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Hama HPC-s1a6oparopus

* [lpedmemHasa obaacmob: pa3paboTKa HayuHoro MO B
MeXAUCUUNIMHAPHbIX NPOEKTaxX, aHa/ M3 U oNTUMM3aLUA
NPoOu3BoAUTE/IbHOCTU

* BbluncnmntenbHa pusnka (nasepHan pmsnKa, KBaHTOBaA
ANHAMMKA...)

* BbluucnntenbHasa buonorumsa
* ®MHaHCOBAA maTemMaTMKa
* KomnbtoTepHas rpadumKa, KomnbtotepHoe 3peHne, ML & DL
* ANroputmbl Ha rpadax u pa3perkeHHaa anrebpa
* B OCHOBHOM OpueHMuUpoeaHo Ha x86-64 (C, C++, SYCL, Kokkos,
Parallel Studio...)

Moyemy meol 3auHmepecosanuce ycmpotcmeamu RISC-V? 3



MoTuBauus

‘ Moyemy mol 3auHmepecosanuce ycmpotlcmeamu RISC-V?
 CB0OOAHAaA, OTKPbITasA, NEPCNEKTUBHAA apPXUTEKTYPA
* [lepsble ycTpouncrtea RISC-V docmamoyHo nerko ncnonb3oBaThb
* CucremHoe O npuemnemoro Kayecrtsa U NOCTOAHHO pPa3BMBaETCA
* [lporpammHble 6UbAMOTEKN Yacmo MOTyT BbITb MOCTPOEHbDI U
MCNO/1Ib30BaHbl 63 moanduKkaumm (docmuxceHue 8bICOKOLU
fpou3sooumesibHoCmu moxcem bbimb Hernpocmeoim 0es10M)
‘ RISC-V amo 2nomokK ceexce2o eo30yxa!
* JloXKKa perrTa:
* He xBaTaeT MHCTPYMEHTOB A4/1 aHa/In3a NPOU3BOAUTENBHOCTH
* He xBaTaeT AOKYMEHTALUN U METOANYECKUNX CTATEN
* He xBaTtaet yctpounctB HPC-knacca
‘ lMpobaemsl Hac He ocmaHasaAuBarOM, d MOMUBUPYIOM 4



Ilespb

‘ Knaroueeolii sonpoc: Kak oyeHUsamso rpou3sooumesnbHOCMob
601bWUX NPO2PAMMHbBIX KOMIMAEKCO08 U KOKUe MexXHUKU mo2ym
yAay4ywume npoussooumesbHocmo Ha ycmpoucmeax RISC-V?

Paccmatpusaem CatBoost, ognH 13 LUMPOKO pacnpoCTPaHEHHbIX
naketoB ML, OCHOBaHHbIN Ha Oepesbax peweHul

PaccmatpuBaem anropmtmbl CatBoost KaK «4epHbIN ALUKY, He
Norpy»asacb rnyboKo B NOrmMKy airopPUTMOB (munu4yHo 014
performance engineering)

PoKycupyemcs Ha acneKkTax NPou3BOAUTE/IbHOCTU U ULLLEEM NYTH
YCKOPUTb KoAa, 06Hapyx*us n 8eKmopu308a8 OCHOBHbIE
BbIYUC/IUTENIbHO-TPYAOEMKHE LUUKAbI Npu paboTe Ha
BblIOpPaHHbIX Habopax AaHHbIX



Ilespb

‘ Knroyesol sonpoc: Kak oyeHUBaMmMb npou3eooumesnbHoCmMo
60abWUX NPOCPAMMHbIX KOMIMAEKCO8 U KOKUEe MexXHUKU Mmoaym
yAy4wumso npoussooumenbHocmeo Ha ycmpoucmeax RISC-V?

* Paccmatpusaem anroputmbl CatBoost Kak «4epHbIN AWMKY, HE
norpy*ascb rnyboKo B NOrMKy airopuTMmoB (munu4yHo 014
performance engineering)

* DoKycMpyemcs Ha acreKTax NPou3BoOAUTENIbHOCTU U ULLEM
cnocobbl YCKOPUTb KoA, 0OHapy# U8 n 8eKMopu308a8 OCHOBHbIE
BbIYNC/INTENIbHO-TPYAOEMKUE LUKADbI Npn paboTe Ha
BbIOpPaHHbIX Habopax AaHHbIX

Yem 0bycnoBneH Takou nnaH?



Y10 Takoe CatBoost?

e CatBoost peannsyeTt anroputm, OCHOBAHHbIN Ha 2padueHMHOM
bycmuHze Oepeebes peweHul, NakeT pa3paboTaH Yandex

* Mcnonb3yeTca B MOUCKOBbLIX U peEKOMeHOamesibHbIX cucmemax,
NepcoHaNnbHbIX NOMOLWHMKaX, NO ana aBTomobunen n ap., B
yactHocTH, B Yandex, CERN...

* Bubanoteka c omxkpbimosim ucxooHbiMm Kooom (Apache 2.0)
* Pewaet 3agaun Knaccudukaumm, perpeccumn n ap.
 Python, R, Java u C++ APIs

* OnTMmunsnpoBaH ana sbluncneHnim Ha CPU n GPU

* BKawuvaer cpeactBa anad TpeHNPOBKN U BbIBOAd MO,D,eﬂeVI,
dHad/In3a Ka4vyecCTtBad U BU3ya/IN3aLlnNun



'pagueHTHBIN OYCTHUHT JepeBbeB pellleHUH

e CatBoost peanusyer rpagameHTHbIU BYCTUHT AepeBbeB pelleHni

* WNpea 6ycTuHra — nocTponTb CU/IbHbIE NPeacKa3aTe/ibHble MOAENN,
ncnonb3ya aHcambaum chabbix moaenen

* ANTOpUTM UCMNOb3YeET «3abbiBUMBbLIE AEPEBLA PELLEHUN
(oblivious decision trees) c manoin rnybuHom B KayecTtBe cnabbix
mogaenemn

* 3abbiBUMBOE AepeBo — YNPOoLLEHHaa MoAeNb AepeBa peLleHnn,
rae Bce y3/bl Ha 04HOM YPOBHE NPOBEPSIIOT OAHO U TO Ke yCN0Bue

* B Xxoze TpeHMPOBKU, AepeBbsa A06aBNAKOTCA K aHCambto, U
Ka)k[J0e AepeBo NbiTaeTcs UCNPaBUTb OLMOKKM npeablayLero



lpumep:

AnaroputMm CatBoost

3a0a4a Kaaccuguxkayuu

AHcambb Oepeesbes

Bekmop
npu3HaKos

Utor

D AoS (RGB) 1D fp maccus

24-1 |eafs



AnaroputMm CatBoost

3abbisyusoe Oepeso 3TO YyNPOLLEeHHOoe
AepeBo (Ha ogHOM ypOBHe BCe Yy3/bl
CoAEepXKaT 04HO U TO Xe ycnoBue)

Ontummsauusna (peannsosaHo Yandex)

- HEe HY>KHO XPaHUTb AepeBbA HANpPAMYIO

- He HY>XHbl TPAANLMUOHHbDbIE NPOBEPKHU

| lOCTaTOYHO OTCOPTUPOBATL BCE
HaTPEeHUpPOBaHHbIE NOPOTU, CAeNaTb
6uHapn3auuio U UCcNosb3oBaTtb GUTOBbLIE
onepauuu, 4Tobbl HaUTK Pe3YNbTUPYIOLLUMN
JINCT AepeBa

Hawa yens: ynyywumes
npouseooumesnbHocmb Ha RISC-V CPUs, He
MEHSAA an20pumm U cmpyKmypol OGHHbIX

lpumep:

3a0a4a Kaaccuguxkayuu

AHcambb Oepeesbes

Utor

10



HaGophbl JaHHBIX

Habop AaHHbIX Ctpokn/Cronbubl Yucno PyHKUMA Temn nybuHa
K/1accoB notepb obyyeHua pgepesa

MQ2008 9630 x 46 - YetiRank 0.02 6
Santander customer

transaction 400k x 202 2 Logloss 0.01 1
Covertype 464 8k x 54 7 MultiClass 0.50 3
YearPredictionMSD 515k x 90 - MAE 0.30 6
1image-embeddings 5649 x 512 20 MultiClass 0.05 4

* lMcnonb3yem HeCKOIbKO pPacnpoCcTpaHeHHbIX HabopoB AaHHbIX

* Het rapaHTumn, 4Yto Habop penpezeHMamueeH, HO, MO KpanHeMn

MeEpPE, Mbl NMOKPbIBAEM HECKOJIbKO Pa3HbIX CUEHAPUNEB 1



Ha6ophbl JaHHBIX (KpaTKOe ONHUCAHUE)

“Covertype”

* 52 uenoYmcieHHbIXx U1 BUHaPHbIX NpU3HaKa, NpeacTaBAAoWUX ANKUE
MECTHOCTU M TUMbl NOYB

* TpebyeTcAa NPOrHO3MpPOBaTb TUM JIECHOTO NOKPOBaA (7 Knaccos)
* Habop AaHHbIX bbin pa3aeneH Ha obyyatoLlyo U TECTOBYHO BbIOOPKY B
cooTHoweHunmn 70:30
“Santander customer transaction”
e 200 HeHopMaNM30BaHHbIX MPU3HAKOB, BUHaAPHaA KinaccudPpukaumna
* TPEHMPOBOYHAA M TecToBasa BblbopKM nmetrot no 200 000 snemeHTOB Kaxkaas

“YearPredictionMSD”

* 90 HeHOpMaNM30BaHHbIX MPU3HAKOB, U3BNI€YEHHbIX U3 NneceH
* TpebyeTca NPOrHO3MpoOBaTh roj BbiXo4a NeCHU
* 463 715 camnsioB B TpeHMpoBO4YHOM BbibopKe 1 51 630 B TecToBOM 12



Ha6ophbl JaHHBIX (KpaTKOe ONHUCAHUE)

“MQ2008”

46 NPU3HAKOB ANA peLleHnA 3a4a4M PaHKMNPOBaHUA
coaepXut 9 630 TPeHNPOBOUYHbIX COIMMNNO0B N 2 874 TeCTOBbIX COMIMIOB

“image-embeddings”

noaMHOKecTBo Habopa AaHHbIx PASCAL VOC 2007 (20 knaccos)
HEe COAePXUT N30bparKeHn ¢ 06 beKTaMm HECKOIbKMX KNACCOB
coaepXut 9 630 TPeHMPOBOUHbIX COIMMNNO0B U 2 874 TECTOBbIX COMIMJIOB

ambeaanHIN reHepupyroTca ana n3obpakeHnm ¢ LCNONb30BaHUEM
HaTpeHnpoBaHHOM moaenu resnet34 ns bubnnoteku TorchVision

ANA noayyvyeHmna smbeaanHros, U3 moaenu ybpaH nocnegHum
KN1acCMOUKALMOHHDIN CNOU

13



Bo3Mo0XXHOCTH AJI1 ONTHUMHU3allUU

* Xx86 CPUs: MHOXeCTBO CpeAcTB A4N1A aHa/m3a 1 oNnTMMmu3aummn
ontumusauum (VTune, Advisor, komnunatopsl C, C++, Fortran...)

* RISC-V CPUs:

* Komnunatopbl Ha paHHEW cTagmmn pa3paboTKu (Becema Hernoxoeo
Kayecmea, mem He MeHee)

* Habop cpeAacTs 418 ONTUMU3ALMU CYLLLECTBEHHO OrpaHMyeH
* X PYHKUMOHANbHOCTb CKYAHaA (MOryT NnLLb UCKATb XOTCMNOTbI)
* Kak onTtumunsnpoBaTb bonblune Koabl? (cmaHoapmHo 04 perf. eng.)
* Hantu xotcnoTbl (BbIMMCAUTENBHO-TPYAO0EMKME YH4ACTKM KOAa)
* [lonpoboBaTb BEKTOPU30BATb BbIYUCANTE/IbHbIE LIUK/bI
* [lpoBepuTb 1 yay4ywnTb 3dPEKTUBHOCTb pacnapaniennBaHuns

* Ymo mel cOenanu: Bpy4YHyto BEKTOpU3oBanm Ko Ha RVV 0.7.1 14



Kak HanTH XoTCcnoThl Ha ycrpoucTBax RISC-V?

* BblACHUAOCH, YTO UCNonb3oBaTb perf n3 Linux ana aHannsa CatBoost
npobnemaTtunyHo, T.K. KOA coaepKUT uHmMepgelic Ha Python u
OuHamuyecKue bubauomekxu Ha C++

* TexHonorua npopuanUpoBaHUA:

* Hantu TouKy Bxoaa — Hanbonee HarpyKeHHy PyHKLUUIO (perf)

* N3yyntb T€N0 PYHKLU MU, BCTAaBUTb 3aMepPbl BDEMEHU U
aKKYMyAMpoBaTb BpemMeHa B rnobasibHyto nepemeHHyto (cBoM Taiimep)

* [lpoaHanu3npoBaTb pe3ynbTaTtbl, NPOABUHYTbLCA Br/1ybb, NOCTPOUTL
rpad Bbi3oBa GyHKLUUN

15



Kak HanTH XoTCcnoThl Ha ycrpoucTBax RISC-V?

* TexHonoruna npopmnanposaHuA:

Hantn Touky Bxoaa — Hanbosee Harpy*KeHHyt GyHKUUIO (perf)

N3yunTb TENO PYHKLUN, BCTAaBUTb 3aMEPbLI BPEMEHU U
aKKYMY/IMpPOBaTb BPEMEHA B r/106a/ibHYI0 NepemMmeHHyo (cBoid Taumep)

[MpoaHanmn3npoBaTb pe3y/bTaTbl, NPOABUHYTLCA BIr/1lyOb, NOCTPOUTL
rpad Bbi3oBa GYyHKLUUN

* Banaupauua:

Mcnonb3osaTb TOT *Ke noaxoa Ha x86 CPUs 1 cpaBHUTbL C
pe3ynbTaTamu NPOoPUNNPOBKU MMEOLLMMUCA Ha X86 cpeacTBamm

CpaBHUTb 3anycku ¢ npodunmpoBkom n 6e3 Hee Ha RISC-V CPUs

[poBecTn umozoevie akcnepumeHmsoi 6e3 NnpoPUNNPOBKU Ha NOHDIX

Habopax AaHHbIX
16



KanauaaTel A/ BeKTOpU3aluu

ApplyModelMulti

BinarizeFeatures CalcTreesBlockedImpl

BinarizeFloatsNonSse CalcIndexesBasic

CalculateleafValues

embeddingProcessing

Collection—>CalcFeatures :
Calculatel.eafValuesMulti

L2SgrDistance

17



dyHkuua BinarizeFloatsNonSse()

- N
...E.+ >|b1| > | 0]1 +=- — vmv_v_X u8ml

b1

b1

fopl >. »{lo1 [+=]| |F |/

sample{]j} feature’s value

- bins’ boundaries
-. true/false in comparison :

:I - resulting bin index wvalue \ vadd vv u8ml m

-----------------------------------------------------------------------------------------------------------

SN

4
A
v

- preliminary bin index wvalue vmfgt_vf £32m4_b8
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dynkuua CalcIndexesBasic()

~
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\

v

==

[E]<<]

==

B

v

~

<]

~

[z ox

\Y

=

G

=

B

v

<O

~

zox

v

E1<<]

==

B

v

[ <[]

-

|

v

[E<<]

=

B

o il |

Y

o] << - [Elor

.

R e .
HI S H
. ey H

ékﬁﬁlﬁﬁﬁﬁﬁﬁ

binarized feature’s wvalue
split value (threshold)

true/false in comparison

binary mask

result (leaf index wvalue)
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for(i = 0; i < d; ++i): b = treeSplits[i]
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dyukuusa L2SqrDistance()

-

diff

diff

diff

diff

diff

diff

diff

diff

~

v

m - source vectors

vt macc_vv_f 32m4

T

ojlo|lo]|Oo

—

b1 diff diff
b2 | diff diff |
N b3 | it arr | T

b4 diff diff

diff diff

|| diff diff
aw | [ar | ™

diff diff

visub vv_f32m4

redsum

\vf redsum_vs_f 32m4_f 32ml

~

L2norm

/
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BekTopusanuda a4 RISC-V CPUs: Uaes

* BekKktopHoe pacwupeHmne RVV 0.7.1 no3sonaet 8bibpames Yucao
B8EKMOPHbLIX pe2ucmpos, Ucrosasb3yemsix 8 00HOU orepayuu

* Hanpumep, mbl MOXXem MCNOAb30BaTb 610K 13 4x 128-6UTHbIX
PErncTpoB 1 COOTBETCTBYIOLLIME BEKTOPHbIE ONepaLuun, Kak byarto
apPXUTEKTYpPa coAepPHKUT 512-6UTHbIE perucTpoil

e [lna 3TOro Hy»KHO yKa3aTb cyddUKC M4 B HAUMEHOBAHMAX
MHTPUHCUKOB

* Taknm obpa3om MOKHO 3HAYUTEJIbHO MOBbLICUTb
NPOM3BOANTE/IBHOCTb, HO ONMPEAENNTb HaUAYYLLKUK BapmaHT (m1,
m2, m4, m8) NoKa MOKHO TO/IbKO 3KCNEPUMEHTA/IbHO

*  Mbl UICNONBb30BANAN HAUNYYLLMNIN BaPUAHT

21



O6opyaoBaHue

* X86 (mpeHuposka moodenel, no0comosKa
Habopos OaHHbIX, 8bl4YUCAEHUE MOYHOCMU,

CpasHeHuUe rnpou3sooumesibHocCmu):
* |Intel Xeon Silver 4310T (2 CPUs ¢ 10 agpamu, 20

agep Bcero), 64 GB RAM
RISC-V: Mini-cluster Lichee Cluster 4A
* 7 nnaH c RISC-V TH1520 CPUs Ha 6a3e agep C910
* Kakabin npoueccop coaeput 4 sapa ¢
noaaepxkom RVV 0.7.1
Kaxkaaa nnata umeet 16GB RAM

i

==
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[IpeaBapuTesibHbIE pe3yabTaThl (1)

Profiling results of CatBoost prediction on the YearPredictionMSD dataset on RISC-V
CPU. The code was run in a serial mode. Time is given in seconds.

Baseline Optimized
. . Call
Function/metric count < % total . % total Speedup
time . time .
time time

CalcTreesBlockedImpl 8 1.35 8941% 039 79.82% 3.43

CalcIndexesBasic 79992 1.02 67.60% 0.07 15.11% 13.68

CalculateLeafValues 79992 0.21 13.70% 0.20 40.56% 1.03
BinarizeFloatsNonSse 720 0.09  563% 0.03  6.05% 2.85
Other (profiler, auxiliary func ...)  0.07  4.95%  0.07 14.14% -

Total time 1.51 0.49 3.06

23



[IpeaBapuTesibHbIE pe3yJjbTaThbl (2)

Profiling results of CatBoost prediction on the Covertype dataset on RISC-V CPU. The
code was run in a serial mode. Time is given in seconds.

Baseline Optimized
) . Call
Function/metric %% total %% total Speedup
count ¢ime ) time )
time time
CalcTreesBlockedlmpl 8 1.45 9570% 081 93.17% 1.79
CalcIndexesBasic 39520 0.70 46.40%  0.06 6.33% 12.76
Eﬁft‘iﬂmemafval”es 39520 0.67 44.44% 069 78.64%  0.98
BinarizeFloatsNonSse 432 0.02 1.24% 0.01 1.49% 1.45
Other (profiler, auxiliary func ...) 0.05 3.05% 0.05 5.34% -
Total time 1.52 0.87 1.74

24



[IpeaBapuTesibHbIE pe3yJjbTaThl (3)

Profiling results of CatBoost prediction on the image-embedding dataset on RISC-V CPU.
The code was run in a serial mode. Time 1s given in seconds.

Call Baseline Optimized
Function/metric co::n ¢ . % total . o total  Speedup
time ) time )
time time

CalcTreesBlockedImpl 8 1.60 8.15% 1.17 18.54% 1.36
CalcIndexesBasic 38064 0.35 1.76% 0.04 0.56% 9.72
ﬁﬁi‘i‘latemafval“es 38064 118 6.05% 107  16.95% 1,11
BinarizeFeatures 1 1793 91.60%  5.10  80.70% 3.51
Eﬁ‘gg“"atg 312 003  0.13% 000  0.07% 5.44
ggﬁzgggfprooeSS‘“g 1791 91.48%  5.10  80.63% 3.51

Other (profiler, auxiliary func ...) 0.05 0.25% 0.05 0.76% -
Total time 19.58 6.33 3.10




Pe3y/ibTaThl Ha MOJIHbIX HA00OpAaX JAHHBIX

Final comparison results. The code was run in a multithreaded mode. Time 1s given in seconds.
An accuracy 1s same 1n all runs, therefore it 1s shown only once for each dataset.

Time Time
Time (RISC-V)  (RISC-V)
DataSet Accuracy (x86) Baseline  Optimized Speedup

Santander customer

transaction 0911 0.17 16.07 7.65 2.10
Covertype 0.960 0.42 59.41 30.60 1.94
YearPredictionMSD 9.168 0.06 16.30 2.79 5.84
MQ2008 0.850 0.02 0.55 0.50 1.10
image-embeddings 0.802 0.18 16.66 6.00 2.78
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HpOI/IBBOAI/ITe.}IbHOCTb: BbIBO /1 bl

* Bpemsa Ha cepBepe x86 npuBeaeHO TONbKO AN MHPOpPMaLMK,
NeTaNibHOe cpaBHEHME € X86 NOKa He nmeeT 60NbLIOrO CMbIC/A

* [lony4yeHo 3HauymTenbHoe (Ao 6x) ycKopeHue

* JlBa BO3MOXHbIX orpaHu4yeHuAa.

* YcKopeHue gocturaertca npm obpaboTKe «MNaykm» BXOAHbIX AaHHbIX
(Ha ogHOM camnne yCKopeHUe He OXKuaaeTcs)

* XOTCNOTbl M pacnpeaeneHmne HarpysKku 3aBmucAT ot Habopa
OaHHbIX U pewaemoli 3a0a4u. Mbl nccnenoBanm pasanNyHble
MOZENN, HO B HEKOTOPbIX APYrMX CUEHAPUAX MOXKeET
notpeboBaTbCca 00NoOAHUMEAbHAA oNnMUMU3ayusa oNA
apPeKTUBHOro ncnonbsoBaHusa pecypcos RISC-V CPU

27



BMecTo 3ak/1r09ueHusi. HayyHbIU IPOPLIB

* Pwyapp PerHmaH — HoObenesckni naypeat
no punsnke

1959 ron
«There's Plenty of Room at the Bottom»

HoBbiV TpeHa, —
MWHUATIOPM3aLUMA SNEMEHTHOM Ba3bl

1968: 20 um > 2025: 2 nm

NcTtouHuK: The Nobel Foundation
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http://www.nobelprize.org/nobel_prizes/physics/laureates/1965/feynman-bio.html

BMecTo 3aK/104YeHusa. 3aKOH Mypa

 [opaoH Myp —oaunH n3 cospatenen NHten

1965 rop (koppekuusa B 1975 roay):
«4Yncno TpaH3NCTOPOB yaBaMBaeTcA 3a 2 roga»

HoBbiV TpeHa, —
POCT NPOM3BOANTENBHOCTM 33 cYeT
MWHUATIOPM3aLNMN, NOBbILLEHNA TAKTOBOW
4YaCTOTbl, YAYYLLEHMA apPXUTEKTYPbI

,’(\,‘ \.
A

McTouHuK: Intel Free Press.

'
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https://www.flickr.com/photos/intelfreepress/8267616249/in/photostream/lightbox/

3aKoH Mypa: cnipaBeaJIMB JIX OH cen4yac?

Moore’s Law: The number of transistors on microchips doubles every two years [oHgWIE
in Data

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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Data source: Wikipedia (wikipedia.org/wiki/Transistor_count) Year in which the microchip was first introduced

OurWorldinData.org - Research and data to make progress against the world's largest problems. | under CC-BY by the authors Hannah Ritchie and Max Roser



BMmecTo 3aKka04YeHusa. Bcmomuaum npo 110!

* Yapnb3 Jlen3epcoH — 0AMH U3 BeayLunx
crneunanmctos B 061actv MHGOPMaATUKK

2020 roa;:
«There’s plenty of room at the Top: What will = S j
drive computer performance
after Moore’s law?» // Science, Vol 368, Issue 6495

\\ \
HoBbIV TpeHA — . € /
dU3nYEeCKMe BO3MOKHOCTU MUHMATIOPU3ALLUN
M MOBbIWEHMA NPON3BOANTENBHOCTU NOKA
ncyepnaHbl; HO €CTb Macca BO3MOXHOCTEM  yicrounnk: Cleiserson.
No NoBbiWeHN0 3PPEeKTUBHOCTU UCNONIb30BAHUA TEXHUKK! 31


https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B9%D0%B7%D0%B5%D1%80%D1%81%D0%BE%D0%BD,_%D0%A7%D0%B0%D1%80%D0%BB%D1%8C%D0%B7_%D0%AD%D1%80%D0%B8%D0%BA

UHAYCTPUHU HY>KHBbI CIEIUAIUCThI

* «There’s plenty of room at the Top» (C. Leiserson)

EcTb macca BO3MOXKHOCTE NO NOBbiWeHU0 3¢ PEeKTUBHOCTU
UCNON1Ib30BaHUA TEXHUKMU!

Mpuxoaute B Hawy npegmeTHylo obnacrb:

- JTO UHTEpPEeCHO — KaK ynTtatb aetektus ©

- 9710 BOCTPeboBaHO — MHOrMe Koabl N10X0 ONTUMU3UPOBAHDI
- Bbl cpa3y sugute pesynbrar!
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B3rJissa B 6yayuiee

There’s plenty of room at the Middle

lNepcneKTUBHOE HanpaBaeHUe —
conpsaXeHHaa pa3paboTka
NPOrpamMmmMHOro u annapaTtHoro obecneyeHus
(software/hardware co-design)

Hauyanocb aKTUBHOE pa3BuTHUe AaHHOro HanpaB/ieHUA.
Mo3>KHO BHeCcTU CBOM BKAap,
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KOHTaKTBI

* WNocnd Meepos, 3aB. Kad. BbICOKONPOU3BOAUTENIbHbIX
BbIYMCNEHUN U CUCTEMHOIO NPOrpaMmmmpoBaHua, UHCTUTYT UTMM
HHI'Y, meerov@vmk.unn.ru

* Kopa:

https://github.com/itlab-
vision/catboost/tree/catboost 1 2 2 rvv

* CraTbAa:
https://arxiv.org/abs/2405.11062 (npeactasneHo Ha PPAM’24,
byaet onybamkoaHo B Springer LNCS)
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https://github.com/itlab-vision/catboost/tree/catboost_1_2_2_rvv
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