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ABSTRACT

The optical Internet is considered as a feasible solution for transporting huge amount of traffic volume in the
future Internet. Among optical switching technology for the optical Internet, OBS becomes one of the most
promoting solution. Recently, a lebeled OBS(LOBS) architecture is considered for an efficient control on OBS
network. Given that a data burst may contain few thousands of IP packets, a single loss of data burst results in
a serious throughput degradation in LOBS network. In this paper, we improve the performance of LOBS network
by introducing the burst congestion control mechanism. More specifically, the OBS router at the network core
detects the network congestion by measuring the loss probability of burst control packet. The OBS router at the
network edge reduces the burst generation according to the network condition repored by the OBS router at the
network core. Through the simulations, it is shown that the proposed congestion control mechanism can reduce

the burst loss probability and improve the LOBS network throughput.
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Detection : CIOIE] ZH0IY ALS Ei= ASSHA 1S
&2 s

{ burst switching, wavelength conversion,
burst delaybuffering, optical amplification, etc. )

3% 1. Labeled OBS 718}e] £3}%l IP-over- WDM 75

OBSell digt -7} A= ik Labeled OBS
© H2E z#e] Ao, HAF o)of g8z s
g FDL w#e] o83} s} w3t 58 93}
MPLS9| Aol =Xz & o]83h= Ndelchs-7]. 2
H 13 22 59 049 P-over-WDM 729
A2 MPLS9| Aol wlls o]83to ] 3]
% AFOBS ARE Aozt delshod Bkt
ol Aol HeslA| ¢drhe Aolck =3 mlee
OPS WAool At Azt o, AldxeE 3}
AHeg B 4 9ot

spARE o]2i3t OBS "2 dolElE Eolx wA
E 92 AL, shie] HaE Ealelrle
7 AA Aol E A% vixT, o= & A
22 Ee] AFEA =Hu AdE ook X
T HAESE BF EAZ AREe] G oo
dlolg] &4S opy|drk wElM OBS % A=
3 Ao1E B3l #] Alle] FolA dizix] E
el {8l AT daAde] 9lvl

B =FolAE Labeled OBS %19 E4)2 o]-4-3}
o] =k 1%}01 HL*Hs}ai~ HH ﬁgd_i EdY
QA= 4 Qe Ak}, o
& *é:& = *‘ﬂol H“E?s}a’ii 7T,
Ingress Edge 9B/} B{2~E 4§ Avh) B4
Hor Aol E koo Blae &4
vl &4 =718 vn BAsiginh &3 Al &

A NS T AT PAE A8, U
A ARl disle] A o AE AT AT
AUE Zle 2ASE AL Fo Yuelgos
gk,

£ =R AL thew e Mole & EF
o4 AHgEHE AAT BMIAE o) whale] ojsje]



=¥ [Labeled OBS ell4 9] M2E 24 ZA2g A% £t A9

Aesta, Mes Algksk= Labeled OBS %2
EA Alo] dmE]FEel st g B3k v
ol AEHe|A 374 W dwe|Fol ofgk AY Z
Fol] gt vlae}l A8 slar, "R VellA
Aeg st et

I. AAT Burst Assembly

3 o]

gubg o g 22 QoSE AYsls HAEL AP
2 Hofct o]F BlaEE TSl whoEcs
dubd o g A7t AIzkEel e B[R vy
ol 2]l dlolelE WAER A= whHQl CAT
(Constant Assemble Time)$} HAE F7]of Aghe
Fol AAHE JARE doldld wvidt WxrEE
T33= CBS(Constant Burst Size)”} it}

CAT W21 dAZ AZbeer e Exxy=
HEol 2l dlolelE BAER s wbgolrk
w2bi] CAT Wo2 dlolelE A5 #¢- 7+
7Z+e] W2ES myle AR dEAT WaEst A
AEle] Yes A7l dAsich

CBS HM]E HAE F7|E JFEoE BAEE
sk A8 wPelrt o] WL WAE =]
o) AgHE T ol =Z7] Al web vlEH=
9] Aol e miAch oebd g7 A= 9
7l 27|15 Il AR 7lEe] He HAE
Z27)E Ak Aol Fasih

B E=FollA A3l AAT 9212 CAT 943t
CBS W8 F 7|5& BF X3k gle wo]
tH8]. AAT M2 UAHZE A7k Fof] sizle o4
E3le] MaER Apsie uhge CATY EU35A

23

28 29Ad] 2ol BlaEske fde

Burst Assembler

Constant Burst Size Assemble Time

I3 2. A 7FA f3e waE A

T ok oAE AZte] =] A ARk waE
)8 2R ¢ viE WaEr) A= A
A CBS9} U3l &, CAT®} CBS9 A&
uhale m% IR wPHoE A-gAe] wHeldt
Aolelzm & 4 gleh. ¥ 2= CAT, CBS, AAT
o] Al 7R WAE oj4E wkAlS- Adudsly gtk

. Congestion Control based on
AAT (CC-AAT)

AFE CC-AAT HaelE e &3 A3
el AAT WAle] F 71A] 71E SellA 7j8xem
AAEe] = MAE 7|5 MY ghisty,
2 o s HaE S AzESE vs
E QS AA A7l el CC-AAT 4]
Z2 Labeled OBS %2 Core 89 &%t vjo}
§-23 Edge ¥ &4 Ao ¥Eo=z ok
Core $-3-& BCP(Burst Control Packet)2] 3 <
of Ashes Eal WA B Aol o= A
AZgEA] Akgie) o] Wk 2718 EallA CC-AAT
daelEe Ad «of e Ful] ER A4S
Ax|stz E3F AR} A4S AR AAH
EAb Abalel dig Ay Awe 273 333 LABEL
2] Exp B&9 3 H|EE dTA GAsl 3]
=, ¢]& CCI(Congestion Control Information)=hi
H-Er}. CC-AAT= 0009} Exp = ke &3 A
o7} o]FiR|R] = WollAe] dubdel Al€lE
el EE sla, B4 Ao dme|Ee] FEEE
PolMe EF AHE A AdHeE
< Low Ao} E3F H=rt AldiH o2 & High?l
A2 PRl BA3L #4 AT Lowel digt
Exp HE Zk2 0108 AAsly, &3 A= Highol
3 Exp B= & 1118 2R3tk o] LABEL
ARCChE ohE dlole] Arel =R da 4
) Argd Sdo At Gk dloe]
9} 34| Piggybacking® = glth

Exp : Experimental Use, 3 bits
| DEEED

000 — Normal operation
010 — Low Congestion
111 - High Congestion

L Label

% 3. Congestion Control Information (CCI) 3%k

333



- 24183 54] 056 Vol.30 No.6B

3.1 &% 4% x|

HEN e E3F AlRke Eab mel 7kEegk &
23 & BCPY <ol Ad oAl A & BCP
o 9 BE{r)S o83t A A%E
ohe3} o] Alakich

T it = number of total arrivals BCP

CC-AATE &3t A Tot 7)17Hec) B2t A
o ANE o] YARS] oz #HAd UAE
A7sle] A ARS st} 3 AR soke
BCPY] Ad ellgfe] Adfsle &3 ARE, 1o
717y Bt Ad A AAE i AT 107}
ZgaEY 3 AxE sl i 43E vE
$=2 Edgeoll ALt} =3 £89 1= X A
go] Had Afde A FgsAT, A«
A#-go] o¥rt 3] A I FA] tepE T}A] A
sl A dof ANE s SR B3
B}, o] &3t ot 7|7t Bt A r ARE
o} 23k ryyol AR wEr} 2w oxct £ A
Soll B3 A Low® #sta, rwel UAIES]
Zacl & #A$ 4 Al High® webksh ol
HENA core 59 £ A3 I} dwEES

a3 4o aepeleich

3.2 &zt A% Ao

CC-AATIX B2EE AAdsle] 53l Edge
REBo CCl AR2HE 3 Algks 33A|3le] 19
SollAe} o] HAE A HEE ol FUHA
Ak WaE A Exol Fdighke wlg] Aod ¥
25 A z=7] AR HaE A AZE QAR
o ulzA He, FE S5 ExF AS =t )
e 2] WAE S S5 ZU) el g E
E3le Fr1H0g ZyiEch Ao 9] 17t

(Detect Congestion - Core part)
Ry,; : channel reservation failure rate
th :threshold for detection of congestion state

REPEAT #.p expired
if{ Rpy==0)
#f Normal operation and expire £z completely
else
/1 start another tep
(0 < Ry <=th)
then Low congestion state
else
then High congestion state
REPEAT END #.p expired

T3 4. MES]= FolRe] 3 A% sot dyzlE

334

( Control Congestion - Edge part )
REPEAT #p expired

if Increase burst generation speed
REPEAT END g expired

when CCI arrived,
if( Exp =010
/f Decrease burst generation speed Low
else if( Exp = 111)
/f Decrease burst generation speed High

T8 5. =N dHRe T A Ale] Tuels

Decreasa burst generation speed High

Burst Assembler (CC-AAT)

NEARRER Sﬂii
Default burst size threshad
: vs.

cal Decrease burst generation speed Low
Buret Assembler Resizer  Freezer

Freeze
Resize

]
'
'
'
'
'
'
v
¢
1
t
i
’
y
B

'

Defauit burst size threshold

I8 6. MiaE A A duRE

2 1p®] Z17kEE} A AAEE, F 710E T}
ule] ghoZ Fof AMgel 9@ Wi 4 ik ¥
2E A4 &5 282 a7 63} o] HaE A
Z27] JAZE 3= Resizer?} FAl| FoE
g MAE WA FAE WEEE 3= Freezer
o] T HES Esle] o]Fo]Rc). Resizers 3
Abelol] @ebd High®) 25l Lowe] 7398t H
2 A ARE gol 294 A =1E £
t}. Freezere 7% AR & dARS Alel
qhge] AZHEQE BAE RS FAAAA AH
o2 ZolE ofUFe A% &= ALE olFod
k. AL &% Fhie CCI AR $Ald wepa &
A 718 QAR wlElsl] ARAEiEE she
Non-state BPH3} oln] ztisl Alg] ARE {43
o Zhasl Aeleld wiElsle AA3EE de
State W F 7A€ AL 4 vk

V. 8557 ¥ HuEN

4.1 4y EE=ZX|

E3 Ao} dxE|Eed g A Frhe 19 7
3 e AEolAd FAE C++ dolE T3
st & 6709 k=2 pAE EEEXE T
2] A= LER A — LSR E — LSR F — LER



=3 [Labeled OBS Wol|4e] HAE £A4 24408 7 T4 A9

a8 7. A% EEEX

Ce LSP 13} LER B — LSR E — LSR F —
LER D] LSP 2§ &3l WAES} BCP7} A%
gk 7} g3 10 Gbpsel WAFS Ze 471
Ad2 A=, AR dlelels LER A%t
LER BolA wre2 JA4Hc) E4 Ale] dwe]
o] vlne 4 AdE A e A A

L 3lA] 9A|u FDL-S ARgsle] ol- Ax Ext
< HARIFE 4% 282 FDLS AREsle] o=
Ax AL AT £3F Al daEiEe] A
¥ AsE =gz sido) 3 AR olvl 40
Gbps®] Ad HHFE 79| of AM3kL 9le LSP
19] Z29] LSP 29 Z297} A2o] Eoled
A Ay =1, ole] whE CC-AAT dxElZe] o
< uhol disle] wlm 2 FAEck AlEH)A
FAoA AR A e dwelEe B3 S
o tigl daelEe] dix 5 ks fsl] d
gk First Fit W& AMSlsich

AlEHo | dollA] AR il E 1o Q9F
sidct F3F 7 Z27)1E oF 1,000 Hlo|ER FHAi
10 vlolEdfA] 2 1500 wle|E2] H7lE A3}
o WAE AL 98] Zolxlch B AlgHelA 3t

7 1. Ad A

sletolE AAgk
avg_pck_size
(32 A A =) 10008
1 cycle avg_pck_size A A7}k
thresh_size avg_pck_size * 200
(H=E A4 =371 44D (% 200Kb)
thresh_time " x
(lam g AR gy | L ele 2010
tiP 1
A% S5 57} gelv) meee
icP 1 msec
&3 4% sje} elol))

ZllA FF 10000 B1ES] Hlo]E]E 10 Gbps®] &
52 A$shs 7% 10 psec®) A7e] 28¥) o]
AE 1 AlelE(eycle) 2 Bha AlEElelAdS] ®
o)z el g A Rl Al AR F
o 0.850]u, &3 Algle] HAEE 5 msecolls 1.7
o] Xt} AlEdHelHd F8 A7FE 100 mseco],
gl L A EE AL wEc

4.2 AEsold At

a3 8L A= ¥ ERSE sl Ezb
oIEINS AE 7IE ZES AR {92 B
$o] B2E QA FARE E4 Al daE|Fe] F
Z57] 94+ A$(No Congestion Control), &% A
o ARE FR|8IX] o= 7-$(Non-state Congestion
Control) 2y &3t Ae) HRE fAlshe A
(State Congestion Control)l] waljA] Jepd 7o)
o} ¢ 5 msecHE ANEE Z299 HLo] AzkE
o] Exto] Whsl 72t EE4e HAE =719 A
7 AL EF FIMY £ BolwE x4
o] A$E= A& £ 4 3dck LER Bellxe]
2E A4 HEE LER A2 5 msec o]F A%}
FLEA ehdrl

a3 9 3 A8 3l e 3 AN
Helg Jepd ExF Akl oig

sec 3FEe 2 EAZE Ao}, EAt Aol gd3e]Eo|
F2sle S s 4 A5l diblsle] ¥
AE EAEo] ZojEe] oA s AS
& £ 9Jr}. =3 Non-state Congestion Control B
2Jo] State Congestion Control e v]3] HAE
£Alo] AL 718 o 4 vk Zev olF ¥ 11

Burst Generation Pattern (LER A)

——

R

(4] 5 10 15 20 E 30 E) 40 a5 50

0 5 10 186 20 25 30 35 40 45 50
Simulailon Time [msec]

;_HLE 8. &3+ gl gk CC-AAT d3e|&e waE A

335



S E A58 = F2] °05-6 Vol.30 No.6B

ol

Burst Loss Paltem on Congstlon Node
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