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ABSTRACT

In this paper, we describe the development and analyses of the Label Distribution Protocol (LDP) for
Multiprotocol Label Switching System. We review the implementation issues that are required to construct the LDP
for a gigabit switched router, and propose a detailed design of the LDP. We present the detailed design using the
deviation trees of the protocol state machine and a formal specification of the state machine using process algebra.
These specifications are based on IETF standard. By analyzing the protocol behaviors of the deviation trees and the
formal specification, we prove the interoperatability, the completeness, the liveness, the reachability, and the safety
of the implemented LDP, and we expect that the reliability will be improved using these analyses, Using these
validations, we expect the implemented LDP will be interoperable with other commercialized products. As a result,
we validate the protocol behaviors of the implemented LDP with the proofs.
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iliga_tap wo_flo_satry
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h
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Somi o] OPERATION
send notity) aund{rotity)
OPERATION
OPERATION
Tavalid e
_?_l 0 yald sap_stat invalid_wap_stata M_’m
send{add_branch) K \ﬁ

andnotify)  Mod(fed_label anap)

OPERATION

nmkj' lu \mn:'h)

sndnotify)
sand{add_branch)
ncv"fm 'ée mm,_h)

uﬂmnl\v) sand(fnd_Laba )

sar/labal w.mm\
omu-rxon
OPERATION OPEB.ATION Send(labal_releasa)

OPERATION

I

3zl 9, LDP Mape] &% =g}

HELLO EZ2A2E [41e] Ae¥ ul2 1ds 7]
%819 o0, SESSION_ldpid= 7} Al4de] Alele
Hehlle Z2AA2H, (419 Ad 2708 A )
Al (Session itialization State Machine)2] Ale]Z
% NON EXISTENTe| tjgslch x|
INITIALIZE 224~ OPENSENT XA~
OPENREC Z#A~, :12]3 OPERATION =2
|23 (4190 29 vle} FolsiA Zgsidn:
OPERATION IZEAAE RE 273} 23 3
27|12t Al AA% 22t LDP AAde] #lo]E Rl
Beo} dolE Ale] meel LDPY dollAe] o
of mel, el 87 wlAx|e} #o)E AR wjA)A]
5 PAA7 AuFS wAska ook
PROCESSPDU #-3-& LDP wA|A|E wlgle of,
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o] WAlellAd $ele Zizhe) ogjAel A$ut o
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g AAE BA) st Gk

A ¢ 1 LTSE A3t 73 34 £E2|LDPY
PAe o5 3ok

LDP = (HELLO | LDPMAIN) \ Idp_id

RELLO (one_third_time_out . send(hello) + recv (hello)) .
reset_timer_for_ldp_id . acceptable_mesg . (session_founded_in_SCB
. HELLO + session_not_founded_in_SCB . send(ldp_id) . HELLO) +
expirty . remove_adjacency . HELLO

LDPMAIN - recv(idp_id) . SESSINIT_ldpid
SESSINIT [dpld = session_connected . INITIALIZE

INITIALIZE = active . send(session_jnit) . OPENSENT + passive .
recv(mesg) .

( session_Jnlt_msg_received . SESS + (except_session_init_msg +
timeout), SESSINIT_|dpid)

OPENSENT — recv(mesg) . session_inlt_msg_received . send
(keepalive) . OPENREC + (timeout + recv(mesg) .
except_session_init_msg) . send(notify), SESSINIT_|dpid

SESS  too_short_msg . send(notify) . SESSINIT |dpid +
notfind_adjacency . send(notify) . session_closed . SESSINIT_|dpid +
find_adjacency . (accept_parameters . send(sesslon_init) .
send(keep_alive) . OPENREC + not_accept_parameters . send(notify)
. session_closed . SESSINIT ldpid )

OPENREC . recv(keepalive) . send(address_rmsg) . OPERATION +
(timeout + recv(mesg) . except_keep_alive_msg) . send (notify) .
SESSINIT._Idpid

OPERATION = recv(mesg) (except_shutdown. PROCESSPDU +
tirmeout + shutdown_msq_recelved) . send (shutdown) .
SESSINIT_Idpid ) + on_demand . (i_am_ingress_lsr . ordered_control
+ Independent) . label_required_for_fec . send(label_req) .
OPERATION + unsolicited . (i_am_egress_lsr . ordered_control +
independent_control) . label_map_for_fec . send(label_map) .
OPERATION + hold_time_expiry . send{keepalive) . OPERATION +
no_rmap_rmesg_within_time . unsolicited . independent_control .
send(label_withdraw) . OPERATION

PROCESSPDU - too_short_pdu . send(notify) . OPERATION +
process_fixed hdr . B

B - format_error . send(notify) . OPERATION + process,_mesg_hdr
. ( map_resg . MAP + req_mesg . REQ + withdraw_mesg .
send(delete_branch) . send(label_withdraw) . UNSPLICE +
other_mesgs . OTHERS )

UNSPLICE = recv(success_delete_branch) . OPERATION +
recv(fall_delete_branch) . send(alarn) . OPERATION

REQ = unsolicited . send(notify) . QPERATION + on_demand . (
format_error . send(notify) . OPERATION + fec . (format_error .
send(notify) . OPERATION + search_session . C ) )

C = no_session_found . send (notify) . OPERATION + flb_search .
(no_fib_entry. send(notify) . OPERATION + search_set Jib . D )

D = llligal_req . send(notify) . OPERATION + ordered, control . (
i_am_not_egress_|sr . send(fwd_label_req) . OPERATION +
i_am_egress_lsr . EGRESSMAP ) + Independent_control . (
i_am_not_egress_lsr . SENDMAP + |_am_egress_Isr .
EGRESSSENDMAP )

SENDMAP = alloc_vee . ( can_not_alloc_vee . send(notify) .
OPERATION + alloced_vec . set_Inlabel_state . send(label_map) .
QPERATION )

EGRESSMAP = alloc_vee . { can_not_alloc_vee . send(notify) .
OPERATION + send(add_branch_for_egress_Jsr) . ODR_MAP_EGRESS
)

ODR_MAP_EGRESS = recv(success_add_branch} . send(label_map) .
OPERATION + recv{fall_addbranch) . send(notify) . OPERATION

EGRESSSENDMAP = alloc_vec .
( can_not_alloc_vee . send(notify) . OPERATION +
send(add_branch_for_egress_lsr) . INDP_MAP_EGRESS )

INDP_MAP_EGRESS = recv(success, add_branch) . send(label_map)

. OPERATION + recv(fail_addbranch) . send(label_withdraw) .
OPERATION
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MAP = format_error . send(rotify) . OPERATION + fec .
(fec_not,_found . send(notify) . OPERATION + label . ( send(notify) .
OPERATION + session_search . E)

E = session_not_found . send (notify) . OPERATION + fib_search .
(no_fib_entry . send(notify) . OPERATION + ordered_control .
search_set_Jib . F + independent_control . search_set lib . F )

F = flligal_map . send(notify) . OPERATION + alloc_vcc .
(can_not_alloc_vee . send(notify) . OPERATION + send(addbranch) .
H)

H = recv(success,_addbranch) . send(fwd_label_map) . OPERATION +
recv(fail_addbranch) . send(netify) . OPERATION

F = lliigal_map . send(notify) . OPERATION + send(addbranch) . H

H - recv(success_addbranch) . OPERATION + recv(fail_addbranch) .
send(label_withdraw) . OPERATION

OTHERS = notification_msg . process_notification . OPERATION +
address_withdraw_msg . process_address_withdraw . OPERATION +
Jabel_withdraw_msg . process_label_withdraw . OPERATION +
label_release_meg . process_label_release . OPERATION +
label_abort_req_fnsg . process_ label_abort_req . OPERATION +
keepalive_msg . reset_keepalive_timer . OPERATION +
vender_private_extentions_msg . process_ vender_private_extentions
. OPERATION + |dp_experiments_msg . process_ldp_experiments

QPERATION ]

V. Z2EE0| 2o U UMY AS
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W4 saBee el selnd wAE FHeL
27] AAERES ERs 2] duee =29
39l AL U 05 BHEY FHE V)
gkoz 7UR Zzeel N AFTL

1. mEtaef BxY (Deadlock-Free) 2%
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2] )4 e} DA WS weldk
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2le} LDPY §% Eu|t IETFY] ¥&<¢] RFC3036
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1. Zh WAL LA, AR HAE ZAtet
oA LA Al sk AAE Ak

2. WAAje] rlg ZAlA, el £ o
2 w2 A|AlY Aol ddtge] §ie W A
sl AAE Aofslart

wjebd, AHH dAE LDP+
the AN $9% S Qlek

o2t BE 7lEdt TREZS °]‘%‘1_E_,—‘§-°ﬂ 2k
A RE AHOE dGleng, TREEL RE Ve
g ol ESo] ksl A} 7&"1"5‘—" A
% 7YY 4+ Ydlch =W A AR LDPE:
LDP ¥3o| BHAHY ZE oWlEE nE L2E
F B9} A AlE Aesiglonz, FFHe
ol x| Ad(Conformance)-&- 7}3itks &4k

e AT 3]

3. AMAdAE LDPe elojHEr BRjet TR
Jaln MEY B9

oF Aelld ANF ZEAX 5 AT A
A HAE AR, AkA @_7415& LDP$) =2 e
3459 A5 E (Loop)5o] 2F A4HA #5859
S Rej, A AARE LDP7} zllxzr B
(Livelock-Free)sl & =z o® Z9sly, =& 4
BlEo) 7] AHlENEs] =g rhsdile =4
(Reachability) & A} 2% AejE= %8} 27]
Al ze] k4] (Live -ness)S 72 wlpH oz
e}l EuAda) AES F95] fEA,
§5h 2e Holg Eqck

2z 9] 2 7|3 A+ F39(Empty Action)S Al
ok A9] 10 vhehd ZREZ YHEel F3hs 0
H oolake) od4l « mx 4l “+” o] HEH TR
B2 ANEL 1% & R 99 Luzds
Agtelr}  mElm, ¥ A+e] dht ok o
£ B¢ % Sl BEE b ol ashl £

2 7|5E REeiA e 712 R ehdch

“’rﬂ}/‘i o3 o] wigs] MdE mgfEed, =
DA A TR 7R LTS 3AE
AE3et.

nE AE 1 249 dge) opd HATE W

2 sk, A 1] YA GAE e } et
‘:)r%-"ﬂr ek

LDP = (HELLO | LDPMAIN) \ Ildp_ id

HELLO = g . HELLO

LDPMAIN = h , SESSINIT_ldpid

SESSINIT_|dpid = |, INITIALIZE

INITIALIZE - j . OPENSENT + 1 . SESS + m. SESSINIT_|dpid

898

OPENSENT = n . OPENREC + o . SESSINIT_|dpid
SESS - p . SESSINIT |dpld + q . SESSINIT ldpid + r . (s .
OPENREC + t . SESSIN _Idpid%
= U . SESSINIT_ldpld + v . OPENREC
OPENREC - u . OPERATION + v . SESSINIT_|dpid

OPERATION = w (x. PROCESSPDU + vy . SESSINIT Idpid ) + 2 .
DOPERATION + aa . OPERATION + bb . OPERATION + ccC .

OPERATION
= x. PROCESSPDU + vy .SESSINIT |dpid
+ dd . OPERATION

PROCESSPDU = OPERATION + ff . B

+ il . O

PROCESSPDU = ee . OPERATION + il . MAP + 3j . REQ + kk .
UNSPLICE + Il . OTHERS

UNSPLICE — mm . OPERATION

REQ = nn , OPERATION + 0o . D

D = oo . EGRESSMAP + pp . SENDMAP + qq . EGRESSSENDMAP )
SENDMAP = rr . OPERATION

EGRESSMAP - ss5 . OPERATION + tt . ODR_MAP_EGRESS
QDR_MAP_EGRESS -- tt . OPERATION

EGRESSSENDMAP = uu . OPERATION + vv . INDP_MAP_EGRESS
INDP_MAP_EGRESS = ww . QPERATION

MAP . xx . OPERATION + yy . E

E - zz . OPERATION + aza . F + bbb . F

F = cco . OPERATION + ddd . H

H = eee . OPERATION

B = gg. OPESR,t\)non+nh (il . MAP + jj . REQ + kk . UNSPLICE

P fff.H
H = ggg . OPERATION
OTHERS = hhh . OPERATION ]

& So] HELLO X2A|AF
7rks) sk ot Rk
HELLO = (a + b).c¢
HELLO)

+& =8,

. (d . HELLO + ¢ .

+

f . HELLO

= g . HELLO
WA Mgk Folgh wpyges zieksiicl
A ¥ 3 Tt Ak A LDPY =g A
o Z7] AR el 2e 7k
Z w A AAE LDPY A~ oz o}
bl AP =HAE ZiEkEit BEAde 1ol 7)E®
HAe] AlSe] BE “="9 T vehd AelE
anpe) AHgE glel, vhgat o] &7] AejER-
B T2EE g9 B4t 29T 4 ole 2R
Aol g Axz Jehls Ho|R ohgd el o
A& 4 ek
LDP = (HELLO | LDPMAIN) \ Idp_jd
HELLO = g . HELLO
LDPMAIN = h . SESSINIT_ldpid

SESSINIT Idpid = i . INITIALIZE

SESSINIT |dpid . | = j . OPENSENT + k . ( | . SESS + m.
SESSINIT ldpid)

=9
2T
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SESSINIT Idpld . ##ff = n . OPENREC + o . SESSINIT Jdpid
SESSINIT Idpid , kkkk = p . SESSINIT Idpld + q . SESSINIT Idpid
¥r.(s. OPENREC + t . SESSINI'B_I ﬁld
= U . SESSINIT Idpid + v . OPENR
SESSINIT_Idpid . Illl = u . OPERATION + v . SESSINIT_Idpid
SESSINIT_|dpld . mmmm = w (x. PROCESS|
SESSINIT Idpid ) + z: OPERA SN S sa - ORERATION + bb .
OPERATION + cc .
=X PROCESSPDU + y .SESSINIT Idpid
+dd . OPERATION
SESSINIT_idpld . nnnn = ee , OPERATION + ff . B
B = g . OPERATION + hh . (ii . MAP + §] . REQ + kk . UNSPLICE
- OTHERS )
SESSINIT_Idpid . 0000 = ee , OPERATION + If . MAP + §j . REQ +
kk. UNSALICE + 1 . OTHERS
SESSINIT_Idpid . pppp = mm . OPERATION
SESSINIT_Jdpid . gqqq = nn , OPERATION + 00 . D

SESSINIT Idpid . rrm = 00 , EGRESSMAP + pp . SENDMAP + qq .
EGRESSSENDMAP )

SESSINIT_Idpid . ssss = rr . OPERATION
SESSINIT_Idpid . titt = ss . OPERATION + tt . ODR_MAP_EGRESS
SESSINIT ldpid . uuuu = tt . OPERATION

SESSINIT Idpid . vww = uu . OPERATION + wv .
INDP_MAP_EGRESS

SESSINIT |dpid . wwww - ww . OPERATION
SESSINIT_Idpid . 00 = xx . OPERATION + vy . E
SESSINIT, ldpid . yyyy = zz . OPERATION + aaa . F + bbb, F
SESSINIT_Idpid . zzzz = ccc . OPERATION + ddd . H
SESSINIT Idpid .Iit = eee . OPERATION
SESSINIT Idpid . jjj = #F . H
SESSINIT_ldpid . kkk = ggg . OPERATION
SESSINIT_ldpid . Il = hhh , OPERATION

e 919} o] RE AlSol A & Ao

vehdo) webd, 28 AlEe oA 3
=g 7ssiek =

ool g zeEEe Y24 FHL A4
Lis=s

A ¥ 4 AA AAR LDP= AL 71l
Z AAEAIE LDPY 2E AL 7] Az
9 9 riEsitk

3 v A4 dAS LDPE] ZEA~ gz
bl ¥AlA S SR ¥ 1 e
A2l A 7R, OPERATION 24~ A&
Z3}3t OPERATIONA] o] He] wE LA A
52 7|4l SESSINIT ldpid Ale]2 il
e AoE el AL glerng, BE F7
Aol wide] ylsslcl elw, OPERATION
A 039 EEAx AEE Aoz shig
OPERATION A2 Tl g AHolx shirx
i ¢l=d], OPERATION AlefE ¢]%1 4o o828
He) gz Fale] sle] Zy| AMNSESSINIT.
ldpid) & 7} BE, ZTReE Wiyl 23 S gle
PHNEE AT F, o] o] btk

uEhd, 2E AlHES 2R mde] s
)l .

A 2] 5 A AdAY LDPS wleluel M)

(Livelock-Free) oJcl t}hA] ",—l‘i‘ﬂﬂ, A4 A"
LDPe] Z2eE £2loe] 3 3E (Loop)Se] 2%
ik #3533 or).
2 9 A 19 AAF, A4 AA LDPY =g
Az gie@ el 342 HJAE 94 A 20
Al Z518E ZREZ 9] HpE AMSSle], AikH
o &4 shie] o T2EZ 9 W Wm
et ) R S Y

LDP = (HELLO | LDPMAIN) \ Idp_Id

HELLO = a . send(hello) . b . HELLD + ¢ . send(idp_Jd) . HELLO)
+ d . remove_adjacency . HELLO

LDPMAIN = recv(ldp id) . SESSINIT_|dpid
SESSINIT_ldpid = e . INITIALIZE

INITIALIZE = f, send(session_init) . OPENSENT + g . recv(mesg) .
( h. SESS + i . SESSINIT_ldpid)

OPENSENT = j . send (keepalive) . OPENREC + k . send(notify).
SESSINIT_Idpid

SESS = |, send(notify) . SESSINIT_{dpid + m . session_closed .
SESSINIT_Idpld + n . send(keep alive) , OPENREC + o .
session_dosed , SESSINIT ldpid

OPENREC = 0 . send(address_rmsg) . OPERATION + p . send (notify)
. SESSINIT ldpid

OPERATION = recv(mesqg) . q . PROCESSPDU + r ., send

(shutdown) SESSINIT Idpid + 5, send(label_req) . OPERATION +
send(label_map) OPERATION + v . send(keepalive) .
PERATION + w . send(label_withdraw) . OPERATION

PROCESSPDU = x . send(notify) . OPERATION +y . B
B =« z . send(notify) . OPERATION +a2a,MAP +bb. REQ + .
send(label_withdraw) . UNSPLICE + dd . OTHERS )

UNSPLICE = recv(success_delete branch) . OPERATION + ee .,
send(alarm) . OPERATION

REQ = ff . send(notify) . OPERATION + gg . send(notify) .
OPERATION + hb . send(notify) . OPERATION + i . C

(o T j[]) . send (notify) . OPERATION + kk send(notify) . QPERATION
+1.

D = mm . send(notify) . OPERATION + nn . send(fwd_label_reaq) .
OPERATION + 00 . EGRESSMAP ) + pp . SENDMAP + qq .
EGRESSSENDMAP )

SENDMAP = rr , send(notify) . OPERATION + ss . send(label_map) .
OPERATION

EGRESSMAP = tt . send(notify) . OPERATION +
send(add_branch_for_egress Jsr) . ODR_MAP_EGRESS

ODR_MAP_EGRESS = uu . send(label_map) . OPERATION + wv .
send(notlfy) . OPERATION

EGRESSSENDMAP = ww . send(notify) ., OPERATION +
send(add_branch_for_egress_isr) . INDP_MAP_EGRESS

INDP_MAP_EGRESS = xx . send(label map) . OPERATION + yy .
send{label_withdraw) . OPERATI

MAP = 2z . send(notify) . OPERATION + aaa . send(notify) .
OPERATION + bbb . send(notify) . OPERATION + ccc . E

E = ddd . send (notify) . OPERATION + eee. send(notify) .
OPERATION + fff . F + aagq .

F = hhh . send(notify) . OPERATION + Ill . send(notify) .
OPERATION + 1ff . send(addbranch) . H
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H = kkk . send(fwd_tabel_map) . OPERATION + IIl . send(notify) .
OPERATION

F = mmm . send(notify) . OPERATION + send(addbranch) , H'

H . recv(success_addbranch) . OPERATION + nnn .
send(label_withdraw) . OPERATION
OTHERS - notification_msg . process_notification . OPERATION +
address_withdraw_msg . process_address_withdraw . OPERATION +
label_withdraw_msg . process_label_withdraw , OPERATION +
label_release_rmsg . process_label_release . OPERATION +
label_abort_req msg . process_ label_abort_req . OPERATION +
keepalive_msg . reset_keepalive_timer . OPERAT[ON +
vender_brlvate_extentions_msg . process _ vender_private_extentions
. OPERATION + Idp_experiments_msg . process |dp_experiments .
OPERATION

mhahy, 9ol BE ZaAll Aellr BRe], BE
Z2Alz Ae] S FHox 3ptel AgakHsl
R 2 95 st Zizte] & A
E7 Ao} rFsdlnE, AAl A% LDPY ==
TE F2hEo wE #HEFE (Loop)ed "3"]'75\ =
2EZ P45 Holx shtE FIYsle HEFe
weld, AA AdAE LDPE el iﬂ' ":r'—zﬂ
(Livelock-Free) ot} "

A 2 6 44 AA= LDPE okAlL 7k
ohA] mhalal, A A9 LDP-2 wat Abel o]
L, @jojHe Y ofch

il

[s3

Z 7 A=) 13} A2 5o s FE=ch
A 2 7 44 AR LDPE dBde Mk
thA] A, A4 AR LDPE S 7=,

A4 28 2A50) UESFoopl, L2EF I
7t it

Z v A 63 A 2, 3, 4o sy FEEl
t},

V.4 B

2 =Fold MPLS =heele] 7o 94 a4l
A-rde =FEFQ) Label Distribution Protocol2]
AbA) A 2 AZo| sl 71edch IETF 25
RFC30360] Ael¥] LDP 7ag 48, Eie] @5
FH Aol AHEE 917 A AA A FFE F
25 zeisfor & AUE A A5k

o)zid) AS-g nAEy] g, $Ele WA w4
A E% iﬁ% Aastel AkS) AAE AABIC
a2|51 LDP2] Al 71419 R Ee)§ AlAlsked,
FHol| A4S Y FFE A PAE AT
sack

TR, AR AR BE 2RE AN, A
ay Zeuge wit geld EA4E Tk &
% E7]E AMgsle], 7% LDP] ZEEZF i
A 9 7xdg Bnylch

900

ApAbo R, fE ReE AWl Wikl Z24
A S AR} 8&1)&_}21 W AE A]-—g-t;}O:], AZE
F 249 HEEES BF AN AEEE
Hel, slolB TZH% w,“éﬁbﬂ z7| A EHE
o] wega} &) AduiRe mheigal AEFEE
Zsigivt. ol HAES] FW& 7ler 7HY
=R EF] kA %Z dHAE AEEsrk

A o2 ey LDPY H3pe] UfK, 7l
A, e Besiga wg 83t A Al
ot Z2EES R AL 7]rH§h:+ T3 E =
ol AN A 7HEE e ZREFES
AFde AHE T Welerk

=R

[1] =kg, “MPLS LDP 7] ¢ 74k ulel” 1999
W% 12 ATM-KIG Workshop - ATM7]HE
MPLS 7)& 2E2L84, pp. 99--116, 54 1999,
44l

2} ‘i}zlﬁi “Multiprotocol Label Switching System

£ 9% Labc] Distribution Protocol 7&," =
BAgls)eRx], A4, AH12BE, pp.2249--
2261, 1999 124,

(3] =33, “Multiprotocol Label Switching System
-2 2%} Label Distribution Protocol 7is} 2 ak
A B4 20006 A 105 T4 AR 3 3
%8, A2H, pp.521--524, 2000 54.

[4] L. Andersson, P. Doolan, N. Feldman, A.
Fredette, and B. Thomas, “LDP Specification,”
RFC 3036, Internet Engineering Task Force,
January 2001,

[5] Gerard J. Holzmann, Design and Validation of
Computer Protocols, Prentice Hall, 1991,

[6] C. A. R. Hoare, Communicating Sequential
Processes, Prentice Hall, 1985,

[71 R. Milner, Communication and Concurrency,
Prentice Hall, 1989,

(8] AAFAIDTY, HH-E
ZAle] -2, 1998.

[9] Goran Hagard and Mikael Wolf, *Multiprotocol
Label Switching in ATM Networks,” Ericsson
Review, No. 1, pp. 32--39, 1998.

[10] P. Newman, W. Edwards, R. Hinden, E.
Hoffman, F. Ching Liaw, T. Lyon, and G.
Minshall, “Ipsilon’s General Switch Manage-

=i Zges 3ol Aa)

www.dbpia.co.kr



=% [ Multiprotocol Label Switching System?2] Label Distribution Protocol A}A|AdA| 7] &

ment Protocol Specification Version 2.0,”
Request For Comments RFC 2297, Internet
Engineering Task Force, March 1998,

[11] Bruce Davie, Jeremy Lawrence, Keith
McCloghrie, Yakov Rekhter, Eric Rosen, and
George Swallow, “MPLS using LDP and ATM
VC Switching,” Internet Draft draft-ietf-
mpls-atm-02.txt, Internet Engineering Task
Force, April 1999.

[12] ADSL Forum, “General Introduction to Copper
Access Technologies,” General Tutorial, ADSL
Forum, 1998.

[13] Devid Gingold, “Integrated Digital Services for
Cable Networks,” MS Thesis, Massachusetts
Institute of Technology, USA, September 1996.

gk XY E(Jae-Hyun Park) e
1988 24 : Solo)Eat
AzA AR 29
1991 29 g ssly|ad
Ak} Aa}
19953 84 : = Fer)&4
ZAksta bl

199511 849~20000d 24 : AMAIHAL AHEEA B
dlolelv|=4] 7le MPLS/ATM 7]
W
200041 34 ~&dAf : o e dtal A I
<F3H4] Fol> ATM Switch Arch.,, 4374 V&Y,
Multiprotocol Label Switching System,
Network Processors

901
www.dbpia.co.kr



