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A Technique to Utilize Hardware Prefetch Mechanism
for Stencil Computations

ToSHIHIRO KONDAT  E131 YAMANAKAT  ATsusHI HORITT YUTAKA ISHIKAWATT

Applications such as climate simulations usually cause frequent memory access. For these applications, memory access latency
is the dominant factor in the performance. In order to reduce or hide the latency, prefetch methods are usually taken. There are
two types of the methods, software prefetch and hardware prefetch. We chose the hardware prefetch, because it doesn’t consume
any additional instruction slot. However the hardware prefetch is sometimes interrupted by the index gaps whose data is not used
by the applications. In this paper, we propose the “touch™ technique in order not to interrupt the hardware prefetch. By this
technique, even though the array index has a gap, it looks continuous from the hardware. We applied this technique to example
code of climate simulations on the K computer. The results showed that our new technique is able to reduce the execution time
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1 EHEIRE

HH B
AT Fujitsu Fortran Compiler Version 1.2.0
CPU SPARC64 VIIIf (2GHz, 128GFLOPS, 8 = 77)
W H1% 17mtR[/)—F, 8ALy RI7rtA
YA X 640 X 640 (300+30) X 8 /31 k
L1 ¥vv¥athAX | 32K A |
L1 ¥v v =T | 12854 |
el
L1 ¥v v awaysl | 2

fzero %f0

[ v A7 LURAZ Zfalse Y TS ¥

stdfr %f2, %f0, [%g1] /* false 72 DT A E VU (2l write L7ZRWA KT %/

6 touch () MEIRHI

T —Fa— RiE7— g L U CEEORSZ Vv CEd
BENTWDL., ZORINICKIL, FrviaAXTy s
ERHISBMTAT 4 7 &Lz, Bl Ah—Fx1a
— FIEA R —2503%< (write 282 A U — A, read
28 A KU —A), SPARC6AVIIIFx D LI v v a2 AEY
@-way By N T IV T T4 T)THRY V2 AT T
DR EXLAREERH DO THD.

H—F N a—RER IR T a7 Tar AL,
0BEFRTONRTFT 4 B LR —a— b, ET 77
ANBIOT BT Y a—RaeEklLz., 77 a—
RIZiE, 231 ot 2488 US4 Oma %
AL TRHIDNSA TV ZAERL L=, 7235, SPARC64 VIIIfx
I SN FEEEN TN, RHh T A=
ELTEMATE X b7 s (stdfr 664) 2 W2 (11 6) . &
fhff& A b7 A

i, B2ART U ROBEIZE VT2 E2RA NT 50
W BRINTEZ M THD. 5247 RiZ false &
BETDHZEICE DA NT I TORARVD, N—Fy=T
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#define 1 640

#define J 640

#define K 300

#define PAD 30
program main
real*8 arrayl(K+PAD,l,J)
real*8 array2(K+PAD, )
real*8 array3(K+PAD,J,1,2)
real*8 array4(K+PAD,J,1)

BN — S EE
WX LAXTF v
JTEEL WD

do I=1, 100 7 — Z R B @ B 7 [l o — 7
doj=2,J-1
doi=2, I-1
| Z Z Carrayl,3,4 |Z touch 3%
do k=2, K-1
array3(k,i,j,1) = 4.0 * (array2(1,i+1) * array1l(k,i+2,j) &
- array2(2,i+1) * arrayl(k,i+1,j) &
+ array2(3,i+1) * arrayl(k,i,j) &
- array2(1,i) * arrayl(k,i-1,j))
array3(k,i,j,2) = 4.0 * (array2(1,i+1) * arrayl(k,i+2,j) &
- array2(2,i+1) * arrayl(k,i+1,j) &
+ array2(3,i+1) * arrayl(k,i,j) &
- array2(1,i) * arrayl(k,i-1,j)) &
* ((arrayd(k,i+1,j)+array4d(k,i,j)) &
+(-1.0) * (array4(k,i+2,j)+array4(k,i-1,j)))
enddo
| Z Z Carrayl,3,4 |Z touch 3%
enddo
enddo

enddo

7 8MERD—F
N=RY 2T TV Ty T ST ENTEDL. 2
B, Y7 =T 7V 72 TFamiE, N—Kvx=T 7Y
7y FEICSIRT FLAEMIETE AW of A LA
Mmoo,
FROHEEOET 7y AN ERAa L Ea—F 1/ —F
ETEATL, MEEERFEM L. EfTREZER LIRT. E
IRy Ea—Fmidore 7 7 A VERBSa~
v R (fpcoll) ZFIH L THEATHR, Fv v = I AEEAR
EOFEHE @ E BUG L7z,
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AFEEMATGEO 7T 07 7 4 FHHERER 2 1RT. FT
R & el g2 & 120D MEREM LAME B TWD 2 L334y
VAR

% 2 FH@EFER
. FHMRER  FEBME
E1TB (sec) E—hl say O AT
WER 17.11 8.28% 1.81E+11 1.21E+11
HwER 15.00 9.44% 1.81E+11 1.27E+11
L2 IRH - L2 3R L2 3R
(/a—K-RA+7H) L2 3% demand prefetch
WER 2.76% 3.34E+09 3.67E+08 2.97E+09
HEHR 2.66% 3.37E+09 1.62E+08 3.21E+09

F 2 X0, RFIEEMAR (QCER) IR TIERE AT (CE
D &L TT v FERICHT I L2 Fr v 2 IR
# (L2 T A demand] Z1) B3 LTWDZ &N hd. Z
DZLhn, HEEREIRYTHLEEXD. £, B—
R« A NTOBENMoZALETHZTWHZ &, £
B N BOTEBEEAAFEEAMZ TR TH D Z b7
U7V OESBIICHEENENZ L EHERTE 5.
#2500, L2X¥vyyvraT ) 7oy TFIAE(I2IR
prefetch| #) 3N L CW 5. #RETFIETIE, NERET 7
B RLRDGTE MBS IR, WEIMIT 4~ RS
MOIRAE LTRATWERICNAN— Ry =2T 7Y 7z
FRBITSIND. TORTV T2y FIRKELELTOAY
VRBEMT A, TOFHLE LTT 4~ RERO I AT
WAL TWD5, AR EXD.

[#2]

16 F B e S RISV
/|

12 1= BEINGS R AR

8 - .
BXyyadalxk

4 -

0 |

B 8 FEATHEM DR

H8icre 7y A ZIHEWIC L DEITRH O 2 A NGRS
7%, In BRI I > b LIFFEITET (2
M HERIZAFTETHD. Fx v a AEFVIDLAT VT
EIK T 2 BRI > TWD Z Enaynd.
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FHETDHLIE - TEL D REEER AT 77 AR
L, ZTNE@EEIRED XD R4~ —a %179
ZEIZEST, N—FRU=TIZLDTY T =y FEEDHK
WEIETHLOTH D, FEEIT SPARCE4 VITIfx & L, A
B 2> TAFEONREZFTM L7 & 25, 1250
felm B HERR S 7.

£-a]1% SOA (Structure of Array) ¥ A 7 OF — X I
OWCFHEZ AT 7208, 77— a ko TE

AOS (Array of Structure) ¥ A 7 OTF — X EETHDHIHED
HB. A0S HATTIE, XTI LEDBFrvyaRT
v J R RERGE R LT, 1 DOES|FEHREN
RKEWTZDIZHFERO T RLRAEAKREL b T7bb,
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