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Abstract

Increase of internet users and new types of applied traffics, have led to demand for more bandwidth for each
application. Hence, the amount of internet traffic has risen sharply and it has demanded to use limited resources, such as
wavelength and bandwidth, more effectively. These kind of needs can be satisfied with OXC(Optical cross-connects) based
on GMPLS that carry out IP packet switching and wavelength switching at the same time and provide very wide
bandwidth. In RSVP-TE signaling of GMPLS studied by IETF, every lambda router in core network should be able to
convert wavelength. So, lots of wavelength converters and needed and building and managing cost is high. Another
problem is that optimized traffic is limited.

In this paper We suggest strengthened GMPLS RSVP-TE signaling algorithm for a better lightpath setup. When setup
signaling is blocked, suggested algorithm does not send PathErr message to Edge Router, but looks for nearest lambda
router which can convert wavelength and carry out setup signaling from that node. Such algorithm can reduce the chance
of blocked lightpath setup signaling and provide effective arrangement of lambda router in core network by calculating
proper number of wavelength converter.
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Generalized MPLS Control Function
TOM Channel control function

Lambda control function

Fiber controf function

]

[
[ ——

FA-PSCE{LSP gec )
FA-TOMS(LSPou )
FA-LSCS(LSP ¢ )

[ FA-PSCS{LEP s )
[:' DDG La 1 Fiber 1 DDD
[L;jiﬂ- nop == — 0oo
_ 8 " sk iy
I. Lambda2|—1 ] 2
Fibarn
a8 1. GMPLS-LSP A &35}
Fig. 1. GMPLS-LSP Hierarchy.
Apolel 5 9 A9 Y7k D F Qx, B 2ol
4 9 7}9] LambdaZ dlo|HE A4 & g a2

9, F == Abojo] AUrteE Aol FEIF YR BopA
7] W&o vl Pargs FoA R 55,
Aol ERE FAT HufjA e PP SE Link Bundle
olgt1 g}

A WdlE old Z+4e ¥3y Lambdadltrh gk
g2 37] AeiA IP F48 g9sjor gk 22y &
AP F42% 12 Aeoltt. 1A e PF4AE
gt o) ofd Be-E IP, 33 Wi ZRE F
arEn old ¥HY-S Unnumbered Linkseha 3hch

Ul AAE F9 F2A Fof7h HABE 23S F
9 x=ZoA delF= LMP(Link Management Proto
—co)& ol &3A HAe AF Flg EHAIIZ Q)
th LMPE =z tialA AojAd #e), add 3
A, HZ ST, Fol - FEE oA AFTIHEE
A A =] o7t}

o AHAZ

MA
oo <

2. 7|&9] GMPLSZ =

7t ot 2t H

a9 29 19 32 A 245-El(Edge Router)$t 39
21-2-E](Core Router)S] 72 & BodZc}h oA 2H9-E )
A+ incoming packet®] FFH(MPLS label packet,
SONET/SDHY| time slot, 373 #o] & 191 Aol wahA
bundling-& 3= th.

Core® o] &t} gt9-H & o W3 golw(fiber) B2
T/4Erck o] selwl= ot BHE9 AZdd AHgHE T
incoming ZFo]¥ ¢} outgoing IHolBlE &) 7H¢] i)
ofsf A€t sto|HZRH incoming Al 122 Al

{(997)

43

Welongth
router

a2 2. oXl 2l9H
Fig. 2 Edge Router.

Aﬁ,, i) ppe s
[ﬁ"—"'—"’-— 1[“

ag 3
Fig.

3N 2t
3. Core Router.

F 29XE Eo7p] Ao 289 #uE Fsddh 3
2ol M A7 Uz moll= stolwE Bujy] Ao
94 thE3Hwavelength multiplexing) S 3}

714 2& Ptk A 22 F22 v 5 gl
Z, ZAAAQ 7 =< 93] A8 e R
A 317](wavelength converter)d F 22 3t v &
o]& w ojm] 22 it AR F ol2tE 1 ol
ZTHE outgoing THolME AEE AR Mol grie]
wako] et} 3¢ M7 incoming BTHE A
34 e A2 FFoE ¥z

Lf, GMPLSOIMe & Z=2 &F

2 AellMe a2dA HHA7A GMPLS 3 4=
Aol ois] Aw3ttt. 4 RSVP-TEE Ah&st
GMPLS &3& AMgsgdzn 7pgdd. Aladge
downstream 27 RZ=9o] 93 HI3l=d upstream
nodedlAl AEH setup #HolE L7 93] down
-stream node® &7 &3t 5Ed HolgL T
Feieh ool AFS AT} Zo] Al1EHL ArdA

%4717

=



44

path messaged] E AT olEo] AZFHE T
Resv message’t £8¢9ch & =F9 FHL 58
golEo] 5% Yri= 57]35} "Hohe Relth
Aol ol BAR R F AR FHo] AT o
oz e Agod ZHAAAY] AE2E BA{A
Az7} 2AEYH AAE RSVP-TE path messagedl
golgd 87 AAg Xt 8 A=V AHHYE
= 422 s =EE 71530 GMPLSHA

gol&e g7gted FAHH
downstream node’} setup 22 & Aeditt o] g ¥
o8 a8 ooF A& path messaged] EEHH,
upstream node’} 3 W3S 53 Pav) 0 =
Fol xzol QlojA wig- f-&slth. 2@l down
-stream nodet= #°]&& ¥%3}31, upstream node”}
AY Aotk 19 4= F AR A dAE 2
3t} Step (@)l A~ _‘r_E(source node) = {M, A,
A3, Ag, As, Ag) 6719 o) &S path messageo| ¥3
O] AL A2 FolH(source laser)ol A AHE 7HE
2 Tt 2 og gk EHE
incoming olET AL 7hed HojEE uPFo=
vl et A A g e A9 olmj
ARG Fol7] WEo] A, Ay, A5, Ag©] HOlER AE
t}2 hopoZ path messages B3
(forwarding) ©tt.

Z+ g} #BeEe SHA7A doles
o2 WPFE T FHdT 28 o
golE Fd s Meggr. 2 %°ﬂ EHAE step
(bl X BaFe AT 2ol Hol&S Hdsty, A4
HolE At 227X g3ETh BE dojEo] 1 F
22 I3Egy L2dA EAXZY F AR2E A2
AR

a9 58 o3 #dlo] W ASE AW A9
o] A29 #olB TAL (A, Ay, Ay, Ay, A, AJE
path message°]l £&t€ch A WA g} P9
3 A2 F3g3}t 1, outgoing HOIEE (A, A5, A1
AAg §F wA F G9EE outgoing HOlER
Mg AT A HA @ 2 edlA e incoming
dolEx AHE 7hed HolEg VAL uyF Ads
SRR § AAQY ol EAA Ferh woF
got SEL 3 BES FAHME outgoing o)
Eo] gltbd A2 A PathErr messageE Bt}
Zo} et 3 ddg & £ Yo step

e =2

upstream node®

Lz
A3

1.
Ry
A

il

17

g =e Py

e

by

h =
R

GMPLSY 7jeie) 3 3= H3=

R

U8 NN Yot

Lambdas already used Lambdas router

)‘2 Path - Path - Path

&a
A6

(@)

AZ
A3
Label set ’\g

(b)
)

A5

T2

\6

¥ R

T Ty g &
Lightpath
3% 4. RSVP-TE Aladd
Fig. 4. RSVP-TE Signaling.
Lambdas al;eady used Lambdas router
(@)
. Path )ﬁ Path 1] Path .@
M A gV
2 A5 A5
Label set | > . 8

Use wavelength conversion to o
regenerate a new label set

SRR

Al Al A2 A2

(] A

A2 A2

il Al )
=
Source Y o — )
Lightpath
2 5 ThE HE Al 2 HE P
Fig. 5. Lightpath setup of wavelength conversion.
(@9 Zo) HolE setd BAY QS FP3A R,
34 WES FaM 9T elo|gg ek WY W
she 3 AR AAL A A& Bt felE
ae Y HEe AF F389 F 42e 43
A% 28A 23 A9 vsiA delay’t HASIL, E
3 costZHAAE BE du} 21 Be £ 3%
M7 dAshe AL BlEgH ol
3. Motst epz(&E

GMPLSo| A 3% A 2% outgoing label sete] 1AW
g gSEolA o] &8 = e B WEsz g
W BZEd o7)dA outgoing label set2 AAR £
A & 4% Ut} Upstream nodedlld 33 HIS &
A dolE
28 25

set& B4 7S outgoing label set
A7) w&oltt. At ‘?a‘""’/]é‘)ﬂ’ﬂh

AZ AR A9A F SSEo A o wEs
& 4 glthd upstream nodeZFol] 3} HE7E
g A=

533
o]-&
gt} 2282 PathErr messageE BUlT



20049 128 MABE3 =

Lambdas router

-} Path Path 13] Path
; &t u

A No wavelength converter is available,
and request is blocked

Lambdas already used

()

PathEr with “No wavelength conversion™

Az - A5 { H
Source \3 A6 .L i
Al N L AN

No wavelength converter is available,

A3
M
(2] and reguest is blocked
5] Path N Path 23] Path
M
A A2 12

Use wavelength conversion to M3 ,\3 M
regenerate a new label set A5

@ Resv Resv Resv Resv Resv Resv @
A2 A2 A

nghtpath
(@) A A5 A2 a2 A2 22
- S I D
0 e LT L L]
router 1 router 2 roufer 3 router 4 router §
O 6 ¥ 4z 4%
Fig. 6. The lightpath setup.

2 g BeHolA 3 WHES Fidth ag2A
GMPLSHl& olggt code: fth o3 ojfz X
=T ME RSVP-TEQ PathErr ®AIAINA Xj2&
FTE A}

3% 6914 step (a)®) Lambda Router 4°1A Ah&
g g de B HEIIZE JYE EolE set2 1A
€t 2% X7 Lambda Router 404 AL&& 4=
g AE7I7F GohE o] upstream node® “no
wavelength conversion” BUA A H1 o] w4 X]‘:‘
a2 B ASHOE HEHIL HolE setd
g}

Aok o

A=

g s WA E Be I
2B 7 ALE griel #olE setd
% 29 694 step (@9 Bt S9EH 4XP Pl
dolE sete] Y AN A AAE HolE setol
siotd s MES dsjop @t sixT 19 69
g 2@E 494 3F wmEas $3g 5 Qo
step (@)% #o] upstream node® “no wavelength
conversion”o|@& WAIXE HUAA Hz, o]x3
upstream node =3 AL 7153 34 #Es)E
gtk o] ¥t ZHeH 3= 94 B #HEs 5

=] wavelength  conversion”o]@&  ®A}A]

upstream nodeq! Bt ZHFE 20A BulA "l
upstream noded AHE 7hed I WHEI|E 7HA

Ae B BEH, F 97 gt geE 200A 9 2
o] AMg7FEd I WEUIZL lE k& FEgdd
I 2o B £ e golE set tA] FAS

ERER
A~
-

g %e H) a1 &
(@

&<

¢

=

@
no

i

e

ZNH 44 EATCH12E

@ .

(999)

45

Lightpath Setup
request labels %ol

Je—{ PathEns UNO R T3 |

Yes

Backward ' & &<

No
Pathln & source® F%}

[ Pamen 2a

Incaming labels O AL

DY B4 label [z onez w |
ON2Z B8 ]

DNE2Z2E Rev ¢4 .
UNSZ Rev 85

a3 7. AHetst 2ict 2t 2&2E
Fig. 7. The lambda router algorithm.

UN : Upstream Node

DN : Downstreem Node

Rev : Reserve Message

PathEsr : Path Error Message

AC : Available Wavelength converter
AL : Available Labels

X : Threshould Backward node %

o] downstream nodeZ A%3HE step (09 AFE F
gate} step (d)ollA A2/ APHE 222 oo o
AAE AFerh 2L step (e)NXAT ah:} ¢
B 274 e A2, O dSFHE 33 d43 F L2
3 A2} A= 3, dHolert AgH),

gy 9¢k 22 dudgdEes FPIHE W back
-ward node F7F EHA I oldE 4L
delay7} LA 4 o

upetA 2y 73} 2] backward node F7F FEX
& ©l8le] 9o & upstream node® PathErrs H4
P, EYA g oldd HA$olE sourceR PathErrs
ot AE2E v AAg.

A}

ol

2

m 43

1. 7} §
A Edold BES g9 Zo] A
o3 AZM =35t 71 E messages random

o A Aol

o3 E Q7E Poisson TEAAM 93] nHFH
o] 2351, # AZ9 hold time A$F £¥XE W
=

e 527Y B AZE AAgh

o} A2 AHAANAL constraint shortest path
first(CSPF) & w&t}.

2. AEgold =

gl backbonedTx Y Fx
Zk w3 3 MAY fiber® FAHE %
Alggol Aol A M=4, W=40, m=202.2
A We 149 fiberd 53} Fojn o]

JLH

lm
R

b,
o}
. 04
o2 404

1}

&
|

A

o?f‘.. 0‘?}-’4 w
)

)



46 GMPLSY 7|4to] 3 32 MBS A8t B2Z8 )M Yot

74 74 Jhssla, me doh geEe ek
multiplexer Foltt. 183 ot F¢EHE CAY 33
5712 7}AY priority classt 2& 3t}

3. 45 B7t
2 =FdAe 71&9 GMPLS Al1dad vjasted
AL duFe 1&& YehllnA o2 Hstd o

2 227 98¢ Vs 23
GMPLS®) AlzdeolAsh 2o 33 Wl g

A99 227 FEP,,)H ALY LuE @o}

B4 Bl JE B2 TECE,,)e A0F AQ

s} 2.
Pb(a) = WZVA,:;: 1
=
] !ufW!A
]
Py = “i_"A—'—T 2)
YEHIY of2] AMujzo] ¥ priorityE Leisfo}

ik, whiEbd Z2te] priority classes(classl, class2,
class3)& FH3d HEIY HA EQY % ue 4
(3)% o] FAH I, priority class jo E#HY %
2(4)9 2t

= 2 % Ge el 3)
_ & A
=3 (4)

£3 add/drop node®l*l background E#HEH L 17

Z 1. MsEII mejoH
Table 1.

Performance parameters.

EdY F(A/p)

E#g %3 £k (packet/sec)

MY 2 E(packet/sec)

input/output 4 W3}

arrival queve (k = 1, ... , k)

3 Wty = (w=l, 2, 3, ., n)

o) wata

oo
o
5o
o

slob 3t} background EHFL A, ,mo) 2 FHHT

priority class j& %€ n=E=dAe] EdY ¢ 4, &

A A,
Uj n= 2 T (5)

9 priority class j, H&(hop)
Z& we] £27] &L t59 A6, (1),
®F 2ok A6)S I =2F Ad dAddA 9
E27 801, AN 3% WSS I f9 E

1o
ol
t
i

27 9E, ’51(8)% g ¥l gle A4y 23
55 247 Herdidch
Pb(NAL) =
ﬁ wf 1 23l
1- nzl{l——h—mk_m—,,;!-[kzzlo—L—k
m k
b e 3 () 6)
U-WA
<t WAl
Pb(Optical,conversion) =1- H(]-—_HTA_I:_) (7)
DY Hin
=, #
Pb(Optical,non—conversion) =
H (Ul‘,ﬂé'I/V)A
1-ITa- —)1" (8
e s rwi

a8 backward nodeZ9 EE27H FE(P, )2 T}
3} At

.z
T WAl
H )
n=l Z .’.’L
k=0 u v
H—Bn —&
X H[l IT (-4 )] 9)
b=0 n=1 Yin

o K

Algdold e &2 oA Fd(tuning) ¥ stel] o
E27 &% AGS gungsy 27 29
3

E 2 AN=smI} melolg
Table 2. Performance parameters.

backward node <

multiplexer 4°

(1000



20044 128 MXZE3E

474 “No tuning”& A2#ojA7t 24 4 &
B4 d&o] QE, F doliol duntel gl A
£ @3t} "limited tuning”& 8742 HgEd] sUE

A gl F+E D8, "full tuning”d] F$E

a2 o)A} ol ggo]EA] HEd F e 7
oy

Iy 82 #ol A9 tuningel i E27 &&

BolErh agelA YehRoe] &2 #HolAzt Bt

& 33& Jhd W A2 ==& Lambda Routerd] )

oS FAE F A st BF E24 &

Ay
E_
T=

e

AN

§d wo

=
T

2

g 29 e RAE A F+ At
a8 9% Fhop)TE 2002 nAst, 34 W)
o] #& FNAAE 9 tuningd BE7 5SS HA

aiies
39 103 29 112 ERY o] F71g wet &
#ojAE full tuning® no tuning F& w AU
due)Fe] B27 &S Jehidct 29 109 19
114 22t A% 4L BYS &9 atgr) =3 o)

EQa 74 A YESZ HAAAE
ot dtedl Y 1104 BXo)

P

cost WL 1y
Aty dueFS

no tuningAl B $3 Z&S YeEUH.
ag 129t a9 13 09 of" g e A
% ogt o
'% /‘ p’j —8-—No Tuning
% ) ~#—Limited Tuning
7 —-s— Full Tuning
1E3 / f
)
a soa 1000 1500 Z3a0 2500 3aon
T atal offered load
a8 8 & olAe| tuningoll THEt 22 &HE
Fig. 8. The blocking probabilily of source laser's
tunability.
:_\ —a—-F ull tunning
A —e—Limited tunning
0.1 LN ES — #—-No tunning
. e ‘x,{
;; am \\- \‘\‘;
£ NooRO
= 1E2 “w_m —I&-‘—-—-‘:&-—ﬁ AFL Pt
a 100 2d0 300 aany "~ sdn
Num ber of wavelength converters
a3 9. I HE| o WE 222 ¥E
Fig. 9. The blocking probabiity for number of

wavelength converters.

EAM M AETCHI2ZE

=l

fE e
x

Blocking Probability

ag
Fia.

Blocking Probability

a8
Fia.

Blocking Probability

o
Fig.

Delay time

a#
Fig.

(1001)

7

w4

[s)

1E-3 o

47

9e
2%

73$-9l upstream node® backward 3}
FE7 delay times Z+zh JeERRRIS

®»—GMPLS Signaling
*—Proposed Signaling

=

T 1 — T - —
800 850 700 750 aso 850

Total offered load (packet)

10. Full wningrl 222 &
10. The blocking probability : Full tuning case.

0.1

—u—GMPLS Signaling
—e— Proposed Signaling

[

15'0 2!‘)0 25'0 SI;U
Total offered load (packet)

T T —T— —1
100 350 400 450

11. No tuningAl 222 &
11. The blocking probability : No tuning case.

12.

—u— Traffic intensity(50%)
-—a-— Traffic Intensity(70%)
-~ Traffic Intensity(80%)

e o S S S

~7 T T
10 15 20

Backward nodes

T
5

Backward node =0l tist E22 &=

12. The blocking probability for number of backward

1E-4

1E-5 o

1E-8

13.
13.

nodes.

$-—9 0-0-0-0-0-0-0-0-0-0-§ 3-8 B GS—RB

—wm-— Proposed Signaling
—e— GMPLS Signaling

—

T
19 15

Backward nodes

Backward node <=0l TSt delay time
The delav time for number of backward nodes.



48 GMPLSY 7|Htel B 22 S st 228 Hd 4ot CELE
a8 128 d9ZdAN EY o] BE A5 [31 P. Ashwood-Smith et al, "GMPLS-Signaling
backwardA] E27 80| HU} 2 oz Zaste Functional Description,” Internet draft, Apr. 2002.
AE Ut [4] E. Manni(? et al, "Gerneralized Multi-Protocol
= o e Label Switching (GMPLS) Architecture,” TETF

2% 139)4E backward® W delay times UEFW Draft, Works in Progress, Jun. 200L.

t} Iy A == =9 o 75%7HAE backward
A 71&9 Aad¥ B} delay timeHAME A5 &
AE BYS AT

V.3 &
JEl Eade] Tua b 4o W YEY
2% Bez o Hed WeHd P AR A

Ao T2atA HAt olejd Q7o P A7 &2
A% 23 A2 294 F 7HR A g
Optical GMPLS #-$-E7} @39y Edy 29
Antel g AFshA H Ak Optical MPLS 2B & 3
A 2925 F 293 F A g BF AT
lom BAA A nEHAA = P9 F YES
Ao s FAFHAAE HH MEYA TEHS
7Y A e

IP 2}9-E <t E‘E} E}—‘%Ei g A +38
ol GMPLS 71 g WEAI7] AF 7
2 AMER = %L HEHZ 719
oA GMPLS«] olatqt} nE T
o} 2H9-Ele AR 3] Axe
EYA Azd B Z g ol "a o
Aol B27) 5oy delay timeS WA E H|E &3
ojt}.

2 g

2
s 25 IR

T R

ﬁ-ﬂ%

3|

»

\M&-J

N
T

A

i

1

Zo

L

dzga 4AAL 448 g
L2H costq*ﬁ'iﬁ.‘iu} o}qa} 6].1: 0301

< 7N

oo oL o X B
Al O ode o ro o

£

[11 Y. Xue et al, "Carrier Optical Service Require
-nents,” IETF Draft, Works in Progress, Jul
2001.

[2] K. Kompella et al., "OSPF Extensions in Support
of Generalized MPLS,” IETF Draft, Works in
Progress, Jul. 2001.

(1002)

[5] Berger, et al, "Generalized MPLS-RSVP-TE

extensions,” Internet draft, Apr. 2002.

[6] P. Ashwood-Smith et al, "Generalized MPLS
signaling-CR-LDP extension,” Internet draft,
July 2001.

[71 E. Mannie et al, "Gerneralized Multi-Protocol

Label Switching (GMPLS) Architecture,” IETF
Draft, Works in Progress, Jun. 2001.

[8] J. M. Yates et al, "Wavelength Converters in

Dynamically Reconfigurable WDM Networks,”

IEEE  Communications Survers, pp. 2714

Sencon Quater 1999,

P. Ashwood-Smith et al,

Signaling~-RSVP-TE Extensions,”

Works in Progress, Jul. 2001

[10] K. Kompella et al., "IS-IS Extension in support
of Generalized MPLS,” IETF Draft, Sept. 2000.

[11] L.-C Kao and Tsai, "performance Analysis of A
Generic GMPLS  Switching Architecture  with
Flush Capabhility,” proc. IEEE ICC0Z, vol. 2, pp.
1006-1010, 2002.

[121 D. Bertsekas and R. Gallager, Data networks,
2nd ed, Upper Saddle River, N.J. Prentice-Hall,
1992.

[13] R. A. Barry and P.A. Humblet, "Models of
blocking probability in all-optical netwroks with
and without wavelength changers,” IEEE J. on
Selected Areas in Communication., vol. 14, issue
5, pp. 858-867, June 1996.

"Generalized MPLS
IETF Draft,

(9l



20049 128 MAZSS=2ZN A 41 HTCH 12 &

X KA

| 2 & gl (HIH)

19954 ot

v Azt &9 (F3AD)

2002 Fgdigtn e
AzFAZEgH £9
(FEAA

<FBAE ok Optical Internet,

OXC, GMPLS>

2 o BHAHY)
20043 FA Feustm AAFNFHH w5
<FBABoE SAY>

(1003

7H

49

<FEA

Z 4 539

19963 A& ol &t
Axpgerst £ (FsHAD
Feusta ey
AAFTNFETH &4
(F A AN

AA) Feuga sty
AAFAZ e AT
(A} A

ok: Optical Internet, MPAS, GMPLS>

2002

20043



50

GMPLSY 7|¢tol & 2 HYE A8t 228 N Yt

(1004)

ne
ok
re



