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Abstract Recently, a single or multi processor system uses the hierarchical memory structure to
reduce the time gap between processor clock rate and memory access time. A cache memory system
includes especially two or three levels of caches to reduce this time gap. Moreover, one of the most
important things in the hierarchical memory system is the hit rate in level 1 cache, because level 1
cache interfaces directly with the processor. Therefore, the high hit rate in level 1 cache is critical for
system performance. A victim cache, another high level cache, is also important to assist level 1 cache
by reducing the conflict miss in high level cache.

In this paper, we propose the advanced high level cache management scheme based on the
processor reuse information. This technique is a kind of cache replacement policy which uses the
frequency of processor’'s memory accesses and makes the higher frequency address of the cache
location reside longer in cache than the lower one. With this scheme, we simulate our policy using
Augmint, the event—driven simulator, and analyze the simulation results. The simulation results show
that the modified processor reuse information scheme(L1VMR) outperforms the level 1 with the simple
victim cache(LL1V), 6.7% in maximum and 05% in average, and performance benefits become larger
as the number of processors increases.

Key words @ Hierarchical Memory System, Level 1 Cache, Victim Cache, Cache Replacement

Policy, Processor Reuse Information.
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] /* Compress Main Loop Code */
while((c=getchar()) = EOF) {
in_count-++;
fcode = (long) ((long) ¢ << maxbits) + ent);
i = ((c << hshift) ~ ent);
if(htabof(i) == fcode) {
ent = codetabof(i);
continue;
}  else if ((long htabof(i) < 0 ) goto nomatch;
disp = hsize reg - 1;
if §==0) disp = L
probe :
if((i-=disp) < 0) i+= hsize_reg
if(htabof(i} == fcode) { /% htab -2 */
ent = codetabof(i); /* codetab ~2 %/
continue;

/* htab -1 */
/* codetab -1 =/

}
if((long) htabof(i) > 0} goto probe;
nomatch:

output{{code_int) ent);

out_count++;

ent = ¢

if(free_ent < maxmaxcode) {
codetabof(i) = free_ent++;
htabof(i} = fcode;

}

else if((count_int) in_count >= checkpoint

&& block_compress)

cl_block();

1% 1 026 compress Main Loop Code

¥ 1 34 HelEY HA(Load) HZ

. T
Hash Table Exegl};ir:)ax:ngount Miss Ratio | Reuse Ratio
htab--1 999999 78.9% 29.2%
codetab-1 566776 70.8% 30.0%
htab-2 1803911 91.4% 15.6%
codetab-2 182336 89.1% 11.5%
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1) read request

3) to processor
4

2b) hit

2a) miss |—# cnt

3) if counter is valid, swap.

1) read request

2a) miss [—» cnt

3) if counter is valid,
replace victim cache line.
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= EAE 45y YsiM 18 viEoth & A
7t Blolgle Adeiolr] Wl Al&H JME & 27
o JeiA zFelEtx 9n A Fe HA A B
@37 SjsA ot

E3 Ping-Pong d/3& Wtdslr] A, 4= A4
9} A AT mA FA A FHE ok gk
A oide 322380A AHEEAD Hrl At AdE
L FoA, A A HFst F4 1Y P
N+ AES} wgo] Yojd Zfolrt o] Wy MAE

Valid FT Counter TAG

DATA

Modified Cache Line for Advanced Reuse Information
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Z2 M) Arrg FRE ol &3t AdE 24 HAY A

FAEE AFESHA ok 2 sl e dielelvt A S
2, 34 A4 delgte A AHY HF dEGR
2 @go] o|ROAEE FAZ) F AL ARE
A4 @A sl AR ZFAAM AF Ayt 2
o dioletrt B4 AHE &F Holof s=AE AR
Aot AMSEEE vt tA] e T Ale] ZRClA
A HFo] Adshe Aol A ARE AHESe A
o] ge A AMH FHE INZ ol BIUAM FIIR
A ARE o] 83HA HERZ ¢ UL 4305 By 2
Aozt oAt o]2idt Ping-Pong AHE 2HF 4
A9 A4 B9 A FF gduyEFS 1Y 99 2Tk

2g 102 FA= uA FHY9 oot EH 2
H 11& FT HEF o83t H2=E g @T=0]
A g9 A A g AFE VRl 3ot
AR E A A9 27188 78, HE A4 @909 FT HE A8
System_Init();

while(Processor_Request())
74 sl A&
HHIT LICache(Requested Line))  {
//3zE Rl Mg E gkl 7t
if(Requested_Line.count < Reuse_Threshold)
Requested_Line.count++;
Fetch_to_Processor(Requested_Line);
}
/8 A Aol Aol s
clse if(HIT_VictimCache(Requested_Line)) {
//ET HEL9] &1
if(L1. Target_Line FThit == 1) L1.Target_Line FTbit = 0;
J/AALE ARG o] 884 ¢kal, A FHge] 3
SWAP(L1.Target_Line, VC.Target_Line);
Fetch_to_Processor(Requested_Line);
}
/A AR A A BFRAAM Fx AWE e FF
clse{
//FT H]:9] 8]
if(I.1. Target_Line FThit == 1) {
L1.Target_Line FThit = 0;
SWAP(L1.Target_Line, VC. Target_Line);
'
Fetch_from_1.2Cache(Requested_Line);
/A A 2kele) FheE gkl AALE ER] Hla
if(L1. Target_Line.Count >= Reuse_Threshold)
SWAP(L1. Target_Line, VC.Target_Line);
VC_Replace(Target_Line),
else
SWAP(L.1.Target_Line, 1.2.Requested_Line);
Fetch_to_Processor(Requested_Line);

[ }
2% 9 £48 A BAL o8 49 AH TA
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1) read request

2b) hit

2a) miss [—¥ cnt I ﬂl

3) if victim hit, don't use
counter value. Just swap.

Modified Read Hit in Victim Cache
a9 10 $AE AAE ARE o8-8 wH FH

1) read request

empty
empty
empty

2)miss [—» cnt [ ]

empty

3) if FT bit is valid, this line
is allocated to victim
cache.

29 11 FT HEd] 2% 34 i &9

4. AAH H5 24

B A7NA AL 7HE BHE] 98 A EE
o]lAg FYPFH[E AlEHo|Hole T2 Y T E4
9] AlE#HolE9] Augmint[13,14]18 AFE-slgEoh Aug-
mintE UIUCOA AL®E AE#H)d ERoR, @
e oF ZEAM F3S dRy Fxe) plio] T2
a9y FF e E ABHd & F UEE F A2
EQo #@7AZ & + At o)AF Augminte 7)1E
9o =2y 7F5Y AlEHelEY MINTII5IE %86 +
ZoME 3 Ve E £33 Fuo A g olH
ojc}.

4.1 A|S30|M & & 2Kt

ANEHOE AN Z2AM &£5& 500MHz9
Z7oly, o] 2 X7} 100MHz9 2o AZF A
FaslA "ok 93 A4e A7)= 4KBolA 16KB7
A AR, A4 e A71E 32Byteo|th. A
HAe M9 dEE sk AN WEe i 29 2t

4.2 HXol3 T2y

Aol dolA AHgHE 9d¥ ZEayozEe SP-
LASH-2[16]914 Ajxg W@ Z2aFo|tk. SPLASH-



712 ARG E=ER: Al2d 2 o] A 3t F Al 12 T(20M12)

£ 2 ABdolA

A= &
Z2AAN F 1,4
Az A =27 4K,8K,16K
43k AA 219 A7 32byte
A A9 27 128byte

54 A4 Ase 5 4

A AH =Bl =7] 32byte
Z2A4 29 &= 500MHz
=2 AA "2 AR 2 ZRAN 2Y
s 8 98 A% Azt 9 WA 29
H2o B9 B Holg 34 Az 18 W= 24

2 WiXwa 22 aPEL B, FI, 2HY 59 £
oA AHEEHE AR S TeEE o /Y 8 =
EaYL AZFch B Ao ALE 7 88 T2
Ho) EAe tea gon, ® 3 49 g9 =Zvlelth
*FFT @ XA PES Fahe FFA BE Z2AA
E bl M2 B41E 27
« BARNES : Barnes-Hut Hierarchical N-body Pro-
blem WA& AHEEA ZF UAHeg. 79 &3IHE
Atojol] & Z8-g e TEIFolt)
+MP3D : Simulated Wind Tunnel 2tollA of-¢ &8

s 552 BEste T2l
2 3 HAH= 4 A7
S48 =2y A
FFT 512K Complex Doubles
BARNES 512 Particles, 418 Seeds
MP3D 50, 30, 10 Steps
4.3 AE #3t

AF wA ZFHo] wARE W s B4 ¥
FAE Z2AA A2 dE ddE S FJF ATE
olt}, AlE#e)]AdS& 538 FFT, BARNES, MP3D9] 7
S, dx A Zv] dsle] wist Zzbe] gl i)
A A ZFE AAEE S8 2tk A A =
7Ie 419 AEHE NARE gorn, #f9 Zvie
AA} 22 32ByteE At A JH Fr)=
4KB, 8KB, 16KBZ 21 #7|& H]—J,lo1 2383 Bttt
AR e F2 ALHE AFH 8RN I3 A
Ae A7 Al2do] WA AR A|2ERIVE da=
@ B, ol HAazdHoelHov MuE BARIV}
of @etA] dWrFoe g 1 Zv|H thk Aoyt AW &
AR AoHoR o)z 2 ARt Alwol wish 8] 2
Apo]lZ7} olUth ol& YA AATE ZEAA AY
EElo]2rt o]Rojx7] wiid, AAF HF AlZHHit
Time)?] RS sl diFoz o)z Z& A A
FAoll ws) I3t AF xA0] AgelA vIQdgith wEbA

=& 1“ olo] uidt H-d wrgde A U A
#°] 2715 4KB, 8KB, 16KBZ ®slsl 7}HA A3
1&% 3 sk
B =RAMe ol gA A AAE FHeE S Z7),
Z AR 1eH HNESFE A A% A¥E 9%
th. ol Z2AA9 dioletd] BH%P AT Sl w2t
M gl AAME =HeA JRg gddte 847 €
ol wA dubAERl A 7}HHC} g e 45E Hol
7] gl E AAE HEAEE g F S+ e
F12E e FARAE Folo} 3} Elm 1 AN A
71o we} A4 el FrlEE vlEY Az Wt
RAold, F7} d=do] 74 HEE A E £ Ut
AH =A7)7} 4KBoA TEAM AT F19EH AR
£ 20lMEH 571X wEA7IAA dEste AnE d
oAt

23 12& ® 300M AAE wXvia =z aHEd
o FEges, NEFE 3F A9es, ESLE 7}
289 FAAE veldt. a2ln va dige} He
Pl, P4, P16& 47t Z2AM9) £& ouigth. &3] 7}
229 JLE e Z2AM A B J)Fez
ge2 e H2FY HZ AFE R 71,
‘CNT=3'9] Z$E Z2AAY AYALged ot g9 7]
Fog HA 339 HITE HeE FE ouigtt F
zZ2 A 9% AH A HE: A AT @l
9] F12E ol 02 93 F, 1 FH F71H 239
Ao AT u AARE #les AAHTE RS 9
g} oA wE) AAREe Bd 1EFRe 0,1, 2 F
oA 27} =9, o] o) FEE Y FAL 3 Hag u
EfE 2 HEC T ZAE Bd si4d 2 &Y 39
e FHo] AW RIS Fng dushe Ao 4
2o HE Ades /e A& ¢ & Atk 0T 4
I} EdE A4 A& A F33HE JLE Y 3
o2 1 HEE o HE: M0 st A4S 022
#He AT F, Z2AM o) AHS He A Jt
$HY gg 12 AR "ok 2 F wAs 4
) 1o] AFHe] sle eldl A A AHd TF

d;Lr}E
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-4 °O
£ 4% oPi6
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09% -

CNT=5 CNT=4 - CNT=2
29 12 7HeE AN Wael BE 4% ¥a

CNT=3
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Uehie E3 2449 ASLE deldth 723 7
e zol= Wl i aE=rt led, 27 LAk A
o] EAlsle AS-(L1), 4&% sl 71Ed d& A
AHE F718 AA1V), 3 AH A FH A}
£ ARE F713 ALIVR), vpR o2 34 744
Ping-Pong &3F 312§ +4H e AAE AR
2A FYE AHES AHLIVMRIE 9jvjdit). 3] 1
oA B 2%o| LIVMRY A$e Z2AAM7 skt
o © ZRAMANY AR, T ZaAA s
A 53 AHe e ARE RAFH gen,
BARNES®} FFTA A% o] F= Ak o5&
G Wxvlzr} shte] ZEAMAMET T T2 A
Mol Al FAshs Aol AN 540l Z vehdr] of
Foln], BARNESS FFT9 A9= AALE#T ol
Ping-Pong &37} F=#HAA YeERdA  L1IVRO]
BARNES9} FETOIM #AZ VA dAS 2 &
Qe 8 LIVMRE A5 A3t dAsA] 428
@ g Uch ol A9l #o] 4KBY U AAY FE,
BARNES® 739 Hol 67%9 d% 47 o}&d

olgsts AME 245 H4 A4 73

T 15%9 AAHA 4 IS JHAKT %HPZic’i
Cax} Ao AFES et A Hia) ¢ ¥
RAE AT u), o3 A F=A 4% ¥l
& & k.

28 14= gz AHe =77k 8KBoltk Fi4l =7)
7} 8KBSl Aole RE A4 TRAA AAFeE F
A go] AP 2¥x L1Ve LIVMRE 3
A7} wlgslAY LIVMRe] 04% A53e 9
Jehigdch 38 4KB =719 A4l FLEA
FFTAAME L1VRY A%se] 4 gvts 2347 U
th a2y A4 A =277 AXEE HA 4KBY
Aol viste A% ztolrt EAEASS ¢ F ATk

a¥ 155 A S A717) 16KBelw Ak A+
o] =717} 16KBY W& =z dugo] wl$¢ @

A AA7 gle B Ll 729 4% 8 *:
BoFx Eaa 9oy, BARNESY ZAfdMe F&
&g HdZETh AFHoZ LIVMRe 234 EL
Hejzn, Ho) 06%A i 0.3%9] 45 ol
5¢ Bzl 53 AYakg FHETE o83 LIVRO|
LIVMR¥® H%8 452 HoFEsd o3& Ping-
Pong E7& YelE A4 2Rle] Aa AHe A7)
7t AR g FE3] A A el T & FABE
3 0SE RoFEL

ol 4ol Az HAFRo],

i
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A% 23 BARNESY

CACHE SIZE 4K
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o L ALY
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© OLIVMR

-

CACHE SIZE 16K

6%

5%

4% |

miss ratio

0% *

BARAS, P1 BARNES, P4 FF1 B1 £r1 Pa

1Y 15 93 A47r 16KBS A¢

AVERAGE
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007 | p

0.06 1.

0 0.05

£
> 004
2
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002 |

0.01
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P 2 P1 P4

2% 14 4 A7 8KBRI AS Fx s

¥ 16 B Iz A8



714 ARAGHEEA  AlaY F o] A 31 A A 12 0412

7% A 67%9 AL HagFAen, ZE 3§
o dated Ao g HF 05%Y AFPdE RAF
Atk E3) ME H A7FE RFY F= 22 7279
Az} AHAolM LIVMR 7o) Bedaix B 573
AHE BAckE AL L 4 Yot o9t g¥d A2Y
AAZQ EwdA9 EFE BF FE Hugel 1¥
1601 Vet gtk

oz 1Y 1394 2% 1594 RARAIR], HA
ar)e) AR} HAE NELE AN NE 2719 Fu)d)
sigste dab Aol AHEH, A& 4 AAC 34
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Fujo] siale dxk ALY AERTE 7E 2719
Az} Al A A7t F718 Felzl AsdelM 8
E3}t}. BARNESS 7% 4%, FFT9 73% 519, 12

I MP3D9 A% 13%9 Hsd o158 ped o
¢ 149 19 159 gAY slelMx DVJWIOM. o}
218 A ¢A 8% Norman P. Jouppi® 4% 2

Fol e Sol AEAS FAE 5 AN FAAH
AHEo) A5l o] o gt ARe dXsE
wWeole.

=

I3 1794 28 195 Y W] GE £ A
e ¥ng ety 42 A4 mA HAHE L1V,
LIVR, LIVMRE IA3RE o shaie) =od 59
Alzre] Wztg vehdth oA AR 3 AL
2 Jeplie, 71252 A2 OE A5 RS
Epdith T2ln 2 g2 34 AHE AREE L1vel o
sl AR eg ouFd AFRE HAFEXE Ho|7]
g, LIVE 19 ez st AduE g Tk
LIVRE AFHo= LIVET ¢ €& £3PA1HE I
2 g el LIVMRY ZA$oe BRe Afde =
g 5 £33 AZHE Holuy, HWAFoR Y HIH.
E3] BARNESS 7A9dAe 1%-4%2 A5 T3
7ZAA 3 gkt o]Re BARNES Wix|rlzie] AAHE AS

-

CACHE SIZE 4K

-1 |@FFT
-} | mBARNES
| |[OMP3D

) i
i

Normalized Execution Time

L L1VR

L1IVMR

g 17 44 A7t 4K AS = A

CACHE suz& 8K
1‘02 S ~ S— . B
(]
£ 1015
[
5 101 |
2 1008 | 1 larer
@ WIBARNES
di 1
T |OMP3D
2 0995
«©
E 099
(w4
Z 0985 -
L LIVR L1V MR

29 18 9 A4V 8K BF FI Ad

CACHE SIZE 16K

1015
g
E
S 1005
E aFFT
g ! \MBARNES
o EIMP3D
T 0995 S——n—
N
g 099
f=3
Z 0985

L1V LIVR LIVMR

9 19 €A AMH7E 16K AS- F3 A3

7t g yixutze] nlate e Zol vehs, 1¥7)
2o AALE AERE o]&dld AAE HABRE HE
o A% FE Hole Aotk
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gutz oz dat FHe ZAMCGA F dReRy
AL & o maA AN Astd AE dze ¥
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A7) st A Adele & Fo) dEZE VIR
WEE B3 ol Ui st SAll FzsA s
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B =R E ol 34 Aset A3 AH 43
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