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In this paper, we focus on parallelizing compiler techniques which generate SPMD codes
for distributed memory computers. Parallelization of loops with indirect accesses with in-
dex arrays causes irregular access patterns. For such codes, a technique to generate inspec-
tor/executor code has been proposed. In this technique, however, the inspector must per-
form all-to-all global communications. Furthermore, codes, to which this method is appli-
cable, are restricted. In order to resolve these drawbacks, we propose two inspector algo-
rithms, inverse index method and exhaust inspection method. We evaluated the effective-
ness of these methods on the highly parallel computer AP 1000. For the LU decomposi-
tion program with partial pivoting, the inverse index and exhaust inspection methods im-
prove the performance 42 and 11 times respectively, as compared with the code without
the Inspector/Executor strategy. As for the comparison of the inverse index method with
the conventional one, it is proved that the code with the former is 1.6 times as fast as
with the latter, in the case of the irregular sparse matrix-vector multiply.
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do i=1,N
a(i) = b(index(i))
enddo

(a) HBLOHA YTy 7 XEF)
(a) index array in right hand side

do i=1,N
a(index1(i)) = b(index2(i))
enddo

(b) WZicA v7 v 7 REF
(b) index array in both sides

1 DOALL Hlw—7
Fig. 1 DOALL type Loop.
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2.3 Inspector/Executor EB%
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do k=I,m,3

X (g (B))=Y3 (hy (B))o¥ 5 (ha (B)) -+ ¥ Ch (B)
enddo
ol, +RLDBEBHEET. N7 FVERIREEEN-T
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B 2 DOALL v — 7 D—BiE
Fig. 2 Generic form of DOALL type Loop.
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local _flag = true;
/% recv listy,(p,src) B KD B */
do each Y;
stc = Vil () 2FTAT A7 0Ly ¥ES,;
if (src !'= p) then
local_flag = false;
append (7)) to recvlisty(p,src);
endif
enddo
/% local{nonlocal_iter ¥ R B */
if (local_flag == true) then
append ; to localter(p);
else
append J to nonlocal_iter(p);
endif
enddo
B3 fEsks:, A VT v s RED recw_list, locall
nonlocal_iter ZRK¥HBZT VT Y X4
Fig. 3 Algorithm of the conventional method
and the inverse index method (the part
of obtaining recv_list, local/nonlocal_iter).
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do each Y;
do j € derefy,(p)
dest = X(g()) RBAHTHT 0Ly HHS;
if (dest != p) then
append k;(}) to send_listy,(p,dest);
endif
enddo
enddo

derefy,(p) = [BBLORHIF~% V,0) b7y ¥
PAFETHTF—28BTHLF V- av0kh]

M4 FAVYF v RHED send_list KD B
Ty XA
Fig. 4 Algorithm of the inverse index method
(the part of obtaining the send_list).
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Fig. 5 Generation of send_list with the inverse index method

(index array in right hand side).
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Fig. 6 Generation of send_list with the inverse index method

(index array in both sides).
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ZIVTY X LDEBERM inspector DTN Y XA
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EINTA v Ty & ARFINEET B OGN TR .

doj € [BRV-TDETHAFV—av}]
local_flag = true;
dest = X(¢()) 2BFET A7 0ty HES;
do each rhs Y;
ste = Vit () RFAT A7 00y ES;
/% send listy,(p,dest) ZVERT 5 */
if (src == p) then
if (dest != p) then
append h.(f) to send listy,(p,dest);
endif
/% recv_listy,(p,src) YRR A */
else /% (src != p) */
local_flag = false;
if (dest == p) then
append hi(5) to recv.listy,(p,src);
endif
endif
enddo
/% local/nonlocal iter & KD D */
if (dest == p) then /*
if (local_flag == true) then
append f to local_iter(p);
else
append ; to nonlocal iter(p);
endif
endif
enddo
B 7 £&%&EHD inspector Taoa ) XA
Fig. 7 Algorithm of the exhaust inspector method.
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Table 1 Comparison of the inspector methods.
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LREETE, TNTOAYFy 7 AERFIENEL
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LU MO 3 — FAE8ICRT. Tk, Inspector/
Executor ¥itAMA L7884 (OUF, H#tk
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RAAZEEI Ulc. 7238, #A vV Fy 7 ABRELICD,
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4.1.1 EHD5E

FEIAWE, FHMW, FIHFREOMAEMIC2NT
CYCLIC 4y#] U7z, BT, 1A ADITH RO
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W, 1LY, 7oy 3+ THELTHET 5.

pivot @A v 7y 7 ADEHL, pivot PEHI
haEsle, 7oy $BRARTE2HEAN /Ty IR
BFIOEZAFEHF LTV ALERELTTS. FEA Y
Fy g AEFIEERT B0 T ek y YHE
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decomposition d(N,N)
align a(i,j) with d4(i,3)
align pivot(i) with adi,:)
distribute d(CYCLIC) (CYCLIC)
do k=1,N

/% Ry b ORR, K «/

/x B +/
do i=k+1,N
do j=k+1,N
a(pivot(i),j) = a(pivot(i),j)
- a(pivot(i),k) * a(pivot(k),j)
enddo
enddo
enddo

H8 WHLEyF v /iE LU HMEO2—F
Fig. 8 Codes for LU decomposition with partial
pivoting.



HRLEFE 2R Apr. 1994

538
18 : T T T y T T
—— Bl
16 % . .
y — BIFyIRE
wply o LREE

ABEWEHTH L LV B,
4.2 RBABTIENY ML OTE
BRERELETHRELE S, REABGTHE~s
1 FVEDTED TS 5 A (LI SMVM : Sparse Ma-
trix-Vector Multiply E#9) ZHOCTHEHEETD.
T3 Y X &, Inspector/Executor MEBE A BTN

decomposition d(N)

align nzu(i),iu(i,*),auldi,*) with d(i)
align nz1(i),il(i,*),al(i,*) with d(i)
align ad(i),b(i),x(i) with d(i)
distribute d(BLOCK)

do i=1,N
x(i) = 0.0;

B9 LU 53@OETHR] (256 256)

do j=1,nz1(i)

x(1) = x(i) + al(d,j) * b(il(i,j))
enddo;
x(1) = x(i) + ad(i) * b(i)

Fig. 9 Execution time of LU decomposition do j=1,nzu(i)
(256 % 256). x(i) = x(i) + au(d,j) * b(iui,j))
enddo
412 EF#E enddo
AP1000 ITB T, H4 X N=64, 128, 256 O 10 RRRBATAA LR bbb OB xERD S
- PR : 2§
NxN 13510 LU sMROETHREZHE L. 9 Fig. 10 Code of obtaining product x by multiplying

& N=256 QEFHEALRT.
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X 9 74» 5, Inspector/Executor BEE
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