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Environmental Data Analysis

Biases in ad-hoc data
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m COMET-CPOM UoLeeds

m Near real time monitoring of all
active earthquake and volcanos.

Centre for Environment and m Relies on full ESA Sentinel data,

Managed and unmanaged

Trends for 1000’s of species tenancies, LOTUS batch
Analysis unprecedented in
complexity and scope within

the UK.
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JASMIN: the missing piece

Growing Need - High Resolution Climate Programme!
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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 »  Multi-year data management campaigns
25MB) for a single timestep of a single support the data analysis (which needs to
level of a global field. include similarly high-resolution

observations)
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CMIP6 data volumes and data rat-es r!m yet Sentinel 3A (2016) 3B (20187)
known, but the European contribution to

HiresMIP alone is expected to exceed 2 PB. Data rate: o(6) PB/year
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Outline

Overview of JASMIN

Why Object Stores

File/Object Storage PoC.

Quobyte @ JASMIN

Caringo @ JASMIN

Implementing a Data Centre Network
Summary
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Why Object Stores ?
- UID / GID Numbers

JASMIN User Registrations
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o Excludes 11,000+ CEDA Download users
o Cloud admin useradd’s clashing"UID/GIDs

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



Why Object Stores ?
- Data Volume & # Projects

( J.T.Overpeck et al: Climate Data Challenges in the 21st Century. Science Feb 2011 )
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o Matching rise in analysis project /
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Why Object Stores ?
- File formats

HSDS / HDF Cloud

{ Object Store

S3netCDF4

/ Object Store
Service

client
node

Service
node

Junys 4aH e sjuasaidal 199(qo yoeg

* Master array contains dimensions and metadata for thevariables
= Searchable metadata, without opening the file

* Master array could be onspinning disk or SSD with the subamrays on object storage
= Fastdata discovery
= Majority of data on low cost object storage

oy Aengns Jgeu g ¢ quasuda jxiqo yag

*  Work done at CEDA to host in VMs (Vagrant / Ansible / init.d)

+ Each cluster component is a Docker container

* Client connects using hSpyd Python library (HDF REST API)

National Centre for National Centre for
Atmospher Sconce Earth Otnervation

(o O s @uwacnny
Slides courtesy Neil Massey STFC RAL

o NetCDF / HDF5:
Object: Chunk access vs File:.serial ‘skipping’
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Object PoC Object Size Choice.
JASMIN File Size and Type

All files ‘Hot’ files

GWS Storage (5366 TB) File Sizes Number of Files (thousands): Hot
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o Choose 2GB File/Objects for the PoC
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Why High Performance Object Stores ?
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LOTUS Pending and Running Jobs last 2week
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Why High Performance Object Stores ?
JASMIN Data Rates

LOTUS Data Traffic(via Ganglia)
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o 1Pbyte/day analysis reads from ~250-300x.-10Gbnodes
o ...It's not all the same data or-project
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JASMIN PoC Objectives

Easily manage and scale a "large" single resilient pool (10-50Pbytes)
using mixed vendor hardware.

— Comprehends multiple annual rounds of procurement purchasing.

— ldeally minimum increment 1 HDD.

— Must be Erasure coded (£££).

Accessible via S3/REST API's and NFS and/or custom file client.

— ldeally S3 and NFS/client can read/write the same objects/files.
Benchmark Objectives for S3/REST and NFS/custom interfaces
— How much of the native HDD performance can the s/w extract.

— Expectations :
<= 40MB/s/HDD So0So, 50MB/s/HDD Good, > 60MB/s/HDD Awesome.

Reduce total CAPEX cost per usable TByte cf current PFS by 2-3x.
— Without increasing human FTE support costs....
Investigate capabilities of inbuilt metadata/search engines

Investigate capabilities for multi-tenancy and object access
Science & Technology

eg multi-user/multi-admin and delegated admin
@ Facilities Council



PoC Setup

8x Dell R730XD/MD1400

— 30 drives / 4U (28x 8TB +/-SSD)

— 64GB RAM, 20 Core, E5-2630v4 2.2GHz
— Dual 40Gb Mellanox Connect-X3Pro NIC

2x HX645S-36i Supermicro

— 36 drives (34x 6TB )

— 128GB RAM, 12 Core, E5-2603v4 1.7GHz
— Dual 40Gb Mellanox Connect-X3Pro NIC

2x R730xd (2x 100Gbit port networking)
— “Connector” nodes if required.

~ 2Pbyte Raw Total over 10 nodes:

Science & Technology
@ Facilities Council



Software Defined Storage PoC

SDS PoC Throughput MB/s SDS PoC 53 Object Throughput MB/s
10 server cluster a0
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Can we find file and object SDS comparable with PFS’?
40Gb NIC / Chassis. No network bottlenecks.

File 50-60MByte/sec/HDD
S3 Object 60-70MByte/sec/HDD
27 HDD’s / chassis = >>15Gbps

— But 20-30Gbps with#réConstruction/scrubs

& Science & Technology
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Software Defined PoC -
Is 2GB big or small Object ?

Read Throughput vs # Clients
2GB Erasure coded Objects.
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o Mismatched understanding of a “small-file/object”
o 2GByte vs 10-100MBytes
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Single Client throughput (MB/s)

Software Defined PoC
- Impact of Object size

Erasure Coding
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JASMINA4 Disc Storage

JASMIN Disc Storage

60

50

ASMIN4 ® Caringo(S3/NFS)
] B QuoByte(SoF/S3/NFS)
® PURE(NVMe/NFS)
m NetApp(Block/NFS)
M Equallogic(Block)
- B Panasas (Parallel File)
SiEEENHN®RSE
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Useable PB's
w
o

N
o

No boundaries on data growth (or network topology)
S3 interface to file and object system. RW Both sides.
Performance comparable with 2014 Gen. Panasas PFS
Online upgrades. Redundant networking.
No client “call back” port.
Science & Technology
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: Parallel File System Distributed File System
’ . Web Desk.Eup Server
anslocDeiabese ) 76 TR0 E clvione | irecos | Linie HPC Video, CGl, EDA
" A a N Y
P 4 4 5
¥ ¥ v v v ¥

s s
i i i Storage for containers Scale-out NAS
HDFs ative Kubernetes, Mesos, Docker Enterprise applications
% 1 * 1 4 )

v 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)
— Largest world-wide capacity deployment

Capacity 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
Measured Read 220Gbytes/sec ( fio ) File access.

— Theoretical of ~270Gbyes/sec = 72MB/sec/drive

Science & Technology
@ Facilities Council
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Quobyte @ JASMIN

= = cen admin ¥ v
@ QUObyte DaShboa rd CLI+API Support Messages Evaluation period has ended
Data Device Usage 10 Utilization Data Device Performance Application |O Activity
VOLUMES
7 28k il
Top Activity
VOLUME y F SSRGS
CONFIGURATIONS I (
| 1
\ \ & host393jcrlac.uk
QUOTAS <. dell-jbod
- 0 System L root
o B/s b fio
MAINTENANCE Throughput 10PS
100 " busy time 30,0 e20 Wwnte msystem 10 User Volume Clier,
0 a0/ 0 ~ (cB) 930MB/s  root delljbod  host
895.11B/41.0PB i 2000 7.1kIOPS  root dell-jbod  host
MONITORING 40 1000 6.8kIOPS  root dell-jbod  host
0B/s 20 881MB/s  root dell-jbod  host
0.0 .
15:50 16:06 16:23 15:50 16:06 16:23 aluls - g TElredl s
6.7kIOPS  root dell-jbod host
CLIENTS
236 Metadata Device Usage Metadata Utilization Metadata Performance Application Metadata Activity
SERVICES 288 R/Otransactions
. 90 R/Wtransactions no relevant activity
Y 4 \\ b /5
DEVICES Y - Vo 2 Iterations
3895 | /o n—
\ 3 53  Transaction log
O A N y KB/
\» = ,,/ \\~ = /
AUDIT LOG -~ e 0  Checkpoint 10
Bfs |

o 232GB/s = >1.9 Terabit/sec network traffic.

& Science & Technology
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Caringo @ JASMIN

STFC Rutherford

Appleton Laboratory e .
4 Jasmin clients y 30x Client Access Servers:
HLD < ,,——— 376GB RAM
Ty gl 2xXean Geld 5118
“““ RHEL 7.x
Jasmin clients = ] Dual 256b Mellanox NICs

Swarm components = -
Networking = [0

C Iasmin 13 core network )
4x 1U Supermicro chassis, each with: —

Ix Xeon Gold 5120, 14x cores

4x 1U Supermicro chassis, each with:
2x Xeox Silver 4114, 10x cores

96GA RAM DDR4-2400 Ao e Lo
Pair of OS drives
2xx16 PCle 3.0 slots NVME - 1TB

5 Pair of 05 drives

2 single port 100Gh NICs 2x dual port 256b

1x 1U Supermicro chassis
8x cores

64GB RAM DDR4-2400
Pair of 05 drives

RAID 6 4x 4TB drives

2x x16 PCle 3.0 slots

2x dual port 25Gb NICs

Private L2 Swarm storage network (class C)

12x Supermicro Swarm chassls,
each with:

45x 12TB drives

2x 25Gb NIC ports

256GB RAM, 12GB RAM per
process DDR4-2400

24x cores, 20 processes, ~2disks
per core, 2x E5-2650v4

5:2 erasure encoding

Science & Technology
@ Facilities Council
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Caringo @ JASMIN

Read Write

8

200 250 300 350 0 50 100 150 200 250 300
Threads Equally spread over 20 clients Threads Equally spread over 20 clients

o Read 35Gbytes/sec = ~64MB/s per drive
o Write 12.3Gbytes/sec
o With more software optimisation ongoing.

Science & Technology
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Storage and Compute Tenancies

File Edit Yiew
¥,
e

€ ) @B nost2S7 jerlac.uleBI907_adminip

—
I3 Configurin >+¢l

Caringo$s | (3] ipmi-sda | (1. Probiemc | x| Hew Tab

omain/nimassey BlwboRls | O\ mdlaDo hesith light orange 2 76 O & w #» -0 =
B Most Visted @ & mm gac. o b 34 STFC ntemai News. (2] vSphere Web Client @ Getting Stated

G host298.jc.r.ac.uk
Doman

caningoadin -
Tenaot

Contents s

+Add & Upload

USAGE

Storage 363 MBE /2 TB (logical) Bandwidth

o0mE

6 KB past month

o8

25008 Top swome Top
Create New Volume Buckets Buckets
obytss. J

onyms
Volume name MyVolume
Volume configuration 8+3-dell E| SEARCH a
Tenant datacentre (3b8788fF-1bb8-4880-82de-3312b8664aba) Name Type ¢ Owner = storage = Bandwidth +
Volume root directory
(0 images collectionsystem =
Ovner user name
4 neilsbucket! bucket caringoadmin 350 M8 I
Owner group name
o & neilsbucket2 bucket caringoadmin - o7 bytes
POSIX permission mask octal format] 14
& s3anrmassey bucket caringoadmin amB I3
- - (0 Uploads Last 24 Hours collectionisystem ‘
ance
[ Uploads Last 30 Days collectionisystem
host257jeLac.ulB090/_adminportal

* QuoByte File/S3 and Caringo S3/File User tenancies
— Self provisioned, quota’ed storage.

* JASMIN OpenStack Cloud portal uses the same tenancies.

JASMIN Cloud Portal
JASMIN Cloud Portal sgn i

s edeican (sgn o

11§ jasmin-dev-U
Welcome to the JASMIN Cloud Portal
PRSP ey S
R
Here, you can manage your tenancies in the JASMIN Cloud. =]
& My JASMIN Cloud tenancies
nama age S tuus  Powerswe ek hamap e crestea
& Join a JASMIN Cloud tenancy centos-6-test tenos-6-20180716 fsmal  ACTIVE  Running 192166378 192171139164 6 moninsago Artions._+
cecsrmst  cemcs7a0tees iy ACTVE Fumng s w0t cmowmsags | Adew
Ok s LI [ianst ACTVE  Fumng (@035 21106 Gmombargo | Actom
i e : L iGOe LN sns  ACTVE Funnng (U036 21110200 Cobasge | Ao
ENVIRDNMENT Science & Technol
Facilities Council 4 machines
Copright & 2017 STFC A4 Aights Reserved  Ackessily | rvacy | Support Tarrs and Condos
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Blending PB’s of data,
1000's of Cloud VM's,
Batch Computing & WAN Data transfer

24.5 PB Panasas
Infrastructure : ~ 250G Byte/ S

Cloud
« 44 PB Quobyte SDS
~ 220GBytes/s

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

« Optical Private WAN +
Science DMZ

“Managed” VMware Cloud
_+  OpenStack Cloud
PURE FlashBlade scrateh/home

R Non-blocking ethernet
> 12Thit/sec

Science & Technology
@ Facilities Council
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JASMIN 2,3 “Fabric” Network

>1,500 x
ECMP Core 10GbE edge ports
11
1:1
N o S D I —1 Ak T % i o Dol VA
o 1:1 1:1 1:1 1:1
- “
Any-any Low Latency: .
< 7):18 |\3//|P| ping-pong >12Terab|’gs/sec Science & Technology
Non-blocking 1:1 @ Facilities Council
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A Data Centre Network

Benes Butterfly 5-5tage 3-Tier Network Fabric

2 Tiars of Switches, Max 8 Links in any Path, Progressive Build Out

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

JASMINZ2
Network

/

JASMIN4 Network:
— 8 Spines (32x 100Gb)
* 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

— 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



Congestion in a “non-blocking” network

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

Non-blocking fabric

= R e B
= W=
E- 5
25Gb 1@@ 25
| | 25Gb W
40Gb 40Gb 50Gb 50Gb

100Gb 25Gb

8 8 8 8 But 180x25Gb

70MB/s > 250GBytes/sec & Science & Technology
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Controlling Packet Loss

Map DSCP 32 to switch priority 4

Enable PFC Enable PFC
nable PFC on priority 4

Lossless buffer Configuration

Map switch priority 4 and rewrite
on the egress (port 1/2)

L2PCP4

and rewrite L2PCP 4
( 1.'2)

Mpwhp
he e

‘ Mark Traffic with L2 Priority 4, DSCP priority 32 J

DSCP + PFC

Distributed Services Code Point +Priority Flow Control

sl I

Notification '3

E S M —

1

Sender NIC

Switch Receiver NIC
Reaction Point Congestion Point Notification Point
(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

ECN

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

e 220GB/s sustained. Virtually no packet loss

Science & Technology
@ Facilities Council
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Summary

Single H/W environment PoC @ PB scale key to
procurement tech spec and expectation setting.

— There be dragons !
Some SDS (Object & File) systems approach PFS speed
— With caveats !

The network needs to match with bandwidth and latencies.
— 5 (3) Tier Low latency Routed CLOS with > 12 (20) Tbps bw
— Expect to implement some form of PFC.

JASMIN :
On the road to high performance-Object stores

Science & Technology
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Thank you !
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