MPLSJSS9,2 50 Sogro e oyl gis
IP : Sl 09

MPLS :( S 09,

wodow) (e souias 4l
AY/VV/Y+ 24ily0 w36

o8l 1ol 15585 09 F w3 g
ooy (e s owiS )

AY/ Y/ YOz g9 46

INVET| I ¥ T ¥




V/

B

S

ik ol bl S




MPLS JS552 » s

axio olges
Y Aob0
S MPLS _sJol ol-)
Do eeeeeseeseeseeseesessessessesseseeseeseesteseesees e s e e seeeenseneenseneenaerens MPLS sl50-Y
B et MPLS Jad,w S,l38 1S 6g=i -V
Ve MPLS sl asiuw .J..a.‘)).w )l.a.>l.w'\;
Vot eeeseee e eseeses e es e es s s s s oloL,b bwgi MPLS (s>lb (8laal-0
Qe eee et eeeee et eeeeeeeeeeeee e e e et e e et e e et ee et eeeeeeeeeeeeneenaeeeneenee MPLSS;0)9iS5- £
1Y eeeeeeereer e st eee et ee et eeee e ee e et e e e s e e e e e eeeteeeeneeneeees MPLS LIS Luluwl-V
T PP =y ) iy -1-V
L F ettt et et e et et e et et et e et et et ee et eteteeeeeeeeneenaneeeneeeens oz wsulsals ==V
\0 .......................................................... (LSP) = ) C.JQ.UJ DAAAO 'Y' V
L e eereeeesseseeeeeeeseeeeeeeeeaee et ee e e et e s e e e et et en e et eneneenaesaeens LSP J,iS -¥-V
LV it Sl s5Lw gosixo -0-V
\V ................................................................................ JAAMLO UI.ZUI 'F'V
Y A e (TTL) S; Uloj; -V-V
YA LSR L'J|_9.1£ a ATM sla 9w )'l oslaiwl -A-V
R > ) /oli:bl -q-V
T ) ettt et et e et et e et et et e et eteeeae et et ete et et eee e e et eteaneeeeenen et eereeens Ligi -1 +-V
L T MPLS 5 oy &390 S JSJ_g)J -A
Y\ .................................................................... (\&J)lSU)\SJ O)LO.!.:J w
Y B it (wlodS wax0)9> 0,lois Aouo




MPLS JS552 » s

HL VRN

a>93i3,90 w3l Slpdlw > aS cowl (swopo Slas gliews ;1 MPLSS ;99485
xS Ulgi oo wlh> @ 9 00w Juawi IPogo sSlas,laulicw! 51 sSu aug ais S 1,9
o> slecwl @il aswgi 9 byl IETF (sulelUao 09,3 Jowgi aS MPLS (s,9ld
M osiiao SHold Gl S)lese. il (o AV Nix Suzdew 5> WVs =
Glwole Wyg.ai95,l5 51,8 pow 9 09> Sld @V wlo 9 059 Lable Switching
) o, lons JSow L laswbue Y/0 a0l S56deiSs MPLS aS sg00 Uly @Sl Ulgise
] o.x._;:.ﬁ wasiso [SGgy ol oS>

Layer 3 IP

MPLS
Layer 2 ATM, FR, Ethernet, PPP
Layer 1 SDH, ODH, WDN, CSMA

Vo Loy JSeii

b sl g oanw asliow wuuly Sl aSiuw Ulgie a4 MPLS,, (suio Sl aSaw
55 Lwluo Packet forwardingg Circut Switchingeslpiu o Joli aSay,wld Jawo

PACKET HYBRID CIRCUIT
Forwarding CWITCHING

|

IP p==» |MPLS ATM
+IP




MPLS JS555 29

MPLS Jho! ost—1

Sl a4 uliwsg Data forwarding Joc > g MPLS slol ol
ok 51 p9pd0 SHSS 4 Bub sl (QOS)wloas wusyS o Sl (sawipo
S,0S5 sl 5l L Wyie, wldee ol aS ailue IP aulw wlgixo 5l Jéuno
o plwl aSw ad ;> Routing wuwiy (w . uSuo Bleo H6Si0 Slaawl,w
i Vsl 133,80 ,LS5 o plssl aSees 0g,s > Forwarding wllocs
pald | USier ol Uesdl 59, oslaiwl sLw @ise; MPLS Osgs 5,laliwly IP;l
Lable g IP Forwardingoldoce olwl og= Yo,lowss JSoi 55> .uowl 03,9l

owl oauw osly wliw Switching

=

_»\;:,__,_., : \=— ﬁ

|11

IP Forwarding LABEL SWITCHING IP Forwarding

Yo,los St

wwo odlaiwl sy R385 9 panass Sy LS vwl) Jas 5l as MPLS s
Jl,l Shy 5 1sil o @,k by Bls (LSP) wleMbl Jlul Sl wo «ulos
53,5 skl 1aso 9 lauo Gw lizxo LSP 95 1L ad,b 95 sla Ll
Sh oz ull> oaneSIl 5l puizod 9 IP s)lasliwl csulppso 51 MPLS
aS owl Ol MPLS L sla S50 51 oSy - ulos wswo oslaiwl d auwy wuylas
S,908 58 S9, » aSly bl (i 031> dgw WY 5 Ao JSigy W sSio
Al oo i LB sogs M

5> VPI/VCT ¢slaadyd aiilo) ail cowuzyn abid Shls pes a0V U9, azilix
MPLS oy 39 pasaxi Sl a8 uled 5l (Frame Relay > DLCIg ATM
S aww Jadrw sl 5l sioand 51 wosainbue 5> 9 d9ubso oslaiwl




MPLS JS552 » s

oy A9 Olgie @ 5,05 ,08 TP @V g po> @V Sla Jadrw o aS MPLS
092 ¥ o)locs JSiw 5> .aiusS wsw Shim JLad,w Ol @ aS 9.0 s o3lasiwl
owl 00w 03> wliw MPLS Jad,w S,158 1S
Lol b 2o wlio SlpdSigy o W oz pU

seuio Jaiie b Jglw lwgi aS ATM,s VPI/VCI

Frame-Relay ,> DLCI <«

TDM > TimeSlot <

X.25 ,5 LCN

MPLS sl 30—Y

Forwarding wldoec sSsbw »
RoutinggForwarding wldec (sula> >
IPsATM Gluogas gioxi (sSslw »
YaMoY a,V slplSign auds b pinils (silgxod >
b Job b (uld oz @y lpwysl Osgas Juas >
090 Sl 059 Slpwg w51 S8, VSl >
Traffic engineeringS.ély (sowiipo ™
9 whaslb WSS oS L Py, uVoice/video JLw,l ulSol =
QOS Liwlal
VPN =
QOS =




MPLS JS555 29
MPLS Jaas,w SN 0 0 g2 -y

PPP Header(Packet over SONET /SDH)

NG YE  Shim Header Layer 3

Ethernet

Shim Header Layer 3
Frame Relay
Shim Header Layer 3

ATM Cell Header

VPI VCI PTI CLP HEC DATA
Label ‘
Subsequentb
GF VPI VCI PTI CLP HEC DATA

Label J_

Yo, Lo . lS-MJ




MPLS JS552 » s

59>90 5 SIS MPLS Lad,w > 3. wswo 00> 55 JSai )y aS jghilod

k.a.uJI

0 1 2 3
0123456789012345678901234567890
Label | Exp|S| TTL
MPLS Lable Format

Exp = experimental =QOS
S = bottom of stack bit

o MPLS > 3 s=28lg Hlaso Sols aS ww Yo Jgb @ o> 0 20 -

Aol
o 09 = Ulgi (so Ul eloS au aS 'COS (uugrw LwMS (s aw 208 -Y
vt |y St Sla auisw 5l seae Pl 55 L diwy Bi> 9 Saw
390
Aol oo Ty iy b oL souas wlin aS' S wsaw ol ald -Y
o>« Sl ez aS ol Ol Gsaise g sl by e ol Al
N U TR GEWE SV IRV VST W PR VR WUWE SO SR TE 2 URWOWE 3V
Sl pudles Sy Olewogs s
Lo @i TTL 216 b ol aS T( TTL) csS55 0o wsvins caniad L0 -F
..L_gl.oJEs\oJ.o;:IP

ol sb bawwgi MPLS (o1 b Slual—
W yaxio bad 9 1wl p9> Y S0l8 £9i 18 il 4,31 L MPLS -y
.2olu Frame Realy ¢ ATM
Aol 50w csuluwn wlixo Sl JSGg U aub MPLS -Y
Wygail 5> g (silwidy sl Silw geixe wulld L MPLS s -Y
wwo o9 Ay Huwo b Bob Sl VLS ggiio Sl bl Jlw,l UKl

Al

'- Class of Service
- Label Stack
+- Time to Live




MPLS JS552 » s

2w U oleMbl Jsls g bl s,L8,0 wulbld 3,L MPLS s guigaw -0
Aol aswls [ MPLS ¢ Sl guigaw

il 850w RSVP Jolw TETF gosizo S Gangrw Jio b 3L MPLS -¢

Aol aswls Sy gwlido wud)® uL MPLS -V

A 55 ol J s aS S5,10p50 9 i e csilbdoe WLl 1L MPLS -A
ulos ol ) 5,15 59>9 IP Sl

. pul550 (50 MPLS (5,09 58,85 (arngi @ (Samy (Slpiawd )

St sk sk sk sfeosk skoske s st sk st sk soske sosie sk st sk sk sk sk

‘- Multipath Routing




MPLS JS552 » s

MPLS 53¢} 6iSi—5

(UDP)Jlail gy S aSuw 55 i oLl J8 Slpsiowwsd )> aS ghilesd
Lado Cuoow U S Ug)d S Lo 5l bl Sl @i as Ls\oli.@
Lo aiwn Juadrw ) 59290 wleMbl pulwly Clus 18 iles (sw g
(Sa=s Uise 9 03900 Uil b 653959 diuy «aSiud Y (sulieio el oS
o ou 3gab Jhwl Ol @ Wb acww aS | Sae Olae sile @ b
Sy had aS azil 5l Wibe a4 b aiw Jadrw 5 39390 wleMbl aidl .3los
Al w0 i w03V syl

95 5l S5 L ain Saw guyn o 9 wsulwe Oldec Olgi (s
a4 S35 Sbd i Saw aws Jol wldoc 5900 jeai wlikoe wldec
Wllac uogs .2l o (FEC) sl> @ wilid Usleo Sld (uMS SHwsy
aS suld G wolod aS cawl e wcowl Sasy oy el @ FEC 4o wowls
Jadio U U 03,5 jouc a>lg o b 5l ol o cowl& Ul FEC &b @
oty Shls Ay 95 axilix (P Jslaio sulpawo S puneSIl 5> iw
294€ Lado A Udsawy Shy seao &y 5l @jeo Gl 5> il VLS, daso gl

LSR LSR
LER 7 7 LER
# == = ————

— = IP1
B
~ [EEEl [RBEE [EBEE N,

Lo e aaly srene K Sl oo IS QLG FEC S 40 € (pls sy ol

S ad 5> 39290 Ly Sdobwe oS L MLPS sl asow s

D e 9 Al oo wlbl& pols FEC GwMS &y @y (53959 Sldaiuy «(LER)
a2y .0l o ol el o oz | ol @S eyl (Svace jlase &y @y FEC
Sl diwy (b 055 oz LER bhiwgi aSuuds @y (S39,9 S aiuww asil
Al U9, 55 39290 S Ve g dise S 35y 00 035 iy
>9>g0 WleMbl (S, u wsainsls Cl.:giz@ (il sw Hgpuino LSR @, aS MLPS




MPLS JS552 » s

oty ,laso @ axgi b basd asly ailos swi 1 Aiuy pew WY Juadw >
o Lo Sa Gy oms U pl8l gl> a4 colad Jgax oS L g @i 5o
oai odl> wliw MLPS aSui S 3,SJoe 555982 Y o)lous JSoi s.aules

-L.A_LU|

[ ] IPPacket

Sy Ondinary
1 'IPHmrler

“2 . MPLS-enabled Labeled IP Packet
IP Router
MPLS

Yo, loun JSow
aS aSod Y adaw 5> sl b asanlio 55 (899 o ool @ axgi U
OlgicMLPSSLy | Jud SUlyo Olgins «59ub wswo 03lainwl (slgazo So aSui 5
. 5900
wols 2Ld el lnie Lolwly bid aS culd guwioww 5l oslacwl b 0lg wsw -)
wldac (ATM Sl guigw bo) sy (o plxil |, Siuzdgw wldac
Sl plsl (MPLS s | s asouw wwlas 9 JLw)l
wols FEC LuMS &l @y (MPLS aSeis @ (Sxg,9 @i »8 aSylsl 5l -Y
5l ailei (s aSow ad 5 3990 S Ulewe Gulply (ubeswe ol
VArOZS 9 Lms Sl 5399 S diun 3,90 > 3990 wleMbl aigS 45
Aiolos oslaiwl vlws, FEC LuMS
S )lg wolaio Ll 95 Gub Sl L a>ly S3g,9 aiun b axilis -Y
539,9 L U wlbpuo 95 A |, sz wjganl 5> ewles MPLS
JSUos 5> wdbro Gl aS s9r adles LXaSH b woltio sy e para
30 wswu 008 Lie pew WY csulipeuo Jslaio Sla




MPLS JS552 » s

539,9 Sd @i ay FEC sla (uMS ol 9 paraxi wldoc ;18 ;o -¥
S 08,3 SLa Claue 3,Sloc g, 30 Sl WSzad (bl O3z

5108 swou
Gl 4 Sdep A L WOl L ogxge Jolue S Oleue -0
9 sdol s 5o 390 WleMbl Hulw ghsiwl Sl Ol 5l asly Lal wswi Sasy
05w oLl 0 M aS ,biled sguiise oslaiwl aiun gawgrw YWMS
Uy oy 5 ) B @iy gugrw pwMS 9 cuglsl wleMbl Ulgiuo MPLS
sl 8

MPLS 4,5 wlut—Y
oy Vbiv aw 8 4 Sl ewsyy MPLS )5 ouisS aS ghilesd
LSR g5 R2 ¢ R1 aS 3uS (o, .5l (elws o @ aiuw aS cowl FEC LwMS
R1 aS 145S U5y8 (R2 9 R1 oo sl (83lg5 9 0,S1in 5l amy aiil aSods sl ls
@ L oz U Ly ol aisl cowlSs FEC F LuMS @ aS |, csuld asouw olo
a R2 g R1 Sla ub).;_a.u.o L.Sl).) WY u)_gaau| PR .>)|> S\o LJLA.U)I R2
900 b a>gi @il g s 0340l '0S39,9 > 9 80,5 oy iy
o MS @ glio Sl aiww oauds> Vlin bhdd g 5l =0 vl L wwusyy aS
aSis 5,50 wsuls s 581 ,S0s wle @ .auwl o R2 ¢ R1 (ws wsJLu,l FECF
FEC F LoMS @ osJlwyl o @i Lol LS5 o5 oslaiwl L woumy Sl

sl ale
@ Mol 390 o Jluw,l R2 caow @0 R 51,018 elélys asil @ asgi b
a:sS Downstream gUpstreamesla wlywo wwiyi @0 R2 9 R1 Oljyewo
Clowo oape @ MPLS 5 cowzy paraxi oldoc aadyy .3ginsw
oldoc MPLS ;5 aS wsS Ulgiuo 0> wolie @ .ol s Downstream
Coaw 4 Downstream ol uwo caoow 5l 9 GwsSeo Cip> 5 sy paasd
aSuio LSR ,a "LDP JSig, 5l oslaiwl b .59 wsw plzsl Upstream ol yuwo
S GMS @ sl jaraxi S cowsy W bosyw wleMbl JLw,l @ pladl
oleMbl aS LSR g5 @ oMol .aulos wswo aSuis Sl LSR ,lw @y FEC waliso
o AbS oy 82595 Slied iloicse sl X0 O 1) cowsyy parass
MPLS > >y &390 wldoe oll Sl Ssaio Slas,)luliow! UESU 59w

*- Outgoing Label
*- Incoming Label
v- Label Distribution Protocol




MPLS JS552 » s

ACR-LDP o LDP. RSVP Slas,l bl @ 0lsi wso loil eps 31 @S cannl 00 ail|
.DS.QJ OJLqu

5l osind Jlyl cowlgsys 3¢5 jglso LSR 5l @St LSR ol asili

oo aisS Mol (ulaws | yols FEC GuMS & 4 aidly parass S cows
aidl 390 s plesl Downstream csiowles)s w0 &390 Wldoc aS g
59>9 ju 9l=o LSR wiwlgs)> widly)s wey 999 wwud Jluw,l US|l MLPS s
o eSS Downstream cssowles )3 . o> &j9i wldoc £95 ol @ aS s)ls

L B9% oz 50 &gl Uvgy 95 8 b 9 &b Vgaso MPLS aSw ;8 .

B
Sl B8

N -

LSP

o ) A —\ -V

‘MPLS > suwlue Lable Stacking wudyld MPLSo59 sSla (sublgi 51 oS
"LIFO aiisy &by w)yso 4 aS aicil wswo vy Gedix Shis 1 a5l s>
o >1b 9 VU S, » Stacking Guix 5> isls el (s e
oo plul aiiy,s ai9,S 1,8 Lable

S5l iz Shuaslg SLSPS, auld LSP;l wsslasi yanaxs L Lable Stacking
AiSeo Jigi S skl aSies Gulpaao wldoc

wanaiLSP 5l Slagi S WSy @ | S i o> 1 LSR igi slawl)s
|, StackssVUL Jud,S0s LSRR, 50 Jigi sleilys.(Pusholdoc polzil L)adaswo
oal.33,500 ol StackSVU yuaic Ulgic @ ,51 Jdlo Jud azais ;> 9 03905 PoOp

A- Constraint Based Routing-Label Distribution Protocol
a- Last In First Out




MPLS JS552 » s

aS woley ¢l Lacwluo aua o0dqs Stacking ;| edoaw Sy Shls aSATM @, 1ug,
Sao (vl Stacking;l 3900l gl @y MPLS

Oluowgo 9 LS . aniluoe p>9i JB Syudy Blasil sllsLable Stacking
55 9 05,5 Sslul ol Ssasie Slpulu,s LMPLS aSiiisilgimw 03,5wS adaw s
Cap>Llable Stacking;l U 20,58 iy udv.diulos skl | LSP uai> wulw L8
1wy B access provider wews> @ aSil 5l 8 oS8l Slesl > Usgos S s0uo
Juo=i 5l Ju8 |, acgoxo (i Sudlbaislgiue 50 access provider .aulos o3laiwl
51 swS slasi al, LSP sl slasi aSWISP g 05,5 S 0i0 S, SWBISP
Jola> by ume a4 S Slpbgi.uds jualS aSuw bla G Slplies
S5S 50 Slpawnwgrw VBALS pbdl,d Sy | ol OVup i aS osgs LS (sJlawl

S 9 oo aisS BMhol) il I Sxgy oz aiy axlix

2l 5 il i ez Shls aain wigo il 5y (wewl jeo iy Gec
o1 SR UUWC VWV L TRUNWE SVIVIVIY VR SUVEV RO VIO VI RWEWE SV TN
90 s 0ol X adow g )

Qasbg 'NHLFE ob @ Sa>lg (LSR S auwisw @ aown b 3959 plSid
WleMbl NHLFE > .5l oape @ |) (Saws guigw Caouw @ 559,9 Ui Cwlid
towl 59>90 55

Dy (SA=y Gy -)
2 Dlgo 5l Sy wldoe Gl e pll oz iy 5 1L aS (sildoc -Y
F ol
RVECTUUWEIVIC Pl L TOVVRUUWE SVIRVIVIY VR NP R 1|
iy Qi S9) > ¢ ghiwl wldec pll -0
Al w9 02> Cowzy o b ainiy wows oVl il -2
REUWEIVE TSN VECUWC SV Ve VRO VRRAUN N G W e

oslaiwl Qi de)| pl < D > ClSp_gb ) Wuﬁ)'l_w)gaazo Oldoc 09> -Y

L RV
Qo Jbw,l o 55wy iy U>,S 3S 69 -

v.- Next Hope Label Forwarding Entry
"'~ Pop

"~ Push

vv- Encapsulation




MPLS JS552 » s

25V L aiww culad 9 S3Lw waiyw Sho aS 305 03V wleMbl aigS s -0

.C.\_uJI

S0 U39S (15399 Wimn SA g AS 39 axgio aSui LSR &b azilix

A8 (s plil S, Ay iy So, 2 | ghaiwl oldece © g8l 5> cawl
" ILM) (53959 oz bl ldoe aliwss 539,9 Wiy omy 5B
g lio wldoc lhwgi uizod 9 LU w0 el W NHLFE 51 Slacgoxo @
b sw eewl$ W NHLFE 51 Sl acgo=o as (S>q,9 FEC "°FTN oL @
Jlacl 0l s9, » FTN wldec (il comzy 381 Sxgy9 aiwn aS sola
w0 03> paraxi (sl oy Sd9,9 oy U wldece il gl 9 0w

33,5 (5w Cwlad 39,9 Aiuww Ul aliwgs 9 Sgui

Vo 3 Sl —Y-Y

@i lad Ly MPLS s oy wsulbuls ko Jlg, 5l caSs LSR ,a
o VL Ll glaio G caules (e oslaiwl sulps xase Cow @ o
ILM oldoc bwgi 5,8 s 5b8 Gslos 280 Awy cowmy Ady > 39>90
NHLFE 5 39590 oleMbl claS b .l wso coilSs NHLFE @) (399 sy
Aol oz aiy Sgy Wb @S (sildoc g95 Guized 9 Auw Sawy Yy

Intf | Label | Dest | Intf | Label

In In Out | Out

3 0.70 47.2 | 2 0.80
0.50 47.1 | 1 0.40

70 -
o

v¥- Incoming Label Map
vo- FEC to NHLFE
\#- Label Swapping

D9 (SO s D9l




MPLS JS552 » s

» Ul b osganl 55 il cowzyy 186 LSR @y (Sxgy9 @iy azilix
oo ghxiwl aiuy FEC GuMS aSois N Juad ,w 5> 39>90 Sloald sy,
wols> NHLFE &l a4 S>q,9 aiwws FEC wMS FTN ;I oslaowl U Guww 9 g
£ LMD 9 Uy (Sdy Yy Ulgiso NHLFE zhsiwl b .l oo et
3900 Gt | s aiy Sg)  osllocl wldoc

(LSP) v 2 @i gw gmasd -¥-¥
5l Sl acgozo P S>g59 aww Sy M adaw LSP &b 0 o L ($illao
w505 uoles> shls as Lol sw <R1, R2, ...RN> sld UL o
aiiwy <o (P (S350 aiuw > ciawl 55959 Wl aS R1 Ol juwio -)
A (w0 18 oy
Saao J=>Is 1<i<n (Ri sla Ol uuwo Joowgi P S350 aiuw aS (solSid -Y
Aol o M Ulxod (S39)9 Uy o=y Uiy BOE d9aiiso Clid
U R1 Ol 51 P aiwny Jlwl b 5y siloj gud 55 >3 wlic @
239 sl 5SS Ml P iy cowz @iy @oe  RN-1 Olwwe Coow
> VU 5l 88 e 5> 39 >90 1<i<n (Risla Ol yuuuo olod -
9 L S iz o Sho (M adow cwzy) iy ) 39>90
AiS csw osleiwl Ri+1 Sass lwe @ ol Jlw,l
S il (x>9,5 Olauno aS (RN) sowo 55 39290 Clyewo o>l -F
5l Lo (k>0) M-k ahw oz Siuzadgw 5l cosulpi dado @ aiwn Jlw,)l
o 03laiwl (MPLS ¢ sl ug)) diuww culad Jolaso Sld g, ,ulw

Eﬁiss

o B9 3
Nk

E ===
LSP @_»
OC. S

MPLS aSecr b s LSP 5l o -0 JSeio




MPLS JS552 » s

aS Cowl (ol pugi axlge O U Coowd ol 5> cowl Sow aS (sJlgw
i20l Gy Shls aS se00 @8l |y S| aiwy (MPLS aSais LSR ol assliz
Aol Ul @ Sy LSR (s 9 13> comzy parasi Ukl aS (S,gb 1wl
Gl ol B899 JSiine 89, Sla J> ol 5l (sSy Sads plil Wb | (sildoc ax
>9>g0 wleMbl 5l oslaiwl b g 9 53959 Aiun oy Hlaso a a=gi Ugy aS
5599 Uty o9 WY (sulianno SdeuneSIl pwlwly 9 ogaw @V Joadsw 5>
aSis s adl> bl el cowl oSao Joc ol awl aS 3900 wsubmmo |
320 39 w5l Y99 auww aS cowl Ul JSie ol 5 piedao > ol 338
3dgi pgew WY Jadw pwlwl s (sulauie aS ougis pioko A <Gl
Alos cswos sdSiiio e

Sie B
) I —
i:ﬁ
Site A I:I- LsR rgl_s
—— o .
B =
—
Site C
LSP J 8 —¥-v

S o FEC sl juMS i Shy (03,3 o)lal W as ghiles
e S easSIl bwsi aS IP Sle Guw)sl diguing 5l Vlgine 5399
o MS 95 ol Shu vees oslaiwl g (o &gl B Olwe g Eolios
5l 2, le aS 3900 Guasi | ISP Ulgi s w)g.0 95 @ (FEC sSla

LSP Jiamo S -)

LSP suwiyy JyiuS -Y

ol 5l Jsiwo aSass LSR ,a esyls pb LSP Jsiwwo JyiiS aS Jsl g, 5
owlio o 50 «539,9 Uww U bl yaraxi FEC LuMS @ a>gi U (> LSR
LSR @ |, a8l paraxs cowzy punw 9 28> (sw yarasi FEC (uMS @ |,
Oaoaid s 55 3,Sloe @Syl aS cowl b 35lvs0 Jlw)l 395 Sliod




MPLS JS552 » s

 pl8l Jaue sob @ aSuds Oluun 4 aS 2wl s IP (sulwe auline
Alod (o (S39,9 Wi (S iyl st

varasi Oldece 5 wll> 95 5> (@S LSR 18 LSP (swiy J,i6S Givg, s
1A wsw ol ) (S39y9 w4 iz
Aol ooni paxuiw FEC LuMS sl s>9,5> LSR 595 (LSR assli> -)
Sass Gy LSR 51D FEC @0 oy parasi @ bgiyo wleMbl W azxilix -¥

Aaob 05,8 wsl,> FEC LuMS sla aiuw

oo 2l 5l b ol FEC uMS ey a4 leio Sl el aS oso)len 5
oslaiwl LSP (suwiyy S gy 5l cdilos soue (oo S (85309 U paziw
S8 51 Jad asS sl 39>9 Jloss| ol (LSP Jsiwe JyiS Gug) 5> .59 wswo
aS Spmo 2L 5l 9 6ad aSd syls FEC LwMS @ (sleio Sla eLsl, ([LSP
S H9ae bl Al | ogllao sSWdly Sla (sS3u9 vl ySow

KBl 5 5w oimo —0-Y

FEC >l (FEC walizo Sl wMS @b eldly Saw puawss Sk g 5l Sy
o wlowo Jga> 5y 39390 IP Lwydl Sduguiu 5l ol e sy wlBla>
FEC ,woMS el @ aiuuly o cLdlyi olos FEC Sa GoMS o 5l as .ol
Ay wsulps Lado @ U 03905 H9uc suao bl pols

L FEC s JuMS 5l sdg,S aS 5)ls 39>9 Ul ol MPLS sla asew >
owMS plod @ s ol 5> ey 2>l 09,5 ey JuSis 9 00l oo LS,
G g oo b paras VlwSy cowsy ol 098 )y =90 FEC sSla
wwo > FEC (S &by 395 aS s FEC 5l (sd9,S @ vz parasxs wlidoc
goixo wldac aS wowl seub 59l (s aisS bl Silw gaxio il
JudlS Gaizod 9 5l D90 SO Cowzy dlag GualS el @l sslw
33,800 iz 82385 LS S Jlg, Uliuo

o S —F—Y

olxil (uols FEC wMS el Sly LSP wlzasl 0g=s @ (MPLS Sl aSui s
asS ol 59>90 )lS L-,,gl L§|).g alizo U9y 95 MPLS > .5l sw aisS Ao
5l aw,le
Y G Gy ool o -)

"~ Hop by Hop Routing




MPLS JS552 » s

M auro sl o -Y

@ pla8l (& LSR ,ulw 5l Jaiwo aSis LSR 58 iy A Giusg wsulipaso 5>
S > 0390l L ules s FEC MS @ (sleio S aiww Saw iy ous
+ 395 wswo 03liwl sul e wldoc ol Sy Gugy el 5l AP Sla

S Guy 9 juwo wlxol )y aSuw S LSR aod puyo wsuluwo >
S\>9 > L S5>9,9 LSP \Jgp.go as UoL'> LSR &b, Jhss asl, .)J)l.xi By (Sasy
Sas,,lS 5y cules o LSP e plod U saiice e @ o028l coowl
oo oslaiwl guro (sulmmio gy 5l bl (sawlipe Guized 5 syl
UAXAAD TUuD a0 (k> 3 pamass Uloj 5> (MPLS sla aSoi > .>gub
¢ D9 (S0

(TTL) Fwj yloy —Y-Y

059020 LgIPV4 sTTLALSJIP ileMbl aiwsHeader,s ppo wouwd S
39 s pS U ol Wlgizo 5l (sSo anaw Yiuy 5 U casilue IPVE ;5 oS>
i N 239y o ow Sl IP Ay i a0 B9 Al Hlase aSyiige 5o 9
ble o 0,850 5l &S ulbwo S asl> ol 5> aSuw whdlse UlSal
390 w0 sl A csulmno oSl (uliSod oS wesw Sl b g aSw
9 o S asl> 5l S,Sel> sl MPLS sla aSiaw > .5l d9>9
A 5> TTL BV )| ‘Ls\.“.w)l S aww aiwols LS)Luu >9)>x0 LSl)J U oD
. 39 wswo oslasiiwl Jlw,)l Sle

9 £9> AN S Jad,w ;I Jswe aS (slad,w) Shim Jad,w 5l azl
oslasiwl MPLS sla aiuw 55 (5,55 wsw 518 Jad 95 il ow o 9 0591 pgaw @V
slago aS 51> 59>9 TTL pU @ Sald (999 Jadrw J1s 55 wigo cul H> 39
58 5l aiaw jeue U cowl IP S aun Juad,w TTL 28 lade Olod Ol all
LSR @ aiuy aS swolSid 9 oo oS Sy TTL aLd laso 5l «aSow LSR
Goww TTL ald @ MPLS Jad ,w 5> 39290 TTL ol Llade (uw) o529y
D9l s wsaS IP sla

5> VPI/VCI aLé Mio) 9> @V S aiwy Juadrw 5l sz 5l azlis
58 5 whganl 5y 35,8 asleiwl MPLS oz Ulgic @ (ATM sld Jolw
Shls aS S o 4 Wygo ul 5> 510 359>9 TTL Saxlg &y GudlS OlSol vy

"~ Hop by Hop Routing
\a- Label Merging




MPLS JS552 » s

Sd o > ClS.ul.wT 51 g Lsw a;eS TTL 2808 LSP ;o (il (999 Lsxgyg
93 4 ML g0 pS a>lg ey TTL 2l Slgixo 51 Gy »8 5> Ulgines TTL 251
9 pazwio TTL 281 sl sl ) Guw S)gue S vy sl S50
LSR gMbl @ TTL 286 au>b Job aS ol ol LIS ol plssl Slo g, 5l oSy
Lidlg> (s 9 03w S39,9 LSR 3)lg aS (suld aiun g 390 0350w, S39,9
TTL 286 au>b Jgb ojlul @ LT TTL alé (58, «aiulos seee TTL 186 oo 5l
2B o 0L TTL 281 Sl o 3590 55 aS (sopo WSS 5l (sSy .0l (o yudS
Sy woowwilSe 4 LU woly ool 9y WV 8l Cew aS cowl Ol cosls
0g% 0 loni JSii 533l sp=e il 855 9 wsulpwe Sl asl> packds

cowl 00uw ooy wlaw TTLaLS >,Slec

TTL=1 E\-;- ;—'—E\{ |—E\{ TalgetHoutel

- § MNPLS Echo Reply

N
'l_rl_:2 9 - 3 3 -ty 4 X - 9 -
BB BT &J
e e s, e

5

=
— F — T

:fT;* £ Iﬁlﬁjﬂlﬁ"

Yosloots JSib

LSR (s 4 ATM b guigw 31 oolaiw! —A—Y

0 >y bl wldece coowl oauw o3l guogl LS U aS jghiled
59,9 U .ol s ATM e awigw 5> B399 wldee aline S>L; 2> U MPLS
VPI/VCI 1Ld laso 9 S39,9 wygr o,lout ol (ATM Slaguwisw a4 Jolw ;o
W9 pawass Oldec (sols Jgax oS L pupw 9 3940 (s0 sy Ul
VPI/VCI a>U 5l Vlsiy azsiliz ululy 59 (s ol 3ga> VPI/VCL g (s>9,>
w3939l L Wygo ol 5> 5,8 oslaiwl MPLS oy Ulgic a4 ATM sla Jglw
MPLS aSoiv S LSR @ |, il Olgicsw ATM zuwisw 4 wowlio S8l 0,0
3900 Jyau




MPLS JS552 » s

T > 3 pléSt —a-y

b @ |, wlizo S3959 iz i MPLS aSiei LSR &by as ass 8,9
Wleio Sl A plod aS cowl e cwwl 03> Lavaxi yols FEC (uMS
WL bl (ol Sy (s>9)3 oy Shls b vlwsy FEC juMS &by @
Julai axly oz b @ pols FEC (uMS b a0 (3leie S oy plod
L 39 s kS i plesl wldac il @l

Glizo Sld wygy 5l (@S LSR el axilis aS wss ulgi wsw ;505 o le @
FEC JoMS &b 0 Gleio (g lio S iz U L suld @iy 59>
Uy WD oy plosl Oldoe oS b wigo il 55 )ls @l vlus,
393 5l pasire s>9,> gy b b sl g VlaSy cowmy db L L Sxg)9 Sla
ADD (0 H94C

Wgo il bl ceumy plesl wldoe @ ;58 asw LSR axilix
S cowzy U wlsy FEC LoMS &y v sleio Sdgp w95 axili
A 9,90 ol 5> 33,5 LSR awigw 3l walio S whgs &b 5l 9 welaio
N oo 2l LSR 51,3008 Sl wolsio S cowzyy U B899 (53959 Sla
oy ples] ol asis Sla LSR axilix as wd)S azui ulgi s oululi
S (5>9,%> oy b Lpid FEC S ;8 @ w90 ool 55 (il aals |,
55 il anwly | o plesl w8 LSR axwlis aSUls s seui swo ool
ibo @ yols FEC (uMS el @y aidl pasaxi Sd cawzy dlasi ) e.ail
oz plesl couBl LSR 51 oslsiwl 0lSol MPLS 55 bl cso oSy 5l i
515 59>9 B Gl Lo b g

" Jg—1e—Y
o s Gol3Jl @S aebl MPLS aSuds wljmuo 95 R2 g R1 @S 4uS U0
9 3> wdl,s | oSl aseuw R1 Ol azslx .+ Oylai L18 asun Gy @0 vy
ol 5> 33,5 R2 a4 B8 diun Jug=5 @ sxio aS 1> plxl sildoc Txyo
S aww 4 wcowl oo sl Ligi R2 9 R1 w aS 5¢ui wsw @issS &yg0
(MPLS sla aSew > guisw aissS sligi S aww Guauo ol 51 sl
51 LSPywwo &by aswlis> g0 Silw osly 50 LSP sl g Ulgi wswo

v.-label Merging
"~ Tunnel




MPLS JS552 » s

ahs; RN g Jgi 4 sJlw,l akha; R1 aS Lol oauw JuSiws <R1,R2,..Rn>
. 394 sw S LSP Jigi ey s ool 0 BMaol (il ol ol

MPLS 38 w2 2 2338 Sl JSig 0 —A

LSP w0 5> 39>90 S LSR I &b 58 55 058 o,lal Ws aS jghilos
O ol } i S zgy Jolo aS gl> 4 culad Jgax pb @ (sJoax>
{ =003 oz 29> gy olo Fow {1 S99 i ¢ Sdgng
03,0l oz 1595 U LSP 5,108, <999 Jglax sbal wldoc o)l 599 ol
S8 wxw Sl puixed 9 S il cowlow pwlwly Dgd s
900 0sliwl oz 1395 > salio Sdgivg, 5l Ulgi s (MPLS aSi

WShy ol Giuy a4 Giup ee 5l aSed 5> eslaiwl 5590wl azxilix
LDP o BGP b suld JSion 5l carwzy &85 9 vanaxi wldoac ol
CR- o JSign o 05l zuro wsulpmmo 5l ,SI Lol (590 wowo 0slaiwl
wwo 8,8 LS 4 oy &y 9 vasaxi wldoc olxil (sl RSVP o LDP
g
G o g3 50 (slgs 55 sLIOMPLS 45 Lo g 50 35) 50 sl (o gumd 5a (i LIS o

{L.QJLQ.?QQ o_lad daad

abstract node
An abstraction used in describing an explicit route. An abstract node may be a network element, a group of network
elements sharing an address prefix, or an Autonomous System. An abstract node consisting of exactly one network
element is called a simple abstract node.

actual private network
A term invented for comparison with virtual private network (VPN).

adjacent
Having a direct logical link. Either directly connected physically, or connected using an approach that makes
intervening devices transparent in a logical context-for example, tunneling.

aggregation
Grouping or bundling traffic requiring similar forwarding. Distinct from merging, generally, because it may be desirable
to separate aggregate traffic at some point without having to resort to a routing decision at L3 for all packets within
the aggregate.

Assured Forwarding
A per-hop behavior (PHB) defined for Differentiated Services that provides for four classes of PHB, each having three

levels of drop precedence. Assured Forwarding also requires that packets within a class not be reordered, regardless
of the drop precedence. Assured Forwarding does not define a quantifiable value for delay or delay variation of
packets forwarded.
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Autonomous System
In interdomain routing, an administrative domain identified with an AS number

Behavior ;Aggregate
IP packets that require the same Differentiated Services behavior at the point where they are crossing a link.

Border Gateway Protocol
The only exterior gateway routing protocol. Currently version 4 is in use. A routing protocol used in routing between
administrative domains.

bridge
A device used to forward frames at the data-link layer.

Cell Loss Priority
A bit in the AAL5 ATM header indicating that the cell can be dropped earlier under congested conditions.

Connection (or Call) Admission Control
Use of some approach to determine whether or not a requested service requirement can reasonably expect to be met
by a device, prior to committing to provide the requested service at the device.

conservative retention mode
Labels are requested and retained only when needed for a specific next hop. Unnecessary labels are immediately
released.

content addressable memory
A memory device that allows a key to be compared to the contents of all memory locations at the same time. Content
addressable memory is roughly a hardware analogue of a software hashing algorithm.

control word
An instruction, index, or key into a table of instructions, generally at the (virtual) machine level.

Data Link Connection Identifier
Used in Frame Relay to identify a circuit connection between adjacent Frame Relay switches.

data link layer
Layer 2 of the OSI model; the layer between the physical and network layers.

Differentiated Services (DiffServ)
An IETF standard for providing different classes of service based on some common sets of assumptions about
queuing behavior on a hop-by-hop basis. Because the basis for specific treatment is explicitly carried in packets,
rather than requiring local storage of packet classification information, this approach to providing quality of ser-vice
(QoS) is often referred to as "less state-full" than, for example, the Integrated Services QoS model.

Discard Eligibility
A bit in the Frame Relay header indicating that the frame can be discarded under congested conditions.

domain of (label) significance
The portion of a network consisting of logically connected logical interfaces with a common knowledge of the
significance (meaning) of a label. A label only has meaning upon arrival at a logical interface if that interface was
represented in the process during which the meaning was originally negotiated.

downstream
In the direction of expected traffic flow. Applies to traffic that is part of a specific forwarding equivalence class.

downstream label allocation
Label negotiation in which the downstream LSR determines what label will be used. This is the only currently
supported approach.

downstream on-demand label distribution mode

Labels are allocated and provided to the upstream peer only when requested. This mode is most useful when the
upstream LSR is using conservative label retention or is not merge capable (or, as is likely, both).

downstream unsolicited label distribution mode
Labels are allocated and provided to the upstream peer at any time (typically in conjunction with advertisement of a
new route). Most useful when the upstream neighbor is using liberal retention mode.

egress
Point of exit from an MPLS context or domain. The egress of an LSP is the logical point at which the determination to

pop a label associated with an LSP is made. The label may actually be popped at the LSR making this determination
or at the one prior to it (in the penultimate hop pop case). Egress from MPLS in general is the point at which the last
label is removed (resulting in removal of the label stack).

Expedited Forwarding
A per-hop behavior defined for Differentiated Services that requires a network node to provide a well-defined
minimum departure rate service for a configurable departure rate such that if incoming traffic is conditioned not to
exceed this minimum departure rate, packets are effectively not queued within the node. Expedited Forwarding
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ensures that, for conditioned traffic, the delay at any node is bounded and quantifiable.

explicit route
A route specified as a nonempty list of hops that must be part of the route used. If an explicit route is strict, only
specified hops may be used. If an explicit route is loose, all specified hops must be included, in order, in the resulting
path, but the path is otherwise unrestricted.

extranet
From the perspective of a private network, any other network, including all other networks.

filtering database
Used in some bridging technologies to determine what interfaces an L2 frame will not be forwarded on.

Fixed Filter
A reservation style that is useful in establishing a point-to-point LSP from one ingress to one egress LSR.

flooding
The process of forwarding data on all, or most, interfaces in order to ensure that the receiver gets at least one copy.

forwarding database
Information used to make a forwarding determination.

forwarding determination
The process used to determine the interface to be used to forward data. This process may or may not be directly
driven by a route determination.

forwarding equivalence class
A description of the criteria used to determine that a set of packets is to be forwarded in an equivalent fashion (along
the same logical LSP). Forwarding equivalence classes are defined in the base LDP specification and may be
extended through the use of additional parameters (such as is the case with CR-LDP). FECs are also represented in
other label distribution protocols.

frame
A message encapsulation generally consisting of a DLL header, a payload-frequently consisting of at least part of a
network-layer packet-and (possibly) a trailer. Normally encapsulated by physical-layer framing.

FTN
FEC-to-NHLFE map, used to insert unlabeled packets onto an LSP.

hard state

State information that remains valid until explicitly invalidated.

implicit null label
A label value given to an upstream neighbor when it is desirable to have that LSR pop one label prior to forwarding
the packet. This behavior is commonly referred to as penulitimate hop pop (PHP).

Incoming Label Map
Used to find the NHLFE for determining forwarding information for a labeled packet.

independent control mode
Mode in which an LSR allocates and provides labels to upstream peers at any time. This mode may be used, for
instance, when routing is used to drive label distribution and it is desirable to supply applicable labels to routing peers
at about the same time as new routes are advertised.

ingress
Point at which an MPLS context or domain is entered. The ingress of an LSP is the point at which a label is pushed
onto the label stack (possibly resulting in the creation of the label stack).

Integrated Services (IntServ)
An IETF quality-of-service standard. In essence, QoS is assured based on signaling end-to-end service requirements
using a common signaling protocol. (RSVP is the only common end-to-end protocol currently defined for this
purpose.) These service requirements are then mapped to specific queuing parameters for each specific medium
type that may be present in such an end-to-end service. The use of CAC and traffic disciplining techniques allows this
approach to effectively guarantee a requested service requirement. Because packets are classified to determine what
level of service they require, and the classification information must be retained at each node, this QoS approach is
often referred to as the "state-full" QoS model.

interdomain routing
Routing between administrative domains. Supported currently by BGP version 4.

interface
Physical or logical end point of a link between devices.

Internet service provider (ISP)
Provider of an access service to the Internet, usually for a charge. Access service charges may be flat rate or based
on either rate or usage. Service providers make up the Internet through complex tiering and peering relationships.
intranet
A private network.
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L1, L2 L3 _ . .
physical, data link, and network layers (respectively).

label
A fixed-size field contained in a message header that may be used as an exact-match key in determining how to
forward a protocol data unit.

label distribution

Process by which labels are negotiated between peer LSRs.

label edge router
A term often used to indicate an LSR that is able to provide ingress to and egress from an LSP. In individual
implementations, this tends to be a function of the capabilities of device interfaces more than of the overall device. In
theory, it is possible for a device to be an LER and not an LSR (if it is not able to swap labels, for instance); however,
it is unlikely that such an LER would be generally useful or make any particular sense in a cost-benefit analysis.

label stack
Successive labels in an MPLS shim header in order from the top to the bottom of the stack.

label swapping
Replacing an input label with a corresponding output label.

|label-switched path
Path along which labeled packets are forwarded. Packets forwarded using any label are forwarded along the same
path as other packets using the same label.

label switchin
Switching based on use of labels.

label switching router
A device that participates in one or more routing protocols and uses the route information derived from routing
protocol exchanges to drive LSP setup and maintenance. Such a device typically distributes labels to peers and uses
these labels (when provided as part of data presented for forwarding) to forward label-encapsulated L3 packets. In
general, an LSR may or may not be able to forward non-label-encapsulated data and provide ingress/egress to LSPs
(that is, to perform what is frequently referred to as the label edge router, or LER, function).

liberal retention mode
Labels are retained whenever received. This mode is useful when the ability to change quickly to a new LSP is
desirable; however, it may result in unacceptable memory consumption for LSRs with many interfaces.

link
Physical or logical connection between two end points.

logical interface
An interface associated with a specific encapsulation. Data arriving at the corresponding physical (or lower-level
logical) interface that is encapsulated for a specific logical interface is de-encapsulated and delivered to that logical
interface.

merging
A key function in making MPLS scalable in the number of labels consumed at each LSR. Merging is the process by
which packets from multiple sources are typically delivered to a single destination or destination prefix. It is distinct
from aggregation in that (in most cases) the decision to merge traffic implies that the possibility of being required to
separate the merged traffic at a later point is not significant at the point where merging is being done.

network layer
Layer 3 of the OSI model; the layer between the data-link and transport layers. Normally encapsulated in one or more
data-link layer frames.

Next Hop Label Forwarding Information Entry
Contains all of the information needed to forward a labeled packet to the next hop. This information includes push,
pop, or swap instructions; the new label (or labels in the event that multiple pushes are called for); the output
interface; and other information that may be needed to forward the packet to the next hop.

Ordered Aggregate
The set of Behavior Aggregates that share an ordering constraint. For example, a set of PHB values that can be
ordered relative to one another, such as AF drop precedences within an AF class.

ordered control mode
Mode in which an LSR only allocates and provides labels to an upstream peer when it is either the egress for the
resulting LSP or it has received a label from downstream for the resulting LSP.

packet
A message encapsulation consisting of a network-layer header and payload.

packet switching
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An approach used to forward L3 packets from an input L3 logical interface to an output L3 logical interface that may
reasonably be optimized for hardware switching-similar to switching at the data-link layer.

penultimate hop pop
A process by which the peer immediately upstream of the egress LSR is asked to pop a label prior to forwarding the
packet to the egress LSR. Using LDP, this is done by assigning the special value of the implicit Null label. This allows
the egress to push the work of popping the label to its upstream neighbor, possibly allowing for a more optimal
processing of the remaining packet. Note that this can be done because once the label has been used to determine
the next-hop information for the last hop, the label is no longer useful. Using PHP is helpful because it allows the
packet to be treated as an unlabeled packet by the last hop. Using PHP, it is possible to implement an "LSR" that
never uses labels.

per-hop behavior
A Differentiated Services behavioral definition. A PHB is defined at a node by the combination of a Differentiated
Services Code Point (DSCP) and a set of configured behaviors.

PHB scheduling class
The nonempty set of per-hop behaviors that apply to the Behavior Aggregates belonging to a given Ordered

Aggregate.

piggyback
Intuitive term for the use of routing, or routing-related, protocols to carry labels.

In a label-switching context, the process of removing the top-level label (the label at the head of the label stack) from
the label stack.

protocol data unit
A unit of data used in specific protocol interactions. It may be generically described as a format for encapsulation and
forwarding of protocol messages between protocol entities. Messages may span multiple PDUs, a single PDU may
contain multiple messages, and PDUs may be nested.

push
In a label-switching context, the process of adding a new top-level label (which becomes the new label at the head of
the label stack) to the label stack.

quality of service
Specific handling or treatment of packets, often in an end-to-end service. Best-effort (also sometimes referred to as
"worst-effort") is currently the lowest level of packet treatment, other than an "unconditional drop" service. Currently,
there are two models for providing QoS in an IP network: Integrated Services (IntServ) and Differentiated Services
(DiffServ).

route computation
The process by which routers compute entries for a route table. Route table entries are subsequently used in route
determination.

route determination
The process of selecting a route based on header information in packets and route table entries established
previously via route computation. Typically, a route is determined using the longest match of the network-layer
destination address in L3 packets against a network address prefix in the route table.

router
A device used to forward packets at the network (L3) layer.

routing
A scheme for selecting one of many possible paths.

scalability
A reflection of the way in which system complexity grows as a function of some system parameter, such as size. If
growth in system complexity is approximately linear with respect to growth in system size, for instance, the size
scalability of the system is generally considered to be good.

Shared Explicit
Reservation style in which path resources are explicitly shared among multiple senders and receivers. Useful when it
is desirable to increase reservation resources or establish a new reservation without double-booking resources.

shim header
An encoding of the MPLS label stack. Present for all media when a label stack is in use. (The presence of the label
stack is indicated either by protocol numbers or connection identifiers in the L2 encapsulation.)

slow-path forwarding
Used to refer to processing of exception packets in which the packet is handled via direct intervention of a system
CPU resource that is not normally used in fast-path (optimized) forwarding.

soft state
State information that becomes out of date if not refreshed.

source route
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An explicit route specified from the source toward the destination.

Switching
Ushering input data or messages more or less directly to an output; typically based on a simplistic recognition
mechanism (such as an exact match of a fixed-length field).

traffic engineer
An operator or automaton with the express purpose of minimizing congestion in a network. Traffic engineering is an
application of a traffic engineer.

traffic engineering
An application of constraint-based routing in which a traffic engineer uses a set of link characteristics to select a route

and assigns specific traffic to that route.

type-length-value
An object description with highly intuitive meaning; that is, the object consists of three fields: type, length, and value.
Type gives the semantic meaning of the value, length gives the number of bytes in the value field (which may be fixed
by the type), and value consists of length bytes of data in a format consistent with type. This object format is used in
LDP and several other protocols.

upstream
Direction from which traffic is expected to arrive. Applies to a specific forwarding equivalence class.
upstream label allocation

A scheme by which the upstream peer is allowed to select the label that will be used in forwarding labeled traffic for a
specific forwarding equivalence class. Not currently supported in MPLS.

virtual X
Pseudo-X. Not quite or really an X. A small white lie.
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AL ATM Adaptation Layer

AF Assured Forwarding

AFI Address Family Identifier

APN actual private network

ARIS Aggregate Route-based IP Switching

ARP Address Resolution Protocol

AS Autonomous System

ATM Asynchronous Transfer Mode

BA Behavior Aggregate

BGP Border Gateway Protocol

BOF Birds of a Feather

CAC Call (or Connection) Admission Control

CE customer edge (or customer equipment)
CLIP Classical IP and ARP over ATM

CLP Cell Loss Priority

CPCS Common Part Convergence Sublayer

CPE Customer premises (or provided) equipment
CR-LDP Constraint-based Routing Label Distribution Protocol
CSR cell switching router
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DE
DLCI
DLL
DoD
DSCP
DU
ECN
EF
EGP
E-LSP
EXP
FANP
FEC
FF
FIB
FR
FTN
GSMP
ICMP
IEEE
IETF
IFMP
IGP
ILM
ION

I-PNNI
IPv4
IPv6
ISP
LAN
LANE
LC-ATM
LC-FR
LDP
LER
LIS
L-LSP
LSP
LSR
MIB
MPLS
MPOA
NBMA
NHLFE
NHRP
NHS
NLRI
OA
(6]
OSPF
PAR
PDU
PE
PHB
PHP
PNNI
POS

Discard Eligibility

Data Link Connection Identifier

data link layer (L2)

downstream on-demand label distribution (mode)
Differentiated Services Code (Control) Point
downstream unsolicited label distribution (mode)
Explicit Congestion Notification

Expedited Forwarding

exterior gateway protocol
EXP-inferred-PSC LSP

Experimental bits

Flow Attribute Notification Protocol
forwarding equivalence class

Fixed Filter

forwarding information base

Frame Relay

FEC-to-NHLFE map

General (or Generic) Switch Management Protocol
Internet Control Message Protocol
Institute of Electrical and Electronics Engineers
Internet Engineering Task Force

Ipsilon's Flow Management Protocol
interior gateway protocol

Incoming Label Map

Internetworking over NBMA

Internet Protocol

Integrated PNNI

IP version 4

IP version 6

Internet service provider

local area network

LAN emulation

label switching controlled-ATM

label switching controlled-Frame Relay
Label Distribution Protocol1

label edge router

logical IP subnet

Label-only-inferred-PSC LSP
label-switched path

label switching (switched or switch) router
Management Information Base
Multiprotocol Label Switching
Multi-Protocol over ATM

nonbroadcast multiple access (networks)
Next Hop Label Forwarding Entry

Next Hop Resolution Protocol

Next Hop Server

network layer reachability information
Ordered Aggregate

Open Systems Interconnection

Open Shortest Path First

PNNI augmented routing

protocol data unit

provider edge

per-hop behavior

penultimate hop pop

Private Network-to-Network Interface
Packet over (on) SONET
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PPP
PSC
PSTN
PVC
QoS
RD
RFC
ROLC
RSVP
SAFI
SE
SITA
SNPA
SONET
STII
SvC
TDP

TE

TLV

™

TTL

VC

VCl or VCID
VP
VPCI
VPI
VPN

Point-to-Point Protocol

PHB scheduling class

Public Switched Telephone (Telephony) Network
permanent virtual circuit

quality of service

route distinguisher

Request for Comments

Routing Over Large Clouds
Reservation Protocol

Subsequent Address Family Identifier
Shared Explicit

Switching IP Through ATM
Subnetwork Points of Attachment
Synchronous Optical Network
Internet Stream Protocol version Il
switched virtual circuit

Tag Distribution Protocol

traffic engineering
type-length-value

traffic management

Time to Live

virtual circuit

virtual circuit identifier

virtual path

virtual path and circuit identifier
virtual path identifier

virtual private network
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