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Control Mechanism for Multimedia Services

in Next Generation OVPN

Chang Hyun Jeong

Department of Telematics Engineering, Graduate School

Pukyong National University

Abstract

A "VPN over Internet" has the benefit of being cost—effective and
flexible. However, it has difficulties providing sufficient QoS and adequate
transmission capacity for high bandwidth service. Given the increasing
demand for high bandwidth Internet and QoS assurances in a "VPN over
Internet", IP/generalized multi-protocol label switching (GMPLS) based on a
control plane combined with a high bandwidth, dense-wavelength division
multiplexing (DWDM) optical network is seen as a very favorable approach
for realizing the future "optical VPN (OVPN) over IP/GMPLS over DWDM".
Within this architecture, providing QoS guaranteed multimedia services with
a differentiated QoS guaranteed protocol framework with QoS recovery is
one of the key issues to implement. Therefore, in this paper, we suggest the
entire interoperability procedure of control protocols and its QoS
maintenance scheme based on differentiated optical QoS service (DOQoS)
classes for providing end-to—end QoS in an "OVPN over IP/GMPLS over

DWDM" architecture.
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II. DOQoS-OVPN +% 9 23

1. DOQoS-OVPN +&

SLA negatiation y, QoS Traffic Policy Server
OVPN A A ey ™ s it
Customer Site 1 ‘,—"' ’/S‘LA download

{~ (IP/DiffServ) | CEl

I OVPNA .
Customer Site-2"

L (IP/DiffServ)
cez |8 vy

PE1 P PE2
ovens | 8 GMPLS-besed B e ovene
( Customer Site usto e
tical Internet Backbone ; .
W Op - (IP/DiffServ)
> < - > < »
E/O conversion Transparency E/O conversion
DOQS mapping DOQS mapping
Optical LSP provisioning Optical LSP provisioning

Differentiated Optical QoS Service

a9 2-10 253tE 3 QoS AlFE 9 OVPN =24

AotE= OVPN F2E= 1@ 2-13 o] A7E Ao} m=ulel 7h9lx}
Abo]l E(Customer Site)E1 33 A T=uelel DWDM 7jwte] wiBulo =
TAAEI, oS Atele] FZEASQ AE 98 IP/GMPLS over DWDM
TREFZ ARRST R ZIRiA AbolEE 253 A8 2(DiffServ:
Differentiated Service) 7|¥Fe] 1P Wo = o} X (edge) x==¢ CE(Client
Edge)dl = FLad QoSE 7M= #7152 aggregation 3ol 1kl

g &olatA gk WF OVPN wEukd GMPLS
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7IHkel DWDM Woz o x =9 PE (Provider Edge)?} Foi(core)

LI o
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0l P(Provider)®  FA¥HT 7zl Alo]EoA  zd®  do]



EdqEdss Fd wHg glol ZYgITh ol QoS-TP Mu= A
Aol E7ke] DOQoS #l&& Hell 17 AfolE9h OVPN W2n) Afe]o] Ajw]x
T AR Z 9% SLA(Service Level Agreement) Ftv]e1E2 #243} QoS
= L =L=] 3 - O -0 - 5
Q7 Abge] ARH ¥ Aw 4R 2 44 A5 duw
2. DOQoS-OVPN =& &
SLA parameters
4
/ Management Plane \\ / Policy Management Plane \ E / Control Plane \
- - - ' OVPN Constructs Agent
QoS Failure ] J Policy . discov .
1 Management Ageni r '[ Agent J‘ l::;:);:;s::ﬂz:;:rpcplzn)g
OSPF-TE+
i I MP-BGP
Optical Resource QoS Routing Policy > Routing Agent ettt it
Management Agent | f Agent
i N 1 presnee [ SEPE B RSVPTEY
- h gen
o »> Mzmge'::::t Agent I | R:s‘::)lrir:vé\gem } - * | Optical path setup & relcase, > Ad:ﬁ:::iml
0 - ‘wavelength allocation) Control
N NG
Link managenient [ Switching table updates
Data Plane
Ay \
A Lambda/Fiber Switching Table
Port 1 {(input port i, Jambda j), {output port n, lambda m)}
A

)

=
=

Lambda add-drop / Wavelength routing / Wavelength translating
Fiber switching / Waveband switching
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F QoS Al
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=
T2 9% OVPN w9 7% H3&
Fael ¥ A9 wHE: A% B

wels A3 AA we]l Y9 (policy

management plane), DOQoS Q7FAlgle] wE &eEy Ala2dd 7|%e
Aol W (control plane), HolEHES HEE ERe= dolH
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QoS Failure Management Agent: Foluy eojx=x9 FAo=z 9l

Failure 244 QoS Recovery 71% 3
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Optical Resource Management Agent: AA[ZHE Q] 2
el 71s 3

Link Management Agent: ©}% w=zre]l 3 Py ZTREFS
LMP(Link Management Protocol)[7] % x=9 OLS(Optical Line
System) Atelel e Aw wmE 9F% LMP-WDME  A&-stol
FA 2o Ao] A diolE A FAE Al B e

Negotiation Policy Agent: QoS-TP AMulZ %€ SLA | HES
7o

QoS Routing Policy Agent: SLA &7 AFgte] A3 QoS 2h¢¥¢ %

Aate] SLA QF Abshel Aaker e AR

rulo

WE 9 A planning 53

Resouce Allocation Policy Agent: SLA Q.- A}glko] #2313l qb 214 o]
sty Ed e Az Yo (traffic engineering) 533

OVPN Constructs Agent:” OVPN2] SAlo] st B2 dys

A& Y8l auto-discovery, overlapping address, membership 5 ¢

Routing Agent: DOQoS B2 A= AAt

GMPLS Signaling Agent: GMPLS Al1¥€% Xz &F9l RSVP-TE+
(Resource  ReSerVation Protocol with Traffic Engineering
Extensions) [8] &< CR-LDP+(Constraint-based Routed Label
Distribution Protocol Extensions)[9]& o] &38to] F7 2] 4% 9
Al 715 3

Call Admission Control Agent: @12 o]-& 7}53 WA S 118 35t9
A A Wo] gt g ¥} DOQOS M- stetvlg s #2 off AA
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A% T Aele] FA0 SLA oy 2 A53tE 3 QoS AFE 91§ Optical-
LSPE Agstn], dHolg =d49E5S AYY Optical-LSP2] Lambda/Fiber
Switching Table & #Hi1sted o] E(F4)S w&stHA LY drh

DiffServ flows
1P layer Class) Class2 Class3 DOQeS 2 &
A o A A
—— N/ - N
SE00E| | ¥ hEL ¥ ¥ ¥ fqos-Tr AH
::' Interface ‘- frmm— pr— == L_—T_:‘ s f— ORMA
H s 9
Ay Xz Ay Aa n P
O ptical channel section (OCh)
R OTND
(g ?7‘\;] Optical multiplex section (OMS) P33
3 Optical transmission section (OTS)
i
GMPLS label Data rate adaplation Muliiplexing Wavelength
generation and convergence Demultiplexing translation
Header geheration and convergence
. Header rewriting
Class 1 l:l
\D\ Electronic buffer
IP Jink N T —
Class 2 I:I B__;: Optical Tnk
1P link oty
Class 3 u OTU header
1P datagram OTU payload
a9 2-3. AH5EE 1P An29] DOQoS -3
OVPNZ W2 Abgate] Jug FHshA dAFstr] s 29 2-33%
2o A% Tx=z FAHcol 849, [P 850 DWDM # wmune %a
Adx7] Y= Och (Optical Channel section) A& #F AdEL =3
deet Fz7r #Hd T g EoloF gy
£ EEolAd AAE OVPNZ 7HdA AolEE AF3st AMujs 7|wie =
ol FU# QoSE AL P 2% F2ES %ol ¢o| BPEE Foln
CESIA Moz Zdjart gpshs 548 melste P 29 #¢ A%
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Fads wiste, A53E F QoS A¥|xE AlFITE o|HE-0/0-
E(Electrical-Optical/Optical-Electrical) olg H o] 2 A& 29
Asonye HAFsHox e P #H2e od ZdAd Zled AR
slebelelell ule} class 1, class 2 % class 3% Yo, DOQoS EHLE=R
GMPLS #eol&&  Adsdg.  =els GMPLS  dloj&o]  AR&EolA
(encapsulation)® [P deolg138 o2  OTU(Optical Transport Unit)¢]

slojzE PRg WAs] AEEL WFH, OTU SIHE A4E %, OT

c

ERSES AME U2 QoSE /e #Her 4 waFezn WDM
AFoz A7 71%5S AFd o8 E-O/0-E RIgdolx AFE
Ao} el QoS-TP AW ¢k ORMA 71%5& =%38ko}, BERBIt Error Rate),
el.SNR(electrical Signal-to-Noise Ratio), OSNR(Optical SNR) #}#{v]E] &
Fazel FAE FASEA, AMulzed wE F zdel g9 270 YL

2719 A}g o2 DQOS ZY o W} aggregation®d ZZF #HHldA] g

ol

SE QoSE wAsY wdl 1P Hle FAEs ol FHEA

2
ofx

3} A
sto =24 OCh 3 #glolAe FTdt QoSes BAsh

3. DOQoS-OVPN Ao slAYE 72

OVPNell Al A}53hd QoS #1F& 9% Optical-LSP9] Hd ¥ QoS

FAE Qg dA AAHL age-49 Zvh (A% Bl A AtelEzE

HEE wEE Folol FAR HAHE 9 £ HAoH, (O D)e



OVPNA: " !
Customer Site 2
ey

OVPN A .
Customer Site |

(Ip)

CE1l CE2

CE3

OVPN B OVYPN B
Customer Site 3 Customer Site 4
\Q/\)/ a®)
@ - L — = - LMP+(33 8Y) e - - - -»>
= — - » 6SﬁF;fé+ - = P
o S
D e 2 S MP-BGP -l ——— = P

|

- SLAnegotlallon )
6 e —— — — — . L
i * " . QoS routing : MW-MIPR) > >

©) - - -~ L -~ RSVP-TE+ S ->
(E) -~ = - Po——- ‘Davvt'a 'Iv'vrén'svm>isvsion - — e e e -
) - == r-—- LMP+ (G2 #3) Sl e -»

29 2-4. DOQoS Al&& #% OVPN Ao vlAUE 72

o] El
ARE A5 wdgozy 2 w=ghe] Ao] Ago]l F&shA "o

®E @498 ZREZA dgse 2 wcol 9y HRg wusts

F

HHo=z PETHY #9¥€# CE9F PEZRe 29€2 3= MP-BGP(Multi-
Protocol Extensions for Border Gateway Protocol-4)[10]9} OVPN #H X r}
el PESF Pzhel @®¢® 3, P g9¥€E sl OSPEF-TE+(OSPF

Extensions in Support of GMPLS){11]7} <lt}.

(O 7t9a AtolE9t QoS-TP Auizrel SLA €4 #AH22 QoS-TP
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A4

ordered control W&o 2 #o|EL @d9st PATH "Al A= Generalized

oo
&

t} B =FAl= RSVP-TE+E AM23}d downstream-on-demand

Label Request, Suggested Label, Label Set, Upstream Label 52 GMPLS
Ml (object)E X st WY o TEFZ PolBL 3} Ingress CE
=T 7F RESV dIAAE S48t dolHE AEE FTuzk H23d #olE

27} o] Fojzlc}.

(BE)e= dlolg] A% FAo=z CEAAY FL3t QoSE 7HHAle #AHAES
aggregation & dlolg EfHEL PER AE3}i PEAAM= 3 4

)P

(B 3428 fAse #Ho=, OVPN #HEF Uo)Alel Failurew 7t
== 9lPower Monitoring - Module®} ORMAS] A5 dFoz A&Exn,
GMPLSY #3 #e] Z2EZQ LMP(Link Management ProtocoDE &3l
Azt Ao, o] AL ®/
ezt a7 Hu ol Aoyt WAzt Ao $ X

8as 71 E=EdFy EgA7)a, DOQoS =¥ AFdEHd 3E

o

== [s) (o)
E£45 9

e

B Fad Aoz WE

1
of
B
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2
b
o2
i

2716 2 Recovery HTh

ol g 7 ©AE AAF W82 4FA &
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I1I. DOQoS 2 A9

A AAd QB FEAu s HAL Aus FEHE FROATL

Digital #4¢1 HDTV(High—Definition TeleVision) A}H]

I
s
il
ol
é{l
X
dlo
oX

Ak A aE 7 g VolP(Voice over 1P), STEY 3 3o 93 video
conferencing AMul 29} A Hx oz de] Wolzl suwSAe] wgE HA0 2
AH4 5= Tele-Learning A¥]2 2]3 el HAT SA79S 29
220w A45E  Tele-Instrumentation AH]2=9F 7R3 oA @Ad o
223 B8 WS E Tele-Immersion AMH|2& 5o AAF FHo AZA

GLIESd e 5

olg)at At} Qe OVPNolA  AlFF ool Fte SE&AMHAE
QTEE QoS ETAH o dmAoz A SFoE BHAT[12,13].
Premium #]W] 2:(class 1)3= A€l A3k 343 39, A7 o Ed el H(circuit

cmulation) AH]2=9} ol A A QTS THAE FEAMHIAR

£

Ao &4, Ad, AE 2 Hd d5ES BN o

R
zZ
>
2
£
>
n
w
=
i
@
a

ABl2(class 2)& ;A Loy #R vt e AMujze ol HEL =AY
23 B CE B AFELEEE RASE ANAE Hage] FAZHQ
QoSE BA#h AMY MulAlclass = @A TCPL UDP 7)utoA
AT ez, gAHed QoS e 75k e Aulzelth B
=R = M 5F WA VPN SLS(Service Level Specification){14],
BER, el.SNR, OSNRE&72z, ¥ Ao &3 23 2 3 Hof s
o)z Al FA gt AEQTAHE(Survivability Rate) Sol o

a=

&

dohAd ol

i

wep 19 3-19F 2ol AF-HCE DOQoS ZHAE EH

o
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| ooascuss |
T

.
Class 1 i Class 2 Class 3
Premium service Assured service Best effort service
EF (Expedited Forwarding) PHB AF (Assured Forwarding) PHB Default PHB
I Quantitative seryice Qualitative Olympic service l Funnet service
/ / \
/
" Bandwidth Minimum rate i
ine senvice | oo fordata I | “guaraniee § | J%0, conice §|  Sorves
service service
/ \
VolP IntServ  Controlled On-line web browsing
Video conference Virtual leased line 5| Load flows E-mail traffic
IntServ Guaranteed [§ for data-applicati MPEC video stream Better than best effort data Business traffic ASAP service
service flows Bulk FTP traffic

18 3-1. DOQoS +4

WA VPN SLS  FolAl DOQoS AH#o]l Aldd EEZA WHYE
Ingress/Egress QE#Hol~5 el := Scope, 1P AL 253 An)x

AR, 29A Aw, SR Ao we} ¥5H3}i= Flow Descriptor, ¥

S
. rﬂ

Traffic Descriptor, T &Y iAo EfE AYdE 7|%43= Excess
Treatment, Avj2 B3 debvjg] el Ad, AEH, AL, #H7 &£4ES
71% 3%t Performance Parameters® DOQoS EF IZujglz  ARE3Hy]

QoSa72 M wet 85HoF ERTTH

s

GMPLS &= ddgow ooy 3bitd Exp(Experi-mental) =7}
91t} 15]. o) BT E CoS(Class of Service) 71502 #8354, 22|49
4ol wel Exp @& thEsl @dslel, 49 Fazo wzld did $4

a7t Jhssith B =ROAe 28" 3-19 DOQoS #3d wal GMPLS

-12 -



Exp B=9] ghg 3£3-13 #o] #g 3

% 3-1. DOQoS {rdl W& GMPLS Exp #

DOQoS service type GMPLS Exp field
Virtual leased line service 111
Bandwidth pipe for data service 110
Quantitative service
Minimum rate guarantee service 101
Funnel service 100
Gold 011
Qualitative
Silver 010
Olympic service
Bronze 001
Best effort service 000
BER (Q) = (1/N27) - (exp (-Q? /2)/Q) )
el SNR = 10log Q° 2)
1+7)-(1+4r)* B
OSNR otwm = M._Q.Qz
(1-r) Bd - (3)

* r=0.15 (extinction ratio of the transmitted optical signal)
Be =0.75 x fo (effective electrical noise bandwidth due to bit rate fo)
Bd =12.6 GHz or 0.1 nm (optical bandwidth for OSNR measurement)

AubEel  fAY  BAAAHo|HE BERE Jytog XFe EAL
ZAg Fazel ALx o F MR, e Sozm e &z Sal

oA BERE AT ezxd &4 4 dd. a3y OVPNY Optical-LSP
oAl blolH = Fd W glo] FHEA AEEHEP 2 BERES 4 #lo)A

AAR o7 =ZAHs 7|+ ¢ odg ggua B E=RAlE Q-factor

ofr
tio

(1612 A-83le] ¥ Alzdolxe] BERE FAstel w4z 4o A

&
o

ZAstarz} ok Q-factorts Al &RE FAAQA AT FEogE A

-13-



wjo] SNRS ZAd gtolwl, eye diagram® FAghel 7lnke] ®ch o] ¢
Q-factor® A}43% BER, el.SNR, OSNRY| dadrls A(1-3)2z A9
HYH[17]. zejes 2F Aulz e QoS 87 A el met BER, el.SNR,
OSNRe| dAAE Aested DOQoS Bel=E Eisti, W e & 2ol

]38} Failure 7 Zo) A}&3hc)

DWDM 7]¥te] OVPN wEulo] X EDFA(Erbium Doped Fiber Amplifier)

ol
N
K

N

B3

El

)

o,

!

Ol

ok

K

in)

rlo

o

dn

Jp

A Aty w2 Fase
HEe 93 durdomw wol Al&EHTE 53], C-band{! 1,530~1,565nm

8 dB/kmo] & @ AgE 7k,
X9 JFE melste] 1,625 nmAA e S AUE HeE §x7 28T
 2id, L-band(1,530~1,625nm)E 0.35 dB/kme} 7H] AlFE 713
[18]. welA, Alz]Ado] o Folol 3= Premium AH| 22 Optical-LSP+=
#37F 7bg A& C-band dGulolA] &dste] ¢4 F FH AuxE
A 23tk Assured & FHA3 Mu]2e] AL Premium A18] 29 vl H&
THe MBl2olE 2 L-band. WA 3-& d3eoH[19]. Te]a ot
bser AA FgE Al Zulzel uet HHd ¥ E(Premium AR 2
10%, Assured A¥]2 30%, HAE Myula: 60%)= el 3 G2
Aol AdfE7] Hell B3 @& HAE F A gozy ¥ Uy =g

atel ATE =S WTH201.

F Az dely &%l A7) wael Felrk 28e Ay A

o

]
c

o

stz 3 wXRdgolME B3I (protection) ¥ EF(restoration)?} "¢

oot wE sPe F A4z A4 A ug 2 oY AR Fol
=
(¢

o
=2
N
>

T

z,
)
",
g,
1
2
ol
[l
|

3 28 QoSE AFHM, BF 2Ue W

Folsl WA @ Fol W F2E FHOR Fojob s=ePe BTk



o3 e AAZF HolHE HAEEE Premium ABlAE Fad wEe
w8 QoS BE WAUE T& GMPLSY BE <% A8ste] 50 ms
olale] FB A& FAT, Assured AB]=E GMPLSY BT A&

Agakel 50~100 msel &% Ake JHth HAAQ) QoS BAE 878

P>

ebe HAY Aulzas 1P odReAe B 2318 AMEete 100 ms~¢

7k 2] M2 1 oAl TCP AHFS T J gt

Wobol ge vpgoz At OVPNoIA 2 DOQoS 45 i 3-29

ol Ak,
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¥ 3-2.D0QoS &=

Class 1

Class 2

Class 3

Premium service:
Expedited Forwarding

Assured service:

Classification (EF) PHB Assured Forwarding (AF) PHB Best Effort (BE)
criteria Virtual Bandwidth | Minimum service:
rua pipe for rate Qualitative Olympic Funnel Default PHB
leased line d o . .
. ata guarantee service service
service . .
service service
Scope () am (1) (1) or (1|N) (NJ1) All
Flow EF, EF,
descriptor S-D IP-A S-D IP-A AF1x MBI AFix None
Traffic _ (b.r), rindicates a NA, the full link
descriptor (bor). v=1 NA b maximum CIR (b.1) capacity is allowed
Excess . . . .
treatment Dropping NA Remarking Remarking Dropping NA
pert [()=250 Gold ] Silver | Bronze
erformance t=5, .
R=t R=r NA NA
parameters q=10E-3), Delay or Loss must be
L=0 (R=r) indicated qualitatively
GMPLS Exp 1 110 101 o1 | oto | oot 100 000
field
BER (Q) 107" (7) 107 (6) ~ 107 (5.1) 107°(4.2)
el. SNR 16.9 dB 15.5dB ~14.2dB 12,5 dB
OSNR
(fo=10Gbit/s) 19.5 dB 18.2 dB ~ 16.8 dB 15.1 dB

Pre-specified percentage

Best use of the

Resource (10%) for this service Pre-specified percentage (30%) for this service remaining bandwidth

allocation (C band: 1530nm ~ (L band: 1565nm ~ 1625nm) (L band: 1565nm ~
1565nm) 16250m)

g | ion/ . .

Recovery Local protection/backup A-LSP restoration Restoration at [P level

scheme A-LSP -
<50msec 1-100 sec

R . N 50- 100 . .

e:i(:"v:ry (Detection time: 100msec (Detection time:

<100msec)

(Detection time: 0.1msec —100msec)

100msec ~ 180sec)

(b, r): token bucket depth and rate (Mb/s), p: peak rate, D: delay (ms}, L: loss probability, R: throughput (Mb/s), t: time

interval (min), q:quantile, S-D: source and destination, IP-A: IP address, MBI: may be indicated, NA: not

CIR: committed information rate

applicable,
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"LMP+ : End-to-e [ ed o4 ]
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... Parameter, Bl&k.

MP-BGP: & 20|
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update

!
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|

|

|

|

|

— e M e e e e e e e ma

3% 4-1. DOQoS-0OVPN Ao o AYZE
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1. Optical-LSP A9 4] fAUE

7}, LMP+ 9l 93 end-to-end CEZ} €3 AA

18 4-2% @ave] ZREZQ LMP+o] 9ste] zb ko] Ao A dol
F2bslol OVPNe H =7t A se Aol

(A= ==7ro) Aol Age &A4387] Y] Hello WIAAE w#ste
AN zZF 7223 Hello WA A9 #Hxz2 Sequence numberZ® dAst= AW}

9% Config MAAZ 435 waste] gaa

CE PE - P PE CE
Config msg
(A) Hello parameter Confighck msg
negotiation < < .
- - === L — — - Control Channel Activated = — — 4= — = = w = -
Hello msg
(B) Fast Keep-alive Hello msg R
: FrlHo R uliHe < .
- —-——-—--4 L - — - Contro! Channel Up b ———— >
LinkSummary msg
‘C) Link property LinkSummaryAck msg
correlation < < .
¢ - - — — - + — — Control Channel Oberétior{al - e = - ~

a8 4-2. LMP+ 9 =2z

B)e w=ghell Ao Ade AANE §X5 5= Config AR oA

HAAHE A7 A Y Sequence number®E &8k Fr|FHoE =1l
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O ==z ZAsa Aol Adg 247171 916o] LinkSummary
WA S ALgsl fa9 oFst e, BnIE dAYE, vEddE P30l

2 X

£3l= nE= dolg "o wAE, dHoly @39 ¥y 59 3

it
tlo

w@et. oleja AAsh FaEln g 7t wE=ghe] Ao Ado] Fasil

Ha ey T2Eg ostel 24 weol ehgy Fust Rui,

. OSPF-TE+ ] 93t g}¢-8 AR w3k

o= |

CE

[ello

{A) Neighbor > >
. Hello
connection
[ o - = Adjacent = - = = = =] >
Database Description
(B) Database >
header Database Description >
exchange <

A

Link State Request

v

(C) Database _ Link State Update
exchange

Link State /\cknow]edgeme‘nt
>
>

>
>

= - - — Fully Adjacent - —— =P
]
¢~ — — Routing Calculation(MW-MIPR) - — — —p

29 4-3. OSPF-TE+ 9] 2}¢% ARr wg dxt

OVPNelA FAsle 98 Z2EZ2 = PEZRY] 2-+93 CE9 PEZHY
24" 2 sk MP-BGP9F OVPN &% o] PES PHe) k983t PHe
@8-S 3l OSPF-TE+ =& IS-IS-TE+ (IS-IS Extensions in Support of

GMPLS)[21]7F o, B =¥olr= OSPF-TE+E o]&3td g9H
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OSPF-TE+ 9] e}¢-8 AR mg Hdato|t},

(Ae 38 RA ddspAd oz PE Atolel oA 2l5-¥ ol Hello packets
WEBFo ZH o] =T olol connection®] o]F ol o] AR A}

HAH A ES “Adjacent” ] Aol slvkal &0, Hello packet F7]|H o=

(B): database header 13 3} o2 Database Description packet&
23 LSA(Link State Advertisements) header3hs wgtstod 1 FolA]
el Fhc},

e

o3t HaA AR

p 8 pu [e}
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~

(C)= database 3 A o2 (BYA] LSA header 3 & HQ 3 Al
ABEL Link State Request packet2 Esll Q-73l3, Link State Update

packetoll LSA(Router-1LSA, TE-LSA $)2 X3ste] 298 ARES

i

N
Or>'

it} 123 Link State Acknowledgment packeto @ $¢3)

[o
ku
=

DAY

%7] database %o} o]Fojx 1, database exchange’} ¢45%

ox
[aa}
_=
it

“Fully Adjacent”e} &kl

olZ@ 4 update¥® Link State Database ARBEZ ule0o 3 SLA A A
PEZ MW-MIPR &¢1ug]Z[22]L o|&39 QoS BA AZE AASHA
Ak

ot MP-BGPol 9lg 2+4-8 AH w2k

MP-BGPE IPvd 9" AR B ofJal o2 network layer
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(A) Neighbor Open R Open A
connection P >
KeepAlive KeepAlive .
(B) Keep-alive > KeepAlive
(C) Routing Update Update U
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information |«
exchange <

B)= a8 FIAAE HAs7 Y8 Fr7]80= KEEPALIVE HAAZ

wgste] o] =Tt HofdleA U

O 54949 #Ar wg @A, UPDATE HAIAE AMEste UEYA
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7} SLA @4 A4}
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_SLA reque st

T ———

MW-MIPR algorithm
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SLA download ey
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W

SLA parameter negotiation

QoS Path Computation &
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ey et T

SLA decision

SLA negotigtion __-- ’,’ QO(S,,‘Tr"‘,fh‘C POI’CY Server

OVPN A

\‘\jtis/

4 V4
Policy Agent Policy Agent
OVPN A 1 ! e
/DM Optical Internet Backbone Networ

29 4-5. QoS-TP Awjo] SLA g4 A}
OVPN #Zus &3 253td An =
QoS-TP ABjz7re]
ABle] SLA @A+
87 EH“! =, QoS

SLA g4 A7t
HA o 7HYgat AtolE9l CEE 29A % £x7
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Aol Al ALt QoS-TP AME
3 &£9] Traffic Contract (OVPN2] QoS)ol o
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=
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wEod 27 gdZa DOQoS Flzel AN stehv]EE wEstd, SLATH
FeEth QoS-TP A¥lE PERYH SLA seteert §350&& Falshd

CEA o158 TrgozH, Az Aol =l 3 Ao} =dd kel SLAE

@t
SLA parameters
1
/ Policy Management Plane \ . / Control Plane \
. A, . PN I
— — e OVPN Constructs Agent
Negotl:tlontl’ollcy @ e (auto-discovery,overlapping
gen S ok address, membership, etc.)
() IR e
l S o v OSPF-TE+
QoS Routing Policy > Routing Agent ‘.@_ - MP-BGP | -»
Agent 1®
)- o RSVP-TEH
e l© o GMPLS Signaling Agent | [————7 i
Resource Allocation L @ |, . gnaling Agent ©) Call
Policy Agent T » | (Optical path setup & release, <> Admission
= ® wavelength allocation}

\ : / Control /

a9 4-6. SLA A2 9% w29 I 8BS

Z1% 4-6% OVPN wE9) 7% BZ0% Ingress PE »Xo] SLA
stehulel 7 FAHAE el AAE JEhdth Ingress PE =59
Negotiation policy agent?} SLA IHEgE #4351 (D), QoS Routing
policy agent® EZA(trigger)E A3l QoS &7AN}E wEdte 4=
AL Q3 H®). QoS Routing policy agents Alo] FHe] Routing
agentol Al QoS =B HABE A4bstA sl2=2(®), OSPF-TE+ 9%
TREFE AMSte OVPN #Ew e QoS BF A=2E #i1, OVPNY
A AHA 2% AR 7V |AsE PENY 9% CESE PES
2982 MP-BGP TR EZE A83TH@). Routing agentdlAl QoS EA
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2 AIAEE QoS Routing policy agentoll Al o]l& 2 ((®), QoS
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Routing policy agent® Resource allocation policy agentol]l Al Al4tE A2 &
wop 2ol oeks 2 FFCH®E). Resource allocation policy agent®
GMPLS signaling agent® Ez|7stel(@) AXtd 425 wet RSVP-TE+

NaYY ZREIS st FAZE AHTH@). ol A2 e 2E

I

wxolA QoS & AMRES WS 3 ool ZAEH@), OVPNY

[ Start of SLA Negotiation ‘

i

Request to QoS-TP Server: ‘

send SLA Request msg.

no

atisfy OVPN Traffic Contract ?

l

Send SLA NACK msg. ]

yes

QoS parameter
download onto ingress
PE node

e . I 2
[ Premium service W [ Assured service “ Best effort service

} l

Choose QoS routing path and
protection path satisfying QoS

Choose QoS routing path
satistying QoS requirements and

requirementsl apd a“‘?ca‘e allocate wavelength within
wavelength within assigned assigned wavelenght ratio

wavelenght rafio(10%) in G-band (Assured:30%.8E:60%) in L-band

o =
<>\Aavailable ? no no. A—available ?
ves Y

Respond to QoS-TP Server send SLA NACK msg. | Respond to QoS-TP Server
: send SLA ACK msg. : send SLA ACK msg.

l |

[ End of SLA Negotiation

1% 4-7.SLA @4 Hxb
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mw-MIpr(L, M, w(l),a ,,R(1),C,,CL_WC ;)
(1) If connection is requested between a node pair (a,b) then {

(2) For each link !, whereV/e L {

(3) link weight w(/)=0

(4) 1f R(/)<Athen {

(5) For each node pair(s,d), where V(s,d)e M\(a,b) {
(6) node pair weight &

(7) 1f leC  then{

(8) CL WC, .-CL_wcC, Ul

(9) wlhy=wll)+a,} } } }

(10) Remove a link /from L withR(/)=0 )
(11) Choose the minimum hop path with the smallestW(/)

using the Dijkstra’s algorithm

d7|A AxE Z "Fad AFA w(l) ol Ae5E g F44
wes(s,d) o) AAHA A2 44 e JFE Ha= viAE Pao)
Dijkstra H2 A2 dnelFol 74Fx w(l) & A&ste vge A=z 4A

Lo His G vARA HL F FE AYs F2E A9

ol MW-MIPR ¢312]% HE&& $9% OSPE-TE+ 9] A<t

kAT OVPNOl A= GMPLSY link state information A$E& Ad&
JJEZ = OSPF 2494 ZzEZF #3307 OSPF-TE+ S AR&dt)

ool AHF ey dnejFo AAFG MW-MIPRE A&7 91314

8 AR we Al ARl S Rl i uwgho]l agdY. ek
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number)7} FQ3lc) o]l# g wein]E

B

S 2oy Anz wdslr] el
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& MW-MIPRES H& &&=

RUBIIFS

OSPF-TE+ 9 TE-LSAW 9] sub-TLV©9]

3% 4-1. MW-MIPRE 9% sub-TLVE

Sub—TLV”Typef.ﬂEéﬁgﬁi ffbiifﬁi ‘Name
6 4 Maximum bandwidth
7 4 Maximum reservable bandwidth
11 8 Link local/remote identifiers

T 4-19 Sub-TLVE % Maximum wavelength numbert Type 69
Maximum bandwidthS 2839 2329 A A4S AEsi, Available
wavelength numbers= Type 72 Maximum reservable bandwidth&
ggsto] g @A o&rsd FF FE ALDse], oy Hoy G F7}
AA A olsteld, HAHE ° tE AR7 A& AS HHo] e AZE
At PA A= Type 119 Link local/remote  identifiers®

gdgste] ARE A2 oM unnumbered link= A Y3}t o3 3749
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£

RSVP-TE+ 2] gz 2k doks A8 AH8=s 712 wAx<d PATH

vl Az ek RESV wAIA1E B8 218 4-93 o] o] Folxi

DS: flows = class = DSCP
GMPLS: flows = FEC = Optical-LSP = Label

I CE J| PE P PE CE

IPv4 pkt {I [

- —_—
—_—>
DSCP(6) Label, Exp{3), S, TTL PATH msg | ————
A o Objects: PATHmsg | PATH msg
N 111 Jects: PATH msg
Premium { 110 Tspec, Adspec
| . Optical-LSP Tunnel_IPv4
o1 Generalized Label Request
011 Diffserv
Assured 010 <—RESV
< ms
001 «—— t——— pESVmsg g
RESY msg Tspec
100 RESY msg Tspec
00 Tspec Tspec Rspec Rspec
Best Effort {0\)\‘ P Rspec Label 32
Rspec Label 17
Label 7
Label 4
- - - — = - - —  OpticalLSPsetup = = = — = = = »|
Label 4 Label 7 _ >
. Data 1P packet IP‘;:cm Label 17  “Tapasz
v ransmission XX K
(47.X.X.x) Toxxn) IP packet IP packet
(47.x.x.x) (47.x.x.X)

2% 4-9. QoS RAE 913 RSVP-TE+ 9 52 714

DOQoS 245 udd AF3d Optical-LSP 2¥s sl GMPLS
el Exp IEZ CoS 7|5o= AREstd Mula FYLEE OE dds
stdsbal, RSVP-TE+ 949 Tspec, Rspec, Adspec ZAAE  ARE3lo
DOQoS =¥ Ed® 9 QoS dHvlele dAsta, ol eiwlo)

A A40L dobtony A5HE QoS Wl o Folitk,

¥ 4-2= MPLS HlE¥M9 QoS B4 #AAFE Tspec, Rspec, Adspec
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A T e delEE Yenic
¥ 4-2.Tspec, Rspec, Adspec 773 3tehvid

p Z229 AYEE (bytes/s)
r B3 W7 4% (bytes/s)
Tspec b EF vl7l 27] (bytes)
m #H4 4 99 (bytes)
M o A P9 7] (bytes)
R ol A AFE F= AEB(bytes/s)=, rEc} ¥
ZA] Fof g}
Rspec aAf & (ms), 2= dlYd RS A8 ¢
S Aojxj= Ad Az} A HELE F1slHA
AA He A A1 Aol
Qmindel | W& Agslh=] delE HA XA AL
Adspec Bpath | A= AolA A4 g9 2 80 g
PathMTU | #dl HE HA do]

Premium AulAE £93 7ho] AZ3% AA A7k dHAl(end-to-end delay

bound)& S.7sty, Exfd 54 e&ate 7l S50 disids A

A= dAF Ao g9E 2AH Foloprt v olE9sl PATH
A2 & 4413 Egress CE ==& Tspec2ZHH r, b,‘p, me HArE,
Adspec 2 22 Qmindel, o2 3HCtot, Dtot), PathMTU(M), Bpathe] X E
“*gheh. Egress CE =71 Q7she Adf AAAC 27 E Qmindels e
T Ad 7Y AIAHQdelreq) S 7F 4 AT Qdelreq, Ctot, Dtot, M,
r, b, p & ol A7), A(8) FHL& (9] dijlad RS F3lAl "t
29l ooF @ o] AsfEtxa] kr] $8A, R gtol Bpath Bo} & ZASodle R
e pBAaAZITh olFA FE R #S 7MA|3L Egress CE ==+ Rspecs
+Asta, olF EgF RESV HWAAE Ingress CE == Wgo

AFFozM, GMPLS B gl A& doste] Qose EAdo.
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0= +D, (p>Rzr)
R(p-r) R 7)
0-M*Cu  py (R>p=r)
R (8)
O=—+—""+D,_, (R<r)
R 9

Assured MBIt AGAHQ AAZF AMujzep Zo] ofx Akl A
Az EAE B8 e Av2oluR A Azt 7l &) dis)A
B4 g a7skA geh Ed SevlHE K 4-29 Tspec ® Rspec
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Assured 52 HMY Auj29 A & dAYFOZ GMPLS &2 [P
ddle] B ~318 AME3lE R working path¥r A= X, GMPLS ®3
278 AEEE Premium AB]2~2] ZHA$  working path9 22 QoS
QTAHEL wEEtE protection path 53 Ao o2 ¢jsl PATH
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protection LSPS P bit® Welar, £zt LSP recovery type(1:1, 1+1,
shared mesh, extra-traffic $)3 protection pathol] 28] ¥ 3 %5 += working
path?l A8 2}(Associated LSP_Id)E uyeldith([23]. ©]&3 protection
path%® working path®} Z©°] Tspec, Rspec, Adspec A A Z AL&5lo] 2 &

o ekadt31,  working  pathel  Fef EA Al Notify dHAIR]2] =¢A

(switchover) 8392 working pathd EJIEL vzl dPHo =

protection path® =¢34 3o}

0 1 2 3
01234567 8901234567890123456789¢01
Length Class-Num (37) C-Type
S{P Reserved LSP Flags Reserved Link Flags
Associated LSP Id Reserved

Length @ Objecte] dolE bytewh 2 viebitd ( Object #tde] do] TEH

Class : Object €}) & epdct

C-Type : Object Class®] ElY& 1ehdch

S 238 LSP7F secondary LSPYE YeERHATHShared Mesh restoration) 3%,

P 235 LSP7 protection LSPIA] working LSP(set to 0)912] Lpepic)

.SP Flags : end-to-end L.SP recovery types velyict
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