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SR / SPRING

* Source Packet Routing in Networking
* Segment Routing (SR)

* HoBaga TexHomnorusa ana noctpoeHna MPLS TpaHcnopTa
* LDP
* RSVP
* BGP-LU

* MeTku pacnpocTtpaHarTca Yyepes IGP npoTokon
* HoBble TLV anga IS-IS
* HoBble Opaque LSA ana OSPF
® YMEHbLUAEM KOJIMYECTBO CYLLHOCTEN (=NPOTOKONOB) B CETU




Segment (CermeHT)

® CErMeHT = UHCTPYKUUSA
® CYLLUECTBYIOT pa3Hble TUMbl CErMEHTOB (=UHCTPYKLUUW) — CM. ganee
® INgress mapLupyTtmnsaTtop (=source) nporpaMMmpyeT NMyTb NakeTa B CETU

° [Ba nogxoAa K opraHm3aumn dpopBapauHra Ha TeKYLLMN MOMEHT:

* c nomouwbto cteka MPLS meTtok (SR-MPLYS) // B gaHHOM npes3eHTauumn TornbKko 06 aToM
°* ¢ nomouwbto cteka IPv6 agpecoB (SRv6)

R1 % R2 % % R3
9,
@@ @
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Ad]-SID — aHoHcupoBaHue (Control Plane)

* Adjacency Segment (Adjacency = CoceacTso)

* [1na kaxgoro nuHKa, kotopbi R1 aHoHcupyeT B IGP, aHOHCUpYyeTCcH
Takxke coorBetcTBytowad MPLS meTka

* 3Ha4yeHue atom MeTkn:. ecnm R1 nonydyaetr MPLS naket c (BepxHen)
METKON X, OH CHUMAET 3Ty METKY (pop) 1 nepechbinaet Yyepes Linkl

* KOHTEKCT METKU: NOoKasbHbIU (CBOWU COOCTBEHHbLIN AN Kaxaoro Rx)

Link 1: Label
201

Link 1: Label
102
% Link1

R1 R2
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AdJ-SID — qpopBapauHr (Data Plane)

* Ytobbl oTnpasutb naket go R5 no nytn (R2,R3,R7,R6), R1
oTnpasnseT nakeT Ha R2 co ctekom meTtok (203,307,706,605). ERO

R2:
R1: link to R1, label 201
link to R2, label 102 link to R3, label 203

203 2
link to R4, label 104 wall Nk to RS, label 205

R3:

link to R2, label 302
link to R6, label 306
link to R7, label 307

307
706
605

pay

706
605

. Pay

R7:

load link to R3, label 703
B link to R6, label 706
pay R7

R5: R6:
R4: link to R2, label 502 link to R3, label 603

link to R1, label 401 link to R4, label 504 link to R5, label 605
link to R5, label 405 link to R6, label 506 link to R7, label 607

Juniper A



Node-SID — aHoHcupoBaHue (Control Plane)

* Node Segment (Node = ¥Y3en)

°* MapLupyTmnsatop aHOHCUPYET UHAOEKC + rpaHuubl brioka meTok (SRGB)
* Pa3Hble ONoKM METOK Yy pa3HbIX BEHOOPOB

* KOHTEeKCT ansa nHaekca: rmobanbHbIn (SyHUKanbHbIN B npegenax cetin)

Index = 1 Index = 2
Block = 100-199 Block = 800-900

& O

R1 R2
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Node-SID — dpopeapauHr (Data Plane)

* dopBapauHr nponcxogmt no Kpatdanwemy IGP mapuwpyty. LDP

Index = 1 Index = 2 Index =3 R4: o _
_ Block = 800-900 Block = 100-199 destination = R7 (index = 7)
Block = 100-199
next-hop = R5

Tx_label = (R5_block + index) =100 + 7 = 107

Index =7
Block = 100-199

R5:

Index = Rx_label — R5_block =107 -100=7
Destination = R7

Next-hop = R6

Tx_label = (R6_block + index) = 200 + 7 = 207

Index =4 Index = 6
Block = 100-199 Block = 100-199 Block = 200-299

Juniper A



Adj-SID + Node-SID

* MoryT ncnonb3oBartbcs COBMeCTHO (!)
°* Node-SID “107" — nHcTpyKkumsa gobpartbecs o R7
* AdJ-SID “585,904" — nocne R7 criegoBaTb MO KOHKPETHbLIM NTMHKaM

107 107
R1 s85| R2 585 R3 [sss Node label=107
904 904 904
% pay ﬁ pay % pay
—1oad load load
KpaTtuaiiwumii \
mapuwpyt ao R7
904
oay pav/
& — 8= @~
load f
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Binding-SID

* Binding Segment (Binding = lNpuBsaska)
o Hanpvuvlep Binding-SID “799": cBasaTtb ¢ KOHKpeTHbIM RSVP LSP

1
Node index = 31, Base = 900-999 :
SVP LSP uto6bl goctnub R36 no mapwpyty i
l
1
I

n 20

R32,R35,R36 (Kntou — noKanbHaA meTKa 799)

931
799

pay
load

%%)%
S-S O

' R35 R36

%

b SPRING ™™™ <— RSVP—™

R21
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Anycast-SID (Any = Jltobon)

* Onpepenset Habop MapuwpyTmndaTtopos (—~Anycast IPv6 adpec)
° dopBapAUHr Mo KpaTtyanuemy MmapLupyTy
* OTKa30yCTOMYMBOCTb, DanaHCMpoBKa Harpy3ku

Anycast-SID: 30 Anycast-SID: 40
Base: [1000] Base: [2000]

ey DD AD e
9100 % % % x %
o——0




SAnTlPOTUB

* + ynpoueHne Control Plane (=MmeHbLLE NpOTOKOSIOB)

* + He HYy)XHa cuHXpoHun3auna mexay IGP n LDP

°* + MacluTabupoBaHme: otcyTcTBYytOT RSVP ceccumn Ha TpaH3uTe

°* + MacluTabupoBaHue: MeHbLUE MeTok/onepaunn B FIB Ha TpaH3uTe
®* - nponagaeT CTaTUCTUKa Ha TpaH3uTe

® - HEeT pe3epBupoBaHnsA Nonockl kKak B RSVP

® XOpPOLLUO NoXnTtca Ha ngeonornto SDN: BHELIHUI KOHTponnep!




[lpumep: murpaumna n3s LDP Ha SR
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BuptyansHaa Tononorms

* Knaccuyeckun Habop: LDP ans TpaHcnopTta, BGP ans cepBuca

—iBGP--
0.4/30
VMX-71 VMX-72 |0 1 VMX-73 VMX-74
7.00.71 [0 1-{ 7.0.0.72 7.0.073 |0 1 7.0.0.74
PE 0.0/30 P2 24 P 0.8/30 PE
| 0.12/30 |
2 2
2 10.99.0.53/30 10.99.0.57/30 2
I I
VMX-21 VMX-22
CE CE




CBsA3HOCTb (1)

warrior@vmx-71# run show route protocol bgp

inet.0: 19 destinations, 19 routes (19 active, © holddown, © hidden)
10.99.0.56/30 *[BGP/170] 00:12:03, localpref 100, from 7.0.0.74 // KNneHTCkuin npedukc
AS path: I, validation-state: unverified // nony4deHHbin oT VMX-74 no iBGP
> to 10.99.0.2 via ge-0/0/0.0, Push 760

warrior@vmx-71# run show route 7.0.0.74
inet.0: 19 destinations, 19 routes (19 active, © holddown, © hidden)

7.0.0.74/32 *[IS-IS/18] ©0:15:34, metric 30
> to 10.99.0.2 via ge-0/0/0.0

inet.3: 3 destinations, 3 routes (3 active, © holddown, © hidden)

7.0.0.74/32 *[LDP/9] 00:06:33, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 760 // LDP meTka pnsa nyn6bska VMX-74

o JUNIPERNETWORKSCONFDENTAL _______________________________________ oxcumeonmamseens WREEISEE



CBSA3HOCTb (2)

warrior@vmx-21> traceroute 10.99.0.58
traceroute to 10.99.0.58 (10.99.0.58), 30 hops max, 40 byte packets

1 10.99.0.54 (10.99.0.54) 2.463 ms 1.410 ms 3.604 ms // vmx-71

2 10.99.0.2 (10.99.0.2) 4.211 ms 3.584 ms 3.784 ms // vmx-72
MPLS Label=70 CoS=0 TTL=1 S=1

3 10.99.0.6 (10.99.0.6) 4.378 ms 10.99.0.14 (10.99.0.14) 5.864 ms 4.283 ms // vmx-73
MPLS Label=84 CoS=0 TTL=1 S=1

4 10.99.0.58 (10.99.0.58) 5.242 ms 3.165 ms 3.278 ms // vmx-74

warrior@vmx-72# run show route table mpls.@ label 70

70 *[LDP/9] ©00:12:34, metric 1
> to 10.99.0.6 via ge-0/0/0.0, Swap 84 // VMX-72 penaeTt cBon 70->84
to 10.99.0.14 via ge-0/0/2.0, Swap 84 // kcTatm 3paecb ECMP (Equal Cost MultiPath)

warrior@vmx-72# run show route 7.0.0.74 table inet.3
7.0.0.74/32 *[LDP/9] 00:13:40, metric 20

to 10.99.0.6 via ge-0/0/0.0, Push 84 // 84 - 3To0 LDP meTka ana nyn6bska VMX-74
> to 10.99.0.14 via ge-0/0/2.0, Push 84

7 JUNIPERNETWORKSCONFDENTAL ______________________________________ oxcumeonmamsens WREEICHE



Bkntoyaem Segment Routing

* KoHourypupyem Node-SID Ha kaxagom P/PE
* [1na HarmagHOCTWU, KOHUrypupyem pasHyto 6asy (SRGB)

warrior@vmx-71# show | compare

[edit protocols isis]

+ source-packet-routing {

+ srgb start-label 71000 index-range 100;
+ node-segment ipv4-index 71;

+ 1}

warrior@vmx-72# show | compare

[edit protocols isis]

+ source-packet-routing {

+ srgb start-label 72000 index-range 100;
+ node-segment ipv4-index 72;

+ )

warrior@vmx-73# show | compare

[edit protocols isis]

+ source-packet-routing {

+ srgb start-label 73000 index-range 100;
+ node-segment ipv4-index 73;

+

warrior@vmx-74# show | compare

[edit protocols isis]

+ source-packet-routing {

+ srgb start-label 74000 index-range 100;
+ node-segment ipv4-index 74;

+ 1}

16.2R1
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|S-1S TLV ¢ HoBow nHgopmaumen (Node-SID)

warrior@vmx-71# run show isis database vmx-74.00-00 extensive

vimx-74.00-00 Sequence: 0x1c8, Checksum: Ox7cca, Lifetime: 1024 secs
IPV4 Index: 74
Node Segment Blocks Advertised:
Start Index : O, Size : 100, Label-Range: [ 74000, 74099 ]
IS neighbor: vmx-73.00 Metric: 10
Two-way fragment: vmx-73.00-00, Two-way first fragment: vmx-73.00-00

IP router id: 7.0.0.74
Hostname: vmx-74
Router Capability: Router ID 7.0.0.74, Flags: 0x00
SPRING Capability - Flags: Oxc@(I:1,V:1), Range: 100, SID-Label: 74000
IS extended neighbor: vmx-73.00, Metric: default 10
IP address: 10.99.0.10
Neighbor's IP address: 10.99.0.9
P2P IPV4 Adj-SID - Flags:0x30(F:0,B:0,V:1,L:1,S:0), Weight:0, Label: 86 // aBTomaTmyecku Takxe co3gawTca Adj-SID
IP extended prefix: 7.0.0.74/32 metric 0 up // L:1 - énar nokanbHOW 3HAYUMOCTU METKM
Node SID, Flags: ox40(R:O,N:1,P:0,E:0Q,V:0,L:0), Algo: SPF(©), Value: 74

T JUNPER NETWORKS CONFIDENTIAL e SR



YTo-HNMOYAb n3ameHmnnocb? [oka HM14ero.

warrior@vmx-21> traceroute 10.99.0.58
traceroute to 10.99.0.58 (10.99.0.58), 30 hops max, 40 byte packets
1 10.99.0.54 (10.99.0.54) 2.463 ms 1.410 ms 3.604 ms
2 10.99.0.2 (10.99.0.2) 4.211 ms 3.584 ms 3.784 ms
MPLS Label=70 CoS=0 TTL=1 S=1

3 10.99.0.6 (10.99.0.6) 4.378 ms 10.99.0.14 (10.99.0.14) 5.864 ms 4.283 ms
MPLS Label=84 CoS=0 TTL=1 S=1
4 10.99.0.58 (10.99.0.58) 5.242 ms 3.165 ms 3.278 ms

warrior@vmx-71# run show route 10.99.0.58 table inet.©
10.99.0.56/30 *[BGP/170] 00:56:49, localpref 100, from 7.0.0.74
AS path: I, validation-state: unverified
> to 10.99.0.2 via ge-0/0/0.0, Push 70

warrior@vmx-71# run show route 7.0.0.74 table inet.3
7.0.0.74/32 *[LDP/9] 00:48:38, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 70 // LDP meTka
[L-ISIS/14] 00:12:59, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 72074 // SR meTKa: 72000 (6a3a vmx-72) + 74 (nHpeKc vmx-74)

__»  JUNIPERNETWORKSCONFDENTAL ___________________________________________ oxcumeonmamsens JREEISHE



MeHaemM agMuUHUCTpaTuBHYIO guctaHuuo ana LDP

* JloctaTto4yHO caenaTtb ToNnbkKo Ha Ingress PE vmx-71 (1)

warrior@vmx-71# show | compare
[edit protocols 1dp]

+ preference 15;

warrior@vmx-71# run show route 7.0.0.74 table inet.3

7.0.0.74/32 *[L-ISIS/14] 00:38:13, metric 30 // Tenepb Segment Routing 6onee aBTopuTeTeH, 4yem LDP
> to 10.99.0.2 via ge-0/0/0.0, Push 72074

[LDP/15] 00:00:01, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 760

warrior@vmx-71# run show route 10.99.0.58 table inet.©
10.99.0.56/30 *[BGP/170] ©01:24:35, localpref 100, from 7.0.0.74

AS path: I, validation-state: unverified
> to 10.99.0.2 via ge-0/0/0.0, Push 72074

L JUNPER NETWORKS CONFDENTIAL e o SR



CBA3HOCTbL Yepeld Segment Routing

warrior@vmx-21> traceroute 10.99.0.58

traceroute to 10.99.0.58 (10.99.0.58), 30 hops max, 40 byte packets
1 10.99.0.54 (10.99.0.54) 1.498 ms 1.246 ms 1.093 ms
2 10.99.0.2 (10.99.0.2) 2.669 ms 3.086 ms 2.675 ms

MPLS Label=72074 CoS=0 TTL=1 S=1 // mMeTKa c vmx-71: 6a3a vmx-72 (72000) + wuHgekc (74)
3 10.99.0.14 (10.99.0.14) 2.837 ms 2.729 ms 10.99.0.6 (10.99.08.6) 3.159 ms
MPLS Label=73074 CoS=0 TTL=1 S=1 // MeTKa Cc vmx-72: 6a3a vmx-73 (73000) + uHaekc (74)
4 10.99.0.58 (10.99.0.58) 4.808 ms 3.022 ms 3.036 ms
- iBGP -
0.4/30
WMX-71 VMX-72 0 14 VMX-73 VMX-74
7.0071 0 1+ 7.0.0.72 7.0.073 -0 1+ 7.0.0.74
PE 0.0/30 P — 2 2 — P 0.8/30 PE
| 0.12/30 |
2 2
2 10.99.0.53/30 10.99.0.57/30 2
| |
WVMX-21 VMX-22
CE CE
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Onepauun B FIB

warrior@vmx-71# run show route 7.0.0.74 table inet.3

7.0.0.74/32 *[L-ISIS/14] ©00:58:21, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 72074
[LDP/15] ©00:20:09, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 70

warrior@vmx-72# run show route table mpls.0@ label 72074
72074 *[L-ISIS/14] 00:56:25, metric 20
to 10.99.0.6 via ge-0/0/0.0, Swap 73074

> to 10.99.0.14 via ge-0/0/2.0, Swap 73074

warrior@vmx-73# run show route table mpls.0@ label 73074

73074 *[L-ISIS/14] 00:56:59, metric 10
> to 10.99.0.10 via ge-0/0/0.0, Pop // vmx-73 BbinonHAeT PHP (CHMMaeT TpaHCNOPTHYH METKY)
73074(S=0) *[L-ISIS/14] 00:04:19, metric 10

> to 10.99.0.10 via ge-0/0/0.0, Pop

Junieer S



OaunHakoBbin SRGB

* OgHa n Ta e MeTKa Ana dopBapanHra — rnerde pellaTb npoodrnembl

warrior@vmx-71# set protocols isis source-packet-routing srgb start-label 90000
warrior@vmx-72# set protocols isis source-packet-routing srgb start-label 90000
warrior@vmx-73# set protocols isis source-packet-routing srgb start-label 90000

warrior@vmx-74# set protocols isis source-packet-routing srgb start-label 90000

warrior@vmx-21> traceroute 10.99.0.58
traceroute to 10.99.0.58 (10.99.0.58), 30 hops max, 40 byte packets
1 10.99.0.54 (10.99.0.54) 2.872 ms 108.387 ms 136.439 ms
2 10.99.0.2 (10.99.0.2) 3.744 ms 3.335 ms 3.490 ms // Bna ¢opBapauMHra Ao vmx-74 BcCe Yy3/bl UCNONb3YHT
MPLS Label=90074 CoS=0 TTL=1 S=1 // OOHY M Ty Xe MeTKy 90074
3 10.99.0.6 (10.99.0.6) 3.237 ms 3.450 ms 3.229 ms
MPLS Label=90074 CoS=0 TTL=1 S=1
4 10.99.0.58 (10.99.0.58) 26.672 ms 29.565 ms 30.039 ms

¢ JUNIPERNETWORKSCONFDENTAL _________________________________________ oxcumeomamsens WREEISEE



[Tpumep: SR-TE 13 NorthStar

TE = Traffic Engineering
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BuptyansHaa Tononorms

* J[lobaBnsaem NorthStar KoHTponnep B AOMeH IS-IS

@ @ MNorthStar

3 4

VIMX-T1
7.0.0.71
PE

—t

2 10.99.0.53/30
I

VIMX-21
CE

VIMX-72
7.0.0.72

IBGP -

VIMX-73
7.0.0.73

VIMX-74
7.0.0.74
PE

—

10.99.0.57/30 2
|

VIMX-22
CE
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[Hobasnaem NorthStar B kKoHdurypaumio kaxagoro P/PE

warrior@vmx-71# show | compare

[edit protocols mpls]

+ lsp-external-controller pccd;

[edit protocols]

+ spring-traffic-engineering {

+ lsp-external-controller pccd;

+ )

+ pcep {

+ pce NS400 { // PCE = Path Computation Element (=NorthStar)
+ local-address 7.0.0.71;

+ destination-ipv4-address 10.77.0.2;
+ destination-port 4189;

+ pce-type active stateful;
+ lsp-provisioning;

+ lsp-cleanup-timer 180;

+ spring-capability;

+

+

o7 JUNIPERNETWORKSCONFDENTAL ______________________________________ oxcumeonmamseens WREEISEE



[1lpoBepka ctatyca PCE Ha y3ne cetun

warrior@vmx-74# run show path-computation-client active-pce

PCE NS400
General
PCE IP address : 10.77.0.2
Local IP address : 7.0.0.74
Priority : 0
PCE status : PCE_STATE_UP // BCe B nopsagke
Session type : PCE_TYPE_STATEFULACTIVE

LSP provisioning allowed : On

P2MP LSP report allowed : Off
P2MP LSP update allowed : Off
P2MP LSP init allowed : Off

PCE-mastership : main
warrior@vmx-74# run show spring-traffic-engineering lsp

Total displayed LSPs: @ (Up: @, Down: 0)

__x JUNIPERNETWORKSCONFDENTAL ______________________________________ oxcumeonmamseens SREEISEE



JUHIPEF MorthStar Controller Dashboard & Topolegy @ Nodes  Analytics  Work Orders | Layout -~ Applications -~

Network Status

Active Paths

0.0 -73 Vmx-74

Active Links <

D of 5

v
vmx-71 VMXx-72
Active PCC VRR-for-NS2
80%
4 o5
Interface Utilization
[ | |
0% 100% v
Node Link Tunnel <+
NMETCONF Management PCE-

Name Hostname P Address Status PCEP Status AS IS5 Area P Layer Most Recent Update SPRING SR
0070.0000.0071 vmx-71 7.0.0.71 © Up © Up 100 490001 7.0.0.71 P v v
0070.0000.0072 VMX-72 7.0072 © Up © Up 100 490001 7.0072 P 2018-07-29 15:54. . v v
0070.0000.0073 vmx-73 7.0073 © Up © Up 100 490001 7.0073 P v v
0070 0000.0074 vmx-74 70074 © Up © Up 100 490001 70074 P 2018-07-29 15:54. .. v v
0070 00000242 VRR-for-N52 700242 100 490001 P v
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JUHIPEF MorthStar Controller Dashboard | Topology | Nodes  Analytics  Work Orders | Layout ~  Applications -

Network Status
Active Paths
Dofo (72073, vmx-73) (72074, vmx-74)
(0, VRR-for-NS2)
Active Links <
D of 5 e
(72071, vmx-71) vy Filter in Node Table
Mode S1Ds from selected node
Active PCC show Config
45 Show Neighbors
Interface Utilization Tunnels On or Thru Node
U? ﬁu% Tunnels Starting at Node
e Tunnels Ending at Node
Node Link Tunnel +
Group selected nodes

Name Hostname | IPAddress  §o1oO'' | PCEPStatus  AS SIS Area M3 Ungroup selected nodes  entUpdate | oot SR
0070.0000.0071 VMX-71 7.0.0.71 O Up O Up 100 490001 70071  OnaroupAl v v
0070.0000.0072 VMX-72 7.0.0.72 © Up © Up 100 490001 70072  Circle selected nodes )9 15:54 v v
0070 0000 0073 vmx-73 70073 © Up © Up 100 490001 70073  Distribute selected nodes v v
0070.00000074  vmx-74 7.0.0.74 © Up O Up 100 490001 70074  Staightenselectednodes g 4554 v v
0070.0000.0242 VRR-for-NS2  7.0.0.242 100 490001 Favorites v

L JUNPER NETWORKS CONFIDENTIAL e o SR



JUHIPEF NorthStar Controller Dashboard | Topolegy Nodes  Analytics  Work Orders Layout ~»  Applications «

Metwork Status
Active Paths iy
87 - 86 -
0.0 (72074, vmx-74)
Active Links <
O & 5472 o
(72071, vmx-71) - vmx-72
Active PCC Topology Settings
4015 Elements Options
Interface Wkilization
B | Modes
0% 100%
—_— ~/ Show Label custom
Node Link Tunnel +
Background Shadow _
Name Status  Node A Node Z Interface A | InterfaceZ | IPA Hide Pseudo Node Labels Ji 30 sinz
L10.99.01 109902 © Up VMx-71 Vmx-72 ge-0/0/0.0 ge-0/0/1.0 10.99.01 Show only Favorites Labels o4 72
L10.11.01 101102 Q@ Up VMx-71 VRR-for-N52 ge-0/0/4.0 10.11.01 Hide |solated Nodes 61 299792
L10.998.010 108909 Q@ Up VMx-73 vmx-74 ge-0/0/0.0 ge-0/0/1.0 10,9909 87 86
Links
L10.9905 1099086 @ Up VMX-72 vmx-73 ge-0/0/0.0 ge-0/011.0 109905 73 86
~ Show Label SIDA:Z
110.99.0.13_10.99.014  © Up VmX-72 vmx-73 9e-0/0/2.0 ge-0/0/2.0 1099013 |2 >rowrane 71 85
Show only if endpoints are in Favorites
~/ Show Link Down Marker
) 1 Draw Down Link as Dashed Line
Page 1 of 1 [ L Q Y =a: o Add  Modify  Delete
) /. Draw Parallel Links as Curve
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I_IpOK'nalulblBaeM Provision LSP
S R -T E LS P (1) Properties Path Advanced Design Scheduling User Properties

Provisioning Method]| PCEP

Name:* LSPO1

= Node A'*  vmx-71

Node 2" vmx-74
P Z:

Provisioning Type|| SR

Path Type: primary
Planned Bandwidth:* | 0
Setup:* 7
Hold: ™ | 7
Planned Metric:

Comment:

Preview Path Cancel
. JUNPERNETWORKSCONFDENTIAL ———  cxoeeeaoneeo SEUAESEN




[lpoknaabiBaem Provision LSP
S R —T E LS P (2) Properties Path Advanced Design Scheduling User Properties

mal

}: Selection: | required
Hop 1:7|| vmx-73 (10.99.0.14) () Strict (@) Loose
IBGP -
+ -
0.4/30
L~ ) 1 =
| VMXT2 VMX-T3 | o
7.0.0.72 » 5 7.0.0.73
0.12/30
1 i

Preview Path Cancel




JUHIPEF NorthStar Controller Dashboard | Topolegy Nodes  Analytics  Work Orders | Layout ~  Applications -

Network Status
Active Paths
87 - B6 .'%
1 o514 (72074, vmx-74)
O
Active Links <
D of 5 —
(72071, vmx-71) - vmx-72
Active PCC
4 o5
Interface Utilization
|| [ ]
0% 100% v
Node Link Tunnel <+
Name Node A MNode Z IP A IPZ Bandwidth = Metric Control Type Path Type Pah Op Status Type ERO Record
Selection Route
LSPO1 vmx-71 vmx-74 7.0.0.71 70074 0 0 PCElnitiated primary required © Up 5R 1099.02-1099.0.14 - 10.99.0.10 54 -71-87
Page 1 of 1 (F & Q &= O Add  Modify  Delete




HoBas cBA3HOCTL (1)

warrior@vmx-71# run show route 10.99.0.58 table inet.©

10.99.0.56/30 *[BGP/170] 00:18:42, localpref 100, from 7.0.0.74
AS path: I, validation-state: unverified
> to 10.99.0.2 via ge-0/0/0.0, Push 87, Push 71(top)

warrior@vmx-71# run show route 7.0.0.74 table inet.3

7.0.0.74/32 *[SPRING-TE/8] 00:15:23, metric 1 // SPRING Traffic Engineering
> to 10.99.0.2 via ge-0/0/0.0, Push 87, Push 71(top)

[L-ISIS/14] 01:30:18, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 72074
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HoBasi CBA3HOCTDL (2)

* Tonbko ingress PE (vmx-71) n koHTponnep 3HatoT 06 atom LSP (1)

warrior@vmx-71# run show spring-traffic-engineering lsp detail

Name: LSPO1
To: 7.0.0.74
State: Up, Outgoing interface: ge-0/0/0.0 warrior@vmx-72# run show spring-traffic-engineering lsp detail
SR-ERO hop count: 3
Hop 1 (Strict): Total displayed LSPs: © (Up: ©, Down: O)
NAI: IPv4 Adjacency ID, 10.99.0.1 -> 10.99.0.2
SID type: 20-bit label, Value: 54 warrior@vmx-73# run show spring-traffic-engineering lsp detail
Hop 2 (Strict):
NAI: IPv4 Adjacency ID, 10.99.0.13 -> 10.99.0.14 Total displayed LSPs: @ (Up: ©, Down: O)

SID type: 20-bit label, Value: 71
Hop 3 (Strict):
NAI: IPv4 Adjacency ID, 10.99.0.9 -> 10.99.0.10

warrior@vmx-74# run show spring-traffic-engineering lsp detail

SID type: 20-bit label, Value: 87 Total displayed LSPs: © (Up: @, Down: 0)

Total displayed LSPs: 1 (Up: 1, Down: 9)
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HoBasa cBA3HOCTH (3)

warrior@vmx-21> traceroute 10.99.0.58
traceroute to 10.99.0.58 (10.99.0.58), 30 hops max, 40 byte packets

1 10.99
2 10.99
MPLS
3 10.99
MPLS
4 10.99

.0.54 (10.99.0.54)
.0.2 (10.99.0.2)

4,970 ms

2.022 ms

Label=72074 CoS=0 TTL=1 S=1

.0.6 (10.99.0.6)

Label=73074 CoS=0 TTL=1 S=1

.0.58 (10.99.0.58)

4.904 ms

warrior@vmx-21> traceroute 10.99.0.58
traceroute to 10.99.0.58 (10.99.0.58), 30 hops max, 40 byte packets

1 10.99
2 10.99
MPLS
MPLS
3 10.99
MPLS
4 10.99

.0.54 (10.99.0.54)
0.2 (10.99.0.2)

4,900 ms

36.455 ms

Label=71 CoS=0 TTL=1 S=0
Label=87 CoS=0 TTL=1 S=1

.0.14 (10.99.0.14)

8.476 ms

Label=87 CoS=0 TTL=1 S=1

.0.58 (10.99.0.58)

7.892 ms

4.404 ms

57.481 ms

1.642 ms

3.595 ms

55.820 ms

5.306 ms

13.221 ms

1.362 ms

3.451 ms

5.769 ms 10.99.0.14 (10.99.0.14)

3.905 ms

43.971 ms
79.901 ms

10.857 ms

7.325 ms

3.483 ms 10.99.0.6 (10.99.0.6)

4.257 ms
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Onepauun B FIB

warrior@vmx-71# run show route 7.0.0.74 table inet.3

7.0.0.74/32 *[SPRING-TE/8] ©00:34:23, metric 1
> to 10.99.0.2 via ge-0/0/0.0, Push 87, Push 71(top)
[L-ISIS/14] ©01:49:18, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 72074

warrior@vmx-72# run show route table mpls.@ label 71

71 *[L-ISIS/14] ©2:59:52, metric ©
> to 10.99.0.14 via ge-0/90/2.0, Pop // cHanun BepxHww MeTKy (71), ocTanacb HuxHAA (87)
71(5=0) *[L-ISIS/14] 00:11:34, metric ©

> to 10.99.0.14 via ge-0/0/2.0, Pop

warrior@vmx-73# run show route table mpls.0 label 87 *—’///////////r

87 *[L-ISIS/14] 03:00:34, metric ©
> to 10.99.0.10 via ge-0/0/0.0, Pop
87(5=0) *[L-ISIS/14] ©0:11:54, metric ©

> to 10.99.0.10 via ge-0/0/0.0, Pop

j,,_,,//"//////
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[lpumep: Anycast-SID

\alnfanac.com

JuniPer




BuptyansHaa Tononorms

* [lobaBuM eLle oauH pOoyTep B HaLLy TOMOSIOrU: VMX-75

IBGP--
0.4/30
VIMX-T1 VIMX-74
7.0.0.71 0 14 7.0.0.74
PE 0.0/30 PE
| I
2 2
2 2
I I
VIMX-21 VIMX-22
CE CE
10.99.0.53/30 10.99.0.57/30
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Anycast-SID

* Cobepem vmx-73 n vmx-75 B ogHy anycast rpynny

VIMX-T1
7.0.0.71
PE

2
I

VIMX-21
CE

10.99.0.53/30

IBGP -

0.4/30
VMX-T2 0 VIMX-T4
7.0.0.72 1 7.0.0.74
P — 2 PE
R ~ I
3 0 2
0.16/30 0.24/30 -
I
VIMX-22
CE
10.99.0.57/30




Anycast-SID - KoHUrypaums

warrior@vmx-73# show | compare

[edit interfaces 100 unit © family inet]
+ address 7.0.0.99/32;

[edit protocols isis]

+ export pl-isis-export;

[edit policy-options]

+ policy-statement pl-isis-export {

+ term 1 {

+ from {

+ protocol direct;

+ interface 100.0;

+ route-filter 7.0.0.99/32 exact;
+ }

+ then {

+ prefix-segment index 99;
+ accept;

+ }

+ }

+ )

2 JUNIPERNETWORKSCONFDENTAL ________________________________________ oxcumeonmamsens WREEISEE

warrior@vmx-75# show | compare
[edit interfaces 100 unit © family inet]
+ address 7.0.0.99/32;
[edit protocols isis]
+ export pl-isis-export;
[edit policy-options]
policy-statement pl-isis-export {
term 1 {
from {
protocol direct;
interface 100.0;
route-filter 7.0.0.99/32 exact;

then {
prefix-segment index 99;

+
+

+

+

+

+

i }
+

+

+ accept;
+

+

+




Anycast-SID B base aaHHbIX ISIS

warrior@vmx-71# run show isis database vmx-73.00-00 extensive | find TLVs

IP extended prefix: 7.0.0.73/32 metric 0 up // w3BeCTHbin Ham Node-SID
8 bytes of subtlvs
Node SID, Flags: ox40(R:0,N:1,P:0,E:0,V:0,L:0), Algo: SPF(@), Value: 73

IP extended prefix: 7.6.0.99/32 metric 0 up // Prefix-SID, HOBbIM QHOHC
8 bytes of subtlvs
Prefix SID, Flags: ox00(R:0,N:0,P:0,E:0,V:0,L:0), Algo: SPF(©), Value: 99

IP address: 7.0.0.99

warrior@vmx-71# run show isis database vmx-75.00-00 extensive | find TLVs

IP extended prefix: 7.6.0.99/32 metric 0 up // Prefix-SID, HOBbI1 QHOHC
8 bytes of subtlvs
Prefix SID, Flags: ox00(R:0,N:0,P:0,E:0,V:0,L:0), Algo: SPF(©), Value: 99

IP extended prefix: 7.0.0.75/32 metric © up // w3BeCTHbin Ham Node-SID
8 bytes of subtlvs
Node SID, Flags: ox40(R:0,N:1,P:0,E:0,V:0,L:0), Algo: SPF(@), Value: 75

IP address: 7.0.0.99
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Onepauun B FIB

WIMX-T1 VMX-72 -0 VIMX-T4
7.00.71 -0 1+ 7.0.0.72 1 7.0.0.74
warrior@vmx-71# run show route table mpls.0@ label 90099 PE 0.0/30 P2 PE
2 0”2
90099 *[L-ISIS/14] 00:15:48, metric 20
> to 10.99.0.2 via ge-0/0/0.0, Swap 90099 2 024130 2
WMX-21 VIMX-22
warrior@vmx-72# run show route table mpls.@ label 90099 ot cE
10.99.0.53/30 10.99.0.57/30

90099 *[L-ISIS/14] 00:15:23, metric 10
to 10.99.0.6 via ge-0/0/0.0, Pop // to VMX-73
to 10.99.0.14 via ge-0/0/2.0, Pop // to VMX-73
> to 10.99.0.18 via ge-0/0/3.0, Pop // to VMX-75
warrior@vmx-72# run show route forwarding-table label 90099 // ECMP 6anaHcupoBKa

Routing table: default.mpls

Destination Type RtRef Next hop Type Index NhRef Netif

90099 user (%] ulst 1048578 2 // T™]n “unicast list”, T.e. “cnucok”
10.99.0.6 Pop 606 4 ge-0/0/0.0
10.99.0.14 Pop 602 4 ge-0/0/2.0
10.99.0.18 Pop 604 4 ge-0/0/3.0
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[Tpumep: (R)LFA yepes SR
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Knaccuyeckun (R)LFA gna ISIS nnn OSPF

* TapretnpoBaHHasa LDP ceccua go

PQ-poyTepa 5 o YMETE s 5
0.0/30 : 0.12/30
* [logpoOHOCTK B Npe3eHTaLmu 1 |
“(R)LFA & TI-FRR” e Vw3l
(D)
° B 6onbLuon ceTn noTeHumanbHO ; N :
nmeem 60osbLIOE KONMMYECTBO £ om0, |BE 0200 | g
tLDP ceccumn (yctaHaBnmMBaeMbIX | S |
aBTOMaTU4eCKN) o o
* |
5 0.4/30 \\ 0.16/30 5
| o- VMX-74 .,
(PQ-node)
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BupTtyanbHasa Tononorusa (1)

* Konbuo C BKITHOYEHHbLIM SR

0.0/30

1
\

VMX-72
800072

\
0

0.4/30

1
\

VMX-73
800073

\
0

0.8/30

VMX-71
Node-SID: 800071

— 1

VMX-74
800074

0.20/30

0
\

VMX-76
800076

\
1

0.16/30

0
\

VMX-75
800075

\
1

0.12/30

warrior@vmx-71# show protocols isis
reference-bandwidth 10g;

source-packet-routing {

srgb start-label 800000 index-range 100;

node-segment ipv4-index 71;
}
level 1 disable;
level 2 wide-metrics-only;
interface ge-0/0/0.0 {
point-to-point;
level 2 metric 5;
}
interface ge-0/0/1.0 {
point-to-point;

level 2 metric 5;

}

interface 100.0 {
passive;

}

warrior@vmx-71# run show ldp session

LDP instance is not running

Junieer S



BupTtyanbHasa Tononorusa (2)
* LFA HeadppekTuBeH, Tpebyetcsa (R)LFA

. VT » warrior@vmx-71# show | compare
Node-SID: 800071 [edit protocols isis interface ge-0/0/0.0]
0.0/30 0.20/30 i i
+ link-protection; // BKaw4aem LFA
1 0 [edit protocols isis interface ge-0/0/1.0]
| |
VMX-72 VMX-76 + link-protection; // BKnw4aem LFA
800072 800076
0 1 warrior@vmx-71# run show isis backup coverage // nokpbiTne
Backup Coverage:
0.4/30 0.16/30
Topology Level Node IPv4 IPv4-MPLS IPV6 IPv6-MPLS
IPV4 Unicast 2 20.00% 11.11% 20.00%  0.00% 0.00%
1 0
| |
VMX-73 VMX-75
800073 800075
| |
0 1
0.8/30 0.12/30
. VMX-74 0
800074
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BupTtyanbHasa Tononorus (3)
* 3anacHon MapLpyT ecTb Tonbko Ao VMX-74 (ECMP)

N warrior@vmx-71# run show route protocol isis 7.0.0.0/24 table inet.3
°~ Node-SID: 800071 |
0.0/30 0.20/30 ,
7.0.0.72/32 *[L-ISIS/14] ©0:23:12, metric 5
1 0 > to 10.99.0.2 via ge-0/0/0.0
| |
VMX-72 VMX-76 7.0.0.73/32 *[L-ISIS/14] 00:23:12, metric 10
800072 800076 > to 10.99.0.2 via ge-0/0/0.0, Push 800073
5 . 7.0.0.74/32 *[L-ISIS/14] 00:36:05, metric 15
to 10.99.0.2 via ge-0/0/0.0, Push 800074
0.4/30 0.16/30 )
> to 10.99.0.21 via ge-0/0/1.0, Push 800074
7.0.0.75/32 *[L-ISIS/14] 00:23:12, metric 10
| } > to 10.99.0.21 via ge-0/0/1.0, Push 800075
VMX-73 VMX-75 7.0.0.76/32 *[L-ISIS/14] ©0:23:12, metric 5
800073 800075 .
‘ ‘ > to 10.99.0.21 via ge-0/0/1.0
0 1
// 5 cocepein B pomeHe, 3awmuweH Tonbko 1 = nokpbiTue 20.00%
0.8/30 0.12/30
1 VMX-74 o
800074
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Bkntovaem (R)LFA

warrior@vmx-71# show | compare

[edit protocols isis]
VMX-71 .
0 — S . + backup-spf-options {
0.0/30 0.20/30 + remote-backup-calculation; // Bknw4daem (R)LFA
. . + use-source-packet-routing; // He Tonbko gnA MPLS Tpaduka
‘ ‘ + // (inet.3, inet6.3, mpls.0),
VMX-72 VMX-76
800072 800076 + // HoO n pna IPv4/IPv6 Tpa¢uka
8 1 + // (inet.0@, inet6.0)
+ )
0.4/30 0.16/30
warrior@vmx-71# run show isis backup coverage
} ? Backup Coverage:
VMX_73 VMX_T5 Topology Level Node  IPv4  IPv4-MPLS  IPv6  IPv6-MPLS
S b IPV4 Unicast 2 (100.00% 100.00% 100.00% 0.00% 0.00%
\ \
0 1
0.8/30 0.12/30
1 VMX-74 .
800074
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warrior@vmx-71# run show route 7.0.0.76 // Hanpumep

Pesynbrar

inet.0: 16 destinations, 16 routes (16 active, © holddown, © hidden)

VMX-71 " i . . .
0~ Node-SID: 800071 | * 7.0.0.76/32 [IS-IS/18] ©0:09:37, metric 5

0.0/30 0.20/30 > to 10.99.0.21 via ge-0/0/1.0
to 10.99.0.2 via ge-0/0/0.0, Push 800074

1 OcHoBHoM 0
| MapLupyT |
VMX-72 VMX-76 . . . . .
800072 800076 inet.3: 5 destinations, 5 routes (5 active, © holddown, © hidden)
0 1
7.0.0.76/32 *[L-ISIS/14] 00:09:37, metric 5
0.4/30 0.§6/30 > to 10.99.0.21 via ge-0/0/1.0
to 10.99.0.2 via ge-0/0/0.0, Push 800076,
1 0 Push 800074 (top)
\ \
VMX-73 VMX-75
7 - 7 - - -
800073 3anacHOI 800075 // 800074 = BepxHAA MeTKa, AocTaBuTb Ao VMX-74 (PQ-node !!!)
0 MapLpyT 1 // 800076 = 3aTem gocTaBuTb A0 VMX-76
0.8/30 0.12/30 warrior@vmx-74# run show route table mpls.0 label 800076
1- YhEbere 0 800076 *[L-ISIS/14] 01:21:43, metric 10

800074

> to 10.99.0.14 via ge-0/0/0.0, Swap 800076
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Pesynbrar

* 100% nokpbITHe (ONA Kaaoro ecTb 3anacHom MapLupyT) ...
® ... HO 6e3 LDP n aBTomatnyeckux tLDP ceccumn

warrior@vmx-71# run show route protocol isis 7.0.0.0/24 table inet.3
7.0.0.72/32 *[L-ISIS/14] ©0:27:08, metric 5
> to 10.99.0.2 via ge-0/0/0.0
to 10.99.0.21 via ge-0/0/1.0, Push 800072, Push 800074(top) // BO Bcex cny4dasax PQ-node 3710 vmx-74
7.0.0.73/32 *[L-ISIS/14] ©00:27:08, metric 10 // (B_paHHoW Tononaorumun) (ana vmx-71)
> to 10.99.0.2 via ge-0/0/0.0, Push 800073
to 10.99.0.21 via ge-0/0/1.0, Push 800073, Push 800074 (top)
7.0.0.74/32 *[L-ISIS/14] 00:41:05, metric 15
to 10.99.0.2 via ge-0/0/0.0, Push 800074
> to 10.99.0.21 via ge-0/0/1.0, Push 800074
7.0.0.75/32 *[L-ISIS/14] ©00:27:08, metric 10
> to 10.99.0.21 via ge-0/0/1.0, Push 800075
to 10.99.0.2 via ge-0/0/0.0, Push 800075, Push 860074 (top)
7.0.0.76/32 *[L-ISIS/14] ©00:27:08, metric 5
> to 10.99.0.21 via ge-0/0/1.0
to 10.99.0.2 via ge-0/0/0.0, Push 800076, Push 800074 (top)
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[lpumep: conpsxeHmne SR n LDP
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BuptyansHaa Tononorms

* Kak cBa3aTb (HoBbI) SR gomeH u (ctapbin) LDP gomeH?

VIMX-21
CE

10.99.0.53/30

. iBGP

VIMX-33
7.0.0.33
F|

.

0.26/30

VIMX-32
1< 7.0.0.32
PE

2
I

VIMX-22
CE

10.99.0.57/30
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CBA3HOCTb

warrior@vmx-71# run show bgp summary

Peer AS InPkt OutPkt OutQ Flaps Last Up/Dwn State|#Active/Received/Accepted/Damped...
7.0.0.32 100 22 19 (%] 2 7:47 1/1/1/0 o/0/0/0
warrior@vmx-71# run show route 7.0.0.32 // HeT TpaHCMOPTHOW METKM, 4YTObObl fOoCTU4b VMX-32
inet.0: 23 destinations, 23 routes (23 active, © holddown, © hidden)

7.0.0.32/32 *[1IS-1S/18] ©0:11:22, metric 50

> to 10.99.0.2 via ge-0/0/0.0

warrior@vmx-32# run show route 7.0.0.71 // HeT TpaHCMOPTHOW MeTKM, 4YTObObl gocTuyb VMX-71
inet.0: 21 destinations, 21 routes (21 active, © holddown, © hidden)
7.0.0.71/32 *[IS-1IS/18] 00:43:04, metric 50

> to 10.99.0.29 via ge-0/0/1.0

jcluser@vmx-21# run traceroute 10.99.0.57 // CBA3HOCTU HeT
traceroute to 10.99.0.57 (10.99.0.57), 30 hops max, 52 byte packets
1 10.99.0.54 (10.99.0.54) 1.491 ms 1.211 ms ©.964 ms

2 * X %k

3 * *AC
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®opeapanHr ns LDP B SR (1)

* MapuwpytunsaTtopsl LDP gomeHa BUOAT TONLKO ApYyr Apyra
°* [Oe B3ATb METKMN, YTODbI OCTUYb MapLUpPYyTU3aTopbl B SR AOMEHE?

jcluser@vmx-84# run show ldp database jcluser@vmx-32# run show ldp database
Input label database, 7.0.0.84:0--7.0.0.33:0 Input label database, 7.0.0.32:0--7.0.0.33:0
Labels received: 3 Labels received: 3
Label Prefix Label Prefix
299936 7.0.0.32/32 299936 7.0.0.32/32
3 7.0.0.33/32 3 7.0.0.33/32
299952 7.0.0.84/32 299952 7.0.0.84/32
Output label database, 7.0.0.84:0--7.0.0.33:0 Output label database, 7.0.0.32:0--7.0.0.33:0
Labels advertised: 3 Labels advertised: 3
Label Prefix Label Prefix
300032 7.0.0.32/32 3 7.0.0.32/32
300016 7.0.0.33/32 300096 7.0.0.33/32
3 7.0.0.84/32 300112 7.0.0.84/32
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MannuHr KnmeHT 18.2R1

jcluser@vmx-84# run show ldp database
° VMX-84 Ha3Ha4aeT LDP METKW 'D'nﬂ Input label database, 7.0.0.84:0--7.0.0.33:0
MapLupyTM3aTopoB SR JOMeHa Label  Prefix
299936 7.0.0.32/32
* Onepauusa B FIB: nomeHsATb LDP 3 7.6.0.33/32
MeTKy (300080) Ha SR meTky (Node- 2000
300032 7.0.0.72/32
SID, 800071) 300048 7.0.0.73/32
299952 7.0.0.84/32
warrior@vmx-84# show | compare Output label database, 7.0.0.84:0--7.0.0.33:0
[edit protocols 1ldp] Label Prefix
+ sr-mapping-client; // BKAKMYaeM ManmnuHr-KJANEHT 300032 7.0.0.32/32
300016 7.0.0.33/32
warrior@vmx-84# run show route table mpls.® label 300080 300080 7.0.0.71/32
300096 7.0.0.72/32
300080 *[LDP/9] 00:01:56, metric 1 300112 7.0.0.73/32
> to 10.99.0.21 via ge-0/0/1.0, Swap 800071 3 7.0.0.84/32
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®opeapanHr ns LDP B SR (2)

°* Tenepb y VMX-32 ectb MPLS meTKka, 4tobObl goctnib VMX-71
® ,EI,J'IFI VMX'32 3TO “06b|"‘|Haﬂ” LDP MeTKa jcluser@vmx-32# run show ldp database

Input label database, 7.0.0.32:0--7.0.0.33:0

Label Prefix
jcluser@vmx-32# run show route 7.0.0.71 299936 7.0.0.32/32
3 7.0.0.33/32
inet.0: 20 destinations, 20 routes (20 active, © holddown, © hidden) 300016 7.0.0.71/32
+ = Active Route, - = Last Active, * = Both 300032 7.0.0.72/32
300048 7.0.0.73/32
7.0.0.71/32 *[IS-1S/18] ©1:42:49, metric 50 299352 7.0.0.84/32

> to 10.99.0.29 via ge-0/0/1.0
Output label database, 7.0.0.32:0--7.0.0.33:0

inet.3: 5 destinations, 5 routes (5 active, @ holddown, @ hidden) Label Prefix
+ = Active Route, - = Last Active, * = Both 3 7.0.0.32/32
300096 7.0.0.33/32
7.0.0.71/32 *[LDP/9] ©0:04:27, metric 50 300176 7.0.0.71/32
> to 10.99.0.29 via ge-0/6/1.0, Push 300016 BCllioe 7.0.0.72/32
300208 7.0.0.73/32
300112 7.0.0.84/32
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®opBapavHr n3 SR B LDP

* B SR nomeHe Heobxoaumbl Node-SID metkmn anga VMX-33, VMX-32
* VMX-33, VMX-32 He nogaepxunBatoT SR. KTo creHeEpUpYET METKN?

jcluser@vmx-71# run show route table inet.3

inet.3: 3 destinations, 3 routes (3 active, © holddown, © hidden)

+ = Active Route, - = Last Active, * = Both
7.0.0.72/32 *[L-ISIS/14] ©00:20:28, metric 10
> to 10.99.0.2 via ge-0/0/0.0
7.0.0.73/32 *[L-ISIS/14] ©00:20:17, metric 20
> to 10.99.0.2 via ge-0/0/0.0, Push 800073 // Node-SID ana vmx-73
7.0.0.84/32 *[L-ISIS/14] 00:19:24, metric 30
> to 10.99.0.2 via ge-0/0/0.0, Push 800084 // Node-SID pgna vmx-84
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MannuHr cepBep

* MannuHr cepBep reHepupyet SR meTtku anga LDP gomeHa

* OTO MOXET ObITb Ntobon mapLipyTnsatop SR gomeHa, kpome stitching
node VMX-84 (Tekyllee orpaHnyeHmne B Junos)
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MannuHr cepBep — KOHUrypauua u peaynsratr  ?.?
°* Tenepb Yy vMx-73 eCTb METKA, YTODObI 4OCTUYb VMX-32
warrior@vmx-73# show | compare jcluser@vmx-71# run show route table inet.3
[edit]
+ routing-options { inet.3: 5 destinations, 5 routes (5 active, © holddown, ©
+ source-packet-routing { hidden)
+ mapping-server-entry MPS1 {
N prefix-segment 7.0.0.32/32 index 32; 7.0.0.32/32 *[L-ISIS/14] 00:01:34, metric 50
N prefix-segment 7.0.0.33/32 index 32; > to 10.99.0.2 via ge-0/0/0.0, Push 800032
+ } 7.0.0.33/32 *[L-ISIS/14] 00:01:34, metric 40
+ } > to 10.99.0.2 via ge-0/0/0.0, Push 800033
+ ) 7.0.0.72/32 *[L-ISIS/14] 00:27:34, metric 10
[edit protocols isis source-packet-routing] > to 10.99.0.2 via ge-0/0/0.0
+ mapping-server MPS1; 7.0.0.73/32 *[L-IS1IS/14] 00:27:23, metric 20
> to 10.99.0.2 via ge-0/0/0.0, Push 800073
jcluser@vmx-73# commit 7.0.0.84/32 *[L-ISIS/14] 00:26:30, metric 30
commit complete > to 10.99.0.2 via ge-0/0/0.0, Push 800084
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dopBapanHr n3 SR B LDP — nocnegHun LUTPUX

jcluser@vmx-84# run show route table mpls.0 label 800032 // 800032 - SR mMeTKa AgnAa vmx-32

jcluser@vmx-84# show | compare
[edit protocols isis source-packet-routing]

+ ldp-stitching; // cBA3biBaeM SR meTku U LDP meTkwu

jcluser@vmx-84# commit

commit complete

jcluser@vmx-84# run show route table mpls.@ label 800032
mpls.@: 24 destinations, 24 routes (24 active, © holddown, © hidden)

800032 *[L-ISIS/14] 00:00:15, metric 20 // 800032 - SR meTKa pna vmx-32
> to 10.99.0.25 via ge-0/0/2.0, Swap 299936 // 299936 - LDP meTka ana vmx-32

jcluser@vmx-84# run show route 7.0.0.32 table inet.3

inet.3: 5 destinations, 5 routes (5 active, © holddown, © hidden)

7.0.0.32/32 *[LDP/9] 00:56:27, metric 20
> to 10.99.0.25 via ge-0/0/2.0, Push 299936 // 299936 - LDP meTtka ana vmx-32
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CBa3HocTb VMX-21 - VMX-22

jcluser@vmx-21# run ping 10.99.0.57

PING 10.99.0.57 (10.99.0.57): 56 data bytes

64 bytes from 10.99.0.57: icmp_seq=0 ttl=58 time=6.083 ms

~C

--- 10.99.0.57 ping statistics ---

1 packets transmitted, 1 packets received, 0% packet loss

round-trip min/avg/max/stddev = 6.083/6.083/6.083/0.000 ms

jcluser@vmx-21# run traceroute 10.99.0.57
traceroute to 10.99.0.57 (10.99.0.57), 30 hops max, 52 byte packets
1 10.99.0.54 (10.99.0.54) 1.208 ms ©.990 ms 1.090 ms
2 10.99.0.2 (10.99.0.2) 4.342 ms 4.249 ms 3.903 ms
MPLS Label=800032 CoS=0 TTL=1 S=1
3 10.99.0.14 (10.99.0.14) 4.157 ms 3.912 ms 10.99.0.6 (10.99.0.6) 3.696 ms
MPLS Label=800032 CoS=0 TTL=1 S=1
4 10.99.0.22 (10.99.0.22) 5.020 ms 4.694 ms 4.303 ms
MPLS Label=800032 CoS=0 TTL=1 S=1
* k% // vmx-33, Penultimate Hop, (cm. cnang 65)
10.99.0.30 (10.99.0.30) 48.872 ms 3.970 ms 3.971 ms
10.99.0.57 (10.99.0.57) 5.385 ms 4.646 ms 4.547 ms
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CBa3HocTb VMX-22 - VMX-21

jcluser@vmx-22# run ping 10.99.0.53

PING 10.99.0.53 (10.99.0.53): 56 data bytes

64 bytes from 10.99.0.53: icmp_seq=0 ttl=58 time=5.060 ms

~C

--- 10.99.0.53 ping statistics ---

1 packets transmitted, 1 packets received, 0% packet loss

round-trip min/avg/max/stddev = 5.060/5.060/5.060/0.000 ms

jcluser@vmx-22# run traceroute 10.99.0.53
traceroute to 10.99.0.53 (10.99.0.53), 30 hops max, 52 byte packets
1 10.99.0.58 (10.99.0.58) 98.957 ms 78.907 ms 26.958 ms
2 10.99.0.29 (10.99.0.29) 4.582 ms 3.864 ms 4.299 ms
MPLS Label=300016 CoS=0 TTL=1 S=1
3 10.99.0.26 (10.99.0.26) 6.459 ms 4.433 ms 4.754 ms
MPLS Label=300080 CoS=0 TTL=1 S=1
4 10.99.0.21 (10.99.0.21) 4.552 ms 4.363 ms 4.048 ms
MPLS Label=800071 CoS=0 TTL=1 S=1
* k% // vmx-72, Penultimate Hop, (cm. cnang 65)
10.99.0.1 (10.99.0.1) 4.608 ms 4.166 ms 4.344 ms
10.99.0.53 (10.99.0.53) 4.603 ms 5.165 ms 4.637 ms
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[1po 3Be3004KkK B traceroute Ha PH poyTtepe (1)

// bedonTHbi mapuwpyT B inet.@ (ana Bcex VMX B AaHHOM CTeHAe)
// PHP nbiTaetca otnpasutb “time exceeded” 4yepe3 inet.@, B CTOPOHY MCTOYHMKA
routing-options {
static {
route 0.0.0.0/0 next-hop 100.123.0.1;

}
}
jcluser@vmx-71# show | compare jcluser@vmx-84# show | compare
[edit protocols isis source-packet-routing] [edit protocols isis source-packet-routing]
+ explicit-null; + explicit-null;
[edit protocols ldp]
jcluser@vmx-72# show | compare ! active: explicit-null;

[edit protocols isis source-packet-routing]
+ explicit-null; jcluser@vmx-33# show | compare
[edit protocols 1ldp]
jcluser@vmx-73# show | compare ! active: explicit-null;
[edit protocols isis source-packet-routing]
+ explicit-null; jcluser@vmx-32# show | compare

[edit protocols 1ldp]

! active: explicit-null;
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[1po 3Be3404kM B traceroute Ha PH poyTtepe (2)

* [lonHoUeHHbIN Tpeunc ¢ BKNYeHHbIM explicit-null

jcluser@vmx-21# run traceroute 10.99.0.57
traceroute to 10.99.0.57 (10.99.0.57), 30 hops max ..
1 10.99.0.54 (10.99.0.54) 1.305 ms 1.095 ms ©0.817 ms
2 10.99.0.2 (10.99.0.2) 4.891 ms 5.150 ms 4.526 ms
MPLS Label=800032 CoS=0 TTL=1 S=1

3 10.99.0.6 (10.99.0.6) 4.176 ms 10.99.0.14 (10.99.0.14)
4.384 ms 10.99.0.6 (10.99.0.6) 4.097 ms

MPLS Label=800032 CoS=0 TTL=1 S=1
4 10.99.0.22 (10.99.0.22) 4.557 ms
MPLS Label=800032 CoS=0 TTL=1 S=1
5 10.99.0.25 (10.99.0.25) 4.300 ms
MPLS Label=300064 CoS=0 TTL=1 S=1
6 10.99.0.30 (10.99.0.30) 4.589 ms
7 10.99.0.57 (10.99.8.57) 5.527 ms

4.638 ms 4.413 ms

4.155 ms 4.400 ms

4.039 ms
4,720 ms

3.937 ms
5.114 ms

jcluser@vmx-22# run traceroute 10.99.0.53
traceroute to 10.99.0.53 (10.99.0.53), 30 hops max ..
1 10.99.0.58 (10.99.0.58) 1.278 ms ©.963 ms 1.073 ms
2 10.99.0.29 (10.99.0.29) 4.985 ms 4.440 ms 3.842 ms
MPLS Label=300096 CoS=0 TTL=1 S=1
3 10.99.0.26 (10.99.0.26) 4.778 ms
MPLS Label=300240 CoS=0 TTL=1 S=1
4 10.99.0.21 (10.99.0.21) 6.228 ms
MPLS Label=800071 CoS=0 TTL=1 S=1

5 10.99.0.13 (10.99.0.13) 4.384 ms
(10.99.0.5) 3.896 ms

MPLS Label=800071 CoS=0 TTL=1 S=1
10.99.0.1 (10.99.0.1) 4.771 ms 4.070 ms
10.99.0.53 (10.99.0.53) 5.034 ms 4.725 ms

5.908 ms 39.831 ms

4.050 ms 4.203 ms

4.236 ms 10.99.0.5

4.261 ms
4,812 ms

e JUNIPERNETWORKSCONFDENTAL ________________________________________ oxcumeonmamseens WREEISEE




Pa3Hoe

\alnfanac.com

JuniPer




Cnmncok (HekoTopbiX) RFC

* RFC 7855: Problem Statement and Requirements
* draft-ietf-spring-segment-routing

raft-ietf-spring-segment-routing-MPLS

C
* draft-letf-isis-segment-routing-extensions
draft-ietf-ospf-segment-routing-extensions




Peanu3auua B JUNOS

* Understanding Source Packet Routing in Networking (SPRING)

https://www.juniper.net/documentation/en US/junos/topics/concept/source-packet-
routing.htmi

* CLI Explorer

https://apps.juniper.net/cli-explorer/
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