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Quadruple Precision Operation in Eigensolvers
for Sparse Matrices and its Performance Evaluation

AKIRA NisHmA 1

The improvement of the accuracy is a critically important target of com-
putational science, FLOPS performance is increasing with faster speed than
memory performance. This gap sometimes raises serious problem, but our pre-
vious study have shown that the problem can be reduced by improving floating
point precision. In this paper, we discuss the validity of the quadruple precision
arithmetics for eigensolvers, based on the double-double precision floating point
operations implemented on the parallel iterative solver library Lis.
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% cumulative  self self total
time seconds seconds calls s/call s/call name
66.67 0.04 0.04 10374 0.00 0.00 1lis_matvec_crs
16.67 0.05 0.01 12154 0.00 0.00 1lis_vector_copy
16.67 0.06 0.01 1768 0.01 0.01 1lis_vector_set_all

2 AYZERRE RIS T A A ELOES (Intel Xeon 5570 $r— 3 |-, RIS 1 X 202 x 202, fFH5EE.
Lis D7u 77 A4V AT ailkb.)

%  cumulative self self total

time seconds seconds calls ms/call ms/call name

55.56 0.05 0.05 9398 0.01 0.01 1lis_matvec_crs

11.11 0.06 0.01 17252 0.00 0.00 1lis_vector_dot

11.11 0.07 0.01 4650 0.00 0.00 1lis_vector_duplicateex
11.11 0.08 0.01 2849 0.00 0.00 1lis_vector_axpyex_mmm
11.11 0.09 0.01 772 0.01 0.01 1lis_cg_check_params

B 3 oz EIEIC BT 2K AHOEIS (Intel Xeon 5570 H—/8 I, FIES A X 202 x 202, 4 fEk5HEE.)
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52
32
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cumulative
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27.
32.
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41.
43.
43.

AR EEICH T DA ELOEIS (Intel Xeon 5570 #—/8 |k, RIS X 2002 x 2002, 4 fifHE.)

76
76
74
91
55
96
08
93

self self
seconds calls s/call
40.92 124700 0.00
7.60 251966 0.00
5.80 253778 0.00
3.48 124700 0.00
2.75
1.84 130137 0.00
0.67

self self
seconds calls s/call
27.76 84732 0.00
5.00 167724 0.00
3.98 167724 0.00
2.17 84732 0.00
1.64
1.41 87343 0.00
1.12 4203 0.00
0.85 3333 0.00

total
s/call name
0.00 1lis_matvec_crs
0.00 1lis_vector_axpy
0.00 1lis_vector_dot
0.00 1lis_vector_xpay
__intel_new_memcpy
0.00 1lis_vector_nrm2
__intel_new_memset

total
s/call name
0.00 1lis_matvec_crs
0.00 1lis_vector_axpy
0.00 1lis_vector_dot
0.00 1lis_vector_xpay
__intel_new_memcpy
0.00 1lis_vector_nrm2
0.00 1lis_vector_dotex_mmm
0.00 1lis_vector_axpyex_mmm

%4 MY A X 2002 x 2002 OBAICHFAEOFHEICES 5 KIE K.

Mode | Iteration (double precision) | Iteration (quad precision)
0 18 18
1 78 60
2 122 117
3 1000 120
4 102 96
5 492 459

[, PIREY 1 % 2002 x 2002, fHHEE.)
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%5 MEEY A X 2002 x 2002 OHFAICEFEAEOFHFICES 5 KEE. FHET2EAMO¥E 20
e LA,

Mode | Iteration (double precision) | Iteration (quad precision)
0 18 18
1 78 60
2 122 117
3 1000 120
4 102 96
5 492 459
6 252 232
7 114 118
8 667 604
9 1000 234
10 249 253
11 439 401
12 272 312
13 299 345
14 995 1000
15 300 1000
16 263 253
17 1000 1000
18 1000 1000
19 1000 1000
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AT, WHIKEMRET A 77 U Lis 23412, double-double FEIZ & % 4 fFk5EH
HaEaEfEEm L, 4 EEEEREORIMECOWTRE L, BERIEEITW RN OHE
BOBEAMEERDDBLEOLHLMBEOLRE, BEERTRLIZL DL, fHEED DR
TREDEAMEICE L TEEDIIRBMER TS 2 LMnH Y, TOXSRBE0OxRE LT,
AFETEDTHL EEALND. 172, SHRTDEFHENZ VG, NETO 465k
FEBRSC RN B 2 ATREMEZS & 1, EAHEIC SOV T LV IS RET 2 L E DR H 5.
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1) Bailey, D.H.: QD: C++/Fortran-90 double-double and quad-double package,
http://crd.Ibl.gov/dhbailey /mpdist/ (2010).
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Mode

Iteration (double precision)

Iteration (quad precision)
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18
82
112
1000
103
449
242
120
598
241
243
409
316
330
789
285
257
1000
1000
1000
1000
440
451
1000
1000
449
1000
1000
1000
917

18
64
122
99
97
451
245
118
660
225
243
471
331
322
917
293
247
1000
1000
1000
1000
471
441
1000
1000
445
1000
1000
1000
1000
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2) Hida, Y., Li, X.S. and Bailey, D.H.: Algorithms for quad-double precision float-
ing point arithmetic, Proceedings of 15th Symposium on Computer Arithmetic, pp.
155-162 (2001).

3) Renard, Y. and Pommier, J.: GMM++ User Guide, http://home.gna.org/getfem/gmm int
(2010).
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