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Translation of MATLAB Scripts for Sparse Matrix Computations
HipEYUKI KAWABATA® and MUTSUMI SUZUKI *

MATLAB is a language and an execution environment for matrix computations, which is
used in wide area. There have been studies on translation of MATLAB scripts into pro-
grams written in compiled language such as Fortran, intended to speed up their execution.
However, non of those systems seems to be able to handle sparsity of matrices attaining high-
performance of translated code. We propose a new translator of MATLAB which utilizes
sparse data structures and, in addition, shapes of matrices, e.g., triangular, diagonal, etc.
In this paper, we present the design of CMC, the prototype of our compiler. Experimental
results show that the translated SOR code by CMC runs seven times as fast as the original
MATLAB code, which confirms our method’s effectiveness.
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input: A€ R*"*™, z € R™, tol € R
output: A€ R, 1 €N
10
Ae—0
while(true) begin
i1e—i+41
. y — Az
Anew — (¥Tv)/ (" z)
exit if [N — Apew| < tol.
z —y/llyll2
A = Anew

end

(a) The power method.
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ion [1,i] = powermethod(4, x, tol)
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=(y? *y) [/ (y’ *x);

s(l - lnew) <= tol, break, end

/ norm(y);
new;
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(b) A MATLAB srcipt of the power method.
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Fig. 1 An example of MATLAB coding.
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(a) a sparse matrix (b} representation of the matrix (a) using 3 10 arrays
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Fig. 2 The structure of CCS form for sparse matrices.
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Table 1 Data structure translation rules.

(a) A+B DEHEHROBAK

B DK
A DFIR SRCULDF
Scalar SRCU D F
Row vec. R—SRRRR
Column vec. CF — ——— —
Upper tri. mat. |[U— C U F U F
Lower tri. mat. |L—- C F L L F
Diagonal mat. {D— C UL D F
Full mat. F—CFFFF
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Diagonal mat. |D' — — U L D F
Full mat. F ——FFFF
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Fig. 3 Type inference for intermediate variables
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I r = b - A*x; J

(a) A MATLAB code (A: matrix, r,b,x: column
vectors).

[ r = b - MATMUL(A,%) |

(b) Corresponding Fortran90 code with dense A.

allocate(Xr1(2500) )
Xrt = 0

do Xk =1, 2500
do Xiptr = A.colptr()(k) A_colptr(Xk+1)-1
Xi = Arowind(Xiptr)
Xri(Xi) = Xri(Xi) + (A-val(XJ.pcr)) * (x(Xk))
enddo
enddo
r = (b) - (Xr1)
deallocate(Xr1)

(c) Corresponding Fortran90 code with sparse A using
CCS format.

4 MATLAB %5 Fortran90 ~OZ#5]
Fig. 4 Examples of MATLAB to Fortran90 translation.

function {x,i] = sorOs(4,x0,b,tol)
%CMC integer,parameter :: s=50%50
%CMC real*8,.CCS(5) :: A(s,s)
%CMC realx8,.COLVEC :: x0(s), b(s)
%CMC real*8, SCALAR :: tol
w=1.8;
D = diag(diag(A)); L = -tril(A,-1); U = -triu(A,1);
r0 = norm(b-A*x0);
M = D-w+L; N = (1-w)*D+wxU; b2 = wxb;
x = x0; i = 0;
while 1

i=i+l; -

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

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

B 5 MATLAB TiifiL7: SOR &Ena—F
Fig. 5 The SOR method in MATLAB.
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Table 2 Experimental results on the SOR method

© MATLAB [sec] CMC/dense [sec] CMC/sparse [sec]
RiRE RIcH/ RAEE dense sparse noshape shape noshape shape

400/64 0.73(9.1)  0.08(1.0)  0.350(4.4) 0.272(3.4)  0.0105(0.13)  0.00964(0.12)

900,81 8.91(42) 021(1.0)  4.97(24) 3.01(14.) _ 0.0311(0.15) _ 0.0289(0.14)

Sr=u 2500/247 - 1.88(1.0) = = 0.274(0.15) _ 0.265(0.14)

S : sparse 4900,/472 = 7.23(1.0) — — 1.10(0.15) 1.04(0.14)

"8100/755 = 19.9(1.0) - — 3.22(0.16) 2.88(0.14)

100/322 0.13(1.0) 0.49(3.8) 0.0962(0.74) 0.0729(0.56)  0.117(0.90)  0.115(0.88)

Fr=u 200/1156 1.69(1.0) 6.71(4.0)  1.31(0.78) _ 0.951(0.56)  1.56(0.92) 1.56(0.92)

F : dense 300/2404 7.78(1.0) 34.8(4.5)  6.05(0.78) 4.30(0.55) 7.27(0.93) 7.12(0.92)

400,/4020 22.2(1.0) 141(6.4) _ 17.4(0.78) 12.7(0.57) 28.2(1.3) 35.4(1.1)

REEBRITE EOFRTICOVTE TR THo 7. EMROBEIRATICBI 2 HMEOMBTILT, TR S EOREETHS.

SUBROUTINE sorOs(A.val,A.colptr,A rowind,x0,b,tol,x,i)
IMPLICIT NONE

INTEGER, PARAMETER :
REAL#8 A_val (s%5)
INTEGER A-colptr(s+1), A.rowind(s*5)

s = 50*50

B6 X523 LT CMC PER LT~ FO—if
Fig. 6 A part of the generated code from Fig.5 by CMC.
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Table 3 Experimental results on the CG method
(a) the CG method: Sz = u (S: sparse matrix)
RICE/ K& | MATLAB/sparse [sec] CMC/sparse [sec]

900/72 0.08(1.0) 0.0157(0.20)
2500/117 | 0.33(1.0) 0.102(0:31)
4900/162 0.92(1.0) 0.301(0.33)
8100/205 1.89(1.0) 0.685(0.36)
12100/249 3.73(1.0) 1.32(0.35)

(b) the CG method: Fz = v (F: dense matrix)
Ry#/ K& | MATLAB/dense [sec] CMC/dense {sec]

200/112 0.11(1.0) 0.0806(0.73)
400/214 0.80(1.0) 0.583(0.73)
600/316 2.79(1.0) 1.94(0.70)
800/417 7.42(1.0) 4.59(0.62)
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