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Preliminary Evaluation for Classifying Suitability for Cache Memory
of Sparse Matrices

NOBORU TANABE"™
KAZUKI JOE™

SONOKO TOMIMORI™
MASAMI TAKATA™

In Japan, memory system of ExaFLOPS machines is expected more complex. In this paper, we propose a new characteristic of
sparse matrices about spatial locality of row-index sequences in order to classify suitability for cache memory systems.
Moreover, we evaluate proposal characteristic of input matrices and pre-processes (folding). Test matrices are chosen from
University of Florida Sparse Matrix Collection. As a result, it is confirmed that there are significant correlations between
performance of Sparse Matrix-Vector Product(SpMV) and the general purpose cache (L1) hit rate. Therefore, our characteristic is
suitable for auto-tuning pre-processes and memory access mechanisms to avoid application specific optimization in conjunction
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with matrix size (the number of rows).
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Caching Load

Warp requests 32 scattered 4-byte words
Addresses fall within N cache-lines
Warp needs 128 bytes
N*128 bytes move across the bus on a miss
Bus utilization:

ses from a warp
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B 1 BRATHIRT RAFEDFRT M ~OEESZRICK T
% GPU o\ NIEKTREE CUBk[6] L v 51H)
Figure 1 The bandwidth degradation on indirect accesses of
row vector for SpMV (Refered from [6]).
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Figure 2 The relation between the number of row and L1
cache hit rate .
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Table 1 Example of matrices with reverse phenomenon.
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Figure 3  The proposed property (spatial locality of

row-index sequences)
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Table 2 Experimental environment.
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CPU Intel®Xeon®CPU X5670 @ 2.93GHz
GPU Nvidia Tesla C2050 (37 %k 448)
TINAZAEY AEYINURIE 144GB/s,3GB
PCI express x16 Gen.2
HARVE (®RK/\UFHE 8GB/s)
0S RedHat Enterprise Linux Client releaseb.5
CUDA Cuda3.2
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#3 P AW =175
Table 3  Experimented matrices.
17514 FEERH TH
crankseg_2 7,106,348 63,838
nd24k 14,393,817 72,000
thermal2 3,489,300 147,900
hood 5,494,489 220,542
F1 13,590,452 343,791
msdoor 10,328,399 415,863
rajat29 4,866,270 643,994
ASIC_680ks 12,329,176 682,712
apache?2 2,766,523 715,176
Idoor 23,737,339 952,203
webbase-1M 3,105,536 1,000,005
delaunay_n20 2,097,124 1,048,576
roadNET-TX 1,281,106 1,393,383
Hamrle3 5,514,242 1,447,360
G3_circuit 4,623,152 1,585,478
roadNET-CA 1,844,404 1,971,281
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Figure 4  The L1 cache hit rate and the number of valid
data/line for various matrices. (Before pre-process = CRS,
pre-process = Fold method)
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Figure 5  The relation between L1 cache hit rate and the

number of valid data/line (Pre-processed by Fold-method)
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Figure 6  The relation between L1 cache hit rate and the

number of valid data/line (Pre-processed by Fold-method)
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Figure 7 The relation between L1 cache hit rate and the

number of valid data/line (Pre-processed by Fold-method)
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Figure 8  The L1 cache hit rate and the number of valid

data/line for various matrices. (Before pre-process = CRS,

pre-process = Fold method)

9 nd24k DITFIFEAR X

Figure 9  The map of non-zero elements for nd24k

(©2012 Information Processing Society of Japan

Vol.2012-HPC-135 No.17
2012/8/2

WE—{EF A7 7 Y #:2D/3D [174) 72 nd24k (25T,
<9 D& D IATHIIRK ECIHEEFBERNAHANIEH ST -
TWDEICRZDICHE b LS, SRBEIEICHWZAT
FIOFTIERLF ¥ v a2 T4 VNEOFRT — 2 BN K
<, CRSIEXEBWHEE LT 7 8ARY - Th D
ZEMRHD. OFD, [THIBRKO R B TIEeHET
XD o L BERITHIORMEZ, REREIC X - THIRIC
BELTERZ ENb2D.

GPU a1} @ Fold {&T#RE 2 AW TV A 728 CRS FEA &
%Y vy 2 (T AN ER G ORRICH D, F DO
A& nd24k (2B W TBEICH TR Y, 655 CRS & BV
DT 7% ANETH - 7= nd24k AAETLELC X - CTRigicze
MMRFEN AN TS, 0 T o VT EHIBRT D 2D
HA—VNBEETHDZ ENbD. 2l 2 i Fold i
DNBEOFEHOR S EBE ST T, &L nd24k IZEH LT
LED EHRRIZIR->TLE DA, %%%ﬁ%%%’ﬂﬁ
LTHIFIZILD CRS BREHWLHFNEHETHAH Z
IRSHIZHRITED EEBEZLND.

WIWZHR LD L EHEOENHB R TUVS webbase-1M <°
Hamrle-3 # (X U L9524 < OF750T Fold JERTALEENZE
MEPRFEBRRDO ¥ ¥ v a b v MNREGEICHFS L, R
ELTEBIEDNE LN D A EZ BT —2o0EETH
HEEZLND.

—7, K6 THREINTWD LI REMUF[ITEDKS &
ﬁiéiaﬁﬁwﬁﬁﬁﬁ%w%®fﬁw@0 Flo k9

22 FEI Y JR T I O ﬁEEéhﬂmST%mmﬁf%&
%6%£b6¢ﬁw(1~5&ﬁ®)ﬁ¢7—&ﬁ;
2H01%, V7 MNEFIZLDEEICIFRARSH D, 20

X 97220 DI, Gather BERS[5][8][O][10]D & 5 7o n— K7 =
TIZEDHBERINE A U Ry RGO ARG DT
boLTREIND.

Dbk oz, REREIIBITING X SNTRIZ, 8l
%ﬁ@@ﬂ@?&txAHP?:T@Eﬁ@ﬁﬂ%bt
BN FaEE 52 2BETHLI B2 6.

5. BEEHR

RO ETHE, BTAEEEEERIZLEZ 2 207 7Y r—
av kT, TV A= g yEAOWEEZFIT LR
EEAFTIToTWVDLZ ERHMEINTND. FIZIFX 11T
DI RIEFFESR A 27 ICEET HHIF 23 L7z ik 72
EMTbNTWA[LL]. WAERO T 7'r—F TIEEED
V7 NEEOFDDFATRICHE TR L CRIRT 2 A+
2—= T OWFRHITHON TS, Fl 2 1L CPU TR
T Y X ADOER[12], GPU L THOITHIKMN T KD ER
[BIES K ERBRE SN TWD. HEE D DT TIE
ﬁﬂ#%f&%yyvnﬁi®%ﬁﬁﬁﬁﬂN7Lw%ﬁ
WCHEREENRD D Z LRI N TV D5
ttb,%%6@ﬂ6@DTiFﬂ4/7y72ﬂ®§



R YUBEIE iR ey
IPSJ SIG Technical Report

MR R ) Z B TR AR T RILEE T L T Y X LD
Btk & U CHERNCHE L, BYTAILBEOBEF = —=2 7
WO T2 R,

6. BHYIC

TR — N~ NI AT ) VAT LR D
ERTFRHRENTWD. [F~ o~ M %2 HE I A= Bf
1A 4 727V ORBUZANT, RRE CTIEBITHOX v v
¥ a ~OHEA TSI E T D BATH ORI BT 58 LW
EL LT 11 T v 7 2B OZEMNRETE] 2%
5. b2, AHBETHIE L O Fold MERTALER % DR R
DEE 7 v Y X RFOETH AL 7 v a & HWTHHI L
7. FORKE, BATHINRY FARAHEMREE L1 v v
2ty NREFREOMICIIAR RMHMEBGERSH 5 Z &2
MERTE =, 1THIIRE TIRHIB T E R D T2 RRMER T
NT Y XLEFXy vy a2 ORERHPFICHE T 25460
HDHZEnbholz. XoT, RN LIERML TWZ1TS
A RO, RIFELZ T 7'V [EH Ok 28T 72 A €
U T 7 ARECHTLEE T L 2 ) X A E BRI O o —
DETDH.

7272 L, AEOTFMERIC IR, 17591 XEFA v
T v 7 AFNDZERI R FT LM S BT 27 S LRI RE
EEATHHNOERNPFEL TS Z EHHLMNIR->T
7. A%oOMEIL, WRWBIMEZR EOZF OMoBITH
ARy MVHEMEREIR E R OFRE(L &L SR ETH B,

BB ARHTIE O — BT T M B 0 15 BT 92 PR %
HeitE I (SCOPE)D— Bt & L THF bz b DT 5.

SEXH

1) EAR AR RO HPC 7 —% 7 7 F 4", NART 4 —
TRV a—T 4 T EFHARY Y R T T L 2012
(HPCS'12), pp.163-167, Jan.2012.

2) X. Yang, S. Parthasarathy, P. Sadayappan : "Fast sparse matrix-vector
multiplication on GPUs: implications for graph mining", Proc. VLDB
Endowment, Vol.4, No.4, pp.231-242, Jan. 2011.

3) Tim Davis : " The University of Florida Sparse Matrix Collection",
http://www.cise.ufl.edu/research/sparse/matrices/.

4) B, M, B, S, R CRBEBITYIRAE ) AT A
DR BE Lo SRR ILHBAITS 7 4 7 U EBUZ T T,
SEERIRI RS 2T LY L RY T L (SACSIS 1) R A # —,
pp.65-66, May 2012

5) Hi%, Nuttapon, g, /M, &, W RERIBYSH Z
W DHAEY 727 €TL—F — ExaFLOPS ~ > > OIIR2 57,
WL E A 2011-HPC-132, Nov. 2011

6) NVIIDIA Corp. : “Whitepaper NVIDIA’ s Next Generation CUDA
Compute Architecture Fermi” ,
http://www.nvidia.com/content/PDF/fermi_white_papers/NVIDIA_Fer
mi_Compute_Architecture_Whitepaper.pdf

7) Timo Stich : “Fermi Hardware and Performance Tips”,
http://theinf2.informatik.uni-jena.de/theinf2_multimedia/Website_downl
0ads/NVIDIA_Fermi_Perf_Jena_2011.pdf

8) N. Tanabe, Y.Ogawa, M. Takata, K. Joe:" Scaleable Sparse
Matrix-Vector Multiplication with Functional Memory and GPUs",

(©2012 Information Processing Society of Japan

Vol.2012-HPC-135 No.17
2012/8/2

Euromicro PDP2011, Feb.2011

9) H3E, /NIE, /NI, i, 3 "Gather HEREEH T A AT T
7 L —XOBITHFHEA~DIGH", "R T r—v AL
—T 4 VT ERHERF Y VAR Y T A 2012 (HPCS'12), pp.32-41,
Jan.2012.

10) Hi%, U, Nuttapon, H{& : “Gather #HE % #7925 Hybrid
Memory Cube @ FPGA % F\ 7= T s, 1 #ALE %4 HPC
724, Vol.2010-HPC-133, Mar. 2012.

11) ®, Lk, £, fiE, B0, Bl S I ot Ty =
VB a—ZIIBITLETHIE R MAREOMRET 2 —= 7 e
BERFM", ~NA KT =~ A Ea—T 0 T LFRERRY
AR A 2012 (HPCS'12), pp.32-41, Jan.2012.

12) B, B9, M, S5, JBHE : "OpenATLib : #EFHEHE T
A7 FVMTHBFa—=0 7 08 —7 =—2", RS
WM EEa LY a—T 4 v/ AT 4, Vol.3, No.2, pp.39-47, 2010.
13) APRH, @& : "GPU IZEBT DM H BNRIRIC X 5 BRIT
FIRT SOVEED @Ak, 1§ WAL 2 HPC Bt
Vol.2010-HPC-128, Dec. 2010.



