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Outline

Overview of JASMIN

JASMIN4 Requirements

File/Object Storage PoC.

Implementing a Data Centre Network

Network congestion in a “non-blocking” network
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Environmental Data Analysis

Biases in ad-hoc data
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Science & Environment

Sentinel satellites to monitor every
volcano

UK Biodiversity

Indicators 2017

m COMET-CPOM UolLeeds
e @Eenee— Pad B g m Near real time monitoring of all
I active earthquake and volcanos.
m Centre for Environment and m Relies on full ESA Sentinel data,
Hydrology Managed and unmanaged
Trends for 1000’s of species tenancies, LOTUS batch

Analysis unprecedented in
complexity and scope within

the UK. é 2 Science & Technolo
W@ Facilities Council &Y
Jonathan.Churchill@stfc.ac.uk STFC RAL



JASMIN

Growing Need - High Resolution Climate Programme!
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N1o24
of (from 2013)
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Just one example, of the many axes of growing scientific demand in

simulations and observation:

» From 7K to 3.1M points (0.05 MB to
25MB) for a single timestep of a single
level of a global field.
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P> Multi-year data management campaigns
support the data analysis (which needs to
include similarly high-resolution
observations).

— Mational Centre for
Atmospheric Science

The UK JASMIN Environmental Commeons: Now and into the Future
Bryan Lawrence - RAL, 2Tth June 2017
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The Organised Data Deluge

WCRP.@

World Climate Research Programme

Clouds /-
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Chemistry/

Scenarins

Decadsl
prediction

Garben Regional dimate
eyde e ..MT 2
enginesring
CMIP6 data volumes and data rates not yet
known, but the European contribution to
HiresMIP alone is expected to exceed 2 PB.
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Sentinel 2A (2015) 2B (20177)
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soil moisture

Data rate: o(6) PB/year
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- Mational Centre for
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The UK JASMIN Environmental Commons: Now and into the Future
Bryan Lawrence - RAL, 2Tth June 2017
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Blending PB’s of data,
1000's of Cloud VM's,
Batch Computing & WAN Data transfer

Infrastructure

Cloud

Platform
Compute

aindwon)

ebeicyg ¥s10

Jonathan.Churchill@stfc.ac.uk STEC RAL
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24.5 PB Panasas
~ 250GByte/s

44 PB QuoByte SDS
~ 220GBytes/s

5PB Caringo Object Store
80PB Tape
Batch HPC 6-10k cores

Optical Private WAN +
Science DMZ

“Managed” VMware Cloud
OpenStack Cloud
Pure FlashBlade scratch

Non-blocking ethernet
> 12Thii/sec

Science & Technology
@ Facilities Council
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JASMIN4 Compute

JASMIN Compute JASMIN Compute RAM
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« JASMIN4 Compute

— Targeted for Cluster as a Service (SPARK, SLURM etc) and K8S clusier
Plus Additional LOTUS batch capacity interchangeablys

— 220 nodes 2x 25Gb NICs

— Non-blocking network«#e*34 spine & Science & Technology
@ Facilities Council

Jonathan.Churchill@stfc.ac.uk STFC RAL



Software Defined Storage PoC

SDS PoC Throughput VIB /s SDS PoC S3 Object Throughput MB/s
3 Server Cluster
10 server cluster
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Can we find file and object SDS comparable with PFS?
40Gb NIC / Chassis. No network bottlenecks.

File 60MByte/sec/HDD

S3 Object 60-70MByte/sec/HDD

27 HDD’s / chassis = >>15Gbps
— But 20-30Gbps with#réConstruction/scrubs & Science & Technology

@ Facilities Council
Cliente allF-10G bJonathan. Churchill@stfc.ac.uk STFC RAL



JASMIN4 Disc Storage

JASMIN Disc Storage

60

50

M Caringo(S3/NFS)

40 -
B QuoByte(SoF/S3/NFS)

30 ® PURE(NVMe/NFS)

M NetApp(Block/NFS)

Useable PB's

20 B Equallogic(Block)

Si BB EENE

2012 2013 2014 2015 2016 2017 2018 2019

B Panasas (Parallel File)

No boundaries on data growth (or network topology)
S3 interface to file and object system. RW Both sides.
Performance similar to Panasas PFS
Online upgrades. Redundant networking.
No client “call back” port.
Science & Technology

* Previous root /aetwork and UMC restrictions < -cilitics Council
Jonathan.Churchill@stfc.ac.uk STFC RAL



Parallel File System Distributed File System
i BlgData] Ve |SSSEEPY ShO
gedlibal ltbad b Services | 0S| Linux HPC Video, CGI, EDA
A A A A A A A
Poa :
¥ W ¥ v ¥ ¥ ¥ v V

Storage for containers Scale-out NAS

¥ % ¥ ¥
VFS/POSIX SMB ative Kubernetes, Mesos, Docker Enterprise applications
n * n s ’ s
v v ¥ + v _ _
Hadoop File System Archival storage
@ Quobyte Software Storage Big Data HPC, backup, e-Science
_ _ _ _ Block storage for VMs Object storage
OpenStack, Service provider-grade 53
hyperconverged storage

42PB raw, 30PB usable (EC 8+3)

Hardware split 50:50 Dell / Supermicro

47x R730xd’s + MD3060 arrays (1 / server pair)
— 32 10TB drives/ server
— Dual 40Gb NICs

40x Supermicro 4U “Top loader” servers

— 44 x 12TB drives
— Dual 50Gb NICs

Target > 50MB/sec/HDD. Ideally 70MB/sec/HDD

Science & Technology
@ Facilities Council
Jonathan.Churchill@stfc.ac.uk STFC RAL



Storage and Compute Tenancies
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Bomain

caringoadmin «
Tenant

Contents 8

USAGE -
Storage 363 MB / 2 TB (logical) Bandwidth 6 KB past month
00 ME =
250m8 Top s00mm Top
Create New Volume Buckets Buckets
Doy ¢ o oytes
Volume name MyVolume
Volume configuration 8+3-dell SEARCH a
Tenant datacentre (ab8788ff- 1bb8-4880-82de-3312b8664aba) Name « Type = Owner = Storage * Bandwidth =
Volume raot directary - =
[0 Images collection/system
Owmer user name root
& neilsbucket bucket caringoadmin 359 MB
Owner group name root
e & neilsbucket2 bucket caringoadmin 97 bytes
POSIX permission mask 0777 {octal format 14
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. Cancal
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« QuoByte File/S3 and Caringo S3/File User tenancies
Self provisioned, quota’ed storage.

« JASMIN OpenStack Cloud portal uses the same tenancies.
« 3 levels of root access and internet service exposure

JASMIN Cloud Portal sgn v JASMIN Cloud Portal by Tensncies = 1ed i & cdeicanc (590 oul
; ) jasmin-dev-U
Welcome to the JASMIN Cloud Portal
Here, you can manage your tenancies in the JASMIN Cloud.
& My JASMIN Cloud tenancies
vame e G tums  Pomertwe Tk Wmema®  Dumas Cromss
e centos-6-test centos-6-20180718 j1smEl ACTIVE  Running - 182160378 192171139964 6 monins a0 Atons. v
cosres cmsranaie iy ACVE  Runeg wetman e Gmemss | Ao -
G BELLSIS s ACTVE Runng Wmmas i Smemsap | Mo -

. Y. Giscwiut o T et P — Science &Technology
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JASMIN “Fabric” Networking
ECMP Core

1
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Any-any Low Latency: .
y-any y >12Terabits/sec

< 7uS MPI ping-pong
(< 3uS with RoCEv3)

Non-blocking 1:1

>1.500 x
10GbE edge ports
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A Data Centre Network

Benes Butterfly 5-Stage 3-Tier Network Fabric

3 Tiers of Switches, Max & Links inany Path, Progressive Build Out

T1 Tl T1_T1 TITIATI] T1 Tl T1 ITITIETIITIITIETI LT1 TI Ti T1 1! T1 Im T1
w. "E‘h,fg’,f"’#' ; .

Facebook article for its three tier architecture:
https://code.facebook.com/posts/360 43/introducing-data-center- Science & Technology
fabric-the-next-generation-f -data-center-network/ @ Facilities Council




Connecting JASMIN2 to JASMIN4

« Superspine: 16 Spines (32x 100Gb)
» 4 Cluster/groups of 4 routers

4x 32x100Gb

e

JASMINZ2
Network

L 4
— 12 Spines (36x 40Gb)
* 4x 40Gb to Super-Spine
— 30 Leafs ( 48x10Gb+12x40Gb)
» 12x 40Gb uplinks. 1 per spine

— Storage/Compute
« 2x 10Gb to local leaf

« JASMIN4 Network:
— 8 Spines (32x 100GDb)
* 4x 100Gb to Super-Spine

— 17 Leaf pairs ( 2 of 16x 100Gb)
« 8x 100Gb uplinks. 1 per spine

— Storage/Compute
« 1x 25/40/50Gb to ‘A’ and ‘B’ leaf



Congestion in a “non-blocking” network

Storage can overwhelm s, 8+3 EC = 88 servers

| N

Non-blocking fabric

40Gb 40Gb

88 S 8 BUt 180x25Gb ~(@Tbits/s )

70MB/s > 250GBytes/sec & Science & Technology
~290GBE SO B IR TIBHEs,, T e cond




Notification 3

Controlling Packet Loss

Sender NIC Switch Receiver NIC
| Map switch priority 4 and rewrite L2 PCP 4 Reaction Point Congestion Point Notification Point
on the egress (port 1/2) (RP) (cP) (NP)

Switch detects onset of congestion

Switch marks packets’ CE (Congestion Experienced) bit
Receiver sees CE bit on packets and notifies sender
Sender slows transmission rate until congestion risk is gone

il

| Mark Traffic with L2 Priority 4, DSCP priority 32 I

DSCP + PFC ECN

Distributed Services Code Point +Priority Flow Control Explicit Congestion Notification

e DSCP/PFC Recommended for lossless networks eg RCoE/FCoE
— But no RDMA / RCoE to prioritise for PFC
— Complex to configure

e ECN proposed over a decade ago. Simpler to configure. Slow uptake.
— Concerns expressed for high speed networks re:
— Hol blocking, ECN propagation times/reaction times, buffer sizes

e ECN chosen

— Simpler to configure, applies to all traffic

. . Science & Technolo
e 220GB/s sustained.-Virtually no packet loss W Facilities Council &

Images: http.//www.mellanox.com/blog/2016/07/resilient-roce-relaxes-rdma-requirements/



Summary (HPC can catch up!)

« AWS / Azure say they cant do JASMIN (yet)
- le The 10O, networking performance and Opex costs

« “HPC Can’t do my own Lustre/GPFS”
- QuoBYyte (File) and Caringo (S3) tenancies

« “HPC cant deploy a SPARK cluster on demand”
- JASMIN Cloud tenants will be able to this year

 “HPC Doesn’t have SDN”
- JASMIN OpenStack Cloud has this now.

« “HPC Cant make jobs or services on the internet”
- JASMIN UMCloud tenants can do this now.

« “HPC cant give root to the users”
- JASMIN Cloud as 3 levels of root-access today”

Science & Technology
@ Facilities Council
Jonathan.Churchill@stfc.ac.uk STFC RAL



Thank you !
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