
Title

Simple and accurate scheme to compute
electrostatic interaction : Zero-dipole
summation technique for molecular system and
application to bulk water

Author(s) Kamiya, Narutoshi; Yonezawa, Yasushige;
Nakamura, Haruki et al.

Citation The Journal of Chemical Physics. 2012, 137, p.
054314

Version Type VoR

URL https://hdl.handle.net/11094/52401

rights

Copyright (2012) American Institute of Physics.
This article may be downloaded for personal use
only. Any other use requires prior permission of
the author and the American Institute of
Physics.

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



HEP/123-qed

EPAPS supplementary information for the JCP article �Simple

and Accurate Scheme to Compute Electrostatic Interaction:

Zero-dipole Summation Technique for Molecular System and

Application to Bulk Water�

Ikuo Fukuda1, Narutoshi Kamiya2, Yasushige Yonezawa3, and Haruki Nakamura2

1RIKEN (The Institute of Physical and Chemical Research),

2-1 Hirosawa, Wako, Saitama 351-0198, Japan

2Institute for Protein Research, Osaka University,

3-2 Yamadaoka, Suita, Osaka 565-0871, Japan and

3High Pressure Protein Research Center,

Institute of Advanced Technology, Kinki University,

930 Nishimitani, Kinokawa, Wakayama 649-6493, Japan

(Dated: June 27, 2012)

1



I. PARALLEL COMPUTATIONAL TIMING

Using the TIP3P water system described in the text, we have investigated the parallel

timing for calculating the ZD summation method, in comparison with that of the conven-

tional real part of the PME method. We did not use the full part of the PME method, since

the evaluation of the Fourier term highly depends on the algorithm and the architecture.

The interaction table was constructed using the RESA GC mode with 2 Å bu¤er length

relative to the cuto¤ length rc, and updated every 10 time steps.

Table I shows the timing that was averaged over 1000 time steps (discarding several initial

step data) for individual methods. The timing of the ZD summation in the practical cuto¤

range exhibited in the table does not increase much as increasing rc. The di¤erences between

the results of the distinct rc values tend to be small, as the number of processors increases.

As described in the text, we observe that the ZD summation with � = 0 has advantages

in the accuracies. Such no-damping procedure does not use the error function and so has

a gain in view of the timing, as we see that about 2 Å longer rc can be used, compared

with the damping (� > 0) cases. Namely, the timing of the ZD summation with � = 0 and

rc = 14 Å is comparable to that of the ZD summation with � = 0:1 and rc = 12 Å, or to

that of the real part of the PME method using the cuto¤ distance of 12 Å; the timing of

the ZD summation with � = 0 and rc = 10 Å is comparable to that of the real part of the

PME method using the cuto¤ distance of 8 Å, as increasing the number of the processors.

Although such parameter dependence can be ignored when one uses the function-tabulation

procedure along with a suitable interpolation for potential and force functions, we have the

above results in the most simple procedure, which can be used in any architectures.
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Table I. Execution time (sec) for 1 step MD simulation of the TIP3P water system by

the current ZD summation method and by the real space part of the conventional PME

method (RPME). Cuto¤ length rc (Å) and damping factor � (Å�1) are indicated; n is the

the number of processors.

Method: rc; � n = 8 n = 16 n = 32 n = 64 n = 128

ZD: 10; 0 0:0712 0:0507 0:0410 0:0365 0:0344

ZD: 12; 0 0:0871 0:0587 0:0447 0:0388 0:0361

ZD: 12; 0:1 0:1022 0:0665 0:0492 0:0402 0:0372

ZD: 14; 0 0:1069 0:0767 0:0496 0:0413 0:0389

RPME: 8; 0:35 0:0647 0:0480 0:0388 0:0355 0:0342

RPME: 10; 0:35 0:0802 0:0553 0:0427 0:0371 0:0358

RPME: 12; 0:35 0:1024 0:0661 0:0480 0:0407 0:0364
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