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Astra Testbed )

= Prove viability of advanced technologies for NNSA integrated codes, at
scale

= Expand the HPC-ecosystem by developing emerging yet-to-be proven
technologies

= |s technology viable for future ATS/CTS platforms supporting ASC mission?
= |ncrease technology AND integrator choices

= Buy down risk and increase technology and vendor choices for future
NNSA production platforms

= Ability to accept higher risk allows for more/faster technology
advancement

= Lowers/eliminates mission risk and significantly reduces investment
= Jointly address hardware and software technologies

= First Prototype platform targeting Arm Architecture

= $#156 on top500 (June 2019) (2.2 PF)
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Astra Hardware

HPE Apollo 70 Chassis: 4 nodes
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36 compute racks
(9 scalable units, each 4 racks)

2592 compute nodes
(5184 TX2 processors)

3 IB spine switches
(each 540-port)

18 chassis/rack
72 nodes/rack
3 IB switches/rack

(one 36-port switch
per 6 chassis)

WANGUARD
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Astra System Specs

= 2,592 HPE Apollo 70 compute nodes
=  Cavium Thunder-X2 Arm SoC, 28 core, 2.0

Bandwidth: 885 TB/s
Mellanox IB EDR, ConnectX-5

GHz = HPE Apollo 4520 All—flash storage, Lustre
= 5,184 CPUs, 145,152 cores, 2.3 PFLOPs parallel file-system
system peak = Capacity: 403 TB (usable)

= 128GB DDR Memory per node (8 memory
channels per socket)

Bandwidth 244 GB/s

=  Aggregate capacity: 332 TB, Aggregate

8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR

Cavium Thunder-X2

ARM v8.1

28 cores @ 2.0 GHz

~

x8

Cavium Thunder-X2

ARM v8.1

28 cores @ 2.0 GHz

x8

8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR
8 GB DDR4-2666 DR

Mellanox ConnectX-5 OCP Network Interface

1 EDR link, 100 Gbps 4




Astra Storage Specs ) 5.

= /lustre filesystem
= 40 OSSes
= 2 MDSes

= 211.6TB NVMe devices per OSS spread across 3 ZFS pools per node
using raidz

= 240 GB/sec peak bandwidth
= 990 TB usable storage

= /oscratch filesystem

= 8 OSSes, each serving 10 OSTs
= 2 MDSes, 1 MDT each

= Storage has full bandwidth to interconnect core (4xEDR 100
Gpbs Infiniband)
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= Virtual Institute for 10 (https://www.vi4io.org) hosted
= http://io500.0rg

= Collect details information about storage and platforms

" Provide a balanced way to compare storage systems

= No, it is not perfect
= MDTest, IOR, and find
= “hard” tests for worst case scenarios

= “easy” tests user configurable to showcase a system’s
potential

" Find to represent walking the file tree for purge or similar
= Geometric mean of all values to get resulting score
= Published at ISC and SC every year (Tuesday, 12:15, 205-207)



https://www.vi4io.org/
https://io500.org/

Profiling IO )

’

= Darshan is available, but we wanted to see how this Ellexus
Mistral tool worked and then compare

= Future work

= Mistral offers node-level statistics

= Breeze is the per process tool
= Collect on a per-second basis
= |deal configuration is Elasticsearch and Grafana

= How well is our ARM-based Lustre client and the back end
Lustre system working?

= Can we learn using I0500’s setup instead of apps or app
proxies?




Tuning 10500 to Push the System — @i

1)
2)

3)
4)

Obtain system information and theoretical characteris- tics.

Set test directories’ stripe size based on test files’ size and
number of storage targets.

Determine number of nodes to use.

Increase the cores per node to maximize bandwidth, until
the bandwidth for ior easy reasonably approaches a
theoretical limit.

Adjust the cores per node to balance bandwidth and
metadata results




Tuning Final Configuration

= Configured striping to best suit the "hard” tests

= Set nodes used == to number of storage targets
= /lustre used 58 procs (on the 58 cores) on 121 nodes

= 10 node challenge ran proportional configurations

= Metadata did not require special stripe configurations

Sandia
National
Laboratories




IO 500 )
Scores

Nodes Mount Point | Bandwidth IOPS Score
121 [lustre 84.8118 GB/s | 35.9847 kiops | 55.2443
10 [lustre 28.4097 GB/s | 45.7227 kiops | 36.0412

= 14t on the ISC19 overall list
= 13t on the ISC19 10 node challenge

= Plug: (see new results at 10500 BoF Tuesday 12:15, 205-207)
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Problems! L

" On /oscratch filesystem, we ran out of space in directory

when creating files

= Lustre has an option to extend capacity, but we were not allowed to

change it.

IH

/oscratch results

= This prevented getting “officia
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IOR Write Easy ) .

IR ~ STREAM
150GBs 20Kiops
125GBs 1
6—' Cacheing Effect 15Kiops
100GBs

'g 75GBs £ 10Kiops
8
Pl ey L .

50GBs
2019-07-23 11:56:29 SKiops
25GBs = write: 130.2GBs k
0MBs I I Oiops
11:57 11:58 11:59 12:00 1201 11:57 11:58 11:59 12:00 1201
= wite Performance drop == |
coincides with B
Load increased user-time. Latency
1.1min 1 w— 150ms
33s
16s 125ms ——}
8s
4s 100ms -
2s
g 75ms
il 1s
512ms
50ms
256 ms
128 ms 25ms
64ms
32ms Oups
11:57 11:58 11:59 12:00 1201 11:57 11:58 11:59 12:00 1201

w= user-time Avg:7.2s == system-time Avg:1.4s == cpu-time Avg:8.7s == mean-latency Avg:31.6ms == max-latency Avg:93.6 ms |
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IOR Read Easy
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IOR ~ STREAM
70GBs 10Kiops
60GBs 8Kiops
50 GBs 6Kiops
g @
E 40GBs +— 4Kiops
30GBs 158 2Kiops
2019-07-23 12:23:44
=read: 65.1GBs
20GBs ! 1 Oiops
1220 1221 1222 1223 1224 1225 l 1226 1220 1221 1222 1223 1224 1225 1226
- read - seek == Open
Same performance drop
for reads as for writes
Load Latency
1.1min M 250ms
33s
16s
200ms
8s
4s A
2s 150ms ' 1 1
oo |
E 512ms - ‘ 1 ‘
=
256 me 100ms 1‘ H\ llli ‘ | “l Ly ‘ II.Iw E
/| |
128 ms -
64ms
50ms
32ms
16ms
8ms Ops - "
122 1221 1222 1223 1224 1225 1226 1220 1221 1222 1223 1224 1225 1226

== user-time Avg:13.5s == system-time Avg:1.4s == cpu-time Avg:149s

== mean-latency Avg:25.7ms == max-latency Avg:86.9ms




|IOR Write Hard )

I0R STREAM
20GBs 400Kiops
350Kiops T T T T
15GBs 1 Ll | A P | 300Kiops m‘l [} )| AW |
250K iops | H
=
5 o .
10GBs = 200Kiops
£ 3
150Kiops
5GBs 100Kiops
50Kiops
0MBs Oiops
1208 1209 1210 2zn 1212 1213 1214 1208 1209 12:10 2zn 1212 1213 1214
- write = seek . .
When compared to ior_write_easy, ]
; seeks increased by roughly the
Loa same factor that latency decreased "'
1.1 min 40ms
33s or
»vtx| 35ms
163 | T T T T
8BS Jham T R P rua A ML W ) / 30ms
4s 25ms
2s I
2 20ms V |
‘E 1s
512ms 15ms + {
256ms 10ms } ‘l |
WA
Sms il At 1A N i I
32ms Qs I e — R ——
1208 1209 12110 2zn 1212 1213 1214 1208 1209 12:10 2zn 1212 1213 1214

== user-time Avg:2.2s == system-time Avg:7.4s == cpu-time Avg:9.8s == mean-latency Avg:935ps == max-latency Avg:5.62ms |
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MD Stat Easy ) o

MD Latency
160Kiops 60ms
140Kiops 1 i 1 { { i 50ms -
120Kiops + + + + 1 (— 40ms + + + —
EIOOKiops N 1 h‘/v 30ms | 1
. Ay, y ome fLl LR L .
60K iops \ 10ms - .
40Kiops ! \ ops
1226201226:301226:4012:26:5012:27:001227:1012272012M012:27:401227:50 122620 122630 1226:40 1226 122700 1227:10 122720 1227:30 1227:40 122750
- == mean-latency Avg:6.7ms max-latency Avg:13.8ms
Small latency swell :
Load coincides with "
0a: emory
performance drop
33s 1.0TiB
16s ’
8s
4s
2s
1s
g 512ms
=
256 ms

1GiB
12:26:20 12:26:30 12:26:40 12:26:50 12:27:00 12:27:10 12:27:20 12:27:30 12:27:40 12:27:50

= 3st2492 Avg:7.97595GiB == ast2491 Avg:7.97559 GiB == ast2490 Avg:7.97595GiB

8ms
12:26:22012:26:3012:26:4012:26:5012:27:0012:27:10 1227:2012:27:3012:27:4012227:50 == ast2485 Avg:7.97595GiB == ast2481 Avg:7.97546 GiB == ast2478 Avg:7.97595GiB
= usertime Avg:1.46s == system-time Avg:1.60s == cpu-time Avg:2.81s == ast2477 Avg:7.97583 GiB == ast2476 Avg:7.97577GiB == ast2475 Avg:7.97650 GiB

== ast2474 Avg:7.99890 GiB




MD Stat Easy ) o

MD Latency
200Kiops 25s
20s
150Kiops

1.5s

g 100Kiops T 1 1 o
g ,I\/IW 10s

50Kiops - =
500ms
Oiops oy .. L A
122700 122730 122630 122700 122730 122800 122830'

- B0CESS == mean-latency Avg:31ms == max-latency Avg:43ms

Memory
1.0TB

12:26:30 122700 122730 1228200 122830
== 3512492 Avg:7.993 GiB == ast2491 Avg:7.976 GiB == ast2490 Avg:7.974 GiB
122630 122700 122730 122830 == ast2485 Avg:7.994 GiB == ast2481 Avg:8.015GiB =~ ast2478 Avg:7.976 GiB
= usertime Avg:10.2s == system-time Avg:2.2s == cpu-time Avg:9.5s == a5t2477 Avg:7.994GiB == ast2476 Avg:7.963GiB == ast2475 Avg:7.916 GiB
= ast2474 Avg:7.962 GiB
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MD Stat Hard ) e,

MD Latency ~
140Kiops 50ms
2019-07-23 12:34:37
= mean-atency: 10.2ms
120Kiops - 1 + — 40ms = max-latency: 13.6 ms

L g e
g

20ms

. L N
o ) auk Al

W/

20Kiops Oups
123350 12:3400 12:34:10 12:3420 123430 12:34:40 12:34:50 12:3500 123350 123400 12:3410 123420 123430 12:3440 123450 12:3500
- B0CESS == mean-latency Avg:9.8 ms == max-latency Avg:15.5ms
o4 4
Load Memory
1.1 min 1.0TB ’ ‘
33s

Behavior of md_stat_hard
is almost identical to the
first section of md_stat_easy.

g
= 512ms
256 ms
128 ms
64ms
32ms . 1GiB
16ms 1233:50 123400 123410 12:3420 123430 123440 12:3450 123500
8ms - 8512492 AvQ:7.97577 GiB == ast2491 Avg:7.97705GiB == ast2490 Avg:7.97595GiB
12:33:50 12:3400 123470 12:3420 123430 12:34:40 12:3450 123500 = 3st2485 Avg:7.97595GiB == ast2481 Avg:7.97644 GiB == ast2478 Avg:7.97583 GiB
= usertime Avg:2.685 == system-time Avg:793ms = cpu-time Avg:2.58's = ast2477 Avg:7.97662GiB = ast2476 Avg:7.97644GiB = ast2475 Avg:7.97650 GiB

= ast2474 Avg:7.99860 GiB




MD Read Hard )

STREAM Load
70Kiops - 1.1 min
33s
60Kiops 16s
. LIl
50Kiops 4s
2] o 2s
2 40Kiops
3 E 1s
512ms
30Kiops |
256 ms
20Kiops 128 ms
I 64ms
10Kiops 32ms
12:41:00 12:4130 12:42:00 12:42:30 12:43:00 12:41:00 12:4130 12:42:00 12:42:30 12:43:00
- seek == Open w= user-time Avg:4.5s w=system-time Avg:5.5s == cpu-time Avg:9.8s
a a
IOR Latency ~
250 MBs T 250ms T T T T
225 MBs|
200ms
200 MBs
150ms
g
§ 175 MBs|
L 100ms ! 2019-07-23 12:42:50
150 MBs = mean-latency: 3.0ms
= max-latency:  33.4ms
50ms T H
125 MBs|
oo Al hann s o Al
12:41:00 12:41:30 12:42:00 12:42:30 12:43:00 12:41:00 12:4130 12:42:00 12:4230 12:43:00
= read == mean-latency Avg:2.5ms ==max-latency Avg:14.0ms




MD Write Eas rh) pim

MD Latency ~
80Kiops — . . . . . . 3.5 . . .
70Kiops — T T T T T 3.0s
60Kiops
258 — i i | 2019-07-23 12:04:41
50Kiops = mean-latency: 1.392s
20s —+ T T - = max-latency: 3.289s
g 40Kiops
E 15s
30Kiops
1.0s
20Kiops
10Kiops 500ms
0 ‘”ps i 1 o us A A ittt Al
12:02 1203 1207 12:02 12:03 12:04 12:05 12:06 1207 12:08
- create == mean-latency Avg:30ms == max-latency Avg:58 ms
o 4
Load Memory
2.2min f 1.0TB
1.1 min
33s
16s | T 1 i
8s | | |
w
4s : ! -
2s || T 1 - T 1GiB
g s iy
" s12ms
256 ms
128 ms
64ms
32ms 1MiB
1202 1203 12:04 1205 12:06 1207 12:08
16ms
L == 5512492 AvQ:8.03 GiB == ast2491 Avg:7.98GiB == ast2490 Avg:7.98 GiB
12:02 1203 1204 1205 1206 1207 1208 == 5512485 AvQ:7.99 GiB == ast2481 Avg:7.98GiB == ast2478 Avg:7.98 GiB
== usertime Avg:5.2s == system-time Avg:1.9s == cpu-time Avg:6.4s == ast2477 Avg:7.97GiB == ast2476 Avg:8.00GiB = ast2475 Avg:7.98 GiB

== ast2474 Avg:7.96 GiB




Conclusion )

= Hit 33% of peak (midpoint of 20%-50% of peak expected)

= Reproducibly issues with the Lustre client and MPI we had not
isolated before

* Found gradual performance degradations and odd
performance fluxuations to debug
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