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A Compiler Algorithm for Overlapping Communication with
Computation on Distributed Memory Machines

KAzZUAKI IsHIZAKI' and HIDEAKI KOMATSUT

This paper presents a compiler algorithm to hide communication overhead by overlapping
communication with computation on distributed memory machines. The algorithm applies
loop transformations, such as tiling and loop interchange, based on the result of communi-
cation analysis and the reuse information of the operands obtained by subscript analysis.
The paper also presents a method of generating communication to overlap communication
with computation of tiles. The algorithm presented here has been implemented in our HPF
compiler, and experimental results have shown its effectiveness on the RISC System/6000 SP.
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Fig.1 Representation of the loop nest.
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REAL (8,8) ::A, B, C
*HPFS$ PROCESSORS P (2)
*HPF$ DISTRIBUTE (*,BLOCK) onto P :: A, B, C

DO 10 J =1, 8
DO 10 I =1, 8
DO 10 K =1, 8
10 A(I,J)=A(I,J)+B(I,K)*C(K,J)

2 Jurssuafl
Fig.2 Example of the program.
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algorithm
IN :( / - setof loop index vector, /* lower bound */
U : set of loop index vector, /* upper bound */
| : left hand side operand,
: set of right hand side operand,
: set of access function for operands,
. set of distribution function for operands,
set of processor index vector,
. set of dependence vector,
. integer /* depth of a loop nest */)
OUT : ( { : index vector

top : integer)

S OV oM

/* tiling vector */,

i, m, inner : integer;

is_comm : boolean;

i.d: loop index vector; % dis dependence vector */

vy, 2 :array index vector;

/*Local [teration Set */

/* ex. B0,K) */
/*In Set*/

O(P) : set of loop index vector;

r : right hand side operand;
}.(P): set of array index vector for operand r ;

b, : loop index vector for operand r ; /*comm.vector */

/‘( ) : access function for operand r ; * eF*
roef{)

gr( ) - distribution function for operand » ; " oeG*

Hr - mapping matrix for operand » ;

/* step 1: calculate In Set */
foreach p € P do

op)=2:

foreach fe[f:z?] do

ifg/(f[(f)): B then O(5):= O(p) U1 ;
end foreach
end foreach
is_comm := false;
foreach » € R do
foreach p € P do

r(p)y=2:
foreach | eQ(ﬁ) do
ifgr(fr(;))# p then Yr(ﬁ):: Y,.([?)ufr (7);
end foreach
it ¥,(p)#@ thenis_comm := true;

end foreach
end foreach
if not is_comm then return (o , 0);

/* step 2: calculate Communication Vector */
foreach r € R do
/* check communication in array dimension */
Zi=0;

m = rank of operand r ;

fori:=1tomdo

if{ N {y[|;v = (4 dT y,(,s)}] = then
peP
Z= Euspan{éi}
end if
end for
/* generate communication vector */
b =H TZ;
r r
if b #o then

fori:=1tondo
if Elspan{éi} eker f, then 5r =5,ﬁ uspan{é[-};
end foreach

endif
/* check condition 1 */

if3d e D.(z; is anti dependence by operand r and d N b # @) and
r

3 eD(c?istruedependencebyoperandram dnb # @) then
¥

return (o, 0);
end if
end foreach

/* step 3: calculate f */
{=o0;
foreach r € R do

fori:=1tondo

if(ker 7, mspan{é,} = @) and ((ker fo+ Fp)m.\'pzm{él} = @}

and (I;r A span{éi} % (5) then
f=fv span{éi} ; /* check condition 2 */
end if

end foreach

end foreach
if /=0 thenreturn(o,0);

/* find fully permutable nest from top to n */

top =1,

if D= then return (f , top);

for inner == nto 1 by -1 if linner # (0 then break;

while (top < inner) do

- dy,...,d )>00r
if Vd eD: ( 1 top-1 then break:
Viop<si<nd;z0
top :=top + 1;
end while

if (top = inner) return (o , 0);
fori:=1totop-1do ¢ :=0;/* reset invalid elements */

return( { ,top);

E3 tiling WAL —TRET VT XL
Fig.3 Algorithm to detect tilable loop indices.
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n=3i=888), P={(0).0)}.p=2
= {40, D} R ={4(1,7), B K).C(K, )}

B4 THNT)ALIANENRENT A—%
Fig.4 Parameters for our algorithm.

(5:8,1:8,1:8)

0((0)) = (14,18,1:8), 0((1)) =
=(18,1:4)

5((0))=(18,58), 7.((1))

5 In Set D#H
Fig.5 Result of In Set.

D=DywD,
D = {3; | dy=i" - i, true data dependence from i to / }
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dy = (dpedn)sdy = (d],eorthn),

d :[ dl_mm, amax], dimm A

€ZUw

eZ\U—wo,

B8 true data dependence vector ¢ anti data dependence
vector DEH
Fig.6 Definition of true and anti data dependence
vector.
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DHFFAM T loop interchange (2 X > THET 5. 20
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DO PIPELINE :
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DO 10 K=1,8,KB
if (K=1) send & recv B’ for first tile
wait
swap B’ and B
if (K<=8-KB) send & recv B’ for next tile
endif
DO 10 KK=K,MIN(K+KB-1,N)

DO 10 J=1,8/2

DO 10 I=1,8
10 A(I,J)=A(I,J)+B(I,KK)*C(KK,J)

E7 prefetch communication ®+—\35 v 7
Fig.7 Overlapping computation with prefetch
communication.
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— &fF

8 prefetch communication ® %+ /37 v 7 DEHE
Fig.8 Execution of overlapping computation with
prefetch communication.
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*HPF$ DISTRIBUTE
*HPF$c A (BLOCK, *)

Do 11 J=1,N,JB

receive A

wait

DO 10 JJ=J,MIN(J+JB-1,N)

DO 10 I=1,M DO 10 I=1,M/n_procs

10 A(I,J)=A(I,J-1) 10 A(I,J3)=A(T,JJ-1)
11 send A
by EINDa— RA A—Y

9 pipeline communication D+ —37 v 7

DO 10 J=1,N

&) Y—ra— ¥

Fig.9 Overlapping computation with pipeline

communication.
PO | %\
Pl |
P2
[ stm

—> J&EfE

10 pipeline communication D F—/3F v 7 OBE
Fig.10 Execution of overlapping computation with
pipeline communication.
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Fig.11 Performance of matrix multiply.
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Fig.12 Performance of SOR.
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