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Scalar First Replacement Strategy for Reference Prediction
Table Used in Prefetching Streaming Data

Chulhoo Lim"'- YoungSuk Chon'- Sukil Kim'*- Joongnam Jeon''!

ABSTRACT

Multimedia applications tend to access their data as a streaming pattern with regular intervals. This characteristic can be utilized in
prefetching the multimedia data into cache memory so as to reduce their execution speeds. The reference-prediction prefetch algorithm predicts
the memory address that seems to be used in the next time based on the previous history of memory references stored in the prediction reference
table. This paper proposes a strategy to manipulate the reference prediction table which contains all of the data reference instructions to scalar
and streaming data. We have recognized that the scalar reference instructions do not contribute to the data prefetching algorithm. Therefore,
when replacing an element in the reference prediction table, the proposed algorithm preferentially selects the scalar reference instruction before
the stream reference instruction. It makes the stream reference instruction to stay for a long time compared to the FIFO replacement policy,
and eventually improves the performance of data prefetching.
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&8 dFdo] HAF PHe WAAUL o] FrdZEE
FIFO(First-In First-Out) el ¢jste] gd. %, 3
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Fa(tag)ol 93 Az =, Rz Wz f
(prev_addr) & Agstx, AFd FEFL24 A FxT
T
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Fao the FAA(stride), 22 A AME 4
A o|Ho] YW F24E ulmste] ei(state)
A Aok gt

(28 D& #AZAZFE FZE YERd Holth tag Y=
= ey FzgHold FAE uehly] 98 Zzad
ALE 9 & o] 831, prev_addr HEE tagell e W
g #zHPHo7l M vixge] FZE vEe FAE
Uehdtt stride 9=t viA %o F2E F FAY WA S

prefetching
address
g e [T
T on/off
tag prev_addi: stride state

pC L L lé!E;E

Molz

effective address

(38 1) #zoiEme 7=

incorrect
PR
correct steady
PRk o SN
correct

incorrect
(update stride) correct
correct
—
incorrect incorrect

(update stride)
(08 2) AZ0|EH| AEf Mo|z

vebdch state = Ad W2 Fx e w2 (2
g 29 dd "olxdN HeAlE 4709 FehE vEhiy
o] Fefel o3 HlEe #FE AAT

32 ¥=x0&E 2%

7189 #24FE RPEL MR EY Fxot 2
AW FIFO ¥z FzdFE oA d8€A 713
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ARE FHzxdEHd Ped (2E e F2AFEA
HE 7€ £9 fagFelnh

( ReplaceRPT(oldistPC(), pc) ]
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Wido| xzteloly Aol MAEo] AMEEHA @
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(38 e FA9 od FnA AgEHE WEy Fz
HHEAESE YEadth M AEfHdoly ZzwH
oji S AZutdlolE FzwWHololth AEWHo|EE
(28 a)dMAg F47+F0] BF 20|31 Sequence 1
# Sequence 2= T2 AgolA (¥ H(b)g} o] AL
8 rhgdth RE vRe AxwHo)rt FFEse b
ol AMAlY 3 FAxEFe Av|7 9elm AR
o, 71& FxdSE Wyed (29 90)HE 48 2A,

OE

Sequence
* Sequence 1: Mg, Mi, Sp, My, Sy, S
° Sequence 2 Ms, S3, My, S4, Ss, Ms
Reference Address Sequence
* My : 1000, 1002, 1004, 1008, 1010 -+ (pc : 100)
< M; © 2000, 2002, 2004, 2008, 2010 -+ (pc : 104)
= Mo 1 3000, 3002, 3004, 3008, 3010 - (pc : 112)
= Mz 4000, 4002, 4004, 4008, 4010 -~ (pc : 124)
° My : 5000, 5002, 5004, 5008, 5010 - (pc : 132)
= Ms 6000, 6002, 6004, 6008, 6010 - (pc : 144)

(a) Loop Sequence

fori:lto l(x) .......................... %%%A
for j = 1 to 10 sorereereerrneeneeenns HIEE [
Sequence 1 ;
end for
for k = 1 10 10 crerrererreremerecnnane WHEER C
Sequence 2 ;
end for
end for

(b) Program Sequence
(28 4) o™ 2=

e (1% 5) 54 QU} EiE )
718 Gl UJrE:i‘i"i HHE# B9 Sequence 1°] &
AP vz FEmHo] My, Mi, So, My, Si, S/t &
AR FxoFR YHFAR(ZHE 5)@). Mo, My, Motz
2EggdolE FzwHEojo)y] wite] FxoEEe) AH
Holko| wat Al WA ¥kE FHE dFe] tedAnz
(29 5, 495 WERE: AA 92 F28ix &
=0k BHE C9) Sequence 27F A #E w) M, Ss, My, Sy,
S5, Ms7b €AdE AzdEE e, dzd589
A77F R 7HAEH 7] B, olu] FzdEZHe] Eof
9d Sequence 19] W=a FEWeEo] F oo A A =
Mo, M1, So7t #Z=dSFEANA AALH(ZE 5Me)). My,
My, Msi= ZE o] Zazgdofo]r] wiol] Aeizol
Lo ot A HA sbEolA o Fo] sz BEE A

o o3 vhA wrEE Byl A3dE u FZYSFAE M,
My, So7b §17] W&ol My, My, So& Ad2 deEutoma
FzdZge 7HAA Eold QW My, Si, S8 AAT
ok Sequence 191 93] My, S), Sp7b L3 H9e o
FxdEae 4994 7 29El Ms, S;, ME AAS
I M, S, Spf 8B AF}H o2 Sequence 18 7}‘}'
ZA&FAA BF AAHAG7E A AFHH(TH 5)d
mebA, 2g REEelA 9 o] A WA ubE o] FRE 01]
o] 7hs3 3t

tag | prev_addr | stride | state tag | prev_addr | stride | state

100 1000 0 init 100 1004 2 steady
104 2000 0 init 104 2004 2 steady
108 S 0 init 108 S 0 steady
112 3000 0 init 112 3004 2 steady
116 S 0 init 116 ) 0 steady
120 S 0 init 120 S 0 steady

tag | prev_addr | stride | state tag | prev_addr | stride | state
112 3018 2 | steady 136 S 0 steady
116 S 0 |steady 140 S 0 steady
120 S 0 |steady 144 6018 2 steady
124 4000 0 init 100 1020 0 init
128 S 0 init 14 2020 0 init
132 5000 0 init 108 S 0 init
136 S 0 init 112 3020 0 init
140 S 0 | init 116 s | o init
144 6000 0 init 120 S 0 init
(c) (@

(38 5) EAx=0iFHEe| 3717} 921 &l Mo %E’!'ﬁoﬂﬁ Bz
£Eo| #3 (a) YHSE B2| Sequence 10| XS A3

= % (b) B=E B} M H A 3 0 uss
9| Sequence 27F XS AME & (d) BI=E Aof 2

of EHEE BIt CHA| MYE =

of dlellq st Zo], FIFO e FZeEE 29L& o=
of AHg3kA] o= A olH St o Fe ALEEHE 2ER
BElolE & TEakA 7] mEel, of wtEuit e WY
oJHE F2AS T A HAFoEN HASE agol ¥
A= @iel FAYTE ol F FAHE AHFste= Y
w3 WE FxoEH A7|E o] Tz Yo Alga}
Aze] Fzgdeld #uF sde Aol a1y #
d&is A dRee 2e oz FAHER 7}
of HATh wWtN FxdFH A7E A FouA

rr
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of £t £8xzade FRv T2y MR AY
FrAZEE ARHo2 2Yste) 2EGHolY Haof
U A% sbsde Eelok B BEAZEY E &9
We 2APE FIFO Wios £95he Aot &, Az
2 2z9HoE F9E AUZ FRAZEA dYsin
oE vze FzHdelt 9dd9 W FrAZE} A5
Row, 4AVA M U eAU A A%y
4ol sl 2EYHH FzPYAt 437540l @
t agedold FxdHl @A AAR A5yl B
= Aot

no

IsExistRPT()

MovetofirstRPT(pc) ]

no
' UpdateRPT(pc)
no

InsertRPT(pc)

-
[ReplaueR PT(OldistPC(). pc)

(D2 6) Motshs AX0|EES 29 Yn2iE

o]l BARE AAs7] P, B =2olA A2 Bz
259 ¢9 ¢nPS(1Y 6L AL (2¥ HolA
ISExistRPTO @40l o8 deg veg #z2gayoist 2
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2% e old Aus A4 JEd HRE ol g5 %
Zozxe) Ao} B Yol e AUE AT o)y
IsScalarPCO) 520l ola) A E HHE 2= Waol7} 2
AetololHE Zzew o] vime FzWHE Bz
9| 71F oz oA oFA puY J5e HZ

dFEe & P FHeEA J)E FIUHE
ot d37bs e S ¢ U

tag | prev_ |stride| state tag | prev_ |stride| state
100 1000 0 init 120 S 0 steady
104 2000 0 init 116 S 0 steady
108 S 0 init 108 S 0 steady
112 | 3000 0 init 100 | 1002 2 trans
116 S 0 init 104 | 2002 2 trans
120 S 0 init 112 | 2002 2 trans
(a) (b)
tag | prev_ |stride| state tag | prev_ |stride| state
120 S 0 steady 100 | 1018 2 steady
116 S 0 steady 104 2018 2 steady
108 S 0 steady 112 | 3018 2 steady
100 | 1002 2 steady 124 | 4000 0 init
104 | 2002 2 steady 128 S 0 init
112 | 2002 2 steady 132 | 5000 0 init
136 S 0 init
140 S 0 init
144 | 6000 0 init
(c) (d)

' tag | prev_ |stride| state tag | prev_ |stride| state
128 S 0 steady 100 1020 2 steady
136 S 0 steady 104 2020 2 steady
140 S 0 steady 112 | 3020 2 steady
100 1018 2 steady 124 | 4018 2 steady
104 2018 2 steady 132 5018 2 steady
112 3018 2 steady 14 6018 2 steady
124 | 4002 2 trans o108 5 0 init
132 | 5002 2 trans 116 0 init
14 | 6002 2 trans 120 S 0 init |

{e) ®

(O 7) &=xoiEEe| 270} 990 FE| MolEUMHOIAM Alzxo)
&30l HEl (3) 42 B Sequence 10| HE ANY
H % (b) H=E Bt F HE HYUEHE & (¢) H=E
B7F M| Bim ASE & (d) 2HBE2 C2l Sequence 2
7 ME MEE £ (e) YHEE (7} £ WM MY
() ut=2 Aol 2sf g Br CHA| MBE %

(28 4LNE2IHE 27171 9% FEAFHE o] 43t
of Aotd gFEHer FY&UE B ¥, dF ASHE
2Eg|Yvloly FzgEolrt (17 N)st 2ol F=xd4%
#Fo A&Hog EAF. 2yog ghEE Ad o3 ut
EE B C7F F WA e mry 229doly Iz



168 HEMZ=Z=

gHolo] tated AL HlolE HlE

A At
5. A do X 24
e o]
DEC A]2=®lof A EE{]O]ZO:

WA 2o meh A

12 #& ANEL o]F

=

fy

Lgxe 70|
of Wz MAZEWHe HE3

75
3_9_

~

B
H
HA

TRIA HI11-AZ HMI32(2004.6)

4

o
1
o
e
¥0

g wtlo] dojEe #AZE
B43517] 93, Digital Alpha
Al olH e F3ldo, 7}

| A¥s A0 A
stk Lema e ¥y

=2

Efol2E A7 $4sta, Alpha CPUS 23 =
olgsto] WAska x2S
5 ATOMI6] A Ed el & A}g3tgch
olf] HA/A% B Edo]adH,

BAE & UAEE A
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o] WHole =
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29 7S FEFA GE 715AAT AN FaAH

o)
Ag

2 9)dlaL
ol 7FEel

g dgaszvy
oz Agstel

cipeg

number of prefetch
Eo\MED

[-3 18

512

RPT size

(a) cache size : 32Kbyte
block size : 16byte

epic
5975000

5970000

2l

number of prefeich
o
2
&

@© ©
e

-
©

1024

RPT size
(e) cache size : 32Kbyte
block size : 16byte

ole B EANAHE P48y 9o E
AlEH ol el
Al AlEdolEE FESATH o] Al AlEHOH
B4E W=
A/ HHEee vy Fz4e

dinero M[71& nvlgtoz )

ATOM
9 FzYyol Edol28

cipeg

1160000

1140000

1120000

1100000

1080000

x 4+

1060000

number of prefetch

=

1040000 F

==

1020000

128 =

RPT size

(b) cache size : 64Kbyte
block size : 16byte

5975000 eple
5970000
5965000 [
5960000 [
5955000

5950000 | |

number of prefetch

5945000 H |

5940000

RPT size
(f) cache size : 64Kbyte
block size : 16byte

(38 8) &A=osZ=0| 2fsH

AT Y ARE ASIHEE AEd A Ed oot}
<E 1) OiC|of #IRIDt=3S| E3
program description data source m.p ut 1mage_/
module size |frame size
C. ALY ZJE} olu] 2| 2| image files of
8| g g2 4= 1y .ppm format 100K
- 172%189
g cipegel o3l $+&% | image file of | bytes
DB\ ojm o] A Jjpg format
evic AL olnA 4F image files of
D T raw format 60K
X ‘ ) N 26X 256
unepic epicel 93 45" image files of | bytes
S REEEEE] E format
(E 2) M8l ARRE H=Z2| 3=
Memory Architecture
data cache size 32k ~64k
block size 16byte
associativity 4-way
Reference Prediction Table size 64, 128, 256, 512, 1024 entry
Cache replacement policy LRU

Wixolg T2 o g=

HEvgol g WA etaz g

¥ MediaBench{8] & 4l 7§19 ZE2IH9 & HAste A3}
3 i dipeg 820000 - dipeg
800000 |- 800000
g o] £
2 L
2 780000 °F £ 780000
® 8
a (=% .
% 760000 5 760000
i) | 3
Q 740000 H[7 | £ 740000
1S | 13
2 f o 2
720000 E i 720000
700000 - L] 2 700000
- [-e] o <t o~ =
& z 38 5 g
RPT size RPT size
(¢) cache size : 32Kbyte (d) cache size : 64Kbyte
block size : 16byte block size : 16byte
unepic unepic
1342000 1342000 . FIFO
1341500 F 1341500 + W 2#et Fu
1341000 1341000 |
&= i
S 1340500 a © 1340500 |
@ @
® 1340000 | a2 © 1340000 |
2 yazes00 | Il S iassc0 |
(=] [=]
= 1339000 5 1339000 |
£ 1338500 £ 1338500
2 1338000 [ 2 1338000
1337500 1337500 H
1337000 1337000
RPT size RPT size

(g) cache size : 32Kbyte
block size : 16byte

WAE MOIE ol S(nP)

(h) cache size : 64Kbyte
block size : 16byte
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& sopstgith B AL ATz F24FRY AVE
thapstA WEAAEA FIFO Wi 27 $duH &
Aol dis) AMUE HE A 9 AMA via £E FH5
o 1 AYE AN <F = A A8 vud
TZE Yepdh

Aetats 2zel $AnH P 7]E£9] FIFO ¥
A& 23E vln Frisky] Yate ohd 22 97 &

29 s

oo oX

L ]
rx
rO

% we £(mP:number of Prefetch) : 9% &
agFol ojste] AT HAE FH F

Z 3|E 4(nPH : number of Prefetch Hit)
o 2jsted WAF HlE HHY of

L ]
x
r O

2ol of EAjsle MeAE F3ol HA 9l
EMOE HYy 7
e X2& H¥ vl F(nPM : number of Prefetch Miss)

tAAE daeFd fete] B HdE BEA o

Aol A <tell A EHA o} AAR HUAEF FHE
cipeg z
8200 clped
8100
8000 +
7900 +
z
L 7800
7700 -
7600 '
EN' R R
. PN N R R
= s ] w o~ s
e & § » 8
RPT size
(a) cache size : 32Kbyte (b) cache size : 64Kbyte
block size : 16byte block size : 16byte
epic ;
313500 289700 eplc
313400 E 289600
313300 ] 289500 |
= 313200 s = 289600 |
c a o
313100 |_ é = 289300
313000 ] 289200 »
i b |
312900 fHf g 280100 H | “
| ‘R 4
312800 289000 = L
RPT size RPT size

(e) cache size : 32Kbyte
block size : 16byte

(f) cache size : 64Kbyte
block size : 16byte

nPM

nPM

FERES

Fests MUAE HHY 5

e A W2 $(nDM : number of Demand Miss) : &
o] MasyA Hag s doert AAd @l
ojx F7 A ZEE dlojHE Ao} e AL

9

=

FzAZEE FIFO W02 $93%0e gur 2z
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SAIA e FrAZE e 2EZTWdely #Hzd
PR § QATL BANEE st Mg
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o
L
o
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o Oy
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ne %
o= O
1
H1
Rl
ol
R
2>
)
i
rir
>~
2z
mz.‘
Lo
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+

AQlE "ol RAHE MAE thdo] Al A=A A
Abste], dled AdE 48 84 g3, flew HUdE ¥
g st FrqgAd e AUdE dde AAE 7}
ALt (29 9)E (2¥ 8olA Bdd" dAUE 939 +F
o Az A% FAE FIT HUE ¥R Folnt
aZe $AuA e wAE HdE 9%
2 Y% BAE I8 AYUe 399 =
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