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Abgract: The recorfigurable processor architecture for multimedia application consists of a host processor and a coarse-
grained Reconfigurable Cell Array (RCA) as the coprocessor ,which can be recorfigured dynamically. The proposed co-design flow
is based on loop pipeline and pipelined reconfiguration technologies. Heuristic algorithm is used for hardware-software partition of
big kernel loop and a table schedule algorithm for the mapping of task grgph. They have been verified in FPGA with some kernels

in H. 264 basdline. The average speedup is 3. 34 times compared with ApeRench ,MorphoSys,and TI DSP TMS320C64X.
Key words: reconfigurable;loop ; hardware-software partition; mapping

1 WSF SR H\@_\)
: (Application
Foedific Integrated Arelits , ASIC) ,
) [1.2] ER LM
) %
. MorphoSys®!  FAipeRench'!
DRESC!®!
[6] &
[7] RCA '
[8.9]
) . EEFRER |
RCA .
ool (61 [10] El R
HpeRench ,
(o1 . ,

:2008-06-20, :2009-02-06
: (No. 60506007 ,No. 60676012)



5 : 1137

Xilinx XCAVLX80 FPCGA

H. 264
(D, )
2 .
RCA . . RCA , RC
(Recorfigurable Cdl ,RC) .
DMA .
RCA , RC (ALV)
.RC
_ 8 16 32 .ALU
RCA
RC . RCA
2
RCA
5 B S84 J:—HWA
R GR
AR
AN \. MUX A fi8
l Al
i muxB £ T8
B WAA X
B N em
i
L B . \_ALU
o ! RC ®
wan B ﬂRCAiE. MUX C K
— EEH
‘\L : l Ei‘%ﬂ ;ga{?
B2 7T Ry AL BB A
3 DMA )
B:
G(V, B 'V .
, E
RC
b8
2 4 3 "%
3.1 W3
RCA RC ’:ﬁ— ==
N , ( W5%

) (1.
Toyge =MX(N X M/ B,C+ N+ S- 1) (1)
N:
M : (RCA

(a)

B3 PRI RS R



1138

2009

S: —KJEIFFE RCA L HIBRAT R I%K

WRVESR P BRI L R, BB A WAL D
FWT LGSR E R ESER, BRFEFHA p
NER R BB A AT R A (2)

Toue=max(Nx M/B,C+N+S-1+Nxp) (2)

YN TRKET, 77 7 SO0 A 8 % R A 08 36 A9 BT B
(]38 326 K F B A R L RTESR .
3.2 EHEMSNZ

AR R BB ORHATY S BB /DTF RC
WOk AT B . B RCA 14 4 x4 /> RC.

mig 1 2 1

W 5 6 (=x 5

WI% 9

L3 = ® =
o

Wagg

B HEHEFEMEBERNENT ST
PR EBMEF UK BB BRHKE.

B24 B4 REE 45,7 RCA WM, 17
BOUXBBARKE. B E R A b EMNNERHTH
RS, AL EHEMBEKEER. 2" ER
B BECEH G, AR A BT RCA—HFH 4
R RAWRE o BB S A BAREZS n+4
*k(-4<k<d4)MPEHS LS.

E3H MRBAMEAUGEH, BAERBHR
FTHmM—17, REEDRE 2 4, HRFTAKNT S8

RS2,

o | & ||
»

Bk

B4 13 |x

" % | ®]|x]|ooe|a| ] o

x
X

we® [ x (15 x |15
x

BB 16 x

(a) (@)

w
w

® | &l
£

R ETR R B

() @)

H4 BHEBNNE

3.3 MAkGERFMEAREERYIS

FAMKEEHESEAR. 3T 3 x 1IRCA F1E 3(a) PHIHE

% RCA ¥ RC ¥(R/NTESMA 3R, TR 3 MUKKRE WA 5 PR,

b 4

w2

Wi

(a) PipeRench i K LK

1 2 3 4 5 6 1 2 3 4 5 6
D GD GED @ @ @ ma GD GO GO GO
(O@E @ @ @) wa D @D @) GD
- o @ & @D ma E @& @ GD

(6) ARHMIALKER

Hs WAKEENFARHTR

P 5(a)J PipeRench F M KEXBE H K, C1 &
AMEFEE 1 EHTAWRE. —RFSR, » RNEFE
S E u BAIRCA E(u<v), X Nou, ATHE R
(3). ATLAE AT B A o/ (u - 1) RRIEL.

T = max(Nx M/B,v+ LMJ v+ (N=1)%(u-
-

1
1)+1) (3)
Bs(ORATEEENRERFBIBRBEAR, Y N
> u, BATEE IR (S).

qu,:max(Nx M/B,Luvv),N>u (4)

Wi B R AR, 2 (4) BT B ] He K (3)
1/u.
3.4 BIERIY S NE

Z B EAERE,RCHEA R, DL ZHHTERH
TEBE KT RC R . XHE M B IR L 17 K 18
R0 5 SHEF R B BRE (R A 3 REARFN .

1. REERR MY HTE RCA L3AT.

2. REWDKESZ BB EH .

3. ROGF AT KBE N ZER/ME.

REXEHAN, A AHT - RAMHER
% MHRRRAEFEE N S #RE RCA LT, R
AEEHARIT

514 FREFE PR R R 0 R
XN IR AAEF ERE AP FRAY . Q0 SRR 445 R
/& RCA K/NAR BB AR5 /. BEATER 2 4.

F24 . FREFEPHWHERGHIEXBEEH
ARER AR HHEY SRS B BERTE, A



5 : 1139

dc , 514 623 nf 60 ,000 2
RCA , 3
3 / H. 264
, . DCT 8 DCT
) ( 6) . ,RCA
3(c) 3 , 7. DCT, 4 . 4 .
N (5) . DCT 16 , ,
Toyge =MBX(N X My B, N X A) 100 8 x 8DCT 800 .8 x
+max(NX Mg/ B,C+ N+ Sz- 1) (5) 8DCT 4 x 4ADCT .100 8 x8DCT
My 3200 .
NN
Ma: ROA S0 = Y Y1 S(mn - Sa(me ke )] (©
Sk: RCA
A ( xm—timapes )
N My, Mz A,
4 ( Nﬁ*ﬁﬂziﬂﬁ )
(REcorfigurable
MUIti-media Sysem ,REMUS) . ARM926
, RCA  Xilinx XCAVLX80 FPGA (b) — B BHDCTH 3%
. 32 4x4RCA, SVIC 0. 181 m 1P6M lo-

YV IV Iy
AARAARA

7 8x8 MEMIBRST & #

5000 [ cycles 10000 |- cycles 9100 200000 - cycles 210000 ]
4000 - 4400 8000 - 160000 |
]
3000 - 3600 6000 |- 120000
3590 3700
2000 | 4000 - — 80000 |
1038 54000
1000 H 2000 40000 - 30140
Morph TMS320C64X TMS320C64X
;RE:‘I:’CSA PipeRench TMS320C64X l;f:{:CSA orphosys 1;)“5:'{1:}& Morphosys
X
(a) 4x4 DCT (b) 8x8 DCT (¢) 16x16 ME
B8 HREHE
(6) , 8x8REMUS 7.8 x BME ,
10 . 100 16 x 16ME DSP,REMUS 1.03 6.97
14400 . 8 RBVUS
(MorphoSys  ApeRench) 5

TI DSP (TMS320064X1) ( ( MP3,



1140

2009

MPEGI H.264 )

DSP ,
3.34

[1] R Hartenstein. A decade of reconfigurable computing:A vision-
ary retrospective[ A]. 2001, Design, Automation and Test in
Europe Corference and Exposition (DATE 2001) [C]. Mu-
nich ,Germany : | EEE Press Fiscataway ,NJ,USA ,2001. 642 -
649.

[2] S Vassiliadis,S Wong, G N Gaydadjiev, KL M. Bertels, G K

Kuzmanov , E Mascu Panainte. The molen polymorphic proces-

sor[J]. |EEE Transactions on Computers:2004,53(11) : 1363

- 1375.

H Singh,et d. MorphoSys:An integrated recorfigurable system

for datarparale and computatiorrintensive applications [J].

| EEE Trans. Computers,2000,49(5) :465 - 481.

[4] S C Goldstein, et al. FipeRench: A reconfigurable architecture

and compiler[J]. Computer ,2000,33(4) :70- 77.

Bingfeng Mei ,et a. Exploiting loop-level paralelism on coarse-

[3

—_

[5

grained recorfigurable architectures using modulo scheduling
[A].2003 Design,Automation and Test in Europe Conference
and Bxposition (DATE 2003) [ C]. Munich, Germany : | EEE
Computer Society ,2003. 10296.

Y Li, T Cdlahan, E Darnell ,R Harr ,U Kurkure,J Stockwoo.
Hardware-software co-design of embedded recorfigurable ar-
chitectures[ A ]. Proceedings, 37th Design Automation Corfer-
ence (DAC 2000) [C].Los Angeles, Cdifornia, United States:

[6

—_—

ACM New York,NY,USA ,2000.507 - 512.
[7] IMPACT research group[ Z]. University of Illinois,a Urbana
Champaign. http :// www. crhc. uiuc. edu/ IMPACT/ , 1989 -
2008.
[8] Kiran Bonda gpati. Parallelizing DSP nested loops on reconfig-
urable architectures using data context switching[ A]. 38th DAC
[C].Las Vegas,Nevada,United States:ACM New York,NY,
USA ,2001. 273 - 276.
[9] K Bondalgpati ,V Prasanna. Loop pipelining and optimization
for run-time recorfiguration[ A ]. Proceedings of the 15 IPDPS
2000 Workshops on Parallel and Distributed Processing [ C].
Cancun, Mexico: Springer-Verlag London, UK, 2000. 906 -
915.
[10] J Lee, K Choi, N Dutt. Compilation approach for coarse
grained recorfigurable architectures[J]. |IEEE D&T, 2003, 20
(1- 2 :26- 33.

[11] Texas Instruments Inc. TMS320C6000 Assembly Benchmarks
a Texas Instruments: C64X DSP Benchmarks[ Z]. www. ti.
com,2000.

1979 12 . 2001

. Email :ysd97 @

mails. tsnghua. edu. cn
, , . 1999
2004 ,
.2004 9
. Emal :liub @il . tanghua.
edu.cn



