
Îïòèìèçàöèÿ âíóòðåííåãî ïðåäñòàâëåíèÿ ðàçðåæåííûõ ìàòðèö
äëÿ óñêîðèòåëåé NVIDIA

À. Ìîíàêîâ, amonakov@ispras.ru

Èíñòèòóò ñèñòåìíîãî ïðîãðàììèðîâàíèÿ ÐÀÍ

5 ìàðòà 2015 ã.

1 / 15



Ðàçðåæåííûå ìàòðèöû

Äîëÿ íåíóëåâûõ ýëåìåíòîâ ìàëà
→ Ñïåöèàëüíûå ôîðìàòû: íóæíî õðàíèòü òîëüêî ïîçèöèè è çíà÷åíèÿ
íåíóëåâûõ ýëåìåíòîâ

Âîçíèêàþò â ÷èñëåííûõ ðàñ÷åòàõ è îáðàáîòêå ãðàôîâ

Îñíîâíîå âû÷èñëèòåëüíîå ÿäðî: óìîæåíèå ìàòðèöû íà âåêòîð:

y = Ax : yi =
∑

j :Aij 6=0

Aijxj

Òîëüêî äâå àðèôìåòè÷åñêèå îïåðàöèè íà ýëåìåíò
→ Îãðàíè÷åíû ïðîïóñêíîé ñïîñîáíîñòüþ ïàìÿòè

Ðàññìàòðèâàåì çàäà÷è, â êîòîðûõ ðàñïîëîæåíèå ýëåìåíòîâ íå èçâåñòíî
çàðàíåå
→ Èíà÷å ëó÷øå èñïîëüçîâàòü ïîäõîäû áåç ÿâíîãî õðàíåíèÿ ìàòðèöû
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Çàäà÷à

Ðàçðàáîòàòü ïðåäñòàâëåíèå äëÿ ðàçðåæåííûõ ìàòðèö:

Îïòèìèçèðîâàòü îïåðàöèþ äîìíîæåíèÿ íà âåêòîð
→ Äëÿ ñëó÷àåâ, êîãäà òðåáóåòñÿ äîìíîæåíèå íà òðàíñïîíèðîâàííóþ ìàòðèöó,
õðàíèòü å¼ ÿâíî

Ïîäõîäÿùåå äëÿ ñëàáî ñòðóêòóðèðîâàííûõ ìàòðèö
→ Êîëè÷åñòâî ýëåìåíòîâ â ñòðîêå ìîæåò ðàçëè÷àòüñÿ
→ Ìàòðèöà ìîæåò íå áûòü áëî÷íîé

Íå òðåáîâàòü ïåðåóïîðÿäî÷èâàíèÿ

Äëÿ ìíîãîêðàòíî èñïîëüçóåìûõ ìàòðèö:
→ Âîçìîæíî íåòðèâèàëüíûå ïðåîáðàçîâàíèÿ
→ Ìîæíî èñïîëüçîâàòü àâòîòþíèíã
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Îáùèå ñîîáðàæåíèÿ îïòèìèçàöèè SpMV äëÿ GPU

Îñíîâíîå îãðàíè÷åíèå íà GPU: ïðîïóñêíàÿ ñïîñîáíîñòü ãëîáàëüíîé ïàìÿòè

Äàííûå ìàòðèöû: streaming-äîñòóï

Äàííûå âåêòîðà ìíîæèòåëÿ: ïðîèçâîëüíûé äîñòóï, íî êàê ïðàâèëî åñòü
ëîêàëüíîñòü locality

Äàííûå âåêòîðà ïðîèçâåäåíèÿ: æåëàòåëüíî îáåñïå÷èòü êîãåðåíòíûé äîñòóï
ïðè çàïèñè

Ýòî ìîòèâèðóåò äèçàéí ôîðìàòà äàííûõ:

Îïòèìèçèðîâàòü ýôôåêòèâíîñòü ðåàëèçàöèè ÿäðà:

Ìèíèìèçèðîâàòü ñèíõðîíèçàöèè

Ìàêñèìèçèðîâàòü êîãåðåíòíîñòü îáðàùåíèé â ïàìÿòü

Ñîêðàòèòü ïîòðåáëåíèå ïàìÿòè
→ Íî ìåòîäû ¾êîìïðåññèè¿ äîëæíû õîðîøî ðàáîòàòü íà GPU

Æåëàòåëüíà êîãåðåíòíîñòü ïðè çàïèñè âåêòîðà ïðîèçåäåíèÿ
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CSR

a b

c d e

f g h

i j k

l m n

o p q

r

s t





0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

rowptr 0 2 5 8 11 14 17 18 20

value a b c d e f g h i j k l m n o p q r s t

column 0 1 1 2 3 2 4 5 0 3 5 4 6 7 1 5 7 6 2 7

5 / 15



ELLPACK

a b

c d e

f g h

i j k

l m n

o p q

r

s t





0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

a b 0

c d e

f g h

i j k

l m n

o p q

r 0 0

s t 0





0 1 ∗
1 2 3

2 4 5

0 3 5

4 6 7

1 5 7

6 ∗ ∗
2 7 ∗
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Sliced ELLPACK (SELLPACK)

a b

c d e

f g h

i j k

l m n

o p q

r

s t





0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

a b 0

c d e

f g h

i j k

l m n

o p q

r 0

s t

sliceptr 0 6 12 18 22

value a c b d 0 e f i g j h k l o m p n q r s 0 t

column 0 1 1 2 ∗ 3 2 0 4 3 5 5 4 1 6 5 7 7 6 2 ∗ 7
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Îñîáåííîñòè Sliced ELLPACK

Ãèáðèä ìåæäó CSR è ELLPACK:

Ñîâïàäàåò ñ CSR äëÿ slice size = 1

Ñîâïàäàåò ñ ELLPACK äëÿ áåñêîíå÷íîãî slice size

Âîçìîæíîñòü àâòîòþíèíãà

Ðàçìåð ñëàéñà

Êîëè÷åñòâî íèòåé/warp'îâ íà ñëàéñ

Âîçìîæíû ñëàéñû ðàçíûõ ðàçìåðîâ â îäíîé ìàòðèöå

Âîçìîæíîñòè óëó÷øåíèÿ:

Êîìïàêòíîå õðàíåíèå äëÿ áëîêîâ 1× 2, 1× 4

Êîìïàêòíîå õðàíåíèå äëÿ äèàãîíàëüíûõ ïîñëåäîâàòåëüíîñòåé ýëåìåíòîâ â
ñëàéñå
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Sliced ELLPACK with Short Blocks

a b

c d e

f g h

i j k

l m n

o p q

r

s t





0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

0 a b

c d e

f g h

i j k

l m n

o p q

r 0

s t

sliceptr

value 0 c a b d e f i g j h k l o m p n q r s 0 t

column ∗ 1 0 2 2 0 4 3 5 5 4 1 6 5 7 7 6 2 ∗ 7

(0, 0) (6, 4) (12, 10) (18, 16) (22, 20)
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Sliced ELLPACK with Diagonals

a b

c d e

f g h

i j k

l m n

o p q

r

s t





0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

a b 0

c d e

h f g

i j k

n l m

o p q

0 r

s t

sliceptr

value a c b d 0 e h i f j g k n o l p m q 0 s r t

column 5 0 7 1

diagoffs 0 1 2 0 2 0 2 −5 0

(0, 0, 0) (6, 0, 3) (12, 2, 5) (18, 4, 7) (22, 4, 9)
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Îñîáåííîñòè óñëîæíåííûõ ôîðìàòîâ

Êîìïðîìèññ ìåæäó ñòîèìîñòüþ ïðåîáðàçîâàíèÿ è ïîòðåáëåíèåì ïàìÿòè

Íóæåí äîïîëíèòåëüíûé ïðîõîä, ÷òîáû âûäåëèòü áëîêè/äèàãîíàëè

≈ 1 GB/s � ïðèáëèçèòåëüíàÿ ñêîðîñòü ïðåîáðàçîâàíèÿ

≈ 0.2 GB/s � äëÿ äèàãîíàëüíîãî âàðèàíòà

Ñòîèìîñòü àìîðòèçèðóåòñÿ, åñëè ìàòðèöà èñïîëüçóåòñÿ ìíîæåñòâî ðàç

Ðàáîòà íà ýòàïå àâòîòþíèíãà óâåëè÷èâàåòñÿ
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Âîïðîñû?

Ðåàëèçàöèÿ äîñòóïíà íà https://github.com/amonakov/ispm-sparse-lib

Ñïàñèáî!
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Ïðîèçâîäèòåëüíîñòü: Single Precision (Tesla M2090)

cant
consph

cop20k_A
dense2

mac_econ
mc2depi

pdb1HYS
pwtk

qcd5_4
rail4284

rma10
scircuit

shipsec1
webbase-1M

0

10

20

30

40

50
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cusp, GFLOPS
new, GFLOPS
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Ïðîèçâîäèòåëüíîñòü: Double Precision (Tesla M2090)

cant
consph

cop20k_A
dense2

mac_econ
mc2depi

pdb1HYS
pwtk

qcd5_4
rail4284

rma10
scircuit

shipsec1
webbase-1M

0
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10
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40

cusp, GFLOPS
new, GFLOPS
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Ïîòðåáëåíèå ïàìÿòè

Testcase SpMV bytes, CSR SpMV bytes, Proposed
cant.mtx 32M 24M
consph.mtx 49M 43M
cop20k 22M 22M
dense2.mtx 32M 24M
mc2depi.mtx 23M 13M
pdb1HYS.mtx 35M 33M
pwtk.mtx 95M 76M
qcd5 15M 13M
rail4284.mtx 90M 140M
rma10.mtx 19M 24M
scircuit.mtx 9M 23M
shipsec1.mtx 64M 56M
webbase-1M.mtx 36M 64M
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