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ABSTRACT

In this paper, we describe the design and implementation of the Label Distribution Protocol (LDP) for
Muitiprotocol Label Switching System. We review the implementation issues of LDP that is required to make a
gigabit switched router, and propose a detail design of it. We present the data structures and procedures for the
LDP as a result, which are based on IETF standard. We present design issues for applying this to carrier class
products. The implemented protocol could afford 40,000 entries of the IP routing table that is required for
deploying this system to commercialized data network. Furthermore this system implemented using the standard
API of Unix, as a result, it has portability. By implementing LDP based on the international standard and these
implementation issues, we expect that the implemented LDP will be interoperable with other commercialized
products. We prove the validity of the design of the LDP through prototyping, and also verify the prototype with

the specification using the process algebra and the performance analysis.

Z Q.¢]; MPLS, Label Distribution Protocol, Process Algebra, Performance Analysis

* AR AR EALE H B A1y H(jachyun patk @ieee.org),
=T E  9R267-0703, A5alx): 1998 74 3

2249

www.dbpia.co.kr



BFE Al 813 =T A] °99-12 Vol.24 No.12B

I.ME

ADSL(315FH0Mbps), Cable Modem(30Mbps)=}
722 gl e 87 /KA B 7)EEe]
A 7IAE, 2R AFEAE, 71 wEe A
Fo|=lz ol =3 o)lF A} 22 e ool
Mul2 7% Alyr8E AEska glvh o=t
ot ZisiAk HES e, AT W AR ¢
A Zeoldl el EAEE A9H FL Aoy
A el AFA] 7R ke A der AF
317] Sl FF dlole] %ol 75l Hesjcl

olglgt K7l ¥g3te & FF dlelH] 2
& F&5)7) Qe S PR 239 ARfo)
gepao]n, o]F /UBE] HF ko] ARl 2 A}
oA AAE Aol AFER FAHL Al o]H
g dlele] wEr)(Alcatel 1000, 1100, Ericsson
AXD 301, 311, Lucent Packetstar 6400)= 7|&9]
&4 sR7le) FIIAL 6akbpse] H]al, tleiEg
wol A3 E(ADSL 2Mbps, Cable Modem
10Mbps A7} |4 £ BAs] Al
Edie B4E Ze A IRIAE 8-8RledA
o2 288 4 gleh ol wEle 74
8424, TEFHOZ MPLSE AMEdl= dAE: &
9z= #-98 7]=(Muld-layered Switched Rout-
ing Technique)-& 438l glom, o]& &3]
2 B AW £ File AES A9
¢ e 739 dold BATE wEAY %
Ashe =TS AU

Azl Bt ol ) 5 4 AF
52 Internet Engineering Task Force (IETF) 5
@l Multiprotocol Label Switching (MPLS)S- 73}t
st lok olHdt BYslm sz wlEHelN
Q) Al ARgRe], 1S LEY B Aul
AFAEE B PHHT, FH AR =Y
A4 (Concentration)2 A5k}, o]aigt W] uf
Bl oo ol wglog, ISP LAN &£EZ 9lE
9 ATE ATE + Aok =T $Y 2 ek A
A o) HAFE Ale)E Al ol=idt kg A
1 EaAd, At L =7 ISPoAl o Pahe
FgetA Adsta agA gees VPN A8|~E
Z1Eo v FALEA At obA] sl o1&
2] TPOA, MPOA 3} 7F& Overlay Networkel] H]3)
Al, MPLS2] x9loz Qlsfl ARIRIEL o] 23
A, QoS, 8|1 Helsj2Ex VPN 22 Al A

2250

H28] 8, TRl e AREAl He1]

B =EdAe ATMZaE QIEEL Au]2e Al
9l Multiprotocol Label Switching (MPLS) A]~s]
A7 QleiA, Al L2 eF9l Label Distribu-
tion Protocol®] ¥ wlIES AX3ch 2"e|A
MPLS A2l glejA], LDP2| H&g o)3fs}r]
918, MPLS Alx"le] 7xe} 52t A eg 4
Hicl 33@elMe LDP zA] ofslE 4u,
MPLS AEEgle] AlAde] 22 #olsly, LDP
F AHE A, Axde 53 mdg AR
t} 4dela] AA A] ¥ HES Ay, A
£ ANt 7] #e] Ad=sla, Aaal dlelH
TEEF AHAES AR 5HEAA ZEAA
g AMSRE FAE wWAE Zi 7EE TEE
o) S b Belxw, A% S I}
pRAlmke 2 6HoA AEE derh

I. MPLS System 7X2 &% ALl

o] AHollx= W& X|x@ “FZ(architecture)S A
3, oh T Alve| el ) Ao,

1. MPLS System Tx

MPLS System-& 73 1¢jl4] Hole ule} e}
37 Label Switched Router (LSR)Z} Label Edge
Router(LER) & 735t} LSRE 7|&9] el &
#HEE Ayt & 4 gl Layerl, Layer22] w]#
Y& Ay, ATM 2%l7]e]| Intemet Protocol-&

WPLS | e WPLSRouter | ¥
Conlroler |, AT Conrroler |0, ATM
Controfl e = Conirofer
b | Switch Switoh

|
nwzs? | Fabrie
ra
i

ATH
teraced

‘/ internet
ATH | ATH

v =

htewzced (o] Interface | |

LSR LER

=" Fabric

= or

internet

i
I

I8
|
I

32| 1. MPLS System 3%

www.dbpia.co.kr



=%/ Multiprotocol Label Switching System2- $]%+ Label Distribution Protocol 73

A F Sle 4F AladsE Bx=ql MPLS
Controller® F7}3k1, o] A+7]|e} IPCE F1 =
omid LSP2| A4 ¥ e e ATESE
71E&8] ATM 34| BEq] Fwie Rigesy
REEo)AItH2].

LER-2- LSRe|| High Performance Packet Fo-
rwarding Engine-2- %A%t Smart Router Interface
o P 2z ESIE] F7E Floloh B =FE
20 ALEIT 7F A B{lFHe ATM 387
o UEJY AUIAE 48] 98] 2001d7k1] A
Wl MPLS Controller 412 AlA®le] Aol 4
3} 7|@sla glemE, LSRe| #Hg3t MPLS
Controller®] 7fle] Z4-& Fw lk et &

ol #AJE] LDPE= LERIE 43 4 glch

2. MPLS AaHe] S5 AlLE|R

MPLS AlA€le TETF ¥3 ZoH3le| wAx
LDPE w2r, IPOAE 53 A& ol% Alof7]
E Aelel IETF %F<l RIP, OSPF, BGPE %3}
AlA ozl IP elee] ARG, 29x9] 24 A
BE W\ AA, A AR AL ~9F] o]
2] ZAlzle B Bule] A9A= #h$E)
& Adte Alzglelt} 3] Ar|M A 2E
ERE 5o 2T IETFY IAF By JXFE 2R
upEch

MPLS A|Z2:gle] 32} ZAql 34 A7) A &
= 2993& 913 Wsl= MPLS Alxgle] -zt A
Yele s I3 28 B34 dolrak rkg dubgal
73-$-2] Downstream on Demand Ordered [3]2] 7
9 & #H7 Ad L 29038 S Mzl A
@ 724q] Label Switched PathE2] 44 F¢ %=
2AEg dAE ogat Aek dA 1Al g
8 ZREZE FHA AE e AEdd 5
S AR 2] FA4ES Al o}g-o8 25
oA g U LSPE B3 A3 4 9=
7t A8 we] F4ol #PEl Forwarding Equi-
valence Class (FEC) ¥ #A2E dA3}7] 3%
o]8-& a7l Hol¥ &7 lAxE 2wy A7l
th 3iAllA] Wk Hold 87 wAAlE A2}
o, #HolF AR} WAAE BRI He)E 4}
A HAAE ke LDPE 4R Hlo]i-g- wEbr]e
A Fo], st Label Switched PathE& 4A 3 &E

3
o
=3

gk vhAERe R 4niAlelx Hke SRS A B

U9 G52 A% HE 297 Tk o Woly
£ 919 A Atel 9] 34 eg she LDPo

in | Addrass | out [out in [ [ Addraas n I [Rdorsee
absf Frefix VP Jabul abaf UF | Prafix abal seal UF | “Fratly | U Labal

42888 | 1 12989 | 0 12888 []
17169 | 1 17188 | 1

ROUTING UpAatos ——p
{RIFJOSPE) :

(1) Routing Information Propagation

W | Radraxe | oot fout i Jin [ Address | Out [out in Fin ["Wddrass | Out foat
el Fretix u# ff abe abag F | Fratix | UF Rabe ubal] UF | pratic ] vE fab
128.89 1 1zae0 | 0 1zeed § o

1

171.83 1 174,83

Label Distribution

Protacol {LDP)

Do vmstraam Allesatian an
amana)

(2) Label Requesting

EW 7l I 2 N P el I =0 PR R el I
|- [ aznan | 4 4 Al2 [ vawws | o= $f1] szemn [w |-
AT + fe afa [l [N ED 10 | 4 Adn 0 []

5 |z AT [] T i

0 [ | adecas Accrees | Ot | Ou

L draxe ot f| Out Ot | st n
rafix 4T (| mend tsag ((F Prafiv VF § wbad ks Fratix i
12998 1 4 4 2 128.80 ® ¥ L] 1 A28 4% -
14,48 [] a fa] vawme | e {u 0] 4 [ e
| ¢ Jaf e [t ]7 |

Labael Switch
Forwards Basad on
Labwl .

(4) [P Packet Forwarding
3 2. MPLS System 22 Ajvkz] 2 [1]

s ol
. Label Distribution Protocol

£ Aol LDP #}A2] olsE $jsl, MPLS
Ael7] Alzgle] FzE A8, LDPE AAE
s, Axgle] 2 2dg AAR)

1. MPLS H{7] AJAE Tz
MPLS #|o{7)& 13 33} 7to] Label Distribu-
tion Protocol[3], 2] LSPe} A&le 93 ATM

2251

www.dbpia.co.kr



FLEAE B =2R] "99-12 Vol.24 No.12B

LubelD mirhutibon Potoacl Bl

33 3. MPLS #¢7] A~ 2%

E7)9) s8] 55} LDP7ZH] dfel AMHEE
General Signal Management Protocol (GSMP) [5],
Alzds] A2F = dl ARME|E  Classical
Internet Protocol over ATM (IPOA), 7|9
TCP/IP Protocols, 3A1Z 298 AR S sl
28] eo)Eg wer elyE TReIRIP 3o
OSPR)E 7A5lch  o]A] 7z 74 84-Eel )
A A dohial Buz 0% e A4 A5
HE5E g 4dolA ]Eii)

1) LDP

Label Distribution Protocol-® IETF%| Working
Draft$] draft-ietf-mpls-ldp-06.txt &2 =]aj2] FF
& webd Easielol Wrk B oSE olE Tl
7] A% ZRAXNES dolgt F2F TP AT
=90 29 ol

LDP+= Label Switched Routers”} 9} AH|&2] 7
2AA ARE AA dHoly Ja AF 2435 4
Bol| Aoz, e B deld 29 7
23 Wgeke 9] A2 SEEs) dAREe
Adeleh3]l. shie] LSPE AR59] 5E shid
#3le] wbEolAlnt LSPEE: Z7k9] LSRo] st
EEFS A% Y HolEEE T3l BEE A%
o FoR IR Y dHolkr wHolhEY 4}
e AYY AEe] dSom A

LDP wiAxlell= 37k4] F57}F Qlck 1) whate)
3jte] LSRO A4S delw, #A3l7] 8l A}
S5 W F7e wAR] (UDPE €3, 2) LSR
TR WS A ARk il A
A e WA (TCPE 3D, 3) &858 A%
HolE APFES sk, wWAsky, A¢=d Al

45 4" 15 WAATCPE B37) ok

2) Routing Protocols
Routing Protocol Function- g+$-8] o]E-& A

2252

AEke 7]50]c). o] RIP E: OSPF ( A¥Ao
2 BGP, PIM)e]=], "+<{3l Routing Table->- FIB
5 t=d) AREIth o] 7]% Routing Tables]]
HEAHle] 9lg o, ©]5 LDPo| o& F+= 71%5-&
71&8] 2198 2z Edold FrstEas WEelA)

3) IPOA
A7) LR EFEL. JPOA (RFC1577,RFC1483)%]
o4 &=F gk

4) GSMP ,

GSMP+= LDP2} ATM Switch®] &xl2] 3 2}
He| axEdezte] F4l-E $8) AM-sh= Proto-
col ot} WEr] Abollr] AL AA At sl
I, 282 2E Aol YAPPRE Q73] e
ek EF BA ARE G257 SwitchAke] vlE
7] oM EE ARghc)

2. MPLS HFojz|e| &= 2d

Qubdel MPLS Aoi7lsl 55 mle E4), 9
o] A 2489 F2he ZhdE HjEw] ¥ 4
o ok 2de] AR g A wNA] 2F =
E(Message Flow Chart)E Esl4] AkM3] Be|Acth

MPLSE controllar

Allocating
(Lahal

r Binding Protocal)
e
RouteCheck

LaRe (Gated)

User Binaing
Proceas Ragyiing

Karngl ALTLT-)
$glicing
IP Forwarding Flooding i
New Lo arer uien

ainding
Lafa

ald LaRe
Linar Fachaty All Paore PosrtE)

Unwr Packets

| ATM Adaptajlon (SAR)

T8 4, MPLS Alo7] Zat wdj4)

V. MPLS LDP &A % 78

of AellAle AA Al zei HEo| s A,
BT A3l dA® LDPY A4 EE Az}
& &3, AA THE slegd B dgstm,
| Al wole] FRe} A UARE AR,

1. MPLS LDP 4A A D28 ®HE
A44A Ewbdel LDPE A 98 zeg
Hee bt P

www.dbpia.co.kr



=%/ Multiprotocol Label Switching System<- $]& Label Distribution Protocol -

+ EZo] wikE: LDP: IETF2] Working Draft
]l draft-ietf-mpls-ldp-06.txt F-& w2 EE
& wehd FAsleol Pt il s A
Ao A AFHY e A Hes)
ofof gl

« MEat A=A LDP % Software: Carrier
Class AFS Mg A4S =uviel 3}
Aes YA, 7 A LDP AldE i3},
Nonblocking TCP sessiond Al&sfol 3}n,
A4 d#)e] ARA|E= Exponential Back-off
Timerol] wle} o]Feizjo} g} 3k A=A
£ A olFs}t rles A|ste], AelA
Al Al Fwt gle] dlulAx|zt Mu)ag A
4 3 slolof gt

« B LDPE 7|9 A 2] 259 H
ol el wHE4l 40,000 7N = BES
A F olefo 6] w3k A2 7l
o F7ht ®Ee] Wil A A-LA717] 4
Bl A AT 5 glofel vk

+ 0]AX: LDP: ¥& Unix APIE AR&ajed,
clopet Wel 4 o14E 4 aleg A
olo} ek, At shafolel dlole) A=) u}
o= A wAlsh TRk B 4 glefol
)

« YA LDP= MPLS Controller Sub-
system®] A{¥]A Upgrade, TestX] AjH|A &
%o] Y2 A Fofof Ak

2. MPLS LDP2| tAx] =& EAt

LDP2] EAlwri 37| Downstream on De-
mand Ordered®} Downstream on Demand In-
dependent —12] % Downstream Unsolicited Ordered
2} Downstream Unsolicited independent} g]cH3].

1) Downstream on Demand Ordered Mode

Downstream on Demand Ordered Mode2] LDP
o g 1% 59) WAA BE Emel] EA
L2 vEREE LDPy Alayl 20)3F A9
GSMP Master(X%o4] GSMP.m 22 w7DE &
#, Al2gle] MPLS REG-) gt 27)3) d8$
Wt elAe] g -3geg A4 7153k Label2)
HE ek 9 Aad] 2718 Al OSPF7} &
zkste] WlE Routing -Information Table-2 LDPs|
Hedgicl. o] LDP7} Forwarding Information
Base & Uoid] AREICE oA AR 271318

DFT| | [1oF GEMP.m GEME @ : TPre
TN Symaninit Jpd AtiPariCont ] T T

1 abalR Ak —

RB —]

[-— Hollo Hesllo —1

- Hello —@— Hello

4 Feasi W~ Bessionni ¥

| K aapal " x

-2 datre s — g iomnee. »
A

| LabeiRaq —»— LabelRag

|——5plion — o AddBranch )

M- SpliceAck —M— Ack ——
4 Labolviap—]

Lnﬂ Packets >

18| 5. Downstream on demand ordered mode® E-3s}
i+ LDP#| Message Flow

vlzly, LDP £-2 Hello MessageE 23l (IP %,
Label Space) A R.Z x| 2elA| d=ic) ulw A
IP 49 ghe] & LDP(2239 <ol LDP)7}
LDP Al4d2] #7|8} w|AR]E E3l, Label Adver-
tisement ModeE v]£3 A9 T2t #=Ag 2}
% veiEEe T, FRpEiEe] 48 7
o]2g} LDP(LDP.i¢} LDP.e)So] 2502 Keep-
Alive WAIAIE FogH AAEE AY Ak
a2z VA A"l HEES] IP F4F Addresses
AAAE B M2 F3 kst o] 27|38 s
< EE LDP 53 Ry FUdsHA AMgHt:

o] BE /18 AxE B F olin 2 v
A2l 3EEE B9l LSPE ARAAIE ARle)
Ingress LERS! #9-2] LDP(23o)jA] LDPiZ =A4])
L 7)&e] IP 2hSE|ENE AAldA Eole: 1P
dlole] HZ& Meidlr] 913 Ingress LSPE 753}
7] §13, #HeolE 8 WAAE WAl A7k LSRE]
7%+ LDPHEle)lE 87 WA wolr, Al
Forwarding Information Base (FIB)E #-<l%l )2,
HolE &7 wAAE A7, AE fAA2
vt} 729 Egress LERE] LDP (LDP.e):= #Ho]E
27 WAAE wold )Ee #eEE Wie
Egress LSP & 2pilo] HA%F ¥R & 948k, )
olE AWM} AR MY AJFlel. LSRe] LDP
(LDP)= Bole #Holg AW HARAE A3,
Zile] dlelel el wledski, LSPY] RS
3, 2g] qke] #H7l Mg ARl AEZI|AE A
X 4ALEE, GSMP Master (GSMP.m)Z A}

2253

www.dbpia.co.kr



FHLEA 28 5% "99-12 Vol.24 No.12B

LDF.i . [LoF GEME.m OEMP.8 CsFF | LDPs

o it 49—
K sopati - Kosphtive—]
-y . »
ddire) . -
Labelep—
Splics —W—AddBranch
- SpticeAck —M—  Ack —
P-LabeMup—]

}—1P Pack

P
.

7% 6. Downstream unsolicited ordered mode® Fabshi=
LDP2] Message Flow

43le] AddBranch w|A)2]8 2§12 Aolr]o] il
t}. oju) A$)2] Fo]7]= GSMP Slave (GSMP.s)=
3 FAlE ol HTAHom Afulelar) A E
9, Hold 87 vAAE B Aoz Hol¥ A}
A AAE HAANA F Eok )Y dASS
AHA 99 LSPE A IP #jzle] Adde)

2) Downstream Unsolicited Ordered Mode

Downstream Unsolicited Ordered Mode2] LDP
o] 22 2% 69 WA BE EFelx =AH
o2 & veht glch o Adeld dug 203 A
Az Bl F okt 2 XA ZBEL 53
LSPE 454|171} Egress LER2] LDP (LDP.¢):=
Forwarding Information Base (FIB)& #ealdli, &=
Y Holtg €3l olF GSMP wAxE s
29028 Aol By slE9] 29 phe
Egress LSP & pile] A4 H-5-& 9Aslw, ¥
olE AR} wAAE WA Azl LSRY LDP
(LDP)= Zot2e Held AN HAAE A2)sied,
ZRle) dlelet F=e) wledalz, LSPY) A¥e 9
#, @] oke] HR NG ARl 2Zeo] A A
A=) A slxE, GSMP Master (GSMP.m)S A}
45}e] AddBranch =|A|R]E ~39]x] Alelz]el] wl
t}. ol A9)x Ae17)= GSMP Slave (GSMP.s)
g 33 B Wb TR ~FEplaol A
A, HolE a7 HAXE B Adez e
& AR AR S LA A Ingress Tog BUS
ot A7le] DAESE AAYY LSPE A 1P
H7le] Az}

2254

" 3 it - 5
[~KeepAl o KoepAlive—]
ddey >
dronmos-pr e
|— LabelReq —m— LabeiReq >
ba-1.41 = LabolMap —]

plice ——pt—AddBranch -]
M= SpliceAck —M— Ack —

p=1F Fack

¥

1% 7. Downstream on demand independent modeZ. &
23 LDP] Message Flow

3) Downstream On Demand Independent
Mode

Downsiream On Demand Independent Mode2)
LDP2] g2k 17 79) wjA)R] 38 ZFollr] x4
Aoz & vheh gk el il 27ish gat
E ¥4 F, Egress LER2] LDPE Als8i3 ==
LDP(2%ollA LDP.is} LDPE A= FIB| gl
FECS<l| thgsh= #old a7 vAA5 w4 A7
t}. LDP7} #HolE &7 w42 & ukow, zjale]
FIBE &3 old 57 digele 9y #o)ge
s g dlole] Fmel] HAskw, o)k
AHd HAIRE REEAIA 2xteisech. q19 Egress
LER®] LDP (LDP.e)t #HolE &7 wA|A]S wlo}
A 71&8] 24ElR Yyl Egress LSP 3 AMlo]
AAE 8-S BAEkm, dolE AW HARE
A AlZlch LSR4] LDP (LDP)i= Holi= #lo]&
AP VIS Aejsled, A[419) dlole}l xol ub
g3k, LSPe] AdE 94, i) ko) # A
7429 ~ERolaE A d HAY=E, GSMP
Master (GSMP.m)Z A}4-3}e] AddBranch vA]x]&
2812 Aei7le] Byfcl AdgHen AZee)ar)
AR, 718 DAES AX Y LSPE AH
IP #7le] ALt SFejo)ne] HAld) AsfsiA)
=, o)A #Hold & vARE By Miler
HolE i WAAE dAAA By ok

4) Downstream Unsolicited Independent
Mode

www.dbpia.co.kr



=8  Multiprotocol. Label Switching System-S- $1%) Label Distribution Protocol 78

[ [ieF @E |0__SME @i"“l : LDFs

LehetMap— e 1 ahalML
Spli Ly -
i b— Ack —

h—SphClAl:k—

1% 8. Downstream unsolicited independent mode= X3}
3l LDPS} Message Flow

Downstream Unsolicited Independent Mode<]
LDP2| & ¥ 89 wAA] &£F EZeM &
AAeg ek} gink FUg 2718 HE &
d ¥, gest e A 5g5E Bu LSPE
A7 A)7)c}. Ingress LERS] LDP (LDP.O)S 193}
XE LDP+ Forwarding Information Base (FIB)S
Hldlm, 29 #Holi& ¥l o] GSMP v
AAE Bol 290X AR B 71E e
BlZ Wk LSP F zMile] AA4E 255 94s
i, Hel® AR wARE #A] AFIth LSRE
LDP (LDP)= #olE A wlAz 5 Aelsle, &
FE HelE ARE ALY dlelel Fxel AAs}
3, A A AR olg, LSPY] AES 48,
A7) gk HR AL AR AZwle)~E A9
o] HABEE, GSMP Master (GSMP.m)& AR
3l AddBranch #jA)R|[E 22|] Ale))e] 2lich
oluj A% Ael7]&= GSMP Slave (GSMP.s)E
%su BAlE Utk 4FHeR sgoble) 44

4, 719 SAES AN AR LSPE AA 1P
3*]7‘*‘-'1 Kik=ed)a

3. MPLS LDP ¥ 7|sE&
z}z}e) —'.’-H.S_._(component)“ S wE7) 9 &
TEE A 715EE Ao B ohgs) 3

1) LDP
Label Distibution Protocol& 78lshe= 4% )
T2 va3 1]

+ IETF FFol H2¥ LDPE ¥ A7k E5
o] WHAES $1%, UDP, TCP ¥ AZE
AAsa, A8k, Fashe AgE she A
273

< A7] A KA eARE AR, Bl #E)
A

« LDP A 7]A1E 28k Alwj=A

« LSR 589 55& A3l 45 553}
= A=)

+ Label ARARE
2R

» Stream Mergeol| tiw]3lr] 45 A==lA

¢ Label AMRE ATM 294x]9) 347 4 vl
F BEoA odelr] 1% A=A

« 2 A F(Routing Table)F A AR 7
Hb (Forwarding Information Base: FIB) &
+ A4 A 208 A=aE

ko] 71T &% 7S aEs olvk

» Loop-Free & 4715171 413} aAl=lalA]

+ LSR $E8EE A3 AdFsle AF A7

- LDP A 71719 24 A=A Fo4E 9%
Ae]aAg

+ LSR 89 F353 AAE- dnigt 4AE
3 AgE ) e

« Helsi~Eo) 2]z

* QoSE 312§ Stream Merge A]e]A]

+ Management Information Baseel] ©.83% w3t
? B4 ARE 23 A=, 49y sl &
T A sk A=

sk, WAsE, glole A

2) Routing Protocols Interfaces

LDP2] Routing Protocol InterfaceE &3l
A¥ 7152 Routing Table?] WHEZEAISH)] 3
LDP ¢ E<]A] el Au]ddor A= stk

3) GSMP gl n2y| o|Exo| Y2
LDP7} LSPY AHALE 93 A3k General
Switch Management Protocol W %] 2]&Hq]
FE5E FRste AR 71FES o3 Zls).
. AEgesh 2979 5715 )
« 29 AFe A A 83 Vs
. 299 ZE Aula AF oy 24 -
g4 a4 7%
- 29x)¢} Configuration AFe B 83 7%
29 x]ellA RS HE7] oWE Q] 7]
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1.

. 29)%9) ZEM Label Space IDS} Labe
Space IDej| tis] 7183 Label Space el
A oA 7%

« LDP)A A4% LIB ARES Iepie)E g
ATM Z-%}%]¢] Splice A 8-S LDPEYE
whola], 3% Connection(Splice)-S ATM 32
oo 2ARL sl ke A Al HRE
LDPel| o= 7%

+ 37]9) LE DownSg| #Aell X], LDPA|
0)5 d¥ F= 7% Portd] AAL @R A
°]7-& LDPoAl ¥4& F& 7%

4. MPLS LDP & Z1}
el T Ael Alole) FESH A2l 7
CERE L R e

1) HolH F=&

LDPE F&3h= dlele] 252 LDP Signaling
7% Helsl, LDP  Session fe] Him) shd
9] Forwarding Equivalence Class 3-5-% wta gl
+= FIB 353 FECe] ghgd¥ #o)8 i #dd
Aol B2 A LIBE A% gith

s Session Control Block: LDP A|4d312]& £]%}k

Ao] B2 r}-g9] dlole] TR A€k

typeder styuct _ SC ¢t {

__ulé6 Looal Logioal Label Space;
Lo u32 L3 WextHop LSR Addr;
“Tais HextHop Lowical Label Space;
__u8 . Role:
__uf State Machine;
int Socket_ID;
_na2 Msg_ID;
. M6 LPP_version:

Init_Parameters_t LDF_Init_Para:

LapTimer_t HoXdTime;
Label Range_t Label_Range :
styuct _ SC t next ;

1 sa--lnn_Cunt—rul_t L

#3724} Local_Logical_Label_Space$}L.3_NextHop
_LSR_Addr, NextHop_Logical_Label_  Space+=
LDPS| Hello #2)a4onae] ol g A
A%kt Rolee LDP Al 2718 s}Aollx ARile]
- TCP AAE oy A5E 8he Active HEE &%),
yhilQl Passive Q& &A] off-5 AARI) o]9]
Pre ®ale] IP F4:9} L3_NextHop_LSR_Addr
5 v, & 3L 2 Fol Active HEL 3 x
2 3= vklew o]Feizt)  State_Machine2-
4.4.3 Aol ZRAX iR WA =, Ade] Al
71Ale1c}. Socket_ID= Al4dg) 44 IDE AAghc)

2256

Msg_ID+= LDP w472} PDU¢|| Z3E] 9= ID
23 LDP tA®)¢] <4 W F(Sequence Number)Z-
vepdlck LDP_versiond LDP ARAle] 44 vje}
Wz, AL Ak o) A4de] A (Negotiation) ]
WA wA W2 ARt Z)e di eSS
LDP_Init_Parac]] #4=d, o] £t WTEE
al7]ol 7J4lsle] AAFIT) HoldTime-2 Exponential
Back-offe]] 2]s|4 LDP A4 A9 A =g 3,
Axde) HA Foll= Keep Alive TimerE $l8i4] A}
$5ith,  Label_Range o] AWdela] &} shsat
ol &o] WHE AHAstx, Ald A3 Fole P4
o] Tt FPER JARITE nexts Wl 9F =5
(Single Linked List)S 2)&l7] ¢ A183kc) o]
T A4 e AMShe Aol didjxe el
LDP Aeldat el £ slrk

+ Forwarding Information Base: FIB+ t}29]
dole] Pz Y 55 Pgem 74
Heh2]

typedef mtruct _!‘IB t

__u32 Da-tim;i;ion__ll’ H

L Clasa of Seryige;

_ u3d2 Forwarding Eguiralance Claes:
_ uj32 HextHop LSR Addr;

__ulé Local Logical Label Spaove:

_ uil6 NextHop Logical Lahel Space;
Label Information Bawe t *LIBE

struct _ FIR ¢ *next ;

} Forwarding Information Base i;

©]7]4] Destination_IP+= =h$-8] ®lo|&E5 R 1t
Soldl AR2H, st FECO| tig F4 7o
(Prefix)e] 32, Class_of_Servicer= CR-LDPojl%] CoS
E 23 Abeslr]) fE o|ekelE W<pct Forward-
ing_Equivalence_Class:= FECE #=)sl7| 1% ID
o], NextHop_LSR_Addr-2 Routing Table<]
Gateway ZARo|l4 whge] Ak Local_Logical
Label_Space<= ¥#lo[8o] ¥4 Label Space IDE
ez, NextHop_Logical_Label_Spacetr= #o]&
2 Yt} WhE Peer LSR2] Label Space IDE vle}
ek LIBEE thie] &) A48 ds)=d), &
ol¥ AHRE AAsh= pelrh

+ Label Information Base: LIB= &% o)
2 e A s Hel2g ¥t u]
e AeAxE esied] 9] Hag
AREE A o5 dlols FEg F
4 fEEe 3o AR
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typeder struct _ LIB t {
_ u32 Incoming Port:
ATMLabel t Incoming Label:
__us8 Incoming State Machine;
_ u32 Inocoming Msyg ID:
__u32 Dutgoing Port;
ATMLabel t Outgoing Label;
_us Outgoing State Machine:
__u3z Outgoing Mey_ID;
struct _ LIB _t *next ;

} Label Information Base t:

Incoming_Porti= #o]¥ 83 dlHxE sito}4
ZMle] dolEE Udslol sk XE WIE A3
Fhth o] ARE LDP 27)3 A GSMPE EslA
725, A28l P4 (Configuration) ARZ HE
Yeolzlr}.  Incoming_Label2- zZRile] #d3l 4%
xee #Hol¥ & AHARR} Incoming_State_
Machine2- #jv} FEC2] Incoming Labelg &35}
7] $13F Ak} 7)Aoz, Incoming_Msg ID= Eo]
2t(Incoming) #e]E 8A wARe] £ WHE
(Sequence Number)o]th

Outgoing_Port= #HelZ 83 o4A)1S Hujje],
FE(Peer) LSRENE] #HoldE AR} AR S wle}
A, g whe HolES AME ¥ E WIS XARL
o} o] AXNE LDP 2708 X GSMPE Fa4 7}

=, A28 A (Configuration) AR = HE|
odezle}. Outgoing_Label-& A[AlollA] ¥ekg &3
xeol #Hold g AAYch Outgoing _State_
Machine<- s5} FEC®) Outgoing Label& 3t}
832 23t At Z)Ale)x, Outgoing _Msg_ID+=
HWrk=(Outgoing) #HolE 8.4 =iAx1¢] w4 W3
(Sequence Number) o]ch

2) oAX] 2| Bits

B Aollxm A Aduigt vAA] BEF =g
Al vehd WlAIREe] ZZhe] ReER FaAEhe
LDPo) =33 o, i AFI dlole] 235
AAE ol HRES stz AR HARE
o} Ael¥leA] ZHslAl Amich #Held Fa
Al(Label Advertisement Mode)ol] a2}, Label
Distribution Protocol & T-&32}7] ¢35t a|=)&dz} &
< ZA F 7 wileg 1§ Hh

» Downstream on Demand Label Advertisement

delt 27 wAAE WL ¢, A4ile FIBE
Bolr . Ade] 7R A9l HolES sl
sid FEC] #olE AR so]ol MAsta, oA
Aviel zHy Azke] delE Ale] whii(Label
Control Scheme)dl] ulzl, @o]E 9 A2} ¥

When Initiulivation Msg received
+  Make LD sesefon, and send ACK
When FIB Initlalization Msg recojved
+  Make FIBE, and send ACK
When Label Request Msg recelved
+  GetPeer LSR Address, Peer Label Space, and Prefix from the
Msg
Find matched FIBE by using above three keys
Find corresponding Sesslon Control Block by using keys
ARBocate Lahel
SetInput Lahel as the Lahel
Send Label Req or Mapping Mag including the Frefix and ihs
Lahel
Label Mapping Msg received
+  GatPeer LSR Address, Peer Label Space, and Prefix from the
Msg
+  Find matched FIBE by using above three keys
+  SetOuiput Label as the Lgbel
+  If ordered control, Send Label Mapping Msg including the
Prefix and the Label

e 00

;

18| 9. Downstream on Demand

olE APy WA|AE Blick  HelE AR} wAR)E
b= A9, 219 FIBE 3oty sl dHolis
Atz o] AfelolAE WE|d dAEE g
gk, Ordered Control®] 7%, d3e] &4xe
2 =, A}1e] Upstream LSRell tafix] #Ho)
B AWF A2 & A7) Independent Control
2] g Aol AdzleR =R 2R A
Z}Al8] Upstream LSRel] wisla] #lo]d 3 A
A& A AlFlck AR Aw]aade ol 13 9
o} .

* Downstream Unsolicited Label Advertisement

Independent Control2] 7§ Ingress LERS- A|
2%t 2% LSRe], 282 Ordered Controle] 73-%-
+ Egress LER2 Downstream LSRe] =}419] FIB
£ Alohia §l¥ #old o] L7EE A5
#Ho|E-2 drfeled, sl FECH #old AR o]
2ol AMAsta, #Held AME wlAIRE Upstream
LSRZ Mfick #o]E AP wARE whe A%
A8 FIBE Zlolr] & #Holg-& AAslm
o] AFElolAE HAlH AAEE L7%k)
Ordered Control2] 7-¢, d=jo] Fildoz 3=
W, *M1¢] Upstream LSRel cfafx] #le]& M
oM #]5 24 A|zic} Independent Control®] 7%,
o] aAdHen L£YFR| R A, Al
Upstream LSRefl thellA #o]s #Hax vj4A]E &
AAZIeE 2 & Mzl ofl 17 109} 3}

3) LDP2| Z2MA = J|HE ALZSE aiA)

2 Aelal Apusioldl LDPS) AR S5k
de ¥ald 7|4 7|He =24~ 4(Process
Algebra)®] <9l Labelled Transition System[8,
9]¢ AHg3le] Zlegir)l B 7yE TREZE A
&% ZREZY P wE olF AET)
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. ‘When Inftlalivation Msg received
+  Muke LDP settion, and send ACK
. ‘When FIB Initialization Mg recatved
+  Make FIBE, and send ACK
. For Each FIBE (for the casp of Egress LER in Ordervd Control or All
LSR except for Ingress LER in Independent Contrel),
Get Peer LSR Addxess, Peer Label Space, and Preflx frem the
FIBE
Find corresponding Session Canirol Block by using keys
Allocate Lahel
SetInput Label ag the Lahel
Send Label Mapping Msg including the Prefix and the Lahel
Label Mapping Msg recelved
GetPeer LSR Address, Peer Labe) Space, and Prefix from the
Msg
Find mairked FIBE by uaing ahove three keys
Set Quiput Lakel as the Label
If ordered control, Send Label Mapping Mag including the
Prefix and the Label

.
]

7% 10. Downstream Unsolicited

Aol Hejdit} 7|3 AAF zHEs) dgshd,
2t ek A = a . B 7} 2v)dhs A A A
R XFEF 9] a Foll B Al =24
22 AHolgthe AL Yulsis, A =a. A+b.
B A Al 89 a Foll A AelZ s, Py
b Fel B AejZ ¥ 2 2ridl 23 Uit
Hel diepellxle] ¢lmjel Zhem, | odAke @Al
Fofzle ZaA2v) ERHe R Fapsht AS %
AE B AT F¥em |\ ik uiR
F29 o)EE ey A% daRje]ok

LDPE HELLO Aleje} 2&3l= LDPMAIN At
2 Aol=n], HELLO Z=2AAdl4 BEZ) 1dp_id
£ LDPMAIN Z 2|2l Adals Wi «de] gl
v}l HELLO ZEAMAL [3]d] A2)=l vle} ox)s)
w, SESSION_ldpide 2} A)4de] AlelE Jehiis
zz A=, (319 A4 Z7)3 A 7]A (Session
Initialization State Machine)®] 4}e}E 3 Nonel|
25t} Urz] INITIALIZE 24~ OPENSENT
Z242, OPENREC =24~ 18]7 OPERA-
TION Z2A A% [31o] ALE nle} zic,

SESS TaA vz A Z7|8 vAAE ugkE
u, WA= AejdAds H@Aska gk

OPERATION E2ZAAb BE 27|57} 4
F 2713t A 44E 27t LDP A4S dol¥ ¥
o] weel #Holld Ale] e} LDPY] whofjxe] o
ol wa), Heols 87 wiAA e} HolE AR} WA
A5 wWAAFIE  AulEAs wAsie Qo
PROCESSPDU *5-2 LDP wj|A|A]2 wigbe uf,
z} w4212} PDUE Helshe A& Al
o] A el ] Al A9ot o
Al s AE B 4 ok REQE #Held 8.7
AR s AAE] FGAEke glew,
MAP:= #jolE AW} wWAz]e] Az|aals ARAE]

2258

LDP = (HRLLO | LOPMAIN) \ ldpid

FELLO = (one_third time_out . sendChello) + reev (hello)) .
reset_tirrer_for ldp id . acceptable mesg . (session found in SCB |
HELLO + session_not_found in SCB . send(ldp id) . HELLO) +
expiry . reqove adiscency , HELLO

LIPMAIN = recv(dp id) . SESSINIT ldpid

SESSINIT ldpid = session_commected . INITIALIZE

INITIALIZE = active . send(session jrit) . OPENSENT + passive .
recv(mesg) . ( sussion_init_msg_received . SESS +
(except session init msg b timeout) . SESSINIT ldpid)

OPENSENT = recv(mesg) . sessioninii_sg_recoived . serid
(keepalive) . OPENREC  + (timeout + recv(mesg) .
excent session init msg) . send(notify). SESSINIT ldpid

SESS = tooshortmse . send(notily) . SESSINIT Idpid +
nottind_adiacency . send(notify) . session_closed . SESSINIT dpid
+ find_adjacency . (accept_parameters . send(session_jnit) .
send(keep_alive) . OPENREC + not_accept_parameters .
send(notify) . session closed . SESSINIT Idpid )

OPENREC' = rocv(keepalive) . send(address_mee) . OPERATION
+ (timeout + recvimesg) . excent keep alive msg) . send (notify)
. SESSINIT

OPFRATION = recvimesg) (except_shutdown. PROCESSPDU +
(meout + shutdown_msg, received) . send (shutdown) . SESSINIT )
+ ondermand . (_am ingress lar . ordered control + indeperent)
. label required for_fec . send(label_req) . OPERATION +
unsolicited . (i_am egress lsr . ordered_conol +
independent_control) . label_mep for fee . send(label_map) .
OFLRATION +  hold_time_expiry . send(keepalive) . OPERATION
+  no_mapJmesg_within time . unsolicited . independent_control |
send(label withdraw) . OPERATION

PROCESSPDU = too short_pdu . send(notify) . CPERATION +
process fixed hdr . B

B = format_error . serxd(notify) . OPERATION + process_mesg_hdr
. ( map_mese . MAP + req mesg . REQ + withdraw_mese .
send(delete_branch) . send(label_withvraw) . UNSPLICE +

ather meses . OTIIERS )

UNSPLICE = recv(success delete branch) . OPERATION +
recv(fail delete branch) . send(alarm) . OPERATION

REQ = umolicited . send(notity) . OPLRATION + or demand |
( format_error . send(notily) . OPERATION + fec . (format_error |
send(notify) . OPERATION + search sossion . C) )

(* = no_session_found . send (notify) . OFERATION + fib scarch .
(no fib entry. send(notily) . OPERATION + search set lib . D)

D = illigal_rey . send(natify) . OPERATION + ardered_control .
( i_am not_egress lsr . send(fwd label_req) . OFERATION +
iarm egross lsr . BCRESSMAP ) + independent_ conitrol .
(i_am not_egress lst . SENDMAP + i_am egress ler .
EGRESSSENDMAP )

SENDMAP = alloc vee . ( cannot_alloc vee . send(notify) |
OPERATION + alloced vee . set_inlabel _state . send(label_nap)
. OPERATION )

CORESSMAP = alloc_vee . ( can_nor_alloc_vee . send(nolify) .
OPERATION + send(add branch for_egress Jar) .
(OCR MAP EGRESS )

ODRUMAP BGRESS  reevisuccess add branch) | send(label_mep) .
OPLRATION + recv(fail addbranch) . send(notify) . OPERATION

EGRESSSENDMAP = alloc.vec |
(can_not_alloc_vee . send(notify) | OPCRATION +
send(add branch for exress leor) . INDP MAP LGRISS )

INDP_MAP_FGRESS = reev(suceess_add_branch) . send(label_map)
. OPERATION + recv(fail_addbranch) . send(label_withdraw) .
OPERATION

MAP = format_crtor . send(notify) . OFERATION + fec .
{fee mol_found . send(notify) . OPLIRATION + label
( send(notify) . OPLRATION + session search | F)

E = session not_found | send (notify) . OPLRATION + fib_search
_ (no fib entry . send(notify) . OPERATION + ordered contral |
search set lib . F + independent control . search set lib . F )
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F = illigal_map . send(nolifly) . OPERATION + alloc_vee |
(can_not_alloe_vee . send(tily) . OPERATION + send(addbranch)
L H)

H == reev(suceess addbranch) . send(fwd label map) .
OPLRATION + recv(fail addbranch) . send(notily) . OPERATION
F H% lligal_rmap . send(notify) . OPERATION +  send(addhranch)

H = recv(success_addbranch) . OPIRATION +

recv(fail addbranch) . send(label withdraw) . OPERATION
COTHERS = natifigation. msg . process_natification . OPERATION
+ address_withdraw msg . process address_withdraw | OPERATION
+ lubel_withdraw_meg . process_label withdraw . OFFRATION +
label_relomse meg . process_label release . OPLRATION +
label_abort_req mse | process_ label abort_req . OPFRATION +
keopalive msg . resct_keepalive_timer . OPLRATION +
vender_private extentions_msg . process vender private extentions
. OPFRATION + ldp_experiments_msg . process Idp expetiments .
COPERATION

AL glrk OTHERSE AbAE] 7l&siA] @&
Uz wAAEE WAsk sled, ole #Ae
b44] (Completeness)-S- 913 A2=]gict. =]
ZZAAELE U ZIAAGFEN TZEF 53}
AA3e A3 HAE] A6 A= ok

o] HoJE-g #A| LDP ZE[3]el 2)Aske 24
Eol7] Wi, ZREF AP AFE 98 A
49 5 gloh mj B Aeje Fald AR e
70 Zed P93 g3z slck vl o]
2L iAol qlel #9) mdR vhgHelA AL
2ghcl.

5. 78 #H

ZZ2Eelqle] ke Unixe] Clonedl Linux &
RedHat5.09]] Linux Kernel 2.0.258} TPOA Package
9l Linux-atm 0318 A3z, 1 HellA &8 =
2ogo® AaEgen], shdol= PentiumPro™
PC2} ATM Card= ENI 155MMF BHT7} ALLE]
ok wlakd Unix 5 APIQl Socket InterfaceS
Al83]4] TCP/UDP Service Access Point (SAP)
X4 Hio] apAELh o] L2 EElQle Fo €
A BEel, 400MhzE E2bsl= MPC750 Boards]
A R dAels, o1& ¢lsid psosTet
Epilogue 3402 $A3 «jAolck

V. TH o By

2 Ao 7 xR Q4D o
Rsael T Aok

1. Z2EEg| oFE4
oF HelA 71&3 7%l TRege) WYAS 3
Esng, vled e zeege) BEAES AAY

5 ook GAE 2RI Ald Hol Ml o}
g, 27) AHEyE Ao nE AhS =9 7}
Sehk wehd o] Aoy =S Mok =g
Ak Z7AEIR Bl = Qle AR} glerng
AzAE 7lFch ol ZTREZHA  Deadlocke]
Hhgal] @e-g ojuidich =3 e AZE U
st t2 Az HelslA] e wlAAA )
7} 9o Livelocke]| &Alekal vt WA
o] THE EREEE kA (Safety)S Adch

2. &5 &4

e8] zREERle A%e S4sIE AW
W ALgEle] Aol F83 dgE 1A sle
2 dilEle deld 87 wARY delE AR} o
Azle] AulAgE EAsl A A &= 7]
dghs ralRct olE 3l zpzhe] wAjA] Az
o Ba3 C Language #}<le] 55 HH BEWHS
12t #qldls, SARE =elo]H3lr] $I31 Interrupt
Service Routine(ISR)-& 3= w#Ee] & &
olghc} T e HEe] Y 55 7K C
adole] =l F Huldze) HHe] A&wE 7
Abgle], o1E-& 77t FEla vigregs shite] H
ARAE Helsl] s sEe ARE o 7
o] Al
(Total Time To Process 1 Message) = (# of Instruction

for ISR} x (Execution Time / Instruction) + (# of C
Lines for each Message) x (Execution Time / C line)

o]. A|7ke]] GSMP2] ##], Routing, Management
Overhead & 25% Fwlale] Aalspd, slfe] o4
A% Azishedl 87Ee A7k Z|dighe] ol#{dt
FEollA T 292 msec Y& o F UL =
2h4 8% Unsolicited 2 ¥-2}5}= LDPE 2% A
%] A7} gbell, On Demand® Ea}5H= LDPE: 4
B Axe] A7k <ol 40,000702) -8 = A
Sk PPeE ASE e "ok AT AR Rl
¥ 14 & eh} gltk 32 Message Process-
ing Time %%o] dFE FR/I5EE o) 442
Aella 71e%t A9 WA A=l AxEe] AR
5ol e WIE

3. =4

B APE Ed ZEEEiglo® whEed] LDP=
thet zo] A43lE 8 meiEel ¥ HEE F
27153 ok

« ¥3Fe] "2 Label Distribution Protocol-2-
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2260

Execuion Tine Constaints

TP clock cycle ) W0 e}
Cycle Time ¢ Each Gytle 2 5E-09
| verage #of clack / Instriction ™ 2
(Assume zerovuait states for R

Execution Time ¢ Instruction 0.000000005
Average Instructions/ a C line 5
Execution Tie /Giine 0.000000025
SGAISR Exculion Time

E#dinstinlR) i
Execution Time foriSR 1.0us
Add 15% = error mamin 1.150us
‘ Message Processing Time

{Estimaed No. of C ines)

hiain 1
Function Bathy L
Sezsion Search = # of Sestions * Jlines 192
FiEt Seatth faverage] = 40000 Enfries/ 3 * 4 ines " 80000
LiB Saaich [average) = S124c 72 2 lines 512
WU allocation [average] = 512 vee /2 %5 Thes 768
fialdng Reg POU ['quHurmuHur#“E@] 14
Making Map PDU (F:dermhdeHFECﬂ_ahel] 20
Req Funs. " B i 5
Flag Func. - H1574
Rvarage C Ihes for 1hsy 14
Taital Trrig or T g ifi LDP SO e
[(dd 5% & givor maigin 235me
HMessage Hand ﬁu [hpdlity

Total titme fo process ';0 message 2,?335,104 us
mﬂﬁ;ﬁfﬁé{?ﬁmm;ﬂmce Tlonftoring, ~ Faul] 2718850 us
Hafidlifig Capability ([OP Mg ?Sec] .’ 345 nessages
#spiice fsecond (On Demand Case) 345 Splce
# zplice /second {On Demand Caze] 111 Splice
Lﬁmm;“ 40,000 enries 1,85 miruttes
{u“l‘fl')m': s (A sntle 9.9 miutes

1. 4% 24

IETF2] Working Draftgl draft-ietf-mpls-1dp-
06.txtol] whieo] ’:ﬂ_ﬂ]ﬂ?j:ﬂ, I xgEeEls] A
zZgA2 drs AN PAFeEM,
& e 'E;"]r??}—ﬂ' o355 AZY F
givk wWeba AlAkg AT AFEHE] A o
FE 7H 7 g AR dAkgd
Me 4l=]Ad: LDP 9 Softwarex Carrier
Class AES] A=A A5E Aol gk
g Y8iM, 7= A LDP Aldg 9jsled,
Nonblocking TCP session[10]& AM-slgle
=, Al AdAe] A%+ Bxponential Back-
off Timer{10]e] we} o]Fojzlc) A% BA
Aal Unsolicited 2. =3tel= LDP= 28 A
xe] A7k glell, On Demand® FA-H=
LDP= 4% H=8] A7k alell 40,0071 2}
SE R Ayl sbed ZleE s
wy ZREelglyl ZI g Ak A

o

s S AR 2R EF] AlH
A& BAg.

« R4 LDPE 7)E9] AR u] #ed
olEe] 3Eql 40,000 e HeE =S
AMelgt 5 glch6). e B3 5 &
2| si2Ae] FIB 2 ZX-E Flsiolth
ulz}d] FIB 3122 X7} A Patricia Trees
Ae3ozn 44 H4E + deS gl
oick w ABE 7)) ok mEe) W
el A AgA7)7] HAste], ZEH 5o
TR, olF FHE 7lge] ZEAMA
N5 M3l HARLEHN, 4F d5EE

i = Ll

£ vl

+ o]4l4: LDPE EF Unix APIE AM§3}ed,
cielRE #7300 A oA’ 4 =R A=
qrk ¥ BSD Socket Interface[10]1S A}&-
3}ed, TCP/UDP Service Access Point %-¥-0]
TFAHNE = FHodels] delet H=o
HIRLE A} Aol FHsiA 2k o Sl=
E B A= ]

VI.dE

£ ielA Sele 234 dudl 2|z
iy ol oHAE 2994 =ReEe] el g4
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