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Tém tit—Trong bai bao da dé xuat mot giai phap cai
thién hiéu nang nat chuyén mach géi (OPS-Optical Packet
Switching) toan quang cho cidc mang trung tAm dir liéu
(DCN-Data Center Network), su dung két hop ky thuét
dém quang va chuyén d6i budc song dé giai quyét tranh
chap géi quang. Hiéu ning ciia ntit OPS toan quang duoc
phén tich théng qua tham sb xac sudt mat goi (PLP-Packet
Loss Probability). Cac két qua tinh todn s6 cho thiy tham
s6 hiéu nang nut dua trén xac suit mat goi dugc cai thién
s0 v6i trudong hop ndt khong sir dung giai phap giai quyét
xung dot goi quang hodc chi sir dung don 1& mét k¥ thuat.

Tir khoa— Mang trung tam dir liéu (DCN), chuyen
mach goi quang (OPS), chuyén mach g0i quang dong bd
v6i cac goi kich ¢ c¢b dinh, giai quyét tranh chap goi
quang, dém quang va chuyén doi budc séng.

l. GIOITHIEU

Trong nhitng ndm vira qua, véi sy gia tang nhanh chong
trong viéc st dung tinh toan phan tich quy mo 1én (Dir liéu
16m), cung véi truc quan hdéa may chu mé rong, cling nhu
cac moi truong tinh toan hi€u nang cao (HPC High
Performance Computlng) [1], doi hoi nhu cau rét cao ddi
vé6i tbe d6 chuyén mach géi tai cac nit mang va bang thong
phén chia khdng nghén trong mang tip hop va mang 16i
cua cac trung tam dir li€u, gy ra qua tai cho cac mang trung
tam dir liéu truyén théng. Bén canh d6 chi phi tiéu thu dién
ning ngdy cang ting trong cac trung tim dit liéu 1a mot moi
quan tam quan trong khac voi mue tiéu thy nang lugng cia
trung tdm dir lidu toan cau [2]. Cac giai phap chuyén mach
quang hién dang dugc coi 1a mot lya chon kha thi cho mang
trung tAm dir liéu trong twong lai do c6 kha ning truyén tai
cac luéng dit liéu toc do bit siéu cao, ma con dat duoc thong
luong chuyén mach cuc 16n, tiét ki€ém chi phi va nang
lugng [3].

Cac DCN dugc dé xuit méi nhét sir dung mo hinh kién
triic chuyen mach goi toan quang str dung ky thuat xu ly
mao dau goéi quang dua trén didu ché vi tri xung stra doi
(MPPM- Modified Pulse Position Modulation), c6 kha
nang lam giam thoi gian xir Iy mao dau hiéu qua hon so véi
k¥ thuat xir Iy mao dau dién tir va ki thuat xir Iy mao dau
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quang khéc, do d6 lam giam dang ké thoi gian trd truyen
cac goi dich vu dong th01 lam tang thong lugng chuyen
mach [4]. Tuy nhién, van d& quan trong can duoc glal quyét
dé cai thién hiéu nang cua OPS 1a van dé giai quyét tranh
chap g6i. Co ché giai quyét tranh chip 1a mot phan khong
thé thiéu cia bat ky co cau chuyén mach nao, trong d6 xu
ly cac goi tranh chap mot tai nguyén mang chung.

Trong bai bao nay, da dé xuit mot giai phap cai thién
hiéu nang nut OPS toan quang ¢ xtr Iy mao dau goi quang
dya trén MPPM cho cac mang DCN, sir dung két hop k¥
thuat dém quang va chuyén d6i bude song dé giai quyét
tranh chép goi quang. Pay ciing chinh 1a dé xuit mai trén
co s6 cua kién trac nat OPS toan quang dugc dua ra trong
tham khao [4] [5]. Thong qua mé hinh giai tich da tién hanh
phan tich, khao sat va dua ra cac két qua lién quan téi tham
s6 hiéu nang xac sut mat goi, PLP.

Bai bao duoc cdu trac nhu sau. Phian mot 1a phan giGi
thiéu. Tiép theo, phan hai 1a kién triic nGt chuyén mach goi
quang toan quang dé xuat. Trong phan ba, s& tién hanh
phan tich hi¢u nang nat chuyen mach goi quang toan quang
vé xé4c sudt mat g01 Phan tht tu 13 cac két qua khao sat
hiéu nang ndt chuyén mach géi quang toan quang trén co
sO cuia cac tinh toan sd. Cudi cung, phan thir nim 1a phan
két lun ciia bai béo.

ll. KIEN TRUC NUT CHUYEN MACH GOI TOAN
QUANG

A. Ciac k¥ thuit giai quyét tranh chip géi quang
1- Dém quang

Bo dém quang luu tam thdi mot sb géi quang tranh chap
cho dén mot khe thoi gian nhit dinh sau d6. Do chua c6
c4c bd nhé quang, lya chon thiét thue duy nhat hién nay 1a
st dung duong day tré quang (FDL- Fiber Delay Llne) Cu
thé, cac goi quang tranh chap dugc Iuu tam thoi bang cach
di qua mot doan sgi dugc gan voi nut chuyen mach, nhu
Hinh 1a.

Chuyén mach quang véi bd dém vé co ban cé thé duoc
phan loai theo vi tri cua cac by dém nhu chuyén mach dém
dau ra, chuyén mach dém dau vao va chuyén mach dém
quay vong. Pém dau vao ¢6 hidu nang kém nhét do nghen
dau hang (HOL- Head Of Ling); cu thé, mot goi khong nam
o dau hang dém cé the bi nghen ngay ca khi cong dau ra
yéu cau ctia nd c6 san. Pém dau ra dat duoc hi¢u ning tot
hon; tuy nhién, d6 phirc tap ciia chuyén mach ting lén rat
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nhiéu khi yéu cau chuyén mach toc do cao (tai dau vao 16n).
Dé giai quyét cac van dé, sir dung dém quay vong, trong d6
toan bd cac cong ra chuyén mach s& chia s¢ mot nhom cac
bo dém, duoc thiét lap dé ndi vong lai dén phia dAu vao cua
chuyén mach [5].
2- Chuyén doi buéc séng

Chuyén d6i budc séng 1a cong nghé chuyén déi goi
quang tir mot budc séng nay sang mot bude song rdi khéc,
da duoc nghién cuu rong rdi trong nhimg nim gan day
Bang cach st dung chuyen db6i budc song, cdc tranh chap
¢6 thé dugc giai quyet bang cach chuyen céc g6i tranh chap
sang cac budc song rdi khac trong lién két dau ra, nhur Hinh
1b. B6 chuyén ddi bude song c6 thé co hai loai, thir nhat 1a
bd chuyén d6i budc song day da (FRWC- Full Range
Wavelength Converters) va thi hai 1a bo chuyén doi bude
song giéi han (LRWC- Limited Range Wavelength
Converters). FRWC c6 kha nang chuyén déi bét ky budc
s6ng nao sang bat ky budc song rdi khéc [5].

’ll a) Pém quang
O i .
fh_ ’ll AZ
A —_ ! ! b) Clmg.'én #éi
A Ay w budc séng

Hinh 1. Gidi quyét tranh chap goi quang:
a) Pém quang; b) Chuyén déi burdc song.

3- Pinh tuyén léch huéng

Dinh tuyén léch hudng 1a 1am 1éch hudng cac gbi quang
tranh chip dén céac tuyén dau ra khac hon tuyén dinh trudc
ban dau. Bang cach st dung dung lwong rdi trén cac tuyén
it tai horn dinh tuyén léch huong giup giam kich thudc bo
dém Va sO lu’o’ng cua cac cong quang. Nhirng han ché chinh
bao gdm maot sb gbi ¢ thé phai di qua cac tuyén kha dai
trude khi cudi cing dén dich véi mot chat luong tin hiéu bi
suy giam va 1am ting thoi gian tré; phan quan 1y va diéu
khién luu lwong mang ciing c¢6 thé tré nén phuc tap hon.
Ngoai ra, hiéu qua cta k¥ thuat nay phu thudc rat nhidu vao
kién triic mang [5].

Do d6, giai phap giai quyét tranh chap goi quang st dung
cho niit chuyén mach géi toan quang dé xut cho cac mang
trung tam dir liéu 12 str dung két hop k¥ thuat dém quang
va chuyén dbi budc song.

B. Kién triic nut OPS toan quang dé xuét

Cac kién trac OPS c6 kha nang két ndi hang nghin cong
vao-ra trong khi c6 thé diéu khién theo thang thoi gian nano
gidy. Trong do, thong tin trao ddi ndi bd va ndi cum van
dugc diéu khién boi cac chuyén mach dién tir, trong khi
giao tlep gnra cac cum dugc xu 1y baoi mot OPS. OPS thuc
hién két ndi cac cum véi nhau bang cac cdng vao/ra toc do
bit cao. Chuyen mach hoat dong hoan toan trong mién
quang [4].

Kién tric nat chuyen mach goi toan quang dé xuét nhu
hinh 2. Kién triic chuyén mach géi toan quang nay c6 kha
ning mé rong dé dang, dam bao duoc cac yéu cau ki thuat
cla trung tim dit liéu quy mé 16n. Do dit liéu lién két trong
mang DC qui mé 16n doi hoi tdc do rat cao, dé tranh xay ra
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hién tugng tranh chap goi quang trong nat OPS doi hoi phai
cb cac giai phap xtr 1y tranh chip g6i quang. Trong kién
trac nit chuyén mach g01 toan quang cé xu ly mao dau goi
quang dya trén MPPM dé xuét da sir dung két hop k¥ thuat
dém quang va chuyén ddi budc song (khdi giai quyét tranh
chép, CRB-Contention Resolution Block) cho muc dich
nay. Trong d6, két hop tinh téi wu vé mat chi phi cua k¥
thuat dém quang va tinh d& thyc hién, tré nho, c6 thé tich
hop trong mach quang cua ky thudt chuyén doi budc song

Trong kién trac nit chuyen mach g01 toan quang dé xuét
6 F cong (soi) vao va F cong ra. Mdi cong vao/ cong ra co
M budc séng. Khéi CRB dugce g01 chung 1a khoi dém (két
horp ky thuat dem quang va chuyén ddi budc séng) co S
cong vao, S cong ra. Mdi dau vao ra c¢6 cac bo tach budce
s6ng quang (ODEMUX- Optical DeMultiplexer) va ghép
budc song quang (OMUX- Optical Multiplexer), bo xir 1y
mao dau toan quang (OHP-Optical Header Processor) dwa
trén MPPM [6], bo diéu khién dé diéu khién chuyén mach
cac goi Qén khdi CRB khi ¢6 tranh chap va dua ra cac cong

ra yéu cau.
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Hinh 2. Kién triic chuyén mach géi quang dé xudt.

Céc mo-dun chuyén mach géi quang hoat dong nhu sau.
B6 xir Iy mao dau toan quang s& taich mao dau ra khoi tai
trong g6i va dugc xir 1y dé tach dia chi mao dau va diéu
khién cic chuyén mach trong khdi chuyen mach quang
(OSW Optlcal SWitch) dé chuyén cac gbi dén cong ra yéu
cau hoac chuyen cac goi dén bd dém khi xay ra tranh chap.

M&i khdi CRB bao gém S b chuyén dbi bude song day
da (FRWC) va bo dém quang FDL va nd hoat dong nhu
sau. Xét mot goi dén & bude song A, clia cong vao 1 chuyén
t6i cong dau ra 1. Dong thoi mot hodc nhidu goi hon & budce
s6ng A, cua cac cong vao (2+F) chuyén tiép toi dau ra 1.
Trong truong hop nay, cac goi tranh chap s& duge chuyén
dén khbi CRB duoc dua qua cic FRWC khéc nhau va sau
do duoc chuyén ddi thanh cac budc song khac nhau, hoac
cac goi tranh chap duoc dua qua cac FDL ¢6 tré khac nhau,
hodc dong thoi dua qua ca cac FRWC va FDL. Sau d6 cac
g0i nay s& dugc dua vao khdi OSW va tranh chép duoc giai
quyét.
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. PHAN TiCH HIEU NANG CUA NUT CHUYEN
MACH GOI QUANG

Trong phan nay, hi¢u nang ciia niit dugc tinh dya trén
x4c suat mat goi, PLP.

XAc suat mét goi, PLP, 1a tham sb quan trong dé danh
gi4 kha ning xtr li ciia nat OPS. Xac suat mat goi, dugc
dinh nghia 14 x4c suat cac goi vao bi mét khi khong c6 mot
bude séng dau ra phuc vu cho goi.

Sau day s& dua ra mot mo hinh phan tich cho mét cong
ra P caa nt OPS. Bé phan tich, xét kich ban sau:

- Qua trinh dén cua cac mao dau goi (trong cac gbi dén)
tuong (mg vai cac goi co dich dén cong ra P tai nut OPS 1a
qua trinh Poisson véi toc do Ap; toc dd dén nay 1a tée do
tong trén tat ca cac cong Vao.

- Céc budc song dau ra danh cho goi di cho phai co thoi
gian rdi 16n hon chiéu dai cac goi; tdi thidu budc song phai
phuc vu trong khoang thoi gian béng do dai goi cong voi
th(n gian cau hinh chuyén mach, dé cho phep thlet 1ap co
cau chuyén mach quang dé thiét 1ap mot két ndi tir mot
cong vao dén mot cong ra. Do d6, thoi gian phuc vu hiéu
qua mot goi 1a luong thoi gian dé mot bude song dau ra
phuc vu cho goi.

Str dung cong thirc Erlang B dé thu duoc xac suit mét
g6i v6i chidu dai goi thay ddi theo phan bb ham s6 mii M.
Cong thirc Erlang B cho hé théng m-server v6i cuong do
luu lugng p dugc xac dinh nhu sau [7]:

Erl(p,m) = <£-Lm_ )
’ o (pt/i)

Dua trén mo hinh nay, céng ra cua nat OPS sé hoat
dong nhu mot hé théng ton that Erlang nhiéu server
M/M/W/W, trong d6 W 1a s6 bude song ciia cong.

Cuong d6 luu luong p cua hang doi la tich cua toc do
dén cua goi va tong thoi gian xuir ly goi tai nat, p =
Ap((Typ + Tsw) + Tpacker + Terg ), trong d6 Typ 1a thoi
gian xtr li mao dau, Ty, 14 thoi gian chuyén mach cia cac
chuyén mach toan quang, Tcgp 14 thoi gian xi li tranh chép
g0i, Ap 12 toc do dén cua gbi. Do d6, xac sudt mat goi, PLP
cho boi:

PLP = ml,,[lp((THP+Tsw)+Tpacket+TCRB)]w @
Yiz Ol,[lp((THP+TSW)+TPacket+TcRB)]

Thoi gian xir Iy mao dau, Ty duoc dinh nghia 1a khoang
thoi gian tir khi goi dén mot nat cho dén khi bo xir 1i mao
dau xac dinh duoc thong tin didu khién [8].

Trong kién triic nat OPS dé xuat st dung xir li mao déu
g0i dua trén ky thudt MPPM, thoi gian xtr li ndy bao gom
thoi gian yéu cau dé tach dinh thoi va thoi gian yeu cau de
nhén dang mao dau. Thoi gian nhan dang mao déau bao gom
thoi gian chuyén doi dia chi MPPM (trong khdi tach mao
d4u) va thoi gian tuong quan gitta dia chi mao ddu MPPM
va miu dia chi MPP-SRT (chi duy nhit mét cdng AND
hoat dong). Do ca hai nhi€ém vu chuyén dbi dia chi MPPM
trong khéi tach mao dau va nhiém vu lua chon bang dinh
tuyén con MPPM va tao cac mau dia chi trong bang dinh
tuyén con nay dugc thyuc hién dong thoi, nén thoi gian
chuyén d6i dia chi MPPM trong khdi tach mao dau thuc
chat chinh 14 bang thoi gian chon bang con va thoi gian tao
cac mau dia chi trong bang dinh tuyén con MPPM. Vi vy,
thoi gian nhan dang mao dau do xtr li mao dau dya trén k§
thudt MPPM, Ty ppy—nr, duoc xac dinh [9]:
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Tuppm-ur = Tuppm-acm + Tanp
=2N"C X T + Tynp 3)
Do d6, biéu thirc tinh cho thoi gian xur 1i mao dau,
Typpy—np, duoc viét dudi dang:
Twppm-up = Tce + Tuppm—acu + Tanp
=Teg + 2V X Ts + Tynp 4

IV. KET QUA KHAO SAT HIEU NANG

Trong phan nay, cac két qua khao sat higu ning s& duoc
trinh bay dua trén céc cong thirc giai tich trong phan IIL.
Tham s0 hi¢u nang Xac suat mat g01 cta nut dugc xem xet
phu thudc rat nhidu tham sé nhu s0 budc song st dung, sb
cdng vao ra cua khdi CRB, toc do bit truyén géi.

Trén co s& cac két qua khao sat s& so sanh hiéu nang nat
chuyén mach géi toan quang st dung luoc d xir mao dau
dé xuat MPPM véi luge dd xur 1i mao dau dién dwa trén
khoa tit-mo (OOK-On-Off Keying) trong cung mot diéu
kién giai quyét tranh chép goi quang, sir dung 4 FRWC.

Hinh 3 chi ra quan hé x4c suit mét géi theo s6 budc song
v6i chiéu dai g06i khac nhau tai m¢t niit OPS. PLP duoc
tinh nhu theo cong thic (2) trong trudng hop tdc do bit
truyén goi R,= 10Gb/s. Thoi gian xtr i mao dau dién OOK
nhu dua ra trong [10] 1a x4p xi 10 ps. Thoi gian Tgy =
100ps, thoi gian xtr i mao dau Typpy—_yp~ 400ps khi
R,=10Gb/s. R& rang 14, xir 1i mao dau dwa trén MPPM gitip
lam giam xéc suat mat goi, PLP so vé6i xir 1i mao dau dién
tir, dac biét khi chidu dai goi ngén va toc d6 goi dén cac nut
mang 16n.

Tir hinh 3 cho xac suat mét géi, PLP d6i voi giai phap
Xt 1i mao dau dya trén MPPM 1a nho hon rét nhiéu so véi
xé4c suat mét goi ddi voi giai phap xir li mao dau dién, dic
biét khi chidu dai g6i, Tpacrer < 1us va tdc do dén cua goi
>10° goi/s. Tuy nhién, khi Tpgcrer™ 1ps thi xac suét mat
g6i trong ca hai giai phap xur 1i mao dau 1a twong ddi giéng
nhau vi khi d6 Tpgexer dai hon rat nhiéu so véi so véi Typ.

Khi chiéu dai goi nho hon Ins, thi x4c suat mat goi cia
giai phap xtr Iy mao dau MPPM nhoé hon rat nhiéu so véi
x4c sudt mat goi cua giai phap xur 1i dién, dic biét khi toc
do g6i dén 1on. Hon nira, khi s6 budc song su dung W trén
cong ra cang tang s& lam giam xac suit mat géi cia mang
OPS.
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Hinh 3. X&c sudt mdt géi, PLP thay déi theo sé budc
song W sir dung

(a) Khi R,=10Gb/s, 4, = 103 g0ils, Tpacrer=1MSs;

(b) Khi R,=10Gb/s, 4, = 106 g0ils, Tpacxer=145;

(c) Khi R,=10Gb/s, A, = 10° gbi/s, Tpacker =10S;

Tiép theo chiing ta s& so sanh x4c sudt mat goi, PLP cua
nat OPS toan quang c¢6 xir Iy mao ddu MPPM, sir dung két
hop k¥ thuat dém quang va chuyén déi budc song dé giai
quyét tranh chap gbi quang. Hinh 4 chi ra quan hé PLP theo
s6 budc song véi sir dung két hop FDL va FRWC tai mot
nut OPS.
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Hinh 4. Xdc sudt mdt goi, PLP thay doi theo sé buéc
song W sur dung

(a) Khi sir dung két 1FDL va 3FRWC;

(b) Khi sir dung két 2FDL va 2FRWC;

() Khi sir dung két 3FDL va 1FRWC;

PLP dugc tinh nhu theo cong thic (2) trong trudng hop
téc do bit truyén goi R,= 10Gb/s. Thoi gian Ty, = 100ps,
thoi gian xtr 1i mao dau Typpy_pp~ 400ps; 4, = 10°
90i/s, Tpaerer=1nS; RS rang 13, khi sir dung két hop FDL
va FRWC tai mot nat OPS gitp 1am giam xac suat mat goi,
PLP so véi khi khong st dung CRB hoac khi chi sir dung
don & mét ky thuat.

Tir hinh 4 cho xac sudt mét géi, PLP d6i voi giai phap
st dung két hop 1FDL va 3FRWC 1a nho hon rat nhiéu so
v6i x4c sudt mat goi dbi véi giai phap két hop khac.

Nhu véy, trén co s& phan tich vé tham s6 hiéu nang PLR
nat chuyén mach toan quang cta hai giai phap xt Iy mao
dau & trén va dua trén cac loai dich vy st dung trén mang
hién nay xin duogc dé xuat véi luu lugng truyén trén mang
OPS toan chu yéu 1a cac dich vu goi c6 do dai goi 16n véi
Tpacker> 1ms khuyén nghi sir dung giai phap xir Iy mao dau
dién hodac MPPM, véi luu lugng truyén trén mang OPS chu
yéu 1a cac dich vu gbi co d6 dai g6i nho voi Tpgeper< 10uS
khuyén nghi sir dung MPPM. Trong truong hop can hidu
nang nut chuyén mach goi quang tot nhat can str dung giai
phap str dung két hop FDL va FRWC dé giai quyét tranh
chép goi quang.
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Bai bao d dé xuat mot giai phap cai thién hi¢u nang nat
chuyén mach goi toan quang cho cac mang trung tim dir
lidu, str dung két hop ky thuat dém quang va chuyén ddi
budc song dé giai quyét tranh chip goi quang. M6 hinh giai
tich cho phan tich tham sé hiéu nang ctia nut dé xuat dugc
xay dung Céc két qua khao sat hiéu nang chung to rang
v6i kién trac nat chuyén mach goi toan quang dé xuat da
gop phan cai thi¢n hi¢u nang cia nat. Cy thé lam glarn duoc
x4c sut mat g01 khi truyén céc g01 quang. Cac két qua cho
thay mé hinh kién tric nat chuyén mach goi toan quang co
xtr Iy mao dau goi quang dua trén MPPM, str dung két hop
k¥ thuat dém quang va chuyén doi budc song dé giai quyet
tranh chap goi quang 1a giai phap hiéu qua dé ap dung trién
khai trong cac mang trung tam dit liéu qui mo 1on.
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IMPROVING PERFORMANCE OF ALL-OPTICAL
PACKET SWITCHING NODE IN DATA CENTER
NETWORKS

Abstract — In the paper we propose a performance
improvement solution of all-optical packet switching node

(OPS) in data center networks (DCNs), using a
combination of techniques optical buffering and
wavelength conversion to resolve optical packet

contention. The performance of the all-optical OPS node is
analyzed through the packet loss probability parameter.
The numerical calculation results show that the node
performance parameter based on the probability of packet
loss is improved compared with the case where the node
does not use the solution of optical packet contention or
uses only a single technique.

Key words - Data Center Network (DCN), Optical
Packet Switching (OPS), Synchronous Optical Packet
Switching with Fixed Size Packets, optical packet
contention resolution, optical buffering and wavelength
conversion.
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