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Design and Implementation of a MATLAB-based
Statically-typed Language for Matrix Computations

HiDEYUKI KAwABATAt and TOSHIAKI KITAMURA'

MATLAB is a programming language that is used widely for implementing matrix computa-
tions. Variables of the MATLAB language are of (sparse or dense) matrix type and operators
of the language support matrix computations, so that MATLAB programs tend to be quite
simple and readable. However, because of its dynamic nature, the execution speed of programs
in MATLAB does not compete with that of codes written in compiled languages such as C or
Fortran, especially when computations with large-scale sparse matrices are involved. In order
to embody a computational environment where the user can implement efficient programs for
matrix computations easily, we have been developing a compiler which translates programs
in MATLAB-based language, named CMC, into Fortran 90. The basic idea of our approach
for speeding up executions is to adopt static typing while keeping the features of MATLAB
as many as possible, and some experimental results have been confirmed that our approach
is effective. In this paper, we show new features of CMC. We refined the language specifica-
tion to make CMC more compatible with MATLAB without loosing the ability of generating
fast codes. The modified version of CMC has a few new features. Implicit type declaration
with assignment allows the user to deal with variables of different types by the same name.
Call-by-value is supported. Dynamic array-bounds checking and enlargement of array will
be done at explicitly specified points by the user. Experimental results on Householder QR
factorization algorithm have exhibited the effectiveness of CMC’s approach.
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input: A € R"*™, z € R",tol € R
output: A€ R, 71 €N
1+—0
A0
while(true) begin
i—i+1
y — Ax
Anew (yTy)/(yTI)
exit if |A — Apew| < tol.
z < y/llylla
A — Anew

end

(a) The power method.

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

(b) A MATLAB srcipt of the power method.
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Fig.1 An example of MATLAB coding.
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Fig.4 Flow-dependence edges that share their ends.

gobooooooooooooooooooon

goboooooooooobooooooooo

gooooboooobobooooooooog
(2) ODOOOOOOOOOOOOOUOOUODOO
gooooooooooooobooooooooo
oooooon

4.3 0000
goboooooooooboooooboboooooon
gooooobooooooooooOooooooooo
gooobooobooobooooboooboboo
gooobdoooobooooooobooooooa
goboooooooooooooooooooooa
goboooooooooooooooooooooa
goboooooooooboooboooOouooooboooo
gesgoooo

4.4 0O0O0OO0OOO
gobobooooooooboooooooooooo
goboooooooobooooboooooooooo
goooooooobooooobooOoooooooonoo
goooboooooboooboboooboobooboDboo
oo

5. 00000

ooooo4000000ooooooooooo
00000OO00DO0O0DO0d Fortran 9000000
JooooooooooooooooOooooooo
0000100000100 Fortran 900 O 0O0O0O
ooooooooooo

5.1 CMCDO Fortran 9000000000

40000000000000000000000
goooooooOoOoOoOooooooooooooo
O000O0O0O0O00Fortran 900000000 OO
0000000000 Fortran 900 OOD0OODOO
oooooooooo
e CMCUOUUIOIUOOOOODODOOOOODO

000 —character(len=1)0

Y0 ppoooOo0vO000000000000000000000
gooboo0o0o00oob0 vOOOoOoOOOOoOoooooooo



Vol. 47 No. SIG 6(PRO 29) 00000000 MATLABOOOOOOODOOOOOOOO 27

Al 4 3 A_colptr(:)
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2i1i4i2
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2 6| Arownd)[1 372 3 511 3 413 42 5]

(a) a sparse matrix (b) representation of the matrix (a) using 3 1d arrays
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Fig.5 Sparse storage scheme of CCS form.
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integer :: s
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endif
else
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endif
end

0 6 reallocR1() DOODO
Fig.6 Implementation example of reallocR1().
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lhs = id, ( expry , ... , expry ) id;=num (1)
— Ty =expry ; ... ; Tn = €xprn ; id;=id, (2)

lhs=idy (T1 5, ..., Tn ) id;=id, (id_list) (3)
lhs = expry : exprs idi=id, () (4)
— Ty =expr1 ; To = expre ; lhs =Ty : T2 id;=id, (idy,:) (5)
id;=id, (:, id2) 6
id; ( expry , ..., expry ) = Ths .l.r o (6)
= Ty =expri ; ... ; Tn = expry ; idi=id, G, ) (7)
id; (Ty, ..., Tn ) = 1hs id; (¢d_list) =num (8)
Lvary , ..., varn 1 = rhs lél(lfj—lZSt)=1dT ()
= Ty =wvary ; ... ; Tp =vary ; Lid_listret]=1dy (10)
[T1,...,Tn]l=rhs [id_listrei]=1d, (id_listarg) (11)
id; (idy , ..., idp ) =id, (idy , ..., idp ) 09 0700008000000 ODDOOO
— Ty =id, (idy , ..., idp ) ; Fig.9 Irreducible expressions under rules in Fig. 7 and
id; (idy , ..., idp ) =T¢ Fig. 8.

07 CMCUOOODOOOOOOOOODOOOODOOOOD
ooo
Fig.7 Rewriting rules for assignment statements in CMC
(unary and binary operations omitted).

lhs = [ expr_list; ; expr_lista ; ... ; expr_list, ]
—> lhs = mat_cons ([ expr_list; 1 ,
[ expr.listy ; ... ; expr list, 1)

lhs = [ expry , exprs , ... , expry ]
—> lhs = row_cons( expr; ,
[ expra , ..., exprn 1)

lhs = [ expr ]l = lhs = expr

08 CMCUOOODOODODOODOOOOOOO
Fig.8 Rewriting rules for matrix constructors in CMC.
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[x,n,z]=f(x,n,w)
‘U'Fortran
call f(x,n,w,tmpx,tmpn,z)
deallocate(x)
X => tmpx
nullify (tmpx)
n = tmpn

010 0000000xOO0O0O00O0O0O0On0O00O000OOO0
Fig. 10 Function call statement where x is a dense
nonscalar and n is a scalar.

000000000000 100000 call0000
000000000000000000000000
000000000000000000MO0000
000000000000000000OMATLAB
0000000MO00000000000000
000000000000000000000call0
00000000000000000000 nullify
000005320000

00 (9)000000T=id,; id Gd lis)=TO D00
0000000000000000000000000
000000000000000000000000
000000000 110

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
54000000

00000000000

00000000000000 (3)0(4)0(5)0(6)0
(70000000009 0000000000
00000 100000200000000000
000



Vol. 47 No. SIG 6(PRO 29)
[x]=f (x)
UFortran
call f(x_val,x_colptr,x_rowind,
& x_d1,x_d2,x_nzmax,
& xtmp_val,xtmp_colptr,xtmp_rowind,
& xtmp_dl,xtmp_d2, xtmp_nzmax)

deallocate(x_val)
deallocate(x_colptr)
deallocate(x_rowind)
x_val => xtmp_val
x_colptr => xtmp_colptr
x_rowind => xtmp_rowind
nullify(xtmp_val)
nullify(xtmp_colptr)
nullify(xtmp_rowind)
X_nzmax = xtmp_nzmax
x_dl = xtmp_dil

x_d2 = xtmp_d2

011 0000000xOO0O0OO0OO0O0O0O0
Fig.11 Function call statement where x is a sparse

matrix.

call reallocR2(id;, size(vi,1),size(v2,1))
do itmp2 = 1, size(v2,1)
do itmpl = 1, size(vy,1)
id;(itmpl,itmp2) = id, (vq(itmpl),va(itmp2))
enddo
enddo

012 000 id;=id,(v1,v2) 0000 v,0ve, 0000000
ooo
Fig.12 An assignment statement id;=id,. (vy,vs) where

vy and vg are vectors.
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02 iq(m=id, 0000 iq, 000000mO 44,
000000000000 1300000000
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03 idqM,M)=num 0000000000000
o0o00o00o0o0o0o0oO0ooOoo0on0 140000
oooooo

04 r=row_cons(x,y)DO0O00DO r=[x,y]0000
O0x000yOOODOOOOOO 1500000
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call linearize(m, vtmp)
call expandByValueR1(id;, vtmp)
do itmp2 = 1, size(m,2)
do itmpl = 1, size(m,1)
id;(m(itmpl, itmp2)) = id, (itmpl, itmp2)
enddo
enddo

013 000 ig;(m)=id,, OO00OD0 iq; OO0O0O0O00Om O id,. O
goooooo
Fig. 13 Assignment statement id; (m)=id,. where id; is a

vector and m and id, are matrices.

call linearize(My, vi)
call linearize(Ms, v2)
call expandByValueR2(id;, vi, v2)
do itmp2 = 1, size(va,1)
do itmpl = 1, size(vy,1)
id; (v (itmpl) ,vo(itmp2)) = num
enddo
enddo

014 000 id;(M;,M2)=num 0 M;0M; OO OOOO
Fig. 14 Assignment statement id; (M; ,M2)=num where M;

and My are matrices.

reallocR2(r,size(x,1,size(x,2)+size(y,2)))
r(1:size(x,1), 1:size(x,2)) = x
r(1l:size(x,1),size(x,2)+1:size(x,2)+size(y,2))=y

015 r=[x,y] 0000 xO0y0DD0ODODOO
Fig. 15 r=[x,y] where x and y are matrices.

function [r,x]=f(a,x)
UFortran
subroutine f(aorg,xorg,r,x)
.'oooooo
nullify(a)
call reallocAndCopyR2(aorg, a)
call reallocAndCopyR2(xorg, x)

if (associated(a)) deallocate(a)
end

016 OOODOOOO
Fig.16 Subroutine statiment.

5.3.2 0O0OO0OO0OOO
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%cmc real,scalar :: t % 0000
%eme [£]1->[t] :: func % 0O OO
UFortran
interface
subroutine func(argl, retl)
real,scalar :: argl
real,scalar :: retl
end

end interface

017 ODoOoOoOoOoooooOo
Fig.17 Interface block.

c = A + B
018 CcCcsOOOoOoOoOooOoooOooono
Fig. 18 Sparse matrix addition in CCS from.
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00000000000 000000000000
00D0000000000000000000000
0000000000000000000000 QR
0000ooOoDO0® o MATLABOODOOODOOD
0000000000000 19000000000
00000000000 0000000000000
0000000 19(x)00000000000000
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00000000000000000* 0000on
0000000000000 000000000000
CMC O Fortran 90 00000000 MATLAB O
0000000000 00000
00000000000000000000000
000000000000000000000000
000000000Oog292goooonoonon
0000000 0O0ooon
0DO0DO00O0OCMCOODOO0O0O0DOOO0
0D0000000000000000000000

function [A] = houseQR(A)

%cmc real,full :: A

Jicme real,colvec :: tv

Jicmec real,scalar :: ts

%eme [tv]->[tv,ts] :: house

m = size(A,1);

n = size(A,2);

for j = 1:n
[v, betal = house(A(j:m,j));
A(j:m,j:n)=A(j:m,j:n)-(betaxv)*(v’*A(j:m,j:n));
if j <m

A(j+1:m, j) = v(2:m-j+1);

end

end

(a) Householder QRO O OO (b) O house() OO

function [v, beta] = house(x)
%cmc real,colvec :: x
n = length(x);
if (n==1)
v =1;
beta = x;
else
x = x / norm(x);
sigma = x(2:n)’ * x(2:n);
v = [1; x(2:n)];
if (sigma <= 1le-10)
beta = 0;
else
mu = sqrt(x(1)" 2 + sigma);
if (x(1) <= 0)
v(1) = x(1) - mu;
else
v(1) = -sigma/(x(1) + mu);
end
beta = 2*v(1)~ 2/(sigma + v(1)~ 2);
v =v/v(l);
end
end

(b) Householder Vector 0 00O

019 00000000000 QROOODDOOOO
Fig.19 QR factorization by Householder transformation.
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assign_stmt — var = expr | [ var_list ] = var
var_list — wvar { , var }
var — id | id ( expr_or_colon_list )
expr_or_colon_list
— expr-or_colon { , expr_or_colon }

expr_or_colon — expr | :
expr — num | var | u_op expr | expr b_op expr

| expr : expr| Cexpr) | [ row.list]
row_list — exprlist { ; expr_list }
expr.list  — expr{ , expr}

020 cMCOODOOODOODOOODOOOOO®
Fig.20 Assignment statements in CMC."

e [e1,e2,...,en]
gooooOoooooooooooooooon
0000000000, 0oooooooon
oooooooooo

e [er;er;...5€enl
gooooOooooooooooogooooo
gooooopoooosy’0 s,yooo+<,000
oooooooo

e e : e €3
O eilexdes 000000000 OOOOONO
000 (L,1) 00)00 s10s:0s3 000000
00oooooooooooooon

(81,81 + 82,81 +2-52,...,81 +n-82)
000000000 n0O s14+n-s2<s300
00000000000 Oe 00000 € : €3
00000000 e; = 1: e 0000000

o [r;,ro2]="~func(e; , ey)
gooooO0oOoooooooooooooooo
goooooOoOooooOooooooooooo
joooo0oooooooooooooooon
goooo0oooooooooooooooon
Joooo0ooooooooooooooooo
Joo0oooooooooooooooooon
J00o000o0oooooooooooooooo
goooooUoooooouoooooooooo
gooooOoOoOoOooopooooooooooo
ooooog

0000000 1000000000 r=func(ey,e2)

Y 0ooO02000 4’0 ¢+,’0000000000 20000
goooooooooooooo0oooooon <,y 000000
gooboo0oOoOoooooOoOoOoOooooooo

May 2006

00000000000 r=e;+func(esz)*e3 00
Jodoo00ooooooooooon
e MATLABO forD0ODODODODOODO

for v = expr

end
0:00000000000vOOODO exprO
000 ¢:000000opoooooo for0OO
goooooboboobobobobo

t = expr;

fori = 1 : size(t,2)
v =t(:,1);

end
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