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Cache-aware Implementations for Classical Iterative Methods

KUNIHIDE MARUYAMA,T TSUTOMU OSODA," TAKUMI WASHIOf
and SHUN Dort

Although the raise of peak performance of recent microprocessors is quite impressive, it
becomes difficult to exploit their potential HW ability in many classes of large scale scientific
applications due to cache problems. In this paper, we investigate a way to overcome this
difficulty for the successive over relaxation (SOR) method, which is one of typical classical
iterative methods and has been applied, for example, to the computational fluid dynamics.
It is well-known that high cache miss rates are observed with the standard implementation
of the SOR iterations due to the cache capacity problem. In the introduced method, first, we
define a frame which determine a region in which unknowns are updated. Then, we put the
frame at an initial place and we update unknowns included in the frame. After this, we shift
the frame and iterate this process. In this paper, we give necessary and sufficient conditions
on the shape of the frame and the way to shift the flame to justify this method by means
of a directed graph which represents the update status of unknowns. In our evaluation of
the method, the sustained performance with the introduced method was tripled and doubled
compared to with the standard implementation, respectively, in the two dimensional 5-point
and the three dimensional 7-point cases. Furthermore, we investigate a way to determine an
optimal frame size to attain the best performance of the method.
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Fig.1 Frame shifting method and updating state of

unknowns in the one dimensional case.
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Fig.2 A set of nodes shared by two frames before and

after the movement.

o30000000b00ob0bbooboooboobbooo
gboooooooooobo1bobboboobo
gboboobooboboboboooboo
oob200 s0000003007000000
gbooobooooboobbooo
3.2 200 500000000000
gooobo200000 s0000bDO0boOoobooog
gooobool1obooboboooobooooooooo
gopooooboboooboboboooooooboooo
gooooooboooooooog
2000000000000000O
o NIDUIDmxUODODOODOOOODOOODO
goboo1l1gboboooob myooob o
gboooooooobooobobooobooobo
goboobobooooobobooobobooooon
goobooboooobooobooboooobooo
o000 mxOUmy OOOQOOOO
g0 b2000070000 50000000
gopoooo
e U000 O0OUODODUDUDOULOUDODO
gooooboobbO0ooboboU0bOooooooo
gbooogooobbooooboobooooooo
goboboooobobboobooooooboo
goboboboobooboboobboooooo
ooo
o JI0OUIDOODODODOOODOOUOOOODLDO
do i0=1,nx+mx+my-1,mx
do jO=1,ny+my-1
gooboobooog
enddo

gooooobooboooooooooboooooooo 41

ny+1
r‘)’

PRI . i S s S S . . S

03 2000000000000000
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unknowns in the two dimensional case.
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Fig.4 A graph showing the updating states of unknowns
just after shifting the frame and after updating un-
knowns in the frame in the two dimensional case.
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ing the 2-dimensional five-point finite difference
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attained on Pentium3. The horizontal axes shows
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cal axes shows the performance (Mflops). When the
number of nodes is 10002, the performance attained
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tained on Pentium3 is 65.6 Mflops.
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The relation between the number of nodes in a
frame and the performance (Mflops) attained with
the frame shifting method. The upper figure shows
the performance attained on R10000. The lower fig-
ure shows the performance attained on Pentium3.
The horizontal axes shows the number of nodes in
a frame. The vertical axes shows the performance
(Mflops). The numbers of nodes along horizontal
and vertical line are equal so that the number of
common vertices before and after movement be-
comes maximum. The vertical line in this graph
shows the upper bound of the number of vertices
which can be stored in secondary cache memory at
solving a 2-dimensional five-point finite difference
problem.
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