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MO HINH NUT CHUYEN MACH GOl
TOAN QUANG SU DUNG KY THUAT XU
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Tém tidt—Trong bai béo da dé xuat mot mo hinh kién
trac nit chuyén mach goi (OPS-Optical Packet Switching)
toan quang st dung khdi xtr Iy mao dau géi dua trén k§
thuat diéu ché vi tri xung sira d6i (MPPM-Modified Pulse
Position Modulation), str dung cho cac mang trung tam di
liéu (DCN-Data Center Network). Hiéu nang cua niit OPS
toan quang duogc phan tich thong qua tham s6 thoi gian xur
Iy mao dau ctia nut, tham sb x4c suat mat goi va thong qua
tham sb hiéu qua sir dung mang. Cac két qua tinh toan sb
cho thdy thoi gian xir Iy mao du cua nat giam dang ké va
tham s6 hiéu nang nut dya trén xac sudt mat géi, cling nhu
hiéu qua st dung mang dugc cai thién so vdi truong hop
n{t str dung giai phap xir Iy mao dau dién va xir Iy mao dau
diéu ché vi tri xung (PPM- Pulse Position Modulation).

Tir khéa— Mang trung tam dir liéu (DCN), chuyén
mach goi quang (OPS), chuyén mach géi quang dong bd
v6i cac goi kich ¢& ¢ dinh, xir Iy mao dau goi quang dwa
trén MPPM.

I. GIOI THIEU CHUNG

Téc do tang truong khong 16 cia luu lugng IP va dir liéu
16n két ndi giita cac trung tdm dir liéu (DC-Data Center)
cling nhu cac moi trudong tinh toan hi¢u nang cao (HPC-
High Performance Computing), doi hoi nhu ciu siéu cao
vé dung luong lién két va tbc do chuyén mach géi tai cac
nat mang. P& dap mg nhing nhu cu cyc cao dic biét 1a
toc do chuyén tiép va dinh tuyén goi, nhidu cong nghé da
duoc thiét 1ap, ching han nhu cong nghé chuyén mach
quang cuc nhanh va Cong nghé chuyén mach géi quang da
cung cap cac giai phap day du, khong chi bang cach truyén
tai cac ludng dir lleu téc do bit cuc cao, ma con dat dugc
thong luong két nbi chéo cyc 16n Pb/s, tiét kiém chi phi va
nang luong [1].

Trong c4c mang trung tdm dit liéu hién nay, cac thiét bi
chuyén mach dién tir chwa dap (mg dwoc cac nhu cau vé
bang théng nhiéu hon, muc tiéu thu dién ning thap va do
tré nhé [2]. Céc thiét bi chuyén mach kénh quang (OCS-
Optical Channel Switching) c6 thé ting bang thong déng
ké nhung khong phtt hop véi luu lugng thay ddi. Cac DCN
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dugc dé xuat mai nhét str dung cong nghé chuyén mach géi
quang (OPS) c6 kha ning dat dugc thong lugng cao, mém
déo phut hop véi cac dich vu c6 tinh bung nd. Dic biét, giai
quyét dugc hién twong that nut c6 chai, gia ting duoc thong
luong chuyén mach. Tuy nhién trong cic cong trinh nay da
dua ra cac md hinh kién tric chuyén mach goi quang sir
dung céac bo xr Iy mao dau dién tu, do d6 lam tang thoi
gian xtr Iy goi tai cac nat chuyén mach.

Trong bai bao nay, da dé xuat mot mo hinh kién triic
chuyén mach géi toan quang st dung ky thuat xir Iy mao
dau goi quang dua trén MPPM, c6 kha nang 1am giam thoi
gian xtr Iy mao dau hiéu qua hon so vé6i k¥ thuat xtr Iy mao
dau dién tir va ky thuat xir Iy mao ddu PPM, do d6 lam
giam dang ké thoi gian tré truyén cac goi dich vu dong thoi
lam ting thong luong chuyén mach. Thong qua md hinh
giai tich da tién hanh khao sat va dua ra cac két qua lién
quan t6i cac tham sb hiéu nang hiéu qua sir dung mang (U)
Va xéac suat mat goi (PLP-Packet Loss Probability) ciing
nhu thoi gian xir Iy mao dau goi (Typ).

Phan con lai cta bai bao duge bd cuc nhu sau. Kién tric
nGt chuyén mach géi quang toan quang dé xuét duoc gidi
thiéu trong phan hai. Trong phan ba, s& tién hanh xay dung
cong thirc phan tich hiéu nang nit chuyén mach géi quang
toan quang vé hiéu qua str dung mang va xac suit mat goi
cling nhu thoi gian xtr Iy mao dau gbi. Cac két qua tinh toan
s6 va cac danh gia vé cac két qua nay s& duoc trinh bay
trong phan thir tu. Cudi cing, phan thir nim 1a phan két
luan cua bai bao.

Il. MO HINH KIEN TRUC NUT CHUYEN MACH
GOI TOAN QUANG

A. H¢ thong DCN sir dung OPS

Cac kién trac OPS c6 kha ning két ndi hang nghin cong
vao-ra trong khi co thé diéu khién theo thang thdi gian nano
gidy. Trong cic DCN thudng sir dung so dd hé thong nhu
trén hinh 1[3].

Trong 3o, thong tin trao d6i ndi bd va ndi cum van duoc
didu khién boi cac chuyén mach dién tir, trong khi giao tiép
gitta cac cym dugc xt 1y boi mot OPS. OPS thyc hién Kkét
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nodi cac cym véi nhau bang cac cong vao/ra toc do bit cao.
Chuyén mach hoat dong hoan toan trong mién quang.
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Hinh 1. So dé hé théng DCN sir dung OPS

B. Kién triic mit chuyén mach géi toan quang dé xudt

Kién triic nat chuyén mach géi toan quang dé xuat nhu
hinh 2. Kién trac chuyén mach goi toan quang nay c6 kha
ning mo rong dé dang, dam bao duoc cac yéu cau ky thuat
clia trung tim dit liéu quy mo 16n. Do dir liéu lién két trong
mang DC qui mé 16n doi hoi toc do rat cao, dé tranh xay ra
hién twong tranh chép gbi quang trong nat OPS doi hoi pha1
cl cac giai phap xtr 1y tranh chép goi quang. Trong kién
trac nit chuyén mach goi toan quang dé xuit da sir dung
khéi CRB cho muc dich nay, day ciing chinh 1a tinh méi so
v6i cac kién trac nat chuyén mach goéi quang da duoc tac
gia d¢ xuét trong [4] [5].

Trong kién triic nut chuyén mach goi toan quang dé xudt
¢6 F cong (soi) vao va F cong ra. Mdi cong vao/ cong ra F
¢6 M budc song. Do do, tong s cong vao/ cong ra logic 1a
(N=FxM). Mdi mé-dun toan quang (chuyén mach toan
quang) c6 mot dau vao va F dau ra khac nhau, dugc chuyén
dén céc khdi giai quyét tranh chip (CRB-Contention
Resolution Block) ¢ dau ra cua kién trac OPS. Céc khéi
CRB giai quyét tranh chip ciia cac goi dén tir cac mo-dun
quang khac nhau va xut ra ciing mot cong ra.

Nhu trong hinh 2, mbi mé-dun chuyén mach goi toan
quang bao gdm mot bo xir Iy mao dau goi quang (OHP-
Optical Header Processor) dua trén ky thuat diéu ché vi tri
xung stra doi (MPPM) [6], mot khéi chuyén mach (1 ><F) va
bd diéu khién dé diéu khién chuyén mach cac g01 dén cac
khdi CRB twong tmg va dua ra cac cong ra yéu cau.

(‘hu_\‘én mach
toan quang

Giai quyét
tranh chap

Céng vao 1
—_—

Céngral

CRB

Céng vao F
—

CRB

Hinh 2. Kién triic chuyén mach géi quang dé xuat.

Céc md-dun chuyén mach géi quang hoat dong nhu sau.
B0 xtr Iy mao dau toan quang s€ tdich mao dau ra khdi tai
trong goi va dugce xur ly dé tach dia chi mao dau va dicu
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khién cac chuyen mach trong kh6i 1XF SW dé chuyén céc
g6i dén cong ra yéu cau.

Mai khéi CRB bao gdm M bé chon bude song (WS-
Wavelength Selector) va M bo chuyén d6i bude song cb
dinh (FWC-Fixed Wavelength Converter) va né hoat dong
nhu sau. Xét mot goi dén & bude séng A, cua cong vao 1
chuyén t6i cong dau ra 1. Pdng thdi mot gbi & bude song
A, ctia cong vao F chuyén tiép t6i du ra 1. Trong trudng
hop nay, cac goi duoc chon dau tién boi hai WS khac nhau
va sau d6 dugc chuyén ddi thanh hai budc song khac nhau
va tranh chip duoc giai quyét [7].

[11. HIEUNANG CUA NUT CHUYEN MACH TOAN
QUANG PE XUAT

Trong phan nay, thoi gian xtr Iy mao dau (Typ) dugc tinh
toan trudce. Sau d6, hiéu nang cia nat dugc tinh dya trén
X4C suat mat goi (PLP) va hiéu qua st dung mang (U).

A. Thoi gian xit li mao dau, Typ

Thoi gian xir Iy mao dau, Ty duoc dinh nghia la khoang
thoi gian tir khi goi dén mot nat cho dén khi b xtr li mao
dau xac dinh duoc thong tin diéu khién [8] ,[9].

Trong kién trac nut OPS st dung xir 1i mao dau goi dua
tren PPM, theo [10], [11] c4u tric khéi xtr Iy mao dau bao
gdm cac khdi chirc nang con: khdi tach dinh thoi (CEM-
Clock Extraction Module), khéi tach dia chi mao dau diéu
ché vi tri xung (PPM HEM-PPM Header Extraction
Module), khdi tao bang dinh tuyén PPM (PPRT- PPM
Routing Table) va khdi tuong quan quang voi cdc cong
AND quang. Do d0, thoi gian xtr li mao dau bao gom th01
gian yéu cu dé tach dinh thoi (Tgz) va thoi gian yéu cau
dé nhan dang mao dau (Tyg). Thoi gian nhan dang mao dau
bao gém thoi gian chuyén ddi dia chi PPM (Tppy—acm)
trong khdi tich mao dau va th01 gian tuong quan (TAND)
giita dia chi mao dau PPM va mau dia chi PPRT tiéu chuan.

Trong k¥ thuat PPM, thoi gian chuyén ddi dia chi PPM
(Tpppr—acy) trong khéi tich mao dau dugc tinh theo biéu
thire [10], [11]:

Tepm-acu = 2" X T = N X Ty )
trong do, N 1a cac bit dia chi mao dau, T 1a chu ky khe
PPM va T, 1a chu ky bit truyén goi.

Thoi gian nhan dang mao dau dugc xac dinh nhu sau:

Tyr = TPPM—ACM + Tanp (2)

Do @6, thoi gian xt Iy mao dau trong ky thuat PPM s€
duoc tinh theo biéu thuc:

. Tepm-np = Tce + Tepm-acm + Tanp 3

boi voi ki thudt MPPM ciing tuong ty nhu ky thuat
PPM, thoi gian xir 1i bao gdm thoi gian yéu cau dé tach
dinh thoi va thoi gian yéu cau dé nhan dang mao dau. Thoi
gian nhan dang mao dau bao gdm thoi gian chuyén déi dia
chi MPPM (trong khdi tach mao dau) va thoi gian twong
quan giira dia chi mao ¢du MPPM va mau dia chi MPP-
SRT (chi duy nh4t mot céng AND hoat dong). Do cé hai
nhiém vu chuyén dbi dja chi MPPM trong khéi tach mao
dau va nhiem vu lua chon bang dinh tuyén con MPPM va
tao cac mau dia chi trong bang dinh tuyen con nay duoc
thuyc hién ddng thoi, nén thoi gian chuyen dbi dia chi
MPPM trong khéi tach mao dau thuc chét chinh 1a bang
thoi gian chon bang con va thoi gian tao cac mau dia chi
trong bang dinh tuyén con MPPM. Vi vdy, thoi gian nhén
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dang mao dau do xir i mao dau duya trén ky thuat MPPM,
Typpy—nr» dugc xac dinh [5]:
Twppm-ur = Tuppm-acm + Tanp
=2Y"C X T + Tynp (4)
Do d6, biéu thirc tinh cho thoi gian xur 1i mao dau,
Typpy—np, duoc viét dudi dang:
Typpm-np = Tce + Tuppm—acu + Tanp
=Teg + 2V X Ts + Tynp (5)
B. X&c suat mat goi, PLP

X&c suat mat goi, PLP, 1 tham sd quan trong dé danh
gia kha nang xtr Ii cta ntit OPS. Xéc suat mat géi, duogc

dinh nghia Ia x4c suat cac goi vao bi mét khi khong c6 mot

bude séng dau ra phuc vu cho goi [12], [13].

Sau day s& dua ra mot mo hinh phan tich cho mét cong

ra p ciia nat OPS. Dé phan tich, xét kich ban sau:

- Qua trinh dén cua cac mao dau goi (trong cac gbi dén)
tuong (mg vai cac goi c6 dich dén cbng ra p tai ntit OPS 1a
qué trinh Poisson véi tbe do Ap; tbe do dén nay la tde do
tong trén tat ca cac cong vao.

- Céc bude song dau ra danh cho gbi da cho phai c6 thoi
gian rdi 16n hon chiéu dai cac goi; tdi thiéu bude song phai
phuc vu trong khoang thoi gian béng do dai goi céng voi
th01 gian cdu hinh chuyén mach, dé cho phep thlet lap co
cau chuyen 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.

St dung cong thirc Erlang B dé thu duoc xac suit mét
261 v6i chidu dai goi thay ddi theo phan bd ham sé mil M.
Cong thirc Erlang B cho hé théng m-server v6i cuong do
Iuu lugng p duge xac dinh nhu sau [12]:

p™/m!
Erl(p,m) = R (6)
Dua trén mo6 hinh nay, céng ra cua nut OPS s€ hoat
dong nhu mot hé thong ton that Erlang nhleu server
M/M/W/W, trong d6 W 1a sé bude séng ciia cong.

Cuong do6 Iuu luong p cua hang doi la p =
Ap((Tup + Tsw) + Tracker + 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
goi, 4, la toc do dén ciia gbi. Do do, xac suat mat goi (PLP)
cho boi:

Ml/-,[/lp((THP+TSW)+TPacket+TCRB)]

P ofl [ﬂp ((THP+Tsw)+Tpacket+Tcra)]

PLP =

()

C. Hi¢u qud si dung mang, U
Hiéu qua sir dung mang, U, dung dé danh gi4 hiéu ning
cua mang nhu 1a mgt ham cua thoi gian xu Iy mao dau va
chiéu dai cta goi. No ciling dugc xem la thong lugng cla
mang khi Xac suat mat goi bang 0 [13]. Hiéu qua sur dung
mang dugc dinh nghia nhu sau:
Tpacket
=A% 8
Tpacket+tTHP ( )

IV. KET QUA KHAO SAT HIEU NANG

Trong phan nay, cic két qua khao sat hi¢u ning s& dugc
trinh bay dua trén cac cong thirc giai tich trong phan III
Thoi gian xu ly mao dau duoc xem xét phu thude vao sb
bit trong dia chi mao dau va s bit trong truong kiém tra
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cling nhu téc do bit truyén goi. Pbi voi tham s6 hiéu ning
Xac sudt mat g0i cta nit dugc xem xét phu thude rat nhiéu
tham s6 nhu s6 budc song st dung, toc do bit truyén géi.

Trén co s& cac két qua khao sat s& so sanh hiéu nang nat
chuyén mach géi toan quang sir dung luoc dd xir mao dau
dé xuat MPPM véi céc luge dd xtr 1i mao dau khac nhu
lwge d6 xir i mao dau dién (OOK-On-Off Keying), hay
lugc db xir li PPM thong thuong.

Dau tién s& phan tich cac két qua tinh toan s6 duya trén
Dau tién s& phén tich cac két qua tinh toan s6 cho thoi gian
xtr li mao dau dya trén biéu thie (3) va biéu thuc (5). Két
qué dwa ra trén hinh 3 va hinh 4 biéu thi thoi gian xtr 1i mao
dau phy thudc vao sd bit dia chi mao dau khi toc do bit
truyén goi twong ung bang: R,=10Gb/s va 80Gh/s, trong
céc truong hop voi trudng diéu khién C=1 bit, C=2 bit hoic
C=3 hit.
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Hinh 3. Thoi gian xit li mao ddu thay déi theo so bit

trong dia chi mao dau khi C=1, C=2 hodc C=3;
T,=100ps (R,=10Gb/s); Tcz=200ps; T,np=100ps.
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Hinh 4. Thoi gian xit li mao dau thay déi theo so bit
trong dia chi mao dau khi C=1, C=2 hodc C=3;
Tp=12,5ps (R,=80Gb/s); Tor=25pSs; Tynp=12,5ps.

Két qua dua ra trén hinh 5 biéu thi thoi gian xir Iy mao
dau phu thude vao toc dd bit truyén goi.

1800 T T
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Hinh 5. Thoi gian xit Ii mao ddu thay doi theo toc dg
bit truyén goi khi N=14 va C=1, C=2 hodc C=3.
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Tir hinh 3 va hinh 4 cho thiy thoi gian xir li mao dau da o ;
trén MPPM trong dai ps 1 rat nho so véi thoi gian xir Ii ~— oo
mao dau dién OOK nhu dua ra trong [14] 1a x4p xi 10 ps. 107 \\.,, MPPM
Trong giai phap xtr mao ddu MPPM d& xuit c6 thoi gian ‘
xir li mao dau so véi thoi gian xtr i mao dau PPM khi chon
N=14 da giam twong tmg gan 2 lan khi C=1, gan 3 lan khi
C=2 va gan 4 lan khi C=3. Cu thé:

+ Tai T,=100ps (R,=10Gb/s) nhan duoc két qua
Tppy—up=1700ps, Tuppm—-up~1000ps  khi C=1,
Tayppy—p~650ps khi C=2 va Ty ppy—pp= 475ps khi C=3.

+ Tai T,=12,5ps (R,=80Gb/s) nhan dugc két qua e
Tppm—1p~220pS, Typpy—np #120ps khi C=1, Typpy_up~ Namber of wanelengths, W
89ps khi C=2 Va Typpp_yp~ 60ps khi C=3. (@)

Nhin vao hinh 5 ¢6 thé thay ro: 1 g °

+ Khi tbc bit truyén géi cang tang thi thoi gian xir Iy mao o P oo
dau goi trong céc giai phap cang giam. 107 MPPM

+ Khi truong bit dia chi mao dau duge chon ¢b dinh thi
thoi gian xir li mao du cang giam khi truong bit dia chi
diéu khién cang ting (twong tmg khi cic cong dau ra cua
nut cang 16n).

Tiép theo chiing ta s& so sanh x4c sudt mat goi, PLP cua
nlt OPS toan quang khi str dung cac giai phap xu Iy mao 10°
dau khac nhau.

Hinh 6 va hinh 7 chi ra quan h¢ xéc sudt mit goi theo s S
budc song voi chiéu dai goéi khac nhau tai mot nat OPS. Number of Wavelengths, W
PLP dugc tinh nhu theo cong thirc (7) trong trudng hop toe
d6 bit truyén g6i R,= 10Gb/s va 80Gb/s. Thoi gian xi li (®)
mao dau dién OOK nhu dua ra trong [14] 1a x4p xi 10 ps. 1 s o o
Thoi gian Tsy, = 100ps, Terp = 200ps, thoi gian xir li TRy | oo
mao dau Tppy_pp~ 1000ps VA Typpy—pp~ 400ps khi . Beg,
R,=10Gb/s. Thoi gian Tgy, = 12,5ps, Terg = 25ps, thoi
gian xir 1i mao dau Tpppy_yp= 120ps VA Typpy—gp~ 50ps
khi R,=80Gb/s. R& rang 1a, xir li mao dau dwa trén MPPM
gitip 1am giam xdc sut mat goi, PLP so véi xir li mao dau
dién tir va xir li mao dau dua trén PPM, dic biét khi chiéu
dai goi ngén va téc do goi dén cac nit mang 16n. 10°

Tir hinh 6 va hinh 7 cho xéac suat mat goi, PLP ddi véi
giai phép xu li mao dau dl}:a tretn PPM, va MPPM 1a nho e T T o T Say—
hon rat nhiéu so v&i xac suat mat goi doi vdi giai phap xu Number of Wavelengths, W
1i mao dau dién, dic biét khi chidu dai goi, Tpgeker < 118
va tde do dén ciia gbi >10° goi/s. Tuy nhién, khi Tpgeper™ ©
1us thi x4c sudt mat goi trong ca ba giai phap xir li mao dau Hinh 6. Xdc sudt mdt géi, PLP thay déi theo s6 budc
1a twong d6i gidng nhau vi khi d6 Tpgcger dai hon rat nhidu song W sur dung
$0 v6i 50 v6i Typ. (a) Khi R,=10Gb/s, 4, = 10® g0ils, Tpacrer=0,1Ms;

Khi chiéu dai g6i nho hon 1ns, thi xac sueit mét goi cla (b) Khi R,=10Gb/s, 4, = 108 goi/s, Tpgerer=0,148;
giai phap xtr Iy mao dau MPPM nhé hon rét nhiéu so véi (c) Khi R,=10Gb/s, A
xac suit mat goi cia giai phap xu li PPM, dic biét khi toc

10

10

10

Packet Loss Probability, PLP

107

Packet Loss Probability, PLP

Packet Loss Probability, PLP

108 goi/s, Tpgerer=1n5.
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cling nhu khi sé budc song sir dung W trén cdng ra cang
tang s& lam giam xéac sut mat goi cia mang OPS.
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Hinh 7. Xéc sudt mdt géi, PLP thay doi theo sé buéc
song W sur dung

(a) Khi R,=80Gb/s, 4, = 10® g0ils, Tpacer=0,1Ms;

(b) Khi R,=80Gb/s, 4, = 10° g0ils, Tpacer=0,145;

(c) Khi R,=80Gb/s, 4, = 108 g6i/s, Tpgcker=1N5.

Tiép theo s& phan tich cac két qua tinh toan s dya trén
hi€u qua su dung mang, U dya trén biéu thire (8). Cac két
qua dua ra trén hinh 8 va hinh 9 biéu thi hiéu qua sir dung
mang phu thudc chiéu dai goi twong tmg trong trudng hop
tdc do bit truyén goi R,= 10Gb/s va 80Gb/s. Thai gian xir
li mao dau dién OOK nhu dua ra trong [14] 1a xép xi 10 ps.

Tir hinh 8, hinh 9 va hinh 10 cho thiy hiéu qua st dung
mang ddi véi giai phap xtr li mao dau dwa trén PPM va
MPPM la 16n hon rat nhiéu so v6i hiéu qua sir dung mang
d6i v6i giai phap xir li mao dau dién, dic biét khi chidu dai
90i, Tpucker < 1ms. Tuy nhién, khi Tpyerer> 1Ms thi hiéu
qua st dung mang trong ca ba gidi phap xtr li mao dau l1a
tuong ddi giéng nhau va xdp xi bang 100% vi khi d6
Tpacker dai hon rat nhiéu so véi so véi Typ. Khi chidu dai
g6i nhd hon 1ps, thi hiéu qua sit dung mang cua giai phap
xir Iy mao dau MPPM cao hon nhiéu so véi hiéu qua sir
dung mang ciia giai phap xtr li PPM. Diéu nay c6 thé thay
rat rd khi chiéu dai goi nho hon 0,1ps. Nhin vao hinh 10
thay rd 1a khi toe do bit truyén cta goi cang 16n thi hiéu qua
sir dung mang cua giai phap xur Iy mao ddu PPM va MPPM
s& cang 16n, dic biét khi chidu dai goi, Tpgeker < 1MS.
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Hinh 8. Hiéu qua su dung mang phu thudc vao chiéu dai
g6i khi R,=10Gb/s

(a) N=5, C:2, TPPM—HPZ 800pS, TMPPM—HP: 425pS Va
TPacket<10mS;

(b) N:5, C:2, TPPM—HPz 800pS, TMPPM—HPz 425p5 Va
Tpacker<10ps;

(C) N=5, C:2, TPPM—HPz 800pS, TMPPM—HPz 425pS Vé.
TPacket<O’01HS'
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Hinh 9. Hiéu qua sir dung mang phu thudc vao chiéu dai
g6i khi R,=80Gb/s

(a) N:5, C:2, TPPM—HPz 100pS, TMPPM—HPz 55p5 va
TPacket<10mS;
(b) N:5, C:2, TPPM—HPz 100pS, TMPPM—HPz 55p5 va
Tpacker<10ps;

(C) N:5, C:2, TPPM—HPz 100pS, TMPPM—HPz 55pS Vé
Tpacker<0,01ps.
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Hinh 10. Hiéu qud sir dung mang thay doi theo toc do bit
truyén goi khi

(@) N=5, C=2, VA Tpycxer =10ms;

(b) N=5, C=2 va Tpycker=10us;

(c) N=5, C=2 va Tpycrer=0,1ps.

Nhu vy, trén co s¢ phan tich vé tham sé hiéu qua sir
dung mang cua ba giai phap xir Iy mao dau ¢ trén va dya
trén cac loai dich vy st dung trén mang hién nay xin dugc
dé xuat vai luu lugng truyén trén mang OPS toan chu yéu
la cac dich vy gbi c¢6 do dai goi 1on véi Tpacket> 1ms
khuyén nghi st dung giai phap xtr ly mao dau PPM, voi
lru luong truyén trén mang OPS chu yéu 1a cac dich vu g01
c6 d6 dai goi kha nho vai 0,1us <Tpgeker< 10us khuyén
nghi sir dung PPM/MPPM, véi luu luong truyén trén mang
OPS chii yéu 1a cac dich vu géi c6 do dai goi nho véi
Tpacker< 0,1us khuyén nghi sir dung MPPM.

V. KET LUAN

Bai bao da dé xuét mé hinh kién tric nat chuyén mach
g6i toan quang sir dung khdi xtr Iy mao dau goi dua trén ky
thuat diéu ché vi tri xung stra d6i (MPPM), str dung cho
cac mang trung tam dir liéu (DCN). Cac md hinh giai tich
cho céc phan tich tham sé hiéu nang cua nat dé xuat dugc
xay dlmg Céc két qua khao sat hiéu nang chu’ng to rang
v6i kién trac nut chuyén mach géi toan quang dé xuét da
g6p phan cai thién hiéu nang ctia nit. Cu thé lam giam tré
truyén goi qua mang, nang cao dugc higu qua st dung
mang va glam dugc xac sudt mat goi khi truyén céc g01
quang. Cac két qua cho thay mé hinh kién triic nut chuyen
mach goi (OPS) toan quang sir dung khdi xir Iy mao dau
g6i dua trén k§ thuat didu ché vi tri xung stra d6i (MPPM)
1a giai phap hiéu qua dé ap dung trién khai trong cic mang
trung tdm dit liéu qui mo 16n.
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A MODEL OF ALL-OPTICAL PACKET
SWITCHING NODE USING MPPM HEADER
PROCESSING TECHNIQUE IN DATA CENTER
NETWORKS

Abstract — In the paper we propose an architectural
model of all-optical packet switching node (OPS) using a
packet-header processing unit based on modified pulse
position modulation (MPPM) technique in data center
networks (DCNs). The performance of the all-optical OPS
node is estimated in terms of the node overhead processing
time, the packet loss probability, and the network
utilization efficiency. The numerical results show that the
node overhead processing time is significantly reduced and
the node performance parameters such as the probability of
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packet loss, as well as the efficiency of network usage, are
improved compared to the case of the node using electronic
overhead processing and pulse position modulation (PPM)
overhead processing.

Key words - Data Center Network (DCN), Optical
Packet Switching (OPS), Synchronous Optical Packet
Switching with Fixed Size Packets, MPPM-based fiber
packet header processing.
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