10

15

20

25

30

WO 2006/113707 PCT/US2006/014553 ADAPTIVE DATA CLEANING
CROSS REFERENCE TO RELATED APPLICATIONS 5 [001] This
W%ggion;laims the benefit of the U.S. Provisional Application No. 14553
224 filed April 20, 2005. BACKGROUND OF THE IKVERTISN 1

[002] The present inveWﬂF@ﬁV@i‘ib{fﬁl_@Eﬁﬂ\Qﬁ@ processing and

management processes and, more particularly, to an adaptive data
cleaning process and system. [003] The quality of a large real world data

set depends RS H WEFEHE iESEED it e sousFroidhertaigsis the
crucial factor. Data entry and acquisition is inherently prone to errors both

simple and complex. Much effort is often given to this front-end 15

[001]procEsis, aithlicegpectdainesiubtiobdnegintof etier Lh8t tPeckdsioplempgimainsn No.
(99283? set are common. The field error rate for a large

rers.in  a.
60/8 ﬁg%eﬁrédt)%&?gg?y around 5% or more. Up to half of the time needed for
a data analysis is typically spent for cleaning the data. Generally, data

cleaning is applied {918 MBS SR AV RN (Ihe process of

scrubbing data to improve accuracy of a large data set. Ideally, data 20
cleaning should be able to eliminate obvious transcription errors, to

[002COTEHLHRRRAHSNAEIHEE. GaIdtaR FURRROYS Btk HIBRALHRY Melihnagement
codes Y1;§éulﬁdate missing data, sucghﬁ as pricing or lead times, and to

ProcesseR Al IRAIRMAHIRHET XIS AR ARPRY SrisCsanioR MIRRSSE BREsustem.
[003]EffeTtheeglatittylobai iy ghexddiner patatest|egisenissnates tandiainigkees, but

T L e
prone imgniebprotiesimplticind tavapleys, hweh adfestiisingteandiyeorie this front-end
proc%é?fr?iﬂ?@é%%%?@%dmmgws enaple, LRI AleA SIS EIon o ﬁ{%%strrors in

n large data sets or that assist in detecting errors are of great Interes

a larg iR e eameiRate d Rixiidlel earanepis dpsicdiyan dlatacsids bimirally around
5% druither 3Qefiarableims i shie mskieaseil 1© §atdemaYBR IS Wi spent for
Cleatnln_ roblem. Generally, possible error types need to be defined’'and

clean ARG o GEURA o R HEBELS SRS ElE8 4R B RSz cleaning
is thenpexbesbefidentifibthoasatdhie impaveregauraty steddabeisprresiedddally, data
cieanwg gf?o%él%g@&ep %@Hr%%%%%q}v‘%ééé franscription errors, 1o correct erroneous
entries, such as erroneous part numbers or invalid codes, to update missing data, such
as pricing or lead times, and to recognize that there may exist multiple sources and
definitions of data. Effective data cleaning should incorporate electronic notes to
explain the rational for rule based or manual selections, should provide an audit trail,
and should be easy to cperats.

[004] Data cleaning is often done using a manual process, which is laborious, time
consuming, and prone o errors. Consequently, methods that enable automated
detection of errors in large data sets or that assist in detecting errors are of great
interest. The process of automated data cleaning is typically multifaceted and a number
of problems must be addressed fo solve any particular data cleaning problem.
Generally, possibie error types need o be defined and determined, a search for errors
needs to be conducted and the errors need to be identified, and the uncovered errors
need to be corrected.
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(005] For example, current supply chain software solution vendors, such
as i2 Technologies, IBM, Manugistics, MCA Solutions, Systems
Exchange, or Xelus have well developed and thought out internal data
W&ﬁ?gﬁﬂég%hese structures must be mapped to a customer's doPag/014553
system and must be updated on a periodic basis. The 5 mapping is .
10081 i B R g T SHER e T T g B e i gessyeh 2 2
Techboisigiess 1tMs blaangistiEsrthdbn obelutierdeVBleienenttofchange rmediates have

) : e .
weil GEJBIARE Ul SIS U8 PR R R BRI TS SRR st ve
mapaest LB SoRIaRRRARg R IBYSIREhANA]NUSS hupsaiadeacioenedisdmes. The
mapdhy S5 HRAIRR W&ﬁﬁ@%ﬂﬁ'&iﬁéﬁ%‘f@?@? %&Qiﬁ'ﬁt‘?&%ﬂfﬁ@ﬂnﬁ#&?t@&m% or

the decision process which leads, for example, to the stocking

busingsSoiHieR AiaTeRs rsiR s ithedsylanipridst andrtaunsripie dgirhase that
storeshipstemanahineneYihseivigarRarisiosioeveln i repaakladtems, needed.
such as hea vipment having a long life, running. into,the tens t ..
Also, Gt RURPI AHE PP RSy R AR AR b deshiving
the inpaity thestdesersol hD06hEdraot, Vemisfitng, datd boad (B1d.) tobis events a

CUS’EQ%iIC ‘ﬂjgfnu gﬁgEﬁﬂ g’ rﬂﬁ'@ %%Eﬁ%%pcﬁ:%%%%j% ERSYSIS gg{ag%%r%r’] (jtﬁ ethe stocking

|nterme(1|ate datdbase. S are used to convert
recorsp@Rdaiipeystemtapiebeant raiataniiersentivarecto andhieralt Thulsls ships or

machRiRRY INWeE usiness pulesdediansierd and fillehidaiR Rdhiookate 0t heavy

_designed to handle multiple sources of the same data. Furthermore,
equ'ﬁﬂl‘%% ba¥ines3 lemss Hre BEAINSIEEASNR R olirpekesicaataniliegsrt dotlars,
audit@?iﬂﬁ@%@%ﬁﬁg:ﬁﬁ%dﬂi@cﬁh MHRABONTOFAeERP cIEMEH d@é.elcludles Igter visibility

c es tg. more than one soyr ata. ETL tools also do nqt :
10060, oo BEls R IR AIEH PRI bUR PR RS A 6eg; the gep
betwtares{003d by2e60s HedtaninSyrstedisicl niztdtsavard=Massalsharseltsed to convert

e 3y SR 0,20 PR T SRR ORET. e

-apphplirvtagpupkrpamiahio pressiatreleadifiiesolation BT wiade #ie0retresigned to

hand® Griufifle eh.RaEXpolHIKG MeRr HHRIfa0s, Ahe-#RiR CIRARINGSRINIOD rules are

advances the prior art by allowing users to change data in a database and
appligd)&7-EBHiiRY #RUERE o ad RGP RN PdetpInBecREy t8/8R5AN Process,
whickhasgiesde data WOsiaNsSbPYBAREEENE MSIROIBHANIR SeiIsIen HEEIRJICETL tools
| and %\{ aIIowirff users to Sef%%ﬁ d ta\aelements, which they wish to dat
also 8 0t SHPRRIL KSY 0L G NG SRR o7 GHRSs vl m data over
timelimitations. For example, the supply chain software solution uses global
ariaplagthaty
{007}’ ; Ventana Systems, Inc, Harvard, Massachusetts, U.S A, developed a
data cleaning solution for The Boeing Company, Long Beach, California, .S A, for the
supply software solution for the C-17 aitlift program. This prior ari cleaning solution is
written in Oracle and C™, with an Excel-like user interface. The data cleaning solution
advances the prior art by allowing users to change data in a database and color-coding
the data that was changed, by developing a way to allow changes 1o data o persist over
fime using simple decision tree logic, and by allowing users to select the data slements,
which they wish to clean. Still, this prior art data cleaning solution incorporates several
limitations. For exampie, the supply chain software soiution uses global variables that
can be changed by any routine versus using data encapsulation, the data cleaning



can be changed by any routine versus using data encapsulation, the data
cleaning 2 solution uses a complex internal data structure that makes it
difficult to maintain, and the loading of the data by the application must
adhere to a strict procedure or the data may become corrupted. [008] As
can be seen, there is a need for a method for data cleaning that is

soiutiorﬁuﬁé:]@&t%@@%’@ﬂﬁ@ﬂ@@ﬁ?f@ﬂ&t&d%&ﬁﬁl@@k&ﬂ?eﬁﬁ%@@ﬁ lmaintain, and
“urthermore, there js a need for a data cJeaning progess that allows

the loadjfy 6 iR SN RN B Aol I GG AETF gt data
may becprexsionmimgieldta over time. Still further, there is a need for a data

clgani Cc h e iy ented info-existi ta . -

100 R e o) A e o 162 88 Efdning that o
automaiee\ais! £pedles salpdinm efcdaindgramamiitpestanderdiZodhotadirelere is
a need S SUBRILRANRGPRIEIE GOMBNULAADNBFERIUSRRRAIRCIesBRE BRthiving

selects data from multiple sources, There has further arisen a need to

the NPyl liae 'R J0erERRIAE: QBARIFIPIHAS Rty AVRISTNG: dritdrsiiner. there is a

need faustaatersiemyimeendossetdifferant isousasiofrastensiblethiramasinig data
element, ﬁnd that there may exist multiple versions of what should
managyiaghees %3 the same data. There has still further arisen a need to

[009] priowde agmpteseforadaisive dateeddanimg st enattessadhivitgidateaning
that oﬁ%%d%h@&@i%oa% Bandale restoh e aea!}saﬁ%tgg%ggﬁx data

OF THE INVENTION [009a] In a first aspect, there is provide
warehopRemRjgsiscesyd dbaiprRIBR Shdalte iOT: Nodiiny) sRkTesm e ahridyrther

arisen BVASQUICE SIRID SO REeBYTOR M atiE AR HISARRSMSHSE Mat different
extract, transformation Fﬁégd load tool; va:ciP?atin% data loaded from the at

customrss sk BEGRAC SRFe ALIEMy LTS fFIE TRIRbe S En 5aRE Sk figgnent
and thattiitere; appesxisgraaltpialidatsid taief whanehoaky cckdatticitigniagthe same

data. TRBRSIOLY: SAlepneine priority ofsaid souce systems realind 2,480, oy,
atabase contaifing: unigue data identifiérs for éach data element from
cleaningdideacieablesvarduvirg myibtéhesiaieutag tonarswrabisie anddie results of the
anaiysgg_lements and sources as a single source of item data containing the best
value of each of said data elements; attaching a note to each of said data

elements providing additional understanding of said data element and

maintaining notes ingsaif\fAastentabplgrofgatanatenpents and sources;
creating and maintaining a cross-reference between said unique data

identifiers; maintaining traceability to said source system of each of
[008a] In a first aspect, there is provided a data cleaning process, comprising the steps of:

loading data from said at least two source systems 10 a common format for data cleaning using
an extract, transformation, and load toot; validating data loaded from the at least two source
systems using data formatting utilities and data cleaning utilifies; appending said validated data to
a nommalized data cleaning reposiiory; selecting the priorty of said source systems; creating a
clean database containing: unique data identifiers for each data element from said at ieast two
source systems; creating a master fable of data elements and sources as a single source of item
data containing the best value of each of said data elements; attaching a note to each of said
data elements providing additional understanding of said data element and maintaining notes in
said master table of data elements and sources; creating and maintaining a cross-reference
between said unique data dentifiers; maintaining traceability to said source system of each of
said data elements; creating a unigue reference number for each of said data elements enabling



said data elements; creating a unique reference number for each of said
data elements enabling 3 said data systems and software tools to receive
a unique item identification number; maintaining an indentured master

. data.item list containin id unique.i identificati ber inga. . . .
sl Gt I O 1SRNt A o AR et Piarng

an inderfyerhinnesfelredtbytetatisisoanéinngrapidofigue teolsitmiitraid durber, loading
consisteRIEALAhEIaT daidized (i@ lea M iRa PO WBRR IS GROTESHSRE $8lfired by

consistent, normalized, and cleansed data; and updating said consistent,

data sysigifafind SAMEEcRASe ISR LaseiRaipg: SiptRaidFehidate ganing and
manage?&éﬁ@'?éﬁodyc?%f@sﬁl_é éﬁ@iﬂéﬁ?'ﬁ@ﬁﬁﬂ;iﬁé@, @i@ékﬁmﬁlﬁioﬂa@; IReISYSEBIRy said
., comprises: determinin umper of uniqu ta elements; determinin
consistefflo RTTHIER bt S SRR SRR o SO BIOUBA P 000> Stems
whereinelesmeiats cf aleleting Siiel poorte Systerstoreachstdsacupigas: diemining the
e SIS0 SEEUNSIS WSS O ot SRR e o
said unigliepiatilements. FEIRBNIhsRIdsawIeE Sypienn ierads previdabictgslate elements
accordirf @8NS SY sHRAFEH BRERY. Q-ReiRER-SanteRe Rl tbe diiAsRacid8W by the

Iso disclosed is a data Cleaning process that comprises the steps of:
user, angrgitRigreLRDIsianeR ReRt BLRITBB R e systems using data
[009b] formashacndiditiesc angrdatpricaping vhliicsanipgealding: theavabidategerform the
fgﬁlt t(% a normalized data cleaning repository; selecting the priority of the
Steps 0 %%'&Qé @%?8 S; creating a clean database; creating and maintaining a
{0010] cibss refieptrsmdbetwaeddtre olkigomglapacidessifitrst loadimiseondisteateps of:

vaEidatix?gHé@Zi%gd H%@ﬁ?ﬁ%?@a@?ﬂg%d&% %ﬁg%ﬁ%;%@?& IR ARG utilities

guired by data systems and software to thedata; creating

and datapleandigeditiies chrnanding dne stgeied faspiia DeimpaRee sl eganing
repositBWﬁ@ié%ﬂngaﬂ%cmﬁﬁ&% aful HRdalResie. corsisients nQeRAldsdbase:;

. and cleansed data by a user without updating the*squrpe_systerrls. The ..
creating)BR0 SRAHET i AinS BRR IR YRACTISNERTo N NS dtaiReifentifiers:
ioadingfreom#hsteaitleastriatizenlrem sysieans [0 kit Alsmmdigaoshshis dalatmse into a

cleaning process for a supply chain that comprises the. steps of: loadin :
format iSSP RS ERY R SEMEIRRI0R, NS TR o3k reating
standamlitEsotate sicuigimn g recodgaceast trepetarosingy Stentonsisientingomighlized,

and clédPHEIPRgE ORISR HERENGINGISEAS dimcan@inethip (e, 18asi85ta by a
table of data elements and sources; approving consistent, normalized,

user withgut updating the source systems. The clean database contains unique data

identifiers for each data element from the at least two source systems. _

f0011] Also disclosed is a data cleaning process for a supply chain that comprises

the steps of: loading data from multiple source systems tc a

3a



cleansed data of the master table of data elements and sources and
providing the cleansed data to data systems and software tools using the
data; initiating inventory optimization of stock level and reorder points
using a strategic inventory optimization model using the cleansed data;
providing spares analysis including stock level and reorder point

mastefeRYRMENdatiPNSeAEAtEINghaURBAFRY, datsdos Ry sinmperardl Wilihe source
urchasing spares to cover shortfalls according to

creating reports; and .
SYStemy JRURHITE (081 A N ORI PO SR aBRG RO SR PP EARARSS 1 the
masterd4sbléorafiattity elditiesisdataicleanitg utdiinsvwngornaisrshtaeearing and

ceon S SRS R o, e e,
cleansegledaiaditodaiidaysteeta awvalshdre flons attinsttheodaiardeityitgmsventory
optimizERsndH & SIRABIRY AHIIES ALP gybﬁﬁg t&éiﬁ%;eg%ﬁ%?egﬁtﬂwgnﬁaﬁf%ﬁ%izaﬁon mode!

_ rioritization utilities are used to select the priority of the at feast two _
using @8&@@@%}%@&1&&%‘»%@%@1é@?émaw@amﬁwaw&yw@ém fgrerder point
recomigsRrRieAxRRAleRESashHaand batslesndaishrsecambines higislermwhe; and

and g)rioriti ed data. Th i:lean database is a single source of item data

purchaghig SRRy %&%%%t%ﬁ%g SRR D4 1§8RMRers for each data
[0012]elefmentiStizserb &s a efete rubesniiifj sy stearutest ikt edand foraiatany atiities,

data C;ggm-rﬁﬁﬁ{iggcg #%Mﬁ%&hfa%ngqg%ﬁ??heggn%ifiers. The data cleaning

user mterface enables a user to up Ciean database. [0013] These
aRELBtRaI RN aRlan adlidisxarmisiencrataigisge srossiidiesune Wdties, and a data

cleaning dgssioqgamtireeiansacadpthe following Giamdngs Jescption ayate data
claims, BRIEF DESCRIPTION OF THE'DRAWINGS [0014] Figure 1 is a

downlgrag¢HEatopaigath MEaRI IR G HREsarthf (A Citardgingfiasnare used to
clean mmbmﬂl | i en@@whed@@mtzﬁtmgimgﬁdg%é]f@@ur@%@@@ﬁﬁ@9_ 'Ogi g]]e at
table layout accordin one em iment of the present Invi ntlon;
least 18 oY R T vl oL DA Q%@oré%@;%%r@%%fwrﬁg%wﬁs the
formatthd preserieansatiagtd WD G641 3E0ZREE/US200648 1 455 TIROKED and
N = A4 | . ! i ing.
prioritiZBlIHEEARAd e%%gééiga@@ﬁ@fggﬁ%?gm ag?a%%%g%h%%@ﬁg best value

embodiment of the present inven igure 5'is a lagram
and unicygtdatfe Kianfiamsivarrhidaasssneshaihhe cross-reference utilities are used

to create and maintain a cross-reference between the unigue data identifiers. The data

cleaning user interface enables a user to update the clean dafabase.
{0013] These and other advantages of example embodiments will become better
understood with reference to the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a flow chart of a data cleaning high-level architecture according to one
embodiment of the present invention;

[0015] Figure 2 is a data cleaning table layout according to one embodiment of the
present invention;

[0016] Figure 3 is a high driver analysis matrix according to one embodiment of the
present invention;
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according to another embodiment of the present invention; 5 [0019] Figure
6 is a flow chart of a data cleaning process for a supply chain according
Wtoz%g&e@(godlment of the present |nvent|on; and [0020] Flglgggl zé%ﬁ’gﬂ?X“sy,
art of a spares modeling process according to another embodiment o
thegresent invention. 10 DETAILED DESCRIPTION OF THE INVENTION
[0017}00 5194 fie $ofRuiing Wt AN 485 cRpfiBiRisP AL He Y CORRENAPCOMING 10 one
embodipnsatyildtedrossisisnobnatiorying out the invention. The description is not
o0 be taken.in a limiting sense, byt ismad faor th rpose .
[0018j”uts)ﬁg%eg he &eﬁegr%ﬁggsrl? rl% esoiﬁﬁéq%%vcgéﬁgr(ﬁéyﬁgg}tﬁc%% e?igc%ogepﬁiy chain
accordingitventitheishestdefddbipeneregpuiroeentiaims. [0022] Broadly, the
19PreRR 0 WRRtIoRBIAIRSRY BYRPUNE HRI SIEARIAG ORI M HEBrain
[0 gfh %ndar(%zesoiwgz p % ? I @55:'] I? o

ats rocess of collecting and analyzing data from

to onejpsplesiE aB REEE fBTeSERRBIPRIGESIs. The present invention further

[00209eNEf@is Proddescw darclsrRing HeseasdBm@eiesscantBiifg to another
audita ,il)l;lf:q% to the |n{3‘uts and outputs of 20 optimization models or other

embogime ORI AR UfPBeriodically using a dynamic data set, which

changes over time. The adaptive data cleaning process and system as in

one embodim f ' i ' analysis,

eliminates one!‘3 imé}%ega]%a %mg?@? regﬁzg\? @E&rﬁe‘&required to

adjust to changing data sources, and may be used, for example, for

v imizafi ingdhe,3 vlmp PR d
[0821Ih‘ain5%:}(§(§108§¢1%§g%9§ gr?@fé?rﬁgﬁg‘f%e pres%%%ir%/%ntion E;?rgviq_esyaecg moaes
of cayiRocRhiiegPrectaes. tnEesIaFRABNOMD IS Hgt B thRrRkandn aimiime sense, but
is maﬂ@?ﬁ@r@?%ﬂh@%h?ﬂ@@% anekeNenalgéokranPIe fRIsSEPEE invention,

n

chain management. One embodiment of the present invention provides a

since JBe; SRR Rig B UEEEoRP IR ARG TN K R RPREPHBE IFIRIZG to,
[oo2FPpIBaens thenstestraditattiviizedcidheavry adpifinett bhasizanmippacsss and
life, The data clgani rocess as in ope embodiment . of. the presgn .
YSRGS B T e S gE SR AT NG S (o dsparate
sourophdre ihptidaratiapernecieises Thta fresentuhiptaiivuricutdogerampie provides a
L COr L (o) | veral :
can SR SFRLL TR ARRIAMCR MOy, g s o
optimizatian BEAehaged R8sk igRorsisetiRoate sUeHPaYQHRAY dififEnfeAYnamic
data EbilARRROHAIRNAUSH RS T dHap80081RE68AMBDIBSR and system as

, embodiment of the _ ] , . L
in one embodiment of the present invention enables consistent analysis, eliminates one

time daiabase coding, and reduces the time required to adjust to changing data
sources, and may be used, for example, for inventory optimization models or during the
development of supply chain proposals. One embodiment of the present invention
provides a data cleaning process that is suitable for, but not limited to, applications in
alreraft industry, both military and commercial, for exampie for supply chain
management. One embodiment of the present invention provides a data cleaning
process that is further suitable for, but not limited 1o, applications in industries that utilize
heavy equipment having a long life. The data cleaning process as in one embodiment
of the present invention may be used where a large database needs to be managed,
where the database receives data from multiple sources, for example, large
corporations that need to combine data from several sub organizations, and where the
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present invention may further be used, for example, for inventory
management, order management, consumer data management, or in

connection with industrial 5 maintenance. [0023] In one e ' s tﬂ -
WO 2006/113707 , ; 7P Cs3
Sresent Invention provides a data cleaning process that selects data from

multiple sources and uses heuristics bas pr. ence,t I ;
data Eés‘?gomﬁgq‘pg % 6\&:‘?uIﬁf)lg“égéur"{:%g(;Eialn%g'[c()j%{s%(éIec ﬁﬁe%g'es %% e for Fent in
transgforecastinghExiging Efie (@ierateaniagsionesshds dadpreorsniredigent of the

prese[qodsﬁs Qﬁgotzﬁ %gxgj'%gbeemﬁﬂ SOHFeRAhIE SRMm Tt Wstdehtent, order

may loa rom” multiple sources but require a software . .
managersoherangsenan cisite ISRAETBHIIENO bl oferRRFiANoVth  industrial

maintBRLRe"- Furthermore, sources may not be added or deleted after initial
Implementation of a typical ETL tool without manual intervention of a

100233 oftipaRERABRASIMGTSEIe CERRPAN, T RABYH BV aRcudpiccRgRANgY Process

that SUIBERSTAS ok ﬁﬂ&ti?i@béﬁﬁ?ﬁ@ﬁtaﬂdh%ﬁéemﬁhiﬁwﬁ%ealI@zwwecedence {0
unlimited numbers of

ata elements and sources,tq be add r dropp
seloc i o SEURBARPIS (Hor SHIEIR: SRAT oo Sa nd ot Ve for
forecgigimpingRXietiagsEELiIN Bresembiodimtntof dmnel dresdhtihaleraionnaiagesigned to
ecoqgpize that different use c a
vl RIS S YA BT ARER ERg cata fom
multipidceowbish buhydnieean Sofinein sanaladfsr Puysf] dparealfd gtom logic

selec‘?’gﬁén%ﬁf?d%eo(%rsg”mﬂéhe PaHn&RRdRS praRlenBotRoabeaRIdh%r deleted

price are valid and which one is used depends upon the application. The

after daftiet SARIREBRIRRE 4 i JWRIRFhH HimiEol oV N B JBERL Al dligpiention of &

softwaldY ot ahilieio displaniwtiple yabiesriptselestedidatirg eraess, as in
from different .sources. The user may gverride Fﬁaggg inal selectl;on \{vith
nf

one GRGPRUNBR'RA A BE2S IUPBUACty Y o iR L TR i e~ © oo

and souees sydienaddatiker terdiimthbt aapsises, Bhot@onip giovalbeisda cleaning
each data element is visi ta.cl [ 0 i ; :
t t
oo A TS (2 B R R R s emcn
may visicegnined thalceiffsiientouseirersients 8 IR ERRNNAGHI i 8Sfofifferent

sourdiifere LRI Syiemise [9D24 NG, QTP dENenhHsiBEesanth may have an

~Invention provides a data cleaning process 30 that has the ability to ,
interaapi@eariaridming 4 eaghged BRI S ASRURS e tR8dad O IS
exarfBROSHEY d4RA0H Feslisataydhe elirngrs bavkHoihe issesedntmpeatisnupon the

T N e
maydhanrgihg titiitiata, displdatmotitie veiues for selected data elements from different
sources. The user may override the original selection with information that may be
more accurate than the information in the source system. Unlike traditional databases,
where only one value for each data element is visible, the data cleaning process as in
one embodiment of the present invention may provide versioning to previous values and
traceability to all versions of each data element available from different source systems.
[0024] in one embodimeni, the present invention provides a data cleaning process
that has the ability to capture and identify all changes being made 1o data elements in
the data repository area, and redisplay the changes back to the user. information about
changes to the data element, regardiess if the changes are screen changes or mass

updates, may be captured by tracking the user changing the data, the date of the
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WO 2006/113707 PCT/US2006/014553 change, and comments including
why changes were done. This is an advantage over prior art data

cleanin rocesses which generally allow only flagging the ?:ﬁﬁ)
Waa"fﬁfﬁéﬂ% Which generally require the change to be made to t s@s%&% >3

record. In man cases the system of record |sacusﬁz er databgse, or a

changge BAHRRMARMRADSMSIROMAMIHAAIETINEFR AB08s AoVhiR 8T gepdtage over

priot @’cﬂthﬁflﬂkfgénﬁ@hapli@&%séﬁOw&lﬂl;@énéi?ajﬂlmmlumfila@ymfdﬁee@h@emed
ate t stemo record are,orten Im ctical. C rary,tot

data RIS ATE ST ERTEE e TIRES o SRR ot gt 1n

manymamldhqomtéasazfa'mbmeus|amngﬁmboﬁamasandrwqmnaﬁme@mbd@éamse,

that tlm 85 3 é [agkingehang ?ﬁ%\ﬂeaﬁ%ﬁ\é?ér% '?lﬁ}sflﬂg Bl JoRls, o aBF?&r art data

ver5|on|n ata over atac eaning process, as In
cieanmgemcdanwhmf u‘i@écq)r&@msﬁx/éﬁnaﬁdatﬁ)v%ea@&ﬁmutyforwm are often

rmpraﬁ‘ﬁﬁﬁlts @pAibE 45 tandidRkHS AL CES A R MAHCH o2 $6 U4 tH WRKE embodiment

based. The data cleaning process, as in one embodiment of the present
of theifRsARINYERHGH BFRVIREE GREY YEGIRTIOP SorBeih PHieas iiatta e Gomputer
modefielinablengusinasserles. Fatthevmonamee dakaBRAMETY pasiessicasdt support

_one 15 embodi ento resent invention, allows user additions
versiqTRBRE R ATbie] 15 SRTE HRATG R Ehor 8 J)otie RASHr " (e

presemaae@bﬂmwambm ma:istaldmadodrtnm%ﬁlam}mg deﬂatbel daia fodtttesoilitpes upon

which <'ﬁ’he iesu R@(@ B%é)ége%%%?%&%%m& § né@’sﬁj eﬁe'%mbodlment of the

ctronlcall y tagge ut not calyremov from the data
presaripsientinrstitithercenssatativtie RGhrdRe Ssraaning ibe mApkuingaist user

defin@hig0 theiRsesentjnyentienadds sdlompted natesicanth (?Ilqyp@c@gsmaawah one

notes, which may be attached to each data element and provid
emboRtBRRRAbINBPERRBAIARVE O BURHS ‘fé%ﬁ?@ﬁ&’i\/"@r%ﬁ?%ﬁ%%ﬁwé%ﬁ’fﬁ‘mp‘e
to pafiuRliRIBfe TR e ulbisdyauies maditatiity W{ae@atﬁi&t@ ushdewas added and

1090 R0 iATE8n TUandeho CAEH oo 5 hare s (NSRRI oigietngThe  data.
GonsemkmdimﬁatatimqﬁeehentaawWﬁraaldekwdamttwmhgqma&‘ﬁmM‘&d from
the dmt%y %S ﬁﬁ( £, Ing0 Qéé?%ﬁ@a‘?ﬁﬁ%%é%%@sghﬁ@ ﬁog}‘*@‘@ﬁ%&ﬁmem of

ow archiving an aring th Its"of such supply chain
the memvﬁne\t@m@n@ﬂa@nayt@mgm@ oRiesrasskrdaws an sereduneiasinplich may

be aflgiRdaauirestiy aerosmABnARAl SFoile ﬁﬁ@fﬁk&@w&qpam@ Wrocessing,

one embodiment of the present |nvent|on 30 will allow archjving both th h
formalataniesaiaish Bl IRE StaIpLIE INALTRNMATIRRA, HE HRVIHRR RUGFaRTy when
data @Ry $is. Jdnedravifes Hommarsiauditabiti piethersoureambiiatg andrtey from

Great Britain Pounds to United States Dollars.

[6025] In one embodiment, the present invention provides a data cleaning process
that may be used, for example in connection with supply chain software iools and that
may allow archiving and sharing the results of such supply chain software tools.
Currently existing data repositories will store current input data required to perform an
analysis, The data cleaning process, as in one embodiment of the present invention,
will allow archiving both the data used at the time the analysis was performed, and the
results of the analysis. This provides complete auditability to the source of data and the
mode! results based upon that data. This is important, for example, for government
supply chain contracts and commercial contracts, where auditability to the rational
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model results based upon that data. This is important, for example, for
government supply chain contracts and commercial contracts, where

Wét&ﬁ&a} %1 to the rational 7 WO 2006/113707 PCT/USZOO@%&%@ 1014553
e purchase of costly maintenance spares is require ere are

i B L AT R g o
supplypcasentitnie vitnhabowsdtrestvidssant daiggend teebalisstdblishdiieit tibe data
cieamr?ﬁ?ré% g}se%tslgg R QUEING Ay fwa JE%BP}T ;meﬁtﬁﬁﬁ?g?%sacﬁ?@éhglds and

érs and data owners that spec ements are suspect an

tngger@h‘@uhﬁb@sﬁabi@h@a atHbsetniR sHeMIS Hrie yRRIaMAN theranMisBnotify, for
examp®, %@@%Qﬁ%&éré’%%%@tg%%é@%ﬁ%&%ﬁﬁ@éﬁ&@E@M@We suspect and

impossible as well as error prone to scan each and every data element

shou*@k@ﬁerﬁm%wr:@nﬁ&@ﬁ%r@rﬁﬁecaa%aaéf“eaﬁma%%aéwoa%Wﬁ{ﬁ%&ﬁ?@wﬁ of

data a?étbaiﬁgeggahtaaela&om m&vlﬁésp@@fﬁ@éﬂ@tﬂﬁtﬂd@sﬁjwc@é Wishiag derslaisone to
hile fla the mls a for manL@ view Th s it mare

scan qﬁ( AR 9}5 '&8{{%5 eggd gaééa e ﬁanmg process,

as in dsrmj&mbatisnbntm"fstm ﬁ@eﬂngtmmMmqamﬁésaﬂgmm adithemfiicgdanissing

data, “%F%‘@Ar‘%i@ﬁ%%mgéﬂ% I8 S CIRanINg  RERCeRs %H&é’é‘ﬁ more likely that

e present Invention pI'OVI es tracea lity to al

all padtewitirhe focktiash itlcfauarahsie BesPgEd Wit [U@QGPR@féﬁmWwele’nng
an enfi9 W& irtaHogleaRIRR M98 Iva! iR IeRiES N dp szHat%@%@é%mng

to one embodiment of the present invention. The data_cleaning hi
procegfcRtdRORS RITRagimRIt ¢ H\aa@%%gﬁw&@%&mwﬁﬁdr@ﬁ@h@mwﬁ data
elemePXisfitavnis fasrrAd ndte sda oleaning system 20 may include an ETL

Extract, Transform d Load) too a form utilities
10026}, HHET U0 %31 DB oc e iBA g KL Gl S L6 10 '
iﬂustrqdﬂdriazamimgtlmeméﬁambnamtmﬂtabidmf patseaieimesntiamd $oardaga30ieaning

hign-%%&gpasmwganré'%eﬁ% ggrré; Sreaee uf&gmﬁ@g@m%%@% nted into

cleaning user in he existing inteffaces 11 may |
exvsma@rwttea&@cems%m&%ai@@psmmm@ﬂ EPLnigYl 1Siudaats ETL {Extract,

TransfiENaHaE b4 o6 2al din Sewieasidy caftedase, Séfﬁiﬁrﬁﬁaéﬁ%é(lﬁw&ég 23, a

tools 16, such as a sup I 25 chain inventory optimization system 1

normm?@%{@@.ﬁ\%@ﬁia@d’ﬁrg%f@ms?fsﬁcwsr&&eﬂ%%&mgﬁﬁs?;étéﬁgﬁ%@f table
of da@@t@@&éﬁ@@ﬂrwﬂ@@mai%@mnaerlggrsyslemsi@éiea@me utmties 27,
epor 240 AR T PR L St T ARLAAR 11 may
include corporate, customer and supplier data 12, an ETL fool 13, a data warehouse 14,
external data sources 15, and data systems and software tools 16, such as a supply
chain inventory optimization system 161, integrated information systems 162, inventory
management systems 163, coniracts and pricing sysiems 164, engineering systems
165, and simulation systems 166. The corporaie, customer and supplier data 12 may
he loaded into data warshouses 14 using the ETL fool 13.

[0627] The ETL tool 21 may exiract data from the data warehouse 14 or from exiernal
data sources 15, may fransform the exiracted data to a common format for data
cleaning, and may load the transformed data into the data cleaning system 20. This
operation may also be performed using custom database queries. The data warehouse
14 and the external data sources 15 may be source sysiems or sources for source data.
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[0027] The ETL tool 21 may extract data from the data warehouse 14 or

from external 30 data sources 15, may transform the extracted data to a

common format for data cleaning, and may load the transfor into
Wf?}é“&ﬁé{é%%aning system 20. This operation may also be p%e‘r[%%%%@t’ﬁ’éf‘ﬁ?

custom databas,%%ueries. The data vzgre%ou e 14 and the external data

The dajg, fraating, §eS oarmak e e P HRELRIPWS (8 HRRITETH/I common
forma2@96at 131 RET AdHR00HV014553 The data formatting utilities 22 may

e d to.adjust unigue data i ifiers ommon format as part of the .
o028 K e 2SO0 SR R s WP whien
slight daiaones/ilssugdduevitth idtigtifiaragadbrisimalusinuefdataghentitdank spaces,

B ‘ entifiera
may cBUSH %%!ﬁ(ﬁgsﬁéccliﬁf éBFI’e?Ii} S ?é&%ﬁ&%%%e%%eif@éﬁﬂ%eﬁ& goe

Interprete s when they should e data

[028] clediingdaifticls aningaytiiliassagd thalefF deadrémaisardinte Tytdhes source

systerdCR @G daladwarenaussks anddhe mdesntdHalalney sasdasasPast part of
data validation. The data cl; _anlrc%utllltles 23 may be used to

of th
the daéﬁé’&?@@ﬁﬂﬂity"‘“&@oda%a RaARIBS IS FPIRGEES QRBSYseavalidity of data
loadetvérahaussh Isbordb egsttennahdataisowieeiso 16:15} intardatariaaniagta sources
15 .n{orén é. r;POZHS? T e';mno%’malized data cleaning repository 24 may receive
)i RSP HSEY Snd " CR%nsed data from different source systems. The
1002%hormdizedr detizetb akity depodiprersitnny Madoeanseraldte fformatted and

cleangé%eﬁﬁg% g:%%*ﬁcéﬁé’ﬁéﬁf‘bme&w&é%ﬂafﬂavﬁb%%‘rlﬁs?o%%“étéaﬂm repository

extern ata sources 15, into 4 master data table. 15 The solirce

24 mainakalkan AP Fohgiteraskaty SR RSB HITIHY ¥ dhralaigungsghouse

14 andUeR agiigdlaianvasenaseslhand Hisstdernal gata sources 15. Source
systems, such as the data warehouse 14 and the external data sources

(003015 g, sepyicaRyinaigalt Al ARt Ha¥ LBy P PR BRI R AfioHEy of data
sourckendsoghicediffrecobivaluastngisg storedtifdhsveatdmeasigasibipiihcesange Source

st data element %% 'Iéwlg is common. 20 poth dwiwinéa{%% organizations with .
sys e%“ﬁﬁg de%sar ehfe2aNg aCr0sE clstdmers. €‘}sugp iare, and goge’r‘ﬁ%eﬁ? ; may
typicadisydnsiziatioiest [808 linahdainadtdntadiznafatataegenizatons disating S@different

value PSRN IOl ¥ﬁ%@o‘ﬂf%ﬁéega?ﬁé‘§é?é"éigﬂ@ﬁ?§§.C“?’(’Eﬁ‘i@ﬁg”&]ﬁammon

cleansed and prioritized data from” multiple sources. The master table o
both géibieldmentLERNEaliR 3imBHEPR sHREr P EEur&Nef RefAstaldystomers,

supplidhich soRIBRe hesigualugiehgach data element 32.

[0031] The master table of data elements and sources 30 (also shown in Figure 2)

may be created as a ciean database combining cleansed and prioritized data from
multiple sources. The master table of data elements and sources 30 may be a single
source of item data, which contains the best value of each data element 32.

10032] The cross-reference utilities 27 may be used io create and maintain a cross-
reference between unique data Identifiers 31. Different data sources may use different
unigue data identifiers 31, such as section reference, NSN (defined as either NATO
(North Atlantic Treaty Organization) stock number or national stock number), or part
number and manufacturer's code. Often, unique data ideniifiers 31 will be cross-
referenced within a particular data source. This may allow a cross reference to be
developed as the clean database is created from multiple sources, such as the data
warehouse 14 or the exiemal data sources 15, It may further be possibie 1o creale a
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[0032] The cross-reference utilities 27 may be used to create and maintain
a cross- reference between unique data identifiers 31. Different data

sources may use different unique data identifiers 31, such 35,56 ' az
Vi 8?%%3&??\|SN (defined as either NATO (North Atlantic Treaty Honsss

. Organization) stock number or nagional stc O part Hﬁg,b[g r
uniquepelakeaYia fﬂ%@r‘ UoBRCHEE: l'}n?&%e%ﬁé %ﬁﬁé&s@ﬁﬁﬂ %%@ro s any
relationelsipe cedonotsn efqraniny aagatamsundeT Bidngyamaipdgpttier 31 on one

reference. t e t j j
schon s & T e o oree.

ConsdquaafiiuheriosiiicasiBRaciaenino mesiettablseaf ag elements and sources
30 ma@%yéﬁ%%g@#@ﬁé&@%@fﬁf&”@ﬁﬁf@bﬁeﬁqf gaehoiess-rAference utilities

ne-to-many, many-to-one, or many-to-man relatif%nship ina o

27 maygsaerordliiesiny dlls WHUAEGRLHES G5 FoPaTSs dsgrepancies in

the cﬁ@déer@_'&%ﬁéﬁ’d@. togﬂ%ﬂ@ﬁaféﬁl@ dﬁ@&%ﬁ%im&ld uatsat heaﬁchemieated to
and vice versa. Consequently the, prigritized data cleanin ste,

enabig A58 | SHRARSAGs s%g]%a?/%%ﬁﬁo%n%ﬁn %%Ii%%té%ﬁ#qégga%aoéo’ o

recehvidentifigy udigUEh e o sderefiee muendlitieThiy mesy prebigedadstisystems 16 and

delete unwanted duplicat A SEEEPANEIER I 18R rence is perfect.
conneccr?ggtsglpe;?ei?grggg§ &%&%ﬁ%@?@%ﬁ%ﬁ@iﬁ& number may be createpd

Soma@ppiiablionmtiosysiems|es faiohalemapiRithaving deelaitascRidhiagsrare tire,

may ec’éﬁfg%”azgni LTS e R Y U Qe i@ HHanfbis rimseabenthBisamications, for
enable

data systems 16 and 10 connected applications to exgcute without
examplguRiRgraNASIG @%@%f@?@%éﬁ%@%‘é@%%%%@%&?fbﬁ%ﬁ&? oy s the

prefeﬁé@@@!ﬁai_ﬂ;&r Wﬂb&igﬂﬂ@@gt&wl Ftijbes_ plag ae:sfmre airfmiq?ayter;‘ahientiﬁer
a unique item identifier tg be used multiple fimes. er_applications, #

1o oML Burd RSP STLEHC ; avf u#?e’ﬁ’ﬁ%%y ggf‘ﬁ[:r:&%fr%rrl?o e,l%frén as_[ be
creatonlyrishibetpredelra sappliquizet thesnestentiriuitest listiedowag unique item
. Jeauire a unigue jtem identifier 15 t [ T. | -
enffES8 (RIS M SAEOR TeS Toae e s

For exainpisned hellcentasquirgdsantain Sieraiatbieds sstirsnasaaiiieiienforward

pyioﬂ tfienito-he Yarskmultple dmee-Aoramiedmaist Afmatiseeldy system 161
military aircraft, For example, a helicopter may contain six rotor Plades imization
may QRS SIS RRRID OH S SRS (LSRR SRtmizatio

systeY 19BN Ao IORARI By HeMIeATRAY pemblanly reetithe uawilyeof biade
oo e SR A RSSO A0 S e mastr
data hleghelistceotdingatheeitsemiblye Assetdshatintitenmastardsldalaprigigesiements
and gg&?c@stgﬁ EEE‘E%%R in Figure 2). The appropriate ratios may be factored in for data
elements 22 such as demand rates, This data may then be provided for use in the
appropriate sofiware fool, for example the supply chain software 161.

[0033] The ETL tool 21 or custom database queries may be used io load ihe
consistent, normalized and cieansed data from the master table of data elements and
sources 30 into the format required for dafa systems and software tools 16, such as
supply chain software 161, integrated information systems 162, inventory management
systems 163, contracts and pricing 164, engineering 165, and simulation 166.

[0034] Also, standardized data cleaning and management reports 28 may be created.

Often, management repotts in one system are similar or even identical to management

10
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data item list to be merged with unique item data in the master table of

data elements and sources 30 (shown in Figure 2). The appropriate ratios

‘may be factored in for data 25 elements 32 such as demang:rﬁ This, <<
WH&%%%\V%% be provided for use in the appropriate software Ff%?ﬁ?,ﬁ(zurﬁms

example the supply ¢hain software.161. [003 HeCHSEIO N ost
roportS i BRE LS BT P B S TR P Lo iz Pl o s
commaierpee datfsonnthmasistealihly ofalsenisaneseuipes SSurées syamee. a

, the format required for,dat | ' i
e ol AT AT B Ems i i o

in the masEdrmintobpRemstseaIE SRS AR I MEA0ERRRLeriy 166, COUNts
may b&WRMYIANoR 4 G6iRQR dlalee YaRGaEkeeAiata Fenalgp if an inventory

management reports 28 may be created. Often, m

anpagement reports in

GRSy AEHEATS SAVANIS &, EROHACRFE PHEFRRICh ST MY, bats and the

total &Fw@@é@@@%ﬁ@%&’%@@@@ﬂé%@xm@?ﬁﬁﬁﬁﬂgnb&d&rw&témmﬂﬂmd&ﬁa count
cleaning system 20 may provjde same of the most on repol

reportagh) ?ﬁ@%aﬁ%ﬂg‘g‘f’ é?ﬁﬂeaﬂgea{n@%%% cgg égﬁg}gﬁégaﬁ] é@ aa)lineay be

createlDUITHES BRIidRaY Hsichigtedr et remytaly theynemabls oRimitubaterpritized for

identifiers 31 _in.the master tahle I i
W { SRUIGESEPSRMEA Wviewin
rewem{zlgﬂlpg B)r Pofﬁé%hcenc%}l? Htg éaﬁ%yaﬁé %r%igsg rtigbg%;%é ag%inst different data d
data fetemesis3Ry Podexert@eyif an inventory management system 163

o035y 2 RdO 8"&1&!&?1&9%%_@3%%@56&3%%&?'@% apdédeidetatintambenning.

f repairable parts, this information may be drawn from the line CP nt .
Data @p@ning iadarsinoBrmRadBeRi R dhterAFolaea P iR if Figtr& S "
systeMaY iz CEgaiads TARsSnaRs iz esbRigB rivetirepoihdOniay ersdrgataent 163.

Thos A RICIAAETE ARG TAUoR Car R e aebutacy ) kg

 correlf938] fheaiatahiraningdrse vitterface ROy, crisimasscauBBlictatT repair

cleaning. Data cleaning.is r " ines: :
sont R A R Sy et o
the ssucteasyBleatsiosycharademdntal BaraB TR Riefag 85HHaY dpRataurces 15

This %?ﬁ?&ﬁ?{c&ggé?ﬁ 95 991G 1AL YRR AT, BaKINgs CrE ecliansieltalee 14 or
wnrie wor Ing withn, for example, CUStomerS, Su #]Iers,ﬁr repair Sh%PS. or even
the agiBsnahTIAE HECRRE o BHAR WORET oL Th 2 0o Bah CSAHNIERLaT

ancthRdatingnibes alsssystepassytints, thendataoidre hoastcad wraen feasible to
upda%;gg%%d@éaﬁ ;3,‘%%?%j@é@%@ﬁﬁ;%ﬁg%;gggﬁ@%gg? FiEfERe 29 may
enable users of data systems and soffware toois 16, which make decisions based upon
the cleansed data provided by the data cleaning system 20, t0 update the data cleaning
system 20. This enables all data systems and software toois 16, for example the supply
chain sofiware 161, to maintain consistency based on updates to the cleansed data.
Manual updates may be date and time stamped, may include traceability to the user
making the update, and may include a common field to capture information deemed
important be the user. The data cleaning user interface 29 may be web enabled. The
source prioritization utilities 26 may enable data systems and software tools 16, which
rely upon information from the data cleaning system 20, to select or not select updates
from this user (or users of a particular software tool, such as the supply chain software
161) based upon specific requirements. Manual updates may persist over iime during

11
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20 the external data sources 15, is often under control of another
organization, or even another customer or supplier. Consequently, it may

Wﬁ%gﬁg gtlcal or even feasible to update the source systg&ﬁéﬁmﬂ{ﬂg 3

ata cleaning user interface 29 may enable users of data

systems and soft are tools 1 h e %Q%%Hgggetha or the
S“bseq&'l%%é'w??ﬁ?at& d&d Lgc%hgyé’y %Pﬁtléyﬁﬁ\eg%yﬁsﬁt%em 20, to u ate the
externaﬂia:tataleaumgsZ!SEsyé;&éhemwm@iam&@%ﬁ%@&}%t dhes value

100ls 16, f S shainsefiuae Lakdqmaimainuser speczfied
may b%o”r?s%éte‘rﬁggq/ as[eﬂ(? %enaﬁﬁ%gt%%i% the cleansed data. I\jl{an aI u tl'iat{ssd DAY the
toleranbe barslhad thﬁéﬂﬁfﬁn@ﬁ@d‘fﬂgaquug@t?&gﬁﬁl% i

data cg&%@%ué‘qﬂéﬁa&'%ﬁé@& &Q@mﬁadle@t@mamdmedfortﬁahersoume data

d important be the user, The

ata cleanin yser r
changas, RS ALIIEE. PAOSE STERR TS e S Ay BIETR qecqey be
aggeéygp%ggn@@gware tools 16, which rely upon mformatlon from the data

[0036]u5é%ré%%§%£(fﬁ@ﬁ§ 028 éﬁ;ﬁom%ysgeﬁhglgpﬁ%ﬂfé’@ tipeRE(Qstem (not

h as the supply chain software 161
shownpammmsmmstmqunamtssaﬂafﬁu&Kapuﬁft@sfhs’ayf%%ﬁs%%raﬁ ETL

Extra% g LI WO &,%9 %%éZ%ﬁQEPS%%%/é%%ﬁa’iﬁwa&ﬁhgeqmwmmse data

the“source 'system, suéh as the data warehouse 14 or fge external.d

cleannsgurtﬂée&%tftmerwm&%ﬁﬁ%y@%%ﬁ@"%ﬁ% &d %ﬁ%““i?af’mﬁ‘za’“o“

utmuegnéé’ ?ﬁ Usedidf EBBié%fregtaaé%ﬁ{mgaa@osmmm\(am @umn m sgure 2),

ed tolerance band) as the data clean th
and ’fhﬁa%‘l%‘éssr@@é?é'@eah‘a l§RSdaRs gﬁ?ﬂg @ ay be agge as sgjtflgelzﬂg ©

data c¥EIRAY t@@@mdz(bfmgﬁwméanaw@ar@mmmw@g@mm@rfﬂe such as
o Michind xR D A3 seme S may Reobiages FoseiauBles, o

g system 20 may be integrated into a
via th@@n@WMMQnmﬁmrQQThe computer system may be used for

the utilities tigsle TiEgoefOGN am@étea@bt of
Eeg“ olg:%mg{ & d%%g\\ %rrﬁ%tﬂﬁr% %Stltl%legg%léci%k?éﬁ ggtgﬁ ?I‘éeanln lltlgs 2 : nt
data ebmwtts@d@twméérﬁﬁgsrgb&%ﬂg?&Gﬂ’f@'%ﬁ?c%r]@n ?%??éii%ﬁ'lﬁ |t|e§ pres

invenﬁgnth?%%?s"{é?%%lgfﬁ%étg|@I§ﬁf§ﬁt§@®kc§@dtﬂ‘é&§9€(afmyshoiwdam column 35
igure 2), and the cross reference utilities 27 e% @&8% yf‘%en’cammg

Confﬁﬁé@d@ﬁ%@%@% tﬁ@o&ﬁfﬁwc‘?@a‘fﬁﬂéﬂwg%ﬁ ma;r/ﬁb ohe using a

an eﬁﬁ‘? rW%ﬁilﬁﬁﬁead&’ﬁmﬁkfﬂmglmh asitswiditicrasdfeEseiemiie 3§y containing a

descgg’%gtﬁ: he, I}%tz’;garcv?ﬁ%sf Mig tﬁ%?g ASFEna Y FyhEaRlegeoidta H¥efrom one

rface

‘or more indexing schemes. As shown in Figure 2, for the example given, a part could

be uniquely identified by (a) DMC (domestic management code) and lIN (item
identification number), (b) NSN (NATO stock number or national stock number), which
is comprised of NSC (NATO (or national) supply classification code), NCB (code for
national codification bureau), and 1IN (item identification number), or (c) Part no. {part
number)Kand CAGE {commercial and government entity code), even though only one
unique reference is required. Following the unique data identifiers 31 the data slement
32 may be listed followed by a program name 33, such as the spares program 110
(shown in Figure 7). Further listed in the master table of data elements and sources 30
may be the value 321 of the data element 32, the source 322 of the data element 32
(such as the data warehouse 14 or the external data sources 15, shown in Figure 1),
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[0037] Referring now to Figure 2, a data cleaning table layout of a master
table of data elements and sources 30 is illustrated according to one

embodiment of the present invention. The master table of g dla[%ﬁ{&%]'?
: S : 33
WE4%a07EESs 30 may include a column 35 20 containing a fle?' number, a

column 36 containing g field_name, a column,_37.containing, an
ot AT S A S A R B o B SR 32 ane
that magspeptissd Therfistacwerottmsiagle Thayleshtaiw whitie dasisidaticef data

31 from one or more indexing sch in Fgur, r
eleme%&%m}ﬂesawgﬁ,sz? ga“rltago%?g?%g %n%%ﬁ%? [ %’ntl ?Q%E%y (a Dm%st%?oﬁ}eﬁgtigf data
clemenianags rsentaasd 8) amay Bhaizien OBad elrMEatD RRENTBEITa®) ISRy without

iG-S tognumier, opnatianal sipak nwRbeR Mg dRigoRnasRSERitely not
mOd!fﬁr\?@CﬁﬁA or r:%z‘al%tioanal) supply clgggficaﬂon code), NCB (code for
enforcggtional codification bureau), and IIN (item identification number), or (c)

[903313aéh)%@emﬁfﬂ&w’fﬁwgr%@@dsslé\%Kfmﬂ;mm'@ygidmugc:@rgael?age_mwer raport
. coae), even thougnh only one unigue retgrence Is required. -0ollo .
20 1s U eihes B GRS CRET G VS I3y  TSEDH o Orver

g we
reportDY(R BERDERITOABNDE B3, RimiviasABecspairas pyotardatd GCi¢shovensysiigurél, as

7). Fyrther Jisted in the master table .of , ,
show o FTE A T R R A e e v
This relmemai3a tfeuchoas gheitgtarcaecitobscranidly tiseeifiethdraxigigingdbs often

Eimitecﬁ%ﬁ%%@ EiBMERL). &ﬁié\ﬁ%ﬁ@&ﬁﬂéﬁggﬁ B5t4 'bS2806/ GRS rding to key

rmation 34, and a flag 323 that may be attached to the data ,
data dYivaTenERoNCAIANRAETHER LRNISEH CRITH PR pIRIGEE T ePAK IRy tme,
proculfBRSIBLIA NSO d8iE alRRIsgicoRIRFPRMRS Alengyricontan actestt of spares

comment 341, The master table of data elements and sources 30 may
shortiglaBRIPAYLIRFGHE And sources to vary without 5 modifying the code.

(0039 aAtIepositoty, FRierential idtegitpanidglibeately Sbisdihdsitgad according

0038] Referring pow to Figure 3, a high-dri lysi i i includ
to On%rﬁ)é%? 4 | (ﬁIBrs(?ﬁaet‘e‘dpg&%ﬁﬁ?ﬁgﬁgéoé%ﬁgr%%%g%ﬁ entgté)%§3 %egg:&%%{nc uee
loadifnyeatiofrofhedyiadeyoustop@t, 40th aylRissosT RSYSERING. Wiehcagde data

wareﬁggg data Glaping,sustam£0, asheaoyd [BeigHr e 1rbheshighidriyetommen

ort 40 may @Esed to prioritize items for review. This may enah (Ja_the| 51
formahdet grliangeans 1 BdiralpRIBRIREntMfeY, ARURS HIRIYHRYBRERNSIimitedOo! =7 OF
custdﬁxvéﬁ%%?@%%ﬂ Bighskiyes matoserei® elements 32 according
[00452&2 e e Sliading ihes 35 JIRE U2 THEMNS By 61 EE Sshown in
Figure 1) may be used to adjust unigue data identifiers 31 to a common format as par
of a data validation process. Step 52 may include deleting leading blanks, converting

unique data identifiers 31 (shown in Figure 2) from numeric fields to character fields as

required, and replacing leading zeros stripped if data was loaded as numeric. Step 52
may further include flagging invalid, unrecognized, and missing item identifiers for
review. Step 52 may still further include normalizing data to a common format, For
example, converting foreign currency to US dollars, escalating historical cost data 1o
current year prices, or converting demands per package quantity to demands per unit of
one,

[0041] The data cleaning utilities 23 of the data cleaning system 20 (shown in Figure
1) may be used in step 53 1o clean daia loaded from the source systems, such as the
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procurement lead time, scrap arising/condemnation rate, price, and cost of
spares 15 shortfall, as shown in Figure 3. [0039] Referring now to Figure
4, a data cleaning process 50 is illustrated according to on ' Iy
WO 3006 Ia70T o . . d SR AR
Srthe present invention. The data cleaning process 50 mayglncltﬁg(?gmh%b%

loading data from corporate, customer, and supplier squr t , :
data WRIgheURRa! fude @%ﬁf}%r t% SRHERES j‘é%aago ‘F%gsg ﬁ sh%%?/én i‘?]m“"”
proceskigstel b&razgontiuie: 26 \iewiay thuleateleatmiag ireddivina@fisenpmyerorts,

. commercially available tnaQl u i i
oo TSRS S R e ity e
data atitbidaiateletarite tgeriaticroAehdAsTing 0. BNALPHRYIRE Fidesansss in the

inputs %Wa%%ﬁég%i WifieTs 31 10Q RRMBPBaERMLRS Rlciaskninowalidationta, to
process. Step 52 may Include deleting leading blanks, _convert[é@ Sta. During
data.

identify fiad e pReSRa R RISTTREWIS iFAtERAY) SRARATS T HEHE
step Sghéﬂ?@?étﬁeé%@é reguie diaand depavingitrpdingsasiasditippranéditanay be

oSSR SO R g Il v

. >> y .
overridlerther issluce darmatizinddatiicwedconmmesiefofifaanFanienatagieeport, which

. . ..canverting foreign currenc escalati [ i : dlat
oG HAIRRES oPesiea) S, deié Rt R Heted enthar ey be
creatatbnisisdsrpsicpriGothose 1$001s| Ty BRI EE! (HPSHCHIR 2lgrment 32

ean in.Ei , i |
to oo O e o 13707
[6042p Civu SEE06b1 455 Y addtiatafstb Reatses tﬁ@t@x@ﬁﬁ’apﬁaﬁoggﬂ%ecg ifo the

nofm%&%&@?&“&%ﬂﬁﬁ%‘@%@ﬁ@ﬂé _ﬁﬂ@@@@reﬁfﬁp Fhawtinclaylesrbddedrig a master

uplicate entries, reviewing difference reports,.. reviewing. diff

e GG S AR ARUAFH LOE A BRI 1 CAMRar R Be e loaded

for eﬁm sagetashaln miiBigtien Zndrdatiingaciosnund mwewinguch as the data
__differences in the 5 inputs and qutpu qta i

ware 3 T LR BB LT RS 15 D et epoaded f he

samamﬁmged\muewal@gégdnfm@iﬂmtsgmg_ SWIPR) SYRIBB3 &ﬂﬂﬁgg{genﬂy, only
the cﬁQﬁ%%%e%'taey Q?dfé%gg?ﬁe conlisting \wuepiLpiasiepentemay e source data

|
reviewed by data element 32 (Figure 2), and manual correctipns

to enabifaits, WARGIPLGVETHEAHE BSuRRNIERS. nfa) BEVSILMEY SHerapad!dfere wes
an eRbiomateskrenetionhid) Eodigiiantaaiifesencepduito catatanudsatableoad it
The ggtg rt]flaqgg gﬁ}ge'gen%{}%@ éps%(ag%d for verification first. A user may be authorized
as an administrator 1o be able fo delete data fo ensure the integrity of the data cleaning
system 20 (Figure 1), The data cleaning system 20 (shown in Figure 1) may provide
traceability to all versions of data from each source system, such as the data
warehouse 14 or the exiernal data sources 15. This may provide an audit trail 1o
previous values of data and may allow data to be pulled as of a historical point of time
{versioning).

[0043] In step 55, the priority of data sources may be selected. Step 55 may include:
determining the number of unique data elements 32 (Figure 2) and determining the
number of source systems (such as the data warshouse 14 or the exiernal data sources
15, Figure 1) for each data element 32. Individual data elements may vary depending

upon the application and may vary as the use of the data matures over time. Data
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created. Also in step 53, these reports may be prioritized by a specific
data element 32 to focus data review on high drivers having the greatest

Wf nz%%llallsl_@n,/papt. [0042] In step 54, the valldalted and c!eansgélr(%%%@%ﬁss
€ appended into the normalized data cleaning repository igure 1).

The data may be loaded to a master 15 table of the normalize
source§ Mk g A oLRBRN W?Ffﬁfﬁﬁn}%ﬁ@pjg%%naya %ﬂ’é%éﬁ@é ggﬁﬁ qise and
understerdieigt S2ieigursiB) ainthéodaiacthangasemstémesuthasiatie dlagaing system

. 14 Fi .
20 (PR TTRL S50 ol A T A SR L SRR B e 2

withoulysiguitirgorssasntly tion isoftmeashapges fedeaddigrTife Bateademdneatiser 1o
updat%i%eﬁrm ke addedJarihe RAUECELHERIZP dRRNBhIe e OMECHEE reviously

a to be identified. An option may exist, that if there was an efror

th
prioritigrsl daRiheatiss, BuRR BRYAOHREsHRcfRELLRS eriighgdch data

sourcd NG 8qias bty 9RddnaldRer displacexierver fisrtionficet Asuseswnay Figure

be authorized, as an administrator to ble to,delete data tg ensure
1. 1 SRR O e LA oE SN SEhl LJoE hod BRA g e from

the ssoiaMRSitphurcin Wil we $9lectsdprdiele 25 trane fbiiityriinalldersibowing the
f data from each,source t a r

oo 05 I SSTHBRINC AP D SSLRAT AR USANEY ot e

higheshizdseofrdat saurdenad, Blownd &th aobeljanmieg dbotashicriarhaifeult to be

used NG ESPnIng 19431 IR sigRbR ?ﬁ?ﬂ’ﬁ’@?{y%@ﬁﬁ.@%me@mﬂﬂéﬂhe data

selected. Step 55 may include: 30 determining the number of unique data

warehgffehs B2RiGue DR bHHY SRIFRAING tHeOlAnbler 6f SR Siferfiirce may
not néedal 8s hiacdaia warahause fhosdheedroind dalcecttneisielsd FiBlaes5 may

1) for each data element 32. Individual data elements may vary depgndi
Rt FyEaNAe BAMAIRGN A el SR 0 P HALE AT e cata
selectioie sBaimeldedt0a? Q068137 AR OT NS 2066/0k4553 ssteniess faagxample, for
audi*dgﬁpaénding upon the application and may vary as the use and

Cr’g?aaﬁding of the quality of the data changes over time. The data
[004&)eatingispstBfh 20ciFagurdaishngy SRipt M WHPKIGEUFahd(8e8ES othe data

ware AR S IEMENIS324EIaUIR 2% Wiheutreguitipahanaes, ooV the form of

source code. Step 55 may allow the user to 5 update the F_riori%ééif d%{ﬁ.
the masirieeRie LharlcuAPBIRIHANCISPY ERRERASIRN sy S Mized e Master
tableQYhepMseisiRmEd dnayalipre thenisesfomrpeciintie poariy of éreh data, which

contéﬁ%ﬁé%ﬁ%‘uﬁia%eo aéaaf\:%ar a?g ue gr%g'n rSIE? eﬁ(ttg;gngédr%?ysﬁgfﬁgg ?’r?aintaming
traceability to the source of sach data element, recognizing that the source may vary by
unique data identifiers 31, maintaining notes that may be attached to each data element
to provide additional understanding of the data. If data from the first priority source s
available, it may be used. Otherwise, valid data from the next highest priority source
may be selected. Maintaining a log of the data source (such as the data warehouse 14
or the external data sources 15, Figure 1) selected for each unique data identifier 31
may be included in step 56. if valid data does not exist for a data element 32, a user
specified default might be selected. The data record may then be annotated that a
default was applied. Also in step 56, different applications, such as the supply chain
inventory optimization system 161, the inventory management system 163, financial
and quoting systems 164, integrated information systems 162, simulation systems 16‘6,
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1. If data from the first priority source is available, it will be used.
Otherwise, data from the second priority source will be selected. Step 55

may further include: allowing the 10 user to specify a condi}j R | -
: . 52006/014553
W?t%l@éﬁrfﬁg’r?tﬂ for selecting data (for example, select the hlghes? vgl Z ?

ue 1rrom
A, B, and C) and allowing th t I fault
or enRPRINGIRATER 4G5 G ATAIRENRo 47 SO0 6, G (o Pk et

32 (Figgﬁbﬁ z\a\lwmthﬂﬁ@réﬁtoséhed@deﬁnai qeitisinatioes 1Gaklywiaid )elanspatifie may
ata source may_not need tp. i :
contair, 6%%’@8?@%&%8? §f88e35509 n%f@e%?ﬁﬁ)goq g%%gﬂﬁhmaﬁg At A 1 lsuch

may urther'inc Intaining a historical
as besteerd B brevigus pfithitizatbdsia62Baentkaieemserichibh semwR i figure
5 at a point in time in the past may be selected, for example, for audit
' purposes. [0044] In step 56 a clean database from multiple sources (

such,...
[0045as thedata7waeliease s tenayBenalaipd RRINRRAM ENIBHR AZ'D '#%E?‘f’e"s
31, Si%? %ﬁeﬁji%%iiﬁbmﬁé NioRi-# e saasterdablriafdatoletenss ans unique data
S

urces 30 (shown in Figure 2). The master table of data elements a

identifigsyrEas ORI bR SCHRRR SE et e Ses AR NI RSBy vae

for de¥@%§§%%@@i@%%&m§?b@@lrwa?\ir(tbmmmainmbher or national
traceabhility to the soyrce of eac ta e iZ] e

stock QyRs WQRQW§5:M®8%&P§ {Hagﬁ{i |§g%%%%%§ﬁ#§g %% that may

[0046De aitereseoteaddstasttzeneat R we gndvide niguRicieR idrdeamdihgnay be
.. af the data. If. dat i iQcit e ilablgeibanabRped wh
el . S o e e 1"
Cf‘ea’fiB@|ecmmammﬁ@%t@§%%@%@l%ﬁg§ SUIRS flta Figure 20) from

mulﬁp%a%?‘u%? & thedsternal daliRauiees 4 origeredbraiedat feources 15,
eac

unique data identifier 31 may he included in_step 56..If valid

Figureigb e HbIBTUONOE T I HEILA S ) S i AR T e s eme
Revie%ﬁ?‘%ﬂ% Thestatasrporeotyuthtorbdoanpatate tothakargisauaiagumbers  for
~_applied. Alsp in step 56, different applicati '

coso TSR AL TR R Vs M S e or e
latestiéshifineatial eidasokingraystomearbaf isierdfed Twdheramie syilidiss may be

. 162, simulati stems,. 16 ) 137 in the d

B T e e

D, o
repositay bion Brampiel rastNEB AR MEEPRPITaRS VRAMRdRAY maP % mutiple
NSNSCQHENCRERS RIQYitizalien kash daaaiemantRRnpens bastairurahe numbering

example, three pieces of information for eeilfgh uni%Je dal;[? id%%]tifier

schomieA HHALE AT BPE SO B e e Bath S5 SAIT A SO FRSRL A" o
the NESMhowmingBiaHEs further include maintaining index tables as the unigue data

identifier changes, maintaining index tables as part number and manufacturer's codes
are supsiceded by revised part number and manufacturer's codes, reviewing duplicate
part number and manufacturer's code combinations {o ensure the part number is not
incorrectly cross-referenced to an invalid supplier, and maintaining a master data item
list, which may be a list of validated unique data identifiers 31. ltems not contained in
the master data item list may be flagged for review as suspect.

[0047] In step 58, a unique reference number may be created for each data element
32 (Figure 2) to enable data systems and software tools 16 (Figure 1), which may be
fed data from the data cleaning system 20 (Figure 1), to receive a truly unigue item
identification number. Step 59 may further include providing utilities to delete unwanted
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5 2. [0045] In step 57, a cross-reference may be created between unique
data identifiers 31. Step 57 may include prioritizing cross-referenced data

asel the unique data identifier. For example, a schepg BaN 6014553
W%zegr?{%%ﬁgepsection reference as the best value for describing an item

__uniquely, follqwed py. . iong K
oot LR TR Rl Spmsedfest nsop
50, apriiCdiiis, Steph 58, datacsysiemsaren solbuartrthd dAfee At TRy RfiERaDId

31l m intai ility. i RMNg
e e T
[0048]data slemdiits ahNSeDIHERIIMASISH @%)'WBM"%EH‘%@‘@M@B%@J%% Foique
itemn id%%%ﬁd%&ﬁ%%ﬁ%_%th%@tﬁé@geali_w@ﬁs%wxﬁé ;ﬁt'@iee dyaritem list

laenti mgaprlma‘r unique data ijaentrier ror eacn ldentifcatl S
may 2Keu e N STRG UL RE TR s BOFL Fol WS e oD o e
includdWBReFY faliphbselstepariadniigeratistsrdajabies colisienis toithve |esstdata in

design confjguration or the latest confi To g sold, may be part of
the m@&@f@éﬁ%aﬂ 4 ?gfWﬁ?ti%’g&rﬁgyrggg%\?%%g%%entiw all options for
[0049crobs sripe) ding dassstenonaimalinethernggioanagshdriay et R dpagRd from
the m& af'tél%ié“?%%{édeﬁ%%ﬁ %af's%ﬁ?éé‘sfﬁéy(ﬂﬁgﬁlréozrmwgf&&lﬂﬁr_@mr@d by
may map to many different part numbers based on the number n%
data sgsieme cintiesoiffwasat ?ﬁ@iﬁﬁé@td@wfﬁaﬁbréﬂﬁae%%bftslﬁf‘eé%‘ﬁa%éa AL
commapasifiratiansrf dire el Strr5@ MR wikelringhidbasaintaesgragbe used
tables’as the unique data identifier changes, maintainin mde,txl%%\gg 35 which
to perfum PR ahd ﬁ]éﬁﬁ%&lﬁ@%%%@?&%@ﬁﬁ&@&%& BY Feevise?pah
has bBEAMRSHAAE saanLdapkisests Loissoireviasimgroemticataypet axalfee daguse by

. manufagcturer's code combinations to_epsure the RIIMDEs ISR Is 16
mU‘“H\%&ﬁ‘é‘éﬂﬂf‘cm@é@?@f@’&{%‘é‘é ’tosg%ain%%ll eusd‘“?p‘;:}'p |e€r¥,§%{n&d maintaining gre- ool
showmiasegulata, itBmcdist) whisionayaléng kystina platbauinvihdhgegme input data

.. identifiers 31, ltems no inesky - et itemlist e consistent
p'c“”‘?%%g%éd ' 8r%r:£et\‘fle'§/(§§gﬁ's' %ﬁ%@%%o%ﬁ%ﬁ@i? 59, a unigue r‘ghej%/ence

and validbesmpayisensrsatyder Bace BREMNERM SYEIRPRFISHE FRdUnabiRPly chain

invenSifHR SYRtRPRIBRHefbNAreetPOlRd Grifdatss harbigbvmeay besited d&d, financial

a0 GRS 65 GRS AT o B LR P S 160,

or endfltaiHg wasiads HBVEN006H FBI0B PT TTASRA06IRUSBEB AT deels, which
may gfgp&éo iding sl Sl nadeey RHHEPIOFISSIRARE FaSRilRIesaRRubers may
have access to the same data as strategic decision making tools, which may be
operated as longer range or global planning system tools.

[00507 in siep 63, standardized data cleaning and management reports, such as line
counts reports and high driver reporis 40 (Figure -3) may be created. Line counts
reports may be created by tallying the number or unigue item identifiers 31 in the master
table of data elements and sources 30 (Figure 2) and may be cross tabulated against
different data elements 32. High driver reports, such as the high driver report 40 shown
in Figure 3, may prioritize items for review and may enable identifying the most obvious
errors rapidly.

[0051] In step 64, the data cleaning system 20 (Figure 1) may be updated by a user
without updating the source systems, such as the data warehouse 14 and the external
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59, applications, such as data systems and software tools 16 (Figure 1)
may be enabled to execute without requiring that the cross-reference

W%%ﬁgﬁs} ﬁg%g perfect. [0048] In step 61, an indentured maSt%cq?)i@ﬁﬁmﬁa%&
tha

may contain the unique 5 item identification number may be

maintained. When required, the master data it st I unique
data SHURERIARIT G o5 24 PR UG R a D IR eGee (s
[0052]MeRgifgrihiphioatadteigudata,im tietmasmrnatapricationwitia ispl ean 70 is

iitustra%aé%ncﬁt{nfpe%%Sé?r{%tt%@%%g@&ﬂw%ﬁm'? HHSMTEESRBAT I dBka cleaning

e consistent, normalized, and cleansed data may b

_ e
applicatiadein foosupply thbaimaZemanidefanaLerhrinoaibessaricatiny iglhe data

cleanif) SRGOIALABIHTR o1 HaIBMA e eoRuaiRipISddE4HoLEndin in
that'may use these data. Any commercially available ETL tool 21 %:I ur_F‘i that
Figure1#) or Ehetehpahtahaie dlefey g e FiEgrasfe ety ISR 1 tha

have Ml Geanssd\iaia Domthensrmercenpisier sobmiothkiaimsibesing user

normalized to consistent units of measuyrements, . may.be avali ;
nterig 58 iR AR MR eI A UL TR e LS RS 2 SiPecio
inventé@itwgﬁmt@@ﬂh@sﬁodsowm irfigpiten i®lacadaliadicaiemaltnytifise e a web
rt.out with the same inpu Vj iRg I
pora SR AR RS AR o e s aisenon s o

networkayptiennaiitn Bk dd. sybrintoarateddstorenalippisyatems ihl &hiyrpceive data

imizati | ARAGEFBSIY RySECBRARR ifiFagaial 1), to
from %m%%ﬁggéﬁgﬁn%i%ﬁéi%}tﬁgrgg%gqnfﬁiaﬂorégg?étems 1 HIF0GIET)

ns 162,
the siatikaloReRash S RSB G HHES: 76 SIS TBRR JMIF Gy SRy zation
tools Taclicahsanisipniarmidng teo)sovhictaonay analysidetisien3 5o etheadeb portal

regarding, for example, individual part, nu rs hav Cc
76, aEnie i NSRRI TS ToAIC: RN, St BBy qney be
provideadey gt glehaihplaystegs¥Sitn wiuwroh [R50 ih)sespbedded within the

.. sStandardized.data cleaning, and. ma, ) IScSuely 38 URswRaHN 4)
mtegrr‘étﬁg(ritégﬁ.ﬁ i S&'r?’vee?}fséﬁb'rtﬁb ('Iélglfreg%n %%%écreﬁg‘d%ﬁne coun_tsg ure. '
may sgportonizy the eurpbdcbyimRarythe igfpuseRReTeMadéRtinerdigization

ia the mast e i ARiAs ements andisRvErRSOndriageendharsbdgy7) via a
(73, -}tl)%-:) ’cgoss ta@ble@eg{(lz)i‘;ﬁ%ainst %ﬁ?r’ené?data elements 32. High driver reports,
consistritt aguree MRCIMAZe8n SIRATSEARAES0 in Figure 3, may prioritize

B s
i““‘“‘“@ﬁ%‘été@ﬂ{ﬂﬁ‘@s@r qxg)ﬁh%)@‘#ﬁaagﬁ Hb (t;r;efaé%s?o 'r'cgesr&s%\ﬁé,ﬁigﬁbhﬁ%@%&eﬁmng
procd¥Rrgiokse d 4a@nshthenakteTfamay include: initiating the exiracting of data from
source systems (such as the data warehouse 14 or the external data sources 15, Figure
1) in step 81 and executing data conversion in siep 82 using an ETL tool 21 (Figure 1).
Loading data o a master table of data elements and sources 30 (Figure 2) may follow in
step 83. Step 84 may inciude selecting the precedence of source data using source
prioritization utilities 26 (Figure 1). Reviewing high driver and error reports and
scrubbing the logistics data may be done in step 85. Step 86 may include approving
data for a spares analysis optimization caiculation followed by initiating inventory
optimization of stock level and reorder points by using strategic models in step 87. The
spares analysis with reports 28 (Figure 1) and web views may be reviewed in step 88

and the inventory optimization may be approved in step 89. Step 91 may include
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17 WO 2006/113707 PCT/US2006/014553 data sources 15 (Figure 1).
Step 64 may enable closed loop data cleaning. [0052] Referring now to

Figure 5, a data cleaning application in a supply chain 70 is_ i -

Wgc%)g?(f]lilnjéot% another embodiment of the present invention%@%&?gﬁ%msas

cleaning application in a supply .chain 7 . e f .

ooty g IS oA AR ARG HRR ) s

sourcé,@:ﬁ%@;nﬂmnﬁ:&gfmyca&r‘éﬁb@@mdﬁh TBighieusy. Thevbighpmandn yart of the
may.include inte informati ; :

oo SN AT a2 s g i o

inpUtSimﬁ_ﬂ*_f@wp%(mwiHFMMPQté’ﬁ%ﬁcfﬂrd'é‘#ﬁffﬁﬂ%?é&a%ﬁ@‘- Creating
report t%'egl iénraﬁgtﬁ?t%g'%aﬁ,v SNIYNCPPLBHAIRBIIOAS fédr TBIHIAEAR. Bplwdfshouse,

actic ysis utilities 75, a web 10 portal 76, inventory management

suppligystimmay B EpNAC piRR83sel HERAY SHIIRHiSRATRRIRFRVE any Inventory
shorﬁ%gtgﬂﬁﬁ%g; ' c?%sggetﬁl’i@%ﬁied%mﬁolrmﬁti@tbwstm&7hmﬂyrmdbne point
_ provide data to the data cleanin intert

rocomgneNRIRTIGIRY BF GRS e BOH AR R e o G-
a finafté?;éggli?;slnaﬁn?ﬁpdarlpﬁmménmr@omﬁagemm siystaatior®foofigrae td tisay be
ctical an is utilities 75, tq. | '

s UAES MBI B RPa S 18 o tinimiy
[00543latFeleaning systetn Fgtars shownsparigureadaling daeashithiOtié illustrated
accoré’ﬁ&?\ﬁ%teéiﬂg}%m?maﬁ@m%y Ind Nediaiaiclrasit@mrochss efdas modeling

nin figure 4) may s?/nchronize the supply chai

_ ' n 70 by linkin :
procegedididmen iR Examycopting knelemosiaien QH%%HB%@%W?@S&{%QSS 50

(Figur%zf %%i&gﬁf&%g;%ﬁ%@g%%%ﬁégﬁ&(mmw maR0 s Esterit apuimesntory
, sed data. rReferyin to Fi
manageany Presss 88 fSrgtiep wf&ﬁiﬁ%ﬁ%:ﬁﬁ]ﬁ‘ﬁ@@“ '%ug&éﬁﬁfﬁ%"ﬁ%de‘s and

0 one
scen@BBoRinaes afithe gsesenhinyegtmin. Thetetatd eandgdptecaiirgoifeda study

supply chain 70 may inglude: ipitiatin xtractiog of daia;
oppo Sy BIER LTP L e GAEk v e T Fa St i C e 8fwed oy
runniﬁgweiﬂﬁ Yarieg BOaessRdligiydth BofiRRsIdRin 3 gipalriliy iyentory
. 0 i [ t tes tablenf
Opﬁm%#é%u#fgtéé %ylgl#& ma@%ﬁgvtﬁnmgtgp?gﬁ ét@ép 84 lﬂﬁg 3?( Figare 1) to

reducIdeiingan &P rateibRRPCH SOLREE ARG SBYRY BRYM §iBuSted in step
118. g%ggﬁ@ﬁe Osﬁ&lccé’BcﬁfgSMdaﬂr@gﬂa@@m@ndﬁm feflortscaby deciding if the
modg S L B TS R S U ALK S0 mey
incluB WdiiRgimaéRvensesy 114. 1f no iteration of model is needed, creating a proposal
report may be done in step 121 followed by delivering proposal, winning proposal, and
running a healthy program in step 122. The spares maodeling process 110 may provide
reliable and actionable results due to the consistent, normalized, and cleansed data
provided by the data cleaning process 50 (Figure 4) in step 115.

[0055] It should be understood, of course, that the foregoing relates to exemplary
embodiments of the invention and that modifications may be made without departing
from the spirit and scope of the invention as set forth in the following claims.
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optimization of stock level and reorder points by using strategic models in
step 87. The spares analysis with reports 28 (Figure 1) and web views
may be reviewed in step 88 and the inventory optimization may be

in step 89. Step 91 may include 18 WO 20061113707
PCT/US2006/014553 exporting stock level and reorder point
recommendations, strategic model inputs, source, and comments from a
$trategit dualelZRiEgIecs)swiictpmsindEhsaHepsthE supply chain

software 161 (Figure 1), to data repository 24 (Fi jvi

s SHRRAGHE B ARG S LA s Tt b L Rmat
Gseatinodrennitis A hig urerdr Oari{supption, sto¢kdadabastorder point,
etc. by warehouse, supplier, etc. may be done in step 92. In step 93

requiret@plaidnadeevondad THOBNBA AskaRFAIN MagIBee AR IR date
e 985106k IRYE! And deey Q?éa?ﬁj{g JEfgaYnendations may be exported
|

to'mven management system 1863 (Figuré 1). In a final step 95, an

update #ppeudingryaidandgineend systerm @3 Higadednjnrdgabing cepository;
initiated for records found in the hqlding table for day-to-day asset

manag&MEFiiD PRI 1 1§ F B spares modeling
DFOCGS%Qéa@i}%iﬁl{ﬁgﬁ{qgatggggécﬂggtmiqgther embodiment of the present

invention. The spares modeling process 110 may be an example of the

implememigisndotaidadifiee dpirpphottsshonppigipsusaihe deafieavo

modeling process 110, which may be part of an inventory 15 management
_e(EIBFgure 1), may include: identifying equipment models and

scenariggditisien ibidetesvioingagoalsieatepuid 2panddesersimig source of
trade study opportunities in step 113, Step 114 ma inclijde collecting

|digmnidatanenaiREdls DeshrHycdAacBILASHG PRIR SRR Eigure 4) in
step 11 tegic invenior imizati RYSIa A RR Al
exporte%t%l%%ﬁér %1%8{5 {s{?rrﬁllta%gg %%%n%é%tﬁe% I%EI%Q 0 éed uce risk malyl/abe
runderstepding odndidriinteeherhantiendmsinieivingi noted in sted maser table
Step 119 may include conducting a customer review followed by deciding

ifth82 1R SHRIPERBAGDEIEFSTEd in step 120. If an iteration of model is

desired,stapd204B 3N infude gainsbaskia siep Badvdbnadidratinueidata
model is needed, creating a proposal report may be done in step 121

fotlew&ley. delivering proposal, winning proposal, and 25 running a

nealthy progra 6 A28 The sEes medelng prasesnilid Bty du

provide “reli actiona r(ésu ts due to the consistent, normalized,
apeleased data provided by the data cleaning process 50 (Figure 4) in
Step 115éreating a unique reference number for each of said data elements
enabling said data systems and software tools to receive a unique item
identification number;

maintaining an indentured master data item list containing said unique
item identification number;

loading consistent, normalized, and cleansed data from said clean
database into a format required by data systems and software tools using said

data;
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[0055] It should be understood, of course, that the foregoing relates to
exemplary embodiments of the invention and that modifications may be
made without departing 30 from the spirit and scope of the invention as

set forth in the following claims. 19 CLAIMS 1. A data cleaning process,
comprigingihe SipRe.Rfi/oading driakonmadichahiaashnorepureeusing said
systems to a tommon format 5 for data cleaning using an extract,
trarssformationmahdddagh ol consiediagad atiloaded from the at least two

source systems using data formatting.utiliti [ ities;
porGFOTE AR ERBA AT oL i e fia a8 LA
salecing taapiioskyO st sgutemsy stasir thereping actieam gatelaserity

containing: unique data identifiers for each data element from said at least
WoaBbEPtECs eI CPABBMBFA master table of data elements and

source%% S rﬂiﬁ%@%ﬁ&gtﬁﬁg&i&% {%Qﬁ@aaé@é%gemg.best value of each

of said data elem attaching a note to each of said data elements

provididgtagditiénakthndersiandingsot saidaatysstanseior gadhmedigadnimgque

notes jn said master table of data elements and sources; creating and
ﬁ%ﬂ%“é?cross-reference between said unique data identifiers; 20

maintaiging fraceakil iR salckaaures: e wrakrachighealdidalaments

elements; crealing a unique reference number for each of said data
elernetitse enabliey spedideh pyetéiyisaiid software tools to receive a

unique e e ntlication Rumper 2R RIIAIARG o IRdsRee. Master

data itel? g said unique id ation’number; loading

GaRgisiah e rmalizeh] ascoetbafiatichdriaframsaid clean database into
a format required by data systems and software tools using said data;

2. The data cleaning process of claim I, wherein said data validating step

further includes the steps of:

normalizing said data loaded from at least two source systems 10 a

common format;
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20 creating standardized data cleaning and management reports using
said consistent, normalized, and cleansed data; and updating said
consistent, normalized, and cleansed data by a user 5 without updating
said source systems, wherein the step of selecting the priority of said

Sourceaﬁgﬁgﬁ'??gcﬁﬂﬁﬁ’ﬁ@ﬁﬁta‘iﬁi@ﬁmtﬁ‘@ Syrmbehdoumate data

elements; determining the number of said source systems for each of said
uniquefldeginsianmaiid; Lrsetestireys artsaiseime ittanidsnelerm dpsaryiew:
unigue data elements according to a user specified priority; and updating
48 priority for a particular data pull by the user; and maintaining a

historicgkregapckefalmsioskiizationsm kb RaShawdasawleaningptecess of
claim 1, wherein said data validating step further includes the steps of.

normalizing said data loaded from at least two source systems to a

g‘.’mmofﬁé) E{n%tc?élaﬁfﬂgi)%g ‘éE‘ng*%S«a&éd&PH{Eeq{ﬁée@ai oA eERBE:
agging hvaid. Unreco zed an missing item identifiers for review; and
bateningesdid stata loaded from at least two source systems. 3. The data

cleaning process of any one of the preceding.claims further, c risin

the stepE RS ATEARLLEABIR 15 ISR IbAE B BA Toth el or X"
EC?E{&%lerﬁVStemS; and providing an audit trail to previous values of data
td be puiled as of a historical point of time. 4. The data cleaning grocess

of any opeouiding pressdihg SlbimBrRIFABS VUSRS SR e gPsbRs of 2

tgeating ne cour}:ﬁre orts; tallying the number of said unique item

iSRS RPEMIE Wit Ear table of

4. The data cleaning process of any one of the preceding claims further
comprising the steps of:

creating line count reports;

tallying the number of said unique item identifiers in said master table of
data elements and sources; and

cross tabulating said unigue item identifiers against different data

elements.

3. The data cleaning process of any one of the preceding claims further
comprising the steps of: 4

¢reating high driver reports;

prioritizing items for review; and

identifying obvious errors rapidly.
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data elements and sources; and cross tabulating said unique item
identifiers against different data 20 elements. 5. The data cleaning
process of any one of the preceding claims further comprising the steps
of creating high driver reports; 25 prioritizing items for review; and
ifentifyjng abuiQUs LRFHraRdYof2m$ chkedaliz plrarifia PHsRES Airtin
one of the preceding claims further comprising the step of: enabling
clenpd doupthatstepeaining by providing a data cleaning user 5 interface

that enabl a,% sai (3 usec{lf pcga%eérgé% §§ﬁ yg%m%%ﬂgt@a?g Qger

SOUI’CGg a?a cle |ng process one of the prece |n alms

furtherccampeaitl dhesstepsofo ipdprroxidgconsistesis nﬁdmtahzhduand and
cleansed data of said master table of data elements and sources;

RIS inventory optimization of stock level and reorder points using a
strategic inventory optimization model using said cleansed data; providing
a spares analysis including stock level and reorder point 15
recomriiérditiandcandgreating repans B Tt hiapretednagloipesessigher
claim 7, furthe r |nclud g the steps of extracting and converting data from
SAPRRRLLRS: a elements 20 and sources for said strategic

inventoﬁ%ﬁn@“ﬁié@&&m@ﬁ@|ﬂ@%ﬁa¥&%mﬂr@§ﬁiﬂed&tatﬁr@lﬁssﬁldnaswr table
strategic inventory optimization model to said reports for said spares

afalgtisIsoemiseaaBeBIsaking process of any one of claims 7 or 8,
further | o %Jaq 1%‘\%1‘?{8%? @gti%ﬁgﬁﬁgﬂ%%@@f&%?m@ﬁér points using
a strategic inventory optimization model using said cleansed data;

providing a spares analysis including stock level and reorder point
recommendations; and

creating reports.

g. The data cleaning process of claim 7, further including the steps of:
extracting and converting data from said master table of data elements

and sources for said strategic inventory optimization model; and
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reviewing said spares analysis using reports and web views; and
exporting said stock level and reorder point recommendations, strategic
10 model inputs, source system information, and comments from said
strategic inventory optimization model to a data repository. 10. The data

cleaning process A LASH lfiea 440:2 iftiesndpding d8isiapgel to

of. 15 exporting said stock level and said Teorder points to an inventory

saahagemefosysidspans apdisitsg said inventory management system
for said stock level and said reorder points to an inventory management
data warehouse for asset management. 20 11. A data cleaning system

arrangqehQiRer fgEIniRG SheRe &f dnyRresediieisiainTy 24 &, further including
the steps of:

approving inventory optimization;

reviewing said spares analysis using reports and web views; and

exporting said stock level and reorder point recommendations, strategic
model inputs, source system information, and comments from said strategic

inventory optimization model to a data repository.

10.  The data cleaning process of any one of claims 7 to 9, further including
the steps of:

exporting said stock level and said reorder points to an inventory
management system; and

updating said inventory management system for said stock level and
said reorder points to an inventory management data warehouse for asset

management.

11. A data cleaning system arranged to perform the steps of any preceding

claim,



