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Bnaes Hukuta (CM6ry)

MyTte B rpade — ciogo us
METOK Ha pébpax
CFPQ — 3agava noucka nyTeii ¢
KC orpaHuyeHusimu.
MpumeHeHns:
o CraTuyeckunii aHanus Koaa
(nanpumep, Taint Tracking)
@ KoHTekcTHO-cBODbOAHbIE
3anpocsl K rpacoesiM 6asam
DaHHbIX
o BuonHdopmaTuka —
npeacka3’aHnsa BTOPUYHON
cTpykTypbl PHK
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AKTyanbHOCTb

o CyuwiectByet mHoxecTBO anroputmoB CFPQ, Ha gaHHbIE MOMEHT
MaTpuyHblii [2] n TeHsopHbii [1] anroputmel CFPQ cambie
nepcrekTUBHbIE

@ DTV aNropnTMbl OCHOBaHbI Ha Onepauusx JIMHERHON anrebpbl ¢
pa3pexeHHbIMU DyneBbIMM MaTpULaMK

e Ectb peanusaunu bynesoii anrebpel Ha CPU u GPU(CUDA)
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OpenCL

OpenCL as a portable language

OpenCL KH RONC gus o
®pelimBopk ans

pa3paboTku
abstract computing model
MHOTOMOTOMHbiX
KpoccniaThopMEHHbIX

g & @

CPU ' GPU FPGA
(Intel, AMD, PowerPC) (NVIDIA, AMD, Imagination, ARM) ( Intel, Xilinx)
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Juneiinas anrebpa Ha OpenCL

o Onepauuu nuHeliHOR anrebpbl 45 pa3pexeHHbIX DyneBbIx MaTpuL Ha
OpenCL nossonaT:

» CospgaBaTb nepeHocnmble peanusauuu anroputmos CFPQ
» Pacwuputs BbIbOp annapaTypsi

o cISPARSE — 6ubnnoTeka pa3pexxeHHoli JIMHEHO anrebpbl Ha
OpenCL, bynesbl MaTpuLpbl He NOAAEPIKNBAIOTCS
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[NlocTaHoBKa 3aa4dn

Lenbto gaHHoii paboTbl sSiBAsSIETCA peann3auus onepaLuii JuHeRHOR
anrebpbl ans paboThl ¢ paspexeHHbiMu bynessiMn MaTpuuyamn Ha GPGPU
1 CpPaBHEHWE €e C APYrvMy peann3auusiMm
3apaun
@ PeanuzoBaTtb onepauun nHeliHOW anrebpbl As Pa3peXeHHbIX
bynesbix maTpuy, Ha ocHoee cISPARSE
@ Bsog-BbiBOf,
@ [loanemeHTHOE cnoxeHue
©® MaTpryHoe ymHOXeHME

© [lpoBecTn cpaBHMTENbHbIV aHaM3 NOJMYHEHHOW peann3auun C
Apyrumm
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Ob3op aHanoros

Peannzauun onepaunii nuneiiHol anrebpsoi:
e CPU
» SuiteSparse
o CUDA-cneymnduytbie

» CUSP
» cuSPARSE
» Cubool

e OpenCL
» Clbool
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ApxnTekTypa

cISPARSE

Host code Kernels .
{] Sparse E @ Sparse g:] E E
Dense Dense N e E——
General mult General mult . g:]
H Tests
o H
Boolean mult Boolean mult
Sparse-Dense Sparse-Dense
Boolean add Boolean add :
- Samples E
i ey
Y Y
o Internal
g:]
CsrReader BoolCsrReader Data types {] Kemel cache g:]
bool_csr
:
CooReader
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CpaBHI/ITe)'IbeII7I dHaNN3: MaTpPULLbI

Ne Matrix M # Rows | Nnz of M | Nnz of M? Nnz of M + M2
0 | wing 62,032 243,088 714,200 917,178
1 luxembourg osm 114,599 239,332 393,261 632,185
2 | amazon0312 400,727 | 3,200,400 | 14,390,544 14,968,909
3 | amazon-2008 735,323 | 5,158,388 | 25,366,745 26,402,678
4 | web-Google 916,428 | 5,105,039 | 29,710,164 30,811,855
5 roadNet-PA 1,090,920 | 3,083,796 7,238,920 9,931,528
6 roadNet-TX 1,393,383 | 3,843,320 8,903,897 12,264,987
7 belgium osm 1,441,295 | 3,099,940 5,323,073 8,408,599
8 roadNet-CA 1,971,281 | 5,633,214 | 12,908,450 17,743,342
9 netherlands osm 2,216,688 | 4,882,476 8,755,758 13,626,132
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CpaBHI/ITeJ'IbeII7I dHaJIN3. CJIOXKEHNE

O6opygosatue: Ubuntu 20.04, Intel core i7-6700 CPU, 3.4GHz, DDR4

64Gb RAM, Geforce GTX 1070 GPGPU 8Gb RAM.

M Clbool | cISPARSE-Bool Cubool Cusp | cuSPARSE | SuiteSparse
0 1.89+0.32 1.96+1.04 1.12+0.02 1.54+0.20 | 2.40+£0.04 | 3.914+2.06
1 1.63+0.32 3.18+1.05 | 1.84+0.10 | 1.11+0.21 | 0.86+0.04 | 1.86+0.29
2 | 23.5340.63 14.12+1.79 | 12.14+0.46 | 16.26+0.40 | 23.74+0.04 | 37.12+0.13
3 | 36.68+0.88 21.3442.53 | 20.06£2.67 | 29.86+£1.65 | 27.75£1.65 | 65.02£1.35
4 | 43.2842.89 22.78+2.01 | 24.20+0.90 | 32.08£1.34 | 88.48+0.28 | 77.68+1.66
5 | 12.47+£0.13 27.96+1.73 | 16.69£0.59 | 11.0740.28 | 11.62+0.03 | 36.50£1.01
6 | 15.294+0.05 35.354+1.89 | 19.864+0.65 | 14.424+0.98 | 17.43+0.03 | 46.33+3.07
7 | 10.43+0.14 36.17+1.77 | 19.55+0.12 | 9.834+0.24 | 11.57+0.99 | 28.44+£1.00
8 | 22.31+0.11 50.07+£2.25 | 31.61£1.01 | 18.904+0.40 | 20.50+0.82 | 65.74+1.39
9 | 18.91+2.08 55.38+2.14 | 30.65+1.89 | 14.75+0.31 | 18.154+0.03 | 50.294+0.93
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CpaBHMTeﬂbHHM dHaNN3. YMHOXEHNE

O6opygosatue: Ubuntu 20.04, Intel core i7-6700 CPU, 3.4GHz, DDR4
64Gb RAM, Geforce GTX 1070 GPGPU 8Gb RAM.

M | Clbool-Hash Clbool | cISPARSE-Bool ‘ cISPARSE Cubool cuSPARSE Cusp SuiteSparse
0 1.88+0.34 ‘ 4.231+0.36 1.574+0.28 ‘ 2.024+0.34 1.7840.06 20.04+0.04 5.3940.12 7.9240.27
1 2.0640.36 6.41+0.36 2.314+0.30 2.644+0.34 | 2.5040.04 1.72+0.05 3.7940.07 3.724+1.57
2 52.02+0.04 ‘ 62.3940.06 25.19+0.98 ‘ 32.73+£1.57 | 24.19+0.82 | 408.71+0.54 108.98+0.45 | 258.0448.39
g 81.43+0.29 96.62+0.44 40.254+1.36  51.1942.01 | 34.63+1.53 | 184.64+10.23 172.74+0.36 | 378.94+15.28
4 | 126.36+0.34 ‘ Out of memory 140.54+4.12 ‘ 165.0348.30 | 42.19+1.26 | 4726.33+0.52 | Out of memory | 712.54+20.07
5 14.024+0.15 34.56+0.18 19.16+1.08  23.03+1.60 | 18.26+0.19 37.24+0.13 42.384+0.17 67.36+1.57
6 16.64+0.12 ‘ 41.90+0.20 23.62+1.24 ‘ 28.43+1.88 | 22.73+0.18 46.40+0.15 51.77+0.30 81.27+1.80
7 16.62+0.23 38.614+0.23 22.284+0.99  25.31+£1.47 | 23.37+0.17 26.54+0.07 33.09+0.20 58.46+1.76
8 23.10£0.06 ‘ 58.99+1.62 32.99£1.77 ‘ 39.26+2.52 | 32.09+0.34 65.14+4.47 76.72+£3.23 | 116.88+3.99
9 24.57+0.11 57.07+£0.13 33.89£1.39  38.51+2.12 | 35.30+0.22 50.68+0.14 51.28+0.35 93.47+£2.09
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BbiBoabi

o CnoxeHue
@ Ha matpuuax ¢ Nnz of M + M? > 10000000 peanusaums He ycTynaeT
CPU
© Ha OpenCL anbtepratusbiii anroputm n3 Clbool nokassisaer ny4iine
pe3ynbTaTbl, 4eM NpeACTaBEHHbI

@ VYMHOXeHue
© [peacraenenHslii anroputm npesocxogut no ckopoctu CPU
©Q AnropuTM mpeBbIWAET MO CKOPOCTU aHANOMMYHYIO PEANN3aunto C Hyns

Ha OpenCL & clBool
© AnropuTtm c ncnonbsosaHuem xew-Tabnuy g clBool npesocxoauT no

acpcpekTuHoCTM Apyrue peanusauum Ha OpenCL
o Peanuzauun na CUDA bonee acpbcpekturtbie Ha NVIDIA
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Toru

@ PeanusosaHbl onepaunn BEOAA-BbLIBOAA IS Pa3peXKeHHbIX byeBbIx
maTpuL Ha ocHoee cISPARSE

@ PeannzosaHa onepaunsi MaTPUHHOrO YMHOXEHNST PA3PEKEHHbIX
bynesbix maTpuy, Ha ocHoee cISPARSE

© PeanuszoBaHa onepaumnst NO3MEMEHTHOIO CIOKEHUSI Pa3PEXKEHHbIX
bynesbix maTpuy Ha ocHoee clSPARSE

@ [llpoBeneH cpaBHUTENbHLIT aHaN3 NOJYHEHHON peanusauumn C

APYruMU
Peanuzauyms: https://github.com/nikitavlaev/cISPARSE /tree/dev
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HanbHeiiwas paboTa

@ Peanuzauus nponssegeHna KpoHekepa

© WuTerpauus B anroputmel CFPQ
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