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ABSTRACT

Recently, there has been a dramatic increase in data traffic, driven primarily by the explosive growth of the
Internet. Optical networking is believed as a key solution to keep up with the growth, thus, the most pressing issue
is how to manage and control large optical networks. Currently, provisioning end-to-end connections across the
transport network has involved the network operator, leading to long provisioning times in an era when customers
are demanding shorter provisioning time. To address this critical issue, new control intelligence is being studied for
use within optical networks to shorten provisioning time. Both the IETF and the ITU-T have been aggressively
defining many aspects of a control plane for the next generation convergence transport network. Basically, they are
based on the distributed control scheme. In this paper, we survey the applicability of the centralized control scheme
for the provisioning control of optical transport network to utilize its inherent advantages over the distributed control
scheme. We discuss new central control architecture, and control procedure. Also, we examine the applicability of
the existing IETF routing and signaling protocols to the new control concepts, and then, we propose the additional

routing and signaling information elements.
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=)

1 z 3
0,1,2,3,4,5/6,7,8,9,0,1,2,3,4,56,7,8,9,0,1,2,3,4,56/6,7, 83,01
Sub-Type Length

Switching Type ‘ Encoding Type Max Signal Type | Min Signal Type

{c) Reservable Link Resource: MEZ @9 L Jtat S2F F 2

1o

=
=E

T2 3 Al A2 wAA]

« Switching Type field (ST) (1 byte) : &4 A
oFst Link Type and Capacity WA|X]e] H=
oF 22 e 7K

* Encoding Type field (ET) (1 byte) : A A
oFst Link Type and Capacity WA|X]e] H=
oF 22 e 7K

*Lambda Free Table field (AFT) (n bytes) :
o] W= m:o) 9o o M Fo e
of okt AY AR TSkl AL,
R} Sgeie B Ade) Sue =2

2e FHAo nmnd AP byteE Zo|E I

714
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o 2 By Ade SAMuER Zze Hx
bit FH 112 3HH, Z bits T A
Aol 7HE AR5 UERATh bito] ol 191
A9 718 AdYE, 03] AS AT Qe
AddS ouigith Ade A g o
MXA] padding bit & 022 =it}

Max Signal Type field (MaxST) (1 byte) :
o] g WEZ F9 W 7MF FoF H39
Zte] SDH Ald e Td3h=d AR H,
M2 A2 I3 & Jd= Ad AHd F
& Aad RS JEt gz e
[GMPLS-SDH] X:=¢] Switching Type #t
i 67 Zo| &8 AL AL

*Min Signal Type field (MinST) (1 byte) : ©]
dee vER 49 ) 7P FoF H39 o
SDH A'd #AE xdshk=d AR, H=
ol d3a & e HL: Ad FFE Ve
th o] F=rt 7= @3 1 9Jv]E MaxST

53 Mol 7= ¥ & FE 24 2I9E o
AR

Aol A AQFSE WAIAE-L OSPFS] opaque LSA
o TLY W2 JHAE, sl daEe b %
oF g9 EAS UEhiY] s Zad oE wAl
A3 7 shte] OSPF LSA WAAIE A4S
gtk 79 4 @S BE W9 @ =) oo
7P FoF 330l uigk LSA wA1x|¢} SDH 330
gk LSA ®AIA]e] dojt}. SDH #3ol tigh LSA
WAJA]  1”o|A] Link Protection Type¥} Con-
catenation Capability= 7HFAS}IE {3l A<tk

gho]
A5h GGyl NCollA ACZe] HH AF JFH
Ao Fxo|x2] ACOA ASCEo] HH FHFL o
WEF Adolm 13] Afe] aXEE Fog HHol
g9 gith OSPF Z2EF9 AHH AL HAjd=
DBD (Data Base Description) ™A]Z]92} LSR (Link
State Request) H|AIAS 18ksli= ExStart |t
Exchange A7} &= Sl=t), ol &3 4
B Adols Zex e 4o, OSPF Z2EF
S JATY Ao F=xo FEA|= oA Ty
T AR HAFo] o]FofR= XoXe HeA &2
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=/ SDH 714k 33 daddoA d4d 43S 9% I3

Aol AA #F AT

2

1 2 3
0o 0322080506, Te0e 90001320 30 ds 506, 0090008080, 4 506571015, 000

LS age Opfios | LStpe
DOpaque type = 10 | Opaqus ID
S
,,,.‘ij'f< Advertising Node |~ Node ID
LE sugquence mmbes
LS chicksum [ Lingth
j! L] ' T i =4
Type = | (Houter Address V)| Lengm ¢
Link Houter Address | Chearmel
Ty e O e e .
i Tope = 2 (Link T " Lengih
Length Sub-type = 23 {Aea D) [ Length = 4
area 10 + feva i
Sub-type = 2 (Link D) Length = 4
= 18 L
Link ID T
Sub-type = 11 {Link Local/Memate ID) | Length = 0 Local
Link Local |0 " Intertuce 10
Link Remute 10 L Remate
Sub-type = 5 (TE Metic) | Longh = 4 tertuce 1D
Traffic Engineering Mevic [ Link Cost
Sub-type = 01 { -spacity! vt = 4
Sub-type = 01 Link Type ard Capacity Lengh | LinkType
Swiching Tyne | Encoding Tyon Link Capacity - and
Suo-type = I (Reservedle Lnk Rasouce) Langth = 10 Copacly
Swiiching Typs | Encoding Typs
8 Laenbda Free Table | Pasermbls
= Link
Resairce
(a) Y=Y B HH +E (b)2t TS N2 AN HEHM2
AN D9 LY Jpaf S9F SrTHE g=§ TH T LSA AR

Jzl 4.

2

DRoluE g & 9l

VI 5d AladEl HF-IEe] ot
Datagram 7]%Fe] ©oJE] WA= Bl Al1d
AMde] EAEHA] kot Z8 0] QoSE BHA
6}71 el o] de] == & Aldeo)w
AF] A eloF Uﬂﬂbl— weole BEY
ARIZE A8l SRS dI9ES Ads] g
Az AAgoR FastA HIUth o9 A el
A e o] AR A8E 9 Aladde] 8%
1=A
ITU-TY ASONZ A1d8 AX}E F(cal)}
AZ(connection) S E|3t FHFsIH, ol= FI
r=Eo] Aladd HAA W & A&

|

2

[0}

¢

Sl B Qe w24, a2la A 2Rl 2
{3 A HES wiEo=w yzdgdsla Mok
sk FEE Al olde] Sk o]d & Ao
T st Aoz Add & gledl, 2 vl
NeE & 1019} ik xﬂﬂe 2z AEHQ Ald
H ZEEZE ARS] 23S SEdrk

o] A% *F%XH Ad HH aFe EiN &
A7 HAAE WA sl =W, o= UNI (User
Network Interface)®} E(External)-NN I(Network
Network Interface) T77Fe] CallCE AlololAwt 4=
BEh 5 44 AL AFH0E SR, o]
A Agw W3 = I(Internal)-NNI®} E-NNI -7F
o] CCE A 42 A4 Fxpt =, d2
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HER Aol 7oK P25 FWSk LSAS] AA] B

1 2 3
Oulege 28536, 7000901320304y 5,6, 70,9000 1325 3:45:6, 7805001

LS age | Opfions | LSwoe
Opaque type = 10 Opaue 1D
s
e ‘Advertising Node Node I
LE sequence number
LS chicksun Length
Type = 1 (Router Adgrass TV} | Length = 4 c
Urik Fouter Address - Chiarmet
o ———— — e
Tipod Type = 2 flink TV C Longh
Lengh Sub-type = 23 (Area ID) | Lergth = 4
Area 1 L]
Sub-lype = 2 (Link 0} I Length = &
Link 1D [
Sub-type = 11 (Link LocalPemate 1D} | Length = 0 Local
Link Local [~ Intartace 1
Lirk Fiernote [0 flemote
Sub-type = 5 (TE Matric) [ Langth = & nterkace K
Traffi Enginessing Metiic b Link Cast
Sub-type = 16 (SALG Length = B
r SALG
Langth = 4
Yok Canwelt
______ TS | ST
[Sub=type = 0IF (Link Type and Capacity)| Lingth = 4 anl
Switching Type | Encoding Typo Link Capaciy | Commchy
Sub-type = 01 (Muliplexing Capsbilty) Lengh = 4 son
HO M Flag LOMC Flag lreserved) T+ Muiiphodng
Capabllty
(b) SDH 2 3= FHTHLSA HAIK|
59

47 AL 43w
Aol & 24 9

FYEY, HFHOE AR
e A Ao,

2E Q
=

6.1 _QJo:P:I A—Ix-l x;‘(l.

3 A% Aake Ag% W NCallco] #ix|¢} &
Hm, #e] 9o E&d we} NCallCe] Hjx)7}
gdEid 4= 7] WEel], 2 dAFexe F 7Y
3 A HAE JPgth Akke JEE I 7=

oAM= 2zt areas 7HEZHQ] operator/} TElske 9
do g 783l ACPITE NCallcE X3she 1%
2 AAE, JE8 A TEE areaE0] EF
3lte] operatordl] A FE|EE FGo= Pt

3L ASCeJl¥F NCallE EFA7] 722 A1

Ad A Hxke e O ccol Hix|eh A
HH, 7} ==& Aojdh= NC9} £ dA7olA Algt
3t Z} areals A|oJSk= AC, 1E]al ASE Aofs=
ASCOll Z3HE CC Zol|A, & I-NNI9} E-NNIA
STk

Ad AR AR A, P F8sHA aEEofok
g AL 291%) S (switching capacity)©] TFE o]
Z9o] area® FH3= LSP A7 A, ghie] Ald
% round-tripC. & LSPES AT 4 Jd=Xd A
Aoty &A A|¢td GMPLS RSVP-TEE ©]%9
label S FAlM AL 4 gle F2S 7 Qlo]
A, w2 293 9L Adse A9 LSP AR
(FA-LSP : Forwarding Adjacency-LSP)S 4133}
o]Fof re 2914 HEe AYsk= 319 LSPY
A4S FYshe A Fske Agtl ole Ao

715
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(c) HE# g Mol 7% (bJOIM S callfconnection 8 F A}

02l 5. 7+ Ao} Fx9] 3AF 24 Az}

=]

witspl 9Ew, ARdes d9d A
FRALG, B Qo AR A
b)sh AFEAR Ao} FxE WA

B3 N BEAA wdetr] dzol 4 A
3 &8s fEide o9 labels Al HE

2,
B e 94 44 Ak s 1183k hop-
by-hop alo] opd W& Aol Al1d¥ye 1y
gtk a9 5+ ol 22 a7 sl Al AEH
Ao Fxo FAF A AEAM HAZE &)
2 w7 Al giside oA 2tk

a8 5 (= 4 Al FRAAMY] ydE A
A AxEA, A4 4F Al A AldE W
GMPLS RSVP-TEZ AM&g-S oudith (1)~(13
I (30> & A4 FAE, 123 (14)~29E &

2

S

~

¢

2 A% 2= Jeed, 53 (15-Q0)e
FA-LSP &, 2913 58°] & 9 LSPE 417

o=z 24%s ongith

a8 5 b= AL JASE JF = (a)olAY
AAEA, A4 A A JAFH Alo] 72U AC-
NC zrll= AR WE Al1ddy WS AMgshar
B2 Aol 22 AC-AC 7HllE 4313 GMPLS

716
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(d) EEE A7 AN ?2A M2 callfconnection 83 85

RSVP-TES A3 ofuidith ()~(D3 22)=
5 A4 Az 83 Q)~2)L 92 A% AxE
UehlH, 53] (8)~(13)2 FA-LSP =, =913 59
o] & /4] LSPE 94120z HdAFS on|dith

a7 5 (o= AN ATE A 7= b)olAY
HzlgA, 92 23 A] AC-NC 7h I8]3 AC-AC
7ol BT AR WE Alrdy whE AMEES
quigtt ()~ (12 & A4 HAE, 28x
@)~ A2 A HAE YA, ol ol
9] label & FAlol A& & Ae Al1dy Z2E
=5 A etk

a9 5 (e AdE JFH A9 FEeAM A
242X, A4 24 Al AC-NC 7k, 283l ASC-AC
Zhol] BT AIRIE WE Aldd whle AMEES
ouigtt. ()~3)F 8) &= AF HAZ, agu
@~N< 972 23 s Jeplied, ol ofF
9] label S FA M = = Al2dY ZIZE
5 A 7Heith

6.2 ASON29| Ao =Ant GMPLS
RSVP-TE HAIX] &4 Bl

ITU-TY G.7713941= ASON9| &/a2 44

Azpel AREE wARlo] ZeE SAol tisiA 7]

L,
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=& /SDH 74k 3 dEwolx 32 dA4E AT 15T Ao AA 8 A7

%3193, G.7713.2914%= GMPLS RSVP-TEZ Al
£ 5/dd AA HA G.771390A4 AXRE Al
g8 mARel £3=E 443 GMPLS RSVP-TES]
AR Z3E A ko] Wi #I Ul&-S o
F9°W, GMPLS RSVP-TEYE ASONS A8t
7] 984 <CALL_ID> 5S¢ A7} F71=dch
(neITne -G 77137 GMPLS RSVP-TES] WAA|
o] Pl gojof Hol9t T HHe Rl uE
2 79 £49 FFUF s W EUE Aot
Aoia AgEch

6.3 Al mIAIX] A Ko
2 AFexes Adst JAEH Aol 29 /A
A7 Axjol|l A AR HWIARY] FAlS AR
o] A|Zg #2]o] olgt GMPLS RSVP-TES] 7}
ARAES FAsI AMgshke 23S T
Aret JFE Aol FRAME A=A FA
QI AC = ASCrle] & A% Haje] E3H7] o
ol & AA Axelr] AZRAN] Hegk RS
Az, #2H Aol Fxohe g, dFd A%
Aol REEZROF HAFEolof k= ARAL]
st Jdge] JHE0] aAE 4 Qith

& A Axjol| AHEE HAIA|= Call Setup Re-
quest®} CallSetupIndicationZ 3T Call Setup
Request WA]X]= GMPLS RSVP-TES] Path WA
A|olA] <LABEL-REQUEST>, <LABEL_SET> %9
A dek #EE AAES A FAHe= Ut
1, T3t 3E< CallSetup Indication ™A]A]
279 IE AET F Ae BEY AAET
Zotehs =R 7hssith

QA 47 Hzjo| AE-E WA]A]= Connection
Setup@} ConnectionComplete 2 s}l HE Al
gy wale] ARgE A 7EA] WAIA] Bas AljbsE
Gt B3], ©]F9] label TFS AP 4+ Qe
GMPLS RSVP-TEQ] Path WA]X] &2lo|A] label
#HA AAES 2HASk, d4ilel GSMP(General
Switch Management Protocol) & #zsl] o]F
o) labelS EAlo] A9)5}7] $)8F <INPUT_PORT>,
<OUTPUT_PORT>, <INPUT_LABEL>, [<STACK
_INPUT _LABEL>], <OUTPUT_LABEL>, [<STA
CK_OUTPUT_LABEL>]¥% Z& ZAAES =Y
FAE At

Area oAl AC-NC zte] 2 274 Al A&
5= ConnectionSetup HAIA|9] AL Tt 2
g ZAAjo]7] el st JAg Al g 7

=2 30 md

B oofr
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Aok AQke label T B AR ST EF3ICL
AT H-A Alo] Fx(b)olA AC-AC FHe] A4

A7 Ao AFE-E= ConnectionSetup WA A 2]

212 AC-NC 7t AFE-2 ConnectionSetup PA|

A g2lol ingress ACO| 23 AXE HZE e}

W= <EXPLICIT_ROUTE>Z F7}3ith
z

A5H-A9) Aol F=I4 ASC-AC FHo] 94
A7 Hxle] A%+ ConnectionSetup HAIA]2]

22 AC-AC 7l AME-E= ConnectionSetup Wl
AAS] @Al ZF ACTE ARale] B area W] B2
ARSI Y8 2e3 ARE (3 24 o
% ZAE : <DIVERSITY>, <SERVICE_LEVEL>,
<POLICY_DATA>)S F7Igt F7hd AAES
a9 67 2tk

i

i Messager & 40 oadet
[ MESSAGE =N | <MESSEE I-ACKS - |
[ MESSAGEND> |
CSESCIND
ANAIT PORT>
AOUTAITPORTY
NUTLASELS
[ <STACKED INPUT LARA > - ]

COUTPUT LABH >
| HTAXH OURITLARH S -]

<TIME VAL
SCALL D
CHDELTBLATE

(2) parallel B9 HISHE ConnectionSetup BILAIAIS] B4 (AC—==)

[ <MCSSAGEID-ACK> | <MESSGEID-ACK> - 1
[ MPSSAGE D)

SNPUTPORT
AUTRUTPORT>

ANPLIT LAREL>

[ <HTALKH) INAUT LARH > - )
AU U T LABH DY

[ STAKED_OUPUTLABEL > 1

<TIME VALLIE>
CALIDY
SENDER_TBMPLATE

(b) parallel 2212 F|2HEH ConnectionComplate HIAIRI 2] B4 (AC - AC)

g Mszage? 5= Do Hisder

[ ANTEGATY: 1

[ <MCSSAGE ID-ACK> | <MOSSELID-ACS 1
MESSASE D
CSESSION

<TIME VLIS

<EPUCT.AOUTE

| ANPUTRORT:
COUTPUT_CAT:
ANPUTLABEL >
[ CSIACKED INAUIT LARHLS - ]
COUTPUT LA
| <STADD OUPUTLADE> -1

AL

PROTECTION:

[ <SERSION ATTREUITE> 1

[ <NOWPYICQUCST]

[ <ADMNLSTATUS> 1

[ FOUCY.DATRY ]

<SNDETL TEMPLATE >

() parallel 9441 2] H 2F2F ConnectionComplete HIA| K| 2] #A(ASC — AC)

a2 6. A Al1dE wAA FY

"7
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$HH,  ConnectionSetup WA|Xo gk SE2I
ConnectionComplete WA= EE Ao] F3el|A
SUs, 1 BAe 59 AL U] 99 7]
A% A8 ARl ey ® Wa) A
A= F33h}

VI. 45 &7t

ool A ARk FFd Ao L2EH 1 2%
BAads WAYSF gt A5 HUHE {lske
W 2718 Al A ol 2 Al sk 2
8 AR EfY o dZ2 49 At 2 EYF g§E
T Atste] ¥t

7.1 2i9E =2 By

% 2718} AT DAV e ot T
& ARl A2 4o BeF YuE BT 5
1749 g)el Ag-sh 2718 ol% shte]
2o 7} wageks 9ol sl 2t Aol
3]»‘: 28 EgES ARk &3

Aol 7zl A%l wlmsidc
4%+ SDH A]—E—%‘ A El%i‘r HEZ

OlA
g
=
>

SuaT,
2 oz
oﬁL

fu

o2 o2 EI &
03.°~"
qu

2

For

rae e
=

A (list-up) SFaL :Lﬂid AR
o] B3 LSA WA Z7)S =y
2E] tgi ALkstaTE. W R oA Ay
2s7] A8l 7 === i 3
oe] ABN9 = F9ul

AS lﬂ HEZ 9‘%«1 FE=6
e 2oy JEH I3 Al
Zre] Aoy Ade] = F HY

M HaE 7}111
o] F9f 1/20]H,
el Fo] JYo] &
o] FZoM ACE

[«
&

[+
[}

stributed Canirol Model

=
ALl e e e e e
Y

Total amount of LSA messages [bytes]

100 200 200 400

Number of Nodes inside an Area (n)
(a) & ZEJ| 8N 2t aidh=

a2l 7. 7 Ao} R A= LSA HAA|9

LSA MM RS 2 Hl @

718

ok

[¢]

B
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o] o] 2ok 71 Sk

olsl -8 714 BlollA] 7+ Ao} TR uhEl=
LSAS] & G w=so) Ja o vhef Helst
o, x=9] & 5700lA 5007H7kA] WEAIT|HA
HEAIERE LSA WAIR|S] ok 18 7o) RN

a8 7 @€ 7 Aol TR W 27|84 24
= g]_(,b_lﬂ AR LSAS <otk a3 7 b= 7t
Ao FzoA FZo] P99 Fupbd wFk Y3 F
W7t A71E Aok WER 99 SDH wd g3
o Aok A7Ne gl washs LsAS o2
A4 ABE A 8 A9 Aol 7x cbe JFY
A%t Alo] Z (b), EF= J5¥ 9% Ao %
(a), GHE 82+ Ao %9 ZH$o|th

oo} o] YT EHA WA= LSA w4
A o] BAYS] Aol W Al H2Fe &
QElom, ACE —g—amo] WEle 18 A
& Alo] FEE9] ASHTH ACOM ASCRY] T
F A Mol o] X]% AZd A9 Aol 1=
o] A97} X A oF 2= 9tk

=

‘e

oy

°1-'

7t
78
=
=,
°

)
=

7.2 oizd MR AZ}

ol Aol & 24 ke &
A7) wEol Aygksw Ao Ao FREo A
A ARS FH3R H]ﬂO}‘}i_t’%out—of—band

W] Ao A EZEA7} vlolE] Ade E
Z2A 9 doial 7Pgskdnk 3, dF 24 ARE
< Fs] g ALHelE tFeE parameter”}
X3gly=d], BF Aol F313 parameterd} E A

TN FAYEE parameter2 UE 4 Utk B A
TollA FA3F  parameter2= =9  switching

time(0.5ms), processing A|ZH0.01ms), transmission
A17H0.02ms), 3+ area W H=Z Aol E&H hop F

g

Total amount of LSA massages [bytes]

. N P L L 1 1
o 100 300 400 500 600

Number of Nodes Iinside an Area (n)

Of e Al 2 8H= LSA DA RIS & B2

b)E=2 &
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=% /SDH 714+ % AgdolM A4 4A& A% AF5F Ao AA) B A+
7b Qoo gl Bodqrel A wHAYE parameter HR3aL g7 Wiiel] Ee1% &) g ytka
ZE 0XC == 7] JIAAYE Hv 100km= g &tk & JFE A9 9% =LY A o"r,
7F43& 9] propagation A]7K0.35ms)3} SDH °]§X4_EL‘—, %L%"_EL Z}%O] Je ot HEE 4

= 7ke] HAAYE Hit 20kmE 7PEPE we]
propagation A]ZK0.07ms)°] A, *dhe] H=ZI}
Bl area F(n)’, 'dhe] A2V} Fdshe ¢
9]9] area W A=) E3E W hop 7, It
A7t BHeke 9909 areas HYR= ACS F
A area W ¥el9] NC 7l A|2dd HARE o
28 u) 57438 4 = Hul hop 4, "AC-AC It
o] 3t hop 7 ol AUtk

B A9 UF area® AR AEHS 1Hs)
| wEol ~shte] BErl E3sE area ) S
2 A4 AR ARES Axksigoh sk A
e WEZ 949 W 39 Lspe dF A
AR} o] 49 W 9] LSPo] Ad HA Al
o= o] AL, 3ol W 3 A ARE
Al aread] WHE & ACNC 7+9] I-NNI
et Ad 473 A7t} area P £ AC-AC 71,
ASC-AC 7] E-NNI°| th3l 92 23 Aztez
o] Aldkste [AAR] FFS Fele o=
435k

o i B N
ox ¥
) z
i)

= o oL

I3 8 (a)v= EAK Ao 2o} Alorer %‘JT 9.
AF Aol = @b AZ AF AS =, )

2 AE UEnT) B AEEAN Aol T2
A2 44 ARke % AP ) ASCS] BiXlel whe}
S At A2 5 Q] whzel Aeksiac

73 E32 &€&

AFE Aol Fx= on] HE AFox st
I A AAE, F8eke area -2 AT Ao
gt EZE2X] g A de B3 BE JYRE

S00

—&— distributed
B0 |- | —— federation-centralized (a) B
—— federation-centralized (b)

Joo 4
£ s B
£
= 500 g
g amf E
E 300 4
S

2o0f

1 gm{7

4
U1 2 3 4 5 B 7 8 9 10
The number of transit areas (n)
(@2 e P2 g 98 €8 A2t el
T8 8. AF A A 237 2E vl
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b 2o RlojA ﬁi
—‘g— ]710]]%1 x-]]ﬂtﬂ—r,]_tﬂ o]':
A 0]
= g
;qln:_, LTEE load «] o8
7}A] parameterS< Eldledob s}, Alo] £z
HETR= 2 97 %421011 et eT7HE F=2e

hop S(H) ¥R WS TEFCHA et g 4
2 8T F Y2 Holtk

Pblocking = [17(17U)H]F (1)

sle] Aol ue elel & Y2 el el &
e Hlska, Fe g

o] Mg e
Wel g 2 U

ggo o
2]

I 8bye wAFE Aol 729 JFH-AF Al
of F2 @9 £ FES 7] A we 1=
8] FAstaL Bk Aolch

VI Z 8

FZ3HE Qe AMEAES] toket Q7S S8
7] S8l 2 "ERo} AMulage] FEEL
a1, FHToll= AREAF 7] peer-to-peer FAlo] Hl
Hol Pz WA Edfg Fo] AFe 55 A
e T UEYD YR fiEe EFe] dE ¢

A Vst ok w3 ko
o] IP 7k 2 E3teEThd Ao v

_1_?__‘: o]_-_\:ﬂ—‘:

Z2E= 1

The probability that a wavelength is used on a hop {u) = 0.3

—e— distributed, F=20
—B— distributed, F=40

—&— federation-centralized (a), F=20
—+— federation-centralized (a), F=40)

=}
0
L

=]
=

Blocking probahility
o o o o o o
o R oD

=}

3 4 5 =] 7 =] 9 10
The number of transit areas (1)

(513

by =t A F& 2 242 HE

719
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st
A
oft
o
o
L)
i
Ao
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g ko] Efge 83r1d FARE Aoy
ARz E2 747y g sk Muls FEE A
3 7= vs o#e Bolth

olggt AL sAS S8 A 7IE A
7 F Agrge] Fjto] FlEojof 3 o]E9] A
s G840F AAsr] g AEt Ao HH
o] FFo] QFEE v old gk A7}t B
AL QUoy. I 35S ITU-T IETF F A
ol Fxslal g, ZH; ASON (Automatically
Switched Optical Network)Z} GMPLS(Generlized
MPLS)&h= B3 sloll Alo] el tigh A<} %
=35 st gk

E 3= ASONZS 7Hke =z s ZAlY 53
dato] Ao W FxEX JFF AT Ao +
@ b), 12 JASY A9 Ao 25 AL
A, AlojdEz 2hee PR Edy ¢ d2d A
Azt 2 B8 8F 55 Fgst vlustth
A3 AE5E Ao e BN vs) 29
o] FA sk, Alrdy dxpel] o3 A
A 7 ATte] Fhasi, H=E 44 Al B8F &
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