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SRR R LT R REAL FRE . EESEILER 1,
PHIARFF R FH SPECCPU 2006, A< SCIF 1 XX
B VUL REFI BRI A5 2R

50.00
45.00
40.00
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30.00
25.00
20.00
15.00
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x1 RBLAERIESYH
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73 4
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BT %8 WEINAR T8 H] SPEC CPU2006 FY 15 7%
RIS, IHREE N train, &1XF 2 AN 07 245 HIE
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AL, 4 omnetpp, mile, leslie3d, 7E XU UL AL 1F i
T AR SCH T BT B PR RE N I P4

H B
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B RA| -1.54 12.03 -6.23

5.94

-5.11 26.22 0.17 1.67
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— 254 —

AR 1PC F 4Tt 26.22% (1bm)

S 30k

[ 1] WULF W A, MCKEE S A. Hitting the memory wall; im-
plications of the obvious[J]. ACM SIGARCH Computer
Architecture News, 1995,23(1) :20-24.

[ 2] PALACHARLA S, KESSLER R E. Evaluating stream buff-
ers as a secondary cache replacement[ C] //Proceedings of
the 21st Annual International Symposium on Computer Ar-
chitecture. Valencia, Spain; IEEE, 1994 .24-33.

[ 3] ISHII Y, INABA M, HIRAKI K. Access map pattern

matching for high performance data cache prefetch [J].

Journal of Instruction-Level Parallelism, 2011,13:1-24.

BAKHSHALIPOUR M, SHAKERINAVA M, LOTFI-KAM-

RAN P, et al. Bingo spatial data prefetcher[ C] /2019

IEEE International Symposium on High Performance Com-

puter Architecture ( HPCA ). Washington, USA. IEEE,

2019:399-411.

[ 5] KIM J, PUGSLEY S H, GRATZ P V, et al. Path confi-

dence based lookahead prefetching[ C] /2016 49th Annual

IEEE/ACM International Symposium on Microarchitecture

(MICRO). Taibei, China: IEEE, 2016.1-12.

SOMOGYI S, WENISCH T F, AILAMAKI A, et al. Spa-

tio-temporal memory streaming[ J]. ACM SIGARCH Com-

puter Architecture News, 2009,37(3) :69-80.

YEDLAPALLI P, KOTRA J, KULTURSAY E, et al. Meet-

ing midway: improving CMP performance with memory-

side prefetching [ C] // Proceedings of the 22nd Interna-
tional Conference on Parallel Architectures and Compila-

tion Techniques. Edinburgh, UK. IEEE, 2013 .289-298.



JEDBUTR G < T A7 A Jay B ) PR A o i i S5

[ 8]

[ 9]

[10]

SRINATH S, MUTLU O, KIM H, et al. Feedback di-
rected prefetching: improving the performance and band-
width-efficiency of hardware prefetchers[ C] //2007 IEEE
13th International Symposium on High Performance Com-
puter Architecture. Scottsdale, USA . IEEE, 2007 .63-74.
HEIRMAN W, BOIS K D, VANDRIESSCHE Y, et al.
Near-side prefetch throttling: adaptive prefetching for
high-performance many-core processors[ C] // Proceedings
of the 27th International Conference on Parallel Architec-
tures and Compilation Techniques. USA.

PACT. 2018:1-11.
PUGSLEY S H, CHISHTI Z, WILKERSON C, et al.

Atlanta,

Sandbox prefetching: safe run-time evaluation of aggres-

sive prefetchers[ C] /2014 IEEE 20th International Sym-
posium on High Performance Computer Architecture ( HP-
CA). Orlando, USA; IEEE, 2014 :626-637.

MICHAUD P. Best-offset hardware prefetching[ C] //
2016 IEEE International Symposium on High Performance
Computer Architecture ( HPCA ). Barcelona,
IEEE, 2016 :469-480.

AR, SO, TR TRt HE A R KRR A
B[], fFREEREAR SEE, 2022,48(4) :43-
48.

HENNING J L. SPEC CPU2006 benchmark descriptions
[J]. ACM SIGARCH Computer Architecture News,
2006,34(4) :1-17.

Spain ;

Memory controller-side prefetching based on intra-row locality

ZHOU Shuxin* ™ ™" | ZHANG Jianqi ™, WANG Huandong ** , ZHANG Longbing* ™ ™"
( " National Key Laboratory of Processor Chips, Institute of Computing Technology ,
Chinese Academy of Sciences, Beijing 100190)
( ™ Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190)
( ™" University of Chinese Academy of Sciences, Beijing 100049 )
( ™ Loongson Technology Corporation Limited, Beijing 100190)
Abstract
This paper proposes a memory controller-side prefetching based on intra-row locality. The data structure of the
bitmap is used to record the state of each data block in the row. And each row is divided into regions, and the ac-
cess locality of each region is quantified. The aggressiveness of prefetching depends on the locality in the region.
For areas with low locality, unaccessed data blocks in the area will be prefetched, and for areas with high locality,
cross-area prefetch will be adopted at the same time. It adapts to changes in the degree of locality by dynamically
adjusting the size of the region scale. The above prefetching method is implemented and evaluated on the Loongson
3A6000 processor using SPEC CPU2006 memory-intensive applications. The evaluation results show that the pre-
fetching method in this paper improves the instruction per clock cycle (IPC) by 6.51% on average (up to 46.80%
for single-thread, up to 26.22% for dual-core four-thread).

Key words: memory controller, prefetch, locality

— 255 —



