MPLS 5 A >k IL—F 4 >4 0AM D%
E

ZOETIE, wvFFa bhal 7L AL v F 7 (MPLS) B AL hv—T 127 OAM
BEREIC W T L £,

*MPLS £ 7 A2 b =T 4> 7 OAM IZOWT (1 3—Y)

« MPLS SR OAM |23 D 1EE S H L HlfRFH (3 ~—)

* Nil FEC ® MPLS ping & h L—Z/L— | (4 X—2)

*BGP BLWIGP 7L 7 4 v 7 A SID FI® MPLS ping 8L Y b L—RZ)L— | (5 2—Y)

BT AN V=T 4 T OAM ORER (5 ~—)

«Ping BELOF L—RZ/)L— bk CLI =< ROMERF (7 2—)

MPLS /A > k JL—TFT 4 2% 0AM [ZDLNT

MPLSE 7 Xk )b—F 2% (SR) 1%, CiscoNexus 9000 > — X A A v FIZEBH I TV
94, MPLSEBZ Xk b—F 102 (SR) OEBRIZLEWN, 7 A M Lb—TFT 47 Xy b
T — 7 OFRE I AREEL RIS D201, WL ODOBKY — LN nEICR) £, B A
Y R v—T 4 U RSFEMAEE (OAM) X, Xy NI —7 OEERHBE N T T AV 2 —T 4
VNN ET, INEEATLHIET, =R TS X F T A v F R XA
(LSP) 2F=Z L 74V —F 4 7 OMEZIHIZEETEE7,

MPLS SR OAM X, ZWrE T2 DO EERMEEL M L 1,

1. MPLS ping

2. MPLS Traceroute

YA N V=T 47 OAM #EHEIL. (RO FEC A 7Y —bF L E7,

* SR-IGPIS-ISTPv4 'L 7 v 7 A~D ping BL RN L —RA/Lb— K, ZHIZE Y, IS-ISSR
T =LA TRAMAINDT VT 4 v 7 A SID ORGENFIREIZ /R D £,

*BGPIPVA 7L 7 4 v 7 ZA~Dping BEL O hL—Zb—F, ZHIZEY, BGPSR T > ¥ —
LA TEHAAEND T VT 4 w7 A SID OWGENAIREIC A2 Y 97,

MPLS &5 4 > k JL—T 1 > % OAM DERE .



MPLS £4 4 > b L—TF 1 >4 0AM DEE |
B x>t —5127Ping

WA IPVE 7L T 4 v 7 A~D ping BEL U F L—A/b— b, ZHICKY | EAfizEIT L
7'a R aMHEIF LRV SR 7 U X — LA THAT I N7 V7 ¢ v 7 A SID OFRGED 7 6E
2720 9, REEE, 2=F%F v A b b—TF 4 U7 FE#RA~—A (URIB) La=%x A7
~OUEHRAR—A (ULIB) 2F = v 7352 LIk THEITESNET,

*NilFEC 7'V 7 4 v 7 A~D ping BL UMb —RA/b— b, ZHIZEY, pingEZiF L —

AJ— R3S BN A% X FEICHIE L C, MPLSSR 'L 7 ¢ v 7 AIZxET BB
NNR D TeT —H T L= DIORBFEN A REIC /20 £9, /XA, SR-TERY v —4 %7
IXSR-TERY v —Dh T —L o KRS hEHLTHRETE £,

Cisco Nexus 9000 2 ) — & A A »F T MPLS OAM ZAE N2 512i1%, featuremplsoam CLI =
<~ RZ4EH L%, CiscoNexus 9000 > — X A A » F T MPLS OAM & 424 51213,
no featuremplsoam CLI =2~ > RZ&fH L £,

5 A2~ IL—T 4 2% Ping

IP ping 73 IP A8 A b ~OD G Z FREET 5 D & [FIALIZ, MPLS ping &, MPLS 7~/b ZA v F R
/XA (LSP) (2R - 7= B 5 a1 OEGeE 2 MGET D 7O S E 3, BiESh b LSP 2% T
FEC #4252 L12 XV, MPLS ping 1Tk D Z & #FEIT L £7°,

«FEC D a—ZiRNLSP D RiRA > MIBIET D Z & 2R L E 9, Nil FEC Z k&
X, DT TDFEC A FI22OWTIE, =2 RBRA 2 %D FEC DIE LWH 14T
HHZ L EERLET,

EEET VR MYy TRHEELET,
EBET VR MYy TEBIEEIELET,

MPLS LSP ping B§REA il L T, LSPIZIh 272 AT 7~V A A v F L—% (LSR) & HJ1LSR
M DO $zfst & Mes® L ¥ 97, MPLSLSP ping (%, Internet Control Message Protocol (ICMP) =T =1—
FRA v =V LIREA v E—TV LFREEIZ. LSPOMFEIZMPLS T2 —DFR A v —U L%
BAyE—=VEMEHLES, MPLS = a—ZR N7y OSSP 7 RLAX, T30 2 &y
I OBPITHEH SN T RLALITERZRD £, 5EIPT FL AT 127xy28 7 RLAE L
TEFRZIIL, LSP BN TWDIGEILIP N7 v RBREN BRSSP 280 B2 K9
WZLET,

w5 A2 kb JL—T 1« 2% Traceroute

MPLS traceroute I1Z. LSP D& Ry T IV —F 47 FL—rBIRary ro—L 7L —
VEREEL T, BEELZYID 4 E9, traceroute tL. TTL12>H 45 E 0 HFHEE NI 2 15kt Al RERS
M (TTL) TMPLS = —ZRZX[EFELET, TTLOAYIRINEBE S &, Pk — Nixy 7
N7 CHERAMFE L, ¥—45 v N FEC & BHIIOHHE ) — R~D LSP N3 57 E 5 A ik
RUET, ik, — Fix, BEEDRI LI2G6. R7 A MRy FIZEET 57200 EFLORGE
ETRUVRE I DR EIRET DAYV XA —ra— L, SR R A MRy 7D ID %
G a—tEERELET, ¥BELE. TIL+1 250 RO a—EREZEL RT572012

. MPLS =5 4 > ~ JL—TF 1 >4 OAM D%



| MPLS 25 4>k L—F 1 > OAM DE
MPLS SR 0AM (B89 21 EFEEHIREE [

Toa—NEENE L ET, SN FECIZHTAHNITHD LIGETHET, 7B AREY
EENET,

MPLSLSP ® k L— A/ )L— MEREAfEH LT, LSP OfEERA V M2REEL 9, Zhiddsy

TNRA Ry T 2T7—0ua—h IV EB—ra XA M—X IS E T, MPLSLSP traceroute

BEREIL, =3 —BURZ(RIXT 537 > hOfFERE rTRERFH] (TTL) fEOMIRREIAVIZHAFE L £,

MPLS = =2 —HZiR A » & — /#ﬁﬂ/—%%ﬁofé&ﬂlﬁ%%:/ﬂb HWIR2M G Ty

ZBEA T b= T L=y RREESNET, %nu%mﬁAi P AN

%éﬂiﬁ Ta— RAyk—URarbe— T L—ZEINRDE, BRAvE-TON
WZESWTRE A ve— U ER S ET,

MPLS SR OAM [R5 5 EFIH L FIPREIE

MPLS OAM Nil FEC (2§ 2 1FEFH L HIRFHIZKRO LBV TT,

* MPLS OAM Nil FEC i, Nexus 9300-FX 77 > F 7 4 —Lh AA v FTHR— SN TWVE
j—o

*« MPLSOAMNIIFEC I%, -R 74 » 51— F## D CiscoNexus 9500 77 v b7 F— b AA v
FTIEFEVR—F N TWEREA,

* CiscoNX-0S U U —293(1) THAR—FZNDHTXTOH LWFEC XA 7S TlE, 1 2D 7
XYL AH T DIEPYR— N EnET, FEC A% /7/7TE TLV ¥R — b B L UOEET 5
BEEI Y AR — F S TWEE A, ZOMIRIE, Nil FEC IZIF@EH S EH A,

« Cisco NX-0OS U U — % 9.3(1) Ti. RFC 8287 TiliR &N T % SR-IGP » MEED| 7L
T4 I ABATEBIOBERME SID I3V FA— FEhTnERA,

+ OSPF ping & F L —A/L— KM, CiscoNX-0SVU U —R93(1) TiZ¥H—hInTHEH
Ao

* Cisco NX-0OS U U — % 9.3(3) LAF&, MPLS OAM Nil FEC | Cisco Nexus 9300-GX 77 v h
T =L Ay FTHR—FINET,

« ping mplsnil-fec =~ > K35 & O traceroute mplsnil-fec =~ RiZiX, & K4 >DT L
%?‘ﬁﬁfé‘i*fo O, Ty T ERETH LI Lo THEHHASND B D
. BIfE, CiscoNexus 9000 > U —X AA » FILT UL A ¥ v 7 % SIZHIRL THET,
_zhi Nil FEC =2— U 7 =X b DG, WHBINC R RBIREI XL NBINE L5 72
W, HETEDL T INUNRRKKRKEODTHDLZEEERLET,

cping BLO R L—2AA— |k a~y RCHRESND R 7 % My 7, RIET THERES I
TR A RNKRy TP TRITFUEROT, BIRMNAXZ A MRy P ThoTd7e ) 8 A,

VU — kb= R— SN THEEA,

*NIIFEC %, BERI&EN=X—F v e ETH-0DERE—UIMRFFLERA, N7y b
IZIELL 2V ) — RCRIEE SND Z ENRH Y £908, EXL T ULERy 7 LT-RIT,
Ty RN — NICEE LTS A, BEEDRI 2R3 Al geER N H D £ 77,
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MPLS £4 4 > b L—TF 1 >4 0AM DEE |
B nileec o MPLS ping & FL—zL—

* Nil FEC (%, 1H#ZIEETH7ECEfELET, L 2 br—L T —r bRk
L—UORESEERETH LI TEERA,

*NilFECping 8L N ML —2Z)b—RNZK, 7727 V5 —% (VRF 2¢&) FLTEHR—h
ENTWEHA, ZHIZIE, BGPEVPN LA Y —3DOF 7 7 U F—% FULingEhnE
@—O

* Broadcom ¥~ 7 & v F #7925 Cisco Nexus 9000 'V — & A A v FTiL, Y7 hU =
TN Y EFELT, N7y hBREDOECMP 2T 202 cEx b X ocd 54
A= MEHV EHA, ZOZLEF, KOFITRT LI, ZNHDAAL v FO1D%iEiE
7% MPLS kL —Z/L— N Tl #ED ECMP 3 H 53556, IROK »y 7T T —NEKR
SNDHAREMERH D L EER LT,

D2 6.0.0.2 MRU 1496 [Labels: 2003/explicit-null Exp: 0/0] 4 ms

« OAM ZfiH L TBGPEPELSP %7 2 FJ 544G (72L& 21X, ping/ L —AL— K T
VAR I DEBED T VPN EPE 7-ULTHDHEA) . OAM X, & #&/L—% TOAM A
B> TWT, BIEA v Z—T7 = A ATMPLS AR 2> TWABEAIT DI, R
ZIRLET,

722, A-B--COEIICEY T v 7ENTWT, AEBBRSRRY NV—7HIZH
D, BRPEDLIIZEMEL, CHCEDX I ICEMET A5G, BILC% BGPEPEE' T (B
THN= =TV o7 %FEH) ELTHELET, ZOHEG, CIIERA v ¥—T7 =1
AT OAM B LU MPLS #5162 HNCT 2R H D £7,

Nil FEC @ MPLS ping & FL—XJL—

Nil-FEC LSP ping 38 L OV k L — A b— R O#EAEIX, @8 O MPLS ping 8L OV b L— A L— kD
PLIERERE 9, NIlFECLSPping B LNk L—2L— MREIZ, ¥ AL M L—F 4 7L
MPLS A ¥ 7 4 v 7 &% AKR—FLTWET, iz, tMOTXTOLSP ¥ A 7IZxtd 5BMDOZ
Wr>—n b LCTHEREL 77,
fthod FEC % A 7 & 138720 | NilFEC X2 br—/L 7L —rORGEz it L £ A, FEC
ping £721X F L—A/)L— Kk 7B —7 (X, MPLS OAM BEREN AN/ > TWVDTRTDAA v
FICBEETEET,
ZOBREIX, ANV —ZIIUTEBET DI 2T THI LT, XL —FNTYL AKX
JEHEHBIZTAITEBLHITLET,

« TYL AH T

* Outgoing interface
c XV ARKY T T RLA
CTA DN N=T 4 T DG, V=T 4 2T NARSTFE T AN /=K TLEB L

OBEERR T L, A =3 =—FZ DT~y A vF L—& (LSR) b= a—ER A »
=T AF I ANLNET, MPLS T —# F'L—u0%, 20Oy e T~U1
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| MPLS €5 4>k L—F 4 5 OAM DEE
BGP 5L UIGP FL T 1 v 4  SID AN MPLS ping 5 U ~L—2— b+ ]

AR 7 H—NFy NIEREL, TV AF v 7 H—Fy MIita— Ayb—UEEYELE
j—o

[ping|traceroute] mplsnil-feclabelscomma-separated-labels[output {interfacetx-interface} [nexthop
nexthop-ip-addr]] CLI =~ > RZEH L C, ping £72IE L —RAL— FME2EITLET,

SRTERY > —HAE/FH T —L =y FARA U FNERE LG EIX, IROCLI2~ > REfiH
L Cping £721E ML —Z— s ZF4T L, BEfFO SR-TE RV > —fFREfEHTE £,

[pingjtraceroute] mpls nil-fec [policy name name] [endpoint nexthop-ip-addr] [on-demand color
color-num] CLI 2~ RC, ping /21X b b —A L — "2 ETLET,

N (o] -
BGP 5 XUV IGP 7L 7 1 v X SID H®D MPLS ping £ &
O FL—RIL—F
TV 7 427 A SID D MPLS ping 3 XL O b L — 2 /Lb— N O#EIL, D K 5 72 BGP B LY
IGP v U A THHR—FEHNTVET,
« IS-IS L~V
« IS-IS L~ULfH]
*BGPSR 7 > & — LA
INBDFEC#A %, BMoary ba—L Fb—r Fxy 7 2FTLT, 7y MBS
TN—=T 4 7 ENRNE I LET, ZOMAECEY | ping SN/ FEC XA TNAA v F

WCHE S, oo ) — FIZEA SN D Z EPRIESNE T, NIlFEC 12 OMGEZ TRt L ¢
oo

MPLS —= a2 —8sR X ME, #—4% v NFEC AX v 7 V7 TV 5k LEd, F—F v k
FEC %7 TLV IZ, VAR ZIZ X - TFEC LD 7= DI & Ed, IGP/BGP IPv4 7' L
T4 I AV T TV ZZ—% > K FEC A% v 7 %7 TLV [ZiBIN&ivE L7, IGP/BGP IPv4
L7 47 AYTTVICIE, L7 4w 27 ZSID, L7 4 v 7 2R, BLUOT e han
(IS-IS) BEENTVET,

hL—2Zb— kN &FEITT HITIE, ping|traceroute sr-mpls A.B.C.D/LEN fec-type [bgp | igp {isis} |
generic] CLI =~ > R&EMHEHA L 9,

T AU M IL—T 127 0AM DHERR

TR a T, BESAY R IV—TF 4 S OAMMBERE R TER T AT DIT I TX 5 CLL =
<~ RIZOWCHIALE7,

e AN V—TF 47 OAMIS-IS O (6 X—)
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MPLS £4 4 > b L—TF 1 >4 0AM DEE |
B crxorv—57427 oamisis o

v TA R IL—TFT 42 OAMIS-IS DFEEE
WD ping 2~ Rid, L5 F Y hT—27NISIS DA D SROAM % £Rvd 5 71 ff
MHahEd,

switch# ping sr-mpls 11.1.1.3/32 fec-type igp isis

Sending 5, 100-byte MPLS Echos to IGP Prefix SID(IS-IS) FEC 11.1.1.3/32,
timeout is 2 seconds, send interval is 0 msec:

Codes: '!' - success, 'Q' - request not sent, '.' - timeout,
'L' - labeled output interface, 'B' - unlabeled output interface,
'D' - DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
'M' - malformed request, 'm' - unsupported tlvs, 'N' - no label entry,
'P' - no rx intf label prot, 'p' - premature termination of LSP,
'R' - transit router, 'I' - unknown upstream index,
'X'" - unknown return code, 'x' - return code 0

Type Ctrl-C to abort.

Success rate is 100 percent (5/5), round-trip min/avg/max = 2/2/3 ms
Total Time Elapsed 18 ms

switch# traceroute sr-mpls 11.1.1.3/32 fec-type igp isis

Codes: '!' - success, 'Q' - request not sent, '.' - timeout,
'L' - labeled output interface, 'B' - unlabeled output interface,
'D' - DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
'M' - malformed request, 'm' - unsupported tlvs, 'N' - no label entry,
'P' - no rx intf label prot, 'p' - premature termination of LSP,
'R' - transit router, 'I' - unknown upstream index,
'X'" - unknown return code, 'x' - return code 0

Type Ctrl-C to abort.

0 172.18.1.2 MRU 1500 [Labels: 16103 Exp: 0]
L 1 172.18.1.1 MRU 1504 [Labels: implicit-null Exp: 0] 4 ms
12 172.18.1.10 3 ms

switch# ping sr-mpls 11.1.1.3/32 fec-type igp isis verbose

Sending 5, 100-byte MPLS Echos to IGP Prefix SID(IS-IS) FEC 11.1.1.3/32,
timeout is 2 seconds, send interval is 0 msec:

Codes: '!' - success, 'Q' - request not sent, '.' - timeout,
'L' - labeled output interface, 'B' - unlabeled output interface,
'D' - DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
'M' - malformed request, 'm' - unsupported tlvs, 'N' - no label entry,
'P' - no rx intf label prot, 'p' - premature termination of LSP,
'R' - transit router, 'I' - unknown upstream index,
'X'" - unknown return code, 'x' - return code 0

Type Ctrl-C to abort.

! size 100, reply addr 172.18.
size 100, reply addr 172.18.
size 100, reply addr 172.18.
size 100, reply addr 172.18.
size 100, reply addr 172.18.

.10, return code
.10, return code
.10, return code
.10, return code
.10, return code

= e e e
w w w ww

|
|
|
|
Success rate is 100 percent (5/5), round-trip min/avg/max = 2/2/3 ms

Total Time Elapsed 17 ms

switch# ping sr-mpls 11.1.1.3/32 fec-type igp isis destination 127.0.0.1 127.0.0.2 repeat
1 verbose
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Ping & U kL—2— k cuav s kommn [

Sending 1, 100-byte MPLS Echos to IGP Prefix SID(IS-IS) FEC 11.1.1.3/32,
timeout is 2 seconds, send interval is 0 msec:

Codes: '!' - success, 'Q' - request not sent, '.' - timeout,
'L' - labeled output interface, 'B' - unlabeled output interface,
'D' - DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
'M' - malformed request, 'm' - unsupported tlvs, 'N' - no label entry,
'P' - no rx intf label prot, 'p' - premature termination of LSP,
'R' - transit router, 'I' - unknown upstream index,
'X'" - unknown return code, 'x' - return code 0

Type Ctrl-C to abort.
Destination address 127.0.0.1
! size 100, reply addr 172.18.1.10, return code 3

Destination address 127.0.0.2
! size 100, reply addr 172.18.1.22, return code 3

Success rate is 100 percent (2/2), round-trip min/avg/max = 3/3/3 ms
Total Time Elapsed 8 ms

Ping 8&EU FL—XJL—FCLla<T > FOERHI

IGP E£7=(XBGP SRping 5 & U k L—XJL— D4l

CU ZFEMAL T, ARG RISERT Ping 21779 5

fec CLI =~ > FZf#i ] L TIS-IS SR ping 34T L, fec CLI =~ R f#Jf] L T BGP ping % 5
fTLEF, pingsr-mpls fec-typeigp isis ping sr-mpls fec-type bgp

switch# ping sr-mpls 11.1.1.3/32 fec-type igp isis

Sending 5, 100-byte MPLS Echos to IGP Prefix SID(IS-IS) FEC 11.1.1.3/32,
timeout is 2 seconds, send interval is 0 msec:

Codes: '!' - success, 'Q' - request not sent, '.' - timeout,
'L' - labeled output interface, 'B' - unlabeled output interface,
'D' - DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
'M' - malformed request, 'm' - unsupported tlvs, 'N' - no label entry,
'P' - no rx intf label prot, 'p' - premature termination of LSP,
'R' - transit router, 'I' - unknown upstream index,

'X' - unknown return code, 'x' - return code 0

Type Ctrl-C to abort.

Success rate is 100 percent (5/5), round-trip min/avg/max = 2/2/3 ms
Total Time Elapsed 18 ms

switch# ping sr-mpls 11.1.1.3/32 fec-type igp isis verbose

Sending 5, 100-byte MPLS Echos to IGP Prefix SID(IS-IS) FEC 11.1.1.3/32,
timeout is 2 seconds, send interval is 0 msec:

Codes: '!' - success, 'Q' - request not sent, '.' - timeout,
'L' - labeled output interface, 'B' - unlabeled output interface,
'D' - DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
'M' - malformed request, 'm' - unsupported tlvs, 'N' - no label entry,

MPLS &5 4 > k JL—T 1 > % OAM DERE .
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B il FEC ping £ £ T L—2UL— L0

'P' - no rx intf label prot, 'p' - premature termination of LSP,
'R' - transit router, 'I' - unknown upstream index,
'X'" - unknown return code, 'x' - return code 0

Type Ctrl-C to abort.

! size 100, reply addr 172.18.
size 100, reply addr 172.18.
size 100, reply addr 172.18.
size 100, reply addr 172.18.
size 100, reply addr 172.18.

.10, return code
.10, return code
.10, return code
.10, return code
.10, return code

e e
w w w ww

Success rate is 100 percent (5/5), round-trip min/avg/max = 2/2/3 ms
Total Time Elapsed 17 ms

Nil FEC ping &5 & T8 b L— X JL— kD

CLZERAL T, ATRMGREIFHRT Ping XTI D

ping % 3179 521X, ping sr-mpls nil-fec labels comma-separated-labels [output {interface
tx-interface} [nexthop nexthop-ip-addr]] CLI ==~ > R&fEfH L £,

T2z, Roa<wr RiL, 790 24 v 7N LIMIIO 2 >0~ (2001 & 2000) %
FOMPLS X7y h&, X7 ARKYTIPT RLAN4002DA o HZ—T 2 A A A —YF
M/ DBEELET,

switch# ping mpls nil-fec labels 2001,2000 output interface el/1l nexthop 4.0.0.2

T A LRy FITHSNIZA T A Ry T THH I LEBRATYT, BRI EE
/L/o

Lo CLI BRI ST, [output {interface tx-interface} [nexthop nexthop-ip-addr]] i,
VSH — "= ES D 2 EBMATT, B -

switch# ping mpls nil-fec labels 1,2 ?
output Output options
switch# ping mpls nil-fec labelsl,2

% Invalid command at '”~' marker.

CLI #{EFA L T SRTE R > —h 5 DFRIEHERT ping ZETT S
WD CLI 2~ R&EEHA LT, ping ZEITLET,

switch# ping mpls nil-fec policy name policyl
switch# ping mpls nil-fec policy endpoint 2.0.0.1 color 16

CLl A L -BARMGREFERTO FL—XI)L— FDETT
WOCLI a~y REERALT, hb—AL— b EEITLET,

switch# ping mpls nil-fec labels 2001,2000 output interface el/l nexthop 4.0.0.2

CLl Z{#ERA L T SRTERY >—h 5 DHIEIFEER T traceroute ZE179 %
WOCLI 2~y REERALT, PLb—R— b EFITLET,

switch# traceroute mpls nil-fec policy name policyl
switch# traceroute mpls nil-fec policy endpoint 2.0.0.1 color 16
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M FMD R T

WhDa<w REMAL T, 2—H/L MPLS OAM —E 2 2k » TEE SN o —FRICHE
THMEHEREFR R LET,

show mpls oam echo statistics

MPLS &5 4 > k JL—T 1 > % OAM DERE .



MPLS £4 4 > b L—TF 1 >4 0AM DEE |
B stesozs

. MPLS =5 A 2 k JL—TF 1 > % OAM DERE



BERICDOWT
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