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Abstract: Based on row pipelining coarse grained reconfigurable architecture (CGRA) , we presented MOM (multi-objective
optimization mapping) algorithm to solve the multi-constraints hardware task partitioning-mapping problem. The cumulative proba-
bility weight function was constructed by the execution delay of computing nodes and the dependence between two nodes, etc. With
the constraints of reconfigurable cell area and interconnection, the proposed algorithm could adjust dynamically the scheduling order
of the ready nodes by thefunction values. When a row of the RCA was mapped completely, MOM began on a new row. When the
RCA was filled, MOM switched to the next one. When a DFG (data flow graph) was mapped completely, the number of modules
and etc were calculated automatically in MOM. Experiment results show that the average execution total cycles of MOM decrease by
8.4% (RCA44) and 5.3% (RCA¢,) comparing with LBGM (level based greedy mapping) algorithm.Comparing with SPKM
(split-push kernel mapping) algorithm, the average execution total cycles of MOM decrease by 20.6% (RCA,,4) and 21%
(RCA¢ ) . Experimental evaluation confirms the efficiency of our approach.
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B 2 % AR AL S, [REOh T SERAT IR K , A AR e ) —
17 RC (8] & A A B0 0O e . |y b mT 0, SR 2 il
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REE 3 ZJE S FI N, N,Z A i1k

MOM 7E Bt 5 2t 72 Hv, 6T R AHDC YT, X 2 i o
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(1)MOM H BB — A 55 stz s 5 4k A
FEW 1, NAIZ A S AR ARl 0, 0F HIRG 525 MR K
A L B Y R

(2)MOM 7E & 25 B B — 47715 s b, iRz AT
R A — R R S 4k HaZ S 4k AR 0, 5t H 3
FZ R R B Y /AT R — 17

(3)F I8 ST R I 1 | AT BB PHAT AL 35 A [A] #
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RCA He N E A4 FRIT A AR 4B I A T (8] AN Fo 1 35 )= R B
TR A AE, B B2 1,502 0, i L AT, 5%
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ARG AR SR B TS B T MOM F3k, IRl B ik oy
MOM 52 WS 50 28 v AT 954 s 77 SR AL (A ABE 2 bR
P, (o) BREL, T 2958 RBUE B R ALY, R B8 X
e

P,(v;) = delay(v;) + p(v;) + a'p(vjl v;) + B p(ul vivj)

+ 7 Qo loaww) = 1, (v;) (1)
Horpr, delay(v,) R 19 8 o BT IS, HoAR T2 R A)
REFEAE IR R 9 sk B AE — 47, JERE IR /N ik B —
17, H R s R E D SepfE; p (v;)
PR R o PR, LIS L [0, 1 s fE L H iz
FEOUH = H iz 5 H A 45 4 BORT D sy BB A7 i s 5 %
FEATRARAITE DL L p (ol o) AR BEAEAT— 5 5 v, WS
FPYFIHAE 175, AN IS 2 A B )T 4k T B 3 Y
B R — AT B FE X H B SR O T  p (o Lo, RR
AR v oW B Y AT AT, ORI 2 1 4%
JE kTR G B Y {5 — 1T R E = His B s O
T p o, Loy BASEREE 55 v, vy o W B Y Hi AL —
17)a , HoANES 12 (%) B HE 5 4k o] B 210 24 /5 F — 17 A
i p(vlv) op Qo lvgy) p (o, L owpy) VR FHAEARE 2 K
SRR L o N O T A v 29 G i o [ R O
ARSI WI R E BN 1, o By NIHEEREL,

HIUEEEI M1, C,; ], C; = max{delay(v;), i€ [1,n]},
AIEPHRE a = =y =1,HEMW NN, 424
HIT RANES 20 B R Ak A 4, W p (v lo) = p
(vklvivj) = p(v,| vivjvk) =05 Ly (0) AT E 0, ER
B )RR/ RS A RERS LA S WS, O H Y R
K RCA e N S AT EE L ILAE Sy

MOM it FE BT AN T

Algorithm: MOM
Input: DFG representing the loop kernel
Output: configuration information, M, Ny, N,, Ssp, Ccons
Trora
Constraint _ condition: Agpy = row X col, illegal dependencies
are not happened, each row nodes can execute in parallel after
each RCA is mapped successfully, data cannot be transmitted
by crossing-level and dislocation in RCA, I;; =0
1 Begin
2 Reading _ dfg _ table () ;177285 r = 0; 2L M = 0;
R n = 05 BIGTTHONARE flagl = 0; HoAZE &) 4
1k
3 for i =1 to nodenumber do
4 for v; = 1 to nodenumber do
5 end for
6 while | dfg-level | increasing do
B Y HL ST m g L U AN 1y 1Y
I J2 A i R 25
7 if(node( v, ) . flag = 0&& 17511 /& ZE3K && 17 LI
AT A IO A BE R && TGS 2 FIFRAT)
TEURAT start_row[ ] = node[ v;]. id; v ++ 3 n
++ ;node[ v;]. flag = 1; node[ v, ]. part = M + 1; indegree
(suce(w;)) - 1;
8 if(num| rowl] = col || not meet Constraint_ condition)
[flagl =151/ % rowl KNSR AS G x /
{for k=1to m do
{ Mapping _ succ (start _ row[ k], rowl ,fagl) s/
* Ja Uk A TR AR R AU, AR [E] >/
rw =032 num| rowl J%8F col, rowl ++ ;11
9 if (AT || A7 A WARERL 7))/ * T —1
TR RTT * /
{ while ( row1 < row) { [if (B35 rowl ++ ;else
break; | M\ dfg 55 0 J2IF IR T — 548 RS , break; |
10 if (—5¢ RCA I 1 || — 3¢ RCA A il , %
ZYRAREIL T )
[RCA #: 8 ; RCA BIF %, B W IR AL, BB i %
BAA by priority _ assigned (P, (v;) ), 5555 3 2|
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11 if( n = nodenumber) break;

12 End for
13 End for
14 End for

15 Ny, N, get by DFG _ in _ edges() and DFG _ out _ edges
()sM, Sy, get by DFG _ delays () ; Ceoy get by DFG _
Con () ; Tromy, get by DFG _ TOTAL _ delays () ;

16 End MOM

5 KWRSH

5.1 CHEMSEEEMEIRA

HHiT, 3T AN A CGRA ZEHy 7= A 1 48 22 [ B St e
SYEE, LRASA PRI GMUY AR il TS B R
PRASOGT 33 P A AL R A 7 o PR AT, IR SR B Y R
MOM F 24 AT AE . —J& HAR44H4 : PR I [7] 2-D mesh
CGRA + MIN, GM 1fij [1] 2-D mesh CGRA + RF, MOM [ff [7] 4%
—E AT R AERE R CGRA; —J& K4 i K 77 X GM.,
PR N ELTT S 7K , MOM A7 715 s IFAT I K s =2 AL
H#r: PR B 20 kg mta], M H Ar 2 08 16 5% U5
FHEEFN G P50 (8], MOM 48 — T AL PE AL 8 b &, RI
M Ceoy Ny Ny Ssp Iy CH T AE T G231, AR LS5 S

vy Vs
V3 &)
VS V7

N,

. Ip) < Tropy, - C A W EMERBIINT

(1) PR 575 € PEUL I : PR 1 S0 S TR RSB R
AT OCHEBRAR AT SUBCE, 55 2P RCA BUAMY
Q ML AT RCA BN Frids Bl A8 5 , ki 13 KT
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JH# . 36 4 AT, BT RSPA B H29 5, R FH VS I BN
1477 R A RCA By 55 J2 S8k 3, /b it 11 BN
AL N AL N, A E—A BN TR E 14> eycle BIC B
R[] 0 i 1ok 9 508 BF 48 , SPKML — 388 1) 85 )2 o5 il o
BN, 33 Ccmv%ﬁgij(,ﬁﬁﬂ SPKM 7%

% I8 AT S EE , X RCA FE47 B R34 i 4

FHIERE, I H AV RCEZ, NN =4 8L 1,, F
FK Sep (A3 Sep MIEALEE 1)) ; 73 51, SPKM H A 8
FIARL ST A AL P DFG 35 55 Al (AR SE R, P B R £
PR AS il A2 R 7 24 S 11 TG 8% W B, SPKML X RC 8 47 ¢ 77
WA AT A ORI R ST, 330 M Coopn ¥ KA
% . 5 SPKM A Eb , MOM 3L TRIAL T M Tropu < Coon
GIabR, IRMG TR/NE S ¥IME (B E Ny Ny AS 2 SPKM
k.

F4(a) 5.5TZLW Agpy=16,36 Bf MOM 5 SPKM HIRR &% LE 5
M N, N,
R 53 B
PKM MOM A% SPKM MOM A% SPKM MOM A%
LOOP4 4 4 3 2 -25.0-50.0 12 16 33 16 +175 — 12 16 17 16 +41.7 —
LOOP6 7 4 4 2 -42.9-50.0 16 8 12 14 -25.0+75.0 20 18 12 14 -40.0 -22.2
FFT8 5 4 4 4 -200 — 22 23 18 17 -18.2-2.1 21 21 18 17 -143 -19.0
EWF3 9 6 7 5 -22-167 63 4 64 4 +1.6 — 51 31 54 41 +59 +32.3
EWF6 17 12 13 6 -23.5-50.0 156 75 126 120 -19.2+60.0 102 60 102 94 —  +56.7
FDCT3 15 9 8 5 -46.7-44.4 60 64 55 4 -83-313 60 60 59 51 -1.7 -15.0
FDCT6 31 20 16 8 —48.4-60.0 170 174 108 101 -36.5-42.0 121 170 102 101 -15.7 -40.6
A% 00— - = — -327-387 — — — — 499 451 — — — — -34 +1.1
F4(b) 5.5FFKI Agpy =16,36 B MOM 5 SPKM HIRR ST LL 3%
Ceon Tropa
R 3 B
SPKM MOM A% SPKM MOM A% SPKM MOM A%
LOOP4 11 9 13 9 +182 — 100 100 8 66 -17.0-34.0 143 145 141 111 -1.4 -23.4
LOOP6 17 10 18 14 +5.9 +40.0 167 116 116 8 -30.5-29.3 232 169 176 140 -24.1 -17.2
FFT8 19 2 13 11 -31.6-50.0 126 109 104 104 -17.5 -4.6 222 167 149 146 -32.9 -12.6
EWF3 37 032 37 29  — -94 257 240 221 187 -14.0 -22.1 38 349 355 298 -7.6 -14.6
EWF6 62 73 72 43 +16.1 -41.1 499 486 425 306 -14.8-37.0 810 702 686 531 -153 -24.4
FDCT3 72 4 47 32 -34.7-273 381 219 262 211 -31.2-24.4 573 453 426 351 -25.7 -22.5
FDCT6 143 97 9 65 -37.1-33.0 921 608 524 388 -43.1-36.2 1330 997 839 674 -36.9 -32.4
¥y A% 20— 29— 00—  — -9.0-173 — — — — -240-268 — — — — -20.6 -21.0
5.6 B4 2, EPERY A BE , MOM fig i Bk [ B JE 1 PR.GM 55

AE PR ) B A T L B SE E PRLGM A8 AN
JE,MOM TE R BE WU 25 T 175 18 N3R 3 FIk 4 iy 555w
HR A SR mT LA H, MOM 533348 b F LBGM il SPKM %
B2, M L Tropy, « Cooy BI3RAT T 800 1 BC itk s MOM 3 32: 119
ST 1LBGM fil SPKM, N, . N,¥J{E I T 1BGM, {H &
Ny N, B{ER 40 SPKM. MOM 838 FH 376 522K RCA
AT T PAT AL S, 7EBLRT IR T, vl 3RS
HLI P AH SR 1732 B85 0 18] 1) 5 2 S K Al e g, DA
ARG T M Trop, ~ CoonB/IMEFTHRSEIR (L AL .

6 %hiE
AR T — Bl 2 HARL AL SR MOM 53

AL s OE AR B, R T — 410 7 e S i ot A
FFAEEAT T MOM ., LBGM, SPKM %5 %475 1 52 56 L %5, 45
R, MOM B EAE M. Tropa « Cooy 257 T Y9588 BAR
POIRMGT RCA AT BE e RAL AN s 428 1) 5o /MK, 76
W Tropy 7 T8, A SCRE B & B 174

S 3k

[1] Cardoso J M P, Diniz C D, Weinhardt M. Compiling for recon-
figurable computing: a survey [ J]. ACM Computing Surveys,
2010,42(4) : 1301 - 1365.

[2] Yoon J W, Lee J,Park S, et al. Architecture customization of

on-chip reconfigurable accelerators[J]. ACM Transactions on



2160 H +

2 2015 4F:

Design Automation of Electronic Systems,2013,18(4):52:1 —
52:22.

[3] Zhao X, Erdogan A T, Arslan T. High-efficiency customized
coarse-grained dynamically reconfigurable architecture for
JPEG2000([ J] . IEEE Transactions on Very Large Scale Inte-
gration Systems,2013,21(12) :2343 — 2348.

[4] Kim Y,Lee J, Shrivastava A, et al. High throughput data map-
ping for coarse-grained reconfigurable architectures [ J]. IEEE
Transactions on Computer-Aided Design of Integrated Circuits
and Systems,2011,30(11) : 1599 - 1609.

(5] 45, 0, £ AR, 55 1T 7] CGRA 1R AU 7K B AT 11 %4
FEIFATIACLT] TSR ,2013,36(6) : 1280 — 1289.
Yang Ziyu, Yan Ming, Wang Dawei, et al. Data parallelism op-
timization for the CGRA loop pipelining mapping[ J] . Chinese
Journal of Computers,2013,36(6) :1280 — 1289. (in Chinese)

[6] Han K, Lee G, Choi K. Software-level approaches for tolerating
transient faults in a coarse-grained reconfigurable architecture
[J].1IEEE Transactions on Dependable and Secure Computing,
2014,11(4) :392 - 398.

[7] Yoon J W, Shrivastava A,Park S,et al. A graph drawing based
spatial mapping algorithm for coarse-grained reconfigurable ar-
chitectures J] . IEEE Transactions on Very Large Scale Integra-
tion Systems,2009,17(11):1565 - 1578.

[8] Ferreira R S, Cardoso J M P, Damiany A, et al.Fast placement
and routing by extending coarse-grained reconfigurable arrays
with Omega Networks [ J]. Journal of Systems Architecture,
2011,57(8) :761 - 777.

[9] Lee G, Choi K, Dutt N D. Mapping multi-domain applications
onto coarse-grained reconfigurable architectures [ J ]. IEEE
Transactions on Computer-Aided Design of Integrated Circuits
and Systems,2011,30(5) :637 - 650.

[10] Ansaloni G, Tanimura K,Pozzi L, et al.Integrated kernel par-
titioning and scheduling for coarse-grained reconfigurable ar-
rays[ J] . IEEE Transactions on Computer-Aided Design of In-
tegrated Circuits and Systems,2012,31(12):1803 - 1816.

[11] Chen L, Mitra T.Graph minor approach for application map-
ping on CGRAs[J]. ACM Transactions on Reconfigurable

Technology and Systems,2014,7(3) :21:1 - 21:25.

[12] Miyamori T, Olukotun K, Budiu M, et al. REMARC : reconfig-
urable multimedia array coprocessor [ J]. IEICE Transactions
on Information and Systems, 1999, E82 — D(2) :389 - 397.

[13] Goldstein S C, Schmit H, Budiu M, et al. PipeRench: A recon-
figurable architecture and compiler [ J]. Computer, 2000, 33
(4):70-177.

[14] B0, NE B, e — T EM IR AR HOARLT].

BBk (i R ,2012,42(12) £ 1559 - 1576.

Wei Shaojun, Liu Leibo, Yin Shouyi. Key techniques of recon-

figurable computing processor[ J]. Science China: Information

Sciences,2012,42(12) : 1559 — 1576. ( in Chinese)

W94 TR BRI, 55 . — T 25 B 3T S8 3R de /MBI

BEIRL AR O 2R 3 5 [T 12441, 2012,40(5) -

1055 - 1066.

Chen Naijin, Jiang Jianhui, Chen Xin, et al. An improved level

[15

[}

partitioning algorithm considering minimum execution delay
and resource restraints[ J . Acta Electronica Sinica, 2012, 40
(5):1055 - 1066. (in Chinese)

[16] BRT9 4 365 VLA E . T 4k RCA 85 25U 1L 5

95T R TR TCAR IS N3 [ 7] 38 A5 2441, 2015, 36 (4) «
2015132:1-17.
Chen Naijin, Feng Zhiyong, Jiang Jianhui. Bypass node non-
redundant adding algorithm for crossing-level data transmission
in two-dimension reconfigurable cell array [ J]. Journal on
Communications, 2015,36(4) :2015132:1 - 17. (in Chinese)

EH T

BR73& 5,192 4R E TREA N, REK
AR TR R M B, WL AR R, &
BT 5 1) g ) F R A B R 43 5 e g
VISI/SoC iR 5 2545 4%

E-mail : 86naijinchen @ tongji . edu. cn

TEE 5, 1964 FFAETWILE R, L,
[R5 R AE AR, 1 1A 0, 25T 07 1) R
VLSL/SoC Pl 5 2845 T A5 AR GE45 M4 B ]
FEME TR
E-mail : jhjiang @ tongji . edu. cn





