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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 index arrays causes irregular access
patterns. For such codes, a technique to gencrate inspector/ executor code has been proposed. In this technique,
however, the inspector must perform all-to-all global communications. Furthermore, codes, to which this method
is applicable, are restricted. In order to resolve these drawbacks, we propose two inspector algorithms, inverse
index method and exhaust inspection method. We evaluated the effectiveness of these methods on the highly
parallel computer AP1000. For the LU decomposition program with partial pivoting, the inverse index and
exhaust inspection methods improve 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 irrcgular
sparse matrix-vector multiply.
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endif
enddo
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endif
do i=k+1,N
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enddo
do i=k+1,N
do j=k+1,N
a(pivot(i),j) = a(pivot(i),j)
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enddo
enddo
enddo
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VN/PEOTO—F %5 2 MPUEELD.

W2, BEIC T Inspector/ Executor Bl %
BWHLUBEIC, 7TU-F XY A MBREL L5720,
ETREORBLREESTOIA, T2, A7y
I AELEREBETRRANDE, V-TDA5 -V 3
VEBBENEN N/PEE NVPETH LD, 7
Oy FEAEEMT 520N T, EfFEROEITAE
{25, @I, KEEREFILATAIIBNT, &
AYTY I REVERHTHLEVR B,

5.2 FRBFETHNEXT b ILOIE

7T XA, Insepctor/Executor ¥BE% V272
VEIEE, 3BTl 3 BIED inspector 7V TY
A LGERE, WA VT v 7AWk, EREREHVS. &
MEDTNT)ZALEBA LI —F 2NV
ANVZEoTERRL, ZOFFHEEIT).

5.2.1 F—20O45E XL

Bl 512789 & 3 ICATHENC BLOCK 2819 5. $£72
LRTENZ bV bz 2T S b,x b BLOCK
SET A, 72721, EREETIEET O v ¥ b nzu,
iu, nzl, il DEEHEZFEFT 5.

ZOGFETE, iOV—THFDOALLEL 2D, In-
sepctor/Executor g% BV 2 35&13, iV —T %
FICFEATT S, L2 L, Insepctor/Executor ¥ %
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2 T T T T T T T T 18 T T T T T
—— VEMEETER T
19 PR L 1.7 (=33 4
e — ATy RE
oy 7 i b — eREE
7/ | |
1.7 7/ | 15
. U4 el |
8.1 ) | 8"
ser fek g
'/ — WL FysRE Ea g
/ - RER / n :
{ x
1.4 g 4
’ 1.1
13k - |
- A
2 F 7 09
L T N

PASR R -1

B 7: SMVM DEFTHER

W WHEMETE, 1 OV —T 2EFLEFICETL,
477y 2 ABESTORAEFIOEE b(11(1,5)),
b(iu(i,i)) BT 7R SINE TN 1L, iuDEET
O—F&¥ AP LZOBI, v DEFEZEINS.

5.2.2 ETHER '

AP1000 12383\ T, LU 0 & RO THATHIE
LRGN Z MV OFEE RO B 70T T ADETRME
i L, ETEREOBEREE, Saty $RTO
ITHREDT T NV —F v &fkl, ZDOHO inspector D
RO 2TEHETH o7z,

BT AR A XN = 1K OBFED SMVM &
HOETEMERT. F/2, inspector DHDEATHM
% [E 8ICRY

5.2.3 EE

BlE E OEE 7H 5, Inspector/Executor ¥l
EROZETOT VT XA TETOERILINER S
NTWaAEI L bird., SRR ZEDE, 70
Ly P =648, B4 YTy s RETET LGS
T, FATEERE 165 5 TEBb S s, RLSHET,
BEKD inspector TIE 1.59 5 F TEEIL S A2, &M
B CIREMEIC T 14 BoBE#LIER S 1.
FEFEED inspector EDEE  SMVM DA ¥ F v
7 Ak, BREERICL B inspector DT IV T XL HHE
REOT N TY X AIH L TCEDRERERLSATY
AR ERT AL, HAYTFTy s AETHE, 7oty
TP =512 T1.634%, @BEETIE, ALEHT,
1.09 5 TEBELIN TV A,

Z Z T, insepctor DEATHM & ERALT 5. BFIF —
FDFAX% N, 7Oty T¥% P, send, recv D)

h
1 2 4 8 16 32 64 128 256 512

oty

8: SMVM @ insepctor D FEATHRH]

AMERDIEN—=T D1 A5V~ 3y OEFTEED
E¥Hw T, local/nonlocal_iter Bk HEROEE R
Ty, AV =V DREZEIL» L FHEEE T, 8§
BE, fERkiE, B4 VT 7 AEBLOEREETE
ThEN,

NT;,

TEkE = Paﬂmw—u+n (1)
A7y Ak = 2 g, (2)
GRAEE = 2NT, + T (3)

L b,

B 8DFERIETIE, Tty FEEOEME &b,
inspector DETRMIZ—ERA L, T O& v FH 16
DEFERRNE LTETENT A, Jhd, oty
FEBLEMT 2 IIoN TR 10 1 HOBRES T
B, E2HEOEWNEWBEOIALIHWRTH2OT
Hb. R1EWHTHE, P= NI/ TyD & BiTHK
IMEZFEDZ LS. BBILE, V-7 OETH
e Xy -V OZE/RL R EOERIZFT -5 OME
WX B, BMEEHOZLEZOXPLFHHEINS.

TR LT, ATy 7 RAETERT 0Ly 5
DEEANLE, inspector DEITREMAWA TS, T
W, 17Ty I ABHIDOREE T AN T DRDEL
E#s, R20% 1 HITRT L HiIC7 0y YV EOEM
HEWREATB20THE. EREDL IOy
FEBUCHBIT AES WD, Taty TAEEHE
MBI LI AREDBENIELRS, KT, 7
Oty AT 512 L B & ETREMSHUEMIIEC
TWBDE, TRIOFA X (1024) VA SBEL72HT
H5.
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71, EREETRETDA VT v 7 A4 BET2
72&, Tuly ST inspector O EFTRER
T~ hoTWna, R 32d 7Ot v pas
FEIN T vz, BN BEEtEz—%L T
WwhENnz 3, WA YT Yo RFEERNRD &, RS
RO, 70y FHAEMT S &, fEkk L g
FEmanTws, &8, Ty FEL ARV
B, send/recv_list TS Y R b OB REOHENT
2O, JANNOBEBROBMOA —/S—~v F sk &
g oTna,

6 BHYIC

AETE, FRELT 2 222845 V—TOHFL,
ZDWTEEL, kD Inspetor/Executor BiEE D
inspector B0 % BEL, ROV, WHEFEYL T 7
VT ) XL ERREL 7.

AWCTRELL2ODTAITIZXLD 3L, 4>
T I AEDRERDFHEL D D EETH B I LASES R
7o BT Oy S AR L S AR TH B,

THTY XL OHEHEBEOE T, SBREETIE,
RO, A 279 7 AT, REREHTE o
o, ER T AV E LU SBICHRATEEE & o7,

SIRDEX, send_list,reev_list 7 ¥ DY 2k DE
PE% & ) J#% D DT LT inspector DA —/3— Ay k
BAELTBIE, BAGFEICSWTHA YTy
ARSI DLEBITREM: % A, FOER Y — > %o
L, GV I OIREEERATH L Th B,
BEr

TANTOT FAOEFICH D, EEFIEEE
APL000 DEATERIE L MR 778 F L () =
TR, TR S ARRBESHTEV,SE T
LI - ea—Ly b - Nydh—F (8) i2@k#fo
Er#ELIT.

T7z, HALVERZHRER S W22 CEMiEE
DECITEHE LT ¥

BB, AEO I LHEREM BB S (5
RSHISHTTE (1) SREE 04235103 [BIHEFI N —F & =
T -T=%F0FvOFR]) cL2
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FEE:NR AN NTEB T AR O—R }

x_brd(k_ower, bl, size_y * sizeof(FDATA));

for(k=0; k<size; k++) {

pivot[k] = k; fx ERY MFOTO—F &5 A b %/
if (cidy == (kincely)) { sx = (cidx < ((k+1)%ncelx)) 7
invlk/ncelyl = k; (k+1)/ncelx + 1 : (k+1)/ncelx;
N } if (cidy == pivot_k_owner) {
J for (i=sx; i<size_x; i++) {
for (k=0; k<size; k++) { } puli) = alpivot-k-locl[il;
k_owner = k¥ncelx; }
k_loc = k/ncelx;

y_brd(pivot_k_owner, &bulsx],

Jx Uy OER A/ (size_x-sx)*sizeof (FDATA));

if (cidx == (k¥%ncelx)) { /% SR %/
maxpv = 0.; for (i=0; i<size_y; i++) {
maxrow = k;. ) ) if (inv[i] >= k+1) {
fQI: (i - O;:!. < size_y;i++) { for (j=sx; j<size_x; j++) {
if ((inv[i] >= k) &¢& ali][j] -= bl[i] * buljl;
(fabs(al[i] [k.loc]) > fabs(maxpv))) { )
maxpv = alil[k_locl; 1
maxrow = inv[il; }
Y
b }
y.damax(maxpv, maxrow, maxpv, &maxrow); ATy AR EA LS LU SO T —F

}

x_brd(k_ower, &maxrow, sizeof(int));

¢ s - 1ist OHEE
/% ¥Ry PO x/ /* .send_h?t VeI */
if (maxrow != k) { lsize = size/ncel;

. for (i=0; k<l.size; i++) {

1v = pivot[k]; i
i o . for (k=0; k<nzulil; k++) {
pivot[k] = pivot[maxrow]; j = iulil[K];

1 = pivot[maxrow]; dest = j/Lsize;

if (dest !=p) {

if (cidy == (l_owner=lY%ncely)) { append(dest, 1);

1.loc = 1l/ncely;
inv[{1_loc] = k; }

}
/* recv_list OER */

for (i=1; i<l.size; i++) {
local_flag = TRUE;

)

pivot[maxrow]l = 1v;

1= 1v;

if (cidy == 1_owner) {
inv[1_loc] = maxrow;

1
} ; for (k=0; k<nzl[il; k++) {
j = i1[i1[K];
pivot_k_owner = pivot[kl¥ncely; J i Fl][ ]
. . src = j/l.size;
pivot_k_loc = pivot[k]/ncely;

if (src '=p) {
local_flag = FALSE;
append(src, il[i][k]);

if ((cidy == pivot_k_owner) &%
(cidx == k_ower)) {

maxpv = a[pivot_k_loc][k.loc] }
= 1.0 / alpivot_k_loc][k.loc]; )

}

/* local/nonlocal.iter DEHL */

if (local_flag == TRUE) {
append(local_iter, 1);

/% ERy FEIORE, Tu—FEy A b »/
y._brd(pivot_k_owner, &maxpv, sizeof (FDATA));

if (cidx == k_ower) { . } else {
tr o Kty 100 ¢ s o b
bl[i] = alillk_loc] *= maxpv; }
} else {
blli] = 0.0; HA VT s AFEEHEE LA SMVM @ inspector O
. 2 F
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