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BRIDGES

A PITTSBURGH SUPERCOMPUTING CENTER RESOURCE

Bridges: From Communities and Data to
Workflows and Insight

The $9.65M Bridges acquisition is made
possible by National Science Foundation
award #ACl-1445606

http://psc.edu/bridges
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XSEDE

Extreme Science and Engineering
Discovery Environment

e NSF award under the eXtreme Digital solicitation
— TeraGrid Phase Ill: eXtreme Digital Resources for Science and Engineering (XD), NSF 08-571
— PSCis an XSEDE Awardee, Service Provider and active participant

e A consortium of advanced digital services

— support a growing portfolio of resources and services
e advanced computing, high-end visualization, data analysis, and other resources and services

e interoperability with other infrastructures

— avirtual organization providing dynamic distributed infrastructure
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Bridges Technology Partners
—

* Hewlett Packard ° @ NVIDIA.

Enterprise

_ Compute Servers — Computational GPUs

— Design and Installation @
. . o (SUPERMICR
. (lntel) C

— CPU technology — Storage Servers

— Omni-Path Architecture (OPA)
Interconnect

— Lustre file system

»
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What You Don’t Want To See — Where We Started

paging request at ffffc9004a52c000 a
e_sge+0x2c/0xc0 [hfil]
D ff1a07067 PTE 0

) 1fsck(0E) ost(OE) mgc(OE) osd_zfs(OE) 1qu0ta(0E) f1d(0E) f1d(0E) ko2iblInd(0E) ptlrpc(OE) 0bdc1ass(0E) 1net(0E) sha512 gener1c
_resolver nfs fscache iptable_filter xprtrdma ib_isert iscsi_target_mod target_core_mod ib_iser 1ibiscsi scsi_transport_iscsi

ib_ipoib rd dma_cm ib_cm iw_cm ib_sa intel_powerclamp coretemp intel_rapl kvm_intel kvm iTCO_wdt iTCO_vendor_support pcspkr hfil(OE) ib_mad
ib_core ib_a (A fore ioatdma i2c_i801 edac_core ses enclosure ipmi_devintf sg ipmi_si ipmi_msghandler acpi_cpufreq acpi_power_meter shpchp zfs(POE)
zunicode (PO D nfsd auth_rpcgss spl1(0E) zlib_deflate nfs_acl lockd grace binfmt_misc ip_tables ext4 mbcache jbd2 sd_mod crc_tl0dif

—rctl0dif_gel on crc32_pclmul crc32c_intel syscopyarea sysfillrect ghash_clmulni_intel[ 1029.770770] LustreError: 30232:0:

(events.c:44 5, status -103, desc ffff880fe95d2000[ 1029.774792] LustreError: 30237:0:(events.c:447:server_bulk_callback()) event type 5,
status -5, : ustreerror: 30238:0:(events.c:447 :server_bulk_callback()) event type 5, status -5, desc ffff880eelf82000[ 1029.774799]

_ustreError:
avent type 5,

allback()) event type 5,

status -5, desc ffff880ff5482000[ 1029.774816] LustreError: 30238:0:(events.c:447:server_bulk_callback())
1029.774818] LustreError:

30237:0: (events.c:447 :server_bulk_callback()) event type 5, status -5, desc ffff880fb9e08000 sysimgblt

_| i af128mul ahci glue_helper dca ablk_helper 1ibahci ptp drm mpt3sas cryptd pps_core Tibata i2c_algo_bit raid_class i2c_core

scsi_transport_sas hash dm_log dm_mod[ 1029.857716] CPU: 15 PID: 644 Comm: kworker/15:1H Tainted: P OE -----------—- 3.10.0-327.4.5.e17.x86_64 #1

1029.868318] 3 . BR /X10DRi, BIOS 2.0 12/28/2015[ 1029.875568] Workqueue: hfi0_0 hfil_do_send [hfil]

1029.880289 : 3 iz 000 task.ti: fFFf882022190000

1029.887768 - 0010: [<ffffffffa08d88cc>] a08d88cc>] update_sge+0x2c/0xc0 [hfil]

1029.896249 : 0018:ffFff882022193d08 EFLA P

1029.901558] RAX: ffffc9004a52c000 RBX: 0000000 RCX: 0000000000000000

1029.908692] RDX: ffffc9004a52c020 RSI: 00000000% RDI: ffff882000a01658

1029.915828] RBP: ffff882022193d08 R08: 0000000

1029.922960] R10: 0000000000000004 R11: 0000000 .

1029.930090] R13: 0000000000000000 R14: 0000000

107919379201 F8:~ 0000000000000000(0000) Co-FeF LNET Selfttest - Concurrent write test
CS: 0010 DS: 0000 ES: 0000 CRO: O

1029.945306
1029.951050] CR2: ffffc9004a52c000 CR3: 0000000

1029.958181] DRO: 00000000000N000D DRL: 000ODOOD 12000
10299653211 DR3: 0000000000000000 DRG: 0000000

1020.072458] stack:

1029.974471]1 fFFF882022103d78 FFFFFFFFa08das7h 10000

1029.981932
1029.989391

ffff880eelfb2648 ffff88201dc1a400
frf882022193dc8 fff882000a01000

> 7

1029.996851] call Trace: 8000

1029.999324 [«fFfffffffa08d957b>] hfil_verbs_s "))

1030. 006044 [«FTffffffa08b8df0=] ? do_rc_ack+ B

1030.012073] [<FFFFFfffao8doa6s>] hfil verbs.s 0 6000

1030.018447 [«fFffffffa08bd889>] hfil_do_send =

1030.024549 [«f T ff8109d5Th>] process_one_

1030.030387] [<FFFFffff8109e3ch>] worker_threa 4000

1030.035967 [«Ffffffff8109e2b0>] ? rescuer_th

1030. 041805 [«fFfffffff8l0a5aef>] kthread+Oxcf

1030.046688] [<FFFFFFff810a5a20>] ? kthread_cr 2000

1030.053220 [<FFFfffff81645818>] ret_from_for

1030.058627 [«fFffffff8l0a5a20>] ? kthread_cr

1030.065152] Code: 1f 44 00 00 55 8b 57 1c 89 T () 7 08 48 8b
0 08 48 89 57 10 48 8b 50 10 48 89

1030.085127] RIP [<fFffffffa08d88cc>] update_s 1 4 8 16 32 64 128 256
1030.091263 RSP <ffff882022193d08>

1030.094758] CR2: ffffc9004a52c000 CONCURRENT REQUESTS

piothreshold=256  ——piothreshold=0

—
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Omni-Path Background

e 48 port leaf switches

e PCle Gen 3 x16 Host Fabric Interface (HFI)
e 160M messages per second injection rate on mpi
e Quality of Service using flows

e OSU benchmarks measured:
— 12.38 GB/s bandwidth
— <1 psec latency

e Open Fabrics support
e LNET support
e |P support

© 2016 Pittsburgh Supercomputing Center




Omni-Path Fabric Manager (FM) GUI
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OPA FM Home—~Fabric status at a glance
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OPA FM Performance-Counter exploration tool
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Bridges Omni-Path Topology
.................................................................................................. ° O ne 100 G b pS O mn i_ Path
HFI adapter per host

o 48-port Omni-Path
Switches throughout

— 6 “core” switches at top level

e Full “PSC original” mesh

»»»»»»»»»»»»»»»»»»»»»»»» | > | between Core SWitCheS

- S (200Gbps)

- : « Select hosts connected to
core

— 20 “leaf” switches
» uplinks to every core switch
e up to 42 hosts

Ry P Py PP S PP T

»
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BrldgeS 0SS LayOUt | 24@HDD |-
« Two E5-2650v3 (12@2.5GHz) - SAS3 o
 128GB RAM _20enPD -

: SRS 24@HDD
e Internal disks 0SS il
« One 4TB SATAHDD (OS) SASS 24@HDD |-,
« One 4TB SATA HDD (spare) SAS3 20@HDD |
e One 960GB SSD  — 20@HDD |-
e One Omni-Path HFI (100Gbps) 2@ |
e Link to “core” OPA switch S .
- Four 8 x 12Gbps SAS3 HBAs covann o e caarEC
e Four 20-bay 12Gb SAS backplanes
o 8X%12Gbps uplink
« 20@4TB SATA drives
« Four 24-bay 12Gb SAS backplanes Max GB/s
o 8X%12Gbps uplink
. 24@4TB SATA drives o E |
SAS
Total 176 (+3 internal) drives Drives | i | |
0 20 60
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Bridges MDS Layout

Each MDS consists of:
e Two E5-2695v3 (14@2.4GHz)

" 384GB RAM 1@100Gbps{ 1@8x12Gbps
* Internal disk u SAS HBAS

« One 3TB SATAHDD (OS)
 One Omni-Path HFI (100Gbps)

* Link to “core” OPA switch
* One 8x 12Gbps SAS3 HBAs gy
* One 20-bay 12Gb SAS =0 0CE

backplanes =
o 8x 12Gbps uplink
* 4@ 960GB SATASSD
1@100Gbps

Note: HA partner attached to same § OPA 1@8x12Gbps
SAS3 backplane with access to SAS HBAS

same SATA drives.

© 2016 Pittsburgh Supercomputing Center 14
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Software

e CentOS 7.2 Kernel 3.10.0-327.3.1
e Lustre 2.8.0 RC5 ->2.8.0 GA

* /FS 0.6.5.5

e OSS
— Sixteen 11-disk raidz2
pools per OSS

e VIDS
— 2 Mirrors striped

© 2016 Pittsburgh Supercomputing Center
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OST Zpool Write Performance

Obdfilter-survey Writes

17000

16GB/sec

15000 /><
14000

13000

12000

11000

10000
16 32 64 128 256 512 1024 2048 4096
e 0bj 16 obj32 0bj64  =====0bj128 emmmm=(Qbj256 ~e==——0bj512 em——(0bj1024 ~em—0bj2048 e=——0obj4096
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OST Zpool Read Performance

Obdfilter-survey Reads

25000
20000

15000

10 GB/sec —

5000
0
16 32 64 128 256 512 1024 2048 4096
e 0bj 16 obj32 0bj64  =====0bj128 emmmm=(Qbj256 ~e==——0bj512 em——(0bj1024 ~em—0bj2048 e=——0obj4096
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Client Performance

IOR - 1TB dataset, 8 nodes

25000
19961.02
15000 13233.19
= —o— —0- -0
= =@=\Nrite
10000 =@=Read
5000
0
16 32 64 128 256 512

Thread
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Credits and Contacts

e Intel

e Brian Johanson : bjohanso@psc.edu
Bridges System Administrator

e Nick Nystrom : nystrom@psc.edu
Bridges Principal Investigator (Pl)

e J. Ray Scott : scott@psc.edu
Bridges Co-PI

e Jason Sommerfield : jasons@psc.edu
PSC Research Technology Infrastructure Developer

W
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Thank You!
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