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Henry Ford

allegedly once said:

“If | had asked people
what they wanted,
they would have said
faster horses.”




The CECI survey:

by the CECI users

CECI cluster satisfaction survey

This survey aims at identifying the main obstacles the CECI users encounter when working with the clusters, so those can be alleviated.

.|C.E.C.

Dear holder of a CECI account,

we are setting up the clusters (Hmem, Lemaitre2, Dragonl, Hercules, Vega and NIC4) the best we can to ease their usage for everybody. Maybe
you are still experiencing problems ? Or you have suggestions to offer ? We would like to hear from you and see how we can help.

So please take some time to fill in this short, anonymous, survey.
You will be asked about:

your experience while creating a CECI account,

your hardware and software needs on the clusters,

the details of your typical job, and
your affiliation and field of application.

At the end, you will have the opportunity to request to be contacted for further help and to leave a suggestion or comment. Your help will allow us
to make sure the clusters meet the needs of the users.

Note that this survey will not refer to the Tierl cluster (Zenobe). Another survey, dedicated to Zenobe, will be setup in the near future.
Thank you in advance,
The CECI team

www.ceci-hpc.be

Next » Exit and clear survey



The CECI survey:

by the CECI users

more CPUs !
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The CECI survey:

by the CECI users

Serait-il possible de mettre les 3 clusters

(hmem, lemaitre2 et dragon1) en nfs?’ Une chose utile serait d'avoir du nfs

entre les differentes machines

having shared space for Probably a dream but shared directories
groups (like on Hydra) between clusters would be very interesting.

| would like this “Common HOME folder"

need of having a common disk feature for all the different clusters

space for my group/institute

Suggestions d'améliorations:[...] Homogénéiser les modules sur tous les clusters




The CECI roadmap:

by the CECI Bureau

Proof of Concept: Hmem Lemaitre3
Third round of funding

Common authentication system
=~ -
Common training sessions

|_ and 4 other new clusters

-

Common set of software

Consortium
Agreement
(2010)

2012 - 2013

Lemaitre2 Access to Tier-1 Common jobs scheduler

Hercules

First round of funding O Dragon1

Vega

NIC4

Identification and gathering
of stakeholders

Identical jobs submission system

Common documentation ' I I l l




What users want:

Explicitly
single file namespace visible from all compute nodes

Implicitly
no degradation in service level:
- availability
- bandwidth
- latency



- writing of the submission file for 500k€
- 311 pages
- dozens of contributors

- about 15 vendors consulted;

- 4 software solutions considered;
- 5 solution designs evaluated;

- 2 network solutions tested;

- description of solution
- design of benchmarks

- 4 responses
- 1 clear winner

Dec. '13 Decision of the Bureau

March '14 Submission to FNRS

July 14 Grant from FNRS (300k€)
+ 200k€ from the five universities

June '15 Solution is elaborated

Nov. '15 Technical part of RFP written

March 16 RFP published

May '16 Offers analyzed ; market attributed

Oct. '16 Hardware installed

Jan. '17 Software (pre-)configured
Feb. '"17 Sysadmin trained
March '17 Configuration finalized



The new CECI
common storage

Features




C.|C.E.C.

6 clusters
5 sites
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dedicated connectivity

10Gbps, dedicated,
optical network direct
links between the sites

' UMONS

Leaitr2 mem
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C:ICECI 2. New hardware

New hardware

Two large storage systems:
- Liege

- Louvain-la-Neuve (DCIII)

FEBEEE=| One smaller storage system on each site



C:ICECI 2. New hardware

New hardware

Two large storage systems:
- Liege

g Louvain-la-Neuve (DCIII)

One smaller storage system on each site



Louvain-la-Neuve (DCIII)

Brand new data center 200 kW cooling capacity (extension to 400kW next year)




Louvain-la-Neuve (DCIII)

20 racks™® confined hot aisle
UPS 3 to 4 hours autonomy now (designed for 10 minutes at 400kW)

*12 shown
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Louvain-la-Neuve (DCIII)

Master Thesis by Vincent Flon
Supervisors Y. Bartosiewicz and P. Chatelain)
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Louvain-la-Neuve (DCIII)

10 water-based heat exchangers®

*3 visible



Louvain-la-Neuve (DCIII)
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Louvain-la-Neuve (DCIII)

One air cooler and two chillers (one more next year) on the roof




Louvain-la-Neuve (DCIII)

DClllhead: PUE (3m 5d)
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Louvain-la-Neuve (DCIII)
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Louvain-la-Neuve (DCIII)

Full capacity tests made with heating devices

P )




CIICECI 2. New hardware

New hardware

Two large storage systems:
- Liege

g Louvain-la-Neuve (DCIII)

Visits organized today!

One smaller storage system on each site



New hardware

2X

5X

~ 12x6TB SAS +2x480GB SSD

450TB netto
(formatted)

sssssssssss
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eeeeeeeeeeeeeeeeee
- SAS SSD (metadata) |
« 7200 rpm disks

96 x 6TB SAS + 4 x 800GB SSD
8 x (10+2) RAID6

eeeeeeeeeeeeeeeeee

55TB netto
(formatted)

1 x (10+2) RAID6

Each system is robust to:
- loss of one server

- loss of one pathway

- loss of two disks

Solution is robust to:
- loss of an entire system
- loss of connectivity

Each system is robust to:
- loss of two disks

Solution is robust™* to:
- loss of entire disk array
- loss of network access



‘!’ 3. New software

Network Shared Disk {NSD) Server Model
r F r r —
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. ; 2

TCP/P or Infinband Metwork
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Setup overview

Full copy
at all times

Main storage (mlrror)

(450TB)

Louvain-la-Neuve

Partial copy
where needed
when needed

Dedicated 10Gb
network

Local buffer/cache

gateway (55TE) [ SRR

Direct
connection

Clusters

i i{{&m = -

,-;gg;

Lemaitre2 Hmem Dragon1 Hercules Vega NIC4



Setup overview

Full copy
at all times

Main storage (mlrror)

(450TB)

Louvain-la-Neuve

Partial copy
where needed
when needed

Dedicated 10Gb
network

Local buffer/cache

gateway (55T6) fEEEEEERRR!

Direct
connection

Clusters
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Hmem Dragon1 Hercules Vega NIC4




OQe’N\\\J
» Next-gen processors

. Low-latency interconnect EkRgm'EE’T‘lT]:? or M
Mellanox
or equivalent

» Parallel filesystem BMSpectrum Scale <Rl

-t-S-E-1- € BeeGFS
developed by Fraunhofer

» Slurm configuration close to that of NIC4



Total node-wise benchmark™ value
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Lemaitre2 NIC4

*Spec FP rate base 2006 per nodes times number of nodes
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and beyond, funding permitting...

e 2017
- Lemaitre 3: Large parallel jobs (MPI)

« 2018

- Hercules “27: Large-memory (TBs RAM)
- Dragon “27: Accelerators (GPUs, Phi's)
- Vega “2”: HTC and Big-Data

e 2019
- NIC “5": Large parallel jobs (MPI)



Setup overview

Full copy

_ at all times
Main storage

(450TB)

Louvain-la-Neuve

Partial copy
where needed
when needed

Dedicated 10Gb
network

Local buffer/cache

gateway (55T6) [EEEEERES

Direct
connection

Clusters
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The new CECI
common storage

Short-term benefits




Four spaces

/CECIl/home

- Quota 100GB/User
- Daily snapshots

/CECI/proj

- Upon request
- Quota and duration based on request

/CECI/trsf

- Quota per user 100GB soft 10TB hard
- Automatic purge of files older than 6 months

/CECI/soft

- Common software + modules



Four spaces

e /CECI/home

- Quota 100GB/User
- Daily snapshots



Files written to sceciHomE
are visible on all clusters

NN HOME
> HOME 3E1 b4 HOME »2

dfr@ncois:~ $ ssh hmem

dfr@éhmem@@:~ $ echo "Hello World" > SCECIHOME/test.txt
dfr@hmem@@:~ S exit

logout

Connection to hmem.cism.ucl.ac.be closed. T
dfr@ncois:~ g # I just wrote a file on Hmem in the CECI Home [WAUl)\A{e]fe gb-Talo[=1S
dfr@éncois:~ S # I wait a bit

dfr@ncois:~ § sleep 30 = to be propagated/
dfr@ncois:~ $ # pdsh is a parallel SSH client

dfr@ncois:~ 8§ pdsh -g ceci 'cat SCECIHOME/test.txt'

vega. Hello World

dragon1: Hello World

nic4: Hello World

lemaitre2: Hello World

hercules: Hello World

hmem: Hello World

dfr@ncois:~ $ |}

N

pdsh runs the same
command on many
hosts at the same time



Files written to sceciHomE
are visible on all clusters

[ N N HOME

X HOME B HOME H2

Connection to hmem.cism.ucl.ac.be closed.

dfréncois:~ $ # I just wrote a file on Hmem in the CECI Home
dfr@ncois:~ $ # I wait a bit

dfr@ncois:~ S sleep 30

dfr@ncois:~ $ # pdsh is a parallel SSH client

dfr@ncois:~ $§ pdsh -g ceci 'cat SCECIHOME/test.txt'

vega: Hello World

dragon1: Hello World

nic4: Hello World

lemaitre2: Hello World

hercules: Hello World

hmem: Hello World

dfr@ncois:~ 8 ssh hmem 'echo "Goodbye!" >> SCECIHOME/test.txt'
dfr@ncois:~ $ sleep 30

dfr@ncois:~ $§ pdsh -g ceci 'cat SCECIHOME/test.txt'

vega:. Hello World
vega: Goodbye!
dragonil: Hello World
dragon1: Goodbye!
nic4: Hello World
nic4: Goodbye!

hmem: Hello World -
hmem: Goodbye! Also visible on all
lemaitre2: Hello World compute nodes of
lemaitre2: Goodbye! all clusters !
hercules: Hello World

hercules: Goodbye!

dfr@ncois:~ $ |




All clusters have a different V

0@
A dfr@hmem00 X dfr@hmem00 B 22
»*  dfr@hmem00

VIM - Vi IMproved

version 7.2.411
by Bram Moolenaar et al.
Modified by <bugzilla@redhat.com=>
Vim is open source and freely distributable

Help poor children in Uganda!
type :help iccf<Enter= for information

type :g<Enter=> to exit
type :help<Enter> or <F1= for on-line help
type :help version7<Enter= for wversion info

e A e e

8,e-1

* dfr@hercules

VIM - Vi IMproved

version 7.4.576
by Bram Moolenaar et al.
Modified by pkg-vim-maintainers@lists.alioth.debian.org
Vim is open source and freely distributable

Help poor children in Uganda!
type :help iccf<Enter= for information

type :g<Enter= to exit
type :help<Enter> or =F1= for on-1line help
type :help version7<Enter>  for version info
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VIM - Vi IMproved

version 7.2.411
by Bram Moolenaar et al.
Modified by <bugzilla@redhat.com>
Vim is open source and freely distributable

Help poor children in Uganda!
type :help iccf<Enter= for information

type :g<Enter=> to exit
type :help<Enter> or <F1= for on-line help
type :help version7<Enter=  for wversion info

e e e e |

8,e-1

dfr@hmem00

» dir@lemaitre2

T L e e e e L e e e e

Fed R R R ]

VIM - Vi IMproved

version 7.2.411
by Bram Moolenaar et al.
Modified by <bugzilla@redhat.com>
Vim is open source and freely distributable

Help poor children in Uganda!
type :help iccf<Enter=> for information

type :qg<Enter=> to exit
type :help<Enter> or <F1= for on-line help
type :help version7<Enter=  for wversion info

e,2-1

VIM - Vi IMproved

version 7.4.629
by Bram Moolenaar et al.
Modified by <bugzilla@redhat.com=
Vim is open source and freely distributable

Help poor children in Uganda!
type :help iccf<Enter= for information

type :g<Enter=> to exit
type :help<Enter> or =F1> for on-line help
type :help version7<Enter>  for version info

B,8-1

VIM - Vi IMproved

version 7.4.629
by Bram Moolenaar et al.
Modified by <bugzilla@redhat.com=>
Vim is open source and freely distributable

Help poor children in Uganda!
type :help iccf<Enter= for information

type :g<Enter> to exit

type :help<Enter> or <F1= for on-line help
type :help version7<Enter=  for version info

Q,e-1




Example: install your own version
of Vim on every cluster

o ) | work on Hmem

X dfr@hmem00 ®1 HOME H2

dfr@ncois:~ S ssh hmem

dfr@hmem@0:~ § mkdir -p /dev/shm/dfr/tmp

dfr@hmem@@:~ S # I have created a temp directory in a RAM filesystem

dfr@hmem@@:~ S cd /dev/shm/dfr/tmp

dfr@hmem@® : /dev/shm/dfr/tmp $ # I clone the Vim repo

dfr@éhmem@ : /dev/shm/dfr/tmp $ git clone https://github.com/vim/vim.git
>& fdevfnull

I complle a newer
version from sources make -j 12 >& /dev/null

dfréhmem@o : /devfshmfdfrftmp!v1m g make install >& /dev/null B
dfréhmemeo : fdev!shmfdfr/tmp/v1m 1s fCECIfhome/uclfpan/df . s o
bin ex rview rvim share view vim vimdiff vimtutor | install it in my CECI
dfr@hmemd0 : /dev/shm/dfr/tmp/vim § echo $PATH home directory
/CECI/home/ucl/pan/dfr/.local/bin:/home/ucl/pan/dfr/.local/ DI memremee
1/pan/dfr/.cw/def:/usr/1ib64/qt-3.3/8n:/usr/local/bin:/bin:/usr/bin:/u
sr/local/sbin:/usr/sbin:/sbin:/opt/de]l  gmadmin/bin:/home/ucl/pan/dfr/
CASTEM2015/bin

dfr@hmem@@ : /dev/shm/dfr/tmp/vim § |

| setup the PATH accordingly
(on all clusters)



Now all clusters have the same V

o00®
A HOME
¢ dfr@hmem00

v
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*  dfr@hercules

type :help iccf<Enter=

dfr@nmem00 #H2

VIM - Vi IMproved

version 8.8.464
by Bram Moolenaar et al
Vim is open source and freely disWibutable

Help poor children in Uganda!
thelp icef<Enter= for infor

:g<Enter= to exit
thelp<Enter> or <F1> for on-line he
:help wversion8<Enter>  for wversion info

VIM - Vi IMproved

version 8.08.464
by Bram Moolenaar et al.
Vim is open source and freely distributable

Help poor children in Uganda!
for information

dfr@hmem00

» dir@lemaitre2

EOEE e e ]

m  8.0.464

VIM - Vi IMproved

version 8.8.464
by Bram Mgolenaar et al.
Vim is open sourge and freely distributable

bor children in Uganda!
for information

to exit

or <F1> for on-line help
for version info

VIM - Vi IMproved
version §.08.464
by Bram Moolenaar et al.
Vim is open source and freely distributable

Help poor children in Uganda!

type :g<Enter=> to exit
type :help<Enter> or <F1= for on-line help
type :help version8<Enter>  for wversion info

:help iccf<Enter=> for information

:q<Enter= to exit
:help<Enter> or <F1= for on-line help
Running in Vi compatible mode thelp version8<Enter>  for wversion info
type :set nocp<Enter= for Vim defaults

type :help cp-default<Enter> for info on this
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VIM - Vi IMproved

version 8.8.464
by Bram Moolenaar et al.
Vim is open source and freely distributable

Help poor children in Uganda!

version 8.8.464
by Bram Moolenaar et al.
Vim is open source and freely distributable

Help poor children in Uganda!

type :help iccf<Enter= for information type :help iccf<Enter= for information
type :g<Enter=> to exit

type :help<Enter> or <F1= for on-line help
type :help version8<Enter=  for wversion info

type :g<Enter> to exit
type :help<Enter> or <Fl1= for on-line help
type :help version8<Enter=  for wversion info

e e e e |
R G S G T e G T R ] |




A catch though...

By default, compilers will tune the binary
for the CPU of the machine they run on.

run on
Hmem Lemaitre2 Dragon1 Hercules Vega NIC4
S Hmem ok
Lemaitre2 | crash ok
D Dragon1 | crash  crash ok ok ok

Hercules @ crash  crash ok ok ok
Vega crash  crash crash crash ok crash

NIC4 crash crash ok ok ok

compi



Mitigation:
GCC.
-march=core2 to build binaries running everywhere

-mtune=[westmere|sandybridge|bdver1]
to tune for the cluster you use the most

Intel (multiple code paths):
-XxSSEZ2 to build binaries running everywhere

-axSSE4.2,AVX,CORE-AVX2

to add additional binary objects optimized
for each cluster



Mitigation:

GCC: “Function multi-versioning”

Toggle line numbers

1 _attribute  (({target ("default"})))
2 int foo ()

3 {

4 // The default version of foo.

5 return 0;

6}

7

8 _ _attribute  ((target ("ssed4.2")))
9 int foo ()

10 {

11 // foo version for SSE4.2

12 return 1;

13 }

14

15 __ attribute  (({target ("arch=atom")))

16 int foo ()

17 {

18 // foo version for the Intel ATOM processor
19 return 2;

20}

21

22 attribute  ((target ("arch=amdfaml0")))

23 int foo ()

24 {

25 // foo wversion for the AMD Family 0x10 processors.
26 return 3;

27 }

28 int main ()

29 {

30 int (*p)() = &foo;

31 assert ((*p) () == foo ()):
32 return 0;

33}

In the above example, 4 versions of function foo are created. The first version of foo with the target attribute "default” is the default
version. This version gets executed when no other target specific version qualifies for execution on a particular platform. A new version of
foo is created by using the same function signature but with a different target string. Function foo is called or a pointer to it is taken just like
a regular function. With the new support, GCC takes care of doing the dispatching to call the right version at runtime.



Intel

compiler:

Example

Mitigation:

13

#include <stdio.h>
f// need to create sp
_ declspec{cpu_dispa
void digpatch func()
version

__ declspec{cpu_speci

void dispatch_func ()
printf ("\nCode for
herebn®);
]
declspec {cpu_speci
void dispatch_funec ()

printf ("\nCode for

declspec{cpu_speci

void dispatch func()

printf ("\nCode for

int main()
dispatch func(}:
printf ("Return

return 0;

ecific function wersionz for the following processors:

tchicore Z2nd gen avx, core_iT7 ssed 2, core 2 duc sssed, generic })

n_
([} /¢ =stub that will call the appropriate specific function

fic{core_2nd

2nd generation Intel Core processors with support for AVE goes

fict:ore_i?_sssé_Z}]

Intel Core processors with support for 55E4.2 goes here’\n"):

fic({core 2 duo sssel)

Intel Core 2 Duoc processors with support for S555E3 goes here'n"):

ific({generic))

non-Intel processors and generic Intel processors goes here'\n™)

from dispatch funchn"};

Manual processor dispatch”



Four spaces

o« /CECI/trsf

- Quota per user 100GB soft 10TB hard
- Automatic purge of files older than 6 months



from the scratch of Lemaitre2 to scratch of NIC4

1.8 Ghps
1.6 Gbps
1.4 Gbps
1.2 Gbps

Copy of 100GB file

16:12:31 command issued

gw-ucl: Incoming network traffic on enp&s0d1 (1h)

.= Incoming traffic on UCL cache
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Imncorming network traffic on enp6s0 (1h)
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5 Gbps

4 Gbps

3 Gbps

gw-ulg: Incoming network traffic on enp6s0 (1h)

Incoming traffic on ULg cache
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GLOBALSCRATCH

bigfile.dat @% 79MB  6.3MB/s 4:25:25 ETAJ
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4 = @ UNamur (Université de Namur) s ¢

Using the common filesystem — CECI

Docs » Using the common filesystem

(searchdoss ] Using the common filesystem

All CECl clusters are connected to a central storage system that is visible to all

compute nodes of all clusters. This system runs on a fast, dedicated, network. It
will become the home of the users in the near future, but in this first phase, it is
set up as an additional home besides the default, cluster-specific, home.

Creating an account

Connecting to the clusters

Copying files

Editing files This storage system is installed at two CECl locations and data are replicated
synchronously on both locations to ensure data safety and a certain level of high
availability. Moreover, on each site, a local cache is setup to mask the latencies of
the network and make sure the user experience is a smooth as possible. Those

Slurm Quick Start Tutorial

Troubleshooting and frequent mistakes caches are replicated asynchronuously with the central storage, meaning that
files that are written there will appear after some delay on the other clusters. It
also means that if you modify the same file from two different clusters, the result

Transferring files to and from the clusters .
e is undefined.

B Using the common filesystem

Home

Lt Do not write to the same file from two different clusters at the same time.
Proj This would corrupt the file.

Soft

The storage is split into four distinct directories:




The new CECI
common storage

Long-term benefits




Common set of software/modules

Workflow

Packages installation

Develop Commit Run Cl Build Add to Testin Deploy in
repo staging prod
*Containers sAptly sPerformance sFrom

*Validation sCreaterepo testing dedicated
test server

*\agrant . *GIT . *GitlLab CI VM

*Easybuild

Packages installation

www.ptci.unamur.be 10



Slurm Federation

Job Migration

o Pending jobs automatically migrated to less busy clusters
Fault Tolerance

o Participating clusters will take over work of a failed cluster
Cross-cluster Job Dependencies
Unified Views

Easy Administration

o Add/remove clusters to/from the federation with simple configuration

change, no extra information required in database

Copyright 2015 SchedMD LLC
http://www.schedmd.com




The new CECI
common storage

Wrap-up & future plans




Four spaces

/CECIl/home

- Quota 100GB/User
- Daily snapshots

/CECI/proj

- Upon request
- Quota and duration based on request

/CECI/trsf

- Quota per user 100GB soft 10TB hard
- Automatic purge of files older than 6 months

/CECI/soft

- Common software + modules



VWhat's next...

* Fine-tune configuration

Your feedback: your local CECI system administrator

e Setup procedure to request group space
* Build common software installation

All further information through
the CECI users mailing list



Consortium des Equipements de Calcul Intensif
Funded by F.R.S.-FNRS

www.ceci-hpc.be

Try the new CECI
common storage!
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