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1l ntroducti on

This documemmy ppeaerpaoneet srritccthe f or obt ai ning the best
modelmanagexsompl ete process of Las egrheMdtralmewe p
experi méwbRMYy0s7i:c al Laser Metod!| thepdoirtiensi MOy RL

Thienput for the NN areht gk tshpeargmasl ocba nae rnae da tftraocn
header that records a compl eitaen LeMD i porad d eosns .( pTrhee
mai n parameters that conbofotbethastEMD(pPdcand:t
(PS) .

The main objectiveprofvidlee vENumbdel i n§or mati on
throughout a LMD procedure tothéedsee | @ar@ad)dirtsetrrsat
depoti oni mp ftoierees,s i ncreasing the final guality o
The process of developing such a NN algorithm
training. Both of them have uncertainties in so
i n NN model and | earnioggratberdyuyrihgttmmestrhen
This processhypeadamedasacmgt mat i s time and com

Using HPC infrastru4twwradioan medwad ntghd htei me t
a working model

2Experi ment al setup and background.

This section detail sedhtoergpkrey pwas natneelt b@8gt wd U
technicainh sepo2stdctbidemér i pti on of the CESGA Fir
gi viemm..&2 description of the skeleton of the NN m
for the stuRi@asdatbegdegsaription of the trainir
i 2.8nd.&nd respectively.

21l nfrastructure description
They ppear amett wudy was carried out on the CESGA ar

computation system based on Intell H&®Owel Wopko
with a peak performance of 328 TERElhepdsdiapdhack Mbelr
FT2 is a live computing platform that is evolywv

During t heFT2dphesx icoenrfti,dut ygfpiesen owi clomputati on no

1. Thi nnodneosd)e(s3Wbth 2 Haswebkbbrg2a68apwidt 2,8 Ehx& r @E
of RAM menortyaladnddias k of 1 TB.

2. GPUs Nodes (4): with 2 Haswell 2686vBvprovces
375)ah@28 GB of RAM omeantod ydiasnkd aaf 1 TB.

3. Xeon Mmdes (2): with 2 Haswell 2680v3 proce
128 GB of RAM omeantod ydiasnkd caf 1 TB.

4. FAT node (1): wi th 8 | nttoetld 2HBaysovaerl d s )8,8 640/ B6 |
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memor Yyoba4 dotdli $k2 TB and 2 SAS hard disk of

I n addition to the compute nodes, FT2 have 4 n¢
Haswel | 2680v3 processors (up to 24 cores), 12¢
All nodesgédhpeetioamAnce file system based on Lu
This storage infrastructure has 760TB of stora

achieve a bandwidth higher than 20GB/ s.
The execution of jobs i 4k TR uilld, mavila gehd ghuya r alnu re

assignment of resources to each job. FT2 has ¢t}
so the frequency ofi guarcéed atssitghme dncmirreali sorce® ndt
The performance studies for this technical rep
System of these nodes is Linux and the distribt
306 thin nodes 1 Fat node
4 GPU nodes 2 Xeon Phi nodes
128 cores,
2.5 GHz
24 cores,
24 cores, 24 cores, 2.5GHz 8 x Intel Xeon E7-8867v3
2.5GHz 2.5GHz 2x Intel Xeon 4TiB
2x Intel Xeon 2x Intel Xeon E5-2680v3
E5-2680v3 E5-2680v3 128 GiB
128GiB 128GiB 2 x Nvidia K80

! | l I 1 1

Infiniband FDR 56 Gbps

1 1

I 4 login nodes

10 GbE to CESGA Network
CAIeNB I A0 RSAONRLIIAZ2Y 2F CAYyA&d ¢SNNIS LL &
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LossFunction

Optimizer
FC2 save
init
Dropout optimizer Conv
&
& \
optimizer Placehol.. ?:E
FC1 save Optimizer
init
POO | 01 Optimizer
ReshapeFor... Optimizer

2BH2BXB

; e
Conv2

save
init

Optimizer
Conv01 save
init

£
Optimizer &
save

init

B

ImageResh_,_ Optimizer

Features

CAJEINEDN} LIK az2RSf O6SEUGNI OGSR FTNRBY ¢Sy&az2Nb2l NRO
hLISNI GA2ya F2N) /2y @2tdziaz2yltft [ &SNP

22Model description.

To generate and train the NN mo#t(eTlF)u speydt hionn tAhPil:
1. compi |FRTd dfeer btei®r e sTeecntsioornf)l owna swauss ecdo.mpi | ec
support of GPUs, wusing gcc version 4.9.1, pythc

The base NN model used iFn gafriesf tt x p ;a gggeemer haet seed:
Tensorflow (TF) grapfhhef mbha motpbnesat presenhhec

1T Features | ayer: this is the input ©fatmbe NN
number of pixels are 28x28=784 (this is the
model, the input will-1p&8d4)TF placehol der of

T Il mage Reshape | ayer: this | ayer reshapges th

1,28,28,1).

Tensorfl owoiug cen sofdwar el hti dlrlairyed oe: Matcthp a1: / / www. t ensor
2 n Tendomkehoaw that can .be any integer number

Certified entity SO 9001 / / CESGA PagetfO
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T Convl1: First convolutional | ayer. The convc
(see rightglyraph of

o Conviod rual Operation: in this | ayeeg; opgv1 s
are applied over the input frame.

o Max Pooling operation: downsampling oper
same | ength.

o The shape of the mwl fivsl:4dtphdsadndot heheaeu@b
parameweir ght sf carn dt hbii saf shamytearv, i s:  w

o Activati eofidzf uncti on:

T Conv2: Second convolutional | ayer:
o Convolutional Operation: NcCVve Muar applbn:e
over the input frame.
o Max Pooling operation: downsampling oper
same | ength.
o The shape of the outpdt 7ikc@nsdrheofnumber C
parameters f o¥witancshahayer i s: w

o Activati oMdzFuncti on:

T Reshape | ayer: this | ayer reshapes the outp
shage F&HNZ.* n

1T FC1: fcomsmnedueédy(or tdreemssregnd.ayer with n

o The shape of t hre tsxp(atn df drh et miusmbleay eo f f
this | aye®mnthsu 7*7* n

o Activati oMdzFuncti on:

Y Dropout | ayer: this | ayer is wused during ¢tr
connected | ayer wil/ be dropped and not wuse
0.75 (this maintaTme 7dr p wbkte dihaewehraauir ®mfsi)t t i n

1T FC2: secomhefcttleldy (or dense) l ayer with 2 n
model : predicts a value for the | aser power

o Activation Function: none (no activation

o The shape of itshe adpetr@yts afnar tthre number of
this | awer is: 2*n

23A1 MEN Dataset description.

For training the NN model data obtained from d
used. The dat aset was divided in 2 subsets one

Certified entity 1ISO 9001 / / CESGA Pagetb O
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val i date the model when trained (validation dat
Eadlat { s&®mbljies made up of a bunch of frames (wid
with a ther mal camera during a LMD experiment.

and PS during the experiment.

51 GF{bdzZYoSNJ 2| t AES|bdzYoSNJI &
¢N} Ay 44505 (128x28 2
+FfAR162216 (|28x28 2

¢l oMpS5F GFasSia OKINIOGISNRAGAOAOD

Each dataset comes from different LMD experim
independent datasets.

The datasets were provided as numpy array fil es

24Tr aining Description.

The Loss Function used to tr(l@iin the NN model [

D€l i— Q 0w Q 0w Q)

ch

Wher e:
1 wis 'tfhreame of the training dataset.
1 Q wis the predicNimanddforade. iof t he N
1 ® : |l abel fbram®. of the i
1 Q wis the prediction fforam&. of the NN model
1 ® : label fbhram&. of the
T a: tot al number of training frames.
The objective of the training is trying to fin
the Loss Fundl)i ofoofmi BEqg ma,tz etohheo sTsF FAjdmac O potliemi A arc
speed up the training only a smal/l random batch
frames) in each optimizer iteration.
During a cop2p0l0etientterramendiinagt e mo dehles b(iia.se .o ft hael I\
were saved to validate them | ater.

25Val i dation Description.
To monitor the performance of the NN model t he

Shttps:// www.tensorflow.org/ api _docs/python/tf/train/Adar

Certified entity 1ISO 9001 / / CESGA Pa®etPO
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model s, obtained during the training phase, usi
The accuracy metric used to mo@®i:tor perfor mance

6HBo1 @bk O ok kb k@
Oi iohw o is the maxi mum between LP and PS rel at|
frames in the validation dat &set, and is calcul

O bR fd D Béro  ph )

i ) - —

voesTs Pl o P

As shown {2n dc&mluattlmmse predictions where relati
are | abelled as “good” predictions. The accur e
compl edtaet ivoanl idat aset . For one training, a 200

be obtained.

26Scal ability tests.

The main task for CESGA in the CYPLAN experi me

capacities tditfarent nNdamatdélke$s and obtain a I
n

sectd)an To have a accurate provisioning for th

scalability of the TF model was studied where ¢
| 2y @ 2y @ Ci W
a2RStSbl Gom Yo Gou You Y¥om t I-CNITI}\BYSS

[26 {ATS|5|8|5 (32 1040 16B42
aSRAdzY {A| 5| 8| 5 (32 700 110%42
|l A3K {AT| 5 (32 5 64100 319098
ql-o@éazﬁéf /2y FAIdNI GAZ2Y F2NJ GKS o bb dz&a SR (2 'élifldzf?,é 0K
02y @2t dzi A2yl YOMERSRNI WM YV¢zROBM 2F TFAfGSNB F2N) 02y @2t dziAz2yl

AAAAA

O2yySOGSR t1&@SNJ MmO

For this preliminary studyTaldwuwer ¢ hussed di TlHies etna
di fferent | ayer configurations and the total n
the number of free par ameutnebresr i1osf ewgeuiaglhttso atnhde L
descri2b®d i n

Certified entity 1ISO 9001 / / CESGA Pagé&RO
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Free Parameters:
—— 163742
= 1106342
3191098

Free Parameters:

SF |- 163742

—=— 1106342
3191098

Mean Elapsed Time (s)
&
z
2
Speed Up
w

Number of Cores Number of Cores

CAJoeNBvSadA §a F2N kS 30l
ydzYoSNJ 2F Ftf20F3iSR 0O2NXB
O2NBao

ra 3
& T2RDBSWORKET I NKEIKA XK NE

Tab3lsdhows ot her parameters that were set for the

[ SINYAY 16
5NER LJ2 dz{l 0. 7
.FGOK g128
LGSNI GA 300

¢ ooftbSOLIF NI YSAANBEKS aolfroAtAade dSadao

The scalability tests consi STtadlveitrh ttrhaei rplaarkd el &
4increasing the number of allocated cores and
di fferent numbeb oiff aed octattedaidmimegscoWwe reg caln d s
single batch job on a single FTII node, aNdzi t i
Ti mes were collected from the slurm accounting

Fi g3srheows t he results of t hevsaalgaebieldifatpyslewe & ti e
executsi photted versus the number of adrleo caaltleodc a

the training time decreases until the 12 cores.
can i msdrnagdadbephsaviisowrl early shown in the right gr
the number of all ocated cores.
For calcul ate ®pesdudmpdequati on

N "Yp @)

T

Wher e:

me when 1 core i s used.

T T(1) is the t

T T(N) is the t
Agoncl usi on. uBomgortehitshamodle2l cores for training
derease of the training time.

i
i me when N cores are used.

This preliminary study allows us to establish

Certified entity 1ISO 9001 / / CESGA Padeéo RO
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the Finis Terralkypparraecneeaarcéds. ther jtolbe array sul
used in such a way that one complete node wil/|
and 12 cores will be wused for each training.

SHy p®m@r a mesteraircc h.

n sub 2s®beiekel eton of the NN model was defin
ilterwi mdsoiwelmes t he convohet nombler!|l ayemeoomaist ¢ d
abel were nofif i kiexle ¢.&athwesne rseeol neat ty @ma ruas mattgr d \c,
taking advantage of the parall el computation r
possi mbdeNN

I
f
I

31Hy p®m@r a mesteraircc h definition.

The filter size and the number of filters of t
the first fully woinmgprgmasd neadad tcee li @detaedehi nd t |
tonfd the combination that produce a Thédstheorwsy al
the different values tnhtaito nweedr ep atreasmeetde rfso.r t he &

CAf (S bdzYo SNJ 2F b S dzN
[ 2y @2t dziA2| wes 3, nevw= 8, 16, 32
| 2y @2t dziA2]| wez 3, nnvwe 32, 64
CdzOR28/ySOGS N/ A|m&=128, 256, 384, 5

¢l oS+ f dzSa FT2NJ 6KS RATTSNEBY SN YESANRIOKID NI YS G SNA

For htylpmar amedarich, all the possible modd&dhbkembi
parameters (192 possible model s2.)wanmd gahedat ed
sect2.om The number of friegehtpsaroafmealelr sl g ydrass) e

203 ,a5n®l6 266, 434.

Tabslsee mmari zes trainindympeanapkearsachu sterda idruirn gngy.

[ SFNYyAY 16
5NE LJ2 dz{j 0 . 17
. GOK 312§

ClFoptbS/ 2YY2y LIKNE LESENBS NISEANRIOA v 3 @

32Hy p®mar a mesteraircc h resul ts.

Fi gissheows t he evolution ofl t hteolLhoyspgerFAMBRd & ®los E
on the training data (left image) and on the ve

Certified entity 1ISO 9001 / / CESGA Padzo R0
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the Loss Function evaluated on the training dat

LossFunction/LossFunction LossFunction/LossFunction

400

350

3.00

250 160

2.00

150

1.00

0.500

5000k 1000k 1500k 2000k 2500k 3000k 3500k 4000k 5000k 1000k 1500k 2000k 2500k 3000k 3500k 400.0K

AAAAA

CAdmeNB 244 CdzyrONiAIANNI WBEIREMA RdzNAYy3I GNFAyAy3d as
FVR T2N G tAGKIGG BV @mI8G v dovadS NI 2 F a4 d SLJ

process is fitting the bias and the weights of
dataset is wused t hse uLnotsisl Fruenaccthi oan ndiencirneuans ea n d
iterations. This is the typical case for an ove
dataset in a good way but when the modg)l t heeesc
a performance | oss and the extrapolation capabi

Thbehavwiso shown i nFiagherhee a e, wa  es# Wsceceu re@cuyadido n ss
plotted vs the training intehynmgehiratmmoestet&eps far
i mage, t hek SAcecwalawcayt ed on the training dataset

50.00k 100.0k 150.0k 200.0k 250.0k 300.0k 350.0k 400.0k 50.00k 100.0k 150.0k 200.0k 250.0k 300.0k 350.0k 400.0k

AAAAAA

CAIpgINB! OOdzNI Oé v nR:e LAPNNI WS RMiha RdzZNAy I GKS NI A
OGN} AYAy3 RIEGFEASEG 6fSTG AYFASO FYR 2y GKS @I tAR
take place. I n 2obhghtevamageedAooauitdey validati or

training irneaah i @anmaxinmurm andehbaeareobmnctaeadses. t

»
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training process overfits because the perfor mar
training data but decreases when theavaéddmbdbde
maxi mum vabieé@davbourhtehestame foai mé¢éd model s.

There are sever alboappf,otatsheg to treat

1. Early stopping. The training is stopped befc
2.l ncreasing bhethe training dat asTehi:s gepgp rnmooarc
beyond th possibilities of tdtionndwarlk dba ma UAS
3. Change th activatiifem eimundtayems of 3A.Me NN m
4. Uses of regul ari zat ivwei ¢hretcsh nd fq utetse tchiaftf d ri em tt
5. Change ther weamgadmest ems tliiake zati on, .| Saver al
tests wer conducted but results are the sa
dat aset i good but the performance decrease

Th#opti on, get the intermediate training step
Accuoway uUBetlhe experiment framework to provi de

e
e
e
h
e
S

| Ri girhee maxi mum valkse pdbbtAeduvacyhe number of
for al hy pphaer aln®2i.r i Mdaxi musaiwAccangey -0h 8thwbéledno Ws 8

0.85

- .-' v
T S AT . . *
O
[ ]
™ ’ . , '~ .‘ . ' . :. % .
g ‘ L] = . e .. ! )
3‘ * . ] : : . ' ¢ o
Coesf y ¢ N 3 3 . F 4
g ¢ 5 ° T
E . L4 ‘o .
-} | ] .
E . . .
3
=

o
w

08 I L I L
0 0.5 1 15 2 2.5 3 3.1

Free Parameters (109)

CAIJdeNBR | EAYdzY 2F (KS | @8 taOINKDR VEERFFQND (KaS ymdgyHo S N.

0KS Y@REiiPAYyS Aa dzaSR G2 aSLINIGS GKS mn o0Sad
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| 2y @/ 2y @ Ciw
a2RSt S| dou You Sou You Yriow !(“)aOI-dEN;J; L{ujlg\”u tI-CNﬁ“BYSS
a2RBhy 5 (16 5 |32 6440 0.848| 10B864| 1,018,
a2RMyd 5 32 5 |64 768 0.847 606 2,462,
a2RBENM 5| 8| 5 |64 768 0.847/ 10B82| 2,423,
a2RBfp 5 (32 532102 0.846 6§06 1,635,
a2zRB86d 5| 8| 3 (32102 0.846| 19844| 1,611,
a2RBEp 5|16 5 |64 768 0.846 6§06 2,436,
a2RB§T 5 (32 5|64 512 0.845 8280 1,659,
a2RM@fin 5|16 3 |64 384 0.845| 15832| 1,215,
azRBfHT 5| 8|5 (32102 0.845 7034 1,615,
a2R®fM 5 |32 5 (32 512 0.844| 10300 830, 8]
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As explained before, 192 model shyweenae agethied ya.t el
each training 12 cores were used and the sum of
(near of 40 days of computation). Using the par
time to completasth@ HORr $ r asomiuwmgisn vy pPeCr a mestoruir
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search by a factor 13.

The | owest training time was 2.4 hours and the
than 8 hours to finish the training.

Figdslkeows the histogram for the trainimhgpeéer me
paramedariach. As can be seen most training finis

33Acti vation function.

This suadbnaslewsdasont he behaviour of the NN model w
| ayers weTabllchawged he modelconfagdrahebns) ayéaant
make this experiment. The models were selected

compl et e roatnagle noumhbtehre af free parameters.

Different act9foRtfileldgdtd@mYZAX®ongd h@ablovkeles tefst ed
activation function was set in all the | ayers o
activatiiomn funct

gOIyO|60IyOyFICNBS t ]
a2RB8H| 5 | 8| 5 |32/ 12¢ 20773(
a2RMfb| 3 |32 5 (32 25¢ 42813(
a2RB8fF| 3 |16/ 5 |32 381 61625¢
a2Rm@f| 5 |32 5 |32 51 83081¢
a2RB@N| 5 |16] 5 |32 64( 1018609
a2Rmf| 5 |16/ 3 |64384 121507
a2Rmt| 5 |32 3 |32/ 89¢ 1417609
a2RB®f| 5 |32 5 [32/102 163517
a2Rmy| 5 |32 5 |6464( 206105
a2RMm§| 5 |32 5 |64 76¢ 246285
a2RB8t| 5| 8| 5 |64 89¢ 282561
a2RBf| 5 |16/ 3 [64/102 322403

¢l otdS a2RSta aSt SOGSRI FNEESNI Q2 YBASMNITFE@N2YVIKISYR OGADlI GA2Y
G6AYR26a aAl S FT2N) O2y@2ftdziazylt tF@8SNIwmM FYR Hd yOmI yOHY
2F

Yy SdzNR y & Tdd te O02yySOGSR tF&SNI Mo
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As expl ain
regul ari za
in order t
the sum of
square of
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TF all ows add i ndependent regularization ter ms
experi meif wWsAt=tOh.e® ®OldY) WAt=H0O .r®Q)Jul ari zati on terms wert
| ayer and in DenseOl1l and ConVv@hB/ll Payers over t he

The resul t &i giweheesrheo winh e nma x i maom so fp | tohtet eAdc cvuerr ascuys
of free parameter oft htetkéomedekentoonedchombhenat,
and | ayers (graph keeps the ori giAmsalc amurbvee ,s ebelt
regul arization techniques does not have a big i
bi ggewal ues forAddwoga@w i me molbf ai ned.
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4Concl usi ons.

As explained in this document HPC resobypes c:
paramedaricch when using Tensor Fl ow. Use of para
of different parameters configuration imymperder
paramettudy are basadmber cbbnbavebpsornt he numb
model , but othehaapgppraadcheat | ok.e3 wmrc tc hoannsg e( siern
techniques lukerthetusesofedmfgf ésentionitiali za
in batch size or |l earning ratescaeaernwsthedihed gien tah ¢
way with | ittle changes in the code.

Thanks to the usage d4BoOHRCIi nascamc ébse, dtelta efaism
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presented case, el apsed time can be reduced fr
effort to i mpl ement the &woykehew. tOdsidreg eTé n s dr
di fferent models to select the best among the ¢
There are other possibilities that wil/ be exp
using the wusuapdatneelt h(owrse roef tdhaet adat a i s distrib
same model to cal cul ap@&r alhleelgr(awh eerng st) h eo r moroedl
di fferent devicesiterveogesargseetol fwhenn a si ng

Duri ngadge,i sGPUs have not been used because the
with the number of cases to execute and the num
arwery busy. So using a pureaCP8@drdgegannmbgr cah
executing simultaneougdlsyltuad idoencrease the final

1 Oly296tft SRISYSyia

The work presented in this rEauporpteamasunin enéisv ed
research and innovatigogmee@meemgtr afbneb RIOd&it.Mdeaapr c
resuetbect only the author's view and that the

be made of the | Mfudrhmatoovieminkcahsai n®. Al MEN f
dat and CESGA for the access to Finis Terrae |1
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