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Sparse matrices suitability for cache memory based on temporal
locality

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 and temporal locality of row-index sequences in order to classify suitability for cache
memory systems. Moreover, we evaluate proposal characteristic using University of Florida Sparse Matrix Collection. As a
result, it became possible to explain phenomenons which could not be explained only by spatial locality. It is confirmed that there
are the correlations between temporal locality and the general purpose cache (L1) hit rate. Moreover, we developed the equation
for access method selection based on proposed characteristics.
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Figure 1 The proposed property (spatial locality of
row-index sequences)
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Figure 2 The relation between L1 cache hit rate and the
number of valid data/line (Pre-processed by Fold-method)
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Table 3  Experimented matrices.
1754 IEFEH 174
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
apache2 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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Table 4 Average inter-reference interval and average working
set size for sparse matrices.
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crankseg_2 41.8 5,344
nd24k 73.6 9,418
thermal2 103.2 13,206
hood 335.9 42,989
F1 135.7 17,370
msdoor 135.0 17,281
rajat29 463.3 59,306
ASIC_680ks 442.6 56,647
apache2 1,088.5 139,323
Idoor 97.3 12,448
webbase-1M 360.5 46,141
delaunay_n20 403.8 51,681
roadNET-TX 130.7 16,730
Hamrle3 345.9 44,277
G3_circuit 499.1 63,886
roadNET-CA 652.5 83,526
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