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The parallelization for the Block Gram-Schmidt
Orthogonalization with the Optimal block-size

Yoicar MaTsuof! and TaAkASHI NODERA 12

‘We propose an adaptive procedure for determining the optimal block-size for
the Parallel Block Gram-Schmidt orthogonalization (PBGS), which is a process
for computing the QR factorization of matrix X. Accurate block-size is differ-
ent for each numerous problem. In this paper, we have explored a new schemes
for adaptive accurate block-size under one execution of the QR factorization.
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01: K :=P/m;

02: fork=0:K -1

03: Xplock = X[;;km : (kE+ 1)m];
04: Ri2 = QT Xvioek;

05 Y = X100k — QRi2;

06: for 1I=1:m

07: re=Y{ U

08: y=Y.q-1r;

09: Ros[1:1—1;1] =
10: Raolk - k] = |yl;

11: end for

12: Q:skm : (k+1)m] =Y,
13: R = Ri2 + Rao;
14:  end for

0 1 Block Gram-Schmidt Algorithm

0000000000000 000000000000000000000 block-size 0O
0000000000000 blocksizeDOO0OOD0OOO0OOOOOOOOOODOODOODOO
Oo0000oooooooooOoOoOooooopBGSOOOOOOOODOOOOOOOOO
oo

0000000200 BGSOOOOOOOOOODODOODOODO300 Block-sizeO O
ocooooooooooooboobooo400 50000000000 OOOODODOODOO
goooo

2. Parallel Block Gram-Schmidt O

Vanderstracten”) 0 GudulaD¥ 00BGSOO0O0OO0O00OOOOODOOOOOOONO
00 0BGS 00 Column-Wise Distribution (CWD) 00 O00OBGSOO0O0O0O0OY0
CWDOOOOO0O0O000000 Xy 00000 QOO0 PEOOOOOOOOOOO
00000000000 Row-Wise Distribution (RWD) 00 0000000000000
0000000000000000000000000000000 20 PBGSOOOO
000o0ooooo

Vol.2012-HPC-134 No.2
2012/6/1

01: K :=P/m;
02: fork=0:K -1

03: if (myrank == 0)

04: Broadcast (Xpjock);
05: else

06: Receive (Xpiock)

071 R12 = QTXblOCk;
08: Y = Xplock — @R12;
09: if (myrank == 0)

~

10: Receive (Y) from each PE;
11: else

12: send (Y);

13: end for

0 2 Parallel Block Gram-Schmidt Algorithm
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BCSSTK18 0 QR OO

m time (sec) | efficiency
PBGS 10 1886 0.508
PBGS 20 1250 0.768
PBGS 50 881 1.07
PBGS-m 55 959 1.00
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Input: X € R™*"

Output:m

01: m=244=1---4;

02: If (rank==0) ;

03: bloadcast (Xbiock);

04: else

05: receive (Xplock);

06: endif

07: forj=0:1;

07: start:=gettimeofday|();

09: BGS(Xplock) With my;

10: end:=gettimeofday();

11: tij := end — start;

12:  end for

13: a = (tio — ti1)/my

14: rli] :== tn’a + tio — a(h — m);

15: Alij) = ml ™

16: solve Az =1

170 f(m) = z1m* + zom?
+a3m?® + zam + xs;

18: solve optimal-m

= minme[O%N] f(m);

0 5 The PBGS-m algorithm
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