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Runtime Specialization of MATLAB Programs

MANAMI AMIMOTO,t HIDEYUKI KAWABATAt
and KITAMURA TOSHIAKIt

MATLAB is a widely-used dynamically-typed language which is known to be useful espe-
cially for prototyping. However, due to its dynamic nature, a well-written MATLAB program
can essentially retain many functionality applicable for a lot of contexts, which in tern causes
the difficulty of static optimization for high-speed execution. One of major approaches for
translation of MATLAB programs is specialization: generation of a tailored program assuming
a limited execution environment. This approach, although known to be effective in terms of
the execution speed of translated programs, might require the user’s assistance. In this article,
we introduce a dynamic compilation system that works without user’s support. Optimization
is carried out at the invocation time of the program using the actual parameters’ attributes.
The system is intended to be used with MATLAB interpreter so that the user can enjoy handy
built-in routines of MATLAB with dynamically translated programs. Experimental results
show that the system operates fairly efficiently.
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2.1 M-file
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BT BEETFITFIEEEZ Y R — T 55N L

input: A€ R"*", z € R", tol € R
output: A € R, 1 € N
1—0
A—0
while(true) begin
te—1+4+1
y — Az
Anew (yTy)/(yTz)
exit if |A — Apew| < tol.
z —y/llyll2
A — Anew
end

(a) The power method

function [1,i] = powermethod(A, x, tol)
i=0;
1=0;
while ture
i=1i+1;
y=Ax*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
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function [R1, R2, ..., Rm] = £(Al, A2, ..., An)
Al, A2, ..., An %{#>T
Rl, R2, ..., Rm O@ZRE

(a) M-file DRI

void mexFunction(int nlhs, mxArray *plhs[],

int nrhs, mxArray *prhs[]) {
318D a1, A2, ..., An BLU R1,
R2, ..., Rm {3, mArraylB&CHRBENhTIS

}

(b) MEX-file ¥ — X (C iR)

2 M-file ¢ MEX-file ¥ —ZDAH

engEvalString()
MATLAB

A, b, x,
ans, ...

"norm(b-A*x)\n"

">>\nans =\n\n  0.0012\n\n"
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e engOutputBuffer ()

MATLAB Ot h% %1335y 77 DRE

%%, Engine 74 77 VR HVEBATYH, 75
74V 7 AN—F R ERFIATHEIELTES,

Engine 74 75 ) 2T MATLAB &8 %
Ny 2Ly Fico zn7uy s 22 ERT I,
Z—HFAHNICH LT R 7 LTI 20 2 7= fr 451
% MATLABICEZ 32 L03C% 3, HI3ETHRS
Bl DAIERIE, TR AV TZ—HE MATLAB

EDHTONEZERL T3,

3. MATLAB 7075 ADQOE{TRAS(L

Bxix, BOBTICE D MATLAB 7u254%
C/Fortran ICE#TE 3 CMC >, MATLAB %}
RIS B T ETR RIS 2 EH T 2 A%
BELE. AETIR, RXDVRATFLAOBEARIC
WTIRRS, BB TR, “EITRERL 13, E
THMER", T4bb, MATLAB MEBRBICEWT
I—¥h7a s LAOETHAERRS L ESET, 7
By LMIREEEMAZZ L ZBLTWS,

3.1 % 8]

2 ITHEL T 3 EITRIER{LIZ, MATLAB &
TRECHENICESH IN S 7u s 5 L0 ETEE
B2, ZOAD5ROERZIEBL T, ETZh37
NS ARBEHIBILICESTTY. NELT2
Dt M-file £ LTEBCELZ7us 50T, AET
CMC ZFIHT 5 Z LiZ & > TEE MEX-file 245K
LTZ55620HT. 2—¥»FDH 70 s S5 ik
BiEn2BEIMZ 3L4BIIRWL, E0F—F 2|
RAT209»%2EETHEL R,

RHGICRAT 2 XRBRE 12, 705 L0E
ITHRRRRICEB T 3, EBOEHBRE®RTH 5.
BRI, SER (—RITITA) 2ouT, X0
EHEINEL CHAT 3.

o 7Y 354 78 (real, complex, ...)

o JEIR (scalar, colvec, rowvec, full, ...)

o #& (dense, sparse)

IhsieThd, H1OEROEETH 5 nxArray
WEED7 4 -V FR2BLTE3 I LhHkS,

—BRBRLLA /Y22 b (MEX-file) iX, A—
DXIRIC KT 5 BEDVBETbNBAITIIENA
T3, Tiabd, 5IROBMMEICGT TERLL -
MEX-file DNY) 7V F 2K LB TES, EON
V7V r2AVED, BIY, (M-file EHIN: L
EDERT) BHEREETILENSH 205 00H
Wiig Lk, 2—FHERICES 2T,

3.2 B 154

B4 RETRHERILERD 2V =2V F 2HAA
b¥BIETERL.

(1) 2—¥2SDANXFINZBNT B4 v 57—
7 x— A

(2) BIBBERZETCMC ® mex 2 V34 %%
BB 5 F 74

(3) M-file 5 MEX-file 2R T 57HDY — N
BICMC, Cav 84 F, mex Aav%4 5

2—H#L MATLAB A % 7Y % L ORIciEd 2
(1) 1%, MATLAB %Ny 7 2> FC#28) L T Engine
V—F itk h MATLAB L@BET ML Ay =
NWTH5B. M-Afile ICFFR{LZ L T MEX-file ¥V — 2




interface MATLAB )

>>a=1;b=2 a=1;b=2 engEvalString(}] ,_ p=2p

b=2 b=2

(a) acme DEEVALETH 5651

interface MATLAB

>> A =func(n) A = acmc(’func’,n) A= acmo(’furic’,n)

A= *¥x

A = *xx
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[ >> tic; [x,i]l=sor(A,x0,b,tol) ;toc
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e CPU: Pentium4 3.0GHz (E5EHE 512MB).

e OS: Linux 2.6.16
e MATLAB: Version 7.1.0.183 (R14) SP3
e Cav/%4F: gcc4.1.1 -03
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Execution time [sec]
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K7 SOR X705 ADETICEL 7R,

function [B] = thr(A, th, alpha)

B =A;
for j =1 : size(B, 2)
for i =1 : size(B, 1)

if B(i, j) > th
B(i, j) = B(i, j) * alpha;
end
end
end

K8 #HITFIOBREMERETZ /T 74

®&1 K8 DEMICEL K
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4000 0.47 0.32
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function [i] = fib(n)

Jcmc integer,scalar :: t
%eme [t]->[t] :: fib
%cmc t :: n

ifn==11||ln==2
i=1;
else
i = fib(n-2) + fib(n-1);
end

B9 74Xy FBOIOBRKEHATZ 7074

£2 748y FEAOBROHEICEL 7-KH

THE&%9 | MATLAB [sec] MEX-file [sec]
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&% EI12 k& 5 MATLAB & OH#ED R L, S
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