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Compilation of MATLAB Scripts Utilizing Various Data Structures

for Sparse Matrices

HIDEYUKI KAWABATAt and MUTSUMI SUZUKI t

MATLAB is a language and an execution environment for matrix computations, which is
used in wide area. We have been developing the CMC, a compiler for matrix computations,
which translates MATLAB-based scripts into Fortran 90 programs by static analyses. The
CMC didn’t have functionality for data structures for sparse matrices other than CCS form
until the extension we show in this article was implemented. Newly supported data structures
include CRS and Multi-diagonal forms. Experimental results show the importance to choose
right data structures to make the most use of the computer at hand. In addition, automatic
transformation of data structures is proved to be useful.
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input: A€ R**™, z e R", tol € R
output: A€ R, 1€ N
10
A—0
while(true) begin
te-i41
y — Ax
Anow — (¥T9)/ (37 @)
exit if {A — Apew| < tol.
z — y/llyll2
A = Anew
end

(a) The power method.

function [1,i] = powermethod(4, x, tol)
i=0;
1=0;
while 1
i=1+1;
y=Ax*x;
Inew = (y’ * y) / (y’ * x);
if abs(l - lnew) <= tol, break, end
x =y / norm(y);
1 = lnew;
end

(b) A MATLARB srcipt of the power method.

1 MATLAB ©a— FOf
Fig. 1 An example of MATLAB coding.
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(a) a sparse matix {b) representation of the matrix (a) using 3 1d arrays

B2 CCS KA L 2HITFIOXRE

Fig. 2 The structure of CCS form for sparse matrices.
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(8) a parse matrix {b) reprasantation of the matrix (a) in COS form

B3 CDS BTk 3HITFINER
Fig. 3 The structure of CDS form for sparse matrices.
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A_val(.) 4:3 2:0i1
5 A_pos()
2i4i2
diai
ol g A_mdnum

(b) representation of the matrix (a) in MD torm

(a) a sparse matrix

4 Multi-diagonal BRiZ & 2 BITHIORER
Fig. 4 The structure of multi-diagonal form for sparse

matrices.

y=0
do Xj = 1, 2500
do Xiptr = A_colptr(Xj), A-colptr(Xj+1)-1
Xi = A_rowind(Xiptr)
y(Xi) = y(Xi) + Aval(Xiptr) * x(Xj)
enddo
enddo

(@) CCS

do Xi = 1, 2500
Xs =
do Xjptr = A_rowptr(Xi), A.rowptr(Xi+1)-1
Xj = A-colind(Xjptr)
Xs = Xs + Aval(Xjptr) * x(Xj)
enddo
y(Xi) = Xs
enddo

{5y CRS

do Xk = 1, A_mdnum
Xj = Apos(Xk)
do Xi = max(1,Xj), 2500+min(0,Xj)
y(Xi-Xj) = y(Xi-Xj) + Aval(Xi-Xj, Xk} * x(Xi)
enddo
enddo

(<) MD

5 y=A»x \Z%IET 5 Fortran 90 iib
Fig. 5 Fortran 90 code corresponding to y=A*x.
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/superdiagonals 3% > T b % OHE % FLfEFEEHE &
WHBETE 2V, M4 0EHITiETEE 25
I CILENA (MD; Multi-Diagonal) 3 &
A. MD BRTIR, R/MICHESBILELLRS
B, RS ARRNOBRLEREFITICL 2EME
P ETHEOBITH 2 BIER(HRZ 5.

3.2 BITIMSEERVWAREYE TN LD

IO A ZBATHIEL, x, y RTINS PVELAEE
12, MATLAB 1281 5175IEHEER y=A+x #°CMC
{2& o T Fortran 90 e ICERENA-BFEE 5 12

8 CCS HADITHIORY (C=A*B)
Fig. 6 Sparse matrix multiplication using CCS
form.(C=A+B)
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7 CRS BRADHITHIORHE (C=A*B)
Fig. 7 Sparse matrix multiplication using CRS
form.(C=A#B)
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8 MD HRAOITFIDRE (C=A+B)
Fig. 8 Sparse matrix multiplication using MD
form.(C=A+B)

allocate(Xflag(dim2))
Xflag = 0
do Xj = 1, dim2
do Xiptr = A_colptr(Xj), A-colptr(Xj+1)-1
Xi = Arowind(Xiptr)
Xflag(Xi) = Xflag(Xi) + 1
enddo
enddo
Browptr(1) = 1
do Xj = 1, dim2
B_rowptr(Xj+1) = Browptr(Xj) + Xflag(Xj)
Xflag(Xj) = B.xowptr(Xj)
enddo
do Xj = 1, dim2
do Xiptr = A_colptr(Xj), A.colptr(Xj+1)-1
Xi = A_rowind(Xiptr)
B.val(Xflag(Xi)) = A.val(Xiptr)
B.colind(Xflag(Xi)) = Xj
Xflag(Xi) = Xflag(Xi) + 1
enddo
enddo
deallocate(Xflag)

9 CCS B> 5H CRS BR~NOF— F#ELH
Fig. 9 Transformation of sparse matrix structures.
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(a) MDto CCS

(b) MD to CRS

10 MD ERX»5 CCS R, CRS EANOE#H
Fig. 10 Transformation from MD form to CCS or CRS
form.
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1 SPP LToOiT5K
Table 1 Matrix multiplication on SPP.
(a) 5 mES S OBE
K7¥ | MATLAB sec] CCS F3 [sec] MD #R [sec]

10000 | 0.06(1.7)  0.0356(1.0) 0.0137(.38)
40000 | 0.28(2.0) 0.141(1.0)  0.0540(.38)
90000 |  0.75(2.3) 0.320(1.0)  0.138(.43)
160000 |  1.25(2.1) 0.587(1.0)  0.264(.45)
250000 |  2.10(2.2) 0.944(1.0)  0.428(.45)

(b) 7 HES T O%BE
K | MATLAB(sec] CCS H3 [sec] MD F [sec]
1000 | ©0.01(2.4)  0.00410(1.0) 0.00189(.46)

8000 0.12(1.6)  0.0743(1.0)  0.0200(.27)
27000 |  0.42(1.6) 0.262(1.0)  0.0690(.26)
64000 | 1.01(1.6) 0.628(1.0)  0.207(.33)
125000  2.06(1.7) 1.23(1.0)  0.408(.33)

%2 VPP LTO7FIHK
Table 2 Matrix multiplication on VPP.
(a) 5 A& S OBE
R | CCS ERX [sec] MD = [sec)
10000 0.222(1.0) 0.000318(.0014)

40000 0.900(1.0) 0.00101(.0011)
90000 2.03(1.0) 0.00214(.0011)
160000 3.61(1.0) 0.00389(.0011)
250000 5.65(1.0) 0.00576(.0010)

(b) 7 HES T OB
KL | CCS B [sec] MD X [sec]
1000 0.00699(1.0) 0.0000214(.0031)

8000 0.276(1.0) 0.000519(.0019)
27000 0.960(1.0) 0.00138(.0014)
64000 2.31(1.0) 0.00303(.0013)
125000 4.55(1.0) 0.00582(.0013)

(1) R#75%# (LTI SPP LIER)
e E-+# GP7000F (SPARC64-GP, Fifi
24GB) % 1 CPU O AfER.
e Fortran90 I > 734 7 [ frt (Fujitsu Fortran
Compiler Driver Version 5.5)
e frt + /¥ 3 | -Kfast GP=2 -X9
(2) 7 bVEER (B, VPP RS
o Eii# VPP800/63 (¥ — 7 ¥4k 8GFlops) %
1/ — FOAER.
e Fortran90 2> /%14 7 | frt (Fujitsu UXP/V
Fortran V20L20 Driver Version L02091)
e frt ¥ 7Y 5 ! -Wv,-m3 -Pao -Eiuep -X9
%3 SPP L T® SOR#, CG HENERII>WTIE
MATLAB (Ver6.5.1) TOETHERLHETRT.
FHFIE, MATLAB Tid#iAAABE cputine %
A L7, Fortran90 32— FOETIZHEWTIE, HiES
477 B gettimeofday() &V 7 LTHW/.
4.1 7 5 %
Laplace /3

function [x,i] = sorOs(A,x0,b,tol)
%CMC integer,parameter :: s=50%50
%CMC realx8,.CCS(5) :: A(s,s)
#CMC reals8, COLVEC :: x0(s), b(s)
%CMC reals8, SCALAR :: tol
w=1.8;
D = diag(diag(A)); L = -tril(4,-1); U = -triu(4,1);
r0 = norm(b-A*x0);
M = D-wsL; N = (1-w)*D+u*U; b2 = w*b;
x =x0; i =0;
while 1

i=i+1;

x = M\(N*x+b2);

if norm(b-A*x)/r0 <= tol, break, end
end

E11 MATLAB T#EiliL7: SOR &N a—F
Fig. 11 The SOR method in MATLAB.
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MHEETHEH, Thit MD BROF— ¥ SBIE
BBRTHL-0THAH). B, wTFhorF—siE
EOHED, MATLAB L W BEEETH 5.

£51X VPP LTORKETHS. CRSERTD CG
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£ 3 SPP LTO SOR ENEHER

Table 3 Results of SOR solver execution on SPP.

KoM/ KA E 2 | MATLAB(sec] CCS 3\ [sec] CRS 3 [sec] MD 3 [sec] | CCS to CRS [sec] CCS to MD [sec]
1600/158 0.78(7.6) 0.103(1.0)  0.0915(.89) 0.0561(.54) 0.0832(.81) 0.0584(.57)
6400/606 12.3(7.1) 1.74(1.0) 1.53(.88) 1.08(.62) 1.53(.88) 1.08(.62)

14400/1282 61.9(7.1) 8.72(1.0) 7.44(.85) 5.42(.62) 7.49(.86) 5.43(.62)
22500/1926 168(7.6) 22.2(1.0) 19.9(.90) 12.3(.55) 20.1(.91) 12.8(.58)
Fd4 SPP LTO CG EDERMZR
Table 4 Results of CG solver execution on SPP.

Kyt¥/ BIEE# | MATLAB[sec] CCS 3 [sec] CRS 3 [sec] MD #3X [sec] | CCS to CRS [sec] CCS to MD [sec]
1600/95 0.18(3.9)  0.0460(1.0) 0.0448(.97)  0.0316(.69) 0.0464(1.0) 0.0338(.73)
6400,/184 1.52(3.4) 0.452(1.0)  0.427(.94)  0.304(.67) 0.420(.93) 0.300(.66)
14400/270 4.86(3.1) 1.59(1.0) 1.46(.92) 1.10(.69) 1.47(.92) 1.11(.70)
22500/334 9.74(3.1) 3.17(1.0) 2.83(.89) 2.17(.68) 2.97(.94) 2.20(.69)

&5 VPP LTOCG EOERER
Table 5 Results of CG solver execution on VPP.
KM/ RERY | CCS B [sec] CRS A [sec] MD #3\ [sec] | CCS to MD [sec]
1600,/95 0.127(1.0) 0.223(1.8) 0.00372(.029) |  0.00549(.043)
6400/184 0.975(1.0) 1.71(1.8) 0.0215(.022) 0.0287(.029)
14400/270 3.22(1.0) 5.65(1.8) 0.0649(.020) 0.0815(.025)
40000,/437 15.2(1.0) 25.4(1.7) 0.276(.018) 0.322(.021)
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