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Agenda

1 Network Expansion Experiences
JASMIN rapid expansion history

2 Two layer L3 CLOS to Five layer

What to do when a 2 layer CLOS cant expand.

3 Generalising to a Data Centre Network

Solving the interoperation bandwidth problem

4 Flexibility

In toplogy, requirements, operating systems, routing protocols.
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JASMIN 2011 .. 2014
4.5PB Panasas + 240 Cores

/21

/21

Flat Overlaid L2
160->240 Poris @ 10Gb

RAL Jasmin/CEMS Gnodal Physical

RAL Jasmin/CEMS Gnodal Physical

Tolopology Topology Installed July 2012
Switch01.Jasmin Switch05.Jasmin
Switch01.Jasmin Switch02 Jasmin Rack 02 Int ath nteth Rack 13
172.16.151.37/21 172.16.151.38/21
Rack 05 EEEE EEEA
Rack 02 Int e 1/37,1/41,1/45, 149 Int & 2/37,2/41,2/45, 2/49 B
Switch02.Jasmin
5 [oe e B Int eth Int eth
(o) =55 i ssias
Inte 1/1,1/5,1/9,1/13 4x40G Fabric Connections Inte 2/1,2/5,2/9,2113
4x40G Fabric 4x40G Fabric
Connecfions Connections
int eth Int eth
[
Int e 4/1,4/5,4/9,4113 4x40G Fabric Connections
Int & 3/1,3/5,3/9,3/13 bt Switcho3.Jasmin et
Switch04.Jasmin - ] 0105 Rack 08 tnan
172.16.1 5-1 4021 Int e 4/37 4741, 4/45, 4/49 Inte 3/37,3/41,3/45, 3/49 Switch03.Jasmin Twnw-T|
Rack 11 172.16.151.39/21 Switchos.J .
Rack 08 SwitchD4 Jasmin witch06.Jasmin
Rack 11 Rack 14

106G Interface to corp

Scie network. Int & 4/25
Technology
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1,104 x 10GbE Ports CLOS L3 ECMP OSPF

S1036 =32 x 40GbE JC2-SP1 JC2-SP1 JC2-SP1 JC2-SP1 JC2-SP1

16 x MSX1024B-1BFS
48x10GBE + 12 40 GbE 48 * 16 = 768 10GbE Non-blocking

™. 16 x 12 x 40GbE = 192 40GbE ports

« 768 Ports max. (no expansion) ... so 12 spines

« Max 36 leaf switches :1,728 Ports @ 10GbE

* Non-Blocking. Zero Contention (48x10Gb = 12x 40Gb uplinks)

« Low Latency (250nS L3 / per switch/router). 7-10uS MPI
sdenceand o Gheap(ish) < £400k(inc Cables) vs > £1.5M chassis spine

Facilities Council
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30 of 36 Leaf Ports in use per Spine.

Only

6x 40G per spine for uplinks

<

ECMP Core

JASMIN4: 22-25 Racks, = 18 Leaf Switches

Spine Spine Spine Spine Spine Spine Spine Spine Spine Spine Spine
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A Data Centre Network

Benes Butterfly DC Network

Back to Back Benes Architecture

Servers
opopoDooooon
aamn DD D Lea

What do Google and

u_n l:l_.ll AHRR e Facebook do ?

Super
aponooooe )’
w \ | Spine
QODDOOR@ s
DDDDDODDD Leat

Servers

Sci d . . . . . .
T:;'ﬁo:'; . Facebook has published this article about its three tier architecture:
Facliities Councll https://code.facebook.com/posts/360346274145943/introducing-data-center-

Scientific Computing fabric-the-next-generation-facebook-data-center-network/




A “Data Centre” Network
for JASMIN and then ....

Benes Butterfly 5-Stage 3-Tier Network Fabric

2 Tiers of Switches, Max & Links in any Path, Progressive Build Out

16 ‘T3’ routers in JASMIN
implementation in 4 groups of 4

JASMIN has a mix of 2,8,12 ‘T2’ pods

 But....
Tier1, STFC Cloud , Facilities, DAFNI networks
5 e A e SN look similar to JASMIN Pods, or can be made
gﬁ sty to look similar.
Facllities Counc « Tier1, STFC Cloud, etc use 2x or 4x ‘T2’
Scientific Computing




Trapped Bandwidth

, : Tier1
Intergpera.non was prey|ously only 200 GByte/s storage
possible via the RAL site core 200 GByte/s Compute
network.
Facilities
Tape servers
STFCCloud — = A& [~ 7T 12 GByters
20 GByte/s
Compute l,

DAFNI

e 40 GBytels

JASMIN Compute
600 GByte/s storage

200-300 GB/s Compute -

SCARF
200-400 GByte/s —

. ; Compute
Faciities Souncil » >1000 Gbytes/sec trapped behind 25 Gbytes/sec site core links

40G (upgrading to 100G 2021)

10G (upgrading to 100G 2021)

Scientific Computing « Can’t use the RAL site core network to interoperate even at 100Gb.....



Site Core Default Routes Remain

Two Switch Edge Pod

-

810062 5W)
SNZ200. 16 X 1006
Blsw

« Data Centre network is effectively a high bandwidth bypass of the site core
» But Pods cant utilise the single 0.0.0.0/0 default route for now.
» Default route in the superspine is configured to be excluded (or lowest priority)

?:ii’l&%l’}d « Shared “Exit” Pod to site front door later in 2021

Facilities Council
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RAL Data Centre Network overview <>

SOF & HPOS Storage, LOTUS

14, J6), MCP Cloud,
GPU Compute LOTUS (12) ( v|)o7 Cloud

Leaf [ | 14 1 | [ | | ]| " I |
Jaxmin “Orchid’ Fod Jasmin2b Pod o T S Tier{ ‘atapter’ NE—
\. | (Jasmin2 upgrade]l/ \ | f:l.s.m.er o . CTA Pod
Spine J . L . .l. L] — L.
SuperSpine

Pod / Jasmin7 Pod

Spine | = .

: - Jésf’hin? Pod
/T'?T:.L._P‘_.’i N\ /  (deprecated)

Facilities Legacy

Leaf [ ||| I[[][]] |
Storage, Compute Parallel & Home/Scratch, & _/ Parallel & SOF Storage, inc ET & StorageD
Block Storage, E=== OH17 LOTUS (J7)
VIO Cloud, LOTUS (J2,3,3.5) E= L ere

« Each Project/Pod has its own default route
via RAL site core (not shown)

« Exit Pod optional shared default route
in 2021

(CLF, ISIS,
Diamond etc)



What it Looks like....

SuperSpine Switch Port/Bandwidth Allocation

Ports 1-4 : JASMIN4 6.4Tb
Ports 5-7 : JASMIN2 oGb) 1.92Tb
Ports 11 :Tier1 L2 ‘Adapter’ 1.6Tb
Ports 12-15: JASMIN7 6.4Tb
Ports 16-19: JASMIN2B 6.4Tb
Ports 21: Facilities ‘CTA’ 0.8+Tb
S Ports 8: Facilities ‘Adapter’ 0.4+Tb

1] Port 23: JASMIN Orchid 0.8+Tb
& | Port 24: STFC Cloud (R89) 1.6Tb
£ ] Port 25: STFC Cloud (R26) 1.6Tb
=l Port 9: DAFNI 0.4+Tb
B8 Port 27: Exit Pod
Port 26: SCARF

11111
b

64x100Gb Patch Panel to R26
Rack layout for future 200/400Gb Upgrade

Superspine/T3 Rack JASMIN 4&7 Spine Rack
Science and ; P
Techneloty e 8 Spine Pods All AOC Cabling (except to R26 — 2km 100G optics)

Scientific Computing



Pod Comparison & Routing Protocols

Routing Pod Superspine
Protocols Spines | Connections

Superspine
JASMIN

Tier1 adapter
Tierd
STFC Cloud

Facilities CTA
‘Exit’ Pod
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eBGP, iBGP Cumulus (16x 32 Ports)
eBGP, iBGP, Cumulus, 12,82 36x40G Cumulus Spines, Onyx Leafs
OSPF Onyx 64x100G OSPF Leaf to Spine

8x100G BGP Spine to Superspine
eBGP Cumulus 2 16x100G L2 Leaf to Spine, eBGP to SSpine
iBGP Cumulus 4 16x100G BGP all OSPF to site core
IBGP , eVPN Cumulus 2 16x100G BGP all, OSPF to site core
(OSPF)
iBGP (OSPF) Cumulus 2 8x100G BGP all, OSPF site core
eBGP, eVPN,  Cumulus, 2 8x 100G FTOS to the border routers
static Sl (IR BGP all. eVPN to client Pods.

Wide Mix of topologies, protocols, NOS, compute and storage

Tuneable Pod to superspine bandwidth

Mellanox SwitchX, Spectrum1, Spectrum2, Dell Force10 (~250 IP Fabric Switch/Routers Total)
Config mgmt.: Mix of Ansible, NEO and manual/vendor

Monitoring: LibreNMS, Icinga2, NetQ



E]a 130.246.0.0 (Rutherford Appleton Laboratory) ; u b n et & I P
=24 130.246.0.0 (RAL Supernet)

4 130.246.76.0 /22 (E-Science Office Network)

t 130.246.128.0 /26 (Subnet for DL to/from JASMIN/CEDA)
4 130.246.128.64 /26 (Unused Subnet for JASMIN) a n a e m e n ea a c e
l 130.246.128.128 /26 (Unused subnet for JASMIN)

4 130.246.128.192 /26 (Subnet for JASMIN DMZ Hosts / Firewall Bypass)
& 130.246.129.0 /24 (vJASMIN Managed Clound NET129)
& 130.246.136.0 /21 (E-Science 140 Network)
=4 172.16.0.0 (R89 Machine Room)
& 172.16.136.0 /21 (Priv140)
&£ 172.16.144.0 /21 (Priv144)
4 172.16.152.0 /21 (Priv152)

& 172.26.4.0 /24 (vCD overlay/PanFS Networks Rack16) ~1 ’OOO Unde.rlay ROUteS (+ >1 5000 p2p ||nkS)
% 1726.6.0/24 GO overien/bank' Network Racks (SW1S) = 6,500+ IPs (in JASMIN alone)
% 172:26.8.0 28 (vCD Raf NERE veE Racka LEWE) = ~>300L2 VLAN IDs

& 172.26.8.64 /26 (vCD Ref NERC vSE Rack19 LSW15)

& 172.26.8.128 /26 (vCD Ref NERC NAT Rack16 LSW13)

& 172.26.8.192 /26 (vCD Ref NERC NAT Rack19 LSW15)

£ 172.26.9.0 /26 (vCD Ref NET129 Rack16 LSW13) H H

4 172.26.9.64 /26 (vCD Ref NET129 Rack19 LSW15) . Managlng SUbnetS and IPS IS a headaChe We

& 172.26.9.128 /26 (vCD Ref NET130 Rack16 LSW13) y

.‘ 172.26.9.192 /26 (vCD Ref NET130 Rack19 LSW15) ”y h | d
& 172.26.64.0 /26 (LOTUS / Underlay Network) rea aven t SO Ve -
& 172.26.64.64 /26 (Underlay / LOTUS Network)

@ 172.26.64.128 /26 (Underley / LOTUS Network) = [Pplan but only beta support IPv6 and no

& 172.26.64.192 /26 (Underlay / LOTUS Network)

& 172.26.65.0 /26 (Underlay / LOTUS Network) Ionger mai ntai ned

& 172.26.65.64 /26 (Underlay / LOTUS Network)

& 172.26.65.128 /26 (LOTUS / Underlay Network Rack16 LSW13.jasmin2) p //p g /
£ 172.26.65.192 /26 (LOTUS / Underlay Network Rack16 LSW14.jasmin2) htt " I traCk' Sourcefor e' net
4 172.26.66.0 /26 (LOTUS / Underlay Network Rack19 LSW15.jasmin2)

4 172.26.66.64 /26 (LOTUS / Underlay Network Rack19 LSW16.jasmin2) . Migrating to NetBOX (Since 201 8 !)

.‘ 172.26.66.128 /26 (Golden Devel NAT Test network Rack 19 LSW16)

£ 172.26.66.192 /26 (Golden Devel NAT Test network Rack 16 LSW13) httDS,'//netbOX, readthedOCS, 10
& 172.26.67.0 /26 (Golden Devel Direct Test network Rack19 LSW16) .
& 172.26.67.64 /26 (vCD Ref Underlay network Rack16 LSW13) d/ RAL I PAM
4 172.26.67.128 /26 (vCD Ref Underlay network Rack19 LSW15) an Or Slte "
& 172.26.67.192 /26 (Unallocated)

4 172.26.68.0 /26 (vCD Ref Golden Devel NAT Test network Rack16 LSW13)

Scie & 172.26.68.64 /26 (vCD Ref Golden Devel NAT Test network Rack19 LSW15)
Tecl £ 172.26.68.128 /26 (vCD Ref Golden Devel Direct Test network Rack16 LSW13)
Faci 4 172.26.68.192 /26 (vCD Ref Golden Devel Direct Test network Rack19 LSW15)

£ 172.26.69.0 /26 (Unallocated)
. e £ 172.26.172.0 /24 (NetApp NFS Network)
SCIentIﬁC Com 4172.26.192.0 /20 (JASMIN2 Compute Mgmt 1Gb NICs and Associated Switch Mgmt)



Summary

» RAL Data Centre Network :

= Supports high bandwidth (multi Terabit/s), low latency, interoperability of
STFC’s hosted infrastructures, such as Tier1, JASMIN, STFC Cloud,
SCAREF, IRIS, DAFNI

= Allows a wide range of infrastructure CLOS and L2 legacy network
topologies, to inter communicate at tunable bandwidths.

» Supports a mix of Cumulus, Onyx (and FTOS) NOS using a mix of routing
protocols.

= [t's currently a high bandwidth bypass of the RAL site core network
= Care how the default route is treated.

= A shared ‘Exit’ Pod is planned for 2021 to bypass the RAL site core for
science data traffic.
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Jasmin External
Cloud

Exit Pod “Front

RAL Site i
Exit Pod Border ) Door” Routers

Border Routers Routers

(MLAG Pair)

SuperSpine
irewalled Exit

Other JASMIN and
SCD Pods

Exit Pod Leafs
(MLAG Pairs)

‘Exit/DTZ Pod
Spine

EZ

Scie

— A

SuperSpine



