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A Multimedia Data Prefetching Based on
2 Dimensional Block Structure

Kim, Seok-Ju’

ABSTRACT

[n case of a multimedia application which deals with streaming data, in terms of cache management,
cache loses its efficiency due to weak temporal locality of the data. This means that when data have
been brought into cache, much of the data are supposed to be replaced without being accessed again
during its service. However, there is a good chance that such multimedia data has a commanding locality
mn it. In this paper, to take advantage of the memory reference regularity which typically innates even
in the multimedia data showing up its weak temporal locality, a method is suggested. The suggested
method with the feature of dynamic regular-stride reference prefetching can identify for 2-dimensional
array format(block pattern). The suggested method is named as block-reference-prediction-technique
(BRPT) since it identifies a block pattern and place an address to be prefetched by the regulation of
the block format. BRPT proved to be reassuring to reduce memory reference time significantly for
applications having abundant block patterns although new rule has complicated the prefetching system
even further.
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Set_prefetch_address() {

if (flag for applying L2_stride is set)
prefetch_address=address+L2_stride;
otherwise prefetch_address=address+L1_stride;

}

adjust_temporary_value() {
if(L1_state is INIT)and(L2_state is FIRST-CHANGE)

address_keep= previous_address;
if(L1_state is INIT)and (L2_state is TRANSIENT)
temp_hase = previous_address;
max_hit_count=hit_count;
if{L1_state i1s STEADY)and (L2_state is FIRST_CHANGE))
hit_count++;
if(L1_state is STEADY) and (L2_state is TRANSIENT)
#((--hit_count) is 0) and
(address 1s (2* temp_base — address_keep))
set flag for applying L2_stride;
L2_state=STEADY,
address_keep=temp_base_address :
temp_base=address;

}

update_state() {
1f(L1_state is STEADY) and (L2_state is STEADY)

L1 _state= INIT; L2_state =TRANSIENT;
update L1_state according to the rule shown iIn transition
diagram.

As this update proceeds, if there is a change STEADY to INIT
if({L1_state is INIT) L1_state= FIRST-CHANGE.:
if((L1_state is FIRST-CHANGE) L1_state= TRANSIENT;

}

Update_stride() {
if(L1_state is INIT) and (L2_state is TRANSIENT)
L2_stride=address-previous_address;
In case prefetching was correct,
if((L1_state is TRANSIT))
L1_stride= address-previous_address;
In case prefetching was incorrect,
if({(L1_state is TRANSIENT)or (L1_state is NO_PRED))
L1_stride= address-previous_address;
}
Block Reference Prediction {
For a coming memory reference instruction,
conduct its operation.
Using PC address of the instruction as tag,
Seek out relevant slot in RPT.
If there is no corresponding slot,
Reserve one slot (either replace one or
assign a vacant slot)
Comparing prefetching address to current address of
referenced element,
check out whether prefetching is correct or not.
Update L1_state and L2_state( call update_state()).
Update L1_stride and L2_stride( call update_stride()).
Set temporary variables necessary to searching for 2
dimensional array structure
(call adjust_temporary_value()}.
Set prefetching address( call set_prefetch_address()).
Issue prefetching instruction if necessary.
Replace previous_address field with current referenced
address.

)

23 4. Block Reference Prediction Technique
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A9} &7 7} BHE 5 Y21} 512 entries & 2= RPT
A& 7179 "ol vt entryd] AV 2
£ 512 entriesE 2t wlolH RA19] 8 byte(tags?
data X3) entryE T &3 A7)9 2oz My
3 21t BRPTE 7838z A& 7170 A Bloj &
o] A7|7} Fr1E = YE(L2-state) T8 3z o
overhead® 1@ 7o BRIOIE HAdo g 714 &Y
BRPT QAEZY W= HolE AANdAM 8
bytes®] F ¥lQ)l 16 bytesE FH3 = 248§ = o
2Bt 23 4 ok whebA 512 entriesE 2¢

&



E g o 9% 7177} 8K byteZ zE dl o]
MAI vied A71E Zteva g8 & Aok

5 & 3

BRPTY 45< #437] $38td SimpleScalar
2.0 tool set¥ sim-cache.c® cache.c, maing 4%
3t sim-brpteleE Al EHOIHE A2 THEO] AHE
3ttt SimpleScalar(4dE2Z#H = execution-
driven simulation ¥4 2.2 A|E#o)Hr} =219
£ FFEA EFo]2E YA 71E 9] sim-
cache Al B o]E & AA&E S A1 831/ &= A%
BAFnR 45s vad ¢ AU

Yl 2| v} 2 = MediaBench[13]e Z ¥ mpegZenc
9} mpeg2dec®) &A% SimpleScalard] Ao YR
Aty 3t A3 Y & W A EHoIHY g4
2.2 AMEStgh E U WiXutaE H4 A=
TAHE0X10BES F37] ¢ Z2 WS Ao
Y &b AREIRIE 3 12 A oAy AH8-3 MediaBench
o £3E wxvtm =2 P FHS VeI

HEY NEZAM HUEE F 831 o B85S
Li1-dlolg} sfA o 1A 2tz 7pAsln Li-vl o) |
MAIY A W 2&E ZAFSHETH L1-H o]E A
=zt 259 A7)E 32Byte, MY WAL Direct
Mapping, Replacement ® % € LRU(Least Recently
Used)& 7H4 33 B8 GE= 9 /4§ 64,128,256,
512,1024%2 w}#7te 2A} st

olst=dx g BE AE ] S} 2560|7 L1-
t]e]Ef FHAl e} 22 AlS e L1-HE AAL &
s, st uid AAAQ L2-AA = 1024 EE dE
g, £29] 377} 64 byteo]l 4-way set asso-
ciative Wl 0.2 F23ty w9} Y olrt FH
3l Aoz ATl L2-AA Y FejE nly A
Agstgot A48 Ao Aol JFe FA gor

il

B 1. Hxjolz =23

program

program | description odde data source command / parameter
transforming | mpegJenc ‘msg[jémf?ﬁ;f mpegZenc testpar outmy
WEG | ‘“’1 f‘?('j —
1g1tta video noegldec| ™8 video mpegddec -1 -
stream

streams testm2v -0l new%d

OlX@ B2 =0l 28t MoIE 718 1093

2 a2 gL 453 W28 7)< SimpleScalar
male] 712 W= 2] 2% bytes(=2048Mbytes) 2 &
dgoem wEa B£9 A7 64K byteso]th
Ml FAlZ L1-¥ 3& 7AiM A7t ¥E 9
BRPTE A143 49} MAE& A8 g2 7
%9 A v LS FAS Aot ® 39 W&
2 89 A &t HolE A AUE F&
e BEo] glod ol ZX & A E1L B

As-og vlg A e 2TE JEE Y

>l\1

o)) AR 277t 39 AAIE AA HZEAA
gE Flomg ddE FA REF Z2TY
jol8 AadEY TIAHEX 9 97 5& A3}
o WS Peold gL viASIEE AT

¥ 2& Ll-tlolg sMA 9 =771 256 dEH I
o sim-brpt2 ¥l ZAE JEpAT A 3
A WA B AT AE27E AYRde] 2¥¢E
BFHole N4E YeERH F oA g vy Fx
H#olo N+E vehith. A&zt AlEE olH
e mEe F= BHo F double worddHE
Fz3e gHole MAE 20 HI3e A= T
FEnZ A4 NA HZ 35E o] FERT I
B Aoz vepdth A WA o) gre v=e F
o FH4E LAste MAE HFE FAAND A
Folt}, & Ll_state’} steady©l A1} L2_state7}
steadyd " & Sjv) gt ojw Ao HAE FA=
A Asd g XY EF] U ATE

9o 0

YA

2. 48 A0 o (BRPT H&, L1-data cache size: 256

entries)
mairix
multiplication meglenc mpegldec
number of
. . W 13989562 8017819
Instructions
number of 8229 3806848 2330099
memory load-3730 load: 36189524 foad: 1422920
reference store:4499 store: 2679024 store: 916179
wumber of 585 RIS 1050142
ediction probe_hit:3191 probe_hit: 26102259 | probe_hit: 1940062
p probe_miss: 394 | probe_miss 8985106 | probe_miss: 10090
LZ-sltnde 194 08 ™
hit
number of
entries of RPT “ il L
cache gont 00219 00%4
miss rate | (w/o pref: 00570) | (w/o pref: 0.0801) | (w/o pref: 0.0275)
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# 3. 7HAl miAaE

matrix
multiplication
BRPT | Basic | BRPT| Baic | BRPT | Basic
64 001741 00605| 0094 | 0.1041] 005701 00588
128 00133 00597 | 0.0729{ 0.0918] 0.0318| 0.0379
256 00111} 005701 00279 | 0.0801] 00188} 0027
512 00095 005%4| 0.0239] 00783 00147 0.0210
1024 000751 0.0534| 00165 | 00313| 0.0024| 00108

cache size! mpeg2enc mpeg2dec

(entries)

cache miss rate

0.12

—&— muitiply -brpt

0.1

0.08

0.08 ’-
004 |

0.02

[

64 128 256 512 1024
cache size

g 8. Al olage|d

probe_hitZ 1% 2] -2 7$-F probe_missZ Ve
Ui At
vl AR o] L2-stride hite B2 Fele] 34
& Zo} L2_strided] #& 2 &3] HAZ 3
1A 3 A2 AE vehdoh o4 wiA 9
RPT(FZA&H)9 a7le FAxdE%] X3
1E 2] o] Ao A% T4 GFE o AF5=
MFE Ju)gitt. & o] AF oM Fzxd
71E T 7t AR AR g
£ Yedl e HAE S AESHA] e 3
n2EE 7 R
FAA el A7} AE w) BRPTE AL&3)
158 Abgaha] B2 A$9 A v

Aolth i 39 H&& 29 89 EA

it

(23

32

i

do A v o W
nqo
N

o > pomorr

=
>

3

a

3

ﬁwwgi‘lﬂrz
{
L

o oM
to o
N

rx f lO
ol ~2

At
st
Zl’?é 8% &3 working seto] & wlw 3 2
F38h7](multiply) 8l 74-¢ 7AA 2} =77} =&
A% dAEA F& HIE 5HE AL F
o & Qi v e 2E® 3T (mpeglenc)
H A1 7F %% 3 working set& & 53}7] A4
S A& AL A EE S8 F2 59
ASE & 4 Uk BRPTE 3-43t=0)

ox o%
—lom

fo

oo

o 30 o ro
N

2 o
e 4o M
«

i

T

2
tifo
S

¥ 8 3} Reference Prediction Tablex 7j Ao} 22
st 4AFY ANE AAFAALG B2 Fx
‘331”01 FH 3 multiplyd] % AMAE FAA =
ARG A& 7|38 78 ste Aol £7434¢
& % % At} ¥l 2 (mpeg2dec)?] A% o WA
vta Z2aYehE BRPTS A7t FEishA et
HAE ggrot A 5971 LS ¥ F ATk
BRPT® 7§A] ulx Z+4 A3E RPTS Hln_b‘}ﬂ
A8 zZzbe] WiAvlz T2 Yo W 4 )&
Abgate] A BlA EAE ATt FAse nga
H@at ek 3 71A C e AN v &L 99§
o A& a3t F3R8HA YEE cache 7]
7} 256 AEHA H$E FAEIE matrix multi-
plication?] RPTY] 7 A] v]2-&0] 0.0167 0] 22 34%
9] 7+A 88 ¥ oET mpeglenc®] A-$- RPTY 7
S A ml2g0] 0.0672F 58%7F A ETH o]E F
EL H&9 74 E mpeglencd A-$ HUES 5
A e B NA 9 write-back Bl &0 0.0036S2
AYHU 22T A Fel & JERIY wY
28 AAEE &9 vtz A 922 dAE 9
cng 85 Hde 288 BRPTVI U S R EES
o 4~ 31} mpeg2dec®] A9 TAE2 0.0001(0.1%)
o 2 BRPTS RPTY H%o] 4L ¢ + 3
At

Cache Miss Reduction Rate= _Crer— Crrer

CRPT
(1

a8 9 WA Z017E 256 /1 AR Fol AY
ARE o2 FT wuE HZ A 54 (2
o olsf] Axtgr AAE HAFh Al e 7Y/
27 1 Atol g ¢l o] Fol Ay mirej( 7] = d12/
i12 FHAD) &= 20 ApolEo] 2o dTh RSP A
Exza Al g olHod A Mrle &9 A o] write
back, write allocate W4 2 A B2 19 2
& A &3tk AN &g AH8-3HA ¢
back_rate(dirty bitE setd3t= Hl8)< multiply 9] 7
£ 0.0236, mpegZenc+= 0.0036, mpeg2dec= 0.014°]
v AAQEES A A o] g Buh 47 He
HES 7HAY 2 Zole mustg.

B w28 ZZ A7HAverage clock per mem-
ory access)

~=

2 7% write_

= penalty of hit +penalty of miss



cycle

multiply mpegenc

mpeg2dec

a8 9. 7 vizal 2 A2t
(GHA) 221 @ 256 AEE)

= hit_rate X hit_time + miss_rate X ({miss_time +
hit_time) + write_back_rate X miss_time)

=(l-miss_rate) X1 + miss_rate X (20+ 1+
write_back_rate X 20) 2)

18 99l A basic A& AHEEHA e A

g Yt

6.8 B

e AL /1A ARa Fxe oo Bt %
A e B o % Aot WA BEL AN
o vlg HASE WEe AN LA S Fo)T HE
vjeio] HlolE o) B e $EEE HolE A
o 452 £ 4 9T BRPTE Qe v o] $-)
A E% A% Uehis B2 Hdle Q45 o2
g

$§ Z2age) 2707k F7hskn Wde) 2707}
F7hshe FANA AL B2E2 ALe FdsE
40 Wee 28 ¥ 9 BRPT7H vl 22) A2 A
de Zolt AW Holm §8 Wil el
o 4 ek,
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