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“ BeAtLotomoinon tonof£tnong SLEpyooLwV Kol EMEKTACELG YLOL ETEPOYEVN
CUOTH AT OTO AOYLOMLKO SLayELpLOpoU opwv Slurm”

NEPINAHWH

Ta umoAoylotika cuotipato vPnAwv emibocswv (HPC), otnv mpoomdbela Toug va
LKOVOTIOLOOUV TIC OUVEXWG OUEAVOUEVEG OVAYKEG yla TIEPLOCOTEPN amodoon Kot
UTTOAOYLOTIKOUC TIOPOUG, avamTtUooovToL OAO Kal TEPLOCOTEPO o€ PEYeDoG. EmutAéoy,
aflomolwvtag SlopOpPETIKOUC UTOAOYLOTOUG TOpouC Omwg ot "Accelerators"
yla TIEPALTEPW AVENDN TNE UTTOAOYLOTIKNC LoXUOC TOUC YIVOVTOL TILO ETEPOVEVI).

OL umoAoyLloTikol TOpOolL AUTWV TwV cuotnuatwyv Stapotlpalovial HeTafl TOAAWV
XPNOTWV OL OToloL 0€ TIOAAEC TIEPUTTWOELG UTOPEL var avépyovtal og XIAASEG Kal va
eKTeEAOUV edapUoyEG Slopopwv emiotnuovikwyv mediwv. Auto eyeipel duo Bfuparta,
TO TPWTO €lval n mapoxn MLag TokIAopopdns TG otolfag AoylopilkoUu Tou eival
armopaitntn ywa TG SladopeTikég edapuoyEG KoL TO OeUTEPO €lval n eyyunuévn
amopévwon Hetafl Twv Sladopetikwyv  xpnotwv. Eva emutAéov Bépa eival kat
Slaxeiplon Twv moAwv SlepyaclwV TwV XpNOoTwV KaBw¢ Kal SLavoun Twv UTTOAOYLOTWY



nopwv. Emiong, oL edpoapuoyég mou emntolv mepattépw amodoon Pacilovtal oe
TIPONYUEVEG TEXVIKEC TOPOAANAlAG yla vo eKMETAAAEUTOUV TOUG TIOPOUC  TOUG
ouotnuatoG  aufdvovtag TNV Tieon  oto  O8IKTuUO  TOU  CUOTHUOTOG.
To MPOPBANUA KOTAVOUAG TWV TOPWV OUTWV Twv TEPIMAOKWY Kal peydAwv HPC
OUOTNUATWY OToUG SLadopoug (MOANOUC) XPOTEG AVTIUETWIIETAL UE TNV XPHON EVOG
€161KOU eVELAPETOU AOYLOMLKOU TIOU ouxva KaAeital uotnua Alaxeiplong Mopwv Kot
Epyaciwv.

To Béua ™G €yyunuévnNg amopovwong Twv OSLapOoPETIKWY XPNOTWV KaBwG Ko
Tapoxng Hiog mo e8ka dtapopdwpévng otoifag Aoylopikol ouvnBwg emAVETAL e
v xpnon Ewovikwv Mnyavwv. Emiong, n aufnuévn €MIKOWWVLAKA TUTIKOTNTA
TWV £POPUOYWV UTIOPEL VA PELWOEL TO KOOTOG TNG EMLKOLVWVIOG LE OTTOTEAECHA TNV
pelwon Tou xpovou eKkTEAEONC TWV ePapUoywV KABWCE KoL TNV Lelwon TG mieong mou
6éxetal to Siktuo. EKTOG amod to KOOTOG EMIKOWVWVIAG, 0 XpOVOG EKTEAEONG UTTOPEL va
BeATlwBel mepattépw HEOW TNE PElWONG TOU KOOTOUG TNE Stakomng Twv MPI edappoywv
TWV XpNOoTWV AOYyw 0PoAPATWY OTOUC KOUBOUC TOU CUCTAUATOGC.

Je autl TNV epyaocia  TOPOUCLAlOUUE TPEL( EMEKTAOEL OTO  AOYLOULKO
Slaxelplopol mopwv  Slurm 1O omoio xpnolpomoleital gupéwg amo ta  HPC
ouoTtnuata. XPNOoLUOTOLOUUE To Slurm Kol To EMEKTEIVOUUE e BACELG TIG TTOPATIAVW
pneBodoug yla va emAUooupe ta mpoPAnuata mou avadEpape. H mpwtn eméKtoon
poodEpPEL oto Slurm v Suvatotnta va umnootnpilet  FPGA-based
accelerators kaBotwvtag to Slurm KataAANAOTEPO ylo €TEPOYEVH cuoTtnuata. To
Slurm  mapéxel nén unootnpEn yia GPUs oxL 0pwg ywa FPGA-based accelerators.
H emopevn eméktacn mou mapouctdletal mpoodidel tnv duvatotnta oto Slurm
VO EKTEAEL ELKOVIKEG HNXOVEG KAl HECO OTO ELKOVIKA TEPLPAANOVTA QUTA Vo eKTEAEL
TI¢ Olepyaoie¢ Twv Xpnotwv. Ze oOUYKPLON HE TOPOPOLEG OOUAeieq n ev Adyw
eméktaon TPoodEPEL Eva To amAd meplBAAlov yla tov xprAotn kabwg Kkal tnv
Suvatotnta SLaxelplong TWV ELKOVIKWVY UnXavwy amno to Slurm.

H teAeutaia eméktaon UAOTOLEL TNV MPOTELVOUEVN TIPOCEYYLoN yla  BeAtiotomnoinon
toroBétnong Twv Slepyactwv Pe Bdon tnv tomoAoyia kat mapdAAnAa AapBavoviag
uTOYILV Toug KOPBouGg ou Tapoucotdlouv odbAApaTa. IKOTOG AUTAG TNG TIPOCEYYLONG
elval va pewwoel 1o emuTAéov KOOTOC TNG ETMIKOWVWVIAC Twv MApAAAnAwy Slepyaciwv
pag MPl epappoyng aAAd Kalva LELWOEL TO ETUTAEOV KOOTOG TNG SLOKOTAG EPapUOoywV
AOyw odaApdTwy oToug KOUBOUG.

H mpotewvouevn mpooéyylon akoAouBel pia yvwotr pébBodo pe Bdaon tnv umdpyxouvoa
BBAloypadia katd tnv omoia To MPOPANUA TNG TOMOBETNONG TWV SLEPYACLWY OTOUG
UTTIOAOYLOTOUG  TIOPOUC  HovTteAomoleital wg &va ypadobewpntikd mpoPAnua. H
TomoAoyla TOU GUOTAMATOG Kal KaBwe Kal To poTifo emikowvwviag tng epopuoyng
avamnapiotavral wg Suo ypadot. Me tnv xprion tnc BLBAodrkng Scotch, n omola AUvel
T0 ypodoBewpnTikd TPOPANUA, TIAPAYETALN QVILOTOXIO TWV OSLEPYACLWV OTOUC
UTTOAOYLOTIKOUC TTIOPOUC TOU GUOTHLATOG.

EmtutAéov, n TPOTELVOEVN TIPOCEYYLON EVNUEPWVETAL YLO TOUG KOUBOUC TTou mBavwg
Vo TIOPOUCLACOUV OPAAMOTO WOTE va amodUyeLl TNV Xpnon Toug Kabwcg Kol Tta
LLOVOTTATLOL TIOU EMNPEAIOUV.



TEAOG, Q€LOAOYOUUE TNV TIPOTELVOUEVN TIPOCEYYLON TIPOCOUOLWVOVTAC TIPAYHUATIKES
edappoyég oe dU0 SLadOPETIKA ELKOVIKA TEpIBAAlovIa He Kal Xwpig odaApata.
Ta anoteAéopata Selyvouv onUOVTLKN HElwWoN Tou XPOVou eKTEAEONG TwV EPapUOYWV
Kal ota SUo eKovikd TepLBAAAovta. H TIPOTEWVOUEVN TIPOCEYYLON KATOPEPVEL va
HUEWWOEL  ONUOVTIKA TOV aplOUO TwV AmopPUITOVIWY SlEpYaclwV AOYyw OOaAUATWY
KaBwg ToV XpOvo eKTEAEONG O OXEON KE TNV Baotkn mpocgyylon tou Slurm ano 10%
€wg 31%.
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ABSTRACT

HPC systems keep growing in size to meet the ever-increasing demand for
performance and computational resources. Additionally, by utilizing diverse
resources such as accelerators to further improve their computational power
the HPC systems become more heterogeneous. The resources of such systems are
shared among many users, whose number can reach up to a few thousands,
and execute a broad spectrum of applications from all scientific fields.
This brings up two issues, the first is the diversity of the software stack
required by the various applications and the complete platform isolation
among the users. Another issue is the managing of the many resources and the
various jobs issued by the users.

Additionally, applications that seek to lower their completion time rely on advanced
parallelism for exploiting the system's resources, which leads to increased pressure on
system interconnects. The problem of managing the resources of a complex and sizeable
HPC system is tackled by the use of a special middleware often called Resource and Job
Managing System.



In order to deal withthe issue of platform isolation and provide a more flexible
software stack the Virtual Machine or container technology is often employed.
Furthermore, by increasing communication locality of the applications their
communication overhead is reduced resulting in lower completion times which can
also lower the pressure on system interconnects. Apart from the communication
cost, the completion time of an application can be further improved by reducing
the overhead of job abortions due to node failures.

In this thesis we present three extensions to Slurm which is a Resource and Job
Managing System that is widely adopted in HPC systems that use the above methods

to tackle the aforementioned issues. The first extension provides Slurm with support for
FPGA-based accelerators that allows the users to select nodes with specific FPGA-based
accelerators making Slurm better suited for heterogeneous environments. The second
extension enables Slurm to run workloads in Virtual Machines. Compared to other similar
approaches this extension to Slurm maintains a simple user interface and also integrates
the VM management into Slurm.

The final extension implements a topology and fault aware process placement
approach that reduces the communication cost while also taking into account node
failures. The proposed topology and fault aware process placement approach follows
a common approach which, according to the bibliography, models the process placement
as graph mapping or graph embedding problem. Both the system's topology and the
application's communication pattern can be expressed as two separate graphs and the
mapping is derived by solving the corresponding graph mapping problem.

Additionally, unlike the common approach the proposed approach also takes into
account node failures and attempts to avoid paths that include faulty nodes.
Finally, we evaluate the proposed topology and fault aware approach
in two different environments, with and without the presence of node failures.
The results of our evaluation show a notable decrease in overall completion time of MPI
jobs in both environments. Compared to the default process placement of Slurm, the
proposed approach reduces significantly both the MPI job abortions and the overall
completion time from 10% up to 31% for different MPI applications.



