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[1] Avinash Sodani, Intel Xeon Phi Processor “Knights Landing” Architectural Overview, 2015.
[2] Avinash Sodani, Knights Landing (KNL):2nd Generation Intel Xeon Phi Processor, 2015.
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Option B.1: Using Memkind Library to Access MCDRAM

Allocate 1000 floats from DDR Allocate 1000 floats from MCDRAM
float *fv; #include <hbwmalloc.h>
fv = (float *)malloc(sizeof(float) * 1000); float *fv;
fv = (float *)hbw malloc(sizeof (float) * 1000) ;

Allocate arrays from MCDRAM and DDR in Intel® Fortran Compiler

c Declare arrays to be dynamic
REAL, ALLOCATABLE :: A(:), B(:), C(:)

'DECS ATTRIBUTES FASTMEM :: A
NSIZE=1024

c allocate array ‘A’ from MCDRAM
ALLOCATE (A(1:NSIZE))

c Allocate arrays that will come from DDR

ALLOCATE (B(NSIZE), C(NSIZE))

ﬂ

[3] Shuo Li, Karthik Raman, Ruchira Sasanka, Andrey Semin, Enhancing Application Performance using Heterogeneous
Memory Architectures on the Many-core Platform, 2016,
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[3] Shuo Li, Karthik Raman, Ruchira Sasanka, Andrey Semin, Enhancing Application Performance using Heterogeneous
Memory Architectures on the Many-core Platform, 2016,
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Oakforest-PACS FX10 FX100
FEECPU Pro?::sgrpg'zm SPARC64 IXfx | SPARC64 XIfx
B EE L[ Gflops] 3046.4 236.5 1126.4
377% 68 16 32
2L R 272 16 32
B/E AR [GHZ ] 1.4 1.848 2.2
Flops/Clock 3204 gLl 1616

| DDR4 | MCDRAM

AEUH A Z[GB] — e 32 32
5 X E U EE[GB/s] 115 490 85 240
Hardware Byte/Flop  0.0377]  0.161 0.359 0.213

HmEEMRE = 7788 x 8{ERBIRE X Flops/Clock
Hardware Byte/Flop = HEimXEVURE / EimER4EE
[4] David Kanter, Knights Landing Details, 2014.
[5] ERARZFIBHRER L H—X—/\—O>Ea1—F1 >8P, "$28 FX10 R—/\—-O>E1—F>RXFAICDNT".

[6] ELENSt KERFTUZHIL O ED1—FT o >JRFEARSES, "FUIITSU Supercomputer PRIMEHPC FX100 R\ DL,
2014.
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#pragma omp parallel for

for (j=0; j<STREAM_ARRAY_SIZE; j++)
a[j] = b[j]+scalar*c]j];

#endif
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[7] Karthik Raman, Optimizing Memory Bandwidth in Knights Landing on Stream Triad, 2016-6-20.
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[7] Karthik Raman, Optimizing Memory Bandwidth in Knights Landing on Stream Triad, 2016-6-20.
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#pragma omp parallel for
for (j=0; <STREAM_ARRAY_SIZE; j++)
a[j] = b[jl+scalar*c[j];

#endif

ERAEU Y1 X3[GB]
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e
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\ 4
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SpMV@DEKByte/Flop

&5 FrontISTRD/RY ~ARw ~(CSRERIC K DSpMV)

do blockNum = © , numOfBlockPerThread
blockIndex = blockNum * numOfThread

X1= X(3*i-2)
X2= X(3*i-1)
X3= X(3*i )

jS= indexL(i-1) + 1
jE= indexL(i )

-1
+ threadNum

do i = startPos(blockIndex), endPos(blockIndex)

YV1= D(9*i-8)*X1 + D(9*i-7)*X2 + D(9*i-6)*X3
YV2= D(9*i-5)*X1 + D(9*i-4)*X2 + D(9*i-3)*X3
YV3= D(9*i-2)*X1 + D(9*i-1)*X2 + D(9*i )*X3

do j= 3jS, JE
in = itemL(3j)
X1= X(3*in-2)

X2= X(3*in-1)
X3= X(3*in )
YV1= YV1 + AL(9*j-8)*X1
YV2= YV2 + AL(9*j-5)*X1
YV3= YV3 + AL(9%j-2)*X1
enddo
jS= indexU(i-1) + 1
jE= indexU(i )
do j= jS, JE
in = itemU(3j)
X1= X(3*in-2)
X2= X(3*in-1)
X3= X(3*in )
YV1= YV1 + AU(9*j-8)*X1

YV2= YV2 + AU(9*j-5)*X1
YV3= YV3 + AU(9*j-2)*X1
enddo

-+

+ +

+ +

-+

AL(9*j-7)*X2
AL(9*j-4)*X2
AL(9*j-1)*X2

AU(9%§-7)*X2
AU(9*j-4)*X2
AU(9*j-1)*X2

+

AL(9*j-6)*X3
AL(9*j-3)*X3
AL(9*%j )*X3

+ +

+

AU(9*j-6)*X3

AU(9*j-3)*X3
AU(9*j )*X3

+ +

Y(3*i-2)= YV1
Y(3*i-1)= YV2
Y(3*i )= YV3

enddo

enddo SpMV@gSRBYte/FIOp =

SpMVMDEKByte/FlopZik&hD
NP
/_—\

NP D

AL
indexL
itemL

X14 FEAT5(CRAT D EERIRE!

X, YDEZREI3NP
indexL, indexUDEZRZXIINP

SF VI ACEDICENFTED

¥

AT DIFEOZERAICENDET
AN YAV Tl a2 NS
AL, AU, itemL, itemUIC DUV TEE

floatE2fic%! (8byte): AL, AU
IntegerZificsl(4byte): itemL, itemU

4

(8[Byte]x9+4[Byte] x1)x2 _

76
(2x9) X2 18 4.22

[8] FrontISTREfAZS =, " HEC-MW (C&H1TD BEILRZEHDST —FEMAZR", 2006-04-28.
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SpMV@DEKRByte/Floph'4.22 LD

. ForntISTRD*fE—145E
Hardware Byte /Flop
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_ Hardware Byte/Flop

— X 100
SpMVMDZEKByte /Flop 4.22
« FrontISTRODEEREEFE[Gflops]
= IR EE4EE [Gflops] x FrontISTRD* E —2M4EE[ %]/ 100
26 KNUBEMA &, FX10, FX100DLEE: (FrontISTRDN B —Jltkke, SEHERE R FAE)
Oakforest-PACS £X10 £%100
DDR4 | MCDRAM
HimEE e[ Gflops] 3046.4 3046.4 236.5 1126.4
R AE ) EE[GB/s] 115 490 85 240
Hardware Byte/Flop 0.0377 0.161 0.359 0.213
FrontISTR®D
S — B[ %] 0.893 3.82 8.51 5.05
FrontISTR®D
S RFE[Gflops] 27.2 116 20.1 56.9
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FrontISTRE TR OESR HRES

FrontISTRO#EEEEIFRITIIDOIEZOEZREN(NUumM of NZ)&
CGEDR1EMIE (iteration) TRED

$

Solid-100C (&
Num of NZ 256,172,328
iteration 100(CEE
IFCOER 1 DI 2flop(FBFNEE)MMTHNBDT
HEE R flop] = (Num of NZ)x2 xiteration

ENeNE
(Num of NZ)x 2 xiteration

solver matvec time[sec]

FrontISTREITEFDER 4EE[Gflops] =
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Oakforst-PACS
o DDR4 MCDRAM
5w E S ERE [ Gflops] 3046.4 3046.4
FrontISTR®M
33— V(%) 0.893 3.82
FrontISTR®MD
JEEIREPREFR[Gflops] 27.2 116
1S e
64.0 46.96
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—s—CACHE

Performance[Gflops]
[00]
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4 N O )
. Flat - All to All (3%)
- Cache - Quadrant/Hemisphere
- Hybrid (3%) - SNC(Sub-NUMA Clustering) (°%)
- NG J

%)Oakforest-PACS T &R
- STREAMIC & B Oakforest-PACSI ERITE (*)0aidores .

 Flat(MCDRAM)-Quadrant& WL\ D4 T TinteldD3F5R9 24 75[GB/s]7HIUT L VRS

i Y i
o ABVUTVOTCINEHESROLESE, EHRSERICEARFI0[% A TETHENTMND
R LI

« FrontISTRI(C &2 0akforest-PACS4EERIE

- DDRATI(I32i5 THEEM EHERFT B/RDICXT L, MCDRAMI(Z68:FIE THRER LT
D LE=MER LI

- MCDRAMfERE;, FrontISTRODESERERFEN'116[Gflops]’2D(CH L, EMEREME
& LT46.96[Gflops] EWVWDHERMN Tz, G E L THI40.48%DEREIETH D

[7] Karthik Raman, Optimizing Memory Bandwidth in Knights Landing on Stream Triad, 2016-6-20.
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