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H. 264 F1THRM P R H FEHTIE

XA, XK, BEL, MEE

VLSS5 B Sl R TR, 152 710049

W E: ANEZ AN LS I Slice IFATHMS H. 264 1= i AU H 4 17 2SS4 1R, T % 0 2 A st 9 S s e 1
1580, AR T ] A B DG T — Wit 45 2 e X SR £ 28, AR5 1 SR TR0 ) 2w AT 17 28800 4 Slice, (45 AN A BEERAZ 1
ity Slice HAFHEENT A THEE T2k, NS BN ShaAS M8 B i, 7 Tilebd ZA%F & A SEBRNASE RV, 5
RS  FE T 72 Y DI Sh A BUR A B SR 3205 5 R LUK S s I E A7 0 LU A F AT 85088 8 5% A4 o

KR H.264; AT ; AL ; AT

Load balancing for H. 264 parallel encoding

Hou Xingsong, Liu Daqi, Sheng Kai, Dun Yujie

Department of Information and Communication Engineering Xi’ an JiaoTong University, Xi'an - 710049, China

Abstract: To reduce the load imbalancing problem of the slice parallel of H. 264 encoding for high-definition videos with
multicore processors, we firstly, predict the encoding load of each MB in the current frame based on the temporal depend-
ence with the previous encoded frame statistics. Then the current frame is divided into slices with the predicted encoding
load, so that each processor core has the relative similar computation load for each slice. Experiments using the Tile64 mul-
ticore processor platform show that it can increase the parallel encoding speedup and efficiency by about 5% with this meth-
od, when compared with the dynamic data partition algorithm based on macroblock regions.

Key words: H.264; parallel encoding; multicore processor; load balance
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LT o, ] LU 5 3 22 4% G it 1k BE 22 LL PR
Phenom 9900 Quad-Core 0:58
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Fig. 1 The encoding time of different cores
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A, P oA BRESAZEL, Ty S HR A7 R VA 7E oAb BEAIL
B TR T, RIFAT AR PSR E AR Y
BATHEE B3 FE 4 45t T A [ b 38R A
Slice JFAT4mASIIFATYERE , AT LA B 9w b5 147 I ik
Lt R B Ak P25 A% 50 388 I g 3, {5 947 850% bl
ERR B Z R [, 8 AR s ik B 1Y AT R
1E 80% 47,32 MAEIF IFATRRAE 80% AR
WA BB I O AT ROR T e R 4 & 2 Ak
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20

IS¢

ikt
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Fig.3 Slice parallel speedup ratio
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Fig.4  Slice parallel efficiency
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TN BB Ty 510, X6 AR St ik A F0 ) A 4 At i K
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B2, BILERST-24900 73 7 3 ) J7 s AR 3 e 45
B> Slice (1= HECH AR, H o F AR 1Y Slice X
R - N AT I N S R SR e B 1
% Slice BYTHEAT 55t , X BhiE K 1 45 Slice 4 i It
B AR, B 6 Fi7s Sk football J¥ 51 %1l 43 4 4> Slice
4% Ak B 2% 4% g B X6 102 19 Slice FRFRIGETE . SEit
FH, 4% Slice 4 At 1) f A B () 1 i /)N B[] AH 22 47
25% Fidq . PHIHAS Slice gtith i35 17 48 2 [B] () AN F-
M B T IAT A RCR R TR, XTI AT RGOk
Ui, AL % by g s BeR L e e TR R
Gl LIS AT sk t o X Slice 471 4 i
55k Uk, B G B 17 28 0T LAl 4% Slice (1) 4 5 171
oM A E], B
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Fig.5 One frame in claire sequence
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Fig.6  Slice encoding time for static data partition
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K, N A SRR, C, D Bt it 528 €, O
& i A~ Slice B2t G ERTTR 5L, mT LA el 2 5 6 (7] 45
o ZHPITHI T AT AT AARAT A9 IR AT s
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C,
S = Max € (4)
T IRBIFFEAT I U A A Ak B TR Y
R, Al Max | €, | f/h, BI454> Slice 14
R () 2R B 2
C,~C,VYije 10,1, N} (5)
P 4 % do et 4525 B 2 () B RS AR T
i LA TR SR A A AN RE XS ST S S A A — A
AREF 9 F- 908 o A 3% i — AL, 1 0 7 A e
X264 2RI P AL LG A 4R T, 78— Wit 5
A RE RS G AL T — Wi A 5 A
X 3 PO L5 A 2% BE B AR, i 3 A 15 3]
B

2 Slice Zhis R #F o HEL

2.1 HBEREFESHRGIT

P fith I 2% B AN - Ail S BRI AR 7R B AR 2% Y
2200 b o ZHAE T o AR v, A Bl KR 16 x
16 73 %), A R /B 4 x4 73 F) X 83 i 1 B
TN 2 i 3105 110 22 S o PR A 0 A T % ok
ViR 8 2% BE A A Slice T2 A0 BE ARG o Xt =4~
J# 41 ( cif football | cif forman . 4 cif crew,720p big-
ship,720p stockholm ) [ £% A5 B 2 i B 1] 48 1 3%
W1, et S HR R R IE LR | £ B 0y 1+ B[R]
PSR ] Y Fe ) R BOM ], e 1 s, Al
DU 2o B siom s g &5 ) 7S 2 K2
Hmsa]

FHS TR R B
AT 55 2 4R B ot ) A5 =X 1 S5 P g B AN, DR A7 I
e B 14 73 B oy RSz 2l ok 5 o % i)
TR LIk FH R 2 ety 75 A Skip (16 x 16,16 x
8.8x16.8 x8.8 x4 .4 x8 f14 x4 3 8 Fhpiz, i
TF] U J 3 52 ARt A 0000 L 52, AL okt g A 2 e
XF O Fob G b ASE A T G B AN B AL 1 LK

R 2 SRR YA h A B T R R W gt
THOMELF 52 1A .

&1 Slice =473 RT3 B B Gt it

Table 1 Load statistics for each module in slice coding

BB A B BT LB %
X264 _macroblock_analyse 60. 60
X264 _macroblock_write_cabac 18.60
X264 _fdec_filter 8.70
X264 _macroblock_encode 8.70
X264 _macroblock_cache_load 1.80
X264 _macroblock_cache_save 1.30
X264_cabac_mb_skip 0.20
X264 _cabac_encode_terminal 0.10

R2 RRBUSTEESITE f#ERT

Table 2 Load statistics for each module in MB analysis

Skip 1367 1.96
P16 x 16 7312 10.50
P8 x 16 6 874 9.87
P16 x 8 7515 10.79
P8 x8 8 266 11.87
P4 x4 12 800 18.37
P4 x8 8 000 11.48
P8 x4 8 800 12.63
Intra 8 733 12.53

2.2 X264 FIRTAMIRATLE 1L KB

TEXT P U7 BT i o5 2 LER T A B 9 A4
PR fe /MU o (R SEBRI R AR DA RIAE
IX 9 T A 4 A 114 A A A )5 A e 4 i
oM /N R AR S . X264 o iyt i) A X ) T 00 et
T ST AR A SRS PR A 2 A . TR 7 Pl
o 1] 225 BRI 24 RS PR AR 14

LB T2y BN s B ol oy B S s A
A A~k Skip L, W 25 i 22 He oAy al g Skip
2, R Skip B A4 AL | zigzag FHEF )
(1 DCT (B HUR 52 AL ) B R B, W) 2 iy
FBCE AR A Skip AT A P 5HAD Y 8 Fh
MI7 3, e Testl iar, U2 Testl A pGar, 4k 4k
THELME 16 x 16 F1'8 x 8 4 HIBLX (1) 4 A LA, 4n
Ha A8 x8 FHMFRZEHSIUN IR T 16 x 16 1Y
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Fig.7 MB inter mode selection flow
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8 x 8 srutst A i 5k 22 iz 3l Ok it A AN B A K
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R TR 16 x 8.8 x 16 A ZmAGfC M Fl 16 x 16
B A AN L AT B B AR g i ACH . AN Test3 AN
JAT BT A 1 8 x 8 FH R 4320 .8 x 8,
4x8 8x4 f4 x4, FigimiitEM 16 x16.16 x 8,
8 x 16 Zahh U L5 2 e P i A =

AT AN X e £ SRR R E AT LU A TR
B e A 88, Ot A s 2 AR, R k£ T
Skip A5, H 5 R gad 1 Skip A ik — 20 5 i
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£ 16 x8 I 8 x 16 FIRE A FEALHE T Skip .16 x
16 8 x8 .16 x8 1 8 x 16 X 5 FhAi Fi , 75 B 284k
A+ B IR AR RE T 8 x 8 T HUEI, IR
2 FLRTTAE & O 260 B A7 i i (a] 858 Skip .16 x 16,
8x8.16 x8 8x16 4 x8 .8 x4 Fl4 x4 £ 8 FhFE=EL
AT TR, FEL T A +B +C fiHE SR,
BT REAE NR B IMEI Ty 8 x 8 F 2 Heasi=A |
16 x 8 B 8 x 16 7 16 x 16 #=;,  Skip =,
2.3 wmEAERTNEN A IEE

PR IR A BAL =, T3 5 A AR KR A
[F) , 3K SR AE 2 B 3t o B 28N YA A 1) 2 D A
BEXT I A SR £ I 5E R B, & 2 A5 kT I 252 o

e Gm A  ELAG AR 5 B 0 B DA S, mT LR
FEVER S o [R5 X B 40 /N G 2 B 0 A =
B0 RHAT Pt v X 1 2 e 9 A X 54 s i)
SRt WA AT — i Hefd T Skip
3, IR — ikt i 25 B Skip BEEL P16 X 16 (1)
BEZR KT 80% 5 A AR Hif — i 22 B i 1T 1 K43 PR
3, IR — % 07 2 B Aol R B 4 1) ) R 5 R Al
T 75%

P X264 [FLAHE I, ReEAR X264 7 He w42 i
2R , 51T [R]AH G ) AR, H i — i 2 i 7
PR AG T — i 72 e =, B 11 i 45 SR AR
RHIRAE 2 BE A

R HRE S e A s T A DG R T 7 o i) 2 e ]
B BT AR , B T — i g A5 A5 X S 22 1 4
TSI 73 A R4 3 4 (6 3) o Hif— M
13 202 gt it fy G1{ Skip} .G2{P16 x 16, P8 x
16,P16 x 8} 1 G3 | sub8 x 8| ; % 1w ¥ 3 41 itk 2 Bk
o A% = g1 { Skip, P16 x 16, P8 x 8} _ g2 { Skip,
P16 x16,P16 x8,P8 x 16, P8 x 8/ fil ¢3 | Skip, P16 x
16 ,P16 x8,P8 x 16,sub8 x 8| ,sub8 x 8 f1f§ T 8 x
8,4 x8,8 x4 14 x4 iz,

F3 1 WIRBERF f TR PIEX I R R
Table 3 MB mode in frame f corresponding to

MB mode in frame f-1

MBZTl _mode MB,f-/_mode

G1{Skip! ol { Skip,P16 x 16, P8 x 8 |

2| Skip,P16 x 16, P16 x 8,
P8 x 16,P8 x 8/

¢3 | Skip, P16 x 16, P16 x8,
P8 x 16,sub8 x 8}

G2{P16 x16,P8 x 16,P16 x 8

G3{sub8 x 8!

i PR A I 5 22 J s S 00 it Ay A 2 1)
AR, 77 Mo ) 5 DA ABE R T A e A 2K ) o o
AP, B LI T R Pk, gl (g2 .23 115
52 I BN T A AR € iR B iy
4, i Slice J2 g fith 2 15 P JIr if i) (8] &8 11 7] LAAS:
gl (g2 g3 il Intra BEA T, N3 4 iR,

42 QIR YIS B 0 5 A, i3k 2
RIS 5 T 60% 22 A7, I —A> 72 He il s
Zfih 2 2 5 ] i MB]_load = MB;_load’ x0.6 +0. 4
7551, 30 MBj_load’ T 1) 22 He 43 M BB HR AR A1
NS P g f-1 M Heass 2R f it 2% B 4 3800)
e
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Table 4 Predicted MB mode encoding load for 3 groups

MB;_mode MB;_load’
gl { Skip,P16 x 16,P8 x 8}, Intra 0.369
2 { Skip,P16 x 16, P1
g2 { Skip, P16 x 16 ,P16 x 8, 0.575

P8 x16,P8 x 8| ,Intra

o3| Skip, P16 x 16, P16 x 8 ,
P8 x 16,sub8 x 8} ,Intra

RS5 f1WIEYERXTf TR AT R R
Table 5 MB load in frame f corresponding to
MB mode in frame f-1

MBff ' mode MB;_load
Gl { Skip} 0.62
G2{P16 x16,P8 x16,P16 x 8} 0.745
G3{sub8 x8} 1

2.4 7 Slice h&EH & TEHE
i BT A A AT, BT WA R ) G B
SR BEARTE AT AT IAL F i T A e i) T £ 48
S
Fload = ZMBloadij (6)

K1, Fload 2y f Wi P14l 61 48801, MBload,, J 55 @
A~ Slice (55 j AN THA SR A

AT — W TR, T DK ST 6 2
£ Slice Z [A]SFEY43EE , %53 #r ) Slice 17 .

Fload
Sload, = i (7)

A, Sload, %5 @ 4> Slice S FLENA L2, N H 353
() Slice %t H .

Hy &1 Slice 43 C () 11 3% Sload, F1 I A 1Y 7
12k MBload,;, n] LA 5545 8 Slice %1l 43030 5, I-ilf
M43 f Wi Slice 157,

3 KBAER

Xt 4 iz iy 5 R 28 YN R R Y ) 8 A
Tile64 ZAZAL BLARF 5 L #EAT Slice F-47 2 %, He o
— A S I A, O — 2 i R 3h A s A
I EXHEA TR B R ZCE DL 254> T7 15 RN i Le S 5F:
FIRAER AT T AR GETT o HUCRE SCRRLT ] i
BN BCTRILTE Tileod ZAZAL PGV LA T
AR SEBL, H- S A SCRREHEAT T . SEgililS
s P ) b A — o T, oA i

o P T, BRI 44 Sy TPPP; 4 4t 4% CABAC (con-
text-based adaptive binary arithmetic coding) ; 2= 2% fiji
Ol 1 AR R A, K gp 0k 28,

KM 4 Hiz 3h 37 5 5 2% B A 6] /Y P 51 R4
o, Hrhiz sh i s B8 - 22 19 )7 57 bigship Fil 7
%) shileds ] DLk 255 & i IR AT I e, 5 Z A0
(132 ) 5 AR A R R B )5 31 stockholm A1 37|
parkjoy AT i LE W AH B8R . 32 337 5 A2 4k
R 5 R A AU 51 v T SR T [ AR AR DG M 2
22 , BRIV P R — W0 5 — Wt A E BRI, Bt LAz 3
Gy 5B 4 ) U PP 90 HOFA T fin e L PERB R 22

R 6—3R 9 I 4 A e A B0 P R
i 825 3 e 0 G 5 1 i LU 3%, 1 FH 2 e £ 283
BOYECIG , HIFAT IR AR B 25 0 T d5c 3 ) DA 5
16.4% . [ 8—P& 11 J&3AE A 58 42 5 B M, AR SC
T 5% B 40 380 8l 285 53 BE J7 %, i 2 B0 81 A S
BRL7 )77 25 A0 ik Le P e LU R

3 6 720p bigship /7 5 fE Az RN B IFITiERE
Table 6 Parallel performance for dynamic load

assignment of 720p bigship sequence

I 40P Slice % H

7 iR 1 2 4 8 16 32
M/ (/) 1.68 3.10 5.67 10.29 19.0233.78
ASE/ (Wi/s)  1.68 3.27 6.29 11.98 21.4 37.2

WEEHT /% 0 5.5 10.9 16.4 12.5 10.1

&7 720p stockholm F 3 Bh7As f1 &k 4> ELH1T 1 88
Table 7 Parallel performance for dynamic load

assignment of 720p stockholm sequence

AT SR Slice 3H

J7 I i i = 1 2 4 8 16 32
MR/ (W/s) 1,55 2.82 5.38 10.56 19.86 35.72
A/ (Wi/s)  1.55 2.96 5.76 11.2921.3 38.8
PR 5% 0 5.0 7.1 7.0 7.3 8.6

% 8 720p parkjoy FFIBhS R D EHITIERE
Table 8 Parallel performance for dynamic load

assignment of 720p parkjoy sequence

AT ST i Slice 3H

J7 i i = 1 2 4 8 16 32
B/ (W/s)  1.61 2.98 5.52 10.38 19.35 34,43
&M/ (wi/s)  1.61 3.16 5.93 11.29 20.9537.21

BEES/% 0 6.0 7.4 87 83 8.1
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Table 9 Parallel performance for dynamic load

assignment of 720p shileds sequence

AR ST Stice #(H
IREREMCR 2 4 8 16 32
A/ (Mi/s)  1.58 2.86 5.27 10.41 20.01 35. 64
A/ (W/s)  1.58 2.98 5.71 11.18 21.5239.13
PEEE I /% 0 4.2 83 7.4 7.6 9.5
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Fig. 8 Parallel performance for dynamic load assignment

of 720p bigship sequence
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Fig.9 Parallel performance for dynamic load

assignment of 720p stockholm sequence
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Fig. 10  Parallel performance for dynamic load

assignment of 720p parkjoy sequence
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Fig. 11  Parallel performance for dynamic load

assignment of 720p shileds sequence
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Sy B AR Y SR A A O (RS S BE T VA A
FU, IR 5k T LIRS 2 6% A7 I B AN A7 280 42
i 10% 7oA s SR G HE T 2% B X 8l 25 50 73
BES AR L, B4R T 3k nf LIRS 23 5 547 s L A
FIRCRIE S 5% £ A7), PR RE B4 T Rl W AY

R,

4 2

<l
>

i TAEFE T Slice 21 2% R GLIF A7 2 i 1:d 72
H#-A~ Slice 2Z 8] A 2 Y A B P8, 3 i 1 Slice Jf:
Aot B PE REHE bR A7 I LU AR A7 28R A R
ARG A i LB ) 2 SR g it 3 A 2%
JE, BN T Slice 2 A% T3 17 80 1907 16, K31
ARSI, MEXEE SRR, X AR 7 %A1
FE T TR 2 B ) 25 G0 8P A, R AT ek e A
IATRREA T —E B
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