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Parallelization and fast processors on Eagle quicken a key calculation from 38.9 days (projected
on a local workstation) to just 5 hours 45 mins.

By some accounts, catalysis impacts > 30% of GDP in developed countries[1 . atalysis impacts
the production of fuel products, the synthesis of ulk and ne chemicals, and automotive emissions
control. utomotive catalysis is a eld where the demand for innovation is constant even in times
of at or declinin sales, ecause it is driven y re ulation[ . urrent emissions are at a out 1 %
of pre re ulatory levels, ut ever ti htenin re ulations are anticipated well into the ne t decade[3 .

erium o ide (ceria) is a critical and multi functional component of automotive emissions
catalysts[4 . ne function of ceria is to act as an o y en stora e component. eria is capa
le of o y en uptake durin e cursions of the air fuel ratio into the net o idizin re ime, and
o y en release durin e cursions into the reducin re ime, thus facilitatin sustained and
o idation and simultaneous reduction, ie. three ay catalysis ( ). erium o ide is also
known to e tend the lifetime of the no le metal component of the catalyst, and to lower the e ective
activation arrier to o idation, thus improvin the catalyst performance at en ine startup[4 .
any of the key properties of ceria that contri ute to its success in automotive catalysis are
thou ht to arise from the fact that cerium has two sta le o idation states, e and e . sa
consequence, cerium o ide may e ist over a ran e of possi le stoichiometries e [0 05.
he deviation of ceria from itsideal e composition has een e tensively studied y temperature
pro rammed reduction with hydro en[5. hese studies have iven rise to an important controversy
Durin reduction with hydro en, is there hydro en uptake y ceria
he presence if hydro en in ceria has een pro ed y infrared apsor tion spectroscopy (), and
characteristic ands have een identi ed, ut a theoretical prediction of the hydro en vi rational
frequencies is needed to positively assi n the ands. nfortunately, the same property that makes
ceria so useful in automotive catalysis, the fact that cerium has two sta le o idation states, also
renders it a very challen in system to treat computationally. Eagle e a al
alle ge g a al e e e ge e a a ae
le e a ee e



utline of the parallelization scheme

The elements of the force

constant matrix F are
approximated by numerical F=
second derivatives. The function
evaluations are distributed

across 19 processors.
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utline of the computation of the vi rational frequencies

The function evaluations from the 19
processors are combined to determine
the F matrix elements.
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1 The wi are the

W2 vibrational frequencies
that we seek.




he parallel implementation of the vi rational analysis scheme was rst tested on a simpler
pro lem, hydro en vi rations in hydro en doped alumina, which had een carried out successfully
on a local workstation. he sin le processor workstation took 44 hours of P time to complete
the calculation, Eagle turned the pro lem around in 1 hour 50 mins. y the wall clock he
results were in e cellent a reement with e periments[ |, thus validatin not only the methodolo y,

ut also the parallel implementation.

e projected the hydro en doped ceria calculation to take 38.9 days on the local workstation.
Despite several attempts, we were never a le to complete the calculation. Eagle turned the pro lem
around in a stunnin 5 hours 45 mins. hile this result pro a ly indicates that the ori inal
estimate was conservative, it clearly demonstrates that employin Eagle makes a unreasona ly
lon calculation, reasona le.
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