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Ab stract
There ex ist a num ber of so phis ti cated and re ally fast meth -
ods for struc ture de ter mi na tion from pow der dif frac tion
data, but there are still a lot of sit u a tions for which non-suf -
fi cient com pu ta tional power is the bot tle neck. Typ i cal ex -
am ples of com pu ta tional heavy sit u a tions: mul ti ple
frag ments in the asym met ric unit cell, pre ferred ori en ta -
tion, flex i ble frag ment. We had tried to solve the per for -
mance prob lem by mod i fy ing the FOX [1] struc ture
so lu tion code for an au to matic multi PC par al lel run. 

The crys tal lo gra phic pro blem

We can use the tra di tional sin gle crys tal so lu tion method
for struc ture de ter mi na tion from pow der dif frac tion data,
but in most cases (due to peak over lap, lost peak in ten sity
of high-an gel re flec tions etc.) we are obliged to use al ter na -
tive meth ods – the di rect space one. These meth ods gen er -
ate up to mil lions of trial struc tures and try to find the best
one by a global op ti mi za tion al go rithm. For each trial struc -
ture, a pow der dif frac tion pat tern is cal cu lated. Trial struc -
ture is ac cepted or re jected de pend ing on the agree ment
with the ex per i men tal dif frac tion pat tern. There ex ist sev -
eral fast al go rithms for the global op ti mi za tion based on
Monte Carlo method com bined with sim u lated an neal ing
and par al lel tem per ing. The CPU time re quired for struc -
ture so lu tion grows more or less ex po nen tially with num -
ber of the model ad just able pa ram e ters. Struc ture so lu tion
of com pli cated struc tures is a time con sum ing pro cess. In

the most of these cases the re quired time is a few days or
weeks on the now a days com mon PCs.

Method of so lu ti on

Par al lel com put ing is a widely used method for speed ing
up a time con sum ing com put ing pro cess. This pro cess use
si mul ta neous ex e cu tion of the same task (split up and spe -
cially adapted) on mul ti ple pro ces sors on two or more com -
put ers. These com put ers are com mu ni cat ing with each
other over a net work in or der to syn chro nize their work.
The idea is based on the fact that the pro cess of solv ing a
prob lem usu ally can be di vided into smaller tasks, which
may be car ried out in de pend ently with some co or di na tion. 

Pro gram spe ci fi cati on

We man aged to mod ify the Fox code for par al lel com put -
ing method as men tioned above. Mod i fied Fox pro gram
can be ex e cuted as a server or as cli ent (Fig. 1). Server is a
con trol el e ment and cli ents are work ing el e ments. Server
man ages the ba sic data, job list, cli ent list and re sult list.
Dur ing the com put ing, server sends jobs to cli ents and
waits for re sults. Af ter solv ing the job, the cli ent sends the
re sults back to server and re quest new work (Fig. 2). The
com mu ni ca tion be tween server and cli ent use TCP/IP pro -
to col. The data are for mat ted in xml stan dard. Cli ent can be
ex e cuted on the same com puter as the server or on an other
com puter in the net. The method can be used for full uti li -
za tion of multi-core and hy per thread ing PC by run ning
mul ti ple cli ents on the same PC.
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Conclu si ons

We have de cided to test this new code on struc ture de ter -
min ing of a known struc ture - Metergolin II [2]. Struc ture
so lu tion of Metergolin II is com pli cated by the pres ence of
two mol e cules in asym met ric unit cell and by the oc cur -
rence of pre ferred ori en ta tion. Pre vi ously the com put ing
pro cess ran 21 days twice on a PC with dual core pro ces sor
(two in de pend ent Fox ex e cu tions, P4 3.2GHz, MonteCarlo 
- Par al lel Tem per ing method, 182 free pa ram e ters and 166
re strains on bond lengths and an gles). It got 360 re sults
(17/day). Now, the com put ing pro cess runs 14 days by the
help of the new code on four PC, twice on each (3x PC with 
multithread pro ces sor - P4 3.2GHz, 1xPC with dual core
pro ces sor - P4 3.2GHz, MonteCarlo - Par al lel Tem per ing
method, 182 free pa ram e ters and 166 re strains on bond
lengths and an gles). It was pos si ble to get in this time 865
re sults (61/day). It means that it was pos si ble to get a 3.5x
ex e cu tion speed up by the par al lel pro cess ing. We found
the cor rect struc ture of Metergolin II in sev eral re sults with

the low est c2 FOM value. It is clear that add ing more PC to
the cal cu la tion pro cess can ad di tion ally ac cel er ate the
speed.
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Fig ure 1. Fox ex e cuted as server (left) and as cli ent (right). 

Fig ure 2. Cli ent/server re la tions in a ‘Fox grid’.


