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22X | | CLS: Data Analytics for high repetition INFN
rate Free Electron Lasers

FEL data challenge:

o Ultrafast X-ray pulses from LCLS are used like flashes from a high-speed
strobe light, producing stop-action movies of atoms and molecules

o Both data processing and scientific interpretation demand intensive
computational analysis

LCLS-II will increase data throughput by three orders of magnitude by 2025,
creating an exceptional scientific computing challenge

LCLS-Il represents SLAC’s largest data challenge



HpiX
| Computing Requirements for Data Analysis: INEN

a Day in the Life of a User Perspective

e During data taking:
o Must be able to get real time (~1 s) feedback about the quality of data taking, e.g.

o Must be able to get feedback about the quality of the acquired data with a latency lower (~1 min)
than the typical lifetime of a measurement (~10 min) in order to optimize the experimental setup
for the next measurement, e.g.
e During off shifts: must be able to run multiple passes (> 10) of the full analysis on the data acquired

during the previous shift to optimize analysis parameters and, possibly, code in preparation for the next
shift

e During 4 months after the experiment: must be able analyze the raw and intermediate data on fast access
storage in preparation for publication

e After 4 months: if needed, must be able to restore the archived data to test new ideas, new code or new
parameters
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Onsite - Petascale Experiments
Offsite - Exascale Experiments
(NERSC, LCF)

~ 1 min
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NAME STATE READ WRITE

CKSUM

ffb01-ost01 ONLINE
raidz1-0 ONLINE
nvmeOnl1l ONLINE
nvmelnl ONLINE
nvme2nl ONLINE
nvme3nl ONLINE

[eNeoNeNoNeNo
[eNeoNeNoNelNo
[cNeoNeNoNelNo

Micron NVMe 9300 MAX
65T+

FFB HW Architecture

8x Lustre OSS

DRP-TST-FFB0OO1

DRP-TST-FFB002

DRP-TST-FFBOO3

DRP-TST-FFBO4

DRP-TST-FFBOO5

DRP-TST-FFBO06

DRP-TST-FFBOO7

DRP-TST-FFBO08

SYS-1029U-TN10ORT

1x Lustre MDS

s

EDR
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8x Lustre clients

DRP-TST-DEV001

DRP-TST-DEV002

DRP-TST-DEV0O03

DRP-TST-DEV004

DRP-TST-DEVO05

DRP-TST-DEV0O06

DRP-TST-DEV0OO7

DRP-TST-DEV0OOS8

CNAF

SYS-1029U-TN10ORT
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FFB SW Architecture

e RHEL 7.6 3.10.0-957.5.1.el7.x86_64
e Lustre Server/Client 2.12.0

8x Lustre Servers

* 1x OST per 0SS

* 1xraidz ZPOOL per OST (each OST is a raidz), each OSS has ONE OST
8x Lustre Clients

e ZFS0.7.12 (Zol)
* Several ZFS kmod optimizations:

zfs_vdev_sync_write_max_active
zfs_vdev_sync_read_max_active
zfs_vdev_async_write_max_active
zfs_vdev_async_read_max_active

* Several Lustre parameters optmizations

max_pages_per_rpc
max_rpcs_in_flight

* Mounted partition

172.21.52.149@02ib:/ffb01 65T 45T 21T 68% /ffb01

INFN
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Testing performance

* Parallel write from each client 4 sequential instances per OSS/OST
* 32 parrallel writes for each client

* Parallel read from each client 4 sequential instances per OSS/OST
* 32 parrallel reads for each client

e Used custom code for testing performance:
https://github.com/rveraldi/ccff

 Validated then by well know tools (fio, iozone)



125 GB/s

100 GB/s

75 GB/s

50 GB/s

25 GB/s

0B/s

80 GB/s

60 GB/s

40 GB/s

20 GB/s

0B/s

Lustre wr performance

16:47:00

16:47:00

16:47:30

16:47:30

16:48:00

16:48:00

zfs write rate «

2019-03-22 16:49:30
= {group="ffb",instance="drp-tst-ffb001:9100° job="drpdev’ zpool="ffb01-05t01"}: 12.62 GB/s

16:48:30

16:48:30

16:49:00

16:49:00

16:49:30

16:49:30

{group="ffb" instance="drp-tst-ffb002:9100" job="drpdev’ zpool="ffb01-0s5t02"}. 12.53 GB/s

{group="ffb" instance="drp-tst-ffb003:9100" job="drpdev’ zpool="ffb01-05t03"}:  12.45 GB/s
= {group="ffb",instance="drp-tst-ffb004:9100° job="drpdev’ zpool="ffb01-05t04"}: 12.11 GB/s
= {group="ffb" instance="drp-tst-ffb005:9100° job="drpdev’ zpool="ffb01-0st05"}: 12.75 GB/s
= {group="ffb" instance="drp-tst-ffb006:9100° job="drpdev’ zpool="ffb01-0st06"}: 12.50 GB/s
= {group="ffb" instance="drp-tst-ffb007:9100° job="drpdev’ zpool="ffb01-0st07"}: 12.24 GB/s
= {group="ffb" instance="drp-tst-ffb008:9100° job="drpdev’ zpool="ffb01-0st08"}: 12.44 GB/s

16:50:00 16:50:30 16:51:00 16:51:30 16:52:00 16:52:30 16:53:00 16:53:30 16:54:00

Infiniband recieve rate =

2019-03-22 16:49:45

= {device="mlx5_0" group="ffb" instance="drp-tst-ffb001:9100" job="drpdev’ port="1"}:
{device="mlx5_0" group="ffb" instance="drp-tst-ffb002:9100°" job="drpdev’ port="1"}:
{device="mlx5_0" group="ffb" instance="drp-tst-ffb003:9100" job="drpdev’ port="1"}:

= {device="mlx5_0" group="ffb" instance="drp-tst-ffb004:9100" job="drpdev’ port="1"}:

= {device="mlx5_0" group="ffb" instance="drp-tst-ffb005:9100" job="drpdev’ port="1"}:

= {device="mlx5_0",group="ffb" instance="drp-tst-ffb006:9100°" job="drpdev’ port="1"}:

= {device="mlx5_0" group="ffb" instance="drp-tst-ffb007:9100" job="drpdev’ port="1"}:

— {device="mlx5_0",group="ffb",Instance="drp-tst-ffb008:9100",Job="drpdev",port="1"}:

16:50:00 16:50:30 16:51:00 16:51:30 16:52:00 16:52:30 16:53:00 16:53:30 16:54:00

16:54:30

9.56 GB/s
9.81GB/s
9.35GB/s
9.62GB/s
9.98 GB/s
9.77 GB/s
9.75GB/s
9.57 GB/s

16:54:30

INFN
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100GB/s

BOGB/=

60GB/=

40GB/s

20GB/s

0B/s

100GB/s

BOGB/s

60GB/s

40GB/s

20GB/s

0B/s

Lustre read performance

zfs read rate ~

2019-03-26 17:31:25

= {group="ffb"instance="drp-tst-ffb001:9100" job="drpdev" zpool="ffb01-0st01%}:

{group="ffb"instance="drp-tst-ffb002:9100" job="drpdev" zpool="ffb01-0st02"}:

{group="ffb"instance="drp-tst-ffb003:9100" job="drpdev" zpool="ffb01-0st03"}:
= {group="ffb"instance="drp-tst-ffb004:9100" job="drpdev" zpool="ffb01-0st04"}:
= {group="ffb"instance="drp-tst-ffb005:9100" job="drpdev" zpool="ffb01-05t05%}:
= {group="ffb"instance="drp-tst-ffb006:9100" job="drpdev" zpool="ffb01-0st067}:
= {group="ffb" instance="drp-tst-ffb007:9100" job="drpdev* zpool="ffb01-0st07"}:
= {group="ffb"instance="drp-tst-ffb008:9100" job="drpdev" zpool="ffb01-0st08%}:

13.41 GB/s
11.26 GB/s
11.08 GB/s

10.46 GB/s -

11.32 GB/s
10.87 GB/s
11.36 GB/s
10.93 GB/s

17:34:00

INFN

17:34:30 17:35:00 17:35:30

17:30:00 17:30:30 17:31:00 17:31:30 17:32:00 17:32:30 17:33:00 173330
Infiniband outgoing rate
___—%'/\\/_—"—_,_—__,_4——-——»—_‘__‘_'__—_—
17:30:00 17:30:30 173100 17:31:30 17:32:00 173230 17:3300 173330

17:34:00

17:3530

17:3500



Considerations

» ZFS raidz hw/sw capabilities are saturated (12GB/s per each OSS
server)

* |B data rate close to 80GB/s

* More performance can be gained using mirror instead of raidz

* Need more NVMe/SSD devices
* Waste of storage space

* No ZFS raid/mirror would imply no redundancy, no data protection

* Performance scales up linearly adding more OSS servers



Lustre HA cluster deployment with Kubernetes



P K8s Lustre Cluster Setup INEN

4 Openstack CentOS 7.8.2003 VMs:

ARCHITECTURE: KUBERNETES LUSTRE CLUSTER

Instance Name | VCPUs RAM (MB) Disk (GB) Usage (hours) State
k8s-worker-2 4 8196 80 27,99  Active ﬁ Openstack CLOUD@CNAF
k8s-worker-1 4 8196 80 30,01 Active .-I‘ ~ LUSTRE CLIENT 1 LUSTRE CLIENT 3
| [ i Kubernetes Pod with Kubernetes Pod with ;.
| k8s-master 8 16384 160 44,56 Active OpenstaCk' Docker Containers ~ W Docker Containers dg:r
k8s-worker-3 4 8196 80 27,96 Active | [

. VOLUME VOLUME
Orchestrator: Kubernetes 1.19.2 E
Virtualizer: Docker 19.03.13 — —

. | MASTER ay
Kubernetes i T L

:

@

Q @ METADATA SERVER (HA) @ OBJ. STOR. SERVER (HA) ‘
< — Kubernetes Pod with . Kubernetes Pod with  _.:
/—% DLc;cker Containe‘rl\;I dg:r chker Containe‘r’\;I dgr
DRBD LUSTRE ' ‘ ' ’ LUSTRE
! ; ! ; ! ; ZFS 2FS DRBD
Docker Docker Docker dnoEl)
Filesystem: Lustre 2.12.5 (ZFS 0.7.13)
VOLUME

.
LUSTRE CLIENT 2 LUSTRE CLIENT 4
@ Kubernetes Pod with .. Kubernetes Pod with -’

Docker Containers @ Docker Containers
docker docker

(-
1 ((En
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K&8s Lustre GitLab Project

* Link to project: https://baltig.infn.it/fornari/kube-lustre

» K8s YAML files for services configuration (to be edited by end users):
e kube-lustre-configurator.yaml to select which services to run (servers, clients)
» kube-lustre-config.yaml to adjust servers/clients configurations, enable/disable HA

* Docker images for Docker containers (orchestrated by Kubernetes):

* kube-lustre-configurator reads kube-lustre-config.yaml, then generates templates
and assign resources to specific Kubernetes nodes

lustre makes lustre target, then imports ztool and mounts lustre target
lustre-client mounts lustre filesystem

lustre-install installs lustre and zfs packages and dkms modules

drbd makes and runs distributed replicated block device resource (for HA)
drbd-install installs drbd packages and dkms modules



https://baltig.infn.it/fornari/kube-lustre
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/yaml/kube-lustre-configurator.yaml
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/yaml/kube-lustre-config.yaml
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/dockerfiles/kube-lustre-configurator
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/yaml/kube-lustre-config.yaml
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/dockerfiles/lustre
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/dockerfiles/lustre-client
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/dockerfiles/lustre-install
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/dockerfiles/drbd
https://baltig.infn.it/fornari/kube-lustre/-/blob/master/dockerfiles/drbd-install
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Filesystem Status & Info

K8s Lustre Cluster Statistics

INFN

POD_NAME
kube-lustre-configurator-cntw?
lustrel-client-j5jv4
lustrel-client-jcd4k
lustrel-client-pcbjc
lustrel-client-xtgkl
lustrel-mdt0-mgs-0
lustrel-mdt0-mgs-drbd-6754h
lustrel-mdt0-mgs-drbd-rw7bg
lustrel-ost0-0
\ijitrel—osto—drbd—mthh

lustrel-ost0-drbd-wbwjl

POD_STATUS
Succeeded
Running
Running
Running
Running
Running
Running
Running
Running
Running
Running

~ ONAF
POD_NODE \

k8s-worker-3.novalocal
k8s-worker-1.novalocal
k8s-worker-3.novalocal
k8s-master.novalocal
k8s-worker-2.novalocal
k8s-worker-1.novalocal
k8s-master.novalocal
k8s-worker-1.novalocal
k8s-worker-2.novalocal
k83—worker—3.novalocii//

k8s-worker-2.novalocal

Y
[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-pcbjc -- chroot /host-root 1lfs check servers
lustrel-0ST0000-o0sc-f£f££f9956eeb07800 active.
lustrel-MDT0000-mdc-£f£££f9956eeb07800 active.
[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-xtgkl -- chroot /host-root 1lfs osts
OBDS:
0: lustrel—OSTOOOO_UUID ACTIVE
[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-jcd4k -- chroot /host-root 1lfs df -h
UuID bytes Used Available Use% Mounted on
lustrel-MDT0000_ UUID 95.6G 3.0M 95.6G 1% /stor/lustrel [MDT:0]
lustrel-0ST0000_UUID 95.6G 3.0M 95.6G 1% /stor/lustrel[OST:0]
filesystem summary: 95.6G 3.0M 95.6G 1% /stor/lustrel
[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-j5jv4 -- chroot /host-root 1lfs df -i

UUID Inodes IUsed
lustrel-MDT0000_UUID 22805719 329
lustrel-0OST0000_UUID 3134085 357
\\iii?system_summary: 3134057 329

IFree IUse% Mounted on

22805390 1% /stor/lustrel [MDT:0]
3133728 1% /stor/lustrel[OST:0]
3133728 1% /stor/lustrel

PODs
Status &
Location

4



K8s Lustre Cluster Usage - Write Test INEN

[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-j5jv4 -- chroot /host-root \
dd if=/dev/zero of=/stor/lustrel/file2 count=1 bs=1073741824

140 records in

140 records out

1073741824 bytes (1.1 GB) copied, 4.92709 s, 218 MB/s

[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-jcd4k -- chroot /host-root \

1ls -1rth /stor/lustrel

total 1.1G

-rw-r--r--. 1 root root 1.0G Oct 7 13:46 file2

[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-pcbjc -- chroot /host-root 1lfs \
df -h

UuUID bytes Used Available Use%$ Mounted on

lustrel-MDT0000_UUID 95.6G 3.0M 95.6G 1% /stor/lustrel [MDT:0]
lustrel-0ST0000_UUID 95.6G 1.0G 94.6G 2% /stor/lustrel[OST:0]

filesystem summary: 95.6G 1.0G 94.6G 2% /stor/lustrel
[centos@k8s-master ~]$ kubectl exec -n lustre lustrel-client-xtgkl -- chroot /host-root 1lfs \
getstripe -v /stor/lustrel/file2

/stor/lustrel/file2

lmm magic: 0x0BD10BDO

lmm seq: 0x200000402

Ilmm object id: 0x1

Imm fid: [0x200000402:0x1:0x0]

lmm stripe count: 1
lmm stripe size: 1048576

lmm pattern: raidoO
Ilmm layout gen: 0
lmm stripe offset: 0
obdidx objid objid group

0 6 0x6 0



