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Abstract: MPSoCs (multi-processor system-on-chips) are comprehensively applied in the embedded multimedia
processing field. Multimedia MPSoCs often adopt the *“host processor+multiple heterogeneous synergistic
processor” architecture, which makes the trade-off between universality and flexibility. MPSoCs also take into
consideration both performance and power-consumption, but challenges the method of performance optimization of
System-on-Chip applications. This paper proposes an approach that improves the performance of application
algorithms running on heterogeneous MPSoCs. The approach includes three stages: Application feature analysis,
affine partitioning of kernel loops, and “application-architecture” mapping. It optimizes the multi-level parallelism
and data locality of application algorithms to improve MPSoC performance. Experimental results show that the
proposed approach can greatly improve the multimedia processing performance on heterogeneous MPSoCs.
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FREAR T RGEBAS SR, LS5 M K 5 22 Pk X MPSoC 1) S PERE A 38 H T B8 & 1K 225K % 54 MPSoC kW H
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T3 AT KR FH 43 1T 45 B A O AR B K1) 23 249 1T AT BAT 1K 2 AR 30 T B 2 AR IR T JRAE & B A7t 2 IR B
PRI BH S B A P 24 SO0 S I B 1 B 5] MPSoC - A0 BE 28 4% E AT, T SEBL T R 7 B 7 44
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Fig.1 ESP-MPSoC architecture and AG model
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G3 M A5 B A% E A ST B, 1) ST T AV I b BE A Cea(i);
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HH HMIER PR H =1 -H](HH])'H,;
WE AP 2R C(a) S2EIEAS 72510 H () PRIUE T — AN P 4R %,
114 C=CuC;
KA ILP Il 43 3 — AN 1,
KA 21T G G ER - e, IE 20 45 2 4 006 FR - P iR AT I ]
(5) KR T — L AIHE T B
if 4H7HH<n
DI ()T,
else 2 AGIA T H SRR L5
1 8 FRAT AT 55 (RUE IR T H) &5 54T 25 70 25 AL BH 23 A% BT I ().
3.3 “fBIRTFIHR——MPSoCH& &b I8 22 4% RUBR 5t

TG 2.3 19 h, SR 0 P11 Pe-MPS0C 4 Ab B 25 4% WS [n) 8 5 Sk V11 i 2 56 €0 ) 0 3~ B2 2% B T &5
1% i) IR A 2% 1) LR ANAE B e vt 2 56 5 N L 23 A Ak DASR A5 396 2 X i 22 R ok i ) MMAS(max-min- ant
system) 5L IHEAT 4145 00 0B % S I S DR A R (1) 6T 20 A €6 il A IBURE DL Ak B9k T LA 45 B (138 47 N
TE1) P, 4 30T Foe e 1) v e i T (2) M 28 1R 2 5 AR vk (e ARk TSP(traveling salesman problem) il
QAP(quadratic assignment problem) i @i, MMAS B4 iiF B HL A7 55 47 1 A 30,1 el 47 0 1) 22 45 €0 ) S8 TSP 7
SR i 8L 1) A 7 2

fifp vk 22 25 €0 ) JBUIE, MMIAS (1R 6 U 5 S R

o HEIMZPIA-CFTG HiB G M sl Al FHWEH b n BB WEH 0 m W Gy 15 B H H
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(n+2), BEANTT A (00 m R o i — il

o FUARBRYL. 24 15 00 5 o KA € R T, FIAR RS OF, 5 24 sk 45 P WL 52 S 5,368 I FE B 40 S
Fitness=1/0F;

o VT KU (O SRMG O0) TR 45 T R LA RO AREAS 1Y 6, 0580 Kk IR e & AR5 4t B A
R A2 5y AR JR i A IR i (8) R0 A5ty BRI A IR gl () v, o (t) A2 t I 000 ey R A4
SUBIRIE. 7l (1) = 1/ OF, /& t A €00 oy R M0 22455 .

FEIZ 795 50t b R s k00 5 479 R4 B (00 o A

[T., O I ©F

Z[T.s (t)]"[n.s(t)]/’

Forp, oM grt 42 JR IR AR A R ﬁ{i,@ﬂ@)ﬁ(ﬁl%
S A CE IR AR AR P A BB P € T B T A 4 5 B e IR
AN (A ¢ A HTIE 1T R A2

pi (1) =

P = T £ B
o fF S F B RNE AEUGE ARG R b, R B 2w AR e B R 8 L SO A R R LA B R o (1)
()T BT R 4k
73 () s if 7 () > 74 (1)
7 (t+1) = 1 25 O, if 2 (1) < 2 (O »

a-p) ri'; () + A7} (1), Otherwise

Til;(t)max(l_ pdec) 'Sgb yﬂﬁ})ﬁ%'ﬁt
LE_JJ pdec

fi#E: Paec % T A5 €00 5 2 PRSI U RO MR, BE R 5 B8 AT (8) e AEAS VIR B AL IS IO 3 5 1 o £ R FE

B MR 45 Ant-Cycle B0 5 LA

ot A BB R, 1 (O = Z( =)+ L= p) 7 (0); 7 (V)i =

OF, ( s%)

_ W |fﬂ@mikﬁ:1§ﬁ\?iﬁ%*4%eij%@ygck’

0, otherwise
b ,Q B, OF o(8™*) 7% s%°(4x oy i)l ™ (A Vs AR o ) b 4365 €0 7 2 1) L s R A1
FR A R B0, 3K A# MPSoC BV FH LS il /) MMAS S an
H% 2. PIA-CFTG BB G 77 sl 245 (A 5.
I N PIA-CFTG #E7 Gy(T5 rUEL n+2);
1) ¥4tk MMAS 2%
WEZSH Q,abp
T IE m=n+2, 345 m SIS REALE T Gy 15 AL L
**E&E’J%JJWE tabu=¢g 28 R L KT s=1;
TBEE I () =0, 7F PR AR AL N=0, 5 KAE IR ECN Nemays
BEE AR (L) MR 15 B 7 (0) W H 8L WA S Bt 5 A7 (0)=0;
2) HT RSN
while (2% 5 % A i#)
WE s=s+1;
for Gy AT &

Az

ij best —
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for 1277 i b AR R s, A W k
(1) FELHREAE T LR pf () eI,
(2) FUd k BB T —A G 1Y A
(3) B R AE %
BRI Z L (1 G 19 MR R
T Az
HHARERE,
if 2 R PR IR A IR BT Ne<Ngmax
HETH N RE;
WH s=1,t=t+1;
for G; [FAFAN Y &
for %15 i L AR UM, 8 g M k
tabuy(s)=1(— JRAE FA 5 55 B0 S (0] BT 46 47 )
WA BR 2);
else % H B A0 3d Y. R £5 A1
I Ge W s G (T &,

4 NRAKBISERST

41 MAEHERKINE
76N SEA AR S A4 MPSOC SR MR 4 JT &% 1) ESP-MPS0C.ESP-MPS0C 715 2.2 5 if B /41, 1% AN 1
BRI I S N 0ok 8 T 2 WA A AT, AL R A B 1) B (matrix vector transpose, & FR MVT)
LU )i« B HL 4 5% 45 ¥ (discrete cosine transform, & Fx DCT). £i4 W T 5.9 (MVT,LU A1 DCT). M, LU 43 i
AT BUGR N A5 B AL B AR v I A 45 A DCT 2 5 4 R AL A0 A B 802 IR R 0ot B8 MIVT T2 15 5 A0
AR PR PR RIS AR 2 AR AL B MPS0C (1) 87 Y HH 3 e By A T B LT 5 A Ak T S B £ Kb B
P BE, XT38 MPSoC 2 i R kb B M g 5 R0 AL B .
SCHRFREE R S B R W T
o fifif:1ic & :AMD Athlon 4400+(2.31GHz),2G M 17;
o H1EZ % :Windows XP Professional SP3;
o N H#EA:(L) ARM Profiler 2.0. %% H T AN I 7F ARM1136JF-S EI¥I8 4T I [A] A LB 47 1k 72 oy,
A 1 B 200MHz, )3 F 1) V% 205 (2) ModelSim SE 6.1F. 3% 844 F 43 M P A i I 1 3 5
ETE SP 5 MPSoC  F AT I [A] A AE AT 3 F2 v I A6 v g 200MHz;(3) 4 i3 % . 40 1%
ARM1136JF-S 155 I, 18 [T} RealView Development Suite v4.0 Hr 324 armec 2 P 2%, 5% T BRI B4 40
WEI L AR 0k O2.45 1 SPRZ)T I, A FH AL 2H TF & 1) 4 13 8 SR 7.
42 IWHEREHH
BERT &R0 SRR AS 2R 3.2 R ERT 2 i R4y AR 2 RAR T HL R 1 A&k 2 iR
O 5 SR T PRI A B S AR BB A% AT I )3k S 5 S ModelSim A4 T 13 31 1), 1X L B AT
N R] 9 2 “PE FR 1 H-MPS0C - 4b R 45 A% " RS 1) = AR . b 75 DCT W LAk #& vp 24 7 SE 4 b ik DCT
A K DCT 204 3 A4 (DCT-partl,DCT-part2 F1 DCT-part3)43 ji i LLALBE . 55 4 Estarlll 2k 544 MPSoC
1) 32 47 RISC i 1 ff b B 25 4% ,SPL I SP2 43 Jll 72 5744 MPSoC i [ AN % T 48 A 4R AL BE AR %, 1 1] 1 FToms.
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Table 1 Execution time of single inner-most loop sub-blocks on each processor
F 1 BAARNEEIN T YAE & AL B 2% L AT I [a]

Execution time (ns)

Algorithms

Estarlll SP1 SP2
DCT-partl (N=2000) 720.000 1366.787 1776.822
DCT-part2 (N=2000) 5156.000 1125.390 1395.483
DCT-part3 (N=2000) 22 375.000 3044.942 4323.818
LU (N=2000) 27 400.000 5535.170 3690.113
MVT (N=10000) 17 626.000 4073.127 2 789.813

MR L HI B T LU HE SPL T SP2 Fé) Ak I ) 35 3172 Eb Estarl 11 F) Ak 35 i 8] B4, 32 B [K] Dl SPL AT SP2
HAT KA T8 (128 A1) U542 511 5L RE ) LA A SIMD JAT TSR, I 43 A HL A 46T 6 PR 45 R AT Ak B 1) & ¥ 4
(A1, SPL 1 SP2 ) Ak R I) ] LY Estarl 1 (14 &b 2 B[] 257

1 DCT-partl & — /Ml 4 LA Estar (1 4b 2 [A) 558 55 D DR A2 2% SE 4 3 A5 17 o 1) A 48 4 T e A 3L
5, GV R A SPL R SP2 (WS fe J AH S th, an SRAE FH SPL Bl SP2 AbEAZ S, S T 7 #EAE Estarlll Fil SP
V) A i K P B, T G T 4 e I KL DC T-partd 76 Estar 1 f) Ab B 5] 45 4.

M 1 PR B AT DUE R —ANMEIR 78, 76 SPL A SP2 b BT IR 1) BT AS /). 32 2 D4 AR SPL
Al SP2 #RELAT KL 95 (128 S0V AF- 556 1 LL I SIMD I AT SR X B R EAE SR 4 % EARAELEHR 2
ZESE X Pl 22 S FECT SPL AT SP2 [ A IN () T AN

% G007 5 R 43 5 IR 5030 23 I AE B SP MKy MPSOC 384T, 3345 AT I ). HG v 597 T 880993 78 S 4y
MPSoC I AT 2 iif, 75 ZEAF 58 3.3 15 38 2 1) 7 2006 25 AR IR F e it 1) MPSoC 1 #-Ab P88 % L3R 2 45
TR B R 2 SP ORI A MPSoC E IR AT I [] L b axX B B SP SR SPL;ZRA N FH ) S AR BE AR X
Aab TS [va) Ay G o6, £ I D £ Ak BB ) £ 28 0038 BB AR A B S 00 B R B0 A SP L (RIS AT I IR 3611 22 2
017 555 K1) 23 Fo T 5 3 A P 5 S 3 T S P B TE M MPSOC b (K13 47 IR 8D, 36 31E 2 2405 5 k143 5 R -MPSoC
B AR B AL W S T v s M A AR

K 4 544 MPSoC il 4 B 5 JT &, B SP FI 74 MPS0C b= 3 F 453k (44T IR TR) AS e 4 AR A IR BN 2.
X BB 5 B A TE ARMLL36JF-S EIBAT IR 24 2 2% 550 A8 B SRVETE 5 SP R4 MPSoC - i Ak 3 4k
REAR A6 AR 5 i HOW . ARM1136JF-S 3Kl ARMV6 fi5 44 315 8 Jifl /K £ Al i Se A7 1 R4 JE R T V7 i is &
I DMA Thg, & F T b B A U2 AR E B

Table 2 Execution time of each algorithm on every processor before and after optimization (ns)

Rz 2 AR 1 R SR AEAS R AL BB b ) PAAT I 1] (ns)

Algorithms ARM1136JF-S Single SP before Sigole"3g aften MPSoC after
optimization optimization optimization
DCT (N=2000) 801 601 192 043 1232 646 450 000 335 526 807 060 191 556 841 823
LU (N=2000) 338 870 804 830 498 514 673 843 174 051 210 938 108 782 006 837
MVT (N=10000) 11 815 777 005 2 364 000 000 2 140 588 542 1337 867 840
Mixed algorithms (DCT, LU, MVT) | 1152287773878 | 1733525123843 511 718 606 540 302 385 620 745

22 TR 2 BN &N HEAE ARM1136JF-S _EIFHATIN R K 5 ARM W2 % ARM 4b P4 i [a]
YEJ35 % 0] LIS SP AR A MPS0oC ) A0 B IS 7] 5 T A0 b 4k B A ARM () Ab BRI 1) 24 ] ARM Profiler 2.0

TR 2.

R 2 TSR 3 BRI AR L2 P S R0 BN SREAE A SP B AT IN 18).SP A7 K AL 9 (128 7))

5T LA & SIMD AT VB, H B A £ 0 2 SR b B & A #8442 BRItk e SP 7E Pk RE Hdir T
ARML136JF-S. SR 1M, 5 4 3k 22 405 5 Rl 43 040 187 59 8 B0 o 0 2 15 00 A i sk 2 7 T A AT Ak R
SRV LLIEAT SIMD FEAT i 46 AR B 0 AL 1 ) B8 AH DG PEBRLAS T 94> SIMD AT AT 1AL 2. R, % F A Ak i
[ B SP AT Tk BE 3L T ARML136JIF-S B4 15 K () M B i 25 1)

2 PG 4 FIRIRG I 2 B 1 5 JE IR R VR AR SEAS SP R BAT I 1) 2 G 45 S R o 5 TN T A7
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R UREEAE AT 5 776 J2 UG . 1) 22 2475 55500 4 ARG 01 7 06 B P 092, £ 000 Jm0 3 o 5 0 A S s R Oy
THEAT T OuAb. 0 B U5 5l o Ak 7 R A B8 b [ (R 800 A DG B R T R #E80 SP ) SIMD FAT AL 2R
7). RS 25 v LU N T VR AR 22 0 30 R 4 JE A SP 1) A 3N i) B i

2 PN 5 HI RN L2 G B R4 5 G IR T He-MPSoC 45 4b B 2% 4% il S5 1) 18 FH 509076 57 74 MPSoC
I BRAT B IR 22 G R Ay S A AL SR EE R SAN R IR UG B A BC B MPSoC - AL BRERAZ 1,5
IR AR BT 5 DA B AL B R 28 3 22 0 5 Kl o S A 2 FS SRR MPSOC W] LA v b A P 3 b AT s g vk
SIMD J£AT £ AbEE28A% I4T LA B JH4T A5 524 MPSoC Ti2E b B B g 45 A SC A4k 75 i 48 45 7 4 MPSoC
I1°) Ak 2 o V) 5

2 BR 2 M —MRRERZESH TR IS S B S A [ A B3 4% 1A% b0 L (B
ARM1136JF-S Jy 5% 14).

Speedup against ARM1136JF-S

Speedup against ARM1136JF-S
(2]

-

DCT LU MVT Mixed
Typical application algorithms

I Speedup of single SP before optimization against ARM1136JF-S
1 Speedup of single SP after optimization against ARM1136JF-S
mm Speedup of SoC node after optimization against ARM1136JF-S

Fig.2 Speedup of algorithms before and after optimization against ARM1136JF-S
Kl 2 DRAGTT S & N H SR AN R b B 25 42 B IR st (B ARM1136JF-S 5 2% 1)

S PluTo 523 77 V56 I R ST AL AL .36 3 43 501 5 B P R O VA AR I () 8 FH A5V 7 S
MPSoC _ I FHAT I ]

Table 3 Execution time of algorithms running on heterogeneous MPSoC

using the proposed approach and PluTo approach (ns)
F 3 MTHASCINES PluTo JiiEAt b )a I B H AR 544 MPSoC BTN E]  (ns)
Algorithms PluTo approach The proposed approach
DCT-partl (N=2000) 27179 025 26 464 298
DCT-part2 (N=2000) 106 331 250 34 265 025
DCT-part3 (N=2000) 839 653 125 000 191 496 112 500
DCT (N=2000) 839 786 635 275 191 556 841 823
LU (N=2000) 630 505 371 095 108 782 006 837
MVT (N=10000) 5859 759 116 1337 867 840
Mixed (DCT, LU, MVT) 1476 143 149 617 302 385 620 745

2 3R T PluTo J7vk, ASCTT ik A5 T W 8 A PR RE S0k 32 25U A (1) PluTo #6472 18 5+ K4 MPSoC
(K317 2 A JE, 10 AR SCOEHEAT 1 S A7 2 UCHDGS I 1K) 22 0 A7 5 3l 20 AEA 17 25 A7 i 2 U 1A bl A A 55 47
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PERE;(2) PluTo xS 58— AN 52 B2 1EAT 075 55 30l 53, 0 A S5 96 R 3 1 503 i 10 07 5 2, 2 Wi B 28 e 19 D 1
AE P IBCE AR, T B A& M £ G TE J6, ] LLBEAT #1300 22 A M (AR Gk . Bt R PR A4k, (3) PluTo 24t 17—
AN IS I PR 38 P AE R AR T 5 5K ) MPSoC, JF ¥ A1 fie (1A 24 ) 1 I -MPSOC. #5- Ab B 25 % I 36 S e A1
G ATt S22 UCRE AL 25 Ak P28 A% 1) 72 S P, S 502 Ak B A 10 1 B R A B0 ) R AR SOTTVE SN T A
MPSOC )4 2 &5 A 7R R FH 3+ DG T I 1 22 2075 5 3l 7, A P A 3 RS VA AT WA 222 1) PR 2% B 4 3R 15
TR RV RESE .

Ferp % T DCT-part], AL J7i4 5 PluTo J7 953K A3 T HHAT A AT I 1. 3 2 B DR O 322 P 7 25 Ak B 2 A%
BRI RAT I 18] 22 57 50N PN e AR R IS PR R ) 2 ) K A A T I 4 S OL SR AT B WS Ty 5
55 PluTo &£ WU J7 S, e & AUAE A SCIVEADR T PluTo J7 ikl 1 s B pl 34

3R 3 A FERIR A Z K G T A SO AR T PluTo J5 ik AN L.

Speedup against PluTo method

Speedup against PluTo method

DCT-pl DCT-p2 DCT-p3 DCT LU MVT  Mixed
Typical application algorithms

Fig.3 Speedup against PluTo of the proposed approach
Bl 3 ASCIPEART PluTo J5 ¢ i ke

R SEE LU MPSOC A gt 78 20 S (A Ak B R0 DAy S48 B IE T A SCTT ik RO A R S 6 4 SRR WY 07 1
WY 2t 5 T R 2 A A BRI AE S MPSoC L IR AR BEAE B LE W SO 5, X 4 i AR B3 22 AR N ] o
LA (KRB IR P8 73 6 X S SR I PE REEAT UL AL, X T3¢ % MPSoC (12 S (A Ak PR fE ) 5 283 AT 2245 .

5 REE5RE

AR T —Fh 5K MPSoC 1/ N I SEIEE REDLAL 7 k. %y VA i B PR AR 20 A« AR IR 07 5 &l 23« “p
TIHE-MPSoC 4% b B e 47 Wit 3 420 B RAT VAL 10 Bt J= Sk 55 22 24T, T W 86k 2438 1 5+ 44 MPSoC |2
BEAR KL RV AT TR RE.

ASCH FTSEH T0EFE 4 MPSoC [k BEDL A6 17 L, 8 T %) TR AN X2 AR AR B MPSOC T 35, DR A 53 b
AR EE B B RS VR R E A SR D EEXT MPSOC DUFEAL AL 1) LA T ISR
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