Vol. 45 No. SIG 1(ACS 4)

gooooooooooOobOOoOoooobooooooo

gobgbubouubobooguoood
Jooooogoguoon

O o o obtfto o o oo o Of

goobooooooooobooooooooooooOob0b00oooOoooooooobooboOoooo
goooO0ooOoocOooOoO00oboo0O0oO00b0000o0ooobc0oO0oOo0o0o0ooOObobcOoO0O0b0O00on
goooooobooOoOoooOooOoOoOoOoOoOO0O0oO0OooOooObOObOOOOObOO0OO0O0OoOoOoOoooo
gooooooooooooooOo0oOOoObOOobOOoObOOObOOobOOOOOObOOObOOODOOOoOO
oooooooOoboOo0oOoO0OoOOO0OOb0OO0O0OOC0cO0O0O0O0OO0OO0OO00Bb000O0000 100
gooOoooooo“bo0OoO0ooc0O0O0oO0O0O0OO0O00”000000000000O0D00O0
obooooooobooooooooOooO0oooOoOoOOO0OoOoO0OOOO0OOOO0O0OOobOOoOoOoooonoo
gooboooooOoooOoOobooO0OC0O0O0OO0OOObOOO0OO00OO0O000O0O0BOOO0B0O
goooooooOoooobooooooobooOoobooOoOOOOOOO0OOOOoOOoOobOOoboOoOboOon
pooooooooooOOobOOOOO0OOOO0OO0OO00O0O0O0ODOOOOOOOOOOOODOODOOOD
gobo0ooO0O0ooO0o0oOOoO0000C0O0b0O00O0000000

Automatic Compilation for Software-controlled On-chip Memory

MoToNOBU FuJIiTA,tt MASAAKI KONDOft.t
and HIROSHI NAKAMURA'

In order to overcome performance degradation caused by performance disparity between
processor and main memory, there have been proposed several new VLSI architectures which
have software controlled on-chip memory in addition to the conventional cache. However,
users must specify data allocation/replacement on software controlled on-chip memory and
data transfer between the on-chip and off-chip memories to achieve higher performance by
utilizing on-chip memory. Because such properties are automatically controlled by hardware
in conventional caches, a cost of optimization for a program becomes a matter that should
be considered. In this paper, we propose an automatic optimizing compiler based on “Op-
timization Hint Informations”. Using proposed compiler, users can optimize programs only
providing hint informations for data reusability without any knowledge of architecture details.
We evaluate the performance and cost of programming for our compiler using two applica-
tions. The results reveal that the proposed compiler can drastically reduce the programmers’
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burden and achieve high performance.
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Fig.1 SCIMA.
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Fig.2 Address space.
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integer N
double precision x(N), y(N), sum
integer 1

sum = 0.0d0
doi=1, N

sum = sum + x(i) * y (i)
enddo
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Fig.4 Inner product of two vectors.
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integer N
double precision x(N), y(N), sum

integer i, inner i 'l

parameter (SBUF=512)
1$scm begin (x, SBUF, 0) x.yﬁ{)SCM/ﬁjﬁiﬁg
!$scm begin (y, SBUF, 0) A XSBUFST et
sum = 0.0d0

do i = 1, N, SBUF
!$scm load (x, i, SBUF) «
!$scm load (y, i, SBUF)
do inner i = i, MIN(i+SBUF,N)
sum = sum + x(inner_ i) * y(inner i)
enddo
enddo

1$scm end (y) h Y:X@’“E;T!%imbegin”’&
1$scm end (x) DR L 7 SCMBHIS % fifi

AN =4SNy T 7
WA XERE

ML s Y — 7T
f#9 B2F A& SCM 12 in%
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Fig.5 Optimized code with SCIMA directives.
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!$scm opt_notreuseable (<414 >) / !$scm opt_end(<HCH7i>)
BIE . RTa4 Lo 74 7THENHBICBWTIEE SN RGN ZBAHAMEO 2 WEF & R L, &bz .

1$scm opt_reuseable (<fiR%1%:>) / !$sem opt_end (<51 %>)
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Fig.6 Hint directives for automatic optimization.

integer N
double precision x(N), y(N), sum
integer i

sum = 0.0d0

!$scm opt_notreuseable (x, y) @ %E%U%;EFU&WJ%@J@%E‘

doi=1, N
sum = sum + x(i) * y(i)
enddo

1$scm opt_end (x, y) ol bEip 2 T
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Fig.7 Optimized code with Hint Infomation.
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!$scm opt_notreuseable (x) =+ !$scm begin(x, SBUF, 0)
doi =1, N-1, 1 # do i = 1, N-1, SBUF

[y (1) = x()+x(i+1) b
enddo i
1$scm opt_end (x) ===+ !$scm end (x)

AT T LA

1$scm load(x, i, SBUF)
do k_= i, MIN(i+SBUF-1), 1
vk ) =x(k_)+x(k_+1)

enddo /5y 7 WM THETE 4§D %
Wil b § U — TR
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Fig.8 Optimization for non-reusable arrays.

0
3

!$scm opt reuseable(x, y, z) .>!$scm begin (x, NB, NB, 0, 0)
do ii = 1,N,NB 1$scm begin (y, NB, NB, 0, 0)
do jj = 1,N,NB !$scm begin (z, NB, NB, 0, 0)
do kk = 1,N,NB

1$scm element =ssssss=sssssssss 2 !$scm load (x, ii, kk, NB,NB)
do i = ii,ii+NB-1,1 !$scm load (y, kk, jj, NB,NB)
do § = 533,49+4NB-1,1 [ !$scm load (z, ii, jj, NB,NB)

do k = kk, kk+NB-1,1

Z(i,9)=2(1,3) +x (1, %) *y(k,7)

e SO — TIZREET 2
enddo
enddgQ, ; .
enddow
enddo 1$scm end(x)
enddo !$scm end(y)
!$scm opt_end(x, y, z) ======= P 1$scm end(z)
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Fig.9 Optimization for reusable arrays.
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