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CAI THIEN HIEU NANG MANG CHUYEN MACH GOI TOAN QUANG
DA CHANG SU DUNG PHUONG PHAP XU LY MAO BAU
DIEU CHE VI TRI XUNG SUA BOI

IMPROVING THEPERFORMANCE OF MULTI-HOP ALL-OPTICAL PACKET - SWITCHING
USING A MODIFIED PULSE POSITION MODULATION HEADER PROCESSING METHOD

TOM TAT

Bai béo trinh bay md hinh va md phdng danh gia hiéu ndng mang chuyén
mach gGi quang (OPS) da chang dua trén céc n(it chuyén mach goi toan quang sir
dung khdi xr Ij mao dau diéu ché vi trf xung sira ddi (MPPM) dé xuat. Cac két qua
tinh toan va md phdng cho théy thoi gian xr Iy mao dau cta cac niit trong mang
giam dang k& va tham s6 hiéu néng mang dua trén i s3 tin hiéu trén nhiéu
quang (OSNR) dugc cai thién so véi truong hop mang st dung gidi phap x& Iy
mao dau diéu ché vi tri xung thong thudng (PPM).

Ttr khda: Chuyén mach g6i quang (OPS), chuyén mach gdi quang dong bd voi
cac gi kich cd 6 dinh, x& Iy mao dau gdi quang dua trén MPPM.

ABSTRACT

In this paper we present the modeling and simulation to estimate the
performance of Multi-hop All-Optical Packet Switching using Modified Pulse
Position Modulation (MPPM) Header Processor. The numerical and simulated
results show that the processing time of the nodes in the network is significantly
reduced and that the network performance in terms of the optical signal-to-
noise ratio (OSNR) is improved compared to that of the network using
conventional pulse position modulation (PPM) method

Keywords: Optical packet switching (OPS), synchronous OPS switching with
fixed-sized packets, MPPM-based optical packet header processing.
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1.GIOI THIEU

Ngay nay, véi st bung né ctia mang Internet, sy gia tang
nhanh chéng s6 lvgng nguoi s dung dich vu cung cac tng
dung dich vu méi trén nén IP, can thiét phai phat trién cac
hé théng thdng tin toan quang méi nham dam béo bing
tan truyén dan lon hon, do tin cay két néi dau cudi - dau
cudi cao hon va chi phi 1&p dat ré hon so voi cac hé théng
thong tin hién tai trong truyén dan cv li dai. Cong nghé
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chuyén mach goi quang (OPS) la mot trong nhitng cong
nghé day hira hen nhéat cho kién trdc mang thé hé sau.
Trong mang OPS dit liéu dugc phat tir nat nay téi nat khéac
dwéi dang cac géi [1]. Chuyén mach goi quang da thu hat
duoc rat nhiéu sy guan tdm nghién cru bdi vi OPS cé kha
nang dat duoc thong lvgng cao, mém déo phu hop véi cac
dich vu co tinh bung n6. Dac biét, gidi quyét dugc hién
twong that nat c6 chai, gia ting dugc thong lvong chuyén
mach. Tuy nhién, dé ap dung hiéu qua va thanh céng céng
nghé chuyén mach goi quang vao thuc tién can phai giai
guyét mot s6 van dé quan trong nhu sau: giam thiéu thoi
gian x& li va chuyén mach cac goi tai cac nit dén tir viéc x{
I mao dau g6i quang cting nhuv xay dwng cac mé hinh kién
trac chuyén mach toan quang cuc nhanh, dung lvgng Ién.

Trong mang OPS théng thuong, cdc mao dau goéi duoc
chuyén thanh dang dién va x ly trong mién dién [2], trong
khi di¥ liéu van truyén trong mién quang. Khi bang tan kénh
di liéu tdng dét bién, x Iy mao dau dién tir sé gay ra
ngh&n mang. Do d6, bat budc phai giam thoi gian xt ly
mao dau dé cai thién hiéu nang mang. Trong nhirng nam
gan day, c6 rat nhiéu nghién ctru lién quan dén x& ly mao
dau cho mang chuyén mach. Phuong phéap lam giam thoi
gian x& ly mao dau goéi hiéu qua dwgc cong bd do la st
dung x& ly mao dau dwa trén PPM, trong d6 x& ly mao dau
dwoc thuc hién trong mién quang [3, 4].

Trong bai bao nay, da dé xuat mot k§ thuat xi ly mao
dau dya trén MPPM c6 kha nang lam giam thoi gian xu ly
mao dau hiéu qua hon so voéi ki thuat x ly mao dau dua
trén PPM, nho giam cac mau dia chi trong bang dinh tuyén
va giam thoi gian qua trinh x ly twvong quan quang. Trén
co' s& clia mo hinh cdu tric ctia khéi xi Iy mao dau dua trén
ky thuat MPPM (MPPM-HP) @& xuét, trong bai bao con trinh
bay mot mo hinh kién trdc niat chuyén mach goéi toan
quang st dung kh6i MPPM-HP. Théng qua mé hinh gii
tich va mo phoéng da tién hanh khao sat va duva ra cac két
qua lién quan t¢i cac tham s6 hiéu ndng clia nat (tham s6
thoi gian xt Iy mao dau) va mang chuyén mach géi toan
guang da chang (tham sd OSNR).
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Bai bao duoc cdu tric nhu sau; Phan mot la phan gioi
thiéu; Tiép theo kién trdc nat OPS dé xuét cling nhu phan
tich hiéu nang OSNR clia mang OPS toan quang da chang
duwoc trinh bay trong phan thit hai; Cac két qua tinh toan so
va mo phoéng dugc khao sat va thao luan trong phan thi
ba; Cudi cung, phan thi tv la phan két luan.

2. MANG CHUYEN MACH GOI QUANG DA CHANG DUA
TREN CAC NUT TOAN QUANG SU DUNG KHOI MPPM-HP
DE XUAT

2.1. Khéi xt&r ly mao dau dva trén MPPM

Hinh 1 md t& mo hinh cau tric cla khdi xt ly mao dau
toan quang dva trén MPPM, khéi MPPM-HP bao gdm céac
khoi chirc nang con: khdi tach dinh thoi (CEM), khdi tach
dia chi mao dau diéu ché vi tri xung stra déi (MPPM-HEM),
khoi tao bang dinh tuyén con MPPM (MPP-SRT) va khoi
twong guan quang véi cac cdng AND quang.

GGi dau vao P, (t) sau khi qua bd chia (coupler): mot
phan duoc dua dén khéi tach dinh thoi (CEM) va mot phan
duwoc dua vao khéi tach dia chi mao dau MPPM (MPPM-
HEM). Pau ra kh6i CEM la xung dinh thoi Clk(t) dwgc st
dung dé diéu khién hoat déng cac khéi chirc ndng con:
khoi SPC, khéi MPPM-ACM va b6 tao cac bang dinh tuyén
MPPRT (bao gém cac bang dinh tuyén con MPPM, MPP-
SRTs). Khi xung dinh thoi Clk(t) dua téi cac khoi chirc ndng
con SPC sé tién hanh tach cac bit dia chi & dang nhi phan:
Cac bit diéu khién (C) dwgc dwa dén bo tao cac bang dinh
tuyén con MPP-SRT dé diéu khién chon bang dinh tuyén
con hoat dong, két hgp voéi tin hiéu dinh thoi Clk(t) dua
vao bang dinh tuyén con s& tao ra cac mau dia chi trong
bang dinh tuyén E; (t); Céc bit dia chi nhi phan con lai (N-
C) sé duoc dwa sang MPPM-ACM, két hop véi tin hiéu dinh
thoi Clk(t) dua vao MPPM-ACM dé chuyén d6i sang dang
dia chi MPPM, X,,ppy, (t). Qua trinh tvong quan quang sé
xay ra trong mot cng AND duy nhéat khi cé ca dia chi
Xyppm (t) VA mau dia chi E; (t) cung duogc dwa vao, dau ra
tvong quan thr k nhan dwgc mot xung tuvong hop, m, (t).
Xung twong hop m,(t) duoc dwa dén bd diéu khién
chuyén mach dé diéu khién chuyén mach géi dau vao
P, (t) dén céng ramong mudn P,,,, (t).

Khéi chuyén d6i dia chi MPPM
(MPPM-HEM)

Pn(t) | Chugénddicicbit | Chuyénddi | Xueeu(t)

B0 tuong my(t)
quan quang sl
=) (ANDs)

Bang dinh tuyén
> MPPM e

(MPPRT) | Ey(t)

Hinh 1. M@ hinh cau trdc clia khoi MPPM-HP
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2.2. M hinh kién tric ctia nat OPS st dung khdi MPPM-
HP

Mo hinh kién trdc clia nat 1 x K OPS st dung MPPM-HP
don butc séng dugc dua ra trong hinh 2. V& co ban mé
hinh kién trac nat OPS st dung MPPM-HP ciing giéng nhw
trong nuat st dung PPM-HP bao gém hai khéi chirc nang
chinh: khai x( Iy mao dau (MPPM-HP) va khéi chuyén mach
guang. Hoat dong cdia nit chuyén mach géi MPPM-HP da
duwoc phan tich chi tiét trong [5].
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Hinh 2. Kién trlic n(it I6i toan quang dé xuat dya trén MPPM-HP

2.3. Mang chuyén mach gdéi quang da ching st dung
giai phap x& ly mao dau MPPM

So do thiét 1ap mang chuyén mach goi quang dinh
tuyén da chang nhu minh hoa trén hinh 3 [6]. Trong mang
OPS céc goi dir liéu dwgc chuyén mach qua mot sé nut
trung gian trwéc khi téi dich, do d6 lam anh huéng dén
chéat lvong cla cac goi dau thu. Gia thiét nhiéu trong tuyén
két n6i duoc dac tinh hoa bdi nhiéu chuyén mach va nhiéu
duwgec tich Iy qua cac nat.
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Hinh 3. So dd thiét [ap mang chuyén mach géi quang dinh tuyén da chang [6]
2.4. Phan tich hiéu nang
Ti s6 tin hiéu trén nhiéu quang, OSNR, la ti s6 gilta cong
sudt tin hiéu quang mong mudn thu duoc va cong suét tin
hiéu gay nhiéu.
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Khi mot géi c6 cong suat dinh Ppk duogc phat tir nat
nguodn téi nat dich qua H nat trung gian, goi div liéu sé
dugc khuéch dai va chuyén qua chang sgi quang trudc khi
dén nat trung gian th nhat. Céng sudt nhiéu ASE cla
chuyén mach duoc cho nhv sau [6]:

Puse; = ZnSp'ith (G; —1)B,, i=01,.,H @Y
trong do, n),; va G; twong (rng la hé s6 phat xa tv phat va hé
s khuéch dai cia bd khuéch dai quang, h 1a hang s Planck,
fo latan s6 quang va B, la bang tan quang. OSNR tai dau ra
tai n(t chuyén mach thit H s& dugc tinh nhu sau [6]:

(G TR (Gi/ L)) P
21};1;& (PASE,h HII?:h+1 (Gk/Lk—l)) +PASE,H

trong do, L, la téng suy hao tir dau ra nat thir (h-1) dén dau
vao nut thi h.
3. KET QUA BANH GIA HIEU NANG VA THAO LUAN

Trong phan nay sé so sanh cac mang OPS toan quang
st dung phuong phap xir mao dau dé xudt MPPM vGi
phwong phap xt i PPM théng thuong.

Khi khdo sat OSNR clia mang OPS khi st dung céac
phuong phap x& ly mao dau dva trén PPM va MPPM, cong
sudt dinh goi duoc ldy bidng 1ImW va hé sé khuéch dai clia
bd chuyén mach quang dugc I8y twong tng bang 18dB va
19,1dB dbi v&i mang OPS str dung cac phuong phap x ly
mao dau dua trén PPM va MPM.

Dé so0 sanh ti s6 tin hiéu trén nhiéu quang, OSNR cla
mang OPS khi s& dung cac phuong phap x ly mao dau
khac nhau, ti€n hanh thiét 1ap mét md hinh moé phoéng dinh
tuyén 3 chang (H = 3) dua trén xi ly mao dau PPM-HP va
MPPM-HP trong géi phan mém OptiSystem. So do thiét lap
dinh tuyén ba chang nhv trén hinh 4 v6i hai kién tric nut
OPS khac nhau. Loai thr nhat la ki€n tric nut OPS véi khoi
xtr Iy mao dau PPM-HP va khéi chuyén mach quang st
dung phan t& chuyén mach quang cvc nhanh SMZ théng
thuwong da dwoc cac tac gia trong [6] dé xudt dé phan tich
hiéu nang OSNR ctia mang chuyén mach goi quang téc do
cao. Loai thi hai la ki€n trdc ndat OPS véi kh6i x& ly mao dau
MPPM-HP va khéi chuyén mach quang st dung phan tl
chuyén mach quang cwc nhanh SMZ dé xuét [7].

OSNR ,, =

(2)

SNR OSNR2 OSNR 3

Hinh 4. So d0 thiét lap dinh tuyén ba chang trong phan mém OptiSystem

So d6 khoi cta nit OPS dua trén PPM-HP va so do khoi
clia nut OPS dua trén MPPM-HP nhu trén hinh 5. Cac tham
s6 md phoéng cho twong tng trong bang 1 va 2, Cac goi
quang dugc phat & tbc do 80 Gbit/s tir nGt ngudn, mdi goi
gom bit dinh thi, dia chi mao dau 5 bit, va tai trong 512 bit
(64Byte). Thoi gian bao vé gitra cac gdi 1ns (dwgc chon lon
hon thoi gian hoi phuc khuéch dai SOA). Céng suéat quang
trung binh dau vao khéi CEM va PPM/MPPM-HEM yéu cau
1mW. Céc gbi quang duoc khuéch dai trudc khi truyén dé
bu cho suy hao tuyén quang (suy hao sgi va suy hao ghép
ndi). M6i chdng gdm 30 Km soi quang don mode (SSM) va 5
Km soi bu tan s&c (DCF) dé bu tan sic trong s¢i quang.
Ngoai ra trén mdi chang c6 cac bd suy hao kha chinh dé
hiéu chinh cho cdng suét dinh dau vao cac nat bang 1mw.
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Hinh 5. So d0 khai cta ndit OPS: (a) dwa trén PPM-HP; (b) dura trén MPPM-HP

Bang 1. Céc tham s hé thong

Tham s0 Giatri
Téc d6 bit dir lidu dau vao - 1/T,, 80 Gb/s
Chiéu dai tai trong goi 64 Byte
Bang bao vé goi 1ns
Cong sudt (dinh) xung di liéu - Pp 0dBm (ImW)
B0 rong xung dir liéu va diéu khién - FUM H 4ps
Bur6c séng quang - . (tvong (ng tan sb quang f) 1554nm

(193,05 THz)

B0 rong clra s6 chuyén mach quang- Ty, 6 ps
Chu ky bit - T, 125ps
S0 bit diachi- N 5
S6daurachanit- K 4
Chiéu dai SSMF 30Km
Chiéu dai DCF 5Km
He s6 nhiéu bo tién khuéch dai - NF 45dB
Chuky gbi - T,y 6,475 ns
Gy, (h = 1,2, ..., H) vimang OPS dya trén PPM-HP 18dB
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G, (h = 1,2,..., H) véi mang OPS dva trén MPPM-HP 19,1dB

Suy hao tong cliachdng, L, (h = 1,2, ..., H) 18 dB (PPM-HP)

19,1 dB (MPPM-HP)

Hé s6 khuéch dai b tién khuéch dai, G 9dB

Suy hao chdng dau tién, L, -9dB
D rong hdng tan quang, B, 300GHz
He 56 nhiéu OSW, NF gy, 6B
S6 CP,, choOSW 256

Béng 2. Cc tham s6 SOA

Tham s0 Giatri

Chidu dai SOA - L., 500 x 10-° m
Chiéu rong SOA - Wy, 3x107%m
ChiBucao S0A- Hgp, 80x10™°m

Hé s6 giam ham - T 0,2

Suy hao tén xa ng dan song 40x 1072 m™!

Hé s6 khuéch dai vi phan 2,8x 10729 m?

Mat do hat mang tai diém truyén qua 1,4 x 10** m=3

Hé s md rong dirong pho 4

Hé 56 tai két hop A 1,43 x 1078571

Hé s6 tai két hop B 1Xx107°m3s~?

Hé 56 tai két hop C 3x 1074t mbs1

Mat d6 hat mang ban dau 3x 10 m™3

Dong bom DC hiéu dung 150 mA

Tlr hinh 6 c6 thé thdy r6 cac goi & dau ra cac nat OPS
dva trén xr ly mao dau MPPM c6 cdng suat dinh xung Ién
hon so véi cac gbi & dau ra cac nat OPS dva trén x&r ly mao
dau PPM khoang hon 1,1 dBm.
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Hinh 6. Dang sng thoi gian cta (a) Cac g6i dau ra nit 1 dya trén PPM HP;
(b) Cac goi dau randt 1 dua trén MPPM HP; (c) Cac g6i dau ra ndit 2 dya trén PPM
HP; (d) Cac gdi dau ra ndt 2 dwa trén MPPM HP; (e) Cac goi dau ra niit 3 dya trén
PPM HP; (f) Céc g6i dau raniit 3 dua trén MPPM HP

Hinh 7 dwa ra dang séng thoi gian clla mao dau géi 1
vGi treong dia chi twong tng vai gid tri thap phan bang 0, &
dau vao va dau ra nit 1. Trong dé hinh 7 (a) la dang séng
thoi gian mao dau g6i 1 & dau vao nat 1, hinh 7 (b) la dang
séng thoi gian mao dau géi 1 & dau ra nat 1 dua trén PPM
HP va hinh 7 (c) la dang séng thoi gian mao dau géi 1 & dau
ra nat 1 dwa trén MPPM HP. RG rang tlr hinh 7 ¢ thé thay vi
tri thoi gian mao dau goi 1 & dau ra (goi dau ra) ctia nut bi
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tré so voi vi tri thoi gian mao dau goi 1 & dau vao cla nat
(g6i dau vao), cu thé doi voéi nat dua trén PPM HP c¢o
khoang thoi gian tré hon 100ps va d6i véi nat dua trén
PPPM HP c6 khoang thoi gian tré hon 56ps. Nhu vay, voi
ki€én tric nat OPS dwa trén MPPM HP cho phép thoi gian
chuyén ti€p géi nhd hon so vai kién tric nit OPS dua trén
PPM HP, két qua nay la hoan toan phu hgp véi phan tich va
khao sat trong [5].
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Hinh 7. Dang song thoi gian cda (a) Mao dau gdi dau vao ndt 1; (b) Mao dau
0Gi dau randt 1 dwa trén PPM HP; (c) Mao dau gdi dau ra ndt 1 dwa trén MPPM HP

Hinh 8 biéu thi OSNR theo tinh toan va moé phéng phu
thudc vao sb chang dinh tuyén. Trong két qué tinh toan
OSNR theo ly thuyét dva vao biéu thic 2, gia thiét cac gai
c6 cong sudt giong nhau. Tuy nhién, trong thuc té céng
sudt ctia mbi goi quang bi thay déi do c6 sv thay déi cla
mau lvu lvgng. Cac anh hudng nay co thé quan sat thay rd
nhu gua cac minh hoa trong hinh 6, trong dé két qua OSNR
ly thuyét la kha gibng nhau cho mang OPS khi st dung cac
giai phap xtr ly mao dau PPM va MPPM, két qua nay la do
tinh toan chi xem xét dén nhiéu ASE ma khong xét dén cac
loai nhiéu khac. Tuy nhién, két qud OSNR mé phéng cho
mang OPS khi st dung giai phap xt Iy mao dau MPPM cai
thién hon so v&i mang OPS khi st dung gidi phap x&r ly mao
dau PPM, két qua nay la do mang OPS khi st dung céac
chuyén mach SMZ dé xuét trong cac nuit mang dé cai thién
dwoc xuyén nhiéu dw. Lyu y 1a dé hé théng quang hoat
dong tot thi yéu cau 20dBm. Nhuw vay, véi gia thiét cac goi
cd cong sudt giong nhau & dau vao cac nat OPS, ré rang
mang OPS khi sir dung giai phap x* ly mao dau MPPM va
két hop str dung chuyén mach toan quang cwc nhanh SMZ
dé xudt thuc té cho két qua OSNR t6t hon, dong thoi cai
thién duoc cy li truyén dan ctia cac chang.
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Hinh 8. OSNR & du ra mdi niit thay d6i theo méi ching dinh tuyén
4. KET LUAN

Trong bai bao, da dé xuat nut chuyén mach géi toan
guang s dung bo xt ly mao dau MPPM. Trén co s& clia nut
OPS nay da thiét 1ap mot mang chuyén mach géi toan
guang da chang. Mo hinh kién triic ciia nit chuyén mach
toan quang st dung khoi xtr ly mao dau goéi toan quang
dua trén k§ thuat diéu ché vi tri xung stra déi (MPPM) dé
xudt, mo hinh thiét 1ap mang da chang va hiéu nang cla
mang da dugc phan tich. Cac két qua tinh toan s6 va mo
phéng cho thdy trong mang OPS khi str dung phwong phap
X ly mao dau MPPM dé xudt trong cac nut mang da gop
phan cai thién dwgc hiéu ndng clia mang. Cu thé lam giam
tré truyén goi qua mang va cai thién ti sd tin hiéu trén
nhiéu quang (OSNR) trén céc chang dinh tuyén mang
chuyén mach géi quang.
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