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Abstract: In recent years, the use of SIMD has become common as faster mechanism for HPC. However,
the degree of the effect is different because of charcteristics of the target HPC program, data size, data allo-
cation, instruction set architecture and microarchitecture in the platform. In this paper, we examine SIMD
performance estimation using machine lerning, and we revealed that linear regression applies to performance

model of tensor calculus program.
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L OBEDFMZ RN HEREE TIVICH AT T &%
<, SIMD HEMREZHEE % Fihieiald 5. COFik
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SWC & DWC OZFnZFhz A1 LT, MHReHE X 7zix
HBMRET N —TICH T BUREE T IV LK T B TdDIC
HNiEl 73D AL HET 5.

AW, A7V Fa—FR (0) S SWC OHiHIK
U SWC ZRW TNy FERIC KB MWEEE TV VT 71T
(SWC-0). 717V a—Rh L&Y > b
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i k, 1OENESD, £ LU TAIATHIIoTY A X (77—
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for(i=0; i< N;i++)
for(j=0; j < N; j++)
for(k = 0; k < N; k++)
for(l=0; 1 <N; I++)
AD*][*]+= BI*I[*11*] < CI*I[*][*]
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Estimated
Performance

CC: Compiler Characteristics

HPC: Hardware Platform Characteristics
DWC: Dynamic Workload Characteristics
xxC: Characteristics input to performance
modeling and estimation
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Batch Machine Learning
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Performance
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Execute
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Execute Y Estimated
Performance(t+at)

(d) DWC-0
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DWVTHER BN ERTES. INOR/ERHN D, B
ICHN RS ML, bz BB 2 iz
FI¥d 5. UKDt Lizfiaz 28I Hv 5.

Xz, FgEz AIe L, TEREOHEE ) % [H 2 MHREY
W= B89 % K5 BMRETE TV IR HITIR
WA K DERT 5. A ICIE NNy FEERTA Y
TA RO 2 HOTFENMAEL, TNZFNICHEE T IV
dV RLNELAHET B2, ThoMEETET IV ERWE
FERC KD, HEERDBUCEWNEAE 7 VTV ALZIHS
MITT 5.
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TG L TWIRW. Fel FikIEREE 7 )L DRI HL
DA, ZOt%, —MMRETTIVOARICHLD LS.

o SWC-O:47YxZ7 Fa—FR (0) ITHd R
(SWO) i > YR 2 VTN T2 K
DUHREETV T (K4 (b))

- 7ery7Va—krofiti Uiz Ay v M no
1o A28 FIHRAF T 2R B EREE TV 2
KT 5. BT BHEREET IV, FREDN—FT o
7TTw N T — LRI LR TR EREE TV
EEIN—RU 7 TTy b T —LIHAE LTz T
PRMEREETIV) D2 M TH 5. I RkMEREE T
JVOERICH D {3, ZDt%, —REEE T IV D4
RIS H D AHTS.

e DWC-B : BifyR (DWC) fihitids X UYLk

ZHWZ Ny F (B) PHICKBEEETY V7 (K
4 (c)

— PCD (Performance Counter Data) DX 5 ZxBiEF
O SEIFIHTD X S /Ny FERIC X O HEEET
WK T S, BRI BEEETIVIE, a1 T
RN=RT 77T b7+ —LIkAE LTz Tk
MREETIV] THB. ARTIEIHRICL TWEW.

o DWC-O : B (DWC) i35 X U @i
ZRWIEA VS A4 Y (0) FEICK2MREETY VT
(K4 ()

— BN KUTEREZ, DWC(t) *° Per formance(t)
DEXICH B ¢t ORIRE UTHRA, K At 1%
DYERE Per formance(t + At) ZHEET . HEKT S
MEEET VL, TVRATRN—RU 27 ST b
T F— LA Ui TRIRMEREE T V) THB. K
RTINS LTV,

AW, FRLD 4 DDOND [SWC-0J 1B 5 MREE

TV 7175 . M UIHREETIVIC K D SIMD HE M
HEZHEE T 5.

4. SWC-O lcHlT5HEETY YT

ARFETIE, SWC-OICHIBMREET ) V7L EDE,
ETWVERICHWZAE T IV XL, FEERICEREN
TeMEREE T IV Z RIS 5.

4.1 HRERIFDH

AWIZETIE, €T IVEERKT 2 BICHRIE ER k54772
W5, [\ EE, BIIHA R VT, BMEEUZ A
TRETNET—EZNERDZ T2 TFETHD, EH
MR TET LT 2 L2 B R AT L RS, BINE
Bl HEITZEHOCEREL, HIPAZEIIHNZES
AT ZEOC L RIET. BEREIROHIC IV TR
ZERDY 2 DL EDH BIEIIE, B BRI EMHENS.
HINER y, L 2, 8 a; ZFWT, $YEEBER
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Hrcld1 DX HBEFRENE LT — 2 SHEET 5.
y:ao-l-Za,-*x,- (1)
i=1

TER a; 3ER/NTHRIEIC KO RO S, N RE L 3
TEAE & FERIE & DD ITHIZR/NCT % LWV S JTIET
H%.

4.2 SIMD ERMEEDET )Y

RHIZETIE, A7 Y7 ha— RhoE5N5ENEE
ELTHWNmDAY Y M eVa., fmah T > ik
Ty TVT 7 A SHE LIt B DZNENDOED T
LARY. WY >~ b2 VT SIMD EEZ R L
e7u S LoOFA TR Z B E R R AT X D ET UK
5. DL, BIEERENR IO HZEEBIC IS I TR,
AIHARICITEIM DAYV M EET 5.

WHET 20T T LEKSITRT. WS DATIT—
2L LT, HLEATHIORTTY A A N Z—E (N = 100)
LT, BHDIRAFADWD )52 NZNAHE UTE
D 443 FHO R TR R O s A > M 2RI Uiz, F
TV Fa— FOERDEHCIE ICC version12.1.5 Dy
kA7 a 02 U xSSE3 Z .

TR X PAPI (Performance Application Program-
ming Interface) [6] IC K DFHIIT 5. BFIDIRA TN
A C/SZ =BT 5 EEHIIL, O FfEZ IR
&9 %, R2EFETRHEOFHIIZITo R Z X LD
DTH5.

FIEE R 2T IE#EHY 7 FTH S R version 3.0.1[4]
ZHWS. FHAZEOERIE R TEZEIN TS step 3
BzRWT, ZEREICE DTS, ZRGE &1 AIC
GRS SR [3] EMHEN 2 BT K D BBz Ik
ETBNETHS. AICHVNEWVETHBIZFERVET IV
EENZOT, BEIRAETIE, AIC Z2—&HKRADEES
KO ICHMZERZ 1 DI DMV RNTWL. TOEICK
D, movss, unpcklps, mulps, addps, addq, xorl OFfH
Y Y A E T B K S IRE L.

REVERR L 729 o7 )0V AKX 21IR9. T T,
S2fTHE % T, movss, unpcklps, mulps, addps, addq,
xorl DFITTH T 2 S EZENTN Crovsss Cunpekipss
CnLulps’ Caddps9 Caddqy Crorl &ﬁ—d_ ES 7z, EEEHFJE%ZO)
2 a TRLTED, FREOMEIEE2I1TRT.

T= ap +ay * Cmo’uss + ag * Cunpcklps
+ag * Cmulps + aq * Caddps
“+as * Cuddq + ag * Czorl (2)

KREETIE, R U7z SIMD HEMHRET T ILIC DWW T D%
UHERGEZTTS .
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&1 T05T5 LOFETRRIONEEREE

CPU Core2 Extreme
a7 4
Ll1Fvvya 32KB, 8way
L2Fvvia 4MB, 16way
Frvyag LY AR 64B
N =100;
float A[N][N];
float B[N][N][NJ;
float C[N][N][N];

for(i=0; i< N;i++)
for(j=0; j < N; j++)
for(k=0; k < N; k++)
for(l=0; 1 <N; I++)
AT += BI*I* I IXCI*IT*I]

5 MREETIVERICHWS IO s T L

x 2 RO

ag 48657.2
ai 27355.8
az | —24965.7
as 14698.0
as | —33023.6
as 2735.3
as —3470.7

5. MEEETIVDZYMERIIRER

5.1 RERAR

4 BEOHFIEIC K OGS N AT O E T IV B 7 HE
TEAENREROIA TR 7 & ORI HBIAETH % H & 7
5. HEOMREDICIE T T IVAERICHER Lo & F—
O7ag I LEFEHL, BRAFANEZICOVTEELE
HaEMA%. fHMIRSERN S, PEHT7 IV AL E LU THRIE
EEFONTIENTH S H, FHNRHEE L THGSa Y
YRIBEMNTH A EELTS.

Rk U 72 AT IR O & 7V & % FHRIEDFERNEIC £
FEELTEE > TV EH R RTIEEICIE, HHERER»
RERBZ VS (2. RERE R? 13X 3 TERS N, 5
HEDZE B Z ETIVRIC K BHEE D ENE EDEIETH
HTETCWEWEXRTEDTHS. § IHNER y D15
NEETIVDSEIESNIHEMTH D, g ZHNERD
FRED A TH 5. PUEFREE 1 IV EIC R S 13
E, BTV EAEZ XSFHLTWD EEZBNS.
iy —u5)?
Z;'L=1(yj —¥)?
DUERELE, ETIVOBIHEROBMMEZ NI A %1%
E, ZOMIKELARY, HEEDORWETIVTHS L]
WiLTLES. ZTCARTIE, SHIEROMOPER R
T DICHEE S NI PUERE (H H R HDUERED
W (AR N, HHEZ p & Lz &, HHEEH

RP=1- (3)
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4e+05

- © =llE

+ #FEE | BRERABEHRERK: 094

3e+05
1

2e+05
1

KATHHR (ps)

1e+05
L.%

0e+00
1

TRISLDOEE
(RAMBOHEDRFIEICY—FLTNS)

6  EATHHHO PRI (b L FIE G

BB BRERE adjustedR? 13X 4 DX S ITEHRE NS

iy =) /(N —p—1)
>y —9)?/(N = 1)

Kz, FATROETIVAICDONT, ZNENDFIHE
BOBRBOMENEETHZNE S D22 flrd 2701, t
BEKR T F BOEZTTS [5].

adjustedR* =1 — (4)

5.2 SREREER

X 6 (3 FITROET IS X S FHME G & E=iME
GR) Zz7my bLIzEDTHS. KED, HEEMEHFME
WEWEE RS> TWB T Ehbh 5.

FATRERI D7)V & H HH I F RS ARE R BN 0.94 &
FUWMEZIHLTED, ZHEOHBIENARVWETIVIZEE
AbNhb.

£ 313X 21CBI B ZNTNOHRED t ME DR R KT
F BREDFRZRL TV, t MEDRSR KD, 2T
HHZBOBREIC BT P IS T/hEWED EE> T
3. BRI, TNTNDREBN 0 &725 &5 IREERETD
FHIENS. Fio, FREICEKS PHEL/NEIWVT Ehbh
5. FMUEIZ, TXTOREN 0 THS &S IR
DWTHIEZIT>THD, FEER K D IR RATE
N%. t BE, FREDHERNIS, TOETIVANEET
HBHEEZBNS.

DL EORERMN S, 7V IVEGTRDOIRA P ANE AR
R E UGS, Ema /Y > M SIMD EE O
TR DOET NV EERT 5P EETIVE LT, MEHENK
IANCIHED L ERET IV T 5 EHAIEETH S &L
2%,

6. FEEMZE

B 2 O TeMEREHEE OBIEIRFZE & LT, Stock 5
DFZE 8] BWEF BN S, O TIEFNKFEN S, N
7 FIVE U TeBRORRPEREZ HEE L T3 LWV D KT, K
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£ 3 t MEMTU F WEDOFESE

t HUE DR F ME DR
8 P A P f#
ap | 4.43 %1077
a1 | 2.00%10716
as 2.00 % 10~16
as 3.34%1077 2.20 % 10716
a4 2.00 % 10716
as 1.29 % 10°8
ag 8.74 x 10~ 11

Mz L HABIL TV B, T 17T LI K> TR TEREREE OFS
JEMR L, ARWFED K 5 ICHHNRHED B IERED I 2 HEE
TEHLEZBNS. LHL, KWL B SR
NAFVLRVOGFI Y 7 AUMERLTESY, J—
RLA)VORHIEER L TWiaw. FHCT— 28 1 X722
L LTeBROMERED 2 ER L TR, F o b 22
KULNLTHEST, HRHHREROBAICDOVTEFKRL
TR, RIFZEIEHIZE (8] &%, V—AXa— LA
WEREA TV 27 ba— RNV THREEE 2170, %
72T SLCBIBANT 2V A RAOELEEET %
TETHS.

7. HHYIC

ANFTFIND T — 2 A ARESNDOIRA FEIC K 5T
SIMD FHBEMREIZZML T 5. ZT T, S %25
AL, NFTHEEET IV EHRT S LDk MEREHEEZ
19, AWIETIRATY 7 b a— RO L e R &
W 72Ny FEF T )L A L5 SIMD HEEICBT 535
RO MEEET Y VO RfTo Tz, TUVIVERIE T TS
T LDWA T ANEZGTREZ G L UT, B UIMREE
TIViE, EHEHREEHAEREE 0.94, t REICBNT
LEETHZ VSRR LR, COHEBRERNS, 5
BAWZ2EE 7))V D) XL TH B REIRE T >V VER
WO 7 T LOWAFANEZGHAOMRERHEE I IZART
HBHEEZS.

SHBOTEE LT, SHOMEETTIVOERIE AT
FDITTH A RIEFEE WD FMTIToTWDT, AN
TR DRI A ZDZEACIC & B EREZ LI EAMEIRIIR D2
V7)) XL TER D EHET 5D 0TH5.
F 1z, MUPEREIROHLAINC S SIMD B TEREHEE IS A
BTN XL EWIRET D80 TH 5.
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