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A scheme for comprehensive computational cost
reduction in proper orthogonal decomposition
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1 Inirvduciion

The aim ol PUEY is to ohiam & ecmpasl syslem by pro-
Jecting & high-dimemmirnal grstem into & los-dimemsional
ubspess while retpinmg tho dominant festurs of slate
eyoliriion dynamos. Tho low dimemsional solepece i obe
tained from sisie sorpsbots in reponss 10 eeriam in-
puts to whick the high-dicwomosal sysiem. i & full order
modal {POM) is subjected (1], Howvar, ot is woll known
thui thin conventionsl method of genmating & redoesl-
order model Eae an emodaied high compeiatioss] cont
rebativ] to the projocted Egh-timemimal noolmear fune-
tion. The compiriational diffenities assvmstod with nos-
linear Fonction were rocogpmed wrly by the medel or-
der reduction (MO commueity, and 2 mumber ol ag-
proaches were proposod bo overcome these difeultics
The=r meinde thn missmg poin cRImEton
| MPE) 12, “best poimls™ method, empiries] interpolation
mathod (EIM) 3], snd the guppy PO method [4- 7). The
MP'E method compories the Gulorkin projection over ate-
ginioieed subeei of the spatiol domain; the gappy MO is
s ussd in tho cose of sperse memauroments. The applica-
tions of thiso eethods sro desely related Lo the nomber
of spatial grid posts. For & west pmmber of grid poinia,
MI'E {mil= to converge wheroas, ior the same small num-
her af grid points, guppy MO0, EIM and DEIM may son-
vixge {8]. M wns proposed 1o avosd the complete evalom-
tkan of the nomlinear fusetion and o the Jermbian matrix
to work iterutively, wheress DEIM {0 35 & diserete varni-
wnt of EIM and ropresimis o well-rocoved efflon iowsrds
& sobtaom of tho ondmear funeison.

In |50}, whick is rodated to this work, attention of the
MOH comenmity has been druen to the nifine compota-

tional post of the PO In (18], o method wos susgestot
o redure the proceduralrost for obtaming the redoced-
omder model, whach @ offline, so thet the prossss of gen-
erating and smmulating 2 redoeed-order moded leods 10
oriral] savings in comprrtaticeal resonrees. This wes dono
by climinating the need [or compotatiosally hesyy, poor
ammulations of the high-dimesional problem to gemesto
siaie snapshnt-emsembles by propoing to geoersie sn wp-
procmele mapebol enseemble oblmnnd from simelations
of meerpwive Enesczetion of tho poclnear system

This paper 14 an effore o wrtend the ide of appeoxi-
muie snapehols to the POILDEIM upproach. The aim is
o rodom both the online and offline sompuoistional st
of the PO procedure. This is done by ereating and msing
approcmmabe snegehot cnsembles Ior the stotes w well as
the ponfmear term of the ongimal high-dimimeionel ays-
fem

We review PO} and TMEIM, followed by selioos on
the genemityon ol approximate snapshot emsembbs wnd
their subtsequent applimtion in DEIM for crealing the
meducsd-order model. Caleolation of compointional sav-
mgs arn prosentnd and, the proposed approsch = vadi-
daled oo two benchrark modols, showmg mprowed of-
fline und ondme compalaiiona] performanen wik bitlke (o
n4 ks of sreorery. Pamsdo-codes are roprodoced wiser-
CVEC THOOSSAr).
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This methsd prdoas a lew-order wpproximsic de-
seripiion of o higheronder sysiem. For an input fupe-
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