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ABSTRACT

In this paper, we describe the design and implementation of the Label Distribution Protocol (LDP) for
Multiprotocol 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.
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« Management Information Baseo] 8% =3t
g A4 AREg: 4 Ae, w9 7Y &
T A Adsle A=A

2) Routing Protocols Interfaces

LDP2] Routing Protocol Interfaces T-&sh=
Al® 7)%52 Routing Table?] WEARSI] os)
LDP d|&oA dej= AejAdes 7A= ik

3) GSMP % ugv| &=l 25

LDP7} LSP] AL 98] AM83h= General
Switch Management Protocol % m&r| 2]&Hg)
FEES TR AY 75 e vhEt Aol

- AEEe} 2929 F13 e

o 29X AES A A 84 TlE

- 29 ZE Aulx 2bF oR AA 9

24 24 7l

« 22]|x)9] Configuration A=l AW 24 7|5
o 29AlA BB H]ET] oME QIR 7]
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olr

« 29)xe] FEW Label Space ID2} Label
Space IDol| os] 7183} Label Space #&
AR 84 75

+ LDPellA] A% LIB AHRE e g
ATM 29]2)9] Splice 34 24-S LDPEZ3E]
"lobr], 3w}t Connection(Splice)}2 ATM il
rlel 84S s, W2 ZAd A AHRE
LDPe|| ekl 715

« %3719l FE Down%e] Aol 4|, LDPelA
ol &7 shk= 7% Portd] AH, 2 Al
°]Z& LDPoA o8] F= 7%

4. MPLS LDP & Zunt
theelld 7 ARl dely] 7253 A2 3
el B3 71edt

1) HolH 7=&

LDPE ¥k dlofe] 7252 LDP Signaling
A7 #Aelshs, LDP  Session #e] 23} sh
9] Forwarding Equivalence Class 322 w3l 9}
£ FIB 223} FEC) %93 |2 =t 93¢
Holt& A4¥ LIBE 74 §ict

» Session Control Block: LDP AlAd#=]E $)3§t

Aol 4L T1ge) vlele] TEE TyFC

typedef struct _ SC t {
__ul6 Local Logical Lakel Space;
__u32 L3 NextHop LSR Addr;
__ulé HextHop_Logical Label_Space:
__us . Role;
_us8 State Machine;
int Socket_1ID:
__u32 Mag ID:
__ulé LDP_version;
Init_Parameters t LDP_Init_Para;
LdpTimer_t HoldTime
Label_Range t Label Range:
struct _ SC t *next;
} Session_Control _t:

©37]4] Local_Logical_Label_Space2}L3_NextHop
_LSR_Addr, NextHop_Logical_Label_  Space+
LDP2] Hello Ag]a}A o2 HE] dojx]= AHRE ]
Zgkt), Role2 LDP Al Z27)3} A ol4] =Aale]
TCP AAE o= ALE 3= Active S &=,
vkl Passive 932 IA| 55 A o]
Pre- 2M1e] 1P F49} L3_NextHop_LSR_Addr
£ vlasle], & & 2 Fol Active 9L 1%
b= ¥iX]e g o]Foxlc)  State_Machine-&
443 HollA ZrAl~ die HA H, Al A
Z1Alo1t}. Socket_ID= Aj42] 44 IDE #ARRIT)

Sy
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Msg_ID+= LDP #A|x|9] PDUC| £3=o] 9l ID
24 LDP wAx]¢] 4] 3 (Sequence Number)E
vehdcl. LDP_ versiond LDP AM4le) wA-8 e}
W, AdE AR o Alde w4d(Negotiation)ol]
SlolA ol Mgz Algaich sleh d s
LDP_Init_Paracl] AA=s], gilo] B¢ HIET
o7]dl] 73A15]e] AAFE ) HoldTime-2 Exponential
Back-offoll ]34 LDP A4 44| AA%E sh7,
Al A ol Keep Alive TimerE $JsiA] A}
49tk Label Ranget o] AldelA] ¥et 7P
Hol &2 WS Al Al Y Folle 3R
o] Tt P2 AW nexts el A4 ZZ
(Single Linked List)Z #X]a}7] I3l AM&3lc) o
T2 A7 FEE ARk el disike FY
LDP Helds Aol E] sk

» Forwarding Information Base: FIB: t}2-9]
dole] 7E2 FHT I Aoz A
Eey2].

typedef gtruct _ FIB t {
_ u32 Destination IP:
__u32 Clas=s_of_ Service:
_u32 Forwarding Egquivalance Class:
__u32 HextHop_LSR_Addr:
_ulS Local__Logical_Lahel_Space 2
__uié HextHop Logical Label Space:;
Label Information Base_t #LIBE;
struct _ FIB t *next ;

} Forwarding Information Base t:

oJ7]4} Destination_IP+ &}-9-8 glo]&s HE| w1t
EolRl AR EH, 3hte] FECo| gk F4 #5o]
(Prefix)] 3, Class_of_Servicet= CR-LDPe|4] CoS
= S8 AR83lr] $18 eleksiE W4k Forward-
ing_Equivalence_Class= FECE #&2]s}r] ¢t ID
o]z, NextHop_LSR_Addr2- Routing Table2]
Gateway AHoll4] "whEo] 2tk Local_Logical
Label_Space+ @o]Ho] ¥wrg Label Space IDE
vjehf7, NextHop_Logical_Label_Spaces o]&-
£ &} vkg Peer LSR®] Label Space IDE }e}
Witk LIBEx: vl £ A48 dv=ed], 4
ol& AHRE AAshz WHpolth

+ Label Information Base: LIB:- &}% o]
L e ARSAY e dolis I |
Heid AeHdaE fdsed sle] Za8d
HEEE A o] doly 722 3
x5l 55 FHiem FAErk
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typedef struct _ LIB t {
__u32 Incaming Port:
ATMLakel t Incoming_Label:
__u8 Incoming State Machine;
__u32 Incoeming Msyg ID:
__u32 Dutgeing Port:
ATMLabel t Outgoing Label;
__u8 Gutgoing_State Machine;
__u32 Outgoing Msyg_ID;
struct _ LIB t *next ;

} Label Information Base t:

Incoming_Port= #Hlo|E 84 dAR|ES wHiobi
2pile] Hlol 8-S Fgslol sk EE WEE A}
glth o] AME LDP 273 A GSMPE Esi4]
71425, A"l 74 (Configuration) R 2 -]
Yoz}, Incoming_Label2 =Mile] #3331 gl
FE9 #Hol&d k& #A3}  Incoming_State_
Machine2- 3|t FEC2] Incoming Label-2- 333}
7] 818+ Akel 7]Ale]3, Incoming_Msg_IDE o]
L3&(Incoming) Fo|E A wHAAY £ WHE
(Sequence Number)o]t}.

Outgoing_Port:= #o]5 QA dAA]E Huo,
FE(Peer) LSRENE] #HolE AP} v|AAE ol
A, g e doliE AN 2E HIEE A
t}h o] AR LDP 2713 A] GSMPE EsjjA 7}

L+, Alze]l FA) (Configuration) AHE HE|
do1xle}. Outgoing_Label-2- AMilellA] &35 &%
FE9 #HolE k& AHARI} Outgoing _State_
Machine-2- s} FEC®] Outgoing LabelS &%
2A4& 9% A 71Ale]a, Outgoing _Msg_ID+=
W h=(Outgoing) #HeolE 23 w4 4 HE
(Sequence Number) o]t}

2) "MX] XMz2| HXE

2 Aol S AN AN 35 EESl
A Jehd dAAEe] Azt megm Sabsls
LDPo| =24gS o, A dFg dlele] F25l
AAE oW HRES ANy AREA] HARE
o] AM|E=A] ZEkEtAl ARl dels: Fa
Al(Label Advertisement Mode)ol] twe}, Label
Distribution ProtocolE 3 3)7] $3F g)da &
& = F A WeE ¥ =

» Downstream on Demand Label Advertisement

HolE 87 wAAE 2 % ZWQI FIBE
slotnm Pego] FF5q A5l dolie Fdale],
3 FEC9| =llo]& X wlo]2o] 7%‘6}.% A
AR AR Azkel dlol® Aol (Label
Control Scheme)ol| uizf, #Heol& Q7 #HAx )

‘When Initialization Msg received
«  Make LDP session, and send ACK
‘When FIB Initialization Msg received
+  Make FIBE, and send ACK
When Label Request Msg recetved
. GeiPeer LSR Address, Peer Label Space, and Prefix from the
Msg
Find matched FIBE by using above three keys
Find corresponding Session Conirol Block by using keys
Allocaie Label
Set Input Label as the Label
Send Lahel Req or Mapping Msg including the Prefix and the
Labhel
When Label Mapping Msg received
. GetPeer LSR Address, Peer Label Space, and Prefix from the
Msg
+  Find maiched FIBE by using above ihree keys
Set Qutput Label as the Label
+  If ordered control, Send Label Mapping Msg including the
Prefix and the Label

v 000

.

%! 9. Downstream on Demand

ol AWM} WAIAE Rtk ﬁME AP “ﬂ/‘l"]—a—
e A%, AMle] FIBE Zo
AAslal, o] AFEo|A~E R 7]°ﬂ "é"*?f}ii B-
Tgltl.  Ordered Control®] 73-%, AdAJo] &apd o
2 Y=, 219 Upstream LSRel| tislx] o]
£ AW v AA)E 2AAZIc) Independent Control
o A% A4 EdHez SusHA 2R A%
Zpi1¢] Upstream LSRRl whislix] #Hol& #A w4
A% #A AR AR AHEe okl 28 9
9} 7t

» Downstream Unsolicited Label Advertisement

Independent Control®] %+ Ingress LER-2- A
213} ®E LSRo]|, 28|35 Ordered Control®] 73-$-
+ Egress LER2- Downstream LSRo] A}A1¢] FIB
E Aolny ¥ #Holk o] Q7EE 75l
3| FECS] dlolE X wo]
2o AMAsLw, #Ho]E AR} WAIA|S Upstream
LSRZ wic} ol AR} wAAE wh= 74,
A1) FIBE Abobr] sl dHold-& A3l
o] 2IZTolaE NIl HAIEE Q7
Ordered Control®] 79, AAo] Ao w $aF
™, 19| Upstream LSRo| e #lo]E Al
W AA] & ¥ A)ZIc)k Independent Control2] 7#-$-
AdAo] AFHoRE SR F’F A, AR
Upstream LSRel] digfA] #o)E F4 wAxS wt
Az, ZAGE M=]aAdL o 1 109} 2k

3) LDPe| Z2MA thf: 7S AMEE WA

£ Aol AptEelzl LDPY AAIgE F3hke

g HAA v|E el =2l J5(Process
Algebra)«] 91£9] Labelled Transition System[8,

=3 A]-.G-a]-o:] 7]€s]-y;], B y|He ZZ2eFS A}
EHE‘-"]' Z2eFe 9o wWE o] AeNETE]
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FFEAIS3] 54| '99-12 Vol.24 No.12B

. ‘When Initialization Msg received
. Make LDP session, and send ACK
. ‘When FIB Initialization Msg received °
. Make FIBE, and send ACK
. For Each FIBE (for ithe case of Egress LER in Ordered Control or All
LSR except for Ingress LER in Independent Control},
GetPeer LSR Address, Peer Label Space, and Prefix from the
FIBE
Find corresponding Session Control Block by using keys
Allocate Label
SetInput Label as the Label
Send Label Mapping Msg including the Prefix and the Label
Label Mapping Msg received
GetPeer LSR Address, Peer Label Space, and Prefix from the
Msg
Find matched FIBE by using above three keys
Set Output Label as the Label
If ordered control, Send Label Mapping Msg including the
Prefix and the Label

.
=2

72| 10. Downstream Unsolicited

FHol2H Xé-ﬂﬂﬁ} 71% AAE 23] Adwsh,
2t gl A = a . B 7} orlsks AL A A9
AN Bt Eﬁ% 39] a. ol B Aefje] Z=A)
22 Aojgitls 7L ovlsl, A =a. A+ b.
Bt A A= 39 a Foll A A2 FHAv, 39
b Holl B A2 s& 71 ovikich e At

Hal dipollre] oulel zrow, | G4k W4kl
%MEF: ZEA2vE 5P TR A4S F
Alg e WA e, |\ AR Wiy B4
E229] o]E& viehlr] 3 d4ikAlelck

LDP+ HELLO Alele} 3&3)= LDPMAIN 4}
)2 A o)xn), HELLO 24|24 HE3} 1dp_id
£ LDPMAIN Ei%ﬂ/%ﬂ Aksl= i 7o) g
th HELLO =@t [3]o] A= wvlel dxjs)
=, SESSION_ldpid= 74 Axde] g velll=
ZIA2EH, (319 A 2713 Abe) 7]A (Session
Initialization State Machine)®] A}e]E = Nonel| t
2=}, Yx] INITIALIZE =242, OPENSENT
Z2A2, OPENREC X242, 18]z OPERA-
TION ZEA|AE [3]d] B nle} 7).

SESS ZEAAE A 273t WAXE dighe
o), HAA] A=]HAd-E HAska glck

OPERATION = gAr: RE 273y} T
¥, 2713} A AR 22 LDP A9 #Hold #
o] 2xe} #HolE Ale] m=o} LDPL| wolxe] o
o] we}, #HolE 27 wAX|9} dolE AR wlA]
AE AT AYAEE FAsla gtk
PROCESSPDU . %-5-2- LDP wX|A]S uigkS df,
Zt wAx]e] PDUE Aefdhes #A4& AR
o] WA el e o¢fzQl AHgrt g
A HE)=EHE AE & 5 olrk REQE #Heol& &
ﬂﬂ*lzl-"% Ael#Ad-E AAE WAzl glew,

= Hold ARt wIAAY] Ae|A-E AR
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= (HELLO | LDPMAIN) \ Idp_id

HELLO = (one_third_time_out . send(hello) + recv (hello)) .
reset_timer_for_ldp_id . acceptable_mesg . (session_found in SCB .
HELLO + session not_found in SCB . send(ldp_id) . HELLO) +

expiry . remove adiacency . HELLO

LDPMAIN = recv(ldp id) . SESSINIT ldpid

SESSINIT Idpid = session_connected . INITIALIZE

INITIALIZE = active . send(session_init)
recv(mesg) . ( session init_msg received .

. OPENSENT + passive .

SESS +

(except session init msg -+ timeout). SESSINIT Idpid)

OPENSENT = recv(mesg) . session_jrit_msg_received . send
(keepalive) . OPENREC + (timeout + recv(mesg) .
except session init msg) . send(notify). SESSINIT idpid

SESS = too_short_msg . send(notify) . SESSINIT ldpid +
notfind adjacency . send(notify) . session closed . SESSINIT ldpid
+ find adjacency . (accept_parameters . send(session_init) .
send(keep_alive) . OPENREC + not_accept_parameters .
send(notify) . session closed . SESSINIT Idpid )

OPENREC = recv(keepalive) . send(address_msg) . OPERATION
+ (timeout + recv(mesg) . except_keep_alive msg) . send (notify)

. SESSINIT

OPERATION = recv{mesg) (except_shutdown. PROCESSPDU +
(timeout + shutdown_msg,_received) . send (shutdown) . SESSINIT )

+ on_demand . (i_am ingress_lsr . ordered_¢
. OPERATION +

. label_required for fec . send(label_req)

control + independent)

unsolicited ., (i_am egress lsr . ordered_control +
independent_control) . label_map_for_fec . send(label map) .
OPERATION + hold_time_expiry . send(keepalive) . OPERATION

+ no_map_mesg_within_time . unsolicited .

send(label withdraw) . OPERATION

independent_control .

PROCESSPDU = too_shori_pdu . send(notify) . OPERATION +

process fixed hdr . B

B = format_error . send(notify) . OPERATION + process mesg_hdr
. ( map_mesg . MAP + req mesg . REQ + withdraw_mesg .

send(delete branch) . send(label_withdraw) . UNSPLICE +
other mesgs . OTHERS )
UNSPLICE = recv(success_delete_branch) . OPERATION +

recv(fail delete branch) . send(alarm) . OPERATION

REQ = unsolicited . send(notify) . OPERATION + on demand .
( format_error . send(notify) . OPERATION + fec . (format_error .
send(notify) . OPERATION + search session . C) )

C = no_session_found . send (notify) . OPERATION + fib_search .
(no fib entry. send(notify) . OPERATION + search set lib . D)

D = illigal_req . send{notify) . OPERATION + ordered_control .

( i_am not_egress_lsr . send(fwd label_req)

. OPERATION +

i_am egress Isr . EGRESSMAP ) + independent_control .

( i_am not_egress_lsr . SENDMAP + i_am

BGRESSSENDMAP )

egress lsr .

SENDMAP = alloc_vee . ( can nol_alloc_vee . send(notify) .

OPERATION + alloced vee . set_inlabe]

. OPERATION )

state . send(label_map)

ECGRESSMAP = alloc_vee . { can_nol_alloc_vee . send(notify) .

OPERATION + send(add_branch for_egress |

ODR MAP EGRESS )

lsr) .

ODR_MAP EGRESS  recv(success add_branch) . send(label_map) .
OPERATION + recv{fail addbranch) . send(notify) . OPERATION

EGRESSSENDMAP = alloc_vce .

( can_not_alloc_vce . send(notify) . OPERATION +
send(add branch for egress lsr) . INDP MAP ECRESS )

INDP_MAP_EGRESS = recv(success_add branch) . send(label_map)
. OPERATION + recv(fail_addbranch) . send(label_withdraw) .

OPERATION

MAP = format_error . send(notify) . OPERATION + fec .
(fec_not_found . send(notify) . OPERATION + label .
( send(notify) . OPERATION + session search . E)

E = session_not_found . send (notify) . OPERATION + f{ib_search
. {no_fib_entry . send(notify) . OPERATION + ordered control .

search set lib . F + independent control

. search set lib . F )
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F = illigal_map . send(notify) . OPERATION + alloc_vcc .
(canjnot,a]loc_vcc . send(notify) . OPERATION + send(addbranch)
. H

H = recv{success_addbranch) . send(fwd_label_mep) .
OPERATION + recv(fail addbranch) . send(notify) . OPERATION
FHE illigal_map . send(notify) . OPERATION + send(addbranch)

H = recv(success addbranch) . OPERATION +
recv(fail addbranch) . send(label withdraw) . OPERATION

OTHERS = naitification_rsg . process_notification . OPERATION
+ address_withdraw msg . process_address_withdraw . OPERATION
+ label_withdraw_msg . process_label_withdraw . OPERATION +
label_release msg . process label release . OPERATION +
label_abort_req_msg . process_ label_abort_req . OPERATION +
keepalive_msg . reset_keepalive_timer . OPERATION +
vender_private_extentions_msg . process_ vender_private_extentions
. OPERATION + Idp_experiments_msg . process_ldp experiments .
OPERATION

BABl 3ok OTHERS+ AMA|E] 7]&slx] o
YeA] sARES FASKAL oled, ol HAY
kA (Completeness)S 8l A= el |
ZRAAES YUY Z2AAEEH T2ET Fx}
AB1e AbAE] W8] S8 A2k

o] o5 ¥ LDP EF{3]l A3l 24
H7] wdel, TREF AP A5e 84 A}
29 5 vk =3 £ AHoe 7 A" I
sFo] Z2eZ P92 Fskw gtk wleby o]
AL AAeEAel olel 9] 2l of&A—ddiA A}
Sl

5 T8 24

zzeelgle] sk Unixe] Cloneq! Linux &
RedHat5.0¢]] Linux Kemel 2.0.259} IPOA Package
¢l Linyx-atm 0.31F Axslm, 7 oA 28 =
Zo#ez Ags)gon, Flce]ls PentiumPro™
PC% ATM Card:= ENI 155MMF HE=7} A}-4E
grh  meEbA] Unix %3F APISQ) Socket Interface -
ARSsi4] TCP/UDP Service Access Point (SAP)
A4 yro] Aslch o] X EEQle Fo e
A HEQl, 400MhzZ E2}sh= MPC750 Boards|
AR oHeld, o1& slslq  psos™st
Epilogue #7322 A4 oA o|ck

V. 78 2 24

2 Aol 788 zzeze) At ol
Asaade] BalA Ak

1. Z2E 29| rEN
3 Aeld 753 7Y TreZo wAE A
Ednd, ey} e Zgese] BENTS A

S slck AR TREge) e Hol Ald of
gl, 7] AlelgRe] Aoy nE AlEd = 7}
ok weA o] Aoe =EAE Jhiek =%
P4 2|z Bolt 4 Qe A=rt gene
AZERE 71 o) ZTZEZA  Deadlocko)
HhlEhA] kS-S ojulgkth myk e ARE wh
sl o2 AR AHolelx] ¥w vl F7]
7} 9l =2 Livelocke] &A8lA] ¢ke=ct w2l
of 7H¥ Z2EZL A (Safety)E Ak

2.

T89 ZeEEgle] Asd HpIsE JH
R ARgEe] Aol Fa3 e v Ao
2 qpEe olE 27 wlXRA|g 2olE AR w
AR Az|dE sl A AR =9 7]
digke TR o1F il el wAA 4o
o 8% C Language 21| & AB L5
27k gelel, SARE Eejolrsls] 13 Interrupt
Service Routine(ISR)-2- 3fs}= HHHEL] & &
A} 2ol el =9 29 55 ksl C
odeje} el 3 AHEj&me} wEe] AHu&ws A
A3k, olE8 A7t F3lka e ms st
AAE As] 98 a7Ee AE ot 2
o] At
(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] AJ7lo] GSMP#| *j2], Routing, Management
Overthead & 25% F7)sle] Axlsl, spte] w4
A5 Aefshedl 87=E Az 7idgke] o=t
Tl =k 292 msec U ¥ 9l o
214 78 Unsolicited2 E2}5l= LDPE 24 A
9] A7} Qlell, On Demand® E2}3H= LDP= 4
3 A A7 ol 40000708] 2w 3o A
S} Vst Aoz aat Bk AR ARE Vel
E 19 & veht gjtl 32 Message Process-
ing Time &Fol AFE FTLITEL 9] 442
Aol 7148 A7) wAA) A2 dAse A
5] sl WetEeh

3. =2

E A7E 33 ZEEER]CE whEeiRl LDPE
ths o] A45tE e mefslel & HESE F
A7 3let

+ EF2] "= Label Distribution Protocol-&
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Execuiion Tme Constraints

CPU clock cyde 400 MHz
Cycle Time/ Each Cyde 2.5E-08
lverage #of cIo:I; ZInstruction 2
(Assume zerowait states for RA)

Execution Time /Instuction 0.000000005
Average Instuctions/ a Cline 5
Execution Time /C line 0.000000025
SCAISR Exzcution Tine

E (#of Instin ISR 200
Execution Teme for ISR 1.0us
Add 15% as error margin 1.150us
Hessage Processing Time

(EstimaedNo. of C ines)

Main 1
Function Body 8
Session Search = #of Sessions * 3 lines 192
FIB Seatch (average) = 40000 Ertries/ 2 * 4lines 80000
LIB Search (averaye) = 512voc /2 * 2lines 512
YCG allocation (average) = 512 vee /2% 3 Ihes 768
Malking Req PDU {FxdHdr+sdHdr+FEC) 14
Making Map PDU [FxdHdr+usdHdr+FECH.abel) 20
Reg Func. BUT@#
filap Func. 81519
Averate C lnes for 1hisy 1141
Tofal Time for Thisgin LDP 203ms
| et ™15 & €rror margin Y33he
Message Handling Capability

Totat fime to process 1message 2,535.104us
ﬁgl;hargﬁ e?ﬁs‘hgz‘,mmggﬂmce Monitaring,  Fault] 2918880 us
Handling Capahility {LOPWS§ 7 Sec] 343 0]

# splice /second (On Demand Case) 343 Splice
# splice /second (On Demand Case) " 171 Splice
Logma:; 55 40,000 entries 1.95 minutes
Iooﬂlm: E::;“ 40,000 entries 3.89 minutes

1. A% £4

IETF2] Working Draftg] draft-ietf-mpls-ldp-
06.txtol] Zeo] AAEYy, 7 T2EER] 2
e ZAA d5E AR AR,
EFE e TRl YE AFY 5
gich wepx] Ak ARE AEFH] A o
A4S 7 g R sl

A=) A=Al LDP 9 Softwarex= Carrier
Class AF] A3 A5S Aol Frt
s HsiA, 7 A LDP APdE $j3tod,
Nonblocking TCP session[10]2- A}8-3}51.2
o, A4 AdAe] A= Exponential Back-
off Timer[10]o]] w2} o]Foixict A5 ¥4
73}, UnsolicitedZ §*}3l= LDP= 2% A
F9o A7} gk, On Demand® Exlsle=
LDPE 43 Axe] A7k gkl 40,00071¢] &}
8 5o A7t bsd AoR «dadEch
w3t Z2eelglE ZIeFol Ak mAle|

dial XS AR EZN ZREFI A1H
AL BARL
« A LDP: 7|9 AMS- ] 2hed
a4l 40,000 7o) w5
Aeld 4 gicl6]. AsEde 8 %
o] ojzAe] FIB ¢ Zdele shalsisick
w2bs] FIB 3159 %7} A] Patricia Treegd
Hegoan A FAE + IS Yok
et =3k 2L 7ise U 2R ¥
ol A HSA7I7] Y], ZES s
TAELH, ol FIE slse] ZTaAA
5 AHgEle] HAE EN, 45 dFEE
A GA 715 FAE 5 e 7
£ vlEgc
. o]AA4: LDPE: ¥3 Unix APIE A}Mg3}ed,
cegl el 4 ollE + =S A4
9jrl. EF BSD Socket Interface[10]5 AHE-
3}ed, TCP/UDP Service Access Point 4-%-o)
TR w3k stedelo] dHelet Hre]
HRIE A A FasA B2 4 sls
= FF 10155 A3 A=K

[

i

o

=

Vi.dE
B =R fEe g ey 23R 5
Rkt

b gl TR 2904 ekeels) TR B
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