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ABSTRACT

In this paper, we propose a new signaling protocol as an extension of Generalized Multi-Protocol Label
Switching (GMPLS) based PCE protocol for control carrier ethernet. The proposed protocol is not only
compatible with the GMPLS PCE standard protocol, but also provides the topology discovery and configuration.
In order to verify interoperability, we implement the proposed protocol as well as the system integrating
functions including commercial system for testbed. In addition, we have simulated topology discovery test for

proposed protocol performance.
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Fig. 10. PCEP OPEN object
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Alof| RE=A] 333te] AR ARE Aol gh 7]
< Bandwidthell o A ¥ = BANDWIDT-
H Object ol =dste] AFatefof et B gte] 12
AAE A A= AL Al ok TE-LSP 2k As
ok ‘0’ Fhe] 191 79 B 23 A2} Qlvke
25 2vghtt,

NO-PATH Object & 13 129} 28 Edlo]n
Z AAE 8ol gk PCRep ™A1A] &5 A AKXk
H27} 9= 749 o4=lt) Nature of Issue ZHS 0
75 AR AR A oliE & flvke Aola
73-%- PCE°l| 277} a5 ¢fvigkh Citel 191
-+ PCECllA] ANl Z710] )45 ofvight

ol

oX 2 2 r

0 31

1 1
Header{ | Object Class (3) OTll)l Res | P || | Object Length 4Bye
Sod | Nature of Issue C | Flags | Reserved 4Byte
4 Optional TLVs By

0[] Object Header [_] Obiect Body [_] TLV (Cption)

% 12. PCEP NO-PATH Object
Fig. 12. PCEP NO-PATH object

END-POINTS Object &= 13 133} 2+ ¥log
7d® 84 A PCReq HIAA|ell dEe] 8A
TE-LSP2| &4 1P} 47| 1P A WS Alg3lct

BANDWIDTH Object = 73 149} +& o
= PCReq, PCRep ™A #]ol| =d=]o] TE-LSP ol o
gk Bandwidth HXRE d&iEch

0 3
!

) ! L
Heater | Object Class(4) | OT() [ Res [ P[1] Object Length 4Byle
| Source P address (4byte or 16byte) 4Byte

Body
v Destination IP address (4byte or 16byte) 48y

gLD Object Header |:| Object Body |:| TLV (Option)

J%l 13. PCEP END-POINTS Object
Fig. 13. PCEP END-POINTS object

0 31

1 1 1
Header{ | Object Class(5) |OTH)| Res | P || | Object Length 4By
Body | Bandwidth 4Byte

. . .
#a[ ] Object Header [_] Object Body [ TLV(Option)

12 14. PCEP BANDWIDTH Object
Fig. 14. PCEP BANDWIDTH object
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METRIC Object = 28 159} 7 ¥wlo]n]
PCReq, PCRep HA|#|*|| TE-LSP ]4 A #ZA=x3)7]
$]3t IGP Cost, TE metric, Hop 4= F X5 3}
PCE<|4] 7 & #AF A] METRIC Object o x3he
METRIC Value ©]3l2 #H=2Z A®slAd] =k
METRIC Object 7} $hi= 73-%- PCE7} $lo] = A4kt
t} T#> ICP metric(1), TE metric(2), Hop
Count(3) =5 YeRAch B Fte] PCReq wAA]9l 1
2 AA]=]e] PCEoﬂ A1¥]+= 7-$%- METRIC Value
£ FUteR gdsle] HRE AR Cole] 12
A= ¢ wteA] PCE7}F Al4FzE]l Path Metric Zke]
3% PCRep "IAAZ -S5allof gl

0 3

! L
Header| | Object Class(6) | OT() | Res [P |1 Object Length 4Byte
(| Reserved Flags |c | B | T 4Byte

Body o
Y METRIC Value 4By

&[] Oblect Header [_] Oblect Body [_] TLV (Option)

1% 15. PCEP METRIC Object
Fig. 15. PCEP METRIC object

ERO Object += 17 163} 2+ Evflo]v] PCEelA]
AXFE TE-LSP 7d 2% PCRep ™A|A|el 433 uf
AH8-%lt}. ERO Object Y] IP, Label, Port, Router ID,
Autonomous Syetem Number(ASN) A ¥= TLV ¥
= ¥k

0 31
L
Header| | Object Class(7) om)| Res | P || Object Length 4Byt

(L] Tvee Length 1Pv4 Address (4B) 1Byte
1PvA Address (Continued) Prefix Length Prefix Length | 4Byte

L | Type(2) | Length IPv6 Address (168) 4Byte
IPv6 Address (Continued) 4Byte

IPv6 Address (Continued) 4Byte

IPv6 Address (Continued) 4Byte

IPv6 Address (Continued) | Prefix Length | Prefix Length 4Byt

Body + [ L | Type(3) | Length | U | Reserved | C-Type 1Byt
Label nByte

L | Type(4) | Length I Reserved(must be zero) 4Byte
Router ID 4Byte

Interface ID 4Byte

L | Type(32) | Length I Autonomous System Number 4Byte
Attribute-List nByte

&m [ Object Header [ ] Type. Lenath(TL) [ Vaiue (TLV)

1% 16. PCEP ERO Object
Fig. 16. PCEP ERO object

0 31

Header| | Object Class(8) icm) | Res | P || Object 'Length 4Byt
1D | Type(1) | Length 1Pv4 Address (4B) 4By

IPv4 Address (Continued) Prefix Length | Prefix Length 4Byte

L | Type(2) | Length IPv6 Address (16B) 4Byt

1Pv6 Address (Continued) 4Byte

IPv6 Address (Continued) 4Byte

IPv6 Address (Continued) 4Byte

IPv6 Address (Continued) | Prefix Length | Prefix Length 4Byt

Body 4 [L | Type(3) | Length |u | Flags | C-Type 4Byt
Label nByte

L | Type(d) | Length | Reserved(must be zero) 4By

Router ID 4Byte

Interface 1D 4Byte

L | Type(32) | Length | Autonomous System Number. 48yt
Attribute-List nByte

a0 |:| Object Header |:| Type, Length(TLv)I:l Value (TLV)

J% 17. PCEP RRO Object
Fig. 17. PCEP RRO object

RRO Object = 13 173} 7+ E=io|n] PCCo|
4] PCEE TE-LSPel| W&t #A3}E A A= 7%
PCReq ™A#|ol] el @ A E f 412 ERO
w| A 2] 2} Fd3let Flag #te] 0x01 o] obdd 79 #j
[AE 7ANsh

LSPA Object + 13 183} 3+ Ewo|n] PCReq,
PCRep "|AA|ol| =d=]e] PCE 7 & #IXF A] Exclue,
Include ZE=9]| #%3= TE-LSP °l W& A K= vt
233k} Setup Prio 7+ 2&38h= TE-LSP 9| -4
HO]‘ﬂ 0°] #4441 Fkelct. Holding Prio 3> 8413}

= TE-LSPel| 1%l xjdgkn o] 415295 A%
EP L %k»"— 12 A=l é" ZEZ AXE Al BEEA] B

0 31

Header-| | Object Class(9) iom)| Res |P ||i DbjectlLength 4Bye
Exclude-any 4Byte

Include-any 4Byle

Body Include - all 4By
Setup Prio | Holding Prio | Flags H Reserved 4Byte

L] Optional TLVs nByte

@[] Object Header [] Obiect Body [_] TLV (Option)

77 18. PCEP LSPA Object
Fig. 18. PCEP LSPA object

IRO Object = 13 1929} #o] PCReq, PCRep 1]
Aol Z3kw]e] PCE7} A= AXt 2 A] BEEA]
XA A A2 izt HRE ZF‘#?}‘:]'. PCRep
of| 43 7J9-ofli= NO-PATH Object”} 3% 75
3 AREe W3k A4S T 5 GleE dHlth

0 31

Header| | Object Class(10) |om) | Res | P || Object Length 4Byte

1B | Type(l) | Length IPv4 Address (4B) 1By
IPv4 Address (Continued) Prefix Length | Prefix Length 4Byte
L | Type(2) | Length 1Pv6 Address (16B) 4By
IPv6 Address (Continued) 4Byte
IPv6 Address (Continued) 4Byte
IPv6 Address (Continued) 4Byte

Body
Y IPv6 Address (Continued) I Prefix Length Prefix Length 4Byte
L I Type(4) | Length | Reserved(must be zero) 4Byte
Router D 4Byte
Interface ID 4Byt
L Type(32) Length Autonomous System Number 4Byle
L
Attribute-List nByte

p [_] ObiectHeader [_] Type, Lengtn(TLV)[] Value (TLV)

3% 19. PCEP IRO Object
Fig. 19. PCEP IRO object

SVEC Object & 18 209} 7+& z7o]u] pCCol|
] PCE°l| M7We] A= At 8AE 571AAH 843
o}t u] PCReq "lA|A]el| g~d&le] PCER A$3ic)
Z¥7ko] 7 2% PCReq ™IA1A] W] RP Objectel] E3H5
Request-ID-number 2 23k}

NOTIFICATION Object + =13 213} 2+ 29
o]m] PCNtf WX #]ef] s=dw] o] Akt PCC, PCE] &
A olMleE <=tk Notification Type(NT),
Notification Value(NV) Ztel] thgl oWl E Hel= %
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0 31

1 1
Header| [ Object Class(11) | oT(1)) | Res | P | [ | Object Length 4By
1 Reserved Flags |s |N|L 4By

Body Request-ID-number #1

Request-ID-number #M nBye

#2[] objectHeader [] Object Body [] TLv (0ption)

173 20. PCEP SVEC Object
Fig. 20. PCEP SVEC object

0 3

1
Header{ | Object Class(12) [OT() [ Res [P [ Object Length 4Byle
Reserved Flags NT I NV 4Byte
Optional TLVs nByte

#a[] obiect Header [] Obiect Body [] TLv (Option)

1%l 21. PCEP NOTIFICATION Object
Fig. 21. PCEP NOTIFICATION object

Body -

E 3. PCEP NOTIFICATION ©[#lE type
Table 3. PCEP NOTIFICATION event type
NT | NV o[HE

PCCoF @4sh 4= Ads 34
PCEZE 24H H2 Al 34
PCEJ SA 425} Al
PCEZF FJHZ 4

Lo 2 ] =
[ sl e ] S

PCEP-ERROR Object = 13 223} 22 Erfio]n]
PCErr "AAME SdE]e] S50l gt A AHEE
I 49} 3o 7F 2 Aelell == Error Type %
o7 Fste] ek

o A

- 1
Header-| [ Object Class(13) om)| Res | P || Object Length 4Byte

Reserved Flags Error-Type | Error-value 4Byte

Body -
| Optional TLVs nByte

&3] Object Header [] Obiect Body [ TLV (@ption)

1% 22. PCEP ERROR Object
Fig. 22. PCEP ERROR object

i 4. PCEP Error Type
Table 4. PCEP Error Type

Error Type 25 ua
PCEP Mld 44 4z
CapabilityS AHE $ 22
Urknown Ohject
Mot Supported Ohject
Rkl
I Object W
=7] Path Computation gl=
Uriown request reference
ZE PCEF Ad |2 Az
2 Object 24

O 0| =3 ||| | 2|

—
[an]

LOAD-BALANCING Object = 13 239} 72
Eo|n] PCCollA Load-balancing 7155 SA3h=
7d-F- PCReq ™IAA] ol 3o A5ghc) MAX-LSP
+ Load-balancing ©ll AF$-=]+= TE-LSP 2] o
< °]7]5p+ Min-Bandwidth 32 7} TE-LSP9] Z| 4~
thoF A Helck
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rorl

0 31

1 1

Header| | Object Class(14) |OTH)| Res | P || Object Length 1Byt
M Reserved Flags | Max-LSP 4Bye

Min-Bandwidth 4Byte
#a[ | Object Header [] Object Body [] TLv (Option)

1%l 23. PCEP LOAD-BALANCING Object
Fig. 23. PCEP LOAD-BALANCING object

Body

0 kil

1 1
Header{ | Object Class(15) [0T()[ Res [P [1 Object Length 4By
] Reserved Flags | Reason 4Byte

Body

Optional TLVs nByte

=n[_] Obiect Header [_] Obiect Body [_] TLV (Option)

1% 24. PCEP Close Object
Fig. 24. PCEP Close object

H# b. PCEP Close Reason
Table 5. PCEP Close Reason

Reason Z32 &
1 HedE 49 g2 (¢ = g3

P

gA
DeadTimer E}Y 0IR
ZF2E PCEP WA A 54
Unknown Request/Replies ==& 3 23}t
Unrecognized PCEP WA|A] 4 $hA| =1b

| e | QO | DD

. GMPLS PCE EZEZ0| &t

AToll4+= 7] GMPLS PCE ZEEFo| 714
2 Awo| wsknl oh)g} GMPLS R EZ]
A5k W Wl 55 Ale] S FAe] rksska
LLDP Z2EZ-5 AMEg W U] &= AlF A&
o]%- = AW Al 7F ok L3 LSPE A
A3p7] $18 Alo] T2 EFS A G-TOPEZE EF
< Aoz} & G-TOP LEEZS GMPLS PCEP
ZI2EZSE 7HEe 2 ikl Qo) tigh v E
1= " W Topology Discovery 7|52} PCEP | A]%]
o} B i=tollA Ft Afgt AR AR S ARE-Sed
] Aulel] ek A} LSP A AAS 73l
ke B 7158 Aol =gk o 353 PCE
AW 7)5-2 g o 24 35 U] G-TOP ZEE
5 Ak A A5 wEa HEj BEEEA]
=3} LSP 74 AAe] 7Fs3b ¥|E G-TOP Z=
EFS A o= 4K PCC =9] 79X

% 7]& PCEPXEEZ ERO WA S AH8-3)F 41
3 742 dA o] 7lst selHBE ¥ TREZ X
= Aokt

3.1. G-TOP =EEE /e I A|add HAt

G-TOP E2EF2 G-TOP Ze}o|2l E(Client)2}
Broker AJ®|(Server) 2 TAEIt) A= E2]4 14
7 2ol i3t EZ22] 4 LSP AKF A] 82 o]
7HA] w ARAE Fhaste] SRl AEARRS e
3 = AH|olch. MW= AkkEl A2 ule} FoF
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2 A2 9|3 GMPLS PCE ZREZ9] a4 4 13 oA

A WAl R 7F reo] LSP S AAskar A4

LSP 7P43l4d muUE]goe] 7hsslc) ak ohz}
EZRA &3] 93 EEEA 7HAE daeEs
LSP A4S 93t A2 AXxLS Feshe] z2exds
A& Bahe] My AR A AAZ 5 glofok g
th G-TOP FEfeldE+= thokst A=] 7+ A= Ak
84 9 T 7 5 A AN E Bl BEEE

AldE) TR EFolck

G-TOP ZZEZ-S PCEP 7|8ko. g A% %17] o
-ol] 7]& PCEP®I|4] AH43= TCP(4189 Z£E) A4
< adE ARgsle] A 2 S5 HAE 218t
TCP AlAde]| QA7 = 15 259} 3o| PCEP ¢} 5
3] G-TOP Z2}o]2l Ex= OPEN HA|A|o|| T2 &S
WM, KeepAlive E}°]™], DeadTimer, |53, 4=
AiE Al Zxst A 55 psle] MM E Agi
A= 713 w2 $=A1%1 OPEN H|A]#] 3|t]e] =&
EZ xS shalste] 09l 7% 7|¥ PCEP Al1de)
A2 PCReq WAAI7} 5= $41& o ARE
Z-g3le] PCRes "IAIAE AF3HA| =aL 00] ofd
¢ G-TOPEZREZZE Fxp| AT 5 A &
2t Ele}. G-TOP Z2EZ4] 735 Ao FejolddE
7} 525 AH oAl G-TOP o] E =50
731 9l B4~ A RE Node ID Request HAA]
E AEsled 87gkch o] uf o]n] dHe] = 9l
“Jellebd Keepalive "WAIAE A58tk Node ID
Request MAAIE FAI8E & Z47e] SElo|lE =
= 7 9l AR AlzEl 2o gl AHRE
Node ID Response HA|X]el| =g3le] A= %145}
A =k = AN Azt ZaEE Aud 523
FAll ZF erh 7R AL Qs Blas ARE AW |
og] wlo]ellx] AAsle] Fe]gict.

Client Server
TCPSYN -
»
- TCPSYN+ACK
TCPACK
PCEP OPEN PCEPOPEN
Protocol
is G-TOP?
P NodeID Request
NodeID Response
PCEPKEEPALIVE
P PCEPKEEPALIVE
h —

J8 25 A4 A 2 x= AR 53] A
Fig. 25. Connection setup and node ID request procedure

& 7o) vlie]%w G-TOP Broker AJH|+=
2 263} o] G-TOP ZF=lo|dlE - =Fo] LLDP X
3 ARk o] k= ARE 33 9

3] LLDP Request WA|A|E AEsle] gA38ho}

Client Server

P LLDP Request

LLDPResponse

Y

O3 26. BEEX] A AR 43 ")
Fig. 26. Topology information request procedure

z4zte] F2fo]lE mt=3= LLDP Request ™ A]4]
5 A F AASkL 9= o] k= AHHEE LLDP
Response ™|A|A]ol] Sdslo] A= HEs] =t
4B+ LLDP Response H|A|A| S =4l wlo} EZ7
Al FE5 S8 o] % = AHHE dlo]E] wo]2el A
At e g o] L uo 34y BaE B8 EE
2AE A%

EZ2A] 74 AR 535 3k $ol| G-TOP Broker
A= 18] 273} 32o] G-TOP Z2}o]3lE rtoj o]
u] A4 g]o] g)= LSP7} ¢J+=#] LSP Request ™A
A5 AF3te] Elshs AAE 7AA] Ho) viek 3t
227} A 2] oK el o]n] kef A w9l
LSP A X7} 9lvpd == LSP Response H|A|A|Z
Sl MW= AAE ARES $35e] G-TOP
Broker AJHol] A 2gt & o] AR 52 vjwsle] A3
ARE B s Hoh A AR 2 U)ee
G-TOP Broker AJ# 2] FA| 2 qlslo] zjAlsio] ]3]
< A= A4=]7] wjitel] sHgAde] Hofulct

Client
P TLSP/SLSPRequest

TLSP/SLSPResponse

v

38 27. 44 A= A A%
Fig. 27. Established path request procedure

A AR Ele] skuEH e} FElo|dEE
oMl E Az} A t7|eh= Aelz) =ok el Af
2% G-TOP Zepo|dE 7} 3717 Al A o]
EZZA Wsp} A7 ool ol k=5 ¥
3 WshE RS = 13 283 3Eo| Afwel] A}
o] &30l Ws}r} AJZ k= 75 LLDP Update 4]
A2 Aol Hgsle] gl Aw= =418 LLDP
Update ™AJA] U] vl AR E HA5le] Wty B2
2R dlog] wlo]zel ARt F FEPo|IE k=
oAl A A=lE dEl7] $18] Ack HAAR S5
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Client Server

Change LLDP Update

\d

TOPAck

<

J%l 28. EEEx| W3} gl "a
Fig. 28. Topology modification confirmation procedure

G-TOP Broker A#el|A =27} A28 7373
29l LSP AAE dsh= 735 19 299} 7ho| Aw7}
7R A Qe EEZREX] AHE vlElo® FHu AR
Antehs LSP A ofare] el 2fste] AlikE LSpel
sl 2 FeloldE muSlA LSP 7AS 913k
LSP  SetupidA  wWAAZS  zEsle]  LSP
ConfigurationS- 357 = AHA] Alell= dlo]efw]o]
2ol AR =] 9l A ARE nlEko =z A H
9] LSP Release WAA|E HEslo] ARE=E 2 g)
LabelS- A|A sl5A =} 2k dAA] & vk &l
glo|9lE == x}X1e] Forwarding TableS 4343}
o] LSP A4-& ¢+53}3 LSP Configuration/Release
A that A3HE Ack WIAAE Skl

e ol

=
=

Client Server
TLSP/SLSP Setup/Release

<

TOPAck

J2 29. A= AxE 2 A At
Fig. 29. Path computation and setup/release procedure

A= A4 9 Ao] ksl A9F LS 71l
A& Fale] 7] Ago] 7PsaiA ek vl lze)
oft LSP(Trunk LSP) 45| A3t me} 527k
WA A% 54 AAle] 7R o] ARE o) 1E
AAE sk wEAA} s delee] A%

& 4 9= wAIE dimlsledef gk

MPLS-TP 7|1} 7j2]o] o|tjull 7 W o|#] G-TOP
ZeloldE =5 LSP AR A LSP W of|#] =
ol 27 MEP, RMEPE- Ad#]3le] LSP ZUE]E-S
917 5t 7F CCM HIAIA| S F71 -7 Agate]
=} 3= Aol vhA Alo]] ZZ el LSP2] 50ms ©|
o] dx 2 ®vs Br) spssiok

Client Server
Switch
OVer TLSPUpdate

P TOPAck

<

12| 30. LSP 3} 2kel A}
Fig. 30. LSP update confirmation procedure

o] 7% ol|x]ol| 9213+ G-TOP Zelo|9E e
SwitchoverE Z}A|8}a. 13 303} 7o A{vje]] LSP

1204

WH3lo]] gk A RE LSP Update w|A|A]ol] 5}
43k} 4J¥= TLSP (Trunk LSP) Update W LSP
RS dlole] wo]zolx] HAste] x| v Al
Aol ks =la SrloldEe] S5 2k WA
A& Agr) 0|5 LSP 727} vhA] EE= 73
o] o #] :==ol|A] TLSP Update "|A1#] A%52 t}A|
Aol AA} 5l AbelE AR

I

3.2. G-TOP ZZEZ HA|X] &4

G-TOP Z2EF w|A|X|+= PCEP 7]Hko. 2 F-3lx]
57| wioll PCEPS} gt wA1#] sl|tje} TLV 3
2]°] Object & AH&gtc) o} % 63 % 7> G-TOP
xR w30l w|XA] €}4]3} Object Class2 A2]3k}.
Object Class A4 HE== 7} W A|A] Erflof] Ardxick

¥ 6. G-TOP ZREZF wAlA] Elg]
Table 6. G-TOP protocol message type

Type Name Type Name
1 OFPEN 17 SL3PSet
4 KEEF 18 SL3PRel
7 CLOSE 19 |TL3PReq (Edge)
8 LLDP 20 |TLSPRes (Edge)
9 LLDPUp 21 |TLSPSet (Core)
10 |TLSPSet (Edge) 22 | TLSPRel (Core)
11 |TOPAck 23 | TLSPReq (Core)
12 |TLSFRel (Edge) 24 sL5PReq
13 |TLSPUyp (Edge) s} SLSPUp
14 |LLDPReg 26 |TLSPUp (Core)
15 |NIDReq 27 | TL5FRes (Core)
16 |MNIDRes 28 SL5PRes

Z} v A A= G-TOP ZEEFo||A] A3l e 2
EZEA A AR A, A AR e, EEEA
Hs} gl A= AL 2 AdAJARA|, LSP WS} &l
7les Fesh=dl Z2agk HAAel ox|9} 3]
e Fasted Aokt Zh AR L] Fe 9l
+ Ver 3ol 08l 73$- A= 7] PCEP T2 EZE
Zatsln] o] ol 79- G-TOP TR EFE £33}
H Aot

E 7. G-TOP Z=ZEZ Object Class
Table 7. G-TOP protocol object class

Class Hame Class Wame
1 Open Object 21 TL3F MNode Ohject
15 Close Object 22 LLDPEeq Object
15 TOPAck Object 23 MNIDF Request Object

17 Node Top Object z4 NIDF Fesponse Object
13 Port Top Object zZ5 SLEF Object

19 LEP Qo3 Object Z6 TLSPReg Object

Z0 TLSP SD Object 27 SLSPReq Object

OPEN, Keepalive, CLOSE #|A]#]+= PCEP}2] &
24 aeiste] PCEPeIlA A2 wiAAE o=
AF-315It} NIDReq HAIA1 S AjellA] =2 g
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slo] k= A ARE At SHOE rro] A
28 9 ¥E 2|22 JH7E 3% NIDRes HAA]
= AulellA] Alste] dolE o] el = A HE
Al k= Y ¥ E 24as AR T8 3139
©] Node IP Port Objectt]e]] == A|2~®] A Hl 77
% System ID #3 IP 4, A|28] 42k Time To
Live(TTL) #te] ~d=w ZE 2|4 A B2l Port
Index, User-to-Network Interface(UNI)/Network-to-Network
Interface(NNI)-& 7&3k= U flag, Physical Port
Index, Port Type, Port Description X5 d3l=
de7 A gl System ID Z=E TLV 4]
L2 Aelwo] glemn] % 83} o] Type ol whe} A
28 M Jrof pEE AR FH7F MACTA
1} IP, Label, S-VID, I-SID, Port Call Z+== A<
& 4 gk

Object Class@d)_| o1 | %= [o[0]

Reserved
Flasgs(SRO |

Message Length 4Byte

Object Length
ObjectHeader 4By

Local-SID 4Byte

Type | Length 4Bye

System ID (32B) 328yt

System Capabilities (2B) M| Time To Live (2B) 4By

IP Address (20B) 20Byte

Reserved (2B) |

v I 4By
ObjectBody 4B

Total Number of Resource (2B) 4Be

32Byte

nBye

gl | 4By
4Byt

32Byte

12l 31. NIDRes HAJA] ZH]
Fig. 31. NIDRes message format

E 8. Field Type ™ A% A&l AR Value
Table 8. System information value specified in Field type

S—VID, | Port
Field Type | #éwe | String | MAC |IPvd | IPv6 | Label o
-SID | Call
Typs Val
vRe vaue 0 1 z | s | 4| s E 7
(lbyte)

LLDP ®A/A]:= =7} LLDPReq MAA|Z
She 734 a7 329} 22 OB el AlaE] A
HZ $48h= Node Top Object} ©]%- == & W o
gk A RS Sds= Port Top ObjectS A Ao
7Aysle] AR 243k} Node Top Object ©ll=
ITU-T Carrer Code(ICC)®} Unique MEG ID
Code(UMC) Al A28 3 D9} IP 4 Y A
26 §=F 2 TTL AHE ¥she =5 AHE-3h
Port Top Object o= Local A]=gle] A B o]9]o
Remote A|2~Ble] A H(System ID) = XE AHH
(MAC, Bandwidth, Port ID, Port Description)&- }
= =7} gJek 3he] Port Top Object o= 3}
2] Local Port X2} 31} o]AFe] Remote Port A

B7F ] o]l mre] g QlEj o] o] o
7l2] Remote =t QlE]Fjo| 27} 4= = 9l&= A
o]m]ghel,

LLDP vA#|9} FUZt S AREsle wAA =
= LLDPUp "A#]7} ¢lck LLDPUp ¥lAA = =
9] qle]slo] ol Q1A AR Wiy} A==
- LLDPUp H[AA]el| Wshgl QlE]so]~ AR E
wWatel AR AEshd o5 wiedste] dlolE] wo]
2ol AARE F A4 Alste] SHEich £ 9¢llA A
2J3} Port Top Object 2] Object Type = LLDPUp
w|A1A] Al Al Felste] =27 o RA Wsksd=A
oF 4 glck

0 3

< ol

MGHeader 1| Ver | Flags | Message Type Message Length 4Byt

| Oblect Classa7) [ 0T1() | es o]}
ObjectHeader

Object Length Bye

Reserved Topo port Num Local-SID 48y

System ID (328) 28yt

ObjectBody System Capabilities (2B) Iﬁl Time To Live (2B) 4Byte

IP Address (20B) 20Byte

Object Class(18) | OT() [ res Jo]0] Object Length 4Bye

ObjectHeader
RePortNum | 48ye

i L-Phy Port ID (1B)

Reserved

Local Port Description (19B) 208Byte

Mac Address (68) 48y
Port Bandwidth (2B) 4Byte
Reserved (28) 18ye

Port Bandwidth (28) |

R-Phy Port ID (1B)

Remote Port Description (198) 20Byte

Mac Address (68) 48y
Port Banawidth (2B) 4By
Reserved (28) 4By

Port Bandwidth (28) |

System ID (32B) 328Byte

ObiectBoty System Capabilities 28) M| Time To Live (28) o

IP Address (20B) 20Byte

nByte

R-Phy Port 1D (1B)

Remote Port Description (198) 208y

Mac Address (6B) 4Byte
PortBandwidth (2B) 4Bye
Reserved (2B)

Port Bandwidth (28) | 18y

System ID (328) 2Bye

System Capabilities (28) M

IP Address (208) 208yte

Time To Live (2B) 1By

12| 32. LLDP wA#] E
Fig. 32. LLDP message format

I 9. Port Top Object Type
Table 9. Port Top object type

Object Twype 7=
1 default
a Delect (F 3 A1)
3 CEREN
4 (23 25

Trunk Label = MPLS-TP % W] 3|7 ¢S 9]
3] AFEE 7R AR} Trunk-LSP(TLSP)&
Trunk Labelol] ¢Js] AA= 71} 34 AZE ovls)
v} TLSP 74 & ¥ vA|X]ell= TLSP A5 $I3+
TLSPSet, TLSP ~HAlel] A8 TLSPRel, A]#]ellA]
TLSP A ¥ 2218 9|3} TLSPRes, A4 %+ TLSP &
e 2 AR AH qfulo] Eel] AR8<= TLSPUp
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H X2 5o] it ZF wAIR]= AR Al D 23 Mepid
U} MAC 34 System ID £0] of]x] =9} Fe] 1
Eof| e} vh27] wjtel] 19l 333} o] of|x|e} Fof
o] Adsls v AR EelS theEA Aoty o
Object ClassE THale] AHFgch o|#] kTol=
Working®} Protection TLSP %S z}7} TLSP SD
Object ol F-d3}e] A5gcl TLSP SD Object oll+=
TLSP o] &Hkr|e} BAz] x| ~8 AR} 43t ol
Elgo] 2] MAC 49} AFS- Label 2 Port Xj_ﬂ_—e—
SRkid

0 31

MSGHeader | | Ver Flags. | Message Type | Message Length 4By
ObjectHeader { | Object Class(19) | or | Res |o|ol Object Length 4Byt
| BW 8ye
Object Class21) | OT [kes [o[o] Object Length 4By
Type (1B) | Flags (1B) | Length (2B) 4Byte
SRC System ID / MEGID (32B) 28y
Reserved aBye
Incoming Label | incomPort (1B) | 4eye
Outgoing Label | OutgoPort(1B) |4eye
NextHop ID (32B) 28y
Local MEPID (1B) [ Remote MEPID (1B) 48y
ObjectBody

DST System ID (32B) 28y
SRC System ID / MEGID (328) 28y
Reserved 4By
Incoming Label | IncomPort (1B) |45y
Outgoing Label | Outgo Port (1B) | 4By
NextHop ID (328) 28y
Local MEPID (18) | Remote MEPID (1B) 4By
DST System ID (32B) 28y

0
MSGHeader 1| Ver Flags. | Message Type | Message Length 4By
ObjectHeader {|_ObjectClass(19) | OT | Res |n|ol Object Length 4Bye
BW 4Byte
Object Class21) | o1 [&es Jo[o] Object Length 4By
Type(1B) |  Flags(B) | Length (2B) 48y
SRC System ID (328) 28y
Incoming Label | IncomPort (1B) | 4pye
Outgoing Label | OutgoPort(1B) |4eye
Next Hop ID (32B) 28y
ObjectBody PrevHop ID (328) 28y
Type(1B) |  Flags(B) | Length (28) Jrys
SRC System ID (328) 28y
Incoming Label | Incom Port (1B) | 4pyte
Outgoing Label | OutgoPort(1B) |48y
Next Hop ID (32B) 28y
PrevHop ID (328) 28y

72| 33. TLSPSet, TLSPRel, TLSPUp, TLSPRes Edge($])
Core(e}el) =A1A] E¥0

Fig. 33. TLSPSet, TLSPRel, TLSPUp, TLSPRes
Edge(Up) Core(down) message format

o] o= IF FAE $13l] 283k Label ¥
Port JW.o} ARS- QlEsf|o] 0] MACT A ARS
Watth 3% 100i= A%l TLSP SD Object
Object Type = TLSPUp “ﬂ/‘]x] A A Falsle]
A% TLSP 9] LSPell 2577} A & 4= 9L =
o] 5 AA 2 A QoSell izt HRE w4
A W sl 28 5 ik

lo
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I 10. TLSP SD Object Type
Table 10. TLSP SD Object Type

Ohject Type TLSF #Hz &3 715
128 (0=80) Qo5 HHIoE

64 (0x40) At 43

32 (0x20) =E A

16 (0x10) = HE

3 (0x08) Protection Path Fault

4 [Ox04) Protection Path Active

2 (0=02) Working Path Fault

1 (0x01) Working Path Active

Service-LSP(SLSP)+ Service Labelel] &8 433
5 7Pk 34 A2E oJvlsh SLSP A2 ¥ w4
Alofli= SLSP 43#]-2- 9|3 SLSPSet, SLSP 2HAl|¢l] A}
£-%]+= SLSPRel, AJ8]¢ll*] SLSP AHH =42 9|3t
SLSPRes, A4+ SLSP AHX. gd|o]Eo]| ARE==
SLSPUp "2 Ee] Slek 13 349} 3o 7} v A|#]
o] )&= SLSP Objectel] ZHkx], =A%) 9] A28 7]
H(System ID) ¢} SLSP2] IDZ A3} Trunk Label
AW 2 Service Label¥} Port ARE $dslo] A%
gt} Service Label = MPLS-TP "ol ¢34% A]n]
2 AR V| ER 7 i3l 2 HS 98l AR
TR ARo|ck

i 31

\ y L
MSG Header | Verl Flags | Message Type | Message Length 4By

ObjectHeader { | ObjectClass(19) | 0T [ &es Jo]o] Object Length 4By
1 BW 4Byt

Object Class25) | OT res JoJo] Object Length 48yt

Type (1B) | Flags (1B) | Length (2B) 4Byte

SRC System ID (32B) 32Byte

ObjectBody Reserved 4By
TLSPIncoming Label 4By

Incoming Service Label | L-Res Port (1B) | 45yte

Outgoing Service Label | R-Res Port (1B) |48y
DST System ID (32B) 32Byte

12| 34. SLSPSet, SLSPRel, SLSPUp, SLSPRes ™|A|] Z
Fig. 34. SLSPSet, SLSPRel, SLSPUp, SLSPRes message
format

TOPAck ™ A|%]+&= TLSP, SLSP & wA %S 4
Al = AL Lcoﬂﬂ e Al wARe] AA)
= AR Aelel gt S5 shs viAAleck 18]
359] OT el 14l 3% XM} 2]l tigt 55 w4
Zlolw 291 739 v|AAF A S5 wAA|o|ck HA]

2] Well TOPAck Object 7} 53%]¢] Reason L]
SHERE wAA] ERlS sl 59 “ﬂ‘lx] A2
E1E String 3 F78ke] vIAAF 27| A] o]ef| of

= ul A2 oF 4 9lu2 s}

‘q_]_' == E}‘E B 2 2 T == ol

0 31
1
MSG Header JL Ver I Flags Message Type(11) Message Length 4Byte
ObjectHeader - | Object Class(16) | 0T(1,2) [ res Jo[o) Object Length 4Byte
Reserved Reserved Reason(MSG Type) | Reserved 4Byte
ObjectBody

String 4Byte

32| 35. TOPAck ™A1#| E
Fig. 35. TOPAck message format
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41. HAE HIEE S8t ZEEZ9| 7|5 43
E,H:.E_X] x].E_ :|7-/H ) /\4}4 7]‘“ o 74_2_:5],7] H°H
AlA] MPLS-TP 718} 7ig]e] o]tjul gl~E Hﬂ
< sk ASE Sl AlEle] ojudl | :la]u
36 ¢} o] Carrier Ethernet Multiplexer
(CEMUX)2h= A4l MPLS-TP Au]e} &3l
G-TOP Broker M2 FA=]e] gt}

G-TOP At

72| 36. CEMUX HAE Hl= v Azl
Fig. 36. Picture of CEMUX testbed network

G-TOP Broker

m

CEMUX #2

CEMUX #1 = CEMUX #3
P3DA
1000 1000
= broteson P I ==
& /—bh
e Fiﬂ( Working Path Signal Fail || Fi r e
MAC: 00:02.C2FFFEBD

MAC-00:02:C2:FFFES] Packet Generatnr
. (SM

Label:16, 100
MAC: 00:00:00:00:0

el
MAC 00: nn nD 000002

j_E'_I 37. 7] f% _°r]6]— Eﬂ/kE h‘ﬂ‘: u]— :[L/\-]
Fig. 37. Testbed network conflguranon for functional
verification

Hl~E wle PAe T3] 379} o] MPLS-TP %
< 7A43ka 7% G-TOP Broker AJ#ol] CEMUX
59 A7 »5],0:] /Hu] oﬂ /(1 E&.E_;(] ;q.E_ :ll/\-l ) /HX-]
P58 ARk Aejel EERA} AR Bl
7} AE-0 2 GUIS E3)] A8 7P 341 AR v A
27} CEMUXZ Zl5=o] LSP 727} A= o]
7d2 2 Paket Generator = AR&-3}o] %<3 Packet2]
Loss 75 #elsle] 50ms oe] A A7k &kl
ek FAlell AElellA 2= Down 171 CEMUX
Pze) EERA uelE wl AuE Hlsiel

G-TOP Z2EF9| 7]5-& &3l
nk Aol ARSEl= CEMUXE 4G ®2ulel sl2]o]

oltjull WjlEtollx] Q¥ = Ve es T&3PHA o
2] 7|A =3 e Aol 7k FAle] o] A]+= o]
Yl 7]ake] Ak Al g-S 918 MPLS-TP HH] 7l
glojo|rjyl WE|ZHA ~9]x|olcy BA R 7|E
ANe]e] o]yl 2~ x| Br) <=3t 3efo] e 74
& °}L el EEA 25 AAElaL 2B 7F 44
3 AlE-& 918 LSP 71, 57131 714, ©olF8Al B
2 8-5 213 QoS Aol 71, OAM, 3141 Ht‘l
25 9% HEET Ve ES Alwsith
wFEA WS glal 9 o sAske 3 4%
G-TOP Broker AH2] Fx= 17 3804 Hojq+=
Hle} 7ro] GUI & Algorithm £-%-, DataBase(DB) %
_i :rmﬁoi ol KX
< Java(HZ 1.6.0)l

Foﬁ‘.‘,

= Broker Server &%, Util £
o 7} 22o] sxeglol 9
A 7=t

PRIl GUI & Algorithm |

; Topology Gonﬁgurcmon MENU Momformg
[ (Ll Panel&Toble e Component Componenf

Common Da‘ra Structure | TCP/UDP

BrokerServer
Ser’ver‘ Ser’ver‘ Ser'ver‘

T Broker
Func?lon Inpu? ompuf ey checker- Table

TCP Connection to Client (Part:4189) |

2! 38. G-TOP Broker A®¥] %
Fig. 38. Server architecture for G-TOP broker

Broker Server %2 Util &% W Simple
Network Management Protocol(SNMP) &3} <%
sjo] u o) 55 5T} FAlsp] wAA] Ae)
EES 5ol 94 A, == AR, EEEA A
B 3 71%5& 3}l Broker Server W
ServerFunction, Serverlnput, ServerOutput, Timer =
EES A5 G-TOP ZREZS] 3l4] mEyio]
] G-TOP T2 EZo] fads we A1del wAl%|
o tigk Azl 7|55 3Pt ServerFunctl-
on 52 ServerOutput FEoll4 A58 A% A
H-Z DB Checker 252 Z3 ‘3]01‘:4 Hﬂ 2ol A 7}
21231 Serverlnput ZEol|A 418 w|A]#] U] AR
£ Broker Table 2 dH|o]Jg] Hlo|~2 BUYF= 7|5
< 3t} BrokerTable RE2 DB Checker &3} 1
3} Broker Server 5-3-¢] ©-E°| Data Base £%
3 ARE wEsh=d AH-EM SNMP EEIE o
£3&}o] G-TOP Broker 2] SNMP 2 EZ AL 7]%
< Alg’¥th DB 552 W A SAaE A
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| 2ol A} AR AR E #Asl] vF ] o]
Bl Hlo]~E 53tk GUI E52 EEEA] =9
) A\ gelS 93k Panel ¥ Table & FAIE o] &)
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60Byte®] Z#|3-= 10,000 Frame/s &2 %145}
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Working Path® %%l CEMUX #12} CEMUX #3
2] H3E o= Down A7 50ms o|Wje] A A7k
<= EIgc FAlel A ell4] Down ¥ @A EE
ZA] o] E ¥ LSP W3} wX A& FAIgH A7}

& Hkedgt A9E E]lsle] G-TOP T2 &0 7]
5 7&%—'&4.

|~E5 Z1ey3t A3} 17 399} 3ro] Awe] 14
= CEMUX-J BEZ2A7} wbEle] EEEE S
geldr 4= sk AW GUICA A5 AAg LS
AHH = dol] wo]zel] A o] Shel| 2w
CEMUX #13} CEMUX #3¢l] 14% 335 Down
A7 745 CEMUX 7t Z$3k= CCM HA A5 &
3] o] & S o2 A ef o] 71x|gk LSP W3} A4
g Y3k S Flsisith
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_WL

ja~]
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Fig. 39. screen shot of inte-operable test with server
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B 11 A%E 53 Bs GA A
Table 11. Experimental result for protection time

=i A& Frame | Packet Loss | 23 Al7Hms)
CEMUX 1->3 36,604 257 257
CEMUX 3->1 36,648 298 29.8

f

3 11 37 AdEelelolA A Az A
8} Frame tB]| Packet Loss 742 o|-835le AXFE A
A A7ke & <k 86,600702] ZH S AHEsl= =gt
2)= Fault 7} "MIA7A End *»S(CEMUX #1, #3)
7+ 257709} 298709] Packet Loss7} HAs}e]. o
Working Path 27 28 A] 30ms ©]W]el] Protection
Path® A S 533k

2=~
o

F%
>
ttlo
.
r o3
=)
32
i

4.2. Ag2loMg B3t Z2EZ| M5 24

G-TOP Z2EZO] A5s Hrlslr] flsle] A%
A% 2lell *]g?ﬂl I 87 758 T3 BERA A
E A A 23] A z8Ela). Al EHe|Al 3t
AL 8 40JJr 7ro] 4} G-TOP Broker AJHol]
922 Agsto] A= 20702 7} s} = pCo
747+ G-TOP Z2}o]lE 4 SNMP Agent = AH&-3}
o] FAsksAch

G-TOP Broker

22/ 40, ABeolde 913 2 A
Fig. 40. Network conﬁguratlon for simulation
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Fig. 41. Performance of topology construction

¥ 12, BE2A] 2bs 74 A vla
Table 12. Performance comparison for
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