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Goal

Multiplication performance
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Double-double

o Example

a=0.1011

0

1010

frac

exp | X2

53

11

(assuming 4-bit prec.)

=1.011x2"1+1.010x2°°

o All operations are component-wise

ex) multiplication

( 1.010x2%° + 1.000x27%)
X ( 1.000x2 4+ 1.000x27%)
1.010x2™* +  1.000 x 278
1.010 x 21 +  1.000 x 273
1.010 x2' + 1101 x273 +  1.000x2-%

o Advantage: hardware support — fast at low precision

o Disadvantage: lack of algorithms - slow at high precision



Experiments

Matrix multiplication AB
and
Polynomial multiplication P(x)Q(x)

Matrix multiplication AB
and
Polynomial multiplication P(x)Q(x)

with each element/coefficient
double-double vs MPFR

(103-bit)  (=103-bit)

with each element/coefficient
guad-double vs MPFR
(209-bit) (=209-bit)

o Why mat. and poly.? Frequent use in science and engineering

o Both used long multiplication and QD library?!

1 David H. Bailey, https://www.davidhbailey.com/dhbsoftware/



Result 1: Double-double(DD) vs MPFR
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o Double-double runs at least 4 times faster.



Result 2: Quad-double(QD) vs MPFR
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Extended Double-Double(EDD)

* x87 chipset provides extended double.

frac exp VS frac exp
64 15 53 11
(extended double) (double)

* Extended double-double vs Double-double?

frac exp | x2 VS frac exp | x 2

64 15 53 11

(125-bit) (103-bit)



Double-Double(DD) vs
Extended Double-Double(EDD)

EDD ti EDD prec. : .
ey S (2R —> EDD is not efficient than double-double.
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Conclusion

Multiplication performance
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Future work
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