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X U#HIC

* IS-ISIZOSPFE S VD AT— A RIIEZD, BARTIETTO
ARXY DTN

« —HTIPv6{EDIAIVDTIS-ISIE TR —AE A TER,

o KtyavTIEETIS-ISOORNFEN L 1ICITOTIEZFZFDEZ. LA
WebhlTdExBRIETS —

2.1. softbank

As part of the 5G rollout, Softbank have deployed a nationwide SRv6
network.

The following SRvé features have been deployed:

o A Segment Routing Header [I-D.ietf. t-routi header]
based data plane.

o END (PSP), END.X (PSP), END.DT4, T.Encaps.Red and T.Insert.Red
functions as per [I-D.filsfils-spring-srvé- - ing].

o ISIS SRvé extensions [I-D isis-srvé-extensions].

o BGP VPN SRv6 extensions [I-D.dawra-b v6-services].

o Topology Independent (TI-LFA) Fast Reroute mechanisms leveraging
SRv6 for the O(50msec) protection against node and link, as
described in [I-D.ietf-rt t-routing-ti-1fa].

https://tools.ietf.org/html/draft-matsushima-spring-srv6-deployment-status-00#section-2. | o BGP Prefix Independent Convergence (PIC) core and edge [I-D.ietf-
rtgwg-bgp-pic].

o Support for Ping and Traceroute as defined in [I-D.ali-6man-
spring-srvé-oam].

2.2. China Telecom

Public. Copyright © Arista 2018. All rights reserved.
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[S-IS (Intermediate System to Intermediate System)fif =&

* IS-ISIZOSPFERFRIBYVDAT—ML—T425 7020

« YUHAT— FF—HBAR—A(LSDB)EN R IR IK(SPR)ZETE

« E—INV7ELANILL NDOR=VINP(RI—IV7ELUVELST
UPREDIZL NIV 205 R R E D

« LRIICETZI 9L DIL—8, LRII2ICETBI—
AELANIL2(L2)I)I -3 mAICETHIL—3LNIL1-LAIL2(L1-

L2)JL—A thxh
Levell B

1:-(:); Ty7 1,,?1 Level2

R
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IS-ISEA F)—

* IS-ISIZ0OSI(Open Systems Interconnection)lcC
CLNS(Connectionless Network Service)DIGPE L CHITE

- ISO10589

> ftp://ftp.iks—jena.de/mitarb/lutz/standards/iso/iso10589v2.pdf

— OSI IS-IS Intra—domain Routing Protocol
> https://tools.ietf.org/html/rfc1142

* [ETFCTCP/IP.

1YL AR

— Use of OSI IS-IS for Routing in TCP/IP and Dual Environments
> https://tools.ietf.org/html/rfc1195

kol
Public. Copyright © Arista 2018. All rights reserved. 4 ‘ AR I STA
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IS-IS%YI)—D7 LA

System ID

(6N B)

49. 0001. @ 1111. 2222. 3333.

IS-ISDE B F& UTNET(Network Entity Title)®3§E 9 %
NETIZRIZRDIVUFID, 6/\1 FDYATLID, 1\ bOTEHZ—IDOORNILD
TUPIDDAFIE FA ViR FICENND 0x49(F T4 X— |

AT LIDIZIP7? RLAYMACT RLANME RSN

SELIZ@E0ox00%{#E RT3
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IS-ISLAIV—F405

49.001

49.0000

L2

49.001 49.0000 49.0000 L ‘I
774k 77k

o LNIL/2)V=R3D TV 7 DIFEHRZLIIL—RICIEEERET . T4V b
I—FreULTEEFRT D
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IS-ISIL—RE%FE

R1ttshow running—config section router isis
router isis JANOG44
net 49. 0000. 0000. 0000. 0001. 00

49.0000 is-type level-2
|

address—family ipv4 unicast
I

address—family ipv6 unicast

R1#
L1-L2
R2#tshow running—config section router isis R3#tshow running—config | section router isis
router isis JANOG44 router isis JANOG44
net 49. 0000. 0000. 0000. 0002. 00 net 49. 0000. 0000. 0000. 0003. 00

I |og—ad jacency-changes
address—family ipv4 unicast !
! address—family ipv4 unicast
address—family ipv6 unicast !
R2#t address—family ipv6 unicast
R3#

ARISTA

Public. Copyright © Arista 2018. All rights reserved.




IS-ISIL—H3E%5E

R2 (config-router-isis)#is-type ?
level-1 Configure at level 1
level-1-2 Configure at level 1-2
level-2 Configure at level 2 49.0000

R2 (config-if-Et1)#isis circuit-type ? :
level-1 Configure at level 1
level-1-2 Configure at level 1-2
level-2 Configure at level 2

« T I4)L FClevel 1-2TCTEI{ET B
« HO—NILERTERA U A—TI—AIETE CLevel 3R EEE
ABDENHFES

4
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IS-ISIL—3E%E 190000

R2#tshow isis neighbors

Instance VRF System Id Type Interface SNPA State Hold time Circuit Id
JANOG44  default R L2 Ethernetl P2pP UP 22 07

JANOG44  default R3 L1  Ethernet2 8:0:27:74:d8:fc  UP 24 R2. 08
JANOG44  default R3 L2 Ethernet2 8:0:27:74:d8:fc  UP 26 R2. 08

R2#

« L1-2)L—3TEIEL. mELI-2)L—3DIFE(CIE2D
DiEERERZEEILT D

ARISTA
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[S-ISIL—HETE 490000 + %9ybI=D54F(EPoint—to-

Point&Broadcasth'dh 3

* BroadcastDiz & I(CIZOSPF
DDRERFRICDISHKTEIET S

R2#tshow isis interface ethernet 1
[S-IS Instance: JANOG44 VRF: default

Interface Ethernet1:
Index: 7 SNPA: P2P
MTU: 1497 Type: point—to—point
BFD IPv4 is Disabled
BFD IPv6 is Disabled
Hello Padding is Enabled

Level 1:
Metric: 10, Number of adjacencies: 0
Link-1D: 07
Authentication mode: None

Level 2:
Metric: 10, Number of adjacencies: 1
Link-1D: 07

Authentication mode: None

Public. Copyright © Arista 2018. All rights reset™™ e

R2#tshow isis interface ethernet 2
[S-IS Instance: JANOG44 VRF: default

Interface Ethernet2:

Index: 8 SNPA: 8:0:27:b7:85:9a

MTU: 1497 Type: broadcast

BFD IPv4 is Disabled

BFD IPv6 is Disabled

Hel lo Padding is Enabled

Level 1:
Metric: 10, Number of adjacencies: 1
LAN-ID: R2.08, Priority: 64
DIS: R2, DIS Priority: 64
Authentication mode: None

Level 2:
Metric: 10, Number of adjacencies: 1
LAN-ID: R2.08, Priority: 64
DIS: R2, DIS Priority: 64

Authentication mode: None

ARISTA



[S-ISTO—FF YA TCODIRDFLD

TTTT

o

« JO—-FXvAPDIZEIEEN B A %EPseudonodeE R IL T, &IS/ESEL(TEHINTLY
BEEZD

« FfzPseudonodelc 1> TCLink State PDU%%H 3 3DISEEH T3
- BHAEETIAA)T148 LIIMACT FLA
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IS-IS Protocol Data Unit(PDU) Type

* Hello PDU ' '
- NA=)Ty MBIV - OB ERE R M EE L IF T 3120CEREINS @_’4_@

>> Level 1 LAN IS to IS Hello PDU (Type 15)
> Level 2 LAN IS to IS Hello PDU (Type 16)
> Point—to—Point IS to IS Hello PDU (Type 17)

* Link State PDU
- UUDAT—=FITy bk (LSP) BUVDAT— MEHRD R HLICERIND D L_/|

> Level 1 Link State PDU (Type 18)
> Level 2 Link State PDU (Type 20)

* Sequence Numbers PDU

- 2= >XESPDU (SNP) (F. BIL—INSXESNDIEFHD LSP DIEH~Z kR —F BT THESE
[C—HEBBEHIEREIND

>> Level 1 Complete Sequence Numbers PDU (Type 24)
> Level 2 Complete Sequence Numbers PDU (Type 25) L_/| L_/‘

> Level 1 Partial Sequence Numbers PDU (Type 26)
> Level 2 Partial Sequence Numbers PDU (Type 27)

* L1(£01-80-C2-00-00-14/L2(301-80-C2-00-00-15%fE AT %

ARISTA

Public. Copyright © Arista 2018. All rights reserved.




show isis neighbors detall

R2#show isis neighbors detail

SNPA: P2P

Router ID: 0.0.0.0
Advertised Hold Time: 30
State Changed: 00:01:38 ago

IPié:igfexiaee—AddFesG——lﬂgégzij0 Routing IPv6 with IS-IS RFC5308
terface Address: fe80:: —

Interface name: Etherneti «— Restart Signaling for IS-IS RFC5306
~—LGracefu| Restart: Supported —
< BFD_[Pv4 state is Up S—

Dynamic Hostname Exchange RFC5301

Instance VRF d Type Interface SNPA State Hold time CGCircuit Id
JANOG44  default\R L2 Ethernetl P2pP UP 26 07
Area Address (es) : 49.0000

“;\\‘ IS-1S BFD-Enabled TLV RFEC6213

» BFD/Graceful Restart/IPv6/Hostname3Z HiTg & Z<{ DT B(FEE

Public. Copyright © Arista 2018. All rights reserved.
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R2#tshow isis database R1.00-00 detail
—ll n
ISIST—Q/\—Z IS-IS Instance: JANOG44 VRF: default
[S-1S Level 1 Link State Database
LSPID Seqg Num Cksum Life IS Flags
[S-1S Level 2 Link State Database
R2#show isis database LSPID Seq Num Cksum Life IS Flags
R1.00-00 17 61366 873 L2 &
IS-IS Instance: JANOG44 VRF: default Remaining lifetime received: 1199 s Modified to: 1200 s
[S-IS Level 1 Link State Database NLPID: OxCC(IPv4) Ox8E (IPv6)
LSPID Seq Num Cksum Life IS Flags Hostname: R1
R2. 00-00 59 20333 600 L2 < Area address: 49.0000
R2. 08-00 o1 1672 1094 L2 <& Interface address: 10.10.1.0
R3. 00-00 95 39704 724 12 & Interface address: 10.255.255. 1
[S-IS Level 2 Link State Database Interface address: 10.10.1.2
LSPID Seq Num  Cksum Life IS Flags Interface address: 2001:db8:ffff::1
R1. 00-00 71 61366 1105 L2 <& IS Neighbor : R3.00 Metric: 10
R2.00-00 18 1766 936 L2 < IS Neighbor : R2.00 Metric: 10
R2. 08-00 90 2183 1178 L2 & Reachabi | ity © 10.10.1.0/31 Metric: 10 Type: 1 Up
R3. 00-00 79 47656 569 L2 O Reachabi l ity © 10.255. 255.1/32 Metric: 10 Type: 1 Up
R2# Reachabi | ity ©10.10.1.2/31 Metric: 10 Type: 1 Up
Reachabi | ity 2001 :db8: ffff::1/128 Metric: 10 Type: 1 Up
Router Capabilities: 10.10.1.2 Flags: [ ]
R2#

« Levell/Level2DT—R~—2A/ Pseudo nodeDFEEE
« IPv4/IPveESIC—DDIV—TA VT4V AR ATE AT 6
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ISIS PDU

ISIS HELLO Restart Signaling (t=211, I=1)
...... 11 = Gircuit type: Level 1 and 2 (0x3) Type: 211
0000 00.. = Reserved: 0x00 Length: 1
SystemID {Sender of PDU}: 0000.0000. 0002 Restart Signaling Flags: 0x00
Holding timer: 30 Point-to-point Adjacency State (t=240, |=15)
PDU length: 1497 Type: 240
Local circuit ID: 7 Length: 15
Protocols Supported (t=129, 1=2) Adjacency State: Up (0)
Type: 129 Extended Local circuit ID: 0x00000007
Length: 2 Neighbor SystemID: 0000.0000. 0001
NLPID (s) : IPv6 (0x8e), IP (Oxcc) e Nedghbor. Extended. LocaI circuit ID: 0x00000007
Area address(es) (t=1, [|=4) Paddlng (t=8, 1=255)
Type: 1 { Padding (t=8, [=255)
Length: 4 i Padding (t=8, 1=255)
Area address (3): 49.0000 i Padding (t=8, [=255) .
IP Interface address(es) (t=132, 1=4) { Padding (t=8, [=255) \ MTUEx K & TPaddipgZ 170>,
Type: 132 i Padding (t=8, 1=136) He | oD B = TMTU
Length: 4 seeeeeeeeeesssssssssssm e eeeesesssssssssssa —HERET S
IPv4 interface address: 10.10.1.1
IPv6 Interface address(es) (t=232, 1=16) 0 —
A=Y R TEIITA—H—
Length: 16 ¢ TLV 7-|- 7 J 7
IPv6 interface address: fe80::2 §~% 153—5
BN 1=
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SPF log

Ri#tshow isis spf log

[S-IS SPF Log level-2
* — Partial SPF
Start time

Public. Copyright © Arista 2018. All rights reserved:

2019-07-20 20:01:36
*x2019-07-20 20:01:27.
*2019-07-20 20:01:16

2019-07-20 20:00:29

2019-07-20 19:58:36

2019-07-20 19:43:52
*2019-07-20 19:40:36.

2019-07-20 19:40:31.

2019-07-20 19:40:29

2019-07-20 19:40:26

2019-07-20 19:31:59

2019-07-20 19:17:06

2019-07-20 19:05:07

2019-07-20 18:50:42

2019-07-20 18:50:19
*x2019-07-20 18:50:17.

2019-07-20 18:50:16

2019-07-20 18:49:55.

2019-07-20 18:49:19

2019-07-20 18:48:35.

572814
688379
544109
808715
876805
160987
138546
611772
196412
966404
021749
163560
682225
523430
394209
389263
384955
153795
671999
411313

[S-IS Instance: JANOG44 VRF: default

Duration(msec) Nodes

0.092
0.095
1.792
0.138
0.092
0.089
0.068
0. 346
0.250
0. 654
0.243
0.096
0.090
0.120
0.116
0.098
2.400
6. 181
0.298
0. 405

N—=NwWwWwhrrhrhrEbENAAERERRREREPRPLOLCWWNS

Count

WNPR~RAONW— —= = = OC1ICTWN — —= CINN W

Reason

LSP received R3.00-00

LSP received R2. 00-00

LSP received R2. 00-00

Purge LSP received R2.08-00
Periodic LSP refresh R1.00-00
Periodic LSP refresh R1.00-00

LSP received R2. 00-00

Adjacency R3 came up on Ethernet2
LSP received R2.08-00

Purge LSP received R2.08-00
Periodic LSP refresh R1.00-00
Periodic LSP refresh R1.00-00
Periodic LSP refresh R1.00-00
Periodic LSP refresh R1.00-00

LSP received R2.08-00

LSP received R2. 00-00

Adjacency R3 came up on Ethernet2
Adjacency R2 came up on Ethernetil
Adjacency R2 went down on Ethernetl
LSP received R2. 00-00

¥ ‘
) 9

« LSPDE& K717
RS 312000 T,
900F» HEICLSP
JILya193
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IS-IS Transient Blackhole Avoidance(Overload bit) RFC3277

R1 (config-router—isis)#set-overload-bit ?

<cr>
R1 (config-router—isis)#tset-overload-bit

on-startup Overload at startup for <time> seconds or wait for BGP convergence

R2#tshow isis database
[S-IS Instance: JANOG44 VRF: default
IS-IS Level 1 Link State Database
LSPID Seqg Num  Cksum
R2.00-00 70 2472
R2.08-00 57 63886
R3. 00-00 66 34083
IS-IS Level 2 Link State Database
LSPID Seqg Num  Cksum
R1.00-00 85 58294
R2.00-00 93 46886
R2.08-00 56 64397
R3. 00-00 96 38969

Public. Copyright © Arista 2018. All rights reserved.

Life
856
998
122

Life
1161
191
889
568

IS Flags
L2 &
L2 &
L2 &

IS Flags

L2 <DBOver [oad>
L2 &

L2 &

L2 &

-

* over
T e

[CfED

©9

OL- blt

EN

.

®

oadt™ I‘féﬁ"ﬁ"—- L.
H k3

(OSPF()max—metric

[F1#5%)
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AT=WTVT vs ATV e

/Wo \ T4 vh I O—hSEANGELTEES . MEH
G To Peer

e / Arista \
To DSL

To Internet Scale Out Scale Out Scale Out

Peering
Edge

Internet

Edge —— Spine 1 Spine 2 Spine n
ToNFV [ ~doe
¢ ompute
Edge To DC
———
To MAN
<

To Capital
Leaf 1 Leaf 2 Leaf 3 Leaf 4 JREEEEEEEE Leaf
[ B J [ B J [ B J [ B J

To Capital l [ l l l l l l
« —>

NFV  FTTx Peer Intercap Intercad egacy To RAN DC
*DWDM

RRRAT—ILD—=2DATIL—FIZEK YA ~DIREFEEAEHIIR E]EY A FMREBEESN - Spine/LeadZEEMYT S
AVFFUADABIZAT /Ty OL—EES—EXARHTEOERE H—ERLETVITIL—FOBRRIC - /— FEEM
BERREMDI Y U)L—2 [LCAPEXE a7 R— b FIEMSE 5 Rar—I)LT7 7 MICAPEXZHIHE L. Ty &KL, FiRFRERM

20 Confidential. Copyright © Arista 2016. All rights AR I STA




KIFETF—AE A=) —T1 VD TOBGPD{E FE

64512 64513 64514 64515 64516 64517

o« A=IL7IbTBClosTHAY
- BEUEEENLZBGPFONIIEToR/Leaf A/ yF ({5 FH
. BEMICTA—HAL. VMEEUTAIZSYDRICE 8D
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CORYMI=DTHAVIEHTE5FRIIBBCPOZE 4

AS_ PATH Multipath Relax AS64501

Allow AS In @

- BEEREUASESEFERATSADHAE

AS64503 AS64501

= =

AS64503

~ ~
E ¢ Sy
R -

E G
.
SN

° - 198. 51. 100. 0/24 198. 51.100. 0/24
Fast eBGP Fall-over N< T8 5T, 700,072 e 158,51 100.07
= " o —_ g AS64501 via R2 =_— AS64501 via R2
- BEIAVN-VIVAERREICT D AS64503 via R3 v
AS64500 AS64500

Remove Private AS

- 2]\ DT 54 R— FASEE (64512-65534)Z(3 T3, 4\ bDT A R— ASEFH
(4200000000 — 4294967294) £ TvIThRE

- RFC6996 Autonomous System (AS) Reservation for Private Use
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https://tools.ietf.org/html/rfc6996

IP ECMP®O¥| =

65000 65001 65002 65003

64512

65001, 64517*

65002, 64517*

10.10. 1.0/24 65000, 64517x
65003, 64517*

64517 10.10.1.0/24

- ECMPT£TMLeaf-Spine)yh&EFEHT3
« FNENDTO—-(FECMPIN\YY1ICTNTIVAETNS (BRICEEINTID)
o J=T1VTNAIBGPNNABHICEN A #RIL SN D
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BGPOF) =

[ AS Prepend

65001 65002 65003

or
GSOUT Community

10.10. 1.0/24 65000, 64517x 10.10. 1. 0/24 65000, 65000, 64517
] 65001, 64517* 65001, 64517
65002, 64517* 65002, 64517
65003, 64517* 65003, 64517

64512 64517 10.10.1.0/24
« ASNAZEMTSELIEBGPIL—A7) Y%y MDY 32 =574 (GSHUT
(0OxFFFF0000) community )z{E> TR EICAYTFH VAR EE
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https://tools.ietf.org/html/draft-ietf-grow-bgp-gshut

R Ry FI=D MROY—
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VD AT—F7ARIIVDFERRE

o BEYVDAT—FTORIDT=AEIA-0LIBEFER L MROY-TEONGBLOH ?
o DUDAT—MIORIUE MROY -5t HEZREICE R TS
« TREVA—-MRAOY-TI>HLP ST TSPFETENERINSEICED
© COMEREIRIOERDATMDFY FI—DTH LGRULNTZ
- 1S-IS Mesh Groups https://tools.ietf.org/html/rfc2973

ﬁ Traditional Flooding over ﬁ ‘Optimized” Flooding over a

full graph~ O(n?) minimum vertex cover ~ O(n)
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BGPDERE

65000 65001 65002

EEEEEEEEEEESE EEEEEEEEEEEN

------

------------------

-----------------------------

64512 64513 64514 64515 64516 64517

- BEIEIG/ - FERODADZIALHEL

« UUDAT— MEEDED,

- REKIINFFYABIER)® 57490 I VI 27U (SR/RSVP-TE)DEFMEHmMT A Dbl
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SEROTALVI-IN—T1OTFREL

( LSVR Link State Vector Routing h
BGPtDijkstrabD#EH A HE
https://datatracker.ietf.org/wa/lsvr/about/
s N
[ D C RO UTI N G RIFT Routing in Fat Trees
CLOSYFAT TREERMH LLIL—T4>F70ORIIL

https://datatracker.ietf.org/wg/rift/about/

Link State Routing

OSPF/ISISEEREFEDIL—T40F 70 R DL R
https://datatracker.ietf.org/wg/lsr/about/

BEED)SARDA—70 F)VICDijkstra7)LIUX L&A EHELSVR
F=RtYh—ROJ—-RICEHLWIL—T40 7O IV EEIRIFT
OSPF/ISISOY:3EELTDCH LUk 4T3 bROY—DHRER ZHROLSR
FNEFNHWGELTIEEEBLIVERELENHTLK
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ISISHL AR

* Dynamic Flooding on Dense Graphs
- https://tools.ietf.org/html/draft-ietf-Isr-dynamic-flooding

* Level 1 Area Abstraction for IS-IS

— https://tools.ietf.org/html/draft—li-Isr—isis—area—abstraction
* Hierarchical IS-IS

— https://tools.ietf.org/html/draft—li-Isr—isis—hierarchical—isis

o D9T1VTDREL LU AreatiR 1L/ FEEE(LI-LS)ISISEITAIE ., T3 VA—-13
EDAT—=5EUT1DHA Y —EATONASF=AT=IV7 I b HAIICEZDENH KD
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Dynamic Flooding &l&

1 59TV MROY—EERT B AOTUPU— SR ENS

- BEOUVDAT—IF—AR-2A0—EELTELEEIND

- IIVTAVTMROY—-DH TIFVTAoTEND

- 79TV MRAY =LA TIEEE DT —3X—AE#(OSPF Database Exchange/ISIS CSNP)
2. I99FAVT MR- DFEL MROY— DR B BB RE U THERIT B KS
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VIab—avEER
o %*E énr—ﬁ‘— Dynamic Flooding Improvement for Leaf-Spine Topologies
Dynamic Flooding®
REILCRKENDTFM1Y
DogEm R oni

- leaf$i\ospine#hitE
T BHEREIFI5%D
Bl E T 3¢

Percentage Improvement

30 16

20

10

10 20 40 80 100 150 200 400 1000 2000

Leaves
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Area Abstraction(I)7 D% 1t)
draft-li-Isr-isis-area-abstraction

- LevellZ#®iBT 2 5ICIELevel2THRLELRHD
o A= DAEICT-AtUA—BKELevel1ET S
- IY7P—HI(ZArea Pseudonode LSP%L2 MROY—(CEH T

ARISTA
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https://tools.ietf.org/html/draft-li-lsr-isis-area-abstraction

1ISIS PDU/Hello

ISIS HELLO
...... 11 = Circuit type: Level 1 and 2 (0x3) tzx::; gz:z 8?;
0000 00.. = Reserved: 0x00 Level1-L2  0x3

- PDU/LSPICIZCircuit Typeh'TESHHN TLVD
- EDeEYMIFTHSN TS

o CNEFEIELANILBETHLRLE KD
— Hierarchical IS-IS
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Example of Scale Out Network Design

Multi-Level Abstraction

Area AA.BB/16

3-Stage (di = 3) Clos with Radix 256 and 1:1
Leaf:Spine Subscription

Area AA.AA/16
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Area Hierarchy: IS-IS Multiple Levels 3-8
TUPBEE%5—20 node”ELTCHIZRILTS  draft-li-Isr-isis-hierarchical-isis
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— Dynamic Flooding on Dense Graphs
- Level 1 Area Abstraction for IS-IS

— Hierarchical IS-IS
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