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On Jacobian Matrix Computation based on Arbitrary Precision
Numerical Differentiation Method

Tomonori Kouya
Shizuoka Institute of Science and Technology

Jacobian matrix computation based on numerical differentiation should be selected if au-
tomatic differentiation cannot be applied, which seem to be generally low precision. But
we can obtain arbitrary precision Jacobian matrices by using extrapolation and multiple-
precision floating-point arithmetic. In this paper, we propose the arbitrary precision nu-
merical computation method of Jacobian matrix based on numerical differentiation us-

ing extrapolation and demonstrate its efficiency through our numerical experiments with

MPFRJ[11].
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1024(308.3) 1.28E — 300 2.9 28
2048(616.5) 5.30E — 606 12.4 40
4096(1233) 1.76E — 1216 65.3 58
8192(2466) 2.06E — 2441 358.6 84
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log g &, | AR gi E;;;
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500 7.34E - 506 127.5 36
1000 3.16E - 1005 215.0 52
2000 6.56E — 2001 368.0 75
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SHL bit B | IR R %ﬁ gg
128 7.65E — 37 0.0 2
256 3.17E-173 0.0 2
512 4.11E - 150 0.01 2
1024 2.33E — 304 0.01 2
2048 4.87E - 613 0.03 2
4096 3.51E - 1229 0.04 2
8192 5.05E — 2462 0.13 2

7% 4: Medakzo [

S % - HE LN

I bit F i i 9
128 1.61E - 31 2.0 2
256 5.19E-170 3.1 2
512 390E-147 | 5.1 2
1024 327E-301 | 74 2
2048 1.87TE-609 | 182 2
4096 | 458E-1226 | 52.6 2
8192 | 5.98E-2459 | 166.6 2
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ICHERIBE A TH S [5] D, SlENiybE TS T &I
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WERMERT 5 2 LK, &, (b)~([d) FTOD
2T ORMAEIZ 10 #E 50 MY (2 #E 167bits) D215
EiHETIToTWa,

i U725 G HEERBIE L T O@ED TH %,

FERIN—FDxT

PentiumD Pentium D 820 (2.8GHz), Fedora
Core 4 x86_64, 2 nodes

cs-pccluster2(Pentium4) Pentium IV 2.8GHz,
Vine Linux 2.6, 11 nodes

VTPCC(Xeon) Dual Xeon 3.0GHz, Redhat 8.0,
8 nodes(max 16PEs)

ERY 7 boz7

e GMP 4.1.4, MPFR 2.1.1, BNCpack[9]

e LAM 7.1.1(PentiumD), MPICH2 1.0.1(cs-
pecluster2), MPICH 1.2.5(VTPCC)

e gcc-4.0.2(PentiumD),
pecluster?), gee-3.2(VTPCC)

51 #DEREMHEDER

i U7z WM HRRERXRDOEE, ShiH&E L
200, 800, 1800, 3200 XcETICHBW\T, FHisIcE
\F % Jacobi 175I& WA BAIIENFMTHI & 72 D, X
E 105 L& -0.0990 DEBL 5 THB, T
DRI EB T, 681D Newton 1B TINHET 3
T DR TE Tz, FT2, TS DD~

gee-3.4.3(cs-

U R2JVIME YL &, ¢t = 10013 B HEMD
JRRDOBUERRD / )V IVE |[Y(100)], 157 D 3T
EDTHB T LR TEIZ (FES5),

#5:Y* £ Y(100)(_I2), Gerschgorin disc(FH, )

N 1Y [l2 1Y (100)[l2
200 | 3.16236E + 1 | 3.16242E + 1
800 | 4.47224E +1 | 447230E + 1
1800 | 5.47736E + 1 | 5.47732E + 1
3200 | 6.32448E+ 1 | 6.32471E + 1

N max radius for —10

200 | [A—=(-1.00E +1)| < 1.50E — 1
800 | |2 —(-1.00E + 1) < 1.50E - 1
1800 | |2 —(—1.00E + 1)| < 1.50E — 1
3200 | |1 = (-1.00E+ 1)| < 1.50E - 1
N max radius for —0.0990
200 | [A—=(-9.90E -2)|<1.23E-5
800 | [ —(-9.90E-2)| < 1.26E-5
1800 | |21 —(-9.90E -2)|<1.29E -5
3200 | |2 - (-9.90E -2)| < 1.32E-5

FHIC, #2505 T 21T Gerschgorin disc D372
FELTHEE, KTH 0158 L <1 1.23x107°
~1.32x107° THH, FHEMZFHETEETEREL,
ZOFEERZENCT RS T LA L T2,

%31, N = 3200 DFEHIE PentiumD 7 5 A Z D&
THEITTEREDTH S, ThIBRT S LI,
x86_64 Dual-core CPU Z /= T &ic X B MREm E
&, ABRVREMNIFED Y T AZOPT—HELRLEW
(4GB) T LIC K> THID CRIEDAEEE o Tz,
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N

VTPCC cs-pecluster2 | PentiumD
200 78.0 187.7 76.1
(5PEs) (2PEs) (2PEs)
200 672.6 2002.4 978.1
(20PEs) (10PEs) (4PEs)
13453.1
3200 X X (4PEs)
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Speedup Ratio vs. cs—pccluster2
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