@ninvioa3ANa NIz veNIN AT

FIHNUHAAVHUNS

Tas311958n 15 W U TN T AN IMNLASIAS UL
MPEG-4

o d A d' d' a U (V]
UuiﬂﬁﬂWﬂ!ﬂﬁ@H‘ﬂQﬂﬂ 3 %uﬂﬂszﬁﬂﬂwmam

(Development of Low-Power MPEG-4 Encoder on 3G

Cellular/Mobile Phones)

HAL.AS.G3UNS DARTINA

Tavilszana 2550

: 1M
Y3011 ¥ PO S, '
TTET6AT
YNV LLIU U i cecoooosssssoressselios

§ 5.0 2501

imﬁau,'TJ....I..............-....«....

-------------------------------




sweaunadiunsInssadsemsiannldsunsumdisenaimnuazideayy MPEG-4
(¥ d d'i c; d‘ o ) (v
vulnsiwnimaoungai 3 sHalssndawasnu

(Development of Low-Power MPEG-4 Encoder on 3G Cellular/Mobile Phones)

1. m1m‘h€ftynmzv"‘|mmmﬂmum"?iﬁmﬁ%’a

nndleneufimsgunuisunaInsfnidedos awnszianaTuladaien 14
ﬁmmsﬁyuﬂuﬂszﬁ'qﬂi]qﬁui‘niﬁwﬁmﬁauﬁ"lﬁ’ﬁhmﬁuwum“lu%’imﬂisﬁﬁumﬂﬁu Aa9
g0 Sannmeves Tnsdmiindeudin ldimswann g mneRadifinsihaudae
SEUUDINEDN (Analog) ngunlegiufivhandieszuudinen (Digital) nioyaue 23 (2G),
2.5% (2.56) uazdaliuun Tuezfnlilgdyn 33 GG) Tunadulnds suild Insdwsiindoud
"lu'"lé’ﬁ‘fluuﬁtﬁmqﬂﬂmfﬁ“l‘fs’ﬁm%’unﬁﬁ'amw’hmﬁm;ﬁﬂmtimﬁmxﬁnfu uadsannsald
mydemsdaonmiindudlude  dreldmnsafomsuazinimndilafugaunnlda

;

]
a &R

Y ga A Y o ns:’ @ I A A
g3uU mmiaauwmﬂu"lﬂaumamazmwwsﬂuﬂumuuimﬁwmaﬂa, Waw  HazTzul

o Aad Vo

[ ] o =Y (]
Sarsifudugs Sunalulad MPEG-4 Salof Idamesuazduldamed Idsunnutisuedie

e @

wnsnmelumsiusadeyalumsdomsunuSealnd (Realtime) ifiosdavnruannialy
P=1 o Y d.d - 9 ] 1 td‘d
mmuamagawummmmsnmﬂqwa“lum'iamummmmw”lwmmmmwnmmmn
bandwidth F15amunToe 1 ZaeedaInsansidede udethalsinnidle MPEG-4 wu
¢ o 9 o Y o ol &
RISC Twsesaiwed dadoadnauintaz ldndsnunnuuamessunn RISC WIS 1
YA o a 4 a [ o
ssuumnaRidsuanuiomnnie  ARM  iflesdeiundenudesuazvina@n  [10]
Taummzodisalufiedofitnganulumsdunuisifauaslinansynulasasefunariy
[ ot
M3 lFNUILANDTT
a 3 2 o & 9 a L4 . @ ] =1
Sonutadianuiududowondlud (Optimize) WaIMUAzANNGIVEIAIAR (DU
] 9 9
Teameduazaldaned) MPEG4 duamdisuiu lunmdineriinuiuiiszgaiumsoond
o 4 [ A g o o . { o
luduieanms ldwganuazuazuanusdm3uIa Te MPEG-4 simple profile 1¥i1a1u

YU ARM Tnsiraios

2. Tnquszaenveslasan1side
i mawmumaaaﬂTﬂNmiwmuﬂﬂmnmaamwmﬂauw MPEG-4 ST}
Tmﬁwmﬂaaquw 3 yialszndandanuddldrumsmivayniuilalssunu 2548 Tag
Wandhsia MPEG-4 wuTnsdwsiinfoufiarunsd (Smart Mobile Phones) TS wdaamud

(Low Power)



o a A a au
3. NYHL) TUHNAFIUNIBNTDVIUHINITNNA (Conceptual Framework) ‘lli’)sﬂﬂ‘i»imi’mﬂ

3.1 HANMIVBIIAIGIU MPEG-4 FalorinsHaaoasia (Codec)
o ag a4 o 9 =L} . . . 3
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as5U5ifiumsinaeu'lMi(motion estimation, ME) LazMI¥AI¥umInau 11 i(motion
compensation, MC) Taol#noanmsdnsiamsuatia I (inter-coded frames)
15A1UIN Discrete Cosine Transform coefficients 0% inverse DCT (DCT/IDCT)

N3 quantizationllfl¥ inverse quantization (Q/1Q)
@ v Aa a vy . . .
'miMﬁwumwumﬂauuuﬂaﬂﬂ (Variable-length coefficient coding, VLC)
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- M300ATHA (decoding) MPEG-4 15nBUAIBNIUNEAN D
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inverse quantization (IQ)
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msaamﬁﬁ;ﬂﬁ'n (Shape decoding) A0am31¥d M5y object-based coding [Cavali etal,

2002]

contour
approximation
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ARM922T ¥u1a 8 Alalud lunuidus 1ddendnyr ARM920T wsefiunrvuaiilnand
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3.2.1 ey ARMO20T
ARM920T flumndanilaluaszga ARMITDMT Aifiu microprocessor 714 Tuauia lal s
Uszneudae:

1. ARM9TDMI (core)

2. ARM940T (core 130 cache L@g protection unit)

3. ARM920T 11ag ARM922T (core U cache Loy MMU)

ARMOTDMI Tnswatwosl¥aoilnenssy Harvard 131 stage 199 pipeline Usznoudas

9
Fetch, Decode, Execute, Memory 1ag Write. ARM9TDMI o mwn‘l%’ﬁ‘lu standalone core 1ty
fornnsofiesileldlugunseiidudould Tasmsldidlu standalone core il simple bus

. P o v
interface wmgmumiwaammmwn cache Uf1% memory 14

9 3
3¢ ARMITDMI microprocessor iﬂﬁ‘ﬂﬁ'\i‘lgﬂﬁﬁ'ﬂ 32 bits ARM 4a¢ 16 bit Thumb 1%

3 { a A 4 2]
mensaiden lé e 1daillse@ninmgensession IRafilvinadn

ARM920T Twsisaiwes daaiilasnssn Harvard cache 90529191 multiprogramer
application #i% memory management, UszdnEnmgs uazldmdsautos Imsuen instruction
cache 1A data cache V1A 16 KB il line 4% 8 word ARM920T 5319 enhanced ARM
architecture v4 MMU #i1m3$amsmsas9aeudnglums access (g translation d13

A1UHU4 instruction 1A data



3.2.2 Block diagram vosandummhaveddnsisaves

51/ 2 @A Block diagram ¥@3ilanFunIssiauves ARM920T Insivaizses
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External ;
coprocassar Inswczlmn Insﬁcgun IPA[31:0]
interface cache
IMVA[:H:O]'
R13
ID[31:0]
IVA[34:0] }
—
e Trace ARMITDMI AMBA | ASB
= interface p=b- Processar core Gﬂ bus [l
= port {Integral EmbeddedICE) interface
o
DVAI1:0] DD[31:0] | wie ||
y buffer
[
DMVA[31:0] DPA[31:0]
JTAG
Data Data Wirite back
cache MMU PATAG RAM | WBPA[31:0]
I DINDEX[5:0) t
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-Mn?ﬂwﬂaaﬁﬂmsﬁﬂaﬂmmi‘iﬁﬁ'@uaz%ga (Instruction and data Memory
Management Units)
Swlos Aoumsuavivioanud1 (Write buffer)
-AMBA™ (Advariced Microprocessor Bus Architecture) ST 51\!1@6{ e
Salumsdedoyaunzirdanina 32 i

~Embedded Trace Macrocell (ETM) Suinasila

3.2.3 ARM920T Macrocell
4 a
ARM920T Macrocell agunugiuaailaonssy ARMITDMI Harvard Tavfililila
F4
wunardy: flad (fetch), AlAR (decode), Uszurawa (execute), 1ldnuosANUH
(memory access) uaz@ousimaod (write register back) Lef ﬂﬂﬁ'ﬂg 17 3.
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3.2.4 UNATUDI ARMI920T
3 o o ¥ 3 a a d
Hunrveshiduasvesdeyataaesiiving 16 ilalud Huuasieas 8 word uazitu 64-
way set associative [5] 343 8 Segments uagifadoyavuia 32 Tadeynuay 11l ARMITDMI
woziivaz allocate doyavunnmifosiulinelunny uazdaldulone Write thought naz
Non-allocate (amsdoudoyaudarlimeluuny (Write miss) daumsidoudoyaililuuay

(Write hit) 9319 Write back



3 Meadifled Virtual Address

TAG Seg | Word |Byle
1
=L 1A [Doccdar
r [ S
[ [
01‘ SEG 0
0
TAG wol [ T T [ T Jwz
Cache linafindox CAM RAM
2KB RAM = 64 linas x 8 words H
63Y¥ ]
32 L
0 )
SEG 0 select
RDATA[31:0)
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3.3 Samseondlusduiienamsuilnandanuues Encoder U ARM920T

Tassnufidemsin . seuuonun  awetidhlszAniamiiqe  (Optimal
Performance) Muldiouly (Constraints) AeFuanmssunmanndes 1nld butfer udarh
mamlasnn RGB dlu YUV udadedelidd Encoder irmsfivdatoyauddedoyn’y
comunication mmfu comunication 32AANBAL GPRS/EDGE ¥30 Bluetooth Tﬂ&l‘ﬁ‘ﬂzﬁﬂmi
w5 Tnandsnuninmswmsuiimsaamsidh luiesanusidiemsdiudgemaianuves
cache Tavl¥nmszduge

galszasaaemsanmsdmdanu (ow powen Tasmaaamslfamibioanud
(Memory Usage) aiiuian snounslumssdeudeyn uaz Ynadeyaiild Juszuy
PnMIRnEIMITIAEIfUIEIUMIIen WS (Memory  System)  uazszuuvaes iy
WHINULIN (35N D14 50-80%) [Palkovic et al., 2002] sohiiteendluditoaandsnuiinld
%xaja"lﬂmsam‘hmumsé’wmhammﬁﬂﬂaﬁmﬂwﬁ"lmm%’uiummizﬁnqa

3.3.1 luaafidauaznasu(Power/Energy Model)

Juszuuadiidoauenatids madhldmieanuinsfundsnuds 50 - 80 %

b4 ]
yoananye msdszidundsnui ¥ lldequaadluaums (1) uag 2):

p, =k, » HIransfers &)
Second
E,, = f(#words, #bits) )

[ { 1 a -3 { ] A U é -4 as
T P, dlunfsouilidenny uoz E, dundanuilddeniiamsdedoyadaiuiu
yweda quydguvousde E, dusadugamadildmbennud uaskaveandsn
fMdrzilsfunssdumsdadoya

’ ET

otal

oc #Transfers 3)
3.3.2 Sano3mluoonahusfuionamslingaa
nsfimsFoudeyaudaliwoluuny (Write miss) TuTwsiwaiwes ARMO20T 14
ulou1e Write thought (iag Non-allocate doumsSoudeyaiitiluuny (Write hio lu
Tnasawosniozl¥ Write back uazidouly Write back triiles Fanesiulusenf lui
494151 minimizing buffer UAY read before write auNsaaaiIumMadhldniwanuilag
ﬂ%"uﬂqatﬂﬁauuﬂaﬂﬂmﬂimﬁaﬂisTWﬁ@immmmnﬁu Tnowafiooninaeiidmuau Cache

& g 1 ° 4
miss ovnsteidoanmamsaimsldmireanuirlu ARM luTns Twswares



3.32.1 35 Minimizing Buffer Allocationlumswaun C+ uussuulfiamss
udiew lu subroutine vefivesafildiWimes lumnfunanteuluseniemsdan 1ofl
@ LY 4 Y 1 '
dunaqiinieswiniies allocate UV local U&2 assign(written) Aoz 1U1F (read)
3/ o Ay § 9 o 1 ' o
MYYANA19N4 (deallocate) 1{J® subroutine gﬂﬁaﬂmam AWNHUINUIBAIINDTVLEN allocate

o v oA 1w 1 3 A o o o Y PP o w
Tudumisiuandaduluudazass Fneilgmnanlumsiamsfuunsdeyailivuasita
E4
a. o 4 o
veus lumsudiigmil Taemsdszmaivivesdoyaiiu Attribute ¥9 class vhldaunse
a

] F4 v ] F4 v
dhalalilngiu Taowafi ldonfitilesdoya allocate ASuRvdr 19 TuBnSounTuna

1# cache miss anasfalugalfi s

void Cdecoder::ConstructL()
{
int32_t roundtabl[16]=
{0,0,0,1,1,1,1,1,1,1,1,1,1,1,2,2 };
L

}
void Cdecoder::decoder_mbinter(DECODER * dec, ...)
{

int16_t *block,*data;

block = new int16_t[6*64];

data = new int16_t[6*64];

uint32_t stride = dec->edged_width;

uint32 t stride2 = stride >>1;

[ ]

}
void Cdecoder::decoder_mbintra(DECODER * dec, ...)

{
int16_t *block,*data;
block = new int16_t[6*64];
data = new int16_t[6*64];
uint32_t stride = dec->edged_width;
uint32_t stride2 = stride / 2;
[ ]
[ ]
}

@
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void Cdecoder::ConstructL()
{
block = new int16_t[6*64];
data = new int16_t[6*64];
int32_t roundtabl[16]=
{0,0,0,1,1,1,1,1,1,1,1,1,1,1,2,2 };
[ ]
L}
}
void Cdecoder::decoder_mbinter(DECODER * dec, ...)
{
uint32_t stride = dec->edged_width;
uint32_t stride2 = stride >>1;
[ ]
[ ]
}
void Cdecoder::decoder_mbintra(DECODER * dec, .. )
{
uint32_t stride = dec->edged_width;
uint32_t stride2 = stride / 2;
[ ]
[
}
(b)

5l 5 T8A C++ 499 XviD MPEG-4 37 Tod Idamesuuduiden (2) nouuas (b) ndsl435

Minimizing Buffer Allocation

9
WAt Hesh TiMesidh legluuny udihluasilasnssuves ARM wzlinnuansai

lock down Feyaluuay uaiunndmiumsdouTdsunsuuu cio++Iiiilszd@niam

3322 3% Read before Write ismudiililes A1y temp vzgnidou @oyalu
sgniumsnon asasnuazezgnemerteyaliidie lumsdoudeyaaddimesiiiu
MAUBINT write miss 3uToUasMLIoANUINAY (write thought) AeanvziSenliteya
Tufiileddnioy inuluuny (ead miss) IRdnuaizuuuiiEuTdad Liflszdntnmlu
M35 Inandenufonouusn@oud lins luunwdeuaz 14 luwuvuuasi lfifans data
cache miss TednsaazRamsEh s mizenus A v
s1isaemandhoaeinsSunsufisuiimesite ld e s Wedluuadeyaneu
o sotusanvesmadhldmizsanuinzanauniouiinundnuiesauaasly

silfi 6
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//Load block to Dcache
int count;
for(count=0;count<6*64;count++)
{ tempdata+ = block[count];
tempdata+ = data[count]; }
if (dec->quant_type ==0)
{ for(i=0;i<6;i++)
{ if (cbp & (1 << (5-1))) /l coded
{Mem::Fill(&blocki * 64], 64 * sizeof(int16_t), 0);

else
{ for (i=0;i<6; i++)
{ if (cbp & (1 << (5- 1)) // coded
{Mem::Fill(&blockli * 64], 64 * sizeof(int16_t), 0);

}

51t 6 dauTAanin MPEG-4 37 Tof 1RninesNoevd1ud Tat3s read before write

3.3.2.3 3% Cache-Conscious Motion Estimation Pattern: Algorithms Tuns Encoding
o2 ¥ mdsr1uanlunis91 motion estimation (ME) usiluna1e35ns fast ME algorithm 37
Tanmsdanuazmadhldmissanusiadly @amsldmdsan) udr edlsimuving
cache 1g cache replacement policy vzimansznuAemIanmsswInmazmsdly
niwanuiiagly F0Te Encoder Tavdnannozidhld ME awuwinadnnuuass Asgll
7(@) TuM39 motion estimation MB fiegua1lnaoadumudl pixel dountuilosdionn
7319904 frame ANTUDE cache replacement policy ¥4 ARMO20T fitilu FIFO

g pattern Maifinaaslug 7(v) fio ME sz5ua1n MB dholilunuazuiasaod

o \J é [ N 4 J
19 column fey Fev1i pixel 409 reference frame T data cache gniFunAudeugnla
=y 1

[} a 4 o 3 a y
ponly Taosludoseondlud cache replacement policy #aiUIT1FTonITHI1 Cache-

Conscious Motion Estimation Pattern
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V]
V]
V]

VJ?
i
i

(@ (b)

it 7 &rdumsd 19 MBs lun1391 motion estimation (a) JUuUAY (b) FAlvTwi

1&NNISHUG Pattern Y99 Cache-Conscious Motion Estimation Pattern

S Tofis 119 lunmsnaasafie QCIF Juu1a 176 * 144 Pixels Andlu 11 * 9 MB Tay
MB §11710 16 * 16 Pixels 15114 pattern 151 4-4-3 1 Motion Estimation i3unadulisnein 4
MB nodu a3 4 MB tiazasdutifiie 3 MB mqwai 19 pattern &1 13A8N13911 motion
matching MB Aon1s 1Uv1 MB 1alu reference frame TndReasy MB U current frame %114
a g A 4 ' o/ o/
A 4 A3 V3o 4 MB Falimsindeulniegluveuwalenaniall 4 MB nTosll 64 Pixels
s @ o dM A v = ' Yy A M LA
dmsuuuInsswidetonar ldaueziiunmialennmsdwaninndesilode Fdod

& A o dM A Y
youwavnilnsouaqumsindeu waveanmnnInsawnilede Inssaiuaniiaonssy
{ 2 '
499 Data Cache Tu ARM920T 91l 8 segments Tunita segment 11 64 line 1 line a2 8 word
& )

W30 32Bytes 1#vi1ia MB 1781 load 84 Data Cache 92A9LA segment 0 B9 segment 7 1% segment

dz 1 line Avlugah 8

- 11 MBs-

v

P
< MB0 N / MBl4 - MB15 - .
‘ MB1 - 5 - ; B
[~ ——— " .-U‘ Q& T - T
SN & - Lo
8 of . .
1. - >
MB15 j_ : / MB2 | MB3
|16 Pixels—| . . ’
Qcif Frame » - - Meo I MB1 -

—64 Lines——————»

. Segment 0

Data Cache 16 KB

51 8 uansdoya MB fignifiueglu Data Cache Y93 ARM920T
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4
7Y

@217u 11 Motion matching ﬁﬁl‘ff 11 XviD MPEG-4 video encoder fis PMVfast luneou
usneshmsinnentsinden'lnanin MB seufaudinmiuiinmg search 411 diamond ¥
117 search 4 ﬂ%ﬂﬁ’méﬁﬁ MB U reference frame 13 MB 1@ current frame 1 MB 5919 1
Motion matching 8719 14 MB M5 ﬁv‘h motion estimation uuugﬂ 7(a) “V:i‘ﬁ’l motion matching Tl
11 MB MU0 UADI819 11 * 14 MB 111y 154 MB udanduunvi luunadeudeya
reference frame 1911114715911 motion matching inveq1u Data Cache 91381 THLDIAOU
wihil a¢ Tnodoyadu load i laimufioghaurinen 15714 pattem 4-4-3 ¥1 motion matching
'la] 4 MB ims813 4 * 14 W1y 56 MB #1911/ 56 line lunsias segment ionduumi

1 < [V 1 o {
motion matching 118268 l1/{03ya MB 84 reference frame A9z 63011 Data Cache Hagil#i 9

44— 1T MBs——

S 7777

R s sasaes A
e Ry

I

o{?«b‘&» &S
85

A RIS LR
G
e

-4————S5gdN 6

-¢——56 Line:

4——4MBs——»4——4 MBs———p4—3 MBs—p

Data Cache 16 KB

H i 1 4 0 . . 9
511 9 uansdoyafioglu Data Cache (18111 Motion matching MB 12 4 MB
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4. MINAAUATHANMINATDY

4.1 33mMsnaanq

D.

A =] a a A ad Y
ouaasialsz@ninmisuae JU7 10 uaadsmInaass 15192 1% simple-profile

]
a o

simple-level MPEG-4 3 1o Codec 483 XviD fihmsuilasIfa luhanuuussuudfianmsd
2 a
uilou 19 ARM neoulwaes (ARMepp) Fefinnuansaosnd lud ldgedeli Idavuadn

v
uazfimwdidudulunseawd ludaauis Opto, Optl wag Opt2

MPEG-4 Codec
Source code v

(cpp) Compile Optimization
By ARMcpp Level
Parameters

Interpret
By Analize.exe
A

ARM Model
Parameters

Simulate
By ARMulator

Trace File Video standard
(armul.trc) Sequences (Qcif)

Result

v b
5UM 10 ueAiuABUMINANDIVBT
1Y - o o o &
ndwinaen Ind@Seld Binary TWdudnirludraesmsdieulas ARMulator &9
aunsadaesmaiiaunaeneifuvesaniilaenssy ARM instruction set 913130y
fnoudygnandm, madldmiennudt was memsalfiey Py unydoyauie

YARAS, write back stall) 1571 ARMulator $10090159 0B ARM920T Tagaitivine
floating-point
Tun15$1a09M1591 191U MPEG-4 video codec 1511%@09 QCIF 3dloluminaanal]
Foreman (8¢ News IaoTusa#i 15 mlsureIufluas 24 dladadeTndl es 10 W Temlsy
4 :
(Mia Tuazif P msw) fid TRames
[ o 9 =) v o
n&1nM3 910099218 trace 1Wdfe armultre Tnsmeludlseneudiomgmsalves
Tnsawesmugumadhldmiwanus, mslinedeyalunnsuazdoyafiferdos 5oz
] EY ] v
uadoya trace MalaeldTusunsdimneiiisiauniufe Analizeexe riooyan
e o Y q9 ' ° ¢ o s o ddl Y a o
Arfumsdhldmieanudunzmgmsaififorduuay wadwin ldninmsinszlag

b4
Analize.exe %z“l@’fﬁmqumsé'nwmm'mJ§1ﬁ\umumsemuazmiﬁmu IUIUNITINA Data
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o a L] v f
Cache Misses 11ag §1423UM3IAA Instruction Cache Misses uaztinefoyamarii luanady
919 LaEM3Ne (3192 3NN ARBIVBY MPEG-4 video codec IDUUAZNAININARDULAA

Tudauvewansnaass Tugld 11 ueaauedIuvos amul.tre

Date: Sat May 07 18:47:11 2005
Source: Armul

Options: Trace Events

E 00008000 00000000 10005

BSR40___ A0000000 00000C1E

E 00008000 00000000 10002

BSR80O___ 00008018 E240B001 E242C001

IT 00008000 28f8090 ADD r8,pc,#0x90 ;.#0x8098
IT 00008004 ¢898000f LDMIA 18, {r0-r3}
BNR4O___ A0000000 00000C1E

BNR8O__ 00008098 00007804 00007828
BSR8O___ 00008080 10844009 E3C44003

BSR8O___ 00008088 E2555004 24847004

51 11 uaasiediedoyaly “armultre?

] a, ] o Lol 4
ae lilis1ezuaasiimaudadoyamsidhldnianudwazmgmseiaie 1u trace 1na
. v A4 9 g = Y qYw 1 o
1) Memory Bus Trace (Bline): U33NANITUAUAY B gaanem s et aveamuisnnui
9y
Tagelgtuuudadi [12]

B<type><rw><size>[O][L][S] <address> <data>

T
<type> UAAIDNTTIAVOITYYIUUIAM
S sequential
N nonsequential
=2 T & s
<rw> UEASDNNITOUHTONT WU
R 115974 (Read)

W M51UeU (Write)
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dulnmomanai nizsoundIMAnIzR

<size> aastsva lumsish lsdaniasanud
4 word (32 1#)
2 halfword (16 ﬁﬁ)
1 lud 81a)
0o Opcode fetch (instruction fetch)
L 710 locked access (SWR instruction)
S fio speculative instruction fetch.
<address> 920¢ TUgUUVVI@YFIM 16 AI0E11TU 00008008
<data> %LLﬁﬂﬂmllf::

A191NMTBIUNTBIVEU 13U EB00000C

2) Events Trace (E lines): jUuunveussiamamsal (E) Whudsil [12];

E <word1> <word2> <event_number>

A106191%U E 00000048 00000000 10001

Taw

<word 1> @iy word UBAIYUAT PC

<word2> taauiiu word VensuAMISTIAA event

<event_number> ADANAYVYDUMANITA AIDHIUTU 0x10001 fio MMUEvent DLineFetch Tny

v '
mamssinamuazesuielua1sen |

M3191 1 mgMIsinAYA1991a3599 16910 ARMulator

Event name Word 1 Word 2 Event

(MMUEvent ) number

DLineFetch Miss address Victim address 0x10001

[LineFetch Miss address Victim address 0x10002

{ 7o ° o
U 2 namailanFumsiiauves ARM920T [5] Tas ARMulator #3293U403a910 trace
interface port ugnimualdasrndumadhlfiavemissanuilumsemuazi@ousin

AMBA 32-bit bus interface port

81641



Yemananeamsiiindszans mwdunsaansliudaa
pond ludauLufiuand1aiufio Opto, Opt2, Opto+OptPW LAz Opt2+OpPW Tad
OptPW #oemsoendludndanuaesisisnauelluunil 3.2 511daed3dTe Foreman
11ag News 914U 10 frame (1 I-frame L@z 9 P-frames) Tae14v11715 Encode ﬁ 15 fps ﬁ 24 bps
i519zlsEAnEnmyeiimsoond lusFunsenuOptew) yousmndalananii:
mslimudoyaluuny (cache miss), Myhldiaveaniiaon1ud (memory/bus access), 1381

TUn159H197U (execution time) HAZHIUIUNTINIUNAAAY
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4.2 wamsnaadlumsisszans mudumsaandsnusulianes (Encoder)
519U EAnEn MU it msoond I FUNAIIU(OptPW) vous1ndalananil:
' 1%} . o ' o

ms“luwmaga‘luumf (cache miss), myinldirvesnulsnnus {memory/bus access), 1381

. ) ] . o ' . o 2
Tun159197U (execution time) HazS1uIUNFINUAanas Tasnanisnaasad Ia 1anadnail:

] Y . o 1 as
1) m3liwudeyaluuny (cache miss): Tudulfawesduannizdiumsivdanin uazms

[-] o/ 4 & ['] 1 "3 3 1 [-] 1
AunamsFawemsndou nuFudumsdnoadiumn  daiumadnlduiisanusiaiu

YAf1d4 (instruction) 3713 Inandsnumnndidiugadoya (data)

9

2.00E+05 —#inst-Cache-Miss-ofForeman

1.80E+05 {--------8 s WSO
§ 1.60E+08 -----momoommmemmmommnennnneeeoceec) -#Data-Cache-Miss of Foreman--
2 TAOEH05 o S o R i
2 1.20E+05 ata Cache Miss of News ™
§ £ J010] =50 1< SSUURURURUUUUUOUUSSSUU, WSS
e T LU= "
g 6004 Caaha Miss of News. TN\
E 4.00BH04 omorr i S e -
€ 2.00E+04 -ooerosseresronaenm e

0.00E+00 T . .

Opt0 OptPW + Opt2 OptPW +
Opt0 Opt2
optimization

it 12 Sauvesms linudeyaluunydmsuynmseend ludveuduTdniaed (24

Aladndedund, 15 Myuaedundl, 10 38 Teulsudedui)

o { -] ° ] o o @ '
Falugtii 12 uaasfaluduldamed suaumshinumidluinrdidusezinnlu opo ud
a o q¥ o & @ ad o o ac Y 1
msoowd luwduldunrpdmdahnuddulinsdennumnunnnerasds wasgnlyedi
. 1 12 = o (Y] & Y aq 4
nnnely compiler 199 ua3Ensoond luwdundanuvoustit idiouelyly Wuisiee
s :
Ysudgamshnuveansvosdoyaldfitu FFnseend luduisnuveustilszdnamly
o H 3/ 1 a 1 P 9 1A T g
msansums linuteyaluunrdoyn s op2 edruferanlduddisams linudeya
o & o & o o9 ¥ Yy < ¥
s duinrgaidaunzaunsaaaiums linudeyalunardeya’ldios  jililuaasld

q4

1 a, a a 3 { o & a o
Fuidsmsveusifdszansmmwitaiunsddauazuaydoyall 16 Alaludlu ARM 920T
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2) M3 ldmenus: a3 2 uaasdwanvesmad ldmiisanud $Sruaumsn 1
I 1
ﬂmﬂmma‘hﬁwmﬁ'Jnnumni'hmumsmu%y,a"luumsﬁﬁq, i‘imaumsmwffaga'luuﬂsn
k1 o a 9 ¥ o o A o 1 At Py
Joya uazdmaumsdoudoyanshunsdoyadmivasialonaden 1nITNMsosnd
E v
ludvpusrannsaandiauanmadhldnieanudidfeimseuasBoudeya  udeziiny
1 o Q'I 4 =) 1 A 1 4 7] ['] 1] Q 3
msemgamidunnTuiiavey Fefuandlefsnfudimaunsdiimisanudwionun

A od
ARV WNNIHU

msad 2 suazyiavesmshldmizeanuiwenmseend lusduveudulde-

w3 (15 sudoduf, 1038 Temsan)

Video Type Opt0 OptPW+ Opt2 OptPW+
Opt0 Opt2

Foreman Inst mem Read 1,465,461 1,537,685 326,756 335,052
Data mem Read

1,176,691 984,378 1,176,723 1,009,866
Data mem Write

2,917,379 2,770,846 2,923,459 2,784,276

Total mem Access

5,559,531 5,292,909 4,426,938 4,129,194

News Inst mem Read 490,949 516,623 142,852 154,463
Data mem Read

1,090,907 968,382 1,090,476 971,573
Data mem Write

2,905,996 2,787,725 2,912,728 2,790,617

Total mem Access

4,487,852 4,272,730 4,146,056 3,916,653

A o Y qY 1 o o a & o o ey
E‘lh’l 13 llﬁﬂ\‘lﬂ’lu’Juﬂ’]ilell11‘1fﬁu'3ﬂﬂ'ﬂu%']‘w\TﬁMﬂ‘u@\TV!ﬂﬂ’liﬂ@Wﬂlluqfﬁ'lﬁﬁUﬂUQ’JﬂIﬂ

4 S 1 aa a o = a a 9 Y q¥
nageu  ingUfisneriuhitmseond ludvousfivsedninmlumsaninoumadnls

' o A q9w o o q 9 Y A ' o a
HUIYAITU 11631M01‘Hﬂ‘1j opt2 ﬂ\iw'lﬁlﬂﬁﬂﬂ’]ﬁl‘U’lﬂQﬂu'Jﬂﬂ'nuﬂ']aqvlﬂﬂﬂ
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3.00E+06 T T r
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Opt0 Opt2
optimization

1 13 Suvesmadhldmihennuiweanmsoond ludveudu Thames (15 maude

18, 10 30 Tervlsw)

o . . { i 1 & o ]

3) 1AM IHU (Execution Time): 317 14 ugasnaunfodoniuvsulumsduldaveud
1 A = o o =1 == v o 9t o I'd 1 9o 9
#33mseend lud minmsdunasziiuitusunduihnuldaruaeulmass 1uldvld

E) 4? 1 ]
Fmunniuudedels

0.45
) S N
-1 S N
[ N

e N N

1 A N i SRR

015 12 1ttt ittt et Néw'g """""""
0.1 dmmmmemmmemmeemee et et e

T T

Time per Frame(sec)

Opt0 OptPW + Opt0 Opt2 OptPW + Opt2

optimization

U 14 nalumshaudemsudmsunnmseend ludveudulfnnes 24fTadade

Fu19, 15M5uaeU, 10790 Toisw)

s & o P ° s d &
4) lﬂﬂil‘]ﬁuﬂﬂ'liﬁﬂﬂﬁﬂxﬂu (Reduced Energy Percentage): A1NFUNITN 3 Li'lﬂ'lu’Jmlllﬂil‘]fu@l

@ a v a { 1 { =1 1_a. a 4
msyaandeenInodsveusiuds opto waildedlugd sxftudiiEmseond luduoun
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<] o : ) a a
anunsnan’ld 4.75 nlesduduesmsldwdeny uazileldiu opt2 iivaalduds 12.70 B

25.72 fiagal 15

30
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Opt0 OptPW + Opt0 Opt2 OptPW + Opt2

optimization

1 a o a =] 4
g1 15 wefiudmsannsuTaandsavemnmavond ludveuduTdames (15 msy

=

ao3u1f, 10 38 Tarlsw)
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AT Idvhmsiiudse@nEnwues MPEG-4 Video encoder UMszLl§iians®
uifiou (Symbian OS) Faimsutas source code 11910 XviD MPEG-4 Video Codec 1191911
vuszuudfifmsdudion Taoud@du XviD MPEG-4 Video encoder vhamuuufiaaadiy
Open Source 484 XviD {lgyn 1981 MPEG-4 Video Codec fivinuun Insdnvinfoufinonils

o

a sala o ™ dde v o o
NIWﬂclffﬂ“lfﬂi'VnJﬂ'J'l3J'§T1311591uﬂ15ﬂ533]'3ﬁwﬁﬂ'lllﬁ:ﬂll‘u@m@i‘ﬂ%'mﬂ ANUULITIENING

LA =1 0 [ ° Can A
Fudseansamanusilumsiauuazaamsldndsnulumsian  TasldiauedToiy

a a ¢§ ° . a wa a ar 1 ¥
sz @niawdaiuuf 1y MPEG-4 Video Codec tuszulfiamsFudisudasie 11/

A' a a Y Y o
mstiindszaninmauaanslindany
- Cache-Conscious Motion Estimation Pattern: cache replacement policy 2]

1 o Y q9 [} o aa
wansznudomIaamssnuasmad ldvienaudiasly 38 Te Encoder Tny
gauunegdn 19 ME auiuiue191nuuaaie 4331 7(a) Tumsvii motion estimation
MB fioguanlnae1afaunuii pixel Aouniuilosdasnnunieves frame finhauas
cache replacement policy U84 ARM920T udlu FIFO uae pattern Tnaifiue m"lu;s, 1l

A ' 1o ' & o
7(b) #® ME 1251910 MB $1e'lynuazuuasaiausiiniy column dew e ld
} 4

pixel Y04 reference frame 14 data cache gn“l%’umﬁuﬂaugn'laaaﬂ"lﬂ Taas1 lidoq
DOWA LU cache replacement policy

- Minimizing Buffer Allocation Tumsfiau C++ uuszuul fuiamsdiudon |

1 { o =] 1 1 o {
1 subroutine 9zitosq A 19T ies lumsfunaneuluszniemsfiusm 11nd
9
Funagiivimoswaniieg allocate 1111 local &3 assign(written) fios9zt011 11/ 19
14 1
(read) T0gAY1107 (deallocate) (38 subroutine YRITHNTIINL AN
) o ° ) ldl ) .Y r :II é A ld'
lawanui1azgn allocate Tudumisiuandaiulunddzads Fsneilamiietnlu
mssamsfuunydoyanlivinadiia
i3
o ¢ . o
Srveuslumsuddlymil Tnsmsvszmeiviosdoyadiu Attribute ve4 class ¥l
] 1Y ] v } 4

aunsadha Tnlfinadu Taewad Idnniitvvesdoya allocate AfuRsauda19:du
a A4 d o . ‘
ammamﬂuwa‘lﬁ cache miss A9A3

- Read before Write smuilirlesnldidiu temp vzgnilou @oyalu

1 0. S ' y 9 1 a oy

szudumsdivan)  asusauazezgaenuedoyaldlade  lumsd@oudeya
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Low Energy Optimization for MPEG-4 Video
Encoder on ARM-based Mobile Phones

P. Pakdeepaiboonpol and S. Kittitornkun
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Thailand 10520

Abstract— Most compiler optimization techniques concern
most about speed. In this paper, we present three high-level
power/energy optimization methods for ARM-based battery-
powered embedded multimedia systems, e.g. mobile phones,
pocket PCs, personal multimedia systems, etc. The experiments
using MPEG-4 simple profile level 0 (SP@L0) video encoder
on ARM920T with two QCIF video sequences 15 fps, 24 kbps
show that the proposed techniques can complement the
existing speed-oriented ones to achieve lower energy/power
consumption up to 5.7% relative to all ARM C++ optimization
levels despite the 16-KB instruction and 16-KB data caches of
ARM 920T core.

Index Terms—Low Power, Power Optimization, Video
Coding, ARM, Cache

[. INTRODUCTION

Real time MPEG-4 video applications have become
commonplace for mobile smart phones, PDAs and personal
muitimedia systems. However, an MPEG-4 software video
encoder on low-power RISC processors still requires
significant amount of computational as well as battery
power. The most popular RISC processor in these portable
systems is ARM because of its low power consumption and
smaller size [10]. Especially in mobile smart phones, the
amount of processing power available is limited and has
direct impact on the battery life.

Therefore, power/energy optimization of MPEG-4 encoder
is an essential task for achieving effective low power
consumption. However, most commercial compiler
optimization techniques concern most about speed. This
paper describes two simple yet effective energy
optimization techniques for MPEG-4 simple profile video
encoder on ARM920T processor.

The paper is organized as follows. Section 2 reviews some
important low power optimization methods at high-level
programming language. Later, our proposed methods are
described in section 3. Extensive experimental results on
commercial ARM simulator, ARMulator V.1.2, are
illustrated and discussed in section 4. Finally, the paper is
concluded and future works are suggested in section 5.

I1.LITERATURE REVIEW

A. Low Power Optimization

Advanced multimedia systems and applications
intrinsically have a high memory cost, making the design of

high performance, low-power solutions a real challenge. [1]
present high level optimization algorithm of video decoder
on embedded cores. These approaches are proposed for
optimizing data storage and transfer organization. They
selected two target architectures: ARM7 RISC processor
core and custom standard cell designs. Their approaches can
reduce both clock cycles and instruction memory accesses,
however, have little effects on ARM processor with big
caches (e.g. ARM920T). Reference [4] and [9] advocate a
methodology and tool that involve high-level platform
independent optimizations called DTSE (Data Transfer and
Storage Exploration). It is applied to an MPEG-4 video
decoder, leading to high performance, reusable C code. But
they did the experiments on PC platform. This may not
work well on ARM processors.

B. ARM9 Architecture

ARMY architecture is targeted at low-power 32 bit RISC
processor for battery-powered smart phones and PDAs. To
maximize instruction throughput, the integer pipeline
consists of five stages: fetch, decode, execute, memory
access and write register back. We picked the ARM920T
because it is used in many mobile smart phones such as
Nokia phones with Symbian Series 60 user interface. The
ARM920T is a processor macrocell combining an
ARMOTDMI™ processor core with:

« 16KB instruction and 16KB data caches

« Instruction and data Memory Management Units
(MMUs)

» Write buffer :

« An AMBA™ (Advanced Microprocessor
Architecture) bus interface

» 32bit data and instruction bus transferred.

+ An Embedded Trace Macrocell (ETM) interface.
Both instruction and data caches are 64-way set associative

(5]

Bus

I1I. PROPOSED OPTIMIZATION TECHNIQUES

Based on the well established power/energy model [4], our
proposed methods are focused on reducing the number of
memory/bus accesses at high-level language optimization.

A. Power/Energy Model

In embedded multimedia systems, it is confirmed that
memory and bus accesses consume most of the energy
between 50% and 80% [6] A simple estimation of the power
consumption is shown in Eq. (1) and (2) [4]:

4 #Transfers 1)

P =
T Second



E,=f (#words,#bits) )

where P, is the amount of energy consumed per second
and E, is the amount of energy due to transferred data

depending on the word size in bits. We assume that E, is

constant for each memory/bus transfer. As a result, the
energy consumed through out the execution is proportional
to the number of transfers occurred. ‘

Epm < #Transfers  (3)

B. Proposed Optimization Methods

On cache write misses, ARM 920T processor uses write
through and non-allocate policies. On cache write hits, the
processor uses write back with a write back buffer. In
addition, cache replacement policy of ARM920T is either
FIFO or random.

Our proposed optimization algorithms, namely cache-
conscious motion estimation pattern, minimizing buffer
allocation and read before write methods, can reduce the
number of memory/bus accesses by changing the program
behavior to utilize caches more. This will result in less
cache miss events that will eventually decrease memory/bus
events on ARM microprocessors.

1) Cache-Conscious Motion Estimation Pattern: All
video encoding algorithms spend most of the computing
power on motion estimation (ME). Several fast ME
algorithms have been proposed to save the number of
computations and memory accesses, hence the amount of
energy. However, cache size and cache replacement policy
depend on the processor implementation. Most video
encoder performs ME row by row from top to bottom just
like Fig. 1(a). ME in the far right macroblocks may replace
previous pixels in the data cache because the frame width is
large and ARM920T*s cache replacement policy is FIFO.

With the new pattern as shown in Eig. 1(b), ME starts
from left to right MB and top to bottom but column by
column. Reference frame pixels in the data cache are reused
more and replaced less due to nonoptimal cache
replacement policy. Therefore, we call it Cache-Conscious
Motion Estimation Pattern.

A(>
=
= 2

LU
L
L

(@) (b)
Fig. 1 Sequence of MBs access for motion estimation.
(a) Original pattern (b) New pattern

2) Minimizing Buffer Allocation Method [14]: In Ct+
implementations on Symbian operating system, some
frequently called class methods (subroutines) utilize a
number data buffers for temporary storage of intermediate
results. We can observe that most of these buffers are
locally allocated, assigned (written), accessed (read) and

finally deallocated. Whenever the subroutine is called,
different memory locations can be allocated to. This can
make the problem even worse due to the fact data cache size
is limited.

We propose a solution to this problem by declaring data
buffers as class attributes accessible at a larger scope. As a
result, these data buffers are allocated once and reused again
and again causing less data cache misses as shown in Fig. 2

Void Cencoder::ConstructL(}
{ mbtrans = new Cmbtransquant();
mbtrans->ConstructL();
motion_comp = new Cmotion_comp();
motion_comp->ConstructL();
L]

}

int Cencoder::FrameCodeP(Encoder * pEnc,, ...)
{ float fSigma;
int16_t *dct_codes,*qcoeff;
det_codes = new int16_t[6*64];
qcoeff = new int16_t[6*64];
L]
L]

}

Cencoder::FrameCodel(Encoder * pEnc, ...)

{ int16_t *dct_codes,*qcoeff;
dct_codes = new int16_t[6*64];
qeoeff = new int16_t[6*64];
uintl6_tx,y;
pEnc->iFrameNum = 0;
pEnc->mbParam.m_rounding_type = 1;

L]

}

@
Void Cencoder::ConstructL()
{ mbtrans = new Cmbtransquant();
mbtrans->ConstructL();
motion_comp = new Cmotion_comp();
motion_comp->ConstructL();
det_codes = new int16_t[6*64];
qcoeff=new int16_t[6*64];
.

}

int Cencoder::FrameCodeP(Encoder * pEnc,, ...)
{ float fSigma;

L]

L]

}

Cencoder::FrameCodel(Encoder * pEnc, ...)
{ uintl6_tx,y;
pEnc->iFrameNum = 0;
pEnc->mbParam.m_rounding_type = 1;
L]

}
()
Fig. 2 Symbian C++ XviD MPEG-4 video encoder (a) before and (b) after
Minimizing Buffer Allocation method.

This solution can entirely or partially retain the buffer in the
data cache. Although ARM architecture has the feature
called cache lock down [5], it is difficult for the C/C++
programmer to efficiently utilize.

3) Read before Write Method [14]: Furthermore, we have
found that these temporarily allocated buffers are initialized
(written) first and used (read) later. The initialization causes
write misses and results in memory write through. Later
accesses to the buffer will cause read misses. This naive
coding sequence is inefficient in terms of energy
consumption. Due to non-allocate write policy, these



temporary buffers cause cache write misses first and read
misses again later which eventually results in twice data
) cache misses and memory accesses.

We propose a simple solution to this common pitfall. Initial
. accesses (reads) to the buffer can bring a cache line into
" data cache before the actual initialization. Therefore, the
number of memory (bus) accesses can be reduced as well as
the energy as shown in Fig. 3.

bool Cmotion_est::MotionEstimation(MBParam * const pParam,
FRAMEINFO * const current,
FRAMEINFO * const reference,
const IMAGE * const pRefH,
const IMAGE * const pRefV,
const IMAGE * const pRefHV,
const uint32_t iLimit)

const uint32_t iWcount = pParam->mb_width;

const uint32_t iHcount = pParam->mb_height;
MACROBLOCK *const pMBs = current->mbs;
MACROBLOCK *const prevMBs = reference->mbs;
const IMAGE *const pCurrent = &current->image;
const IMAGE *const pRef = &reference->image;

/load data in cache
for (y =0; y <iHcount; y++)  {
for (x = 0; x < iWcount; x ++)  {
pMB = &pMBs|[x + y * iWcount];
1} ,

Fig. 3 Piece of code from the MPEG-4 video encoder optimized with Read
before Write method.

IV. EXPERIMENT SET UP AND RESULTS

A. Experiment Set Up

To demonstrate the effectiveness of our proposed
methods, we use a simple-profile simple-level MPEG-4
video decoder. Fig. 4 shows our experiment set up. Our
experiments are based on a XviD Coder/Decoder version
0.9 [7] ported to run on the Symbian operating system.
ARM C++ compiler, ARMcpp, highly optimizes by default
to ensure a small code size with three levels of speed
optimization, Opt0 to Opt2.

MPEG-4 Encoder
Sourca code {cpp)

S ——W
Compile le— Optincrason Lev
(By ARMesp) Paramaters
interpet
(By Analize.exo}
Simulate J——
(By ARMulator) le— Parameters
-
Result
Teace File
{annultre)

Fig. 4 Our experiment set up.
ARMulator [11] can model of several versions of ARM
instruction set architecture. It can simulate, count the

number of clock cycles, trace memory accesses and special
events (i.e. D cache or I cache miss event, write back stall
event). We used the ARMulator to simulate ARM920T with
clock speed of 104MHz without floating-point unit. This
configuration is similar to Nokia 6600.

Our two test QCIF video sequences including Foreman and
News are encoded at 15-frame per second and 24 kilobits
per second. Only ten video frames (one I and nine P frames)
are decoded. Four different optimizations, Opt0, Opt2,
Opt0+Ours, and Opt2+Ours, are experimented.

After each simulation, a trace file, armul.trc, containing
processor events, e.g. memory/bus access, cache miss data
and related information of the execution is output. We can
interpret the trace files using our analysis program,
Analize.exe, to extract information about memory bus
accesses and cache events. Fig. 5 shows some part of
armul.trc.

Date: Sat May 07 18:47:11 2005
Source: Armul
Options: Trace Events

E 00008000 00000000 10005

BSR40___ A0000000 00000C1E

E 00008000 00000000 10002

BSR8O___ 00008018 E240B001 E242C001

IT 00008000 288090 ADD r8,pc,#0x90 ; #0x8098
IT 00008004 ¢898000f LDMIA r8,{r0-r3}
BNR4O___ A0000000 00000C1E

BNRS8O___ 00008098 00007804 00007828
BSR8O___ 00008080 10844009 E3C44003
BSR80O___ 00008088 E2555004 24847004

Fig. 5 Excerpt of “armul.trc”

We will show how to interpret memory bus accesses and
special events. '

1) Memory Bus Trace (B lines): The lines started with B
indicate memory bus accesses. They have the following
format for general memory accesses [12]:

B<type><rw><size>[O][L][S] <address> <data>

Where:
<type> indicates the cycle type:
S sequential
N nonsequential. .
<rw> indicates either a read or a write operation:
R read
W write
<size> indicates the size of the memory bus access:
4 word (32 bits)
2 halfword (16 bits)
1 byte (8 bits)
O indicates an opcode fetch (instruction fetch).
L indicates a locked access (SWP instruction).
S indicates a speculative instruction fetch.
<address> gives the address in hexadecimal format, for
example 00008008.
<data>  gives the read/written value, for example
EB00000C



2) Events Trace (E lines): The format of the event (E)
lines is as follows [12]:

E <word1> <word2> <event_number>
For example: E 00000048 00000000 10001

where:

<word1> gives the first of a pair of words, such as the pc
value.

<word2> gives the second of a pair of words, such as the
aborting address.

<event_number> gives an event number, for example
0x10001. This is MMUEvent DLineFetch. All Events are
described in Table 1

TABLEI
Special events from tracing by ARMulator
Event name Word 1 Word 2 Event
(MMUEvent ) number
DLineFetch Miss Victim 0x10001
address address
ILineFetch Miss Victim 0x10002
address address

Fig. 6 shows the function diagram of ARMO920T [5].
ARMulator traces information from trace interface port. It is
configured to trace memory bus read and write from AMBA
32-bit bus interface.

Extemal : o IPA]31:0]
5507
o ortas cache MMU l
t lMVA(M:o]t
1D[31:0]
VA[31:0) I
—
= Trace ARMITOMI AMBA | ASB
=t Interface =l Procossor cora CP16 bus  [—)
= porl {intepral EmbeddodICE) - Interface
—
ovapto) | DD(31:0] wite
butor [~}
R13
DHYA[31:0] DPA[31:0),
JTAG
Data Oata Wiito back
. ratha MMU PATAG RAM ["WBPA[31:0]
I DINDEX[5:0] '

Fig. 6 ARM920T core diagram from ARM Limited [5]

B. Results and Discussions

We can evaluate the performance of our methods using
the following parameters: cache misses, memory/bus
accesses, execution time and the amount of energy reduced.

1) Cache Misses: In encoder, data memory accesses as
well as instruction memory accesses consume more power.

Fig. 7 illustrates that our optimization methodologies can
effectively reduce the total number of data cached misses
while the number of instruction cache misses are about the
same. Only Opt2 alone can reduce only instruction cache
misses. This figure shows that our methods are efficient in
spite of the fact that both data and instruction caches are of
16 KB each in ARM 920T.
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@ 1.60EH05 - -~ ~=~----==- | S, -#D$ Miss_(Foreman,
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E 1205405 s tess
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Fig. 7 Number of cache misses for each optimization (24 kbps, 15 fps, 10
video frames).

2) Memory Accesses: Table 2 shows the number of
memory accesses in various categories. The total memory
accesses combine instruction memory reads, data memory
reads and data memory writes of each optimization for two
video sequences. It can be observed that our optimization
methods can reduce the number of memory accesses in
almost all categories. As a result, the total number of
memory accesses can be reduced accordingly.

TABLE I
Number and types of memory accesses for each optimization
(15 fps, 10 video frames)

Video Type Opt0 Opt2 Ours+ Ours+
Opt0 Opt2
Foreman  Instmem
Read 1,465,461 326,756 1,537,685 335,052
Data mem
Read 1,176,691 1,176,723 984,378 1,009,866
Data mem
Write 2,917,379 2923459 2,770,846 2,784,276
Total mem
Access 5,559,531 4,426,938 5292909 4,129,194
News Inst mem
Read 490,949 142,852 516,623 154,463
Data mem
Read 1,090,507 1,090,476 968,382 971,573
Data mem
Write 2,905,996 2,912,728 2,787,725 2,790,617
Total mem
Access 4487852 4,146,056 4,272,730 3,916,653

Fig. 8 shows the total number of memory accesses of each
optimization for two video sequences. It shows that our
optimization methodologies can effectively reduce memory
accesses; moreover our methods with ARMcpp Opt2
optimization can reduce memory accesses more then only
ARMcpp Opt2 optimization.

3) Execution Time: Fig. 9 shows the average execution
time per frame of the encoder at different optimization
methods. It can be noticed that our methods work well with
the commercial compiler. '
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Fig. 8 Number of memory accesses of each optimization (15 fps, 10 video
frames)
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Fig. 9 Execution time per frame for each optimization (24 kbps, 15 fps, 10
video frames)

4) Reduced Energy Percentage: From Eq. (3), we can
calculate reduced energy percentage optimized by our
methods relative to Opt0 method using the following
equation,

- 4
% of Energy Reduced = [#Tranﬁzrop,n #Tranferm]* 100 *)
#Tranfer,,,,
The results are plotted in Fig. 10. It can be seen that our
optimization can reduce 4-5-5.7 percents of energy
consumption.
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Fig. 10 Percentage of reduced energy for each optimization (15 fps, 10
video frames)

V.CONCLUSIONS

Most commercial compiler optimization techniques concern
more about speed. In this paper, we have presented two
high-level power/energy optimization methods for battery-
powered ARM-based multimedia systems, e.g. mobile smart
phones, PDAs, personal multimedia systems, etc. The
experiments show that the proposed techniques can optimize
a simple-profile simple-level MPEG-4 encoder to achieve
lower energy/power consumption up to 5.7% relative to all
ARM C++ optimization levels despite the 16-KB instruction
and 16-KB data caches of ARM 920T core.
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