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Video data layout optimization and memory access analysis for
motion estimation
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Abstract: The memory access patterns of motion estimation algorithms were analyzed, the cache efficiency, related
issues and the causes were revealed when they run on general PCs and digitial signal processors. A new cache efficient
video data layout method, i.e., overlapped tiled layout method, was presented. The results show that this new data layout
method can be used to resolve the cache split loading issue and greatly reduce the cache miss rate. The new layout

method can speed up the spiral full search motion estimation process for 28% without change of the motion estimation

algorithm itself. So, the use of the overlapped tiled layout method can speeds up the motion estimation process.
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Fig.1 Structure of 4-way set associative cache
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Fig.2 Diagram of motion estimation search




542 SRR

138 %

TEFIAAAE T 20T, GarE i s 2 b A I e 2
16 0551, B, [ —AT 0 RS 1 W — S A7 4
W, MACERSS VT ) Y ETER N, ANAEAEESER U A ()
MZHYNERAF . WE 2 iTLLEH, Ranizshid
ZIHA[-16, 16], HZ:H A EIAAEIE 64 F5
XF55, WZe A Ze il A A8 R S, B A T2 3)
IR X a3t ok S BT R A 5 SR A7 2 07 In) £ 8
[FIRE, 228 D A3 1 s AR 5 26 U7 ) Kcdiss 1) 1) 8,
M7 B CNAS, ikl W, A—FEhiizs)
RIS RS AR5 2 Ui 1) B 1) ) 7

I 2 3 0] Lo A P i A7 10 o — > 1), B
MALEREH E W, SRR RIALIIRIX, 5k
A P8R DX RSB R A bl B e — 2 A7
(6T 352 X288 LL L[ BIG kAT, B, 7S] i b
BUHH R A B AR AN ar h SAE s DL

CLILAY ) D1 KSBEM GBI, 7 (850 Hr, 42
EUZ I SEREM 720 ¥ 73] 768 5%, DAA{REHT 64
FATN T IR, BHATE A 12 ML, TR
DX g A 48 4T, WUE AT B iE Al T3
TN 12X48=576 4%, KT 128 LLINLEAEF
e MK 204, ZEEA BT A AR
28 50 R T TN CBOHE TN AR AE 26 0 BRAT ), A
RAEHAEA R F1E, FE, B A CMEAKAE, D
DL NAH AR (AT S RAT B DA A R BT 48
A, WorRA: 48 B ATt S AE AR, LA,
SPRREAN EH A 12 REE AN T AE, REAN B
R385 R AF L E0h 12

o B G T AR, G AE L R R
KR A7 R A 2 o SR 20, AT IX A ] DARE =t
ATEATRATE T, T 4 A (R BGHE AN [ M S
o, DL SCER[6]H I A XA TV . IXFE, Pk
TEE I BN T R A R = il — P BRI

FREARALTE Intel H264 Zafith 35 (J5 Gh 204 75 4 i
Hh A F Y T A 7 2N A7 180 78 SRR Hypter Thread [1)
Pentinum 4 Prescott 3.2 G HL#% HizATHMEH Vtune
6.0 SER PRI O mIE S SR R ik 1
FT 7 - Pentinum 4 Prescott HLYAH 16 KB 8-1%— 2 5
FIRZEAT, 1 MB 8- 0l 9247 . {Egmhd it e 4R
T 34N, a3 R HE QR X 71 (=23,
23), Y J7h(=15, 15), SEZEG AR GRS 300 .

WX —Fa bR KT 285050, 10 =G 2
KA RAFFE A IR R i 2, v UGt B
{2 AL H.264 it sy, B A7 SR il
e ANTEE P AE, Pk, H R 0T A
Ji R EEYE Tiegfbivh WA v i, 1sshflith

A REAE A7t 5 2N AFAE R R AT R AN i i 2
A 2 ) B3 1) i) 7

Fz 1 Intel H264 %3 ik B A4 8%
Table1l Intel H264 encoder’s Cache performance efficiency

352X288 720X480 D1
CIF sequence sequence

Clock ticks (X3, 200, 000) 7, 229 20, 531
Load retired( X234, 939 sample) 28, 623 81, 254
1* level cache load miss retired
20, 233 65, 673
(X5, 581 sample)
1* level cache load hit rate 98.321 98.080
st 3
17 level cache lload miss 4881 5.579
performance impact
Split load retired(X 536 sample) 21, 995 56, 206
Split load performance impact 1.529 1.376

7E: 1% level cache load miss performance impact & X 41T :
1* level cache load miss performance impact = ((1* level

cache load miss retired * 22)/clockTicks)*100.
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Fig.3 Diagram of horizontal overlapped tiled format
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Fig.5 Diagram of macroblock processing order
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Fig. 6 Diagram of general macroblock processing order
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Table2 Comparison between two layout methods

FACERREN VIt KPR

Clock ticks 22,732,800,000 16,368, 000, 000

Load retired 9,539,987, 757 8,476,991, 915

1* level cache load

. . 14,371, 104 11, 989, 056
miss retired
1* level cache load
hit rate/% 99.849 99.859
1* level cache load
miss performance 0.632 0.732
impact
Split load retired 14, 742, 530 9, 691
Split load 1.946 0.002
performance impact
nd
2"% level cache load 600, 340 462, 265

miss retired
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