NANENIZTHMIO KPHTH2

TMHMA ENIZTHMHZ YNOAOTIZTQN

NAPOYZIAZH / EZETAZH METANTYXIAKHZ EPTAZIAZ
Nteyiavvng AnUATELOG
Metantuyiakog dowtntig
Tunpa Emotipng YrnoAoylotwy, Mavenotiuio Kptng
Enomntng Metamt. Epyaociag: Kadnyntig E. Mapkdtog
Asutépa, 20/2/2017, 17:00

AiBouoa TnAedidokePng K206, Tunpa Emiotiung YrnoAoylotwy, MaveniotipLo
Kpritng

“ M tapaAANAn Mnxavi Avaintnong Kavovikwv Ekppacswv kot AAdaplduntikwv
vy Eup€w¢ AlaO€otpo YIToAoyLotiko YALkO"

To taiptacpa aAdaplOuntikwyv mpotunwyv (string pattern matching) eival éva medio
€PEUVOG OTO Omolo €XeL APLEPWOEL ONUAVIIKO TIOCOOOTO €PEUVAC N ETMLOTNUOVLKA
KowvoTnTa avad ta xpovia. Hoén, anod to 1970, emiotipoveg anod dtadopouc dopeig kat
gpeuvntika media, mpoonabolv cuvexwg va avantuéouv aAyopiBuoug, téco €EuTvoug
000 KoL amodoTikou. AKOpa OUwG, To MPOBANUA TNG avtiotoixtong aAdaplOunTikwv
TPOTUTIWYV amoTeAel avolyxto nedio okéPng kal peAétng. O Adyog TnG paydailag autng
SNUOTIKOTNTAC TNC aVILOTOXoNG aAPaplOUNTIKWY TIPOTUTIWY OTNV  ETLOTNLOVLKA
KowvotnTa, lvat n eupeia xprion kot epappoyr TnG o€ TOAAEC KOUL TIOLKIAEC TTEPLOXEC, OTIWC
yla mopadetypa otnv mAnpodopikr, otn BlomAnpodoplkr, 0TNV UTIOAOYLOTIKN BlolatpLkni
Kol AAAEC.

MNpoodata, kabwg n texvoloyia cuvexwg e€eAlooetal, n xpnon twv TapAaAAnAwv
EMEEPYAOTWY EXEL ATIOTEAECEL ONUAVIIKO TAPAYOVTA YO TNV aVATTUEN OAO Kol TILO



YPNYOPWV Kal amodOoTIKWV cUOTNUATWY. O TPOYPAUHATIONOC AUTWY TWV ToPAAANAwY
enefepyaotwy —eite autol elvat moAumlpnvol emnefepyactég (CPUs) eite elvat
enefepyaoTEG ypadlkwy yevikol okomou (GPGPUs)- Baoiletal oe mMAQTPOPUES TOU
ETUTPEMOUV OTO XPrOTN TNV EMOTITELQ KAL TOV TIPOYPOUATIOUO TOUG. 2€ aUTh Tn SOUAELQ,
oL MAatdOpUES IOV Xpnaotpomotovvtal ovopdlovtal CUDA kat OpenCL. Zuykekpluéva, n
CUDA amneuBuivetal og ene€epyaoteg ypadlkwy YeVIKOU okomoU tng etatpiag NVIDIA, ot
avtiBeon pe tnv OpenCL, n omola EMITPEMEL TOV MPOYPAUUATIONO onoloudnmote idoug
enefepyaotn.

Ye autn ™ douAeld, mapouoialovpe pia BLPALOOAKN yla avtiotoixion aApaplOunTikwy
TIPOTUTIWYV TIOU HECW HLag adpnpnUeEVNG TPOYPOUUOTIOTIKAG Slemadnc, EMITPEMEL TNV
Xpron tn¢ oe kABe eidoug moAumupnvo enefepyaotr). Népa and TNV AVILOTOLXLON AMAWY
oAdaplBuntikwy mpotuTwy, n PBLBAOOAKN QUTA ETUTPEMEL TOV EVIOTILOMO KAl TO
TOlplLaoUA TPOTUTIWY TIOU TIPOKUTITOUV OO KOWVOVLIKEG YPAUUATIKEG. A AUTOV TO OKOTIO,
ovantuéape pio pnxavi mapaAAnAng avalntnong oAdaplOUNTIKWY KOl KOVOVIKWV
EKPPACEWV WE TNV XPNON TOAUTIUPNVWYV EMEEEPYOOTWV KOL KAPTWY YpadLlKwy. EMUTALoy,
N pNxavn Umopel va TeTUXeL tautoxpovn oavalitnon moAwv oAdaplOunTtikwy Kot
KOVOVIKWV ekdPpAcewv o €loobo moAamAwv Sedopévwy PE pio HOVO TIPOCTIEAOCN
QUTWV.

T€Aog, n afloAdynon ¢ amoddoong ToU CUCTAMOTOC aUToU, HEow TG BLBALOBNRKNG TToU
TLOPEXOULE, £8€L€e OTL Umopel va eTTUXEL HEXPL KaL 21 dpopEG peyalutepn anddoon otnv
avalntnon amnlwv aAdaplOuntikwy, Kabwg kat péxpl 15 popeg peyaliutepn anddoon
otnv avaltnon KOVOVIKWV eKGPACEWV, O OXEon UE TG avtiotolxeg ekOOOELS TWV
oAyoplBUwWV yla KEVTPLKOUG eTEEEPYAOTEG. ZUYKEKPLUEVA, TO CUOTNUA MOG UTOpEl va
eTUTUXEL amodoon €wg Kal 65Gbits/s otnv avalntnon aApaplOuntikwy Kal €éwg 50Gbits/s
otnVv avalTnon KOVOVIKWY EKPPACEWV.
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“A Massively Parallel Regular Expression and String Matching Engine for Commodity
Hardware"

ABSTRACT

String pattern matching is one of the most studied fields in the research community,
mainly due to the fact that it can be used and applied in various and diverse fields, such
as computer science, computational biology, chemistry and others. Since 1970,
researchers aim to develop algorithms for efficient string searching and until today, the
problem of pattern matching remains a popular area for studying.

Recently, in order to cope with the ever advancing technology, parallel computing
platforms —such as CUDA and OpenCL- offer general purpose programming using
commodity CPUs, hardware accelerators and GPUs.

In this work, we propose a framework for string pattern matching on parallel hardware
architectures. Using CUDA and OpenCL, our framework offers uniform execution on any
processor available in a system. The framework provides an abstraction layer to the user
—without penalizing the performance— and it is provided as either a C- or Java-like API.
Except for simple string matching, our engine supports the use of multiple regular
expressions that comply with the POSIX ERE standard. Specifically, we achieve the
simultaneous matching of multiple simple strings and binary patterns against multiple
data streams as input. Finally, the framework manages to simultaneously match large sets
of regular expressions against multiple data streams.

The performance evaluation shows that our massively parallel engine can achieve up to
21 times performance increase when processing simple strings and up to 15 times when
processing regular expressions, compared to the CPU versions of both matching
algorithms. Specifically, the engine can sustain simple string matching throughput up to
65 Gbits/s and regular expression matching throughput up to 50 Gbits/s.



