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Performance result of tile CAQR for tall and skinny matrices.
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Abstract: The tile algorithm for a matrix decomposition has an ability to generate many fine-grained tasks,
so it is suitable for modern multicore/manycore architectures. We implemented the tile QR decomposition
algorithm in OpenMP/MPI hybrid fashion on the cluster system. In this report, we show the performance
result of our communication-avoiding tile QR (tile CAQR) implementation for tall and skinny matrices on

the K computer.
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Fig. 1 Tile QR decomposition
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Fig. 3 Tile CAQR Algorithm
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Fig. 4 (left) flat-tree scheduling. (center) flat-binary-tree

scheduling. (right) binary-tree scheduling.
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LT, ZBANY A A%NRTA=RE LX) CAQR D
MREETF L 2L 72,
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Table 2 Kernel execute time
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DEFEE» S, RAALVADXA I QR DEDMEREE T
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HThb.

(d—[k/P]) x[(g—k—1)/C] (2)
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RO EITHE OMEREE T VI T DL S 1242 5.

q—1
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k=0
52 RXAVEY—YDERTER-
R A A VI~ — Y OFEITRERNIZFHRRME Tepge & F X
A VELRLE Teomm PHITH S, 1[EOY— VW DEFT
i, TTQRT A7 % Trrorr » TTMQR 217l
FEﬁxé TTTMQR aj_ét

Trrorr + Trrmor X [(¢—k —1)/C] (4)
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alpha-beta model 75,

2 x (a+ Bb%q) (5)

A, R1OKREEFROBEREE N £ T58, *
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q—1
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B, Ffz, A a—RIZBIFBRAILY A X 400 D&
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ETiTo/=. 799 MV VU—, T3V MNAFYDVY —,
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BE ot ZThik, J—FEBELR51FE CAQR
DX —VUNHOFFTRIFUC K EREPHTL 572D E X
55, F72, ScaLAPACK DL KT & ) — N
DA OIFITHEEAVNI WA, J — N EEINT % &,
BaxDNAFUYY —FEDHPEL LD, DT & h
5, ScaLAPACK D% & 0 $h % DEEN KIBEITHIZ
WTW3 525,
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512000 x 8000 (Z[E & L, MFLEIKDME % 1T - 7=k
BThs., MEFINIZFLT, XA FUVY) =i x7r
Va—=V I AREERBAT—L LTS, 75y bY
V=23 F YY) = REAT =)L LRV DIE, J—
REDBBEINT 2L 1 TR AH7Z0D KA VEHPNEL
D KAALYNZ AL QR AfRIZEFUE I B A, KX
A VHEOY = VM EEIPRE S WL, v — VD A
MR 22O AT — L LinweEZS5NS, J— REH»D
72 W, ScaLAPACK 12 X 2 FEEIXR L AT — L9 5,
M7DLIIZ/ = NBNRELL b, REEDHVPAT—
NUTWD., ZOZ s, RERITLDKREBREET
HAiFIz & B EEERfTbNE L EZ S5N5.
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Ot TH 5. FHAIL Z-HFHNOMREE TV TIE, X
AN A X400 BEERE L W TES. £z, ZALY
4 X 400 DHEREE TV & EBOFHERFH O A &, RiEGE

(© 2017 Information Processing Society of Japan

Vol.2017-HPC-158 No.23
2017/3/9

600

500 75y VY-
75y RAFYY Y=
400 ScalAPACK

- .
5 NAFYYY—
i
= 300
200
— ——
100
0
1 4 16 64 256 1024 4096
J— K70+ x#)
4096
1024
256 #
e
i /
#
1;364 g —e— TS EVU—
o e 77y bRAFUY Y~
yd ScalAPACK
/ NAFYYY—
16 ====-linear scaling
/.
e
g
4 /
0/
1 /
. 4 16 64 256 1024 4096

/= FH(=7nt %)

5 17— R®&72D 64000 x 8000 047 Re[H] K CHHNS H
Fig. 5 Performance result and relative rate of tile CAQR, on
a 64000 x 8000 per node.

ETIVTIEH 90N DNEE CEBOGHERMA KD 5N 5.
S, BRIZANGEL 572 GEQRT R EEEH DI LN T
N, MREETVOFESTRFBOKEE EIF5ZenTE
LrEZOND.

7. BHYIC

FHIRRZBITBZANTILITY AL, MKEDXR
AV B RBIZERT 2728, BEOINVFIAT T —F7F
IF ¥ DUHMEZENTIENTELTILITYZALTH
%, &M, X4 CAQR 7TV XAD OpenMP, MPI
WZ&kBNA TV NIRRT, VITARVAT L ETO
PEREREAM 24T - 7. ABETIX, CAQR 7 VTV XL
BIIEZY—VWNBDOATrYa—) v HROEEKRE O
ScaLAPACK (2 & 5 QR 7 fR5EEE L DR 21T o 7=, Bk
T, KEEISFBRECIE XAV CAQR IZEBEREDH
FAMENRONE Z e bhorz., £/, HEMEETILVE
7- CEBOERM L O E T\, RETIVTIE I0%D
KECTEFRKRHO P -Tond Z e EFonz. 5%
i, ¥~ —VEFROREPEFIRUAZBNA T 2 - T
DFEEEWBAT 20BN H 5.

HIEE AR EZRITTAIIHD, THEEW AL



BERLEBF S RIRE
IPSJ SIG Technical Report

E{TREREs)

®

AR

16

160
140
77y V-
120 ——7Zy b AF Y Y —
ScaLAPACK
100 NAF Yy Y =
80
60
40
20 \\
0
1 2 4 8 16 32 64
/= P70+ 2%
64 —
l”
L
l"
I"
l"'
J"'
I’I
v
= N RS
—— 75y bR FUY Y~
/ ScalAPACK
i RNAFYY Y~
4 L — linear scaling
O"
I"'
'
4
v
. /
1 2 4 8 16 32 64

/ — F#(=7" 01w 2%)

6 47511 X 64000 x 8000 D F4T M K OVHH N ik i

Fig. 6 Performance result and relative rate of tile CAQR, on

a 64000 x 8000 matrix.

B e SRR S - BN R I s =R R T S
F—LDE5NBEF—L1) =&, KOHEF—LOERRIZE
R WU ET.

SE

(1]

2]

3]

(4]

[5]

(6]

Dongarra, J. J.(ed.): ScaLAPACK user’s guide, Soci-
ety for Industrial and Applied Mathmatics, Philadelphia,
PA, USA (1997)

netlib: http://www.netlib.org/ (2017)

Anderson, E., Bai,Z., Bischof, C., Demmel, J., Dongarra,
J., Croz, J. D., Greenbaum, A., Hammarling, S., McKen-
ney, A., Ostrouchov, S. and Sorense, D.: LAPACK’s
user’s guide 3rd. edition, STAM, Philadelphia (1999).
Buttari, A., Langou, J., Kurzak, J. and Dongarra, J.:
Parallel tiled QR factorization for multicore architec-
tures, Concurrency and Computation, Practice and Ex-
perience, Vol. 20, No. 13, pp. 1573 1590 (2008).
Buttari, A., Langou, J., Kurzak, J. and Dongarra, J.
J.: A class of parallel tiled linear algebra algorithms for
multicore architectures, Parallel Computing, Vol. 35, pp.
38 53 (2009).

Demmel, J. W., Grigori, L., Hoemmen, M. and Lan-
gou, J.: Communication-avoiding parallel and sequen-
tial QR and LU factorizations: theory and practice,
Technical Report UCB/EECS-2008-74, LAPACK Work-
ing note 204 (2008).

(© 2017 Information Processing Society of Japan

Vol.2017-HPC-158 No.23
2017/3/9

180
160
——T Ty f\\\/ U7
140 \ ——T7 7y bR AFYY)—
— ScaLAPACK
ET 120 NAF YY) —
# 100 \
(Il
# 80
60
° \//
20 S —
0
8 32 128 512
/= F¥(E=70t2%)
64
16
i
&
=
=
4
—— 77y VY-
—— 7Ty kA F YY) —
ScaLAPACK
NAFYYY—
--------- linear scaling
1
8 32 128 512
/ — F(=7 01w 2%
7 ATFIY A X 512000 x 8000 O FEAT IR B OFE o &

Fig. 7 Performance result and relative rate of tile CAQR, on

a 512000 x 8000 matrix.

600
500 —0
— 100
& 400 200
:LE 200 400
e — 800
# 200
P e, —— & 3 3 3 . ° . Y r)
100
0
1 4 16 64 256 1024 4096
/=R (Fnex#)
8 MEREE T IV & EITHEM

Fig. 8 Performance model and execution time of tile CAQR

[7]

8]

[9]

[10]

decomposition.

Schreiber, R., Loan, C. V.. A storage-efficient WY
representation for products of Householder transforma-
tions, STAM J. Sci. Statist. Comput., Vol. 10, No. 1, pp.
52 — 57 (1989).

Kurzak, J., Ltaief, H. Dongarra, J., Badia, R. M.:
Scheduling Linear Algebra Operations on Multicore
Processors., Technical Report, LAPACK Working note
213 (2009).

Bosilca, G., Bouteiller, A., Danalis, A., Herault, T.,
Lemarinier, P., Dongarra, J.: DAGuE: A generic dis-
tributed DAG engine for high performance computing.,
Technical Report, LAPACK Working note 231 (2010).
Bosilca, G., Bouteiller, A., Danalis, A., Faverge, M.,



BRUEZSMRRS Vol.2017-HPC-158 No.23
2017/3/9
IPSJ SIG Technical Report

Haidar, H., Herault, T., Kurzak, J., Langou, J.,
Lemarinier, P., Ltaief, H., Luszczek, P., YarKhan,
A., Dongarra, J.: Distributed-Memory Task FEzxecu-
tion and Dependence Tracking within DAGuE and the
DPLASMA Project., Technical Report, LAPACK Work-
ing note 232 (2010).

[11] PLASMA: https://bitbucket.org/icl/plasma/ (2017)

[12] Hadri, B., Ltaief, H., Agullo, E. and Dongarra, J.: En-
hancing Parallelism of Tile QR Factorization for Multi-
core Architectures, Technical Report, LAPACK Working
note 222 (2009).

[13] Dongarra, J., Faverge, M., Herault, T., Langou, J.,
Robert, Y.: Hierarchical QR factorization algorithms
for multi-core cluster systems, Technical Report, Lapack
Working note 257 (2011)

(© 2017 Information Processing Society of Japan 8



