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Hay4ynom Behy HHcTuTyTa 32 PM3uKy y beorpany

IIpeamer: Muubewe pykoBoaHoua Jjaboparopuje o peuzoopy aAp Baagumupa Jlonuapa y
3Balbe HAY4YHH CAPaJIHHK

Hp Bnagumup Jlonuap je 3anocnen y Jlaboparopuju 3a npumMeHy pauyHapa y HayLd Y OKBUPY
HauunonanHor ueHTpa U3y3eTHUX BPEAHOCTH 3a H3yYaBame KOMIUIEKCHUX cuctema MHcTuTyTa 32
¢u3uky y beorpany. Y uctpaxuBaukom paay ce 06aBu Temama U3 o0jacTH NMpUMEHE MeToja
MalIMHCKOT yuewa y (pu3uum Bucokux eHepruja. [lomro ucnymwaBa cBe ycioBe npeaBubeHe
[IpaBUAHMKOM O CTHULAKky HWCTPAKMBAUKUX W HayyHMX 3Batba MUHHMCTApCTBa Hayke,
TEXHOJIOLIKOT pa3Boja v WHoBalWja Penybauke CpOuje, cariacan caM ca MoKpeTarmeM MocTynka
3a peusbop ap Bragumupa Jlonyapa y 3Bame HayuHH capajHHUK.

[Ipennaxem 1a komucHjy 3a peusbop ap Bnaaumupa JloHuapa y 3Bare HayuyHH capaJJHUK YHHE:

1) ap Antyn banax, HayuHu caBeTHUK, MHCTUTYT 3a Qu3uky y beorpany;
2) nap dywan Byaparosuh, HayuHu capagHuk, MHcTutyT 3a Gpusmuky y beorpany;
3) ap bowko Hukoauh, penosuu npopecop Enexkrporexuuukor ¢akynrera YHuBep3utera

y beorpany.
W
W ap AHtyH banax

HAY4YHHU CaBETHHUK
PykoBoaunai Jlabopatopuje 3a
NPUMEHY padyyHapa y HayLu



1 Bwuorpadmuja

Hp Bragumup Jlonuap je pohen 28. oxrobpa 1985. rogune y Hosom Cay. OcHoBre
crynuje va [Ipupoano-maremarnyakom dakynrery Yuusepsurera y Hosom Cagty, emep jiu-
IJIOMUApaHU HH(MOPMATHYAP - TOCJT0BHA HHMOPMATHKA, yrucao je 2004. rojinne, a 3aBpIIIO
2009. rogune. Mactep cryuje Ha UCTOM (aKyJaTeTy, Ha cMepy MH(MOPMAIMOHU CUCTEMU,
zaBpmno je 2011. romuae. /IoKTOPCKY AucepTanyjy JTOKTOPCKY JUCEPTAIN]y 10/ HA3MBOM
LHybrid parallel algorithms for solving nonlinear Schrédinger equation” (,Xubpumnu ma-
paJieJTHi aJIrOPUTMH 3a periaBame Hesqureapre penunarepose jennaanne”) oabpanno je
2017. roguue Ha JenapTMaHny 3a MaTeMaTuKy u undopmaTtuky lIpupojno-maremMaTunyakor
daxynrera Yuusepsurera y Hosom Cagy, a. Mentopu jpokTopckux cryauja Biagmmu-
pa Jlonuapa 6usu cy npod. ap Cphan [Ikpouh ca Ilpupoano-maremarudxor dpakyarera
Yuusepsurera y Hosom Cajy u jip Auryn Bamax ca Uncruryra 3a dusuky y beorpasy.

Op 2015. je zamocien y JlabopaTopuju 3a npuMeHy padyHapa y Hayiu VHcTuTyTa 34
dusuky y Beorpasay. ¥V mapry 2019. nzabpan je y 3Bame Haydnu capajauk. Pajamo je
Ha IPOjeKTy ocHoBHUX ucTpakuBama OH171017 mox pykosojgcTBoM ap AuTyHa Bauaxa
,Mogepare 1 HyMepuiKe CUMYJIallije CJI0KEHUX BUIEYECTHIHUX CUCTeMA .

Oz 2018. ;10 2022. 610 je HA TOCT-IOKTOPCKOM ycaBpiiasamy y EBporickoj opranusariu-
ju 3a mykmeapuo ucrpaxkusame (CERN) e je pagmo Ha npuMeHn TeXHUKA MAITHHKCOT
yuema Ha Tpurep cucremy CMS ekcmepumenta. O 2022. je Ha MOCT-TOKTOPCKOM ycCa-
BpmiaBamy Ha 1 Macadycerckom uucturyTy Texuosoruje (MIT) rae je macraBuo cBoje
UCTPaXKUBame y 00JIACTH MAIUHCKOT YUerha.

[naBHe Teme HErOBOI MCTPaXKUBarba Cy y O0JACTU MAIIUHCKOL yU€Hha, KOHKPETHO
KOMIIpECHja HEYPOHCKUX Mperka U e(bUKaCHO U3BPIIABALE HA PA3JIMIUTUM XapIBEPCKIM
miaTdopmama.

Hp Bnagumup Jlongap je objaBuo 15 pajoBa y MehyHapoJHUM YaCONUCUMA, jeTHO
MOTJIaBJbE Y KIbU3U K0 M D CAONIITEHA ca Me)yHAPOIHUX CKYIOBa IITaMIIaHa Y IeJTNHHU.



2 Ilpersen HayvHe aKTUBHOCTU

Ucrpaxkusauku paj jip Baaguvmupa Jlonuapa je 6uo hokycupan Ha IPUMEHY BeITad-
Ke UHTEJIUTEHII]e Y HAyIU. Y OKBUPY OBOI' UCTPAaKUBAYKOT TpaBIlia, Biragumup ce 6aBuo
pasBojeM epUKACHUX ajropurama 3a HeypoHcke mpexke Ha FPGA ypebhajuma, ca axien-
TOM Ha IMPUMEHY y TPUTEP CUCTEMUMa eKcliepuMeHaTa (bU3MKe BUCOKUX eHepruja. [raBum
M3a30B Y OBAKBHM CHCTEMHMa je Jia Ipollecuparbe jorahaja Mopa Jia ce 3aBpIIU BEOMa
Op30, Hajuernthe 3a Mambe 071 jejiHe MUKPOCEKYH e, IITO oneMoryhasa npmeny rpaduyaknx
Iporiecopa u ajiara 3a epUKaCHO MAITUHCKO yUerhe Ha hUMa. Y MeCTO rpaduIKux Iporie-
copa, Tpurep cucremn kopucre FPGA ypebaje u mocebno npusarohene ajiropurve Koju
[apaJIeTHO TIPOTECUPA]y TMoaTKe. 3a YCIEIHy TPUMEHY HEyPOHCKUX MPeKa Ha OBAKBUM
CUCTEMHUMa, HEOIIXOJ/IHO je PA3BUTHU KAKO aJI'OPUTME 33 PA3JIMUUTE BPCTE HEYPOHCKUX Mpe-
JKa, TAKO U caMe HeYyPOHCKe MpexKe, Koje Tpeba Jjia uMajy 1o0py Moh oJiiyduuBarma y3 mTo
Marby KOMILIEKCHOCT. KOMIIJIEKCHOCT HEYPOHCKUX MpexKa MOYKE Ce CMarbUTU MPUMEHOM
pa3sHuX TeXHWKa KoMIiipecuje. [[puMapna akTHBHOCT KaH/iujaTa je OuIa nMILIeMeHTaIja
napaJjeHiX aJropuramMa 3a HEYyPOHCKEe MpPeXKe y3 OI'paHnvera KOje TPUTep CHUCTEMU JI0-
HOCe U NIPUMeHa TeXHUKa KOMIIpecHje MPUJINKOM pa3Boja Mojiena. Jlemoncrpupane cy nM-
IJIEMEHTAIje BUIe PA3IUIUTUX THIIOBA HEYPOHCKUX MpexKa o0jejutbeHe y copTBEPCKO
permerse hlsdml ynju je Kanaumar ryraBEM ayTop. Y OKBUPY OBOI' UCTPaKMBaYKa, MPaBIa
KaHIUJIAT je 00jaBUO HEKOJMKO IyO/IMKalndja y MehyHapoJHUM YacOIUCUMa, OJIHOCHO Yy
300pHUIIIMA paJIoBa ca MehyHapOIHUX KOH(EpPEHIIHja.

Y 3aBucHOCTH O] MpobJieMa KOjU ce pelllaBa, MOCTOje PA3JIMIUTEe BPCTE HEYPOHCKUX
Mpezka. ¥ CBOM HajOCHOBHUjeM ODJIMKY, HEYPOHCKE MPEKe [IOCE/Lyjy CHHAIICE U3MEHhY CBUX
HEypOHa, T3B. MOTIIYHO MIOBE3aHe HEYPOHCKE Mpeske. AJIropuTaM 3a Mporararm]jy mogaraka
KpPO3 OBY BPCTY HEYPOHCKE MpPEXKe Ce CBOJIM Ha MHOYKEHe MaTpulla, 3a Koju Beh mocro-
je m3yseTHO HampejaHe uMILIeMeHTanuje. MehyTum, y3 cTpuKTHa OrpaHuverba Ha BpeMe
U3BPIIAaBaba IIPOIAralfje MoaTaka Kpo3 HEYyPOHCKY MPEXKY, AJITOPUTMHU 38 MHOXKEHe Ma-
TPHIlA Ce HE CKAJIUPAjy U caMUM TUM OHeMoryhaBajy npumMeny Behinx HeypOHCKUX MpeKa.
Kanpunar je pajino Ha cMarberby 6poja padyHCKUX Ollepaliija Ha JIBa HAUNHA: YK/IAhabheM
CHHAIICH KOje He JIOIPHHOCE IIYHO KOHATHOM pe3ysitaTy Kpo3 "opesuBame' (€Hrur. pruning)
1 KPO3 CMamberhe Opoja OuTa Koju ce KOPUCTE 3a PEIPEe3eHTallN]y [ToIaTaKka Y MPEXKU IyTeM
KBaHTH3aImje (eHrI. quantization). YKOJIMKO ce MOJAIM Y HEYPOHCKO] MPEKH IIPEJICTaBe
ca caMo jejaH win JjiBa 6uta (T3B. OMHApDHE M TepHADHE HEYPOHCKEe Mpexe) moryhie je
pasBuTu epuKacaH aJropuTaM Koju ce OCIarbha UCK/bYIBO Ha JIOTHYKE Olepaliije Koje cy
MHOT'0 OpzKe 0JI MHOXKEIba 3a KOje ce KOPUCTEe apUTMETUYKO-JIOIMYKE jeJIMHUIE MPOIECO-
pa. [Ipumenom oBe Texuuke moryhe je mporiecuparbe Behnx MOTIyHO MOBE3aHUX MpPEXKa y
OpPraHUYeHOM BPEMEHCKOM mepuoiy. OBaj pe3yarar JeTa/bHuje je ONUCaH Y PaLy:

e Compressing deep neural networks on FPGAs to binary and ternary precision with
hls4ml
J. Ngadiuba, V. Lon¢ar, M. Pierini, S. Summers., G. Di Guglielmo, J. Duarte,
P. Harris, D. Rankin, S. Jindariani, M. Liu, K. Pedro, N. Tran, E. Kreinar, S. Sagear,
Z. Wu, D. Hoang
Mach. Learn. Sci. Tech. 2 (2020), 015001 (M21)
DOI: 10.1088/2632-2153 /aba042

Hentpasinu u rpaduvku Iporecopu Cy Ju3ajHIPaHu 3a ONTUMAJIAH PaJL ca Crernudud-
HUM THIIOBUMA IojlaTaka Koju kopucte 16, 32 uim 64 6ura. 3a paznuky o wux, FPGA



ypebaju paje ca Ipoum3BO/BHUM OpojeM OHTa INTO WX YHMHU BEOMa IIOIOJHMM 3a KBaH-
TU30BaHe HEypoHCKe Mpexke. /la Om ce y MOTIYHOCTH MCKOPUCTHUIA OBa (PJIEKCUOUTHOCT
HEOITXO/THO je omabpaTn onTuMaJiad Opoj 6uTa 3a cBaKM €JI0j HEYpOHCKe Mpexke. OBO MoxKe
OuTH BeoMa M3a30BHO MMajyhu y Buly Opoj KOMOMHAIIM]ja U BEJIMIUHY IIPOCTOPA IIpeTpa-
JKUBarba, Ka0 U IUHEHUILY Jla Ce CBaKa KBaHTH30BaHa HEYPOHCKa MperKa Mopa J0/IaTHO
TpeHuparTu. V300p onTuMaJsiHOT THIIA HOJaTaKa ¢e MOXKe IIPEeTBOPUTH y IIPOOJIEM MaTeMa-
TUYKe ONTUMU3AIINjE, TJIe ce aJropuTMOM bajecoBe onTuMusaIimje MoxKe ayTOMaTU30BaATH
ornrumaan n3bop. Kanmunar je y capaamn ca ncrpaxknBadnma u3 kommanuje Google u
kosterama n3 CERN-a pa3Bruo codTBepcko perreme 3a pa3Boj KBAHTH30BAHNX HEYPOHCKUX
MpexKa U KOje ayToMaTu3yje olnTuMaJjaH n300p KBAHTU3AIMOHUX IapamMeTapa. Pesysirar
OBOI' ICTPaXKUBaIba je 00jaB/beH y ciejichem pajy:

e Automatic heterogeneous quantization of deep neural networks for low-latency inference
on the edge for particle detectors
C. N. Coelho, A. Kuusela, S. Li, H. Zhuang, T. Aarrestad, V. Lon¢ar, J. Ngadiuba,
M. Pierini, A. A. Pol, S. Summers
Nature Mach. Intell. 3 (2021), (M21a)
DOI: 10.1038/s42256-021-00356-5

[Tope/1 ocHOBHUX TOTIIYHO TOBE3aHUX HEYPOHCKUX MPEKa, KaH/IugIaT ce ODaBUO M pa-
3BOjeM edUKACHUX HMILJIEMEHTAIja JIPYIUX BpCTa (apXUTEKTYpa) HEyPOHCKUX MPEKa.
Konpostynimone neyponcke mpexke, Hajderrhe Kopuihene 3a odpajly CIuKa U JIpyTruxX Bp-
CTa CUTHAJIA, Cy KOMILJIEKCHIje U 3aXTeBajy BUIIEe PATYHCKUX Olleparyja u Behy KOIuInny
MeMopuje. Edukacne nmiiemenTalmje oBe apXuTeKType 3aXTeBajy MaKCHMAJIHO UCKOPU-
nrheme nporycue mohu FPGA mporecopa, Te je HeonxomHo Ouo pa3BUTH MOJACUCTEM 3a
MIPOTOK ToJlaTakKa KOjU MpHUIIpeMa MOJAaTKe 3a KOHBOJIYIN]Y, U3BPIaBa HEOIIXO/IHE PavdyH-
CKe olleparliuje u mpocjehyje pesyiara y ciepehn cjio] Mpexke y3 MUHUMAJTHO 33/IPyKABAHE
y Memopuju. Cimaan n3a30B jaB/ba Ce Uy PEKYPEHTHUM HEYPOHCKHUM MpekaMa, Koje ce
KOpHUCTe 3a 00pa/ly IojlaTaka HaJuK Hu3oBuMa. Kanguiar je o0jaBuoO HEKOJMKO pPajoBa
HA TEMY OBUX apXUTEKTypa ¥ I10Ka3a0 Jia HUXOBA MPUMEHA HUje CaMO Yy JIOMEeHY (hbU3UKe
BUCOKUX €HEPruja:

e Fast convolutional neural networks on FPGAs with hls4ml
T. Aarrestad, V. Lonéar, N. Ghielmetti, M. Pierini, S. Summers, J. Ngadiuba,
C. Petersson, H. Linander, Y. liyama, G. Di Guglielmo, J. Duarte, P. Harris, D.
Rankin, S. Jindariani, K. Pedro, N. Tran, M. Liu, E. Kreinar, Z. Wu, D. Hoang
Mach. Learn. Sci. Tech. 2 (2021) 4, 045015, (M21)
DOI: 10.1088/2632-2153 /acOeal

e Real-time semantic segmentation on FPGAs for autonomous vehicles with hls4dml
N. Ghielmetti, V. Lon¢ar, M. Pierini, M. Roed, S. Summers(CERN), T. Aarrestad,
C. Petersson, H. Linander, J. Ngadiuba, K. Lin, P. Harris
Mach. Learn. Sci. Tech. 3 (2022) 4, 045011, (M21)

DOI: 10.1088/2632-2153 /ac9cbb

e Ultra-low latency recurrent neural network inference on FPGAs for physics applications
with hls4dml
E. E. Khoda, D. Rankin, R. Teixeira de Lima, P. Harris, S. Hauck, S.-C. Hsu, M.
Kagan, V. Lon¢ar, C. Paikara, R. Rao, S. Summers, C. Vernieri, A. Wang
Mach. Learn. Sci. Tech. 4 (2023) 2, 025004, (M21)
DOI: 10.1088/2632-2153 /acc0d7



[TomenyTe apxuTeKType HEYPOHCKUX MPEXKA Ce y CBOjOj OCHOBU OC/Iahajy Ha epuKacaH
AJICOPUTAM 33 MHOYKEIbe MATPUIA. 3& PA3/INKY O]l IbUX, rpacdOBCKe HEYPOHCKE MPEKe 3a-
XTeBajy JApyTradrju MPUCTYI J1a O MOTIJIe /1a ce KOPUCTe Ha TPUTEP CUCTEMUMA. Y CIydajy
Jla Cy TOJIAIM IIPEJICTaB/beHn y OOJIMKY I'padoBa, HUXOBA pPelpe3eHTalllja Y MeMOPUjH
padyHapa IyTeM I'yCTUX MaTpulia je HeedukacHa, JOK HeperyjapaH IMPUCTYII MEMOPUjU
onemoryhasa MakCUMAJIHY Hapasien3alujy. YIPKOC OBUM H3a30BUMa, I'padOBCKe HEy-
POHCKe Mpezke Cy BeoMa IIOTO/IHE 3a ITI0je/INHe 33/1aTKe 3a 00pajly IoJaTaka Koje J101a3e
ca JIeTeKTOpa CyJapa IecTuIla, Moy T PEKOHCTPYKIHje TPajeKTOpHje eCTUTIA Y Ie€TEKTOPY
HAKOH cyjmapa. PenpesenTtanujoM myrtem mpopeheHNX MaTpuiia ca MoceOHOM CTPYKTYPOM
Koja omoryhaBa napaJiesiHO IIpoIecupalbe oBaj nmpobJieM ce MoxKe 3a00uhu, TITO je KaH u-

JaT JEMOHCTPUPAO Y PaJLy:

e Distance-Weighted Graph Neural Networks on FPGAs for Real-Time Particle Reconstruction
in High Energy Physics
Y. liyama, G. Cerminara, A. Gupta, J. Kieseler, V. Lonéar, M. Pierini, S. R.
Qasim, M. Rieger, S. Summers, G. Van Onsem, K. A. Wozniak, J. Ngadiuba, G.
Di Guglielmo, J. Duarte, P. Harris, D. Rankin, S. Jindariani, M. Liu, K. Pedro, N.
Tran, E. Kreinar, Z. Wu
Front. Big Data 3 (2020)
DOI: 10.3389/fdata.2020.598927

Kopucrehu passujene anropurMe u MexanusMe 3a yHarpeheme mepdopmancu HeypoH-
CKUX Mpeka KaHJIujaT ce 6aBUO pa3BojeM CHCTEMa 3a OTKPUBAIbe aHOMAJINja 3aCHOBAHOT
Ha ayTOCHKOJ/IEPUMa, A HECyIePBU30BAHOT OTKPUBaha HOBUX (U3NIKUX (peHOMEHa Ha
cucremy 3a ceneknujy gorabaja CMS ekcnepumenta. Pesyiararu oBor mcTpakupamba Cy
NpUKa3aHu y ciejehem pajy:

e Autoencoders on field-programmable gate arrays for real-time, unsupervised new
physics detection at 40 MHz at the Large Hadron Collider
E. Govorkova, E. Puljak, T. Aarrestad, T. James, V. Lonéar, M. Pierini, A. A.
Pol, N. Ghielmetti, M. Graczyk, S. Summers, J. Ngadiuba, T. Q. Nguyen, J. Duarte,
Z. Wu
Nature Mach. Intell. 4 (2022), (M21a)
DOI: 10.1038/s42256-022-00441-3



3 Enaementn 3a KBAaJIUTAaTUBHY OILIEHY HAayYIHOI' JOIIPMHOCA

3.1 Ksajgurer HaydYHUX pe3yJTara
3.1.1 HayuyHu HUBO WM 3Ha4aj pe3yJ/TaTa, yTUIAj HAYYHUX PaJI0Ba

Jp Binagumup Jlonuap je ayTop min Koaytop 15 pajoBa y Meh)yHAPOIHIM TaCcOIUCAMA,
ca jimcre ISI Web of Knowledge, kao u jegnor noryias/ba y Kiburama, Ipu 9eMy je y CBUM
myOnKalnjaMa nMao KJbYYHU JIONpHHOC. ¥ daconucuMa kareropuje M2la kammmmar je
objaBuo b pajiosa, 3aTuM 6 pajsioBa kareropuje M21, 2 paja kareropuje M22, u jenan paj
kareropuje M23. O6jasuo je 5 pajiosa y nesman (M33) u 20 pajgosa y uzBoauma (M34).
[Ipn m3pajanm oBuX mNyO/MKalldja KaHIUJIAT je ydecTBOBao y QopmyJanuju mpobiema u
OCMWII/baBarby W U3BODEY HYMEPUUKHX CHMYyJalldja Kao W y TyMademy pesysrara u
nucamy 00jaB/LEHUX PaJIoBa.

VY 1eprojly HaKOH CTUIAa IIPETXOJAHOT Hay IHOT 3Batba (HAYIHU CApaJIHVK ), KAH HIaT
je objaBuo 12 pamosa y mehynapoauum gaconucuma ca ISI Web of Knowledge iucre, o
Tora 3 pajia y yaconucuma kKareropuje M21a, 6 pajosa y gaconucuma kKareropuje M21, 2
paja y daconucy kareropuje M22, kao u jesman paJy daconucy kKareropuje M23.

[ler naj3HavajHujuxX MyOIUKAIMja KaH/IUIaTa OCTBAPEHUX TOKOM H300PHOT MEpPUOIa
cy:

1. Compressing deep neural networks on FPGAs to binary and ternary precision with

hls4ml

J. Ngadiuba, V. Lonéar, M. Pierini, S. Summers., G. Di Guglielmo, J. Duarte, P.
Harris, D. Rankin, S. Jindariani, M. Liu, K. Pedro, N. Tran, E. Kreinar, S. Sagear,
Z. Wu, D. Hoang

Mach. Learn. Sci. Tech. 2 (2020), 015001 (M21)

DOI: 10.1088/2632-2153 /aba042

Y oBoM pajy je JeMoHCTpHUpaH edUKacaH CUCTEM KOMIIPECHje HEYPOHCKUX Mperka
TaKO IIITO Ce IapaMeTpu Mojiejia IMpeJicTaBe ca caMmo jeanuM min jBa Ourta. OBaj
npuctyn omoryhaBa yrnoTpedy JIOTHIKHX Olepaliija HaJ, CKyIoM OuToBa 0e3 KO-
purithema apuTMETUIKO-JIOIIYKe jeJIMHUIE IIPOIecopa, IO OMOor'yhaBa 3HaYajHO
Op2KM NPOTOK TojlaTaka u MHoro Behy mapaJsenuzarujy. lemoncrpupane mnepdop-
MaHCe CHCTeMa Ha CKYIly ToJaTaka 3a Ipelo3HaBaHje OpojeBa Ha CJIMKaMa MepeH
y CTOTHMHAMa HAHOCEKYHJIM MPEJICTaB/ba HajOO/bU pe3y/ITaT y BpeMe IyOsuKaluje.
Ha apyrom 3ajarky, Kicudukanuju XaJpoHCKUX MjIa3oBa (jet) jeMoHCTpupaHa je
moryhuocT ymorpebe our cucrema na Tpurepy CMS ekcrepumenta. Kamgumgar je
JIa0 KJBYYIHU JIOTPUHOC Pa3BOjeM aJIT'OPUTMa 3a OP30 padyHarmke HEYPOHCKE MperKe
yaytap FPGA ypebaja u unrerparujy oBor cucrema y codreepcku ajar hlsjml.

2. Automatic heterogeneous quantization of deep neural networks for low-latency inference
on the edge for particle detectors
C. N. Coelho, A. Kuusela, S. Li, H. Zhuang, T. Aarrestad, V. Lon¢ar, J. Ngadiuba,
M. Pierini, A. A. Pol, S. Summers
Nature Mach. Intell. 3 (2021), (M21a)
DOI: 10.1038/s42256-021-00356-5

Kao ekcrensujy cucrema KoMIIpecuje U3 IMPETXOIHOT Pajia, OBaj PaJi JOHOCU CH-
cTeM 3a KBAHTU3aIlUjy Ha IPOU3BOJ/baH OpPOj OMTa M ayToMaTH3allujy IIpeTpare orl-



TUMaJIHOT Opoja 6ura. Pa3Bujen je HU3 ajropuramMa 3a KBaAaHTU3AIU]Y U IOIYJIAPHO
codTBEpCKO perieme Keras je MPOIMUPEHO ca OBUM ajrOPUTMHUMA y aJaT Ha3BaH
QKeras, mTo ONaKIaBa pa3BOj KOMIIPECOBAHUX HEYPOHCKUX MpeyKa MCTPayKuBa-
YUMa KOjU KOPUCTE OBaj ajaT. ¥3 JOJaTHy MOIyNHOCT ayTOMaTCKOT ITPOHAJIAXKEha
ONITUMAJIHE IIeMe KBaHTU3aIje O1I0 KOjYy HYePOHCKY MPEXKY IIPEJICTAB/HEHI CHCTEM
je y cramy Ja KOMIIpecyje Mpexy 6e3 pojgatHux uadopmannja. OBaj pas je pa3Bu-
jen y capajamu ca kommnanujom Google, a kanaugar je jgornpuneo pa3Bojy (QKeras i
hls4ml codprBepckux pererma 1 nMmiLieMenTarmjy aaroputama Ha FPGA ypebajuma.

. Fast convolutional neural networks on FPGAs with hls4ml

T. Aarrestad, V. Lonéar, N. Ghielmetti, M. Pierini, S. Summers, J. Ngadiuba,
C. Petersson, H. Linander, Y. liyama, G. Di Guglielmo, J. Duarte, P. Harris, D.
Rankin, S. Jindariani, K. Pedro, N. Tran, M. Liu, E. Kreinar, Z. Wu, D. Hoang
Mach. Learn. Sci. Tech. 2 (2021) 4, 045015, (M21)

DOI: 10.1088/2632-2153 /acOeal

Y oBOM paJiy je IpejicTaB/beHa UMILJIEMEHTAIINja KOHBOIYIITMOHUX HEYPOHCKUX Mpe-
’Ka Koja je onTmMmu3oBaHa 3a Op30 m3BpinaBambe Ha FPGA ypehajuma. Umajyhu y
BHJLY Jla KOHBOJIYIIMOHE HEYPOHCKE MpPerkKe 3aXTeBajy BUIIE PAdyHCKHUX olepalinija u
MIPUTOM UM je HEOIIXO/THO BUIe MEMOPHje 3a CHUMAaIhe pe3ysiTaTa padyHa, oBaj paJl
ce 6aBno pasBojeM epUKACHOI CHCTEMA 3a IIPOTOK Iojaraka, basupaHor Ha first in,
first out (FIFO) 6adepy. /la 6u ce mojemHocraBuia meMa KOHBOJIYIHje U yOp3ao
aJITOPUTaM, YBEJICH je CUCTeM MHCTPYKIMja KOju yMeCcTO MaTeMaTudke (popmyJie 3a
padyHambe KOHBOJIYIIMOHOT KepHeJIa M3BPIIU YHAIPe IPUIPEM/BEH PadyH, IITO je
[IOKa3aHo Jia MoxKe Jia Oyjie ecbukacHo nmiuiementupano vHa FPGA ypebajy. Kipyunu
JIOIIPUHOC KaHIUIaTa je KOHIENTya n3alija ujieje Op3or mpolecuparma KOHBOJIYIIN-
OHUX Mpe¥Ka, /IM3ajH aJITOPUTMa U HeroBa MMILIEMEeHTAITH]a.

. Real-time semantic segmentation on FPGAs for autonomous vehicles with hls4dml
N. Ghielmetti, V. Lon¢ar, M. Pierini, M. Roed, S. Summers(CERN), T. Aarrestad,
C. Petersson, H. Linander, J. Ngadiuba, K. Lin, P. Harris

Mach. Learn. Sci. Tech. 3 (2022) 4, 045011, (M21)

DOI: 10.1088/2632-2153 /ac9chb

OBaj pajs yBoam yHampeheme ajroputma 3a kouposyiujy Ha FPGA ypebhajuma u
METO/I 3a OINTHMH3AIM]y TOKa Iojartaka y ciydajy ga ce FPGA ypebhaj kopuctu
Kao akIleJepaTop, HaJIuK Ha rpaduyke mporecope. 3HavajaH JOMPUHOC OBOT PaJia
je JleMOHCTpaliija MPUMEH/BIBOCTH PA3BUjeHUX METOJIa BaH JOMEHa TpHUrepa, KOH-
KPETHO Yy JOMEHY ayTOHOMHUX Bo3mja. [lokazaHo je jga ce BO3ujIa MOTY IOCMATPATH
Kao cucreM Ca OrpaHMY€HMM DPAYYHCKHUM KallallMT€TOM M OI'PaHUMYCHHUM BPEMEHOM
3a JIOHOIIE-e OJJIyKa, Te Jia ce Ha mpobJyieMy cermeHTaluje objekara y caobpahajy
3a0esIeKeHnX KaMepoM Ha BO3MJIy MOTY NMPUMEHUTH pa3BHjeHe TexHosoruje. Kamn-
JIUJIAT je JIONPUHEO KOHIIENTYAJIM3aInjoM Ujieje, MMILJIEMEHTAIIN]OM IIPe/ICTaB/bLEeHIX
yHanpehema 1 ONTUMU3AINjOM TECTUPaHe HEYPOHCKE MpeKe.

. Autoencoders on field-programmable gate arrays for real-time, unsupervised new
physics detection at 40 MHz at the Large Hadron Collider

E. Govorkova, E. Puljak, T. Aarrestad, T. James, V. Lonéar, M. Pierini, A. A.
Pol, N. Ghielmetti, M. Graczyk, S. Summers, J. Ngadiuba, T. Q. Nguyen, J. Duarte,



Z. Wu
Nature Mach. Intell. 4 (2022), (M21a)
DOI: 10.1038/s42256-022-00441-3

OBaj paJi pejicTaB/ba KyJIMUHAIM]Y UJI€ja U TeXHUKA 00jaB/bEHUX Y IPETXOTHO Ha-
BEJICHIM paJIOBUMa KPO3 JIEMOHCTPAIIMjy IpaBla IIPUMEHE MAIUHCKOT yYerbha 3a
OTKpUBae HOBUX (DUBMUKHX (peHoMeHa. ¥y pajiy je UCIUTUBAHA IPUMEHA ayTOEH-
KoJlepa 3a JIEeTEKINjy aHOMaJldja y 3a0eseKeHUM BPETHOCTHIMA Ha CEeH30pHMa Jie-
TEKTOpa CyJlapa YecTulla, Koje MOry Jia IpeJICTaB/bajy J0 caJl HEOTKpUBEeHe (pU3nH-
Ke Tporiece. Kananar je 1onpuHeo UMILIEMEHTAITIOM aJropuTaMa 3a Bapujalione
ayTOEHKO/Iepe M KOMIIPECH)OM IIPEeICTaB/HEHIX MOJIEIA.

3.1.2 Ilo3uTMBHA MUTUPAHOCT HAYYHUX PaJoBa KaHAMIaTa

[Ipema Web os Science 6asn Ha jgan 25. oktobpa 2023. roauHe, paJoBu KaHATATA Cy
nutupanu 359 myTa, oK je 6poj nurarta 6e3 ayrorurata 326. [Ipema ncroj 6a3u, h-unmexc
Kamuara je 11.

3.1.3 Ilapamerpmu kKBaJjMTETa Yacommca

VY 1epuojly cTHIamba IPEeTXOJAHOT HAYIHOT 3Barba (HaydHH CapajiHuK), a y KaTeropuju
M21a, M21, M22, u M23, kanjguiat je objaBuo pajiose y cienehnm gaconucumar

e 2 paga y Nature Machine Intelligence, U®(2021)=25.898, 1D (2022)=23.8

1 payg y Computer Physics Communications, Ud®(2019)=4.623
e 5 pajoBay Machine Learning: Science and Technology, U®(2022)=6.8, UD(2021)=6.013

1 pax y Transactions on Nuclear Science, Ud(2021)=1.708

2 paga y Transactions on Reconfigurable Technology and Systems, P (2022)=2.9

1 pax y Journal of Instrumentation, VIdP(2020)=1.415

Ykynan GakTop yTuiaja pajoBa KaHIMIATa y MePUOLY HAKOH CTUIAEA ITPETXOTHOT
HayJHOT 3Batba (HaydIHU capaJHuk) je 95.67.

HomaTHu 6ubJIMOMETPHjCKH TTOKa3aTe/hU KBAJIUTETA JaCOIUCa Yy KOjUMAa je KaH AT
ob6jaB/bUBaO pajiose je nar y ciaegehoj rabesn. Ona caapxku ummnakt gakrope (IF) pasgosa,
M moene pajioBa 10 CPIICKO] KATETOPU3AINJU HAY THO-MCTPAKUBATKIX PE3y/ITaTa, Kao u
uMIakT (hakToOp HOPMAaJN30BaH o uMmakTy rurupajyher wianka (SNIP). ¥V Ttabemu cy
JlaTe yKyIHEe BPEIHOCTH, Ka0 M BPETHOCTU CBUX (DAKTOPA YCPEIIHEHUX 110 OPOjy djIaHaka
u 110 Opojy ayTopa MO YIAHKY y IEPUOJIy HAKOH CTHUIAMba IPETXOIHOI HAYYIHOI 3Barba
(HAyIHU capa/THUK).

no M CHUII
YKyIIHO 95.67 96 28.44
YVcepenmeHo 1Mo 4IaHKy 7.9725 8 2.37
YcpenmeHo 110 ayTopy 0.6294 0.63 0.187




3.1.4 CreneH caMOCTAJITHOCTU U CTeIleH ydellnha y peajn3aliiju pagoBa y Ha-
YYHUM IIEHTPUMA y 3€eMJbM M UHOCTPAHCTBY

Y cBoM JlocajianimbeM pajly, KaHIUJAT je CBOje MCTParKUBAYKE JICJIATHOCTH Y 3€MJbU
peasm3oBao Ha WHCcTuTyTy 3a (husuky y Beorpaiy, a Ban 3emsbe y EBporickoj opraxu-
sanuju 3a HykjaeapHo ucrpaxkusame (CERN) u MacadyceTckoM MHCTHTYTY TE€XHOJIOTHjE
Massachusetts Institute of Technology (MIT). Kanaugar uma akrusay MeljyHaposny ca-
paJiiby v 00J1aCTH IPUMeHe BellTadke WHTeureHje Ha rpurep cucremnma CMS ekcrre-
pumanTa. Kposz CMS konaboparujy, Kagauaar capalhyje ca ncrpakuBadmma ca Y HUBep-
surera y Can Hujery (University of California San Diego, UCSD), Yuusepsurera y Ba-
muuarrony (University of Washington, UW), Umnepujansaor kosena y Jlounmony (Imperial
College London, 1C), ETH y llupuxy, kao u ucrpaxkupaunma u3 CERN u Fermilab na6o-
paropuja. PesynraTu oBe capajibe ce orseajy y nybsmkaruju 11 pajgosa M20 kareropuje,
00jaB/beHUX HAKOH IPETXOJHOT u300pa y 3Bame. Ha rmoMenyTuMm pajioBuMa KaHIUIaT je
JIa0 KJBYYHHU JIOMPUHOC JTU3ajHYy W UMILIEMEHTAIUji aJropuTaMa, Kao U BepuduKaimju
KOPEKTHOI' M3BPIaBaibha Ha CIEIIjaJIn30BaHOM Xap/IBepy.

3.1.5 EJjgemMeHTU NPUMEHJbUBOCTU HAYYHUX pe3yJjTaTa

AJropuTMu MaIIIHKCOT yderha Koje je KaHIUIAT pa3BUO Cy 00jeIuieHN Y codTBEp-
cku naker his4ml. OBaj maker mojap:kaBa paJl ca BHIIIE BPCTa HEYPOHCKUX MPerKa Koje Cy
IpUMEH/bUBE Ha MHOTE JIpyre HaydHe OOJIACTH TJe IMOCTOje 3aXTEeBU 3a OpP30M 00paJioM
nojilaTaka. TexHnke KOMIIpecuje HEyPOHCKUX Mpe3a HUCY OrpaHMYeHe caMoO Ha aJrOpUTMe
uMIieMenTupane y hls4ml nakery Beh cy MUPOKO NPUMEH/bUBE Y CBUM OOJIACTUMA IPU-
MeHe HeypOHCKUX Mpe3a. Jlokas oBUX TBP/mU MpejicTaBsbajy aBa M21 pajia objaBibeHa ca
apTHEPOM U MHJIycTpHje y obsiacTu 0e30e/IHOCTH ayTOHOMHMX BO3MJIa KOje je 3aCHOBAHO
Ha hls4ml Texunonoruju.

3.2 AmwnrakoBaHocT y popMuparmy HAydYHUX KaApoBa

Kangumar je 6uo Ko-MeHTOP IMPUJINKOM M3Pajie MacTep Te3e cjaegenuM CTYIeHTHMA:

e Benjamin Ramhorst mox macmosom "Hardware-aware pruning of real-time neural
networks" ondopamena na Nmnepujamnom komeny y Jlonmony,

e Xiaohan Liu mox naciosom "FPGA Deployment of LFADS for Real-time Neuroscience
FExperiments” n onopanno na YHuBep3urery y BamuHrrony,

e Kelvin Lin mox macimosom "Convolutional Layer Implementations in High-Level Synthesis
for FPGAs" n onopamnuno na Yuusep3urery y Bammunrrony,

YdecTBOBAO je y KoMucuju 3a ojopany jgokropara Hemame Mustomesuha (ITpuposto-
maremarnakn Pakynrer y Hosom Cary).

3.3 Hopmupame O0poja KoOayTOPCKHUX PAJIOBa, IIATEHATA, U TEXHUYKUX peliemha

Kanannar je objaBuo 12 pamosa M20 kareropuje y nepuoy HaKOH CTHIaHa TPETXO/I-
HOT HAYYHOT 3Bakba (HAyIHU capaJiHKK ), 9uju je yKyran 6poj M 6omosa 96. Ceu pajiosu cy
Oa3upanu Ha HyMepruIKuM cuMmy/anujama. Kao pesyirar capa/iibe nctpakupadia u3 BUIIE
Jlaboparopuja m yHuUBep3uTeTa paJjioBu mMmajy Behu Opoj ayropa. Jeman paj kareropuje



M21la nma 5 ayTropa Te ce IO MPaBUJIHUKY padyHa ca ImyHEM Opojem Oomosa. IIpeocta-
jga aBa M2la pama umajy 14 u 10 ayropa, ma je Hopmupan 0poj 6om0Ba 3.57 u 5. Bpoj
ayTopa Ha pajioBuMma kareropuje M21 je ox 11 mo 20, crora ce 6poj HOpMUPAHUX TIOEHA,
kpehe ox 3.64 5o 2. JIsa M22 paja cy nopmupana Ha Ha 2.27 u 2.5, JIoK je jeman M23
pas nopmupan na 1.15. CeykymnHo, 6poj 60/10Ba KaHIuIaTa HA OCHOBY CBUX KaTeropuja
nyO/ImKaIja HaKOH HopMmupama nsnocu 54.09.

3.4 AKTHUBHOCT y HQyYHUM U HAYYHO-CTPYYHUM JIPYyHITBUMA

Kanmunar je jeman ox opranmsaropa pamuonutie ML@L1 Trigger Workshop xoje cy
onpxkare ox 10. 1o 15. okrobpa 2022. u ox 11. mo 15. mememoOpa 2023. romgune. Toxkom
csor 6opaBka y CERN-y je 6uo oranmzarop cemunapa mPP tutorials ma Temy amara u
TeXHUKa MAaIIMHCKOT yd4ema. Kanmaumar je OMO peleH3eHT Ha pajoBUMa 00jaB/beHUM Y
gaconucuma [EEE Transactions on Nuclear Science (kareropuja M21) u Transactions on
Computer-Aided Design of Integrated Circuits and Systems (kareropuja M22). Haseene
AKTUBHOCTU Cy JOKYMEHTOBAHE y IIPUJIO3UMA.

3.5 KoHKperaH JONIPUHOC KAaHUAAaTa y peaju3aliiju pajgoBa y HaAyYHUM II€H-
TpuMa y 3€eMJbU U MHOCTPAHCTBY

V 12 objaB/beHEX PaJIoBa, 01 IPETXOAHOT W300pa y 3Babe, KaHIu1aT je y JIBa a0 KJby-
YaH JIONPUHOC y TOTJIeJly KOHIENTyaIn3alifje paja, pasBoja HyMEPUUKUX aJITOPUTaMa,
cuMmyJ/ianuje n Bepudukaluje KOpeKTHOCTHA pellieha, JOK je y IPeocTaauM a0 3HadajHe
JIONIPUHOCE Y PA3BOjy HYMEPUUYKUX METOJia, MHTEPIPETAIUji pe3y/aTaTta, u yHarpehemy
AHAJIUTUYIKNAX Pellerha. JHAIAJHO je JOMPUHEeO MUCAby CBUX MOMEHYTHX PaJIOBAa.

Kangumar je mocajaiimby HaydHY aKTUBHOCT 00aB/bo Ha [IpupojiHO-MaTeMaTHIKOM
dakynrery y Hosom Camy, UncturyTy 3a dusuxky y Beorpasay, EBporickoj opranmsaniuju
3a HyKJIeapHO UCTpakKuparmbe n MacadyceTcKoM MHCTUTYTY TeXHOJIOTH]e.

3.6 VYTunaj HaydyHux pes3yJiTaTta

Yrunaj Haydnux pesyJsirtara orjiesia ce mpe cBera Kpo3 rmurupanoct. OBaj mojarax je
je HaBedeH y oje/bKy 3.1.2 “IlosuTuBHA MUTUPAHOCT HAYYIHUX PAJIOBa KaHuaTa’ OBOT
nokymernTa. [Ilyn cnmcak pajioBa je nmar y ceKnuju H, a CBU HOJAIM O IIUTUPAHOCTU €A
untepuer crpanuiie Web of Science 6aze cy maTtu HakoH crucka pajoBa.

3.7 VYBomHua mpepaBama Ha KOH(epeHIMjaMa, Apyra npe/iaBamba, 1 aKTUBHO-
cTu

Kanmunar je oaprkao jBa IpejilaBamba IO TMO3UBY Ha Mel)yHApOIHWM pamOHHUIAMA!
Tecniche Di Machine Learning Con Dispositivi FPGA per Gli Esperimenti Di Fisica Delle
Particelle onp:xane ox 2. 10 4. noBemOpa 2022. roqune y Bosowu u Fast ML for Science @
ICCAD onpxane 2. nopembpa 2023. roguae u Can @pannucky. Takobe je 1o mo3uBy ojip-
JKao mpejiaBambe y okBupy cemurapa Ha A3D3 uncruryTy. YV npusory cy JIOKyMEHTOBAHU
MaTepujan KOjuMa ce TIOTKPEINJbYjy JOKa3!W O TTO3WBHUM IIpejaBamuMa.



4 EjgeMeHTU 3a KBAHTUTATUBHY OIl€eHY Hay4YHOT JONPUHOCA

4.1 OcTBapeHu pe3yJTaTh y Nepuo/y HAKOH ITPETXO/IHOT m30opa y 3Bame

Kareropuja M-60/10Ba 110 Bpoj YKyIHO Hopmupanu
yOJInKaIuju yOJInKaImja M-6010Ba 6poj
M-6og0Ba

M21a 10 3 30 18.57
M21 8 6 48 17.08
M22 5 2 10 4.77
M23 3 1 1.15
M33 1 5 2.52
M34 0.5 20 10 10

4.2 Tlopebeme ca MUHUMAaJIHUM KBAaHTUTATUBHUM pe3yJITaTUMa 3a peusdbop y
3Balb€e HAYYHU CapaJHUK

[Torpebro HopMmupanu
pesyJirar
KaHu1aTa
YKyIHO 16 54.09
M104+M20+M31-+M32+M33+M41+M42 10 44.09
M11-+M12+M21+M224+-M23 6 41.57




5 CHomucak pagoBa

5.1 PapoBu ob6jaB/beHM HAKOH NMPETXOJHOT M360pa y 3Barbe
5.1.1 PanosBu y mehynapoauum uaconucuma usyseruux Bpegaoctu (M21la)

1. Autoencoders on field-programmable gate arrays for real-time, unsupervised new
physics detection at 40 MHz at the Large Hadron Collider
E. Govorkova, E. Puljak, T. Aarrestad, T. James, V. Lonéar, M. Pierini, A. A.
Pol, N. Ghielmetti, M. Graczyk, S. Summers, J. Ngadiuba, T. Q. Nguyen, J. Duarte,
Z. Wu
Nature Mach. Intell. 4 (2022), 1P (2022)=23.8
DOI: 10.1038/s42256-022-00441-3

2. Automatic heterogeneous quantization of deep neural networks for low-latency inference
on the edge for particle detectors
C. N. Coelho, A. Kuusela, S. Li, H. Zhuang, T. Aarrestad, V. Lon¢ar, J. Ngadiuba,
M. Pierini, A. A. Pol, S. Summers
Nature Mach. Intell. 3 (2021), 1d(2021)=25.898
DOI: 10.1038/s42256-021-00356-5

3. C and Fortran OpenMP programs for rotating Bose—Einstein condensates
R. K. Kumar, V. Lon¢ar, P. Muruganandam, S. K. Adhikari, A. Balaz
Comput. Phys. Commun. 240, 74 (2019), 1®(2019)=4.623
DOI: 10.1016/j.cpc.2019.03.004

5.1.2 PanoBu y BpxyHckuMm MmehyHapomuum daconucuma (M21)

1. Ultra-low latency recurrent neural network inference on FPGAs for physics applications
with hls4dml
E. E. Khoda, D. Rankin, R. Teixeira de Lima, P. Harris, S. Hauck, S.-C. Hsu, M.
Kagan, V. Lon¢ar, C. Paikara, R. Rao, S. Summers, C. Vernieri, A. Wang
Mach. Learn. Sci. Tech. 4 (2023) 2, 025004, 11dD(2022)=6.8
DOI: 10.1088/2632-2153 /acc0d7

2. Lightweight jet reconstruction and identification as an object detection task
A. A. Pol, T. Aarrestad, E. Govorkova, R. Halily, A. Klempner, T. Kopetz, V.
Lon¢éar, J. Ngadiuba, M. Pierini, O. Sirkin, S. Summers
Mach. Learn. Sci. Tech. 3 (2022) 2, 025016, 11d(2022)=6.8
DOI: 10.1088/2632-2153 /ac7a02

3. Real-time semantic segmentation on FPGAs for autonomous vehicles with hls4dml
N. Ghielmetti, V. Lon¢ar, M. Pierini, M. Roed, S. Summers(CERN), T. Aarrestad,
C. Petersson, H. Linander, J. Ngadiuba, K. Lin, P. Harris
Mach. Learn. Sci. Tech. 3 (2022) 4, 045011, 1®(2022)=6.8
DOI: 10.1088/2632-2153 /ac9chb

4. A Reconfigurable Neural Network ASIC for Detector Front-End Data Compression
at the HL-LHC
G. D. Guglielmo, F. Fahim, C. Herwig, M. B. Valentin, J. Duarte, C. Gingu, P.
Harris, J. Hirschauer, M. Kwok, V. Loncar, Y. Luo, L. Miranda, J. Ngadiuba, D.
Noonan, S. Ogrenci-Memik, M. Pierini, S. Summers, N. Tran
I[EEE Trans. Nucl. Sci. 68 (2021) 8, Ud(2021)=1.708
DOI: 10.1109/TNS.2021.3087100



5. Fast convolutional neural networks on FPGAs with hls4ml

T. Aarrestad, V. Loncar, N. Ghielmetti, M. Pierini, S. Summers, J. Ngadiuba,
C. Petersson, H. Linander, Y. liyama, G. Di Guglielmo, J. Duarte, P. Harris, D.
Rankin, S. Jindariani, K. Pedro, N. Tran, M. Liu, E. Kreinar, Z. Wu, D. Hoang
Mach. Learn. Sci. Tech. 2 (2021) 4, 045015, U®(2021)=6.013

DOI: 10.1088/2632-2153 /acOeal

. Compressing deep neural networks on FPGAs to binary and ternary precision with
hls4ml

J. Ngadiuba, V. Lonéar, M. Pierini, S. Summers., G. Di Guglielmo, J. Duarte, P.
Harris, D. Rankin, S. Jindariani, M. Liu, K. Pedro, N. Tran, E. Kreinar, S. Sagear,
Z. Wu, D. Hoang

Mach. Learn. Sci. Tech. 2 (2020), 015001, 1P (2021)=6.013

DOI: 10.1088/2632-2153 /aba042

5.1.3 PanoBu y ucrakaytum mehynapoauum gaconucuma (M22)

1. Tailor: Altering Skip Connections for Resource-Efficient Inference

0. Weng, G. Marcano, V. Loné¢ar, A. Khodamoradi, G. Abarajithan, N. Sheybani,

A. Meza, F. Koushanfar, K. Denolf, J. Duarte, R. Kastner

ACM Trans. Reconf. Tech. Syst. (Accepted manuscript, September 2023), NP (2022)=2.9
DOI: 10.1145/3624990

. Algean: An Open Framework for Deploying Machine Learning on Heterogeneous
Clusters

N. Tarafdar, G. Di Guglielmo, P. C. Harris, J. D. Krupa, V. Lon¢ar, D. S. Rankin,
N. Tran, Z. Wu, Q. C. Shen, P. Chow

ACM Trans. Reconf. Tech. Syst. 15 (2022) 3, Ud(2022)=2.9

DOI: 10.1145/3482854

5.1.4 PanosBu y mehynapoauum gaconmcuma (M23)

1. Fast inference of Boosted Decision Trees in FPGAs for particle physics

S. Summers, G. Di Guglielmo, J. Duarte, P. Harris, D. Hoang, S. Jindariani, E. Kreinar,
V. Lon¢éar, J. Ngadiuba, M. Pierini, D. Rankin, N. Tran, Z. Wu

JINST 15 (2020) 5, P05026, 1P (2020)=1.415

DOI: 10.1088/1748-0221/15/05/P05026

5.1.5 Caommrema ca mehynapoauux ckymosa mramnada y nesuuan (M33)

1. Neural Network-Based Primary Vertex Reconstruction with FPGAs for the Upgrade

of the CMS Level-1 Trigger System

C. Brown, A. Bundock, M. Komm, V. Loné¢ar, M. Pierini, B. Radburn-Smith,
A. Shtipliyski, S. Summers, J.-S. Dancu, A. Tapper

J. Phys. Conf. Ser. 2438 (2023) 1, 012106

DOI: 10.1088/1742-6596,/2438 /1,/012106

. Accelerating Recurrent Neural Networks for Gravitational Wave Experiments

Z. Que, E. Wang, U. Marikar, E. Moreno, J. Ngadiuba, H. Javed, B. Borzyszkowski,
T. Aarrestad, V. Loncar, S. Summers, M. Pierini, P. Y. Cheung, W. Luk

32nd International Conference on Application-specific Systems, Architectures and



Processors (ASAP), 2021
DOI: 10.1109/ASAP52443.2021.00025

Jet Single Shot Detection

A. A. Pol, T. Aarrestad, K. Govorkova, R. Halily, T. Kopetz, A. Klempner, V. Loncar,
J. Ngadiuba, M. Pierini, O. Sirkin, S. Summers

EPJ Web Conf. 251 (2021), 04027

DOI: 10.1051 /epjconf/202125104027

Generative Adversarial Networks for fast simulation

F. Carminati, G. Khattak, V. Loné¢ar, T. Q. Nguyen, M. Pierini, R. Brito Da
Rocha, K. Samaras-Tsakiris, S. Vallecorsa, J. R. Vlimant

J. Phys. Conf. Ser. 1525 (2020) 1, 012064

DOI: 10.1088/1742-6596/1525/1 /012064

Large-Scale Distributed Training Applied to Generative Adversarial Networks for
Calorimeter Simulation

J. R. Vlimant, F. Pantaleo, M. Pierini, V. Lon¢ar, S. Vallecorsa, D. Anderson,
T. Nguyen, A. Zlokapa

EPJ Web Conf. 214 (2019), 06025

DOI: 10.1051 /epjconf/201921406025

5.1.6 Caommrema ca mehyHapoaHux cKymoBa mramnada y ussomy (M34)

1.

Generative Adversarial Networks for fast simulation: generalisation and distributed
training in HPC

S. Vallecorsa, J.-R. Vlimant, V. Loncar, T. Nguyen, G. Khattak, M. Pierini,
F. Carminati, F. Pantaleo

Book of abstracts of 19th International Workshop on Advanced Computing and
Analysis Techniques in Physics Research 2019, Saas-Fee, Switzerland (2019)

. hlsdml: deploying deep learning on FPGAs for L1 trigger and Data Acquisition

N. V. Tran, V. Loncar
24th International Conference on Computing in High-Energy and Nuclear Physics
2019, Adelaide, Australia (2019)

. MPI-based tools for large-scale training and optimization at HPC sites

V. Loncar, J.-R. Vlimant, S. Vallecorsa, G. Khattak, M. Pierini, T. Nguyen,
F. Carminati

24th International Conference on Computing in High-Energy and Nuclear Physics
2019, Adelaide, Australia (2019)

Fast Inference of Deep Neural Networks for Real-time Particle Physics Applications
J. M. Duarte, S. Han, P. C. Harris, S. Jindariani, E. Kreinar, B. Kreis, V. Loncar,
J. Ngadiuba, M. Pierini, D. Rankin, R. Rivera, S. Summers, N. Tran, Z. Wu
FPGA '19: Proceedings of the 2019 ACM/SIGDA International Symposium on
Field-Programmable Gate Arrays, Seaside, USA (2019)

Large and compressed Convolutional Neural Networks on FPGAs with hls4ml
V. Loncar
Fast Machine Learning for Science Workshop 2020, virtual event (2020)

. A OneAPI backend of hls4dml to speed up Neural Network inference on CPUs

V. Loncar
Fast Machine Learning for Science Workshop 2020, virtual event (2020)



10.

11.

12.

13.

14.

Algean: An Open Framework for Machine Learning on Heterogeneous Clusters

N. Tarafdar , G. Di Guglielmo , P. C. Harris, J. D. Krupa, V. Lonéar, D. S. Rankin,
N. Tran, Z. Wu, Q. Shen, P. Chow

28th Annual International Symposium on Field-Programmable Custom Computing
Machines (FCCM), Fayetteville, USA (2020)

. Looking for new physics in the LHC hardware trigger with Deep Autoencoders

A. A. Pol, E. Puljak, K. Govorkova, J. M. Duarte, J. Ngadiuba, M. Graczyk,
M. Pierini, N. Ghielmetti, S. P. Summers, T. Aarrestad, T. O. James, T. Nguyen,
V. Lon¢ar, Z. Wu

Book of abstracts of 20th International Workshop on Advanced Computing and
Analysis Techniques in Physics Research 2011, Daejeon, South Korea (2021)

. Machine Learning at 40 MHz with hls4ml

A. A. Pol, D. S. Rankin, J. M. Duarte, J. Ngadiuba, K. Govorkova, M. Graczyk,
M. Pierini, N. Tran, N. Ghielmetti, P. C. Harris, S. P. Summers, T. Aarrestad,
V. Lon¢car, Z. Wu

Book of abstracts of 20th International Workshop on Advanced Computing and
Analysis Techniques in Physics Research 2021, Daejeon, South Korea (2021)

Lightweight Jet Identification and Reconstruction as an Object Detection Task

A. Klempner, J. Ngadiuba, K. Govorkova, M. Pierini, O. Sirkin, R. Halily, S. P. Summers,
T. Kopetz, T. Aarrestad, V. Loncar

Book of abstracts of 20th International Workshop on Advanced Computing and
Analysis Techniques in Physics Research 2021, Daejeon, South Korea (2021)

Ultra-low latency recurrent neural network inference on FPGAs for physics applications
with hls4ml

A. Wang, C. Vernieri, C. Paikara, D. S. Rankin, E. E. Khoda, M. A. Kagan,
P. C. Harris, R. Teixeira De Lima, R. Rao, S. Hauck, S.-C. Hsu, S. P. Summers,
V. Lon¢ar

Book of abstracts of 21th International Workshop on Advanced Computing and
Analysis Techniques in Physics Research 2021, Bari, Italy (2022)

Design and first test results of a reconfigurable autoencoder on an ASIC for data
compression at the HL-LHC

A. Shenai, C. Syal, C. Herwig, C. A. M. Suarez, C. V. Gingu, D. Noonan, D. Braga,
D. Coko, F. Fahim, G. Di Guglielmo, J. Hoff, J. M. Duarte, J. Ngadiuba, J. Hirschauer,
J. Wilson, K. H. M. Kwok, L. Miranda, M. Valentin, M. Lupi, M. Pierini, N. Tran,
P. Klabbers, P. M. Rubinov, P. C. Harris, R. O. Wickwire, S. Memik, S. P. Summers,
V. Loncar, X. Wang, Y. Luo

Fast Machine Learning for Science Workshop 2022, Dallas, USA (2022)

Quantized ONNX (QONNX)

A. Pappalardo, B. Hawks, H. Borras, J. M. Duarte, J. Mitrevski, J. Muhizi, M. Trahms,
M. Blott, N. Tran, S. Hauck, S.-C. Hsu, S. P. Summers, V. Lonéar, Y. Umuroglu
Fast Machine Learning for Science Workshop 2022, Dallas, USA (2022)

Fast recurrent neural networks on FPGAs with hls4ml

A. Wang, C. Vernieri, C. Paikara, D. S. Rankin, E. E. Khoda, M. A. Kagan,
P. C. Harris, R. Teixeira De Lima, R. Rao, S. Hauck, S.-C. Hsu, S. P. Summers,
V. Lon¢ar

Fast Machine Learning for Science Workshop 2022, Dallas, USA (2022)



15. End-to-End Vertex Finding for the CMS Level-1 Trigger
C. E. Brown, A. Bundock, A. Tapper, B. Radburn-Smith, M. Komm, M. Pierini,

S. P. Summers, V. Loncar
Fast Machine Learning for Science Workshop 2022, Dallas, USA (2022)

16. Design and first test results of the CMS HGCAL ECON-T ASIC including an
autoencoder-inspired neural network for on-detector data compression
A. Shenai, C. Gingu, D. Braga, D. Coko, J. Hirschauer, C. Syal, C. A. M. Suarez,
D. Noonan, J. Hoff, J. Wilson, M. Lupi, P. Klabbers, P. M. Rubinov, R. O. Wickwire,
X. Wang, S. Memik, P. C. Harris, J. M. Duarte, C. Herwig, M. Valentin, M. Pierini,
J. Ngadiuba, L. Miranda, G. Di Guglielmo, V. Lon¢ar, Y. Luo, N. Tran, S. P. Summers,
K. H. M. Kwok, F. Fahim, R. De Oliveira, G. Datao, I. Kremastiotis, S. Kulis,
P. V. Leitao, P. Leroux P. Rodrigues Simoes Moreira, J. Prinzie, D. Guo, Q. Sun,
J. Ye, F. Bram, Y. Dongxu, M. Hammer
Topical Workshop on Electronics for Particle Physics TWEPP 2022, Bergen, Norway
(2022)

17. Graph Neural Networks on FPGAs with HLS4ML
J.-F. Schulte, M. Liu, P. C. Harris, V. Lon¢ar
Fast Machine Learning for Science Workshop 2023, London, UK (2023)

18. Jets as sets or graphs: Fast jet classification on FPGAs for efficient triggering at the

HL-LHC
A. Sznajder, D.-P. Odagiu, G. Dissertori, J. M. Duarte, T. Aarrestad, V. Lon¢ar,
W. Luk, Z. Que

Fast Machine Learning for Science Workshop 2023, London, UK (2023)

19. Hardware-aware pruning of real-time neural networks with hls4ml Optimization API
B. Ramhorst, G. Constantinides, V. Loncar
Fast Machine Learning for Science Workshop 2023, London, UK (2023)

20. Adapting Skip Connections for Resource-Efficient FPGA Inference
0. Weng, G. Marcano, V. Loncar, A. Khodamoradi, N. Sheybani, F. Koushanfar,
K. Denolf, J. M. Duarte, R. Kastner
FPGA ’23: Proceedings of the 2023 ACM/SIGDA International Symposium on
Field-Programmable Gate Arrays, Monterey, USA (2023)

5.2 PanoBm ob6jaB/beHU ITpe MPETXOAHOT M300pa y 3Bame
5.2.1 IlornaBsee y ucrakHyToj MmoHorpaduju mehynapoaaor 3uaqaja (M13)

1. Efficient Numerical Tools for Solving the Nonlinear Schrédinger Equation
V. Lonc¢ar, I. Vasi¢, A. Balaz
Scientific Computing: Studies and Applications, Ed. C. Erling, pp. 63-157
ISBN: 978-1-53612-564-1
NOVA Science Publishers, 2017.

5.2.2 PanoBu y mehyHnapoaHum udaconucuma udy3etHux spegunoctu (M21a)

1. CUDA programs for solving the time-dependent dipolar Gross-Pitaevskii equation
in an anisotropic trap
V. Lonéar, A. Balaz, A. Bogojevi¢, S. Skrbi¢, P. Muruganandam, S. Adhikari
Comput. Phys. Commun. 200, 406 (2016), 11D (2016)=3.936
DOI: 10.1016/j.cpc.2015.11.014



2. OpenMP, OpenMP /MPI, and CUDA /MPI C programs for solving the time-dependent
dipolar Gross—Pitaevskii equation
V. Lonéar, L. E. Young-S., S. Skrbi¢, P. Muruganandam, S. Adhikari, A. Balaz
Comput. Phys. Commun. 209, 190 (2016), 11D (2016)=3.936
DOL: 10.1016/j.cpc.2016.07.029

3. OpenMP GNU and Intel Fortran programs for solving the time-dependent Gross-
Pitaevskii equation
L. E. Young-S., P. Muruganandam, S. Adhikari, V. Lonéar, D. Vudragovi¢ A.
Balaz
Comput. Phys. Commun. 220, 503 (2017), U®(2016)=3.936
DOI: 10.1016/j.cpc.2017.07.013

5.2.3 Caommrema ca mehyHapoaaux ckymosa mrammnada y nesgunau (M33)

1. Parallelization of minimum spanning tree algorithms using distributed memory
architectures
V. Lonéar, S. Skrbi¢, A. Balaz
Transactions on Engineering Technologies, pp. 543-554, Springer (2014)
G.-C. Yang, S-I. Ao, L. Gelman (Eds.), Special Volume of the World Congress on
Engineering 2013.
DOI: 10.1007/978-94-017-8832-8 39

2. Parallel implementation of minimum spanning tree algorithms using MPI
V. Lonéar, S. Skrbi¢
IEEE 13th International Symposium on Computational Intelligence and Informatics
(CINTI), pp. 35-38 (2012)
DOI: 10.1109/CINTT.2012.6496797

5.2.4 Caommrema ca melyHapogHuUX CKynoBa miramiiana y ussoay (M34)

1. Parallel solvers for dipolar Gross-Pitaevskii equation
V. Lon¢ar, D. Vudragovi¢, S. K. Adhikari, A. Balaz
Book of abstracts of VI International School and Conference on Photonics - Photonica
2017, Belgrade, Serbia (2015)

2. Rosensweig instability due to three-body interaction or quantum fluctuations?
V. Lon¢ar, D. Vudragovi¢, A. Balaz, A. Pelster
DPG 2016 conference, Q17.2, Hannover, Germany (2016)

3. Trapped Bose-Einstein Condensates with Strong Disorder
V. Loncar, A. Balaz, A. Pelster
Book of abstracts of V International School and Conference on Photonics - Photonica
2015, Belgrade, Serbia (2015)
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Fast ML for Science at ICCAD 2023 Invitation

Javier Duarte <jduarte@physics.ucsd.edu>
Tue 19-Sep-23 3:16 PM

To:Vladimir Loncar <vladimir.loncar@cern.ch>
Cc:ntran@fnal.gov <ntran@fnal.gov>;pcharris@mit.edu <pcharris@mit.edu>

Dear Vladimir,

We are pleased to invite you for an invited talk at the "Fast ML for Science at ICCAD 2023"
workshop, which aims to bring the CAD community to bear on challenging scientific applications.
This year, the workshop will take place on November 2 in San Francisco.

More info:
https://fastmachinelearning.org/iccad2023/index.html

We hope you can speak on the topic of "Open Source Fast ML for Science and Community Vision",
but the exact title and content are up to you!

Please let us know at your earliest convenience if you would be willing to give this talk.

Best
Javier Duarte for the organizers

Javier Duarte

Assistant Professor of Physics

UC San Diego

Office: MHA 5513

Phone: (858) 246-4980

Web: https:/jduarte.physics.ucsd.edu/




Fast ML for Science @ ICCAD 2023

Program

Slides and camera-ready papers will be posted by the workshop.

Time
(PDT)

8:15

8:30
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Duration Presentations

Welcome and introduction

[Slides]
Organizers
Community Vision, Needs, and Progress .
Slides
Vladimir Loncar, MIT [ ]
Design Tools Perspective [Slides]
David Burnette, Siemens
Designing Hardware for Machine Learning [Slides]
ides
John Wawrzynek, UC Berkeley
Coffee
Design Tools Perspective
] 9 P [Slides]
Elliott Delaye, AMD
Fast ML in the NSF A3D3 Institute )
L [Slides]
Shih-Chieh Hsu, UW
Fast ML in Material Sciences .
[Slides]
Jana Thayer, SLAC
Lunch
Robust and Efficient ML .
[Slides]

Bhavya Kailkhura, LLNL

Quantifying the Efficiency of High-Level Synthesis for Machine Learning Inference

Caroline Johnson (UW), Scott Hauck, Shih-Chieh Hsu, Waiz Khan, Stephany Ayala-Cerna, Geoff Jones, Anatoliy Martynyuk, Matthew Bavier, Oleh [F’_aw] [SILes]
Kondratyuk, Trinh Nguyen, Jan Silva, Aidan Short (UW)

TT-QEC: Transferable Transformer for Quantum Error Correction Code Decoding
Hanrui Wang (MIT), Kevin Shao (MIT), Dantong Li (Yale University), Jiagi Gu (ASU), David Pan (University of Texas), Yongshan Ding (Yale [Paper]
University), Song Han (MIT)

Benchmarking the Robustness of Neural Network-based Partial Differential Equation Solver
Jiaqi Gu (ASU), Mohit Dighamber, Zhenggqi Gao, Duane S. Boning (MIT)

Smart pixel sensors: towards on-sensor filtering of pixel clusters with deep learning

Blanco Valentin (NU), Karri DiPetrillo (UChicago), Farah Fahim, Lindsey Gray, James Hirschauer (FNAL), Shruti Kulkarni (ORNL), Ron Lipton [Paper
(FNAL), Petar Maksimovic (JHU), Corinne Mills (UIC), Mark Neubauer (UIUC), Benjamin Parpillon, Gauri Pradhan, Chinar Syal, Nhan Tran (FNAL),

Dahai Wen (JHU), Aaron Young (ORNL)

lide

[2)

[

L,

FKeras: A Sensitivity Analysis Tool for Edge Neural Networks
Andres Meza (UCSD), Olivia Weng (UCSD), Quinlan Bock (FNAL), Benjamin Hawks (FNAL), Javier Campos (FNAL), Nhan Tran (FNAL), Javier [Paper] [Slides]
Mauricio Duarte (UCSD), Ryan Kastner (UCSD)

FPGA Deployment of LFADS for Real-time Neuroscience Experiments

Xiaohan Liu (UW), Chidui Chen, YanLun Huang, LingChi Yang (National Yang Ming Chiao Tung University), Scott Hauck, Shih-Chieh Hsu, Elham E [P_ap_er] [Slides]
Khoda (UW), Bo-Cheng Lai (National Yang Ming Chiao Tung University)

Coffee

Toward Reinforcement Learning-based Rectilinear Macro Placement Under Human Constraints

)

Tuyen P. Le, Hieu T. Nguyen, Seungyeol Baek, Taeyoun Kim, Jungwoo Lee (AgileSoDA Company), Seongjung Kim, Hyunjin Kim, Misu Jung, [F’_aw] lides]

Daehoon Kim, Seokyong Lee (Asicland Company), Daewoo Choi (Hankuk University of Foreign Studies)
ResilienQ: Boosting Fidelity of Quantum State Preparation via Noise-Aware Variational Training
Hanrui Wang (MIT), Yilian Liu (Cornell University), Pengyu Liu (CMU), Song Han (MIT)

Paper][Slides]
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lectures to the Course on ML with FPGA in Bologna

Riccardo Travaglini <riccardo.travaglini@bo.infn.it>

Wed 31-Aug-22 4:55 PM

To:Vladimir Loncar <vladimir.loncar@cern.ch>

Cc:Felice Pantaleo <Felice.Pantaleo@cern.ch>;Daniele Bonacorsi <daniele.bonacorsi@bo.infn.it>

Dear Vladimir,

I'm contacting you following a mail exchange with Felice and he told you would be available to give
a lecture.

First of all, | thank you very much if so and | would like to give you some more details.

My proposal is to give a lecture on Al application with Intel FPGA. | would be interested to let the
course’s participants know how Intel FPGA can be managed for Al applications and have an
overview of application as well. For this second items | think showing application for high energy
physics at Cern will fit since all participants will be both physicists (by Italian INFN institute) and
electronics engineers working in high energy physics.

To have an idea of the course, here you can find the preliminary agenda:
https://docs.google.com/document/d/1xB5galsTbxHfe2dROrAm1gamSWuJ17dBI6xjKFVPFiw/e
dit

| propose to contribute to the session on 28th of September.

If you would like to be in presence let le know (please, by Friday at last), anyway lecture from
remote is fine as well.

Either case, | would need a CV from you (to be authorised by INFN committee, just a formal step);
a short form is fine as well.

Thanks again and don't hesitate to contact me for any question!

My best,
Riccardo

Dr. Riccardo Travaglini

c/o ILN.F.N

(Italian Institute of Nuclear Physics)
v.le C. Berti-Pichat 6/2

40127 Bologna

Italy

phone: +39 051 20 95275
fax :+39 051 20 95286




Course on: "Tecniche Di Machine Learning Con Dispositivi FPGA per
Gli Esperimenti Di Fisica Delle Particelle”

(Machine Learning techniques with FPGA in Particle Physics Experiments)

Tentative Agenda v 2.0

November 2 - Afternoon

14:15 Machine Learning Application in Particle Physics Experiment at LHC (speaker
Jennifer Ngadiuba) - 40 min. (+5 min questions)

15.00 Introduction to FPGA (speaker: Riccardo Travaglini) - 30 min. (+5) (swap 1)
and 2) ?)

15:35 Deep Learning inference with FPGA (speaker: Riccardo Travaglini) - 20 min.
(+5) (swap 3) and 4) )

16.00 16.30 break

16:30 Fast inference with HLS4ML: Machine Learning with FPGA at LHC (speaker:
Thea Aarrestad) - 30 min. (+5)

17:05 Xilinx ML/AI: technologies (edge, on-premise, on cloud) and solutions (VitisAl,
Pynq, ...) (Mario Ruiz, AMD Xilinx University Program ) - 45 min. (+5)

November 3 - Morning

9:30 - 13.00 HLS4ML tutorial part 1: functionalities, quantization and compression
(Thea Aarrestad and Sioni Summers ) ~ 3h. + 30 min. coffee break

November 3 - Afternoon

1.

14.30 - 17.30 HLS4ML tutorial part 2: demo on real HW or deploying on AWS F1
(Thea Aarrestad and Sioni Summers with Marco Lorusso) ~ 3 h

November 4 - Morning

1.

A A

9.00: Deep Learning inference with the Bond Machine project: introduction and demo
(speaker: Mirko Mariotti) - 1h

10.00 Brevitas + HLS4ML (AMD speaker - to be confirmed)

11.00 11.30 coffee break

11.30 ML/AI with Intel FPGA (Speaker: Vladimir Loncar)

12.30 Alternative solutions at the Edge: Lattice, Microchip, microcontroller
accelerators... (speaker: Riccardo Travaglini) - 30 min.



November 4 - Afternoon

1. 14.00: Introduction to Vitis Al (speaker: Riccardo Travaglini) 20 min.
2. 14.20 - 16.30 Vitis Al tutorial/lhands-on (Riccardo Travaglini and Marco Lorusso)



Heterogeneous and Targeted Systems Seminar: Vladimir Loncar

Monday 14 Feb 2022, 21:00 = 22:00 Europe/Zuricha . o
Javier Mauricio Duarte (Univ. of California San Diego (US))

Description Title: The his4ml project and the future of deploying ultrafast deep learning on specialized hardware

Abstract: The his4ml project aims to simplify deployment of deep neural networks on FPGAs within applications characterized by tight
constraints in terms of latency, hardware resources and power consumption. Since its introduction, the library has grown significantly, integrating
support for FPGAs from different vendors, multiple network architectures (convolutional, recurrent, graph), extreme quantization (binary and
ternary networks), and multiple applications (classification, regression, anomaly detection). Thanks to a collaboration with Google, it was
interfaced to QKeras to enhance network compression capabilities through quantization aware training. The vibrant and fast-expanding
community of users and developers is working to expand hls4ml and apply it to new domains. In this talk we review the state of the project from
it's beginnings to present day and show potential new directions it may take in the future.

Biography: Vladimir Lon¢ar is a Senior applied fellow at CERN working on deep learning systems. He is the lead developer of the open-

source hls4ml library, a compiler to build machine learning models in FPGAs. Loncar also develops a distributed deep learning and
hyperparameter optimization framework (nnlo), which simplifies training and optimization tasks on multi-node systems (local clusters, HPC sites,
and cloud resources). He received his Ph.D. in Computer Science in 2017 from the University of Novi Sad.

Videoconference i3 Heterogeneous and Targeted Systems Seminar: Vladimir Loncar

21:00 - 21:40 The hls4ml project and the future of deploying ultrafast deep learning on specialized hardware ~ ® 40m

Speaker: Vladimir Loncar (CERN)

() GMT20220214-200... his4ml_future_a3d3..
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ML@L1 Trigger Workshop at the LPC

10 Oct 2022, 15:00 —» 15 Oct 2022, 02:00 Europe/Zurich

Description This is the first cross ML-L1T group workshop dedicated to the ongoing developments in the CMS L1 Trigger group on machine learning

@

Videoconference
Registration

Participants

algorithms. We hope to bring together people with expertise in L1T algorithms and systems, as well as machine learning and related tools. The
goals are to review the ongoing activities in order to find areas of overlap, circulate solutions to common challenges and share our collective
experiences with tools, frameworks, emulators, and L1T hardware. The workshop is organized in two parts with the morning session dedicated
to presentations from algorithm developers and experts in different areas, and the afternoon session dedicated to a hackathon. The hackathon
will focus on an end-to-end implementation and deployment of a ML algorithm in the L1T: from the training to the emulator and integration in the
board framework.

The main concept of the hackathon is to work closely together to move forward some of the most challenging steps of the workflow and kick
off new ideas while working closely with experts. In order to make this event successful, each participant must fill this spreadsheet to indicate
the hackathon project and team

https://docs.google.com/spreadsheets/d/1vt53hI3fVil4gPqSIHYA9NFktCXFpsUt6 XWZBDIHObO/edit#gid=0

If you want to participate and don't have a team/project yet you are more than welcome to email the project contact and ask to be added!
Otherwise, if you have a new project in mind and no team please contact one of the organizers such that we can help you get started. We also

have basic code examples and datasets for a specific jet-tagging problem for anybody new to get started and learn some of the steps of the ML-
to-L1 workflow.

The event will be held in a hybrid virtual/in-person format at the Fermilab LPC. Please note that in-person attendance requires getting Fermilab
on-site access.

Please register before the deadline of September 15th.

Organizing Committee:

Cristina Botta (University of Zurich)

Dylan Rankin (MIT)

Gianluca Cerminara (CERN)

Javier Duarte (University of California San Diego)
Jennifer Ngadiuba (Fermilab)

Sioni Summers (CERN)

Thea Aarrestad (ETH)

Vladimir Loncar (MIT)

Local Organizing Committee:

Abhijith Gandrakota (Fermilab)

Christian Herwig (Fermilab)

Sergo Jindariani (Fermilab)

Alexx Perloff (University of Colorado Boulder)
Nhan Tran (Fermilab)

LPC Event Committee:
Gabriele Benelli (Brown University, Co-Chair)
Fabio Ravera (Fermilab, Co-Chair)

LPC Coordinators:
Kevin Black (University of Wisconsin Madison)
Bo Jayatilaka (Fermilab)

2022_10_07 - WHM... 2022 Fermilab Pref...

z00m

© ML@LT Trigger Workshop at the LPC

& You are registered for this event.

Abhijith Gandrakota Adrian Alan Pol Aidan Chambers Alex Tapper Alexx Perloff Andrea Rizzi

Andrew David Loeliger Andrew Skivington Andrew Wildridge Anna Henckel Merritt g Arnab Laha

! Artur Lobanov - Benjamin Radburn-Smith ﬂ Bo Jayatilaka Breno Orzari Christian Herwig



ML@L1 Trigger Workshop at CERN

11 Dec 2023,08:30 - 15 Dec 2023, 18:00 Europe/Zurich

Description

This is the second cross Machine Learning - Level 1 Trigger group workshop dedicated to the ongoing developments in the CMS L1T group on
ML algorithms. We hope to bring together people with expertise in L1T algorithms and systems, as well as machine learning and related tools.
The goals are to review the ongoing activities in order to find areas of overlap, circulate solutions to common challenges and share our collective
experiences with tools, frameworks, emulators, and L1T hardware. The workshop is organized in two parts with the afternoon session dedicated
to presentations from algorithm developers and experts in different areas, and the morning session dedicated to a hackathon. The organizers will
invite speakers from the appropriate groups to present new developments since the last workshop. In addition, colleagues are invited to submit
abstracts on relevant topics, for example on new algorithms, tools, techniques and methods for efficient and robust ML. We encourage your
contributions!

During the hackathon, teams will work intensively on a project throughout the week, with a daily session to present progress updates. A call will
be opened later to propose hackathon projects, and to organise into teams. The main concept of the hackathon is to work closely together to
innovate on uses of ML at the L1T, to kick off new ideas in a collaborative effort. Prizes will be awarded to the best teams, with criteria to be
defined by the organizers.

In-person attendance is preferred, to facilitate the best discussions and collaboration, but remote attendance will be possible. Remote teams will
be able to participate in the hackathon in their local time-zone.

Organizing Committee

Thea Aarrestad (ETH)

Cristina Botta (CERN)

Gianluca Cerminara (CERN)

Javier Duarte (University of California San Diego)
Vladimir Loncar (MIT)

Jennifer Ngadiuba (Fermilab)

Sioni Summers (CERN)

Local Organizers

Cristina Botta (CERN)
Gianluca Cerminara (CERN)
Dawn Hudson (CERN)

Sioni Summers (CERN)

@ & GoogleDrive Folder (¢ List of ML@LTT Pr...

Registration & Participant Registration

08:30 —09:30 Registration 9 B40 Hall (CERN)

09:30 - 12:30 Tools: Tutorials

14:00 - 15:20 Algorithms: Introdction and Overview

14:00 Introduction and aims for the workshop  ® 20m

14:20 Physics opportunities in Phase-2 beyond the TDR/baseline menu  ® 30m
Speaker: Cristina Botta (CERN)



