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Abstract

The Fortran—90 standard requires an intrinsic
function matmul which multiplies two matri-
ces together to produce a third as the result.
However, the standard does not specify which
algorithm to use. We consider an extension to
the matmul syntax which allows a Winograd
variant of Strassen’s algorithm to be added.
We discuss an implementation that is in a
commercial Fortran—90 offering.
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1 Introduction

Fortran—90 [1] has a rich set of intrinsic functions
built into 1t that operate on large objects such as
vectors and matrices. We would like to draw at-
tention to the fact that the algorithms that imple-
ment these functions are not usually specified in
the standard. As a result of this, IBM™ recently
added a Winograd variant of Strassen’s algorithm
in its Fortran—90 compiler, XLF 3.1.1 (the April,
1994 update [5]). This compiler is currently avail-
able on the Internet by anonymous ftp from soft-
ware.walson.itbm.com in the directory pub/aiz3/zlf.
While the default is to use the classical algorithm, a
simple change to a program results in much higher
performance, though with a risk.
Suppose we want to multiply two matrices

A:MxK and B:K XN,
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where M, K, and N are natural numbers.
Strassen’s method recursively works with sets
of 2 x 2 submatrices to form the product using 7 ma-
trix multiplications instead of the obvious 8. This
is not very different from standard multilevel meth-
ods [2] used routinely to solve partial differential
equations. Strictly speaking, we compute

[ A Ai ] [ By Bis ] | Cii Cha

Agp Az By Bas _[021 022]

using the following algorithm (Strassen—-Winograd):

S7 = Byy— By
Sz = A —Axn
My = 5357

St = Agi 4 As
S5 = Bis—Bn
Ms = 5155

Se = DBay—055
Sy = S1—Anp
My = 5256

Sy = App—5
Ms = S4Ba (1)
T3 = M5+ Ms
My = AnBn
Ty = M+ M
Cip = T1+13
T = Ti1+ My
Ss = S¢—Bn
M7; = ASs
Cyn = 1Ty — M
Coyy = 1o+ Ms
M3 = ApsBy
Cii = My+ Mz

(see [3], [6], and [7))
The principal advantage of (1) is that it is an
O(n?31) algorithm (for square matrices of order n),



whereas the classical algorithm is O(n?). The prin-
cipal disadvantage is that it is not stable for certain
row or column scalings [4].
that it also requires extra storage for saving some
of the intermediate matrix calculations (approxi-
mately 2n?/3).

The operation counts do not give a complete
feel for the value of using (1) instead of the classical
algorithm. For extremely large matrices, the mul-
tiplications will recursively be done using (1) until
the matrices are small enough so that the classi-

A minor nuisance 1s

cal algorithm i1s more efficient to use. Each level
of recursion saves some time. Hence, (1) is only
marginally superior to the classical algorithm until
several levels of recursion take place.

2 Matmul Extension

The normal syntax for the Fortran—90 intrinsic
function matmul is

C' = matmul(A, B)

where A, B, and C are matrices of the proper di-
mensions.

The extension to Fortran—90 that has been im-
plemented by IBM first in its XLF 3.1.1 compiler is
to add an optional third argument, mindim:

C' = matmul(A, B, mindim)

Mindim is an integer that determines whether or
not to do the matrix multiplication using the clas-
sical algorithm. The dimensions of matrices are re-
cursively split according to the rules in [3] until one
of the dimensions is less than mindim. Then the
classical algorithm is used to do the multiplication.

On an IBM RISC System/6000™ model 560
with 128 megabytes of memory, reasonable values
for mindim are the following:

Data type mindim
real*4 94
real*8 190
complex*8 25
complex*16 25
integer*4 51

However, the exact crossover point varies according
to many factors, including the machine configura-
tion, available memory, and the type of data in the
matrices. Real, complex, and integer matrices of

various data precisions can use the new functional-
ity.

Setting mindim = 1 is reserved for future
use. The obvious use is for the intrinsic function
to choose a good value for mindim for the user.
When mindim < 0, the classical algorithm is used.

We computed speedups for single precision real
matrices using mindim = 94. Square matrices of
order n were multiplied together. The elements of A
and B were chosen at random using the Fortran—90
intrinsic function random_number. The elements
lay in the range (0,1). Typical speedups over the
classical algorithm are the following:

n Speedup
200 1.0270
300  1.0957
400  1.1862
500  1.2082
600 1.2099
700 1.2632
800  1.3241
900  1.3211
1000 1.3437
1100 1.3648
1200  1.3883
1300 1.3943
1400  1.4271

A highly portable implementation of (1) is
available on netlib (gemmuw in the linalg directory;
see [3]). This is not the IBM implementation (which
is written in Fortran—90). Gemmuw is written in a
combination of C, Fortran, and calls to commonly
available libraries (e.g., BLAS). Common values for
mindim in gemmuw are 32, 64, 96, 128, 192, and
256. While the optimal value of mindim for a given
machine may not be one of these values, a nearly
optimal value has been determined based on these
six values for every machine tested to date.

3 Conclusions

Thanks in part to the flexibility of Fortran—90,
fast algorithms can be conveniently added to the
run time library of any Fortran—-90 compiler. For
matrix—matrix multiplication, there is already one
such extension in existence today. Based on the
highly portable gemmw code on netlib, adding
this to other Fortran—90’s should be both easy and
straight forward.
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