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Adaptive Bit-length Control of Mantissa
in Multiple-precision Arithmetic for Numerical
Computation with Guaranteed Arbitrary Accuracy

HiroMASA NAKASHIMA,? MasanoBu Kocga'l
and KENTARO YANOT!1*!

This paper proposes a method for numerical computations with guaranteed
arbitrary accuracy by adaptively controlling the bit-length of the mantissa in
multiple-precision arithmetic. We have developed a numerical computation
package based on the proposed method and evaluated the method by applying
it to some numerical computation problems.

1. 04doano

goooboooooooooboooOooooboOobocoOooboobooooboOobocOoOoooDoObo
goooobooooooooooooboooooooooboboooooobooOoboOooooDbObooo

fr1oooooo
Kyushu Institute of Technology
x1 00000000000000
Presently with Fukuoka Institute of Technology Junior College

22

ooo
oo0oooooboOobooobooOoOprecisiond 0 00O00OOaccuracydd 2000
0000Y000000000000000000000 pOOOOIEEETS4 00000
ooooObDp=240000000 p=56300000000000000O000O0O0O0O0O0OO
goooboooouobooooooooooooobobooobooooOoooooobooonn
goboooboooooooooooboboOoooooooooboOoooboooon
goboboooooobooobooooboooooOoooboboOoboboOooboboOoOobOboUOboo
0000000000000 00000000000000Y 0000000000000
goooobooooooooooboooooboboboobobooooobooobooboboOono
goooooboooooboooo
goboooooooooooooboooooooobooboOooooooOooooooooDoobooo
00O000®Y00000000000000000000000D00D00O00O00000
goboooooooooooboooboocoooooboooooboboOobo110000
gboooobooooooooooooobooooboOoooooOboOoDOOobOboooOoDo
goobooooooobooooboooooooooooboOooooOooOooooooooooon
gobooooobooooooooo
goooooboooooooooobooooooboooboooooooboooooDboOoboOoo
goooooooooooooooobouooboobooboobobooooooOoDo
00000000® 000000000

2. 000o0OOO0bOOO0bOOoo0oDbo

2,1 JO0O00OO0OO0OO0ObOOOoOoobooon

gdboodooobobooobobobooboboobobboobDoobDoobooboo
000000000000 b0DOO0300b0b0b0oO0OUO0OUOnOOgO MPFloatO DO OO
000o0ooooooo cGAOoDOOOoo

2.1.1 OOO0OO

gooobooooboooobbooobobooo

Az =0

O00D0DAOnO0000Q0O0D0OOCOMOO0OOOODODO 10nO0000000OO

1

T
- = (.i=192 - b=
irjo1 Gi=Lhzen), [1 1]

ij

(© 2010 Information Processing Society of Japan



23 OO0O0O0O0O0O0oooooOoOoboOoOoOoOoooOooOoOoOoOOOOoOoOoOoOoOObObOOOOn

01 000O0OOoooo
Table 1 Precision and accuracy.
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Table 2 Used precision and lost accuracy (n = 10).
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Table 3 Used precision and lost accuracy (n = 20).
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Table 4 Used precision and lost accuracy (e = 10°).
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Fig.1 Architecture of numerical computation environment.
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Fig.2 Architecture of numerical data type of NFC.
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Fig.3 Format of floating point number.
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Fig.5 Architecture of CGA.
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Table 7 Computation environment.
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CPU Intel Core2Duo E8400 3.00 GHz
ooo 4GB
(O] Windows XP Pro SP3
Java VM Java(TM) SE
Runtime Environment(build 1.6.0-15-b03)
GMP Ver.4.3.1
MPFR Ver.2.3.2
MPFR C++ 21 Ver.2.1
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double e = 1.0e18;

double[] a0 = new double[] {1,2,3};

double[] g0 = new double[] {1/e,1,e};

Matrix AO = DiagonalMatrix.create(a0).multiply(e);
= DiagonalMatrix.create(q0);

Matrix QO

Matrix I = AO.createUnit(3);

Matrix V = I.subtract(AO.createOnes(3).multiply(2).divide(3));
Matrix A = V.multiply(AO).multiply(V);

Matrix B = I;

Matrix Q = V.multiply(QO).multiply(V);

Matrix R = I.multiply(e);

J

00000000000000000000000000000000000LQRVerifier2

0OCGADOODOOODOOOOODOODODOOOOOOOoooo®®Y goooooo

ooog
0000000000

Verifier verifier = new LQRVerifier2(A,B,Q,R);
verifier.setUsingKrawczyk(false);
verifier.solve();

goboboobooooooooobooooooooboooooooboboooooooooboa
gooao

4.2 OQO00OO0OOOOOCOOO
gobooooooboobotooooooooooboOoooboooobooaon
CGAOOOOOOONFCOOOOOODDOOOOODOOOOOODODOOODOOOODOO
gobobooooobooboooooboobodo41b000000O00O00DOOOOOOOOODOO
goboooooooo
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MPFloat e = new MPFloat("1.0e18");

MPFloat[] a0 = new MPFloat[] {new MPFloat(1), new MPFloat(2), new MPFloat(3)};
MPFloat[] qO0 = new MPFloat[] {new MPFloat(1).divide(e), new MPFloat(1), e};
Matrix AO DiagonalMatrix.create(a0) .multiply(e);

Matrix QO DiagonalMatrix.create(q0);
Matrix I = AO.createUnit(3);
Matrix V = I.subtract(AO.createOnes(3).multiply(2).divide(3));
Matrix A = V.multiply(AO).multiply(V);
Matrix B = I;
Matrix Q = V.multiply(QO).multiply(V);
kM.:-n:rix R = I.multiply(e); )
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oooOooooOoOooooooo 128biti000ooooooooodooooooooo

=== PO0O ( 3 x 3) NumericalMatrix ===
[ C 1 1 [ 21 [ C 3 1

[GED) 4.667e+32 1.333e+32 -3.704e-2
« 2 1.333e+32 4e+32 -1.333e+32
( 3) -3.704e-2 -1.333e+32 3.333e+32

=== PO0O ( 3 x 3) NumericalMatrix ===
[ ¢ 1) 1 [ ¢ 2 1 [ ¢ 3

[GED) 1.278e-4 1.14e-4 1.217e-4
« 2 1.354e-4 1.24e-4 1.202e-4
« 3) 1.103e-4 1.073e-4 1.03e-4

gobooooooboooobooooo

== 0000 ( 3 x 3) IntMatrix ===

1 2 3
1 37 37 3
« 2) 36 37 37
« 3 3 37 37
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000000000 ADBOQRUROD420000000000000000
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VerifierFactory factory = new LQRVerifier2Factory(A, B, Q, R);
Guarantor guarantor = new Guarantor(factory);
guarantor.solveWithErrorBound(1e-8);

00000 1.0x107%00000000000000000000

=== PO0O ( 3 x 3) NumericalMatrix ===
[ 1 1 [ 21 [ 3 1

« D 4.667e+32 1.333e+32 -3.704e-2
« 2 1.333e+32 4e+32 -1.333e+32
( 3) -3.704e-2 -1.333e+32 3.333e+32

=== POO ( 3 x 3) NumericalMatrix ===
[ C 1 1 [ C 2) 1 [ C 3 1
1 8.731e-10 8.622e-10 8.363e-10
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( 2) 1.04e-9
( 3) 8.93e-10

1.019e-9
8.367e-10

9.459e-10
8.149e-10

000000000000 000000001.0x107%0000000000000000
gobooobooooooobooooobooboooo

=== Q0000 ( 3 x 3) IntMatrix ===

1 2 3
(G 42 42 8
2 42 42 42
« 3 8 42 42
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VerifierFactory factory = new LQRVerifier2Factory(A, B, Q, R);
Guarantor guarantor = new Guarantor(factory);
guarantor.solvewithEffectiveDigits(16);
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=== PO0O ( 3 x 3) NumericalMatrix ===
[ ¢ 1 » 21 [ 31

(GED) 4.667e+32 1.333e+32 -3.704e-2
« 2 1.333e+32 4e+32 -1.333e+32
( 3) -3.704e-2 -1.333e+32 3.333e+32

=== POO ( 3 x 3) NumericalMatrix ===
[ ¢ 1 [ 21 [ 3 1

(GED) 2.141e-18 2.019e-18 1.949e-18
« 2 1.701e-18 1.626e-18 1.687e-18
« 3 1.439%e-18 1.403e-18 1.355e-18
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=== Q0000 ( 3 x 3) IntMatrix ===

1) « 2) « 3
(GESD] 51 50 17
()] 50 51 50
« 3 17 50 51
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Table 8 Bit-length of Mantissa for calculation.
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Table 9 Time for execution.
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