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TINPAR: A Parallelizing Compiler
for Message-Passing Multiprocessors

IKuo MryosHi,t» KoJi MAEYAMA,! SHIN-YA GOTO,t
SHIN-ICHIRO MORI,t HIROSHI NAKASHIMA' and SHINJI TOMITA!

We are developing TINPAR, a parallelizing compiler for message-passing multiprocessors.
TINPAR parallelizes sequential programs written in an extended version of Tiny language
following the owner computes rule. In this paper, we describe the overview of TINPAR, an
efficient communication library, and optimization techniques, and show performance evalua-
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tion results for generated codes.
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real a(0:n - 1:%)
real b(0:n - 1:1)
/* a0 379y 7508, QXA 7)) v 2orE

for i = 0, n - 1 do
b(i) = a(i)
endfor

real a(0:n - 1:%)
real b(0:n - 1:1)

for i =0, n-1do
if OWNER(a(i)) == GET_CELL_ID() then
SEND(OWNER(b(i)), a(i))
endif
if OWNER(b(i)) == GET_CELL_ID() then
RECV(OWNER(a(i)), tmp_a)

b(i) = tmp_a
endif
endfor
1 #sE
Fig.1 Parallelization.
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real a(0:n - 1:%)

for i = 0, n - 1do
if OWNER(a(i)) == GET_CELL_ID() then
a(i) = ...
endif
endfor

4
real a(0:[n + GET_N_CELLO] - 1)

for i =0, n-1do
if OWNER(a(i)) == GET_CELL_ID() then
a(LOCAL_INDEX(a(i))) = ...
endif
endfor

M2 xEVOBEYT
Fig.2 Memory reallocation.
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for i = 0, n - 1 do
if OWNER(a(i)) == GET_CELL_ID() then
a(i) = ...
endif
endfor

4
for i € {i|OWNER(a(i)) == GET_CELL_IDQ), \
0 <i< n- 1} do¥
if OWNER(a(i)) == GET_CELL_ID() then
a(i) = ...
endif
endfor

8 A —TOEITEBHOR S
Fig.3 Narrowing loop bounds.
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for i € {i|OWNER(a(i)) == GET_CELL_ID(), \
0<i<n-1}do
if OWNER(a(i)) == GET_CELL_ID() then
a(i) = ...
endif
endfor

4
for i € {Z|OWNER(a(i)) == GET_CELL_IDQ), \
0 <i<n-1} do
a(i) = ...
endfor
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Fig.4 Elimination of unnecessary if statements.
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for i = 0, n - 1 do
if OWNER(a(i)) == GET_CELL_ID() then
a(i) = ...
endif
b(i) = ...
endfor

4
for i € {i|OWNER(a(i)) == GET_CELL_ID(), \
0<i<n-1}do
a(i) = ...
b(i) = ...
endfor
for i € {i|OWNER(a(i)) != GET_CELL_IDQ), \
0<i<n-1}do
b(i) = ...
endfor

@5 if LEHBRTE00L— T8
Fig.5 Loop splitting for more elimination of if
statements.

for i € {i|OWNER(a(4)) == GET_CELL_IDQ), \
0<i<n-=-1} do
BROADCAST(a(i))
tmp_a = a(i)
if tmp_a < O then
a(i) = - tmp_a
endif
endfor
for i € {i|OWNER(a(i)) != GET_CELL_ID(), \
0 <i<n-1}do
RECV(OWNER(a(i)), tmp_a)
endfor

J
for i € {i|OWNER(a(3)) == GET_CELL_IDQ), \
0 <i<n-1} do
tmp_a = a(i)
if tmp_a < O then
a(i) = - tmp_a
endif
endfor

e AR’ SEND/RECV X OHIRR
Fig.6 Elimination of unnecessary SEND/RECV statements.
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for i =0, n-1do
a(i) = ...
if OWNER(b(i)) == GET_CELL_ID() then
SEND(OWNER(c(i)), b(i))
endif
if OWNER(c(i)) == GET_CELL_ID() then
RECV(OWNER(b(i)), tmp_b)
c(i) = tmp_db
endif
endfor
4
for i = 0, n - 1 do
if OWNER(b(i)) == GET_CELL_ID() then
SEND(OWNER(c (1)), b(i))
endif
a(i) = ...
if OWNER(c(i)) == GET_CELL_ID() then
RECV(OWNER(b(i)), tmp_b)
c(i) = tmp_b
endif
endfor

E7 SEND XDV AR Ya—-NrY7
Fig.7 Re-scheduling SEND statements.
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for i =0, n-1do
if OWNER(a(i)) == GET_CELL_ID() then
SEND(OWNER(b(i)), a(i))
endif
if OWNER(b(i)) == GET_CELL_ID() then
RECV(OWNER(a(i)), tmp_a)
b(i) = tmp_a
endif
endfor

4
for i = 0, n - 1 do
if OWNER(a(i)) == GET_CELL_ID() then
SEND(OWNER(b(i)), a(i))
endif
endfor
for i = 0, n -1 do
if OWNER(b(i)) == GET_CELL_ID() then
RECV(OWNER(a(i)), tmp_a)
b(i) = tmp_a
endif
endfor

8 SEND/RECV X% EHIZBELL—TDOL— THE
Fig.8 Distribution of loops having SEND/RECV statements.

for i = 0, n - 1 do
if OWNER(a(i)) == GET_CELL_ID() then
SEND(OWNER(b(i)), a(i))
endif
endfor
for i =0, n-1do
if OWNER(b(i)) == GET_CELL_ID() then
RECV(OWNER(a(i)), tmp_a)
b(i) = tmp_a
endif
endfor

2
for i = 0, n - 1 do
if OWNER(a(i)) == GET_CELL_ID() then
SEND(OWNER(b(i)), a(i))
endif
endfor
ALL_MSG_BUFFER_FLUSH()
for i =0, n ~ 1 do
if OWNER(b(i)) == GET_CELL_ID() then
RECV(OWNER(a(i)), tmp_a)
b(i) = tmp_a
endif
endfor

B9 MSG_BUFFERFLUSH X Di§ A
Fig.9 Insertion of MSG_BUFFERFLUSH statements.
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Fig. 10 Experiment conditions.

const n = 512

real a(0:n - 1:%, O:n - 1)

real b(0:n ~ 1:%, O:n - 1)

/+ aQ),bO T 1 RTHT7OY 7 5% »/

for i =1, n - 2 do
for j =1, n - 2 do
a(i, j) = (b4 -1, ) + b, j - 1)\
+b(i, j+1)+bi+1, j)) /4
endfor
endfor

H11 EEBEOHROFM L TO 7T L
Fig. 11 Program for the evaluation of optimization effect.
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60
57.1 const n = 512
551 real a(0:n - 1:*, O:n - 1)
real b(0:n - 1:#, O:n - 1)
501 48.3 real c(0:n - 1:*, O:n - 1)
45.2 real local _b(0:n - 1, O:n - 1)
454 /% a(), b(), c)1E1KRLHTTT v 757K «/
40 for i =0, n - 1do
for j =0, n-1do
g 359 /e« VE—LFF—¥yna—Anat—2EKTL. </
Y local_b(i, j) = b(i, j)
30 endfor
Z endfor
25+ for i =0, n -1 do
for j =0, n-1do
20 c(i, j) = 0.0
for k =0, n - 1do
159 c(i, ) = (i, P\
+ a(i, k) *= local_b(k, j)
10 endfor
endfor
endfor
no optimization 2 249 2-349 2-449 2-6&9 13 1[§|]m0)7ﬂ7"714

optimization level

12 REELTEOHR
Fig. 12 Effect of optimizations.
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Fig. 13 Program for matrix multiplication.
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a(),b(), cO R 1RTEHTTUY 7 FHIN TV,
¥ 7, A% local _b() i3V E—FF—4% b() N—kF
BirOo—hNnat—%#ERT5-00KFTHh, &
Fak v S EFEOIE—LFED.

Zn7uy s nEEFLLHEOREHREE 14
IR, FubyEEMmsEs L1 oy YD
) ORERSTRY L TEIUELDEMNBET 54, £
FETOMENBORTVEEVZ S,

5.2.2 HRAHEE

B TMENE B LR VA= VAP 2 :: IRV - L 7
BT RT1LREDTH A7) v 7 3EIN TV BEx,
¥ 7-K25 local_idamax() £ & U local_dmax() i3,
SRF FELT LSOy —AMIZER Y b
BIRAFTOI-OICKALLEYTHSL., —HEY
local_a() X, & 70t v ¥ THBHNO—FRHZO—
HNAE—% BT A0 THD. ZORFIIC
W ARABERBICAY V2= 73 TED,

TN —AEEREAVTAE IR D, NEEOKEERIZIL
B LT,

TR ORI a() 2R XN ZKETRR SN D 2080, JIBRIEYNN
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Fig.14 Speedup ratio for matrix multiplication.
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const n = 1024

real a(0:n - 1:1, O:n - 1)

integer ipvt(0:n - 1:1)

integer info

temporary integer local_idamax(0:GET_N_CELL() - 1:1)
temporary real local_dmax(0:GET_N_CELL() - 1:1)
temporary real local_a(0:GET_N_CELL() - 1:1, O:n - 1)
temporary integer 1

temporary real abs_a_k_i, dmax, pivot, t

[ BINRITRTLRLDTH A 70 7 5938 «/

info = 0
for k =0, n - 2 do
/x IPRAIEIMNTE TOE v A EE Y MBI,
local_idamax(OWNER(a(k, k))) = k
local_dmax(OWNER(a(k, k))) = abs(a(k, k))
for i =k + 1, n -1 do
abs_a_k_i = abs(a(k, i))
dmax = local_dmax(OWNER(a(k, k)))
if (abs_a_k_i > dmax) then
local_idamax(OWNER(a(k, k))) = i
local_dmax(OWNER(a(k, k))) = abs(a(k, i))

endif
endfor
1 = local_idamax(OWNER(a(k, k)))
ipvt(k) =1

pivot = a(k, 1)
if (pivot != 0) then
if (1 t'= k) then
t = a(k, 1)
a(k, 1) = a(k, k)
a(k, k) = ¢t
endif
t=-1.0/ a(k, k)
fori=k+1,n-14do
a(k, i) = t = a(k, i)
endfor
/x PRSIOWE T O T
RELROGMIN MY T2 7O s 4 AT L. o/
for cid = OWNER(a(k + 1, i)), GET_N_CELL() - 1 do
for i =k +1, n -1 do
local_a(cid, i) = a(k, i)
endfor
endfor
for cid = 0, OWNER(a(k + 1, i)) - 1 do
for i =k +1, n-1do
local_a(cid, i) = a(k, i)
endfor
endfor
for j=k+1,n-1do
t=a(j, 1)
if (1 !'= k) then
a(j, 1) = a(j, k)
a(j, k) =t
endif
for i =k + 1, n -1 do
a(j, i)\
= a(j, i) + t * local_a(OWNER(a(j, i)), i)
endfor
endfor
else
info = k + 1
endif
endfor

B1s Iy AWLiEOTOS 5 LY
Fig.15 Program for Gaussian elimination.
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Fig.16 Speedup ratio for Gaussian elimination.

const n = 1024

const width = 6

real omega

real a(0:n ~ 1:%, O:n - 1)

/* a()itl K TTU Y 7538

for outer_j =0, n - 1, width do
for i =1, n-2do
/% 2KIEOIZIINE width Dy 1) > TR, */
for j = MAX(1, outer_j),
MIN(n - 2, outer_j + width - 1) do
a(i, j) = (ai -1, j) +ald, j -0 \
+a(i, j+1)+a+1, 3§\
* (omega / 4) \
+ a(i, j) * (1 - omega)
endfor
endfor
endfor

17 SORENTu¥ 74
Fig. 17 Program for SOR method.
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Fig.18 Speedup ratio for SOR method.
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Fig. 19 Breakdown of execution time.
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D 1_arecv(),1l_agrecv(),sync()
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Fig.20 Breakdown of communication time.
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