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Hybrid Instruction Prefetch Based on Control How
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Abdract: Indruction supply can irfluence processor performance greetly. Indruction prefetching is an efective mechaniam to
reduce indruction cache miss rate. It proposes an indruction prefetching mechaniam based on program oortrol flow grgph ,while s
quertiad prefetch and non-sequentid prefetch are both employed to fetch ingructions in advance. Experimenta results show it canin-
crease indruction cache hit rate dfectively. It predicts program behavior daticaly  that it does ot need any complex hardware to

predict and regore.
Key words: oontrol flow grgph ;ingruction prefetch ; branch prediction

Cache
1
(
Cache ),
Cache
2
Cache, Cache . )
[3.4] , Next- N-Line
, N , N=4 8
(1) , ,
? Target-Line!®! ,
(2 : Cache ; Cache
Cache , Cache
? , Next- N-Line
® : ; Wrong Path [ .
) Cache. ,
? , Cache
:2002-09-16 ; :2003-03-08

:863 (No. 2001AA111050)



2003

3.1 ,

1142
) , , 1
Markov (2 , ,Cache
Cache , i
) , 1 . addr
) , fetch
) Sack ,
, Cache FILO
, 1
, fetch addr
Cache , addr
fetch R Ri
' ’ " fetch gack
3
31 ’
’ , Cache ;
' bufer,
, 2 ’
' RISC (i AR 1 40 \ [ mstme
| - "r_‘_'-*‘ﬁ iTI‘ % Buffer ﬁ—|—— m"»:_:...-_ J ‘
CFG |  SO——
P L )
CFG= N,E ,N ' — ]
, E ) - .
a j B T
1 , CFG 2
Next-N-Line ( Cache
, Cache 1 ; ),
Cache. ,
5] , )
(CFQ) : Next-N-Line Cache .
8
Next-N-Line lockup-free Cache Cache ,
(N=4) Cache 1,
.Next-N-Line Cache , Ceche (D) Ceche 1 (2)
(3 Bufer , / Cache
3.2 ' lockup-free
CFG ’ Cache.
3.3



8 1143
(PC) RISC , QC
2
, I-Cache Cache
Qe 6.4% 0.012 %
Perl 2.7% 0.009 %
1) ' Vortex 10.8% 0.011 %
® 2.1% 0.010 %
' mBgksm 1.2% 0.021 %
adadr , fetch addr. Li 1.9% 0.007 %
2 ' npress 3.2% 0.011 %
, addr , lipeg 2.1% 0.015 %
fetch addr.
4.2
©)] : .
3 SPECIN95 ,
, R , fetch
R. , ,
, Cache
@ ’ ’ SPCH 95 97.025 %,
, ( 3
), , fetch gack.
I-Cache
Cache N ’ acc 0.65% 97.2% 6.9%
B , N> B perl 0.99% 9.5 % 7.7%
: Cache vortex 0.56 % 97.4% 10.1%
, ® 0.35% 98.5% 4.3%
, mBsksm 0.13% 9.7 % 7.2%
. Cache , Li 0.19% 98.3% 3.3%
Conpress 0.23% 97.1% 6.1%
lipeg 1.01 % 94.5% 9.3%
4 4 Cache
1 Next-N-Line N =4, Target 2 .
, CFG&P, Cache
Cache , , ,
N 4
. I-Cache
i Next-N-Line 3.10% 81.00 % 30.10%
Target-Line 1.50% 87.00 % 19.70 %
Wrong- Peth 0.90% 90. 10 % 17.30%
’ Markov 1.30% 98.20% 15.20 %
' 1 ' CFGP 0.51% 97.03 % 6.87 %
5
4.1
Cache, Cache
lockup-free Cache, 32K , 4, )
32 , Next-N-Line (N , ,
=4): Cache Cache, mm
32 / cydle, Cache )
8 / cycle;Cache LRU,
bufer 16 , Cache
SPECINt95 2




1144

2003

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

J Aerce, T Mudge. Wiong-path ingruction prefetching [A]. The 291
International Sympos um on Microarchitecture [ C]. Paris: IEEE Gonr
puter Sciety Press,1996. 165 - 175.

D Josph ,D QGunwad. Prefetching usng merkov predictors [A]. The
24" Annud Internationd Symposum on Conputer Architecture [ CJ.
Denver :ACM Press,1990. 252 - 263.

N Jouppi . Inproving direct-mepped cache performance by the addition
o a gl fully asociative cache and prefetch bufers [A] . Proceedings
o the 17" Annud International Symposium on Gonrputer Architecture
[C].Barcdona:ACM Press,1990. 388 - 397.

C Xia J Torrdlas. Indruction prefetching of sysems codes with layout
optimized for reduced cache misses [A]. The 23" Annual International
Smposdumon Conputer Architecture [ C]. Philaddphia: AOM Press,
1996.271 - 282.

| K Chen,C CLee,T N Mudge. Ingruction prefetching usng branch
prediction irformetion [A]. In 1997 Internationa Corference on Com-
puter Desgn [C]. Audin: IEEE Gonputer Sciety Press,1997. 593 -

601.

J E 9mith ,W-C Hau. Prefetching in superconrputer ingruction caches
[A]. Proceedings of the 1992 AQW/ | EEE corference on Superconmput-
ing [ C] . Minnegpolis: |EEE Gonputer Sciety Press,1992. 588 - 597.
G Reinman ,B Cdder , T Audin. Fetch directed indruction prefetching
[A].In Proceedings o the 32nd Annud International Symposum on
Microarchitecture [ C]. Hafa: IEEE Gonrputer Sciety Press,1999. 16
- 27.

D Krdft. Lockup-free ingruction fetch/ prefetch cache organization

[A].In 8" Annual Internationdl Symposium of Conputer Architecture
[ C]. Minnegpolis: IEEE Conputer Sciety Press,1981.81 - 87.

[9] K Farkas,N Jouppi. Gonplexity/ performance tradeoffs with non-block-
ingloads [A]. In 21% Annud Internationdl Symposium on Corrputer
Architecture [ C] . Chicagp : |[EEE Gonrputer Sxciety Press,1994. 211 -
222.

,1976 )

,1956 ,

,1977 ,




