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Critical loop memory-aware mapping onto coarse-grained

reconfigurable architecture

YANG Ziyu, ZHAO Peng, WANG Dawei, LI Sikun
(College of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract; Targeting at the mapping of key loops onto CGRA ( Coarse-Grained Reconfigurable Architectures) , this research proposes a novel

approach called memory-aware kernel loop pipelining mapping (MALP). The RCP_CGRA model and the critical loop mapping formulation were

shown first. Based on polyhedral model, then the array clustering and data domain partition were presented. An analysis of the critical loop storage

requirement was described. Based on this analysis result, the MALP provided an efficient way for loop mapping under the resource constraints of

CGRA. Experiment results show that MALP can improve the data throughput rate while costing less resource. MALP makes the loop mapping on

CGRA more efficient.
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Fig.1  LEAP and its RCP_CGRA model

1.2 CGRA HYR AT E #% 0 Bk & o) 25

FH T 550 2 4 10 R B A T A
A B BESR E A 6) SCSHAE R HEA T AL i T A
AR R CGRA AbHZ 2K N BT fE. 45 7€ —
B R AR AN FH T Y G SR PR 200 B B 2
CGRA W] AL PE [ 51 ) B2 F2 95 J 1) 32 B4
AMESTET - (1) Gnfar7E PE BEZ)_F B A 55 Y
A, DS A R 5 (2) anfe] 45 2R
CfF PEs H.i% ¢ R SCIUE A B8 I L 55 (3)
WA TE R 3744 5 mPE 1% 29 58 (4 B 32 R ik &
TEIR B R AR S, SEI B (9 A s . DATE ST
XF CGRA W55 i) A 5 A A3 AR 12406 24 Jor 7 B8 €
TEHE TR B A7 it b ELAL B RA ST R A5 [l A
ZIRE . £ % & CGRA L Rk At BR ), 20 #r
TG B A T >R T B K PR EE b 8 A6 24 25041, |
A ARG I E cPEs i s B by 450 % 19 15 A7 45
YET 2 PE RS

TE RCP_CGRA ff {5 Al v, [7] —47 PE JL=
— 2k L AR mPE =~ DM I %K
PR BN R L5 L, RCP_CGRA iz F 9 I it
TRBAAXS G IR B4 T 7% 28 R AAA (AR HR AR fy 425
b I 3E A R A AR P AR SR A T R I A B
AT B AR e, K2 R T —
AT (8 3R ) A O B i BB B8, LA OB S G
% RCP_CGRA 2544 | 2 J5 () %8 i €l ( DFG ) Al
IR KB 25 B, an & 2 A5 23 5 i, Hop

for(i=0; i<N;i++)
far (=0:j<Nsj++){
AliLjFaAlLFB[LjD+ (A -1 +b)
B[ij]=Alij FB[ij-1];
CLjI=BEjl:

}

t0
t1

W

oy O || 1
t3]2°[7
t4]0" | 1"
t5 |20
t6
t7
t8

@@1@@@@@
04

5 el

01

2007

0" |1

207

Elw|s (WY

Rlo ||| ®LA
SRR 2| . N
v

©
O

K2 {RENFHZE RCP_CGRA MMt

Fig.2  Nest loop mapping on RCP_CGRA
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Fig.3  Polyhedral dependents of nest loops
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ALGORITHM 1: ARRAY CLUSTER MINSIZE

Input DFGs//a list of DFGs from the current loop L
ASet//a list of LM onwhich arrays can be mapped

Output: dPCost //a set of arrays mem cost on dP granularity

/1 arr ay analysis
AL =initArrayList() //a list of arrayInfo from DFGs
AL =arraySizeAna lysis(), //get size of each array
for(each DFGs) {  //get access number of each array
* let dfg be an node of DFGg
AL = arrayAcc essAnalysisdfg),
}
/farray cluster gen eration
for(each arrayInfo in AT) {
*]et A be an element of AL
calcPriority(A) ; /compute PrA of each arrayin AL

S(})rtArrayLis(AL); // sort m descending order by priority
while(AL#Q) { //get costa(AS,A)
*let A be an array of AL
for(#ASet)){  // a set of candidate array cluster
*let AS be a ASet number
ASetList+= calcCosta(AS,A);,
3
¥
if (ASetList7#0) {
asl= MinCostASet( ASefList)://select the object cluster
assign(A asl) //assign A to cluster asl
}

//dPList generation
if(lassign(Aasl)) {
PList=getPList(A), // alist of anarray’s data domain
*let dPL be an element of dPList
dPList=par_all datadomamn(PLisf);

for(IdPL){
dPG = DPAnalysis(dPL)),
}

for(eachnode of dPG){
* let d be an element of dPG,
dPCost + = Calc CostArray(d),
}
¥

ALGORITHM 2: Partition of an array’s data domain
Input: PList // alist of an array’s data domain
Output: dPList //a list of an array’s data domam after partition

par_all data_domain(PList){
//iter ative partition of data domain
for every i€[0.n —1]
for every J€ (,m—1] .//m is the current length of PList
PListt=par two data domam(PList[i],PListt[j]);
for every element in Plist from nto0
dPList+= Plist[i],
¥

par_two_data_domain (p1, p2){
if 1l p2)
the partiton is{pl, p2-pl};
elseifl p2i p1)
the partiton is{p2, pl-p2}
elseif (p1Np2=?)
the partiton is {pl, p2}
else
p=plnp2
the partiton is{p, pl-p, p2-p};
3

ALGORITHM 3: Array MinDataSize generation
Input: dPG // a dependence graphin dP granularity
Output: dPCost //a set of arrays mem cost on dP granularity

CalcCostArray(dPG )
for (each unread node d of dPG&& done(predecessor of d) )

*compute the cost function:
peak=max(0,Min DataSizetMemInc -tmpMaxSize);
cost=a*peak+B*MemInc -MemDec);

//eand B are design parameters for balancing memory cost
*chose the node d1 with the min cost;
done(dl) =1,

update(MinDataSize, temp_Max_Size);

3
if (all the dP in dPG computed )
return MinDataSize,

¥
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Fig.4 Storage requirement analysis algorithm for kernel loop
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Tab. 2  Results of typical algorithms mapping on RCP_CGRA
=R cPE/mPE/DM ThO ( OP/cycle) AP(% ) DCR Cycle
DCT(2000) 4(6)/4(4)/4 3.9% (3.9% ) 40.3% (39.3% ) 1.491  76207(78403)
MVT(10000) 6(4)/3(3)/3 3.1% (4% ) 41.5% (43.6% ) 1.409  17329(17482)
LU(2000) 10(10)/3(4)/4 4.5% (4.2% ) 42.0% (40.3% ) 1.381 48239(53759)
MD(4,32) 7(7)/10(16)/8 6.3% (6.6% ) 40. 5% (40. 1% ) 1.469  190862(210533)
MD(8,120) 7(7)7/12(20)/8 9.2% (8.5% ) 43.2% (42.1% ) 1.315 391223(433748)
MM(64) 30(30)/8(10)/10  16.7% (12.5% ) 41.2% (40.7% ) 1.427  65293(79141)
MM(128) 30(30)/8(12)/10  11.8% (11.6% ) 44.5% (42.6% ) 1.247  304130(318901)
MF (320 x240) 30(30)/6(7)/4 11.4% (12. 4% ) 39.1% (41.3% ) 1.558  213932(220010)
MF (480 x360) 30(30)/6(8)4 10. 3% (10.7% ) 39.3% (40.2% ) 1.621  428467(479792)
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