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NGHIEN CUU HIEU NANG KIEN TRUC CHUYEN MACH
GOI QUANG CHO MANG TRUNG TAM DU LIEU

STUDY OF THE PERFORMANCE OF AN OPTICAL PACKET SWITCH ARCHITECTURE

FOR DATA CENTER NETWORKS

TOM TAT

Bai bao phén tich danh gia hiéu nang kién tric chuyén mach g6i quang cho
cac mang trung tam dii liéu (DCN). Cac két qua tinh toan va md phdng cho théy
hiéu nang ctia kién tric chuyén mach Spanke la tot hon so voi kién tric chuyén
mach khac. Trén co s do trong bai béo dd dé xudt mot mo hinh kién triic chuyén
mach gdi toan quang mdi cho mang trung tam d liéu. Trong kién triic chuyén
mach gdi toan quang nay da sir dung kién tric chuyén mach spanke ci tién két
hop kj' thuat ghép phén chia theo budc song (WDM) va stk dung khoi x& Iy mao
dau goi quang (OHP). Vi kién tric WDM OPS két hop OHP da gidip lam gidm
dang ke tré hé thong va tang duoc thong luong chuyén mach trong cac mang
trung tam dir liéu I6n.

Tlr khda: Mang trung tam dir liu, chuyén mach géi quang (OPS), kién triic
chuy&n mach géi quang.

ABSTRACT

The paper analyzes and evaluates the performance of optical packet
switching architecture for data center networks (DCNs). The calculation and
simulation results show that Spanke switching architecture's performance is
better than other switching architectures. Based on this, the paper proposes a
new all-optical packet switching architecture for the data center network. In this
all-optical packet switching architecture, an improved spanke switching
architecture is used, which combines wavelength division multiplexing (WDM)
and the Optical Header Processor (OHP). With WDM OPS architecture combined
with OHP, it has significantly reduced system latency and increased switching
throughput in large data center networks.

Keywords: Datacenter network, optical packet switching (OPS), optical packet
switch architecture.
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1. GIOI THIEU

Xu huwéng gan day cho thdy céc ting dung mang chuyén
tlr cac trung tdm dir liéu ddm may riéng sang cac trung tam
di¥ lieu ddam may céng cong. Nhu dwgc chi ra trong chi s6
dam may toan cau cua Cisco nam 2016, s lvgng IP dam
may toan cau hang nam sé dat 14,1ZB vao cudi nam 2020,
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tang tir 8,6ZB vao nam 2018 [1, 2]. Trong cadc mang trung
tam di liéu hién nay, cac thiét bi chuyén mach dién t& chua
dap ng dugc cac nhu cau vé bang théng nhiéu hon, muc
tieu thu dién nang thdp va do tré nho [3]. Céc thiét bi
chuyén mach kénh quang (OCS) c6 thé ting bang théng
dang ké nhung khéng phu hop voi lvu lugng thay doi. Cac
DCN duwgc dé xudt méi nhat s dung cdng nghé chuyén
mach géi quang (OPS) c6 kha nang dat dwgc thdong luvong
cao, mém déo phu hgp véi céc dich vu co tinh bung né.
Dic biét, giai quyét duoc hién twong that nat ¢6 chai, gia
tdng dvoc thong lugng chuyén mach. Tuy nhién trong céc
cobng trinh nay da duwa ra cdc mo hinh kién tric chuyén
mach goéi quang st¢ dung cac bd xt ly mao dau dién tl, do
dé lam téng thoi gian x Iy goi tai cac nat chuy&n mach.

Trong bai b4o nay, tac gid dé xuidt mot mé hinh kién
trac chuyén mach goéi toan quang st dung ky thuat xu ly
mao dau géi quang (OHP) cé kha nang lam giam thoi gian
Xt ly mao dau hiéu qua hon so véi ki thuat xt Iy mao dau
dién ti, do do6 lam gidm dang ké thoi gian tré truyén céc
g6i dich vu déng thai lam tang thong lvgng chuyén mach.
Thong qua md hinh giai tich va md phoéng da tién hanh
khado sat va dua ra cac két qua lién quan téi cac tham s6
hiéu nang thoi gian tré hé thdng trung binh va théng luong
chuyén mach.

Bai bao duoc cdu tric nhur sau; Phan mot la phan gigi
thiéu; Tiép theo kién trdc chuyén mach goi quang, phan
tich hiéu nang chuyén mach géi quang, cac két qua tinh
toan s6 va md phdng hiéu nang chuyén mach goi quang
dugc khao sat va thao luan ciing nhuw kién trac chuyén
mach g6i toan quang dé xuat dugc trinh bay trong phan
thi hai; Cudi cting, phan thit ba la phan két luan.

2. KIEN TRUC CHUYEN MACH GOI TOAN QUANG
2.1. Kién triic chuyén mach géi quang

Céc kién truc OPS c6 kha nang két n6i hang nghin céng
vao - ra trong khi cé thé diéu khién theo thang thoi gian
nano gidy. Trong cac DCN thuong str dung so do hé thdng
nhuv trén hinh 1 [4].

Trong do, théng tin trao d6i ndi bd va ndi cum van duoc
diéu khién bdi cac chuyén mach dién t, trong khi giao tiép
gilta cac cum dugc xt ly bdi mot OPS. OPS thuc hién két nGi
cac cum vGi nhau bang cac cng vao/ra téc dd bit cao.
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Chuyén mach hoat déng hoan toan trong mién quang. Sau
day sé trinh bay hai kién tric chuyén mach géi quang tiéu
bi€u la chuyén mach diéu khién tap trung (kién trdc Benes)
va chuyén mach diéu khién phan tan (kién trdc Spanke).
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Hinh 1. So d6 hé thang DCN st dung OPS

Kién trdic Benes la mot mang chuyén mach c6 kha nang
tai cAu hinh N dau vao va N dau ra, ky hiéu la (N x N). Cho
N =d.q, v&i d va q la cac wéc nguyén ctia N. Mot mang
(N x N) ¢c6 thé dvoc biéu dién thanh mét I6p dau vao va
mot I¢p dau ra véi téng cong 2N/d mang (d x d) va mot
I6p gitta gom d mang (N/d x N/d) nhv hinh 2. Mang nay
duwoc goi la mdt cau trdc base-d, nhitng mang nhé hon
dugc goi la cac mang con [5].

DaGi v6i kién trac clia Benes, khi N tang sé lam tang s6
lvgng céac khoi (2 x 2) trung gian & gilta qua dé lam tang
sd bit diéu khién cho mai gai tin, lam ting thoi gian digu
khién cdu hinh ma tran chuyén mach. Thoi gian diéu khién
cla hé thdng nay phu thudc vao N.log,N khi sir dung gidi
thuat diéu khién looping.
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Hinh 3. Kién triic chuyé&n mach Spanke (N x N)

Kién tric Spanke la mang chuyén mach khéng nghén
hoan toan véi N cong dau vao/ dau ra nhv hinh 3. Trong
dé, cac thanh phan chinh la cac chuyén mach khong gian
(1 x N) va (N x 1) [5]. Kién tric nay c6 clu trac mo-dun: s6
lwvgng chuyén mach (1 x N) va (N x 1) ting tuyén tinh voi
s lwvong c6ng va méi chuyén mach nay cé thé duoc didu
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khién ty dong. Do dé, do phiic tap diéu khién va thoi gian
cdu hinh cuda toan bd chuyén mach da céng cé thé giam
dang ké. Trong tredng hop nay, tong thai gian dé xac dinh
ma tran chuyén dai 1a thoi gian dé tao ra mot chuyén mach
(1 x N) va mot chuyén mach (N x 1) duy nhét. Trong thuc
t&, cac mao dau gai tai moi dau vao N co thé duoc xir ly cuc
b0 bdi cac bo diéu khién doc lap.
2.2. Phan tich hiéu nang

2.2.1. Théng lvgng, Throughput

Thong lugng la ti Ié bang théng hiéu dung trén tdng
bang thdng. Théng lvong cla hé théng bang 1 tai mbi khe
thoi gian c6 it nhat mot géi dwoc gli téi dau ra clia hé
théng. Tuy nhién théng lugng sé bi gi¢i han béi thoi gian
cdu hinh tgyn do khéng c6 go6i nao duoc g trong
khoang thoi gian nay. Cong thirc tong quat (1) thé hién xac
sudt c6 it nhat mot goi dwoc gli téi dau ra tinh toan dua
trén thoi gian tré do ciu hinh ma tran chuyén mach [5].

k N-k

() (-

Throughput = ——
RTT+tswitch

trong d6, RTT la thoi gian khit hoi, tg,i.n tong tng la thoi
gian cdu hinh chuyén mach, loady, la tai thic, N 1a s6 cong
vao/ cbng ra.

2.2.2. Tré hé théng trung binh, latencyUB

Viéc tinh toan tré sé phirc tap hon do mo hinh phan tich
khong tinh toan dén dung lugng bd dém, trong khi day la
mot yéu t6 tac dong rat nhiéu dén tré hé théng. Tuy nhién,
dva trén mot mo hinh don gidn dé cé thé tinh toan tong
quét va so sanh tré khi st dung céc kién tric chuyén mach
khac nhau cho cho OPS. Sir dung xac sudt truyén lai téi da
(Pretrmax) VA dét load = 1 dé tinh toan duong bao trén cla
tré hé thdng trung binh (latencyUB). Vay, latencyUB hiéu
dung c6 thé duoc tinh toan nhuw sau [5]:
RTT+ tswitch

Latency UB = 2

1-PRetrMax
2.3. Két qua danh gia hiéu nang va thao luan

Trong phan nay sé so sanh cac tham s6 hiéu nang ctia
chuyén mach Benes va chuyén mach Spanke. Khi khao sat
lay khoang cach host-switch la 40m. RTT sé la 400ns. Chu
ky goi la 40ns. Thoi gian cdu hinh chuyén mach trung binh
la 6ns cho kién trtic chuyén mach Spanke. &' mdi c6ng vao,
xac sudt c6 dir lieu dén (load hay tai) theo phan phdi nhi
thirc sé duoc dat cd dinh. Tat nhién sé c6 xac suat xay ra
tranh chap va coi nhu cac dau ra la nhu nhau.

Pau tién sé phan tich cac két qua tinh toan s6 cho
thong lvong trung binh hé théng dua trén biéu thirc (1) [5].
K&t qua dua ra trén hinh 4 biéu thi théng lugng trung binh
hé théng thay déi theo s6 cong dau vao trong hai kién triic
chuyén mach: Spanke, Benes véi loadgy = 1. C6 thé thay
thong lvong trong trvong hop st dung kién tric Benes phu
thudc rat nhiéu vao s6 lugng cong va gidm rat nhanh khi
kich thudc ma tran chuyén mach tang. Con thong lugng khi
slr dung kién triic Spanke hau nhu gi* nguyén khong doi.
Thong lvgng hé thong hoan toan doc I1ap so voi s6 cong va
tang tuyén tinh theo tai cho t¢i khi gia tri tai dat méc 0,7.
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Tuy c6 thé thdy mot sy giam nhe déi véi nhitng ma tran
chuyén mach 16n, nhung hién twgng nay co thé giai thich
bang viéc nghiém nhién xac suat tranh chap sé tang lén khi
s6 luvgng cbng ting, dan dén théng lvong giam chit khéng
phai do anh huéng tir ki€n tric.

Thoughput graph
0.7 T

= © = Spanke |
——#— Benes

Thoughput

2% 2

¢ 25;\lumbezrsof pc)rt27 & 3 2"

Hinh 4. Thong lvgng trung binh hé thang thay ddi theo s6 cong dau vao
trong hai kién tric: Spanke, Benes

Tiép theo, dé so sanh tré trong mé hinh kién tric chuyén
mach Benes va Spanke, thirc hién tién hanh thiét 1ap mét moé
hinh mé phdng véi ba kich ban twong ng véi cac kién tric
chuyén mach c6 s6 cong dau vao/dau ra lan lvotla N = 4,8
va 16 cong trong gbi phan mém OptiSystem. Trén hinh 5a va
5b tvong ¢ng la mé hinh thiét 1ap cho kién tric chuyén
mach Benes va Spanke 4 dau vao ra.

COptical Time Doman Visvalzer Optical Time O oman Visvalzer 1
B i .
» f— D= [
nput 1 ok - - Oetay
e a == Outout 1
e —p
nput2 e Swtch_1 Serch 3
Output 2
@ o]
- acl
nput3 o a8 = Output 3
[ — —+<0=3
e s
Five Switch_2 e

¢

-

Q'(dNC&"I‘ Veale
8 S ()

o .‘.E "ﬂ =€ |53 =
- o-u Ot Y
L@ = "d}»i T “®."1

oer

(@ }v— "@LJ

(b)

Hinh 5. M@ hinh thiét 14p cho chuyén mach 4 cing vao/ cong ra: a) Benes va
b) Spanke trong phan mém OptiSystem

Trong mé hinh mé phéng, cac go6i quang dugc phat &
téc d6 100 Ghit/s trén cac cong vao. Cong sudt phat quang
trung binh clia g6i la 1ImWw.

Hinh 6 va 7 la két qua biéu thi tré phu thudc vao s6 céng
N clia kién tric chuyén mach Benes va Spanke theo ly
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thuyét [5] va theo md phong. Co thé quan sat rd rang tré
cla hé théng str dung cac kién tric chuyén mach tinh toan
theo ly thuyét kha sat véi md phdng trén mo hinh hé théng
bang phan mém OptiSystem.

wmvmmo:mm-w]m

o ]
J ik
(ﬁr -
m"‘ -
W v
For -
faor 1
Zaor -
wr w— = berer (Meory) “
—a— beres (Seninn
00 -
A |
0 1 | | |
‘ ¢ L} 1) n " L]
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Hinh 8. Tré clia hé théing sit dung kién triic chuyén mach Spanke va Benes

Hinh 8 duwara tré cia hé théng st dung kién tric chuyén
Spanke va kién tric chuyén mach Benes thay déi theo so
cbng vao/ cong ra dva trén biéu thic (2) [5]. Trén hinh 8 ¢c6
thé thay rd rang hiéu nang ctia hé théng st dung kién trdc
chuyén mach Benes gidm mot cach dang ké khi kich thwéc
ma tran chuy&n mach tang lén. Véi viéc tré t6i da cho phép
clia nhiéu dich vu trong méi treong DC la 1ps, kién tric
chuyén mach Benes st dung gii thuat loop khdng thé dap
(Png duwoc yéu cau khi sd lugng cong N > 16. Trong khi kién
tric chuyén mach Spanke ludn duy tri tré hé théng & mic
duéi 1us du lwgng cong st dung la bao nhiéu va twong tw
nhuv tham s6 thdng lvgng, khong c6 su khac biét nhiéu vé
tré khi lvong céng ting lon hon 64. C& hai thong s6 trén
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déu tr& nén béo hoa khi tai tang Ié6n hon 0,7. Ngoai ra, viéc
tinh toan trén day khéng xét dén dung lugng bd dém, mét
nhan t6 anh huéng rat nhieu dén tré khi co tai Ion. Thong
sO nay tang cham theo so lvgng cdng do tinh tat yéu cla
viéc ting xac sudt can truyén lai & s6 lwong cong I&n. Tuy
nhién mrc tdng la khéng dang ké déi véi cac hé thong cd
nhiéu hon 64 céng.

Qua két qua tinh toan sd va md phdng cé thé thay r6 la
tuy mo hinh kién trtic chuyén mach Benes st dung k¥ thuat
diéu khién tap trung cé giai thuat diéu khién don gian,
nhung khi s lvgng cong dau vao ra tang trén 64 cong thi
mo hinh chuyén mach phiic tap, thdng lvgng giam nhanh,
tré xir Iy 1a qua 1on va khong thé chdp nhan dugc. Bai voi
mo hinh kién tric Spanke cd dién st dung ky thuat diéu
khién phan tan da giai quyét dugc cac nhugce diém cua kién
tric Benes vé thong lvong truy@n dan va tré xt ly tuy nhién
cling rat phirc tap va chi phi dau tv ton kém khi s6 lvong
c6ng vao ra tang trén 64 céng.

Pé cai thién dwoc cac nhuoc diém cua kién trac chuyén
mach Spanke c6 dién, tac gia dé xuat mot kién trdc chuyén
mach géi toan quang s dung kién trdc chuyén mach
Spanke cai ti€én két hgp WDM str dung k¥ thuéat xt* ly mao
dau goi quang (OHP).

2.4. Kién triic chuyén mach géi toan quang dé xuat

Kién tric chuyén mach géi toan quang dé xuat (P-OPS)
nhu hinh 9. Kién trdc P-OPS nay c6 kha ndng mé rong dé
dang, ddm bao duoc cic yéu cau k¥ thuat clia trung tam di
lieu quy mo lén. Trong kién tric ¢ F cong (sgi) vao va F
cdng ra. Méi cng vao/ c6ng ra F ¢ M budc séng. Do dé,
téng s6 céng vao/ cdng ra logic 1a (N = F x M). M6i mo-
dun quang (chuyén mach toan quang) ¢ mot dau vao va F
dau ra khac nhau, dvoc chuyén dén khéi giai quyét tranh
chép (CRB) & dau ra cla ki€n tric P-OPS. Cac khoi CRB gidi
quyét tranh chap clia cac géi dén tlr cac md-dun quang
khac nhau va xuét ra cing mét céng ra.

Chuyén mach

. Giai quyé:!
toan quang tranh chap
Céng vao 1 Céngral
— CRB
[}
:
L
Céng vio F Céng ra F
— CRB

Hinh 9. Kién triic chuyén mach gdi quang d xuat

Nhu trong hinh 9, méi mé-dun quang bao gdm mot bd
X Iy mao dau goi quang (OHP) dua trén ky thuat diéu ché
vi tri xung (PPM) [6, 7], m6t khéi chuyén mach (1 x F) va bo

32 | Tap chi KHOAHOC & CONG NGHE @ Tap 56 - S6 1 (02/2020)

diéu khién dé diéu khién chuyén mach cac géi dén cac khéi
CRB twong rng va dua ra cac céng ra yéu cau. Cac mo-dun
guang hoat dong nhu sau: BO xr ly mao dau toan quang sé
tach mao dau ra khai tai trong goi va dwoc xi ly dé tach dia
chi mao dau va diéu khién cac chuyén mach trong khoi SW
dé chuyén cac géi dén cng ra yéu cau. Nho sir dung bd xt
ly mao dau nay ma thoi gian xr ly cac goéi trong kién trac
giam xuéng dang ké chi vai tram ps [6, 7].

K&t qua so sanh hiéu nang ctia chuyén mach géi quang
dé xudt (P-OPS) va chuyén mach géi quang Spanke c6 dién
(OPS) nhu dua ra trén hinh 10 khi téc d6 bit truyén goi
bang 100Gb/s va s6 budc séng st dung 1a M = 4. Hinh 10a
bi€u thi théng lwvgng trung binh hé thong thay doi theo s6
cong dau vao trong hai kién trdc chuyén mach goéi: OPS,
P-OPS. R0 rang la kién tric chuyén mach Spanke céi tién két
hop WDM st dung k¥ thuat xr ly mao dau géi toan quang
(OHP) c6 thong luvgng trung binh hé thdng cao hon so voi
kién tric chuy&n mach Spanke ¢6 dién. Hinh 10b biéu thi
tré clia hé théng thay déi theo s6 cdng dau vao trong hai
kién trac chuyén mach goi: OPS, P-OPS. Tir hinh 10b cho
thay tré clia hé théng trong kién triic chuyén mach Spanke
dé xudt nhd hon so véi tré ciia hé théng trong kién tric
chuyén mach Spanke c6 dién.
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Hinh 10. So sanh hiéu nang cda chuyén mach gdi quang OPS va P-OPS:
(a)Thdng lrong trung binh hé théng thay ddi theo s6 cong dau vao
(b) Tré clia hé thdng thay d6i theo s6 cing dAu vao
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3.KET LUAN

Trong bai bao, trén co s& phan tich danh gia hiéu nang
cuia kién trdic chuyén mach Benes va kién triic chuyén mach
Spanke, tac gia da dé xuat mot kién tric chuyén mach goi
toan quang méi nho két hop kién tric Spanke cai ti€n va ky
thuat ghép phan chia theo buéc song (WDM), dong thoi
trong kién triic chuyén mach str dung bé xt ly mao dau goi
quang (OHP). Kién tric OPS dé xuét nay cé kha nang tang
dung lvgng cac céng ma van dap tng dwoc cac yéu cau dat
ra cho cac trung tam dir liéu Ién. Bén canh d6, voi viéc sk
dung bo xt ly mao dau géi toan quang da giam duoc dang
ké thoi gian x(r ly cac goi tai kién trdc chuyén mach va da
gop phan cai thién dwgc hiéu nang cla hé théng. Cu thé
lam giam tré hé théng trung binh va cai thién thong luong
chuyén mach.
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