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Compilation of MATLAB programs for speeding up the execution of them has been studied
and recognized as a promising approach especially for large-scale computations. However,
- many of existing compilation systems have been constructed as tools for generating efficient
executables which run independently of the MATLAB interpreter. Thus, the rich set of util-
ities of the MATLAB system,:which includes data analysis tools and visualization tools, has
remained difficult to use with the compiler-generated codes. In this article, we show the
newly developed functionality of our compiler for MATLAB scripts. Our system, CMC, can
automatically gemerate MEX-files, or programs which’ are able to invoke in the MATLAB’s
interactive environment. Experimental results of CG programs processed by CMC confirm

that the system is also effective for MEX-file generation.
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* MATLAB A®OEKicid script M-file SIEENAHRHH S
A, EEMICFESED function M-file BRICEERANTES
DT, T ITH script M-file iIZDWTIEZE R 2.

input: A€ R"*™ z € R" tol € R
output: A€ R, 7€ N
1+ 0
A—20
while(true) begin
i1
y — Az
Anew — (yTy)/(yTx)
exit if |A — Anew| < tol.
z — y/llyll2
X = Anew
end

(a) The power method

function [1,i] = powermethod(A, x, tol)
i=0;
1=20;
while 1
i=13i+1;
y = A *x x;
lnew = (y’ *y) / (y’ * x);
if abs(l - lnew) <= tol, break, end
x =y / norm(y);
1 = lnew;
end

(b) An M-file implementation of the power method

1 MATLAB ©O2— RDO#

[A.B) = foo(C.D); MATLAB interpreter

Y
nrhs, prhs nhs.plhs  MEX-file: “ foo .mexXXX"

mexFunction{nlhs, plhs,nrhs, prhs}

1 T entry point to a MEX-file

foo_comp( .. .)

user-defined external function
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1: function [x,i] = mycg(A,x0,b,tol)
2: Jcmc integer,_auxarg :: S

3: Ycmc real=*8,_ccs(5) :: A(s,s)

4: ‘cmc real*8,_colvec :: x0(s), b(s)
5: Y%cmc real*8,_scalar :: tol

6:

7: r = b-A*x0; rn = norm(r);

8: x=x0; p=r; i=0;

9: tmpx00 = A * r;

10: tmpsOl = r’ * r;

11t while 1

12: i=1+1;

13: alpha = tmps01 / (p’ * tmpx00);
14: X = x + alpha * p;

15: rnew = r - alpha * tmpx00;

16: if norm(rnew) / rn <= tol, break, end
17: tmps02 = rnew’ * rnew;

18: beta = tmps02 / tmpsO1;

19: p = rnew + beta * p;

20: r = rnew;

21: tmpx00 = A * p;

22: tmpsO01 = tmps02;

23: end

4 fERTHED M-file (CG )

1: subroutine mycg(A_val, A_colptr, A_rowind,
2: & x0, b, tol, x, i, s)
3: implicit none

4 integer i, s

65: real=*8 tol

6: real*8 A_val((s)*5)
7: integer A_colptr((s)+1), Axowind((s)*5)
8: real*8 x0(s), b(s), x(s)

9

0

1

10: real*8 r(s)
11:

5 4%mBEN3 Fortran 90 V—F > (RH K70 2f)

751, x0, b AFIRT BV, tol MANTTHB I &
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1: subroutine mycg(Aval, A_colptr, A_rowind,

2: & A_dl, Ad2, Anzmax,

3: & x0, x0.d1, b, b.di, tol, x, xdl, i)
4: implicit none

5: integer i

6: real*8 tol

7: -

8: real*8 A_val(A._nzmax)

9: integer A_colptr((A.d2)+1), A_rowind(A_nzmax)

10: integer A.dl, A.d2, A._nzmax
11: real*8 x0(x0.d1), b(b.di), x(x0.d1)
12: integer x0d1l, b.dl, x.dl

14: realx8 -r(b.dl)

6 4£mEND Fortran 90 JL—F > (MEX-file A)

% 1 mexFunction() D3|

MEX-file 7°5 MATLAB YA FAIEEN
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DER~DORA > HEFI .
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prhs(*)
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IRGED T, TOERBIVEIFORDSNT
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subroutine mexFunction(nlhs, plhs, nrhs, prhs)

implicit none

integer plhs(#), prhs(*), nlhs, nrhs

integer mxGetPr, mxGetM, mxGetN

integer mxCreateDoubleMatrix, mxGetJc, mxGetIr, mxGetNzmax
real*8 mxGetScalar
- integer A_val.p

integer A_colptr.p, A.rowind.p
integer,dimension(:),allocatable ::
integer,dimension(:), allocatable ::
integer A.dl, A.d2, A_nzmax

integer xO.p, x0.d1l

integer b_p, b.di
14: reals8 tol

16: integer x.p, x-d1

16: integer i, i.p, i.real

A_colptr_shftd
A_rowind_shftd

e
W= OOV NDUD WN -

18:% A

19: A.val.p = mxGetPr(prhs(1))

20: A_colptr.p = mxGetJc(prhs(1))

21: A_rowind.p = mxGetIr(prhs(1))

22: A.dl = mxGetM(prhs(1))

23: A.d2 = mxGetN(prhs(1))

24: A.nzmax = mxGetNzmax(prhs(1))

25: allocate(A.colptr_shftd(A.d2+1))

26: allocate(A.rowind.shftd(A.nzmax))

27: call mxCopyPtrToIntegerd4(A.colptr.p, A.colptr.shftd, A.d2+1)
28: call mxCopyPtrTolnteger4(A.rowind.p, A.rowind.shftd, A.nzmax)
29: A.colptr.shftd = A_colptr.shftd + 1

30: A.rowind.shftd = A_rowind.shftd + 1

31:* x0 .

32: xO.p = meetPr(prhs(2))

33: x0.d1 = mxGetM(prhs(2))

34:+ b

35: b.p = mxGetPr(prhs(3))

| 36: b.dl = mxGetM(prhs(3))

37:% tol
38: tol = mxGetScalar(prhs(4))

X . -
40: plhs(1) = mxCreateDoubleMatrix(x0.d1, 1, 0)
41: x.p = mxGetPr(plhs(1))
42:* 1 ’
43: plhs(?) = mxCreateDoubleMatrix(1, 1, 0)
44:- i.p = mxGetPr(plhs(2))
45:* computation
46: call mycg(%val(A_val_p), A_colptr.shftd, A_rowind._shftd,
47: &  A.dl, A.d2, A.nzmax, %val(xO.p), x0.d1, %val(b.p), b.di,
48: &  tol, Y%val(x. p) , x-dl, i)
49:» return
50: i.real =i
51: call meopyReal8ToPtr(1 real, i.p, 1)
52: return
53: end
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7 mexFunction() OHAH

Anzmax) ZIMHTALENDHS (E 7D 19~30
fTEZH) . 723, MATLAB WT® CCS HR
IZBTDA Ty ANT MUT0 ZEELE R
FTETHREINS. INEFIIRD CMC PERKRT
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STE# 1 EL4# HPC2500 (SPARC64V). SMP 7
I AT ZM ICPU O & ZEHH.

* 7 TR I ERORIT integer £ LT3,

¥ RBKFEREEAT A T — DV AT AEEA.
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£2 HEWR 1 ICBUS CG EOETHE (]

RABOE | MATLAB MEX g1 B2
70x70 0.100 0.0410 0.0426  0.0469
90x90 0.220 0.0851  0.0889  0.0991

110x110 0.420 0.167 0.169 0.179
130x 130 0.860 0.573 0.567 0.297
150x150 2.20 1.63 1.23 1.12
170x 170 3.62 2.66 2.20 1.75

MEX, B 1: 90 2{E/A /85 2: frc Z{EHR

£ 3 FHERE 2I1IBITS CC EDNETHM [#)

#AKDOH | MATLAB MEX  Hj1 B2
70x70 0.57 0.257 0.255 0.175
90x90 1.22 0.571  0.561 0.397

110x 110 2.27 1.10 1.10 0.737
130x130 3.73 1.88 1.87 1.22
150x 150 6.02 2.81 2.87 1.92

MEX, B¥# 1: £90 Z{ER /B 2. frt Z{EA

e MATLAB :7.0.0.1990 R14
e Fortran 90 I >N 5 /AT a .
— frt (Fujitsu Fortran Compiler Driver Ver-
sion 5.6) /-Kfast_GP=3 -X9
— £90 (Sun WorkShop 6 update 2 ) /-fast
stE# 2 E1i@ GPT000F (SPARC64-GP) . SMP
AT LIEN 1 CPU OAEA.
e MATLAB :6.5.1.199709 R13 (SP1)
e Fortran 90 2> /N1 5/ F T a > .
— frt (Fujitsu Fortran Compiler Driver Ver-
sion 5.5) /-Kfast_GP=3 -X9
- — £90 (Sun WorkShop 50) /-fast
5tEFIE MATLAB THEH#AHAABIEK cputine ZF)
L7z, MEX-file BEUBETICBWTIE, FEES
177V gettimeofday() %) > 7 L THWE.
4.2 RAUBR
RUHERER2 BLU RIITRY. K2 BLY
R3IBTNETNEGEE 1 BRUEHER 2 TOERK
RTH5. MEX-file DOANAIIELED frt T
AT/ ATeM o 72728, Sun @ £90 DHERWE.
x, B BXO B2 F, ThehBuk
Fortran 90 1 2 /34 F7% frt BLU £90 DIFE DiE
RTH5. ROBIN, A—DOKRABOK (T7sbb
FIRERE) 1T HETRMERT.
mEeED, “MEX” BLO “H1” OETHRI
FIEFELW. 978b5, CGIEQETICET ZHMAT,
—F > % MATLAB A % 7Y ¥ W&l SIEUH
L& ERASZ O R7 0 TETLEBETIEEALE
EbLSIWEEAS*. £z “MEX” KU “Bl 17

DEFTHEEIZ, MATLAB 1 > ¥ 7V S ICEBETH

¥ GMEX? BLU B TOEFTE, SHEN—F > ORER
FILTH, 705 —hSNBRITFIOREIRENRRD. &
DEHEHEDOETEEMNF LB LFES .

ELDD 2EMMEEETHS. JOBETLIFTRE L
7= EDY X0 BENLA, AW Fortran 32/31 5
DEWIZERTSDDEEZSND. EE, mEFO
CHEARMO1r & <B¥R 2 HERNMS D, RRITEo THIK
ERENROSNDIENHRTES.

5. £ & ®

ABETIX, THEEI /1S CMC O MEX-file
A RRMEEEIC DWTHR Nz, AREDOERIZEL D, MAT-
LAB 22— K (function M-file) OEFTOEHELFEE
& LT, Fortran 90 DY T IV —F 2 EH L TR
RBELEN—F > &) >0 UTEFTTBHEOMIZ,
=73 MEX-file Z4£ L T MATLAB o > % 7
I SEEECHTHENFZICMA SNz, &R
MEX-file D& itEEEld, MATLAB A5 L0DEE
A BRI & 57— & LR & B KR
HEOEFTEDI— AV AREEETREEL, 21—
I2E2TD MATLAB Y A5 LDEWE & D) LIC K
E<EHTEIDDEEZOSND. BEERTIX, CMC
ZRWTHR L MEX-file % MATLAB > %7
UIZMSIEURH L =8BE& &, £7T Fortran 90 TE{T
T7ANEERLUZEMETET, ETEEICERR
51T, WTHOHEH MATLAB A > ¥ 77U ¥ TH
EITL Db 2 ERiEEELLTE .

SHBOBEELTE, K0ELOT7 Iy —a
IZx9 3 CMC DR EHREEmN BT o NS,

#E FSMRO—PIEESTIKRFEEHNEE (—
R E, REES 4111) OBEICE S,

& Z x #
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