interior Gateway Routing Protocol
ISDN lItegrated Servise Digital Network

&T TAT

Diod tach song quang thac la
Hé thong doc lap

Kiéu truyén bat dong bo

Giao thuc dinh tuyén ving bién

Ghép kénh phéan chia theo méa

Thuat toan Vector khoang cach
WDM mat do cao

Bo khuéch dai quang soi ¢6 pha tap
Erbium

Giao thirc IGRP néang cép

Giao thirc dinh tuyén bén trong
Mang s6 tich hop dich vu



LD
LED
LP
LSA

OADM
OLT
OXC

PIN

RIP
RWA

SOA

TDM

WDM

Diod Laser

Light Emitting Diode
Lightpath

Link State Algorithm

Optical Add/Drop Multipler
Optical Line Terminator

Optical Cross Connect

Positive Intrinsic Negative

Routing Information Protocol

Routing & Wavelength Assignment

Semiconductor Optical Amplifier

Time Division Multiplexing

Wavelength Division Multiplexing

Diod phat quang
buong di anh sang

Thuat toan trang thai lién két

Bo ghép kénh xen/rét quang
Thiét bi dau cudi quang

Bo két ndi chéo quang

Giao thuc thong tin dinh tuyén

Dinh tuyén va gan budc séng

B6 khuéch dai quang ban dan

Ghép kénh phén chia theo thoi gian

Ghép kénh phéan chia theo budc

song






