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RELAXATI ON AND SUBSET OPTI M ZATI ON SYSTEM 5 CROSS- REFERENCE TO RELATEI&DMAY 2006
APPLI CAT NG3/048893 appl ication relates to co-pending and by filed
Application No. 09/999,078 (Attorney Docket No. DT.0106) fi ed Novenber
30, 2001, cntitled "Selective Merchandise Price Optim zation Mechanisnt,
by M chael Neal, Krishna VenPATENTRAPPREBAPEONI n, Suzanne Val entine, Phil
Del urgi o, Hau 10 Lee, and John C ose, which is incorporated by reference
herein for all purposes. BACKGROUND OF THE | NVENTI ON The present invention
relates to proRULERERAXAPON ANIFSUBSEI OPTIMIZATION SysitEmal i ty of
products for a plurality of stores. I5 ITn DUSI NessSes, prices of various
products nust be set. Such prices may be set wth the goal of maxim zing
profit or demand or for a variety of other objectives. Profit is the

di fferehce between CRIONS-REFERENCEHIDO REUATEDAPILICATEONSevenue is a
function of demand and price, where demand is a function of price. Demand
may al so dependl‘lnma;liﬂiEatdﬁyretaiesttheonemi{ng hitBednict@ernfy filbé Apphéatiohhe price of
related pr e location _of a store and varlous ot her factors. As

a result, 8)‘1‘; Zq'?é’tq7§:(AFt8¥neyﬂ9F\§?§ﬂ‘{% 0 Hiop-filed Nexerber 9@raP0konpl ex. Cost s
may be fi X4hriflbd “RILARE 10 RY PRE oﬂﬁ&%ﬁsﬂw&fl fGHRT Mithadt TesUlt, the

function for forecasting costs nmay be very co a c%a| n of stores
with tens dfed anmimad&nbdtraﬂmdnt Robmrlqm@dumValémne,dﬁfil]Dﬂgrgmﬂiam and
determning a f for recastin d ar The 25

enor not& a%tﬁ?n?‘ig"f@imgﬁ? IHTSPTPRR g%ﬂﬁ'cré @B’EP@P% nations are
too cunbersonme even when done by conputer. It is deS|rabIe to provide an
ef ficient process and nmet hodol ogy for determning the prices of individual
products such that profi (BAGKGREAINDF RHEMNAVENTIONDb] ective) is
optim zed. 30 During optlmzatlon it may be found that one of the

nfe

plurality of r u'fﬁ%rﬁd%sgg inveif %ﬂpﬁs %) provf’jc‘lmg op%mlgecf) pricing I £33'0bdel 52

the optim zatio
plurality of products for a plurality of stores.

may stop

15 In businesses, prices of various products must be set. Such prices may be set
with the goal of maximizing profit or demand or for a variety of other objectives.
Profit is the difference between total revenue and costs. Total sales revenue is a
function of demand and price, where demand is a function of price. Demand may
also depend on the day of the week, the time of the year, the price of related products,

20  the location of a store, and various other factors. As a result, the function for
forecasting demand may be very complex. Costs may be fixed or variable and may be
dependent on demand. As a result, the function for forecasting costs may be very
complex. For a chain of stores with tens of thousands of different products,
forecasting costs and determining a function for forecasting demand are difficult. The

25  enormous amounts of data that must be processed for such determinations are too

cumbersome even when done by computer.

It is desirable to provide an efficient process and methodology for determining
the prices of individual products such that profit (or whatever alternative objective) is

optimized.

30 During optimization, it may be found that one of the plurality of rules is

infeasible. Sucha ﬁnding of infeasibility may stop the optimization process. It would
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3 0 MAY 2006 WO 03/048893 PCT/ US02/ 36710 be desirable to provide a

of handling optinization when a rule is found to be infeasible. It 3[1;MAY 2006
desi rabl &0 es/apsdat e prices as new i nformati on about the Rqaie/567261d
conpetitive environnent is received. Exanples of this type of information
woul d 5 include product cost updates, product addition or discontinuance,
and new coppelesitabletorodde e mellasiofhandingdptimizatide attiey a ruleénfoand sebe r ecei ves
new i nf or mat they would run a secondary optim zati on over a whol e

pr oduct cat“éf%‘?n?} This would allow the optim zation to fully capture all

of the conpl ement Rdésipdbik oUIPpEhte ke neﬁlflﬁﬁ‘ﬁﬁlﬁtlérﬂab%ﬁ{ﬁﬁtpk&ﬁhcis%dnew set of
optimal prices. However, if the cost of chan r| ces is not

negl i gi bl e compelitiveemvitonmarids mawgqi ngxgmple tbns tmelo prigtoetion weild whol e

pr oduct cate |ce opi | m zation, the
prices of hu%‘ga%pdgwcft%{teggatgse? e sgltdltBﬂ rﬁ%ugrgir}%‘ 0?‘9 "tes. It may be
difficult tcompeaiévesprivechr bhse ickdata. Gdeallf) Whkisa et feeive@avgRformblioQUMVARY OF
THE | NVENTI ON To achl eve the foregoi.ng and ot her aobjects and_in accordance

with the p&he;yo\y@d &0 8 preopdary @ﬁtlmrm@rhwt‘éﬁ whelgprodes calseoyo Eﬁm\mjd a

or ovi ded. ARerhs PRABRCPE AP LREE AlDr R Prllnirld A IEERARE, e

stored. A sfifes®tn sdleqoing dhechesv sdt of bpnm:illprmés tHowévepnf)ﬂhﬂ«:bst of shatg#iggnat ed,
where t he nunber of cts.in the subset, of Iﬂi‘fRf%S |.ess than the
§

nunber 1bf pﬁweﬁaﬁ@pgn?%vgf ® BHBHZRHPR prbe aas'a\a@&s%s FOP WIS upset of
products ar, {&H%go‘?fm Wot bedadphnkai ning the initial prices of products
Ipa?l ty o (% %

of the plu cts that are not in the subset of products. 25 In
anot her enbodi rerurmgfa frive qptummtmn,rthe priceap Anadreds dfotemsonayuite setyfoa '

Comput or Rt B 0ol ey Yerealad wedbrieed s oRos BROPER ) cacabl e

medi a conpichggs. conmput er readabl e code for storing initial prices for a
plurality of products, conputer readable code for designating a subset of
products of the plurality of products,

SUMMARY OF THE INVENTION

To achieve the foregoing and other objects and in accordance with the purpose
of the present invention, a method for computing a preferred set of prices for a subset
of a plurality of products is provided. Generally, initial prices for a plurality of

20  products are stored. A subset of products of the plurality of products is designated,
where the number of products in the subset of products is less than the number of
products in the plurality of products. Prices for the subset of products are optimized,

~while maintaining the initial prices of products of the plurality of products that are not

in the subset of products.

25 In another embodiment of the invention, an apparatus for computing a
preferred set of prices for a subset of a plurality of products, comprising computer
readable media, is provided. Generally, the computer readable media comprises
computer readable code for storing initial prices for a plurality of products, computer
readable code for designating a subset of products of the plurality of products,

30  wherein the number of products in the subset of products is less than the number of
products in the plurality of products, and computer readable code for optimizing
prices for the subset of product, while maintaining the initial prices of products of the

plurality of products that are not in the subset of products.

-2



30 wherein the nunber of products in the subset of products is |less than
the number of products in the plurality of products, and conputer rehbbi¥bf 206
code for vop03/edsgd3ng prices for the subset of product, whepdweusmisgia ni ng
the initial prices of products of the plurality of products that are not
in the subset of products, 2 3 0 MAY 2006 WD 03/048893 PCT/ USQ02/ 36710 In
anot her enbodi nelftangther ﬁ‘@b‘i’ﬂ{?@ﬁ"tqfdhe, inyenionn g method fortettinggprises B84 for a
subset of PEALGEBrdAcR oﬁagmélwxfg{?daéte%@sade& @g&i&k@&gme i4n zed prices
for a product category are received. Every Itemin the product category is
priced accopdiatgategoryhaee reeeiged: dveppitemiiz éa prodwwesategddeyy islipticedi s t hen

provi ded. New prices, 5 for the.subset of_ products of th rqduct, category
are then ret&p ét@t_om"efecgeltvﬁ ogtgglggcfpnqeg. Eﬁm%& lstﬂI‘Fé‘rPr?Yfgf_"Br WietcTat egory,
and whese t{aetHeQuBie! 8€pRRANCH bf HE Prédfubt GEPBHPAE thenP¥cehddl Whbreitid fub8dt Prices
for a plurality of products, designating a subset of products of the
plurality ofspebentbanthepreflugheategorhand thefecpivedinew prices arhgenstdtebt  of

products ;s l.ess than t.he nu rQf products, i.n the plyuraljty,of oduct s,
P ont tm S inddH pljes PHE Bk L RRTNE detiBuiE sRubidptibafis B D6
freezing th@ephirilitflof prdduets, Dt wiepsithe hEm®Er ofifReduetsinahd Subs@bf proadutst s i n
t he product cat egoréthat are not in _the subset of products.  Prices for

¢

the subset isfesstlhamibe sumper af peasdusistin tepdiralityplProdugis, andaptivieing pricssr i ces.
| S of . -5 _ . e
o Erouber, APRBAEET ulenblot BYATAL SRR e MRS RISRRlrRB g 20 1 1 2

uerices 0 tructions N~ execut ed
by a 15 pr Othepli@ﬁlitye)ﬁ?ﬁﬁl&cﬁs e the pasiRs Setegody thanaiyhet ia thy afbe¢tiof gralattsof
prices for a_ subset of a lurality of products is provided. Initial prices
for a pl ur sy forrthe pehseicaipregustsardthen set ascodmgde therregpivednewsprises.t he
plurality of products is designated, where the nunber of products in the

subset of pr 9duCfsylothel ERBodifiefh dife AVERRN, AL AE Sedd chbSIpA 2 1Y of

products. Prices for products 1nthe s are optim zed,
whi | e 20 nedantieri wavegnt] hepresentingseqpericeesf iaftrptiodsivhich ofheh lerequtedrtgld ty of
products that are not in the subset of progucts. In ,anotjeggr enbodi ment of

the i ndent i FRCESHy FRUSCHIDE RINSESSOT © Gompytefupreteried sptaf priges . syeset o &l urality
of product splafGitySéreGuctdis Privi&ld. Fhithl s To?r_a:?lmraﬁﬁf JFppsdflcista¥e Qbredpr oduct s
i s designat'ed, where the nunber of products in the sulgset of products is
| ess A subset of products of the plurality of products is designated, where the number of
products in the subset of products is less than the number of products in the plurality
of products. Prices for products in the subset of products are optimized, while
20  maintaining the initial prices of products of the plurality of products that are not in the

subset of products.

In another embodiment of the invention a price database is provided. Initial
prices for a plurality of products are stored. A subset of products of the plurality of
products is designated, where the number of products in the subset of products is less

25  than the number of products in the plurality of products. Prices for products in the
subset of products are optimized, while maintaining the initial prices of products of

the plurality of products that are not in the subset of products.

In another embodiment of the invention, a method for obtaining optimized
price data on a client system is provided. Sales data is sent to a server system for a
30 plurality of products. Optimization preferences are selected. The optimization
preferences are sent to the server system. Optimization prices for all of the plurality

of products are received from the server system. Additional sales data is sent to the
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25 than the nunber of products in the plurality of products. Prices fo
products in the subset of products are optimized, while maintaining §h&8AY 2006
initial wwoexmssB products of the plurality of products fdrasoaseimot in

t he subset of products. In another enbodi nent of the invention, a nethod

for obtaining optjm zed ice data on a,client system.i s provided. Sales
data 1o sontEQDsiegLy & aHoE] STEHITLE sSofl T i Ssthrobr A uget b b

Opt i m zat i QBrvef SRIENE @8 wakEofStRsEAN plibss PBPh kilséedftROpluklligf 6F ences are
sent to the server system Optimzation prices for all of the plurality of
product s ameodugtsas vesdived,onere thegwmper ofgyedusts inshiisubiseirialessthprthedat a i s sent
to the 3 30 IgAY &gOG \r/\Q03/f0r4 %é’t PCT/ US02/ 36710 server system A subset
constrai nt &L ?Bhl.a‘ﬂllg B5SET constraint is sent to the server
system _A new set of_ optimzatio rices for suhs of th lurality of
product® is r eczf‘ %‘&ﬂ‘eg\?ﬁ%l?oémf’ﬂg OE Yengfm’pf’rlf}%e‘?gmﬁlﬂ“?lﬂg aé’ﬁﬁ@&i’ s less
than the nuRehodf pluRitpbreiadtérs Ys SovidERINR bBtimatlifn ARifahecbadi nent of

the invention, a nmethod for formng a plurality of stores into a plurality
of cl ust er plirslifyrod siogksdto ohfpimindividuah storsrprices. pBlrer individpal gpretpriees Feural i ty of

stores to obtajn indvidual. store priges...The.indi vi | y.St Qr j.ces are
used to cr é‘é‘f‘g{ot%%at%hﬁrp \n {JV ngduc,sf St‘g‘P él?n%lﬁg%o& ?’%ﬁ?ﬁfﬁrglr@fogrc E’tsﬁg Igl urality
of cl uster%c}fgmé)ﬂbfdb[mdlugt@r@b@e@j n cluster prices. 10 I n another

enbodi nent "of the invention, an apparatus for formng a plurality of

stores into a plurality of clusters is provided. Conputer readable code for

col | ecd ng st or qn aR&GEA drfbddivhextBreGRvéntioR) M\pPaidtus GorforhRi aradidy e code
for optimzing conbinations for each individual store based on the store

speci fi'c ioffstoresdnioorpliralipy ofdlerters isquoyideds rComputeiieadablaiode &0 creati ng

clusters based on the 15.cl.oseness of th i el combi pat i IS provided.
I n anot her °é’ﬁf>°c§mgﬁé%? S%fcﬁgct Wio&npﬁ?n ﬁrp&/‘i“gﬁdgg& Oﬁmué%rsre%géa:bpﬁ ctogér:g&i s provided.
At | east ongtindifih@tdibinkflons fBf é4eR iRHVidHE] Sfré Bided On MY dtorepstifnd a plurality
of values iS generated. The determined plurality of values is used to
gener at e arinfortiiéen is prosviideds | Grmputerapadeblsicods fos sreeting glistepbasedaithene

| terat '1? : icrl]os%rrxlesisr(]) -h%%tpgﬁla%onslf)iggtﬁgnis cl;saﬁg%dgé.
In another embodiment a method for providing prices for items is provided.
At least one iteration in a price optimization is performed and a plurality of values is
generated. The determined plurality of values is used to generate an indicator of
significance of price change. At least one iteration in an indicator of significance of
20  price using the price optimization is performed to obtain optimized prices for the

items.

These and other features of the present invention will be described in
more detail below in the detailed description of the invention and in conjunction with

the following figures.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

FIG. 1 is a high level schematic view of a price optimizing system. -



20 price using the price optimzation is performed to obtain optim zed

prices for the itens. These and other features of the present invent3®MAY 2006
will be sasewisbesd in nore detail below in the detail ed dgsegdopbéam of the
invention and in conjunction with the followi ng figures. 25 BRI EF

DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated by way of
exanpl e, and notFIFy2imlighieve] flen chart efa plie aptinizdtipnpeecess. t he acconpanyi ng
drawings and in which like reference nunerals refer to simlar elenents

and in which: FI d | | ' [ . iLce optim zing
system 3 0 MAY @80% 1‘%/5)“’%5%%!fgg’g%lgﬁ%%@é%%h%é"ﬁ@flg“cgng{é’e'hi gh level fiow
chart of a price optim zation process. FIG 3 is a nore detailed schematic
vi ew of an econdi6t fiica mog detailedStkamaticivievaofar eptilsivatidnethgiehadat i ¢ vi ew of
an optim zation g{(\)gl ne and support tool. 5 FIG 5 is a block diagramto

i 11ustrate UBRI' O t he transaction costs that occur in retail businesses
of a chain of stores. FIG 6 is a flow chart of a preferred enbodi nent of a

rul e ref axati on FIGOS@ssblock Higgra foSiliadtraby/ @ df thé @Msalidntcodth ddit BEQEESS t hat
uses subset optim zation. FlI 8 is a nore detailed flow chart of an

enbodi ment iBfetail busipeseas of srohpingaf gigres10 product category within subset
limts. FIG'S I | t te ich forns part of
s 1 < Yo, 2R b R T T S . 2

invention. FIG 10 is a schematic illustration of an enbodi nent of the

invention that HGNZis ansvepalbflowa chet ufd frocdss thak Gses bitbsesoptirgizaticavel fl ow
chart of how a clustering process mght be used. FIG 12 is a nore

e pri ces. by s 8% sete e thok ol dmaembegiboln SR AGONERE of ( he
inventy@n. Jrbdact dredoty FithiPMbE nlits0f anot her enbodi ment of the invention.

FIG.’S 9A and 9B illustrate a computer system, which forms part of a network

and is suitable for implementing embodiments of the present invention.

FIG. 10 is a schematic illustration of an embodiment of the invention that

functions over a network.

15 FIG. 11 is high level flow chart of how a clustering process might be used.
FIG. 12 is a more detailed flow chart of a clustering process.
FIG. 13 is graph illustrating item prices by store.
FIG. 14 is a flow chart of another embodiment of the invention.
FIG. 15 is a flow chart of another embodiment of the invention.

20 FIG. 16 is a generic flow chart of an embodiment of the invention.
FIG. 17 is high level flow chart of an optimization process.

FIG. 18 is a flow chart of a generation of a significance of price change

indicator process.

FIG. 19 is a more detailed flow chart of the reoptimization decision process.

5



20 FIG 16 is a generic flow chart of an enbodi nent of the invention._ FIG
17 is high level flow chart of an optimzation process. FIG 18 is a 10 J4Y 2006
chart of a generation of a significance of price change indicator process.
FIG 19 is a nore detailed flow chart of the reoptim zation decision

process. 5 FIG 20 is a flow chart of an image netric generation process.
DETAI LED DESCRI PTI . 2¥risEHovRiaR bRREM A BERic\MehERichipeodessesent i nvention

will now be described in detail with reference to a few preferred

enbodi nents thereof as illustrated in the acconpanying drawings. In the 5

fol |l owi ng descri plyiofh it RYTSAQUSPIRAG i -kl Bhikkorih Initinhaflfs | n o der to
provide a thorough understanding of t(N€ present Tnv . w il be
apparent, however, to one_ skilled in the art, that the present invention
may be practiced whemstsentduientioy will nowdse desdnbedinslotad iwithgeféener ths fown ot her
i nst ances, : s have ngt .been

descri bed iﬁ‘ﬁ%‘?‘?%ﬁ%@ e?ﬁl'? %Bﬁ%? mﬁsﬁ%gfens@%%ﬁ%ﬁég %"g'gl gl.(li rraewq.%se%bl;hgsent 10

i nvent i on.3 Tofollawingideseriptiefi, pemersnapecifi¢ Gitails aressetfosth hesrdéri to proiviaof a pri ce
optim zi ng i ch e used.in_ru rel axati on and subset
optim zati on.stt16 géﬂ ptgll%gresm\ﬁ%ﬁl f’?nﬁg%rnegen% §/‘%’F’§}%n16td’“hg’ﬁﬁ?ﬂa§e %HWG@EJ?IBWH ric
engi ne 104, askilledamthicatt, thaicbd presenginnentid® fay Beiplagickdivabdit eemending 112, and
‘a support to,&l}S 116. T%%.lec]ol{lq%gtri c 15 ine 104 is connected to the
optini zati on EngrREHEdsRils, MSERCESUVHLRogR Progess sikpy ARk shi¢uEhgi ne 104
is an input diavé he be@i ddsbial iOfetATidioRRr bldt ukleestarilpSsb @t thePodels €ngi ne 108
i's connected to thhe optimzation engine 112, so that the output of the

fi nanci allonDdEYenEﬂ’bi ne 108 is an input of the optim zation engine 112. The
optim zation engine 112 is connected to the support tool 116 so that out put
of the 20 optim zeru)ifammena@'asa@ssfba,zl:ms1waoséhaﬁﬂicawm%cégpmgmgupport‘ t ool
116 and output from the support tool 116 may be provided as 1hput to the
opt i mi zat i on SEHER 18V Fiych mpebe wsedingrisrelpxatiomgndebsebeptimigations heprichange dat a
with the finapamdlind@eeh 1809bMristdsh ccbforh@fid idiRl®s WEeLSLARMNN9. FIG 7 is
an overall flow chart of a process that uses“subset optimzation 700.
First, a prodtgine {8, apeptimizatiogsnging ¥ ¥ aridsa sppdotbpl 116, The ceomamelrigr oup i S

defined 3§ a cighe 24 BeBHMEES 1ot HALptRLiLat RN RELhd HLES, Rt e outtput gpatitutes for

econometric engine 104 is an input of the optimization engine 112. The financial

LI

model engine 108 is connected to the optimization engine 112, so that the output of
the financial model engine 108 is an input of the optimization engine 112. The
optimization engine 112 is connécted to the support tool 116 so that output of the

20 optimization engine 112 is provided as input to the support tool 116 and output from
the support tool 116 may be provided as input to the optimization engine 112. The

econometric engine 104 may also exchange data with the financial model engine 108.

To facilitate understanding, FIG. 7 is an overall flow chart of a process that

uses subset optimization 700. First, a product category is optimized (step 701). A

25  demand group is defined as a set of products that are substitutes or near substitutes fo'r
each other. A product can belong to only one demand group. A product category
consists of one or more demand groups. FIG. 2 is a more detailed flow chart of a
preferred embodiment of a process that utilizes the price optimizing system 100 to
optimize prices for a product category (step 701). The steps of FIG. 2 start

30 atstep 200 as shown. Data 120 is provided from the store

DEMIP009.WO 6
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each other. A product can belong to only one demand group. A product,

category consists of one or nore demand groups. FIG 2 is a nore det 3i0 Y 2006
flow chart of a preferred enbodi ment of a process that utilizes the price
optim zing system 100 to optimze prices for a product category (step

701). The steps of FIG 2 start 30 at step 200 as shown. Data 120 is

provi ded fromcolpuist sysembEM bREOSGonddihc SRNDIBD (sHpEB4)] Cenbraly¥he@dS 3 0 MAY

2006 conputer ste 24/to t he econo ric _engine_ 1l ste 204) .

e S o I S R B S EERR T S R Eon kB s iy be

poi nt - of - sal e prétfut iRk &idn, andls@E¢ Eiformafied. nnfele@dalome@id cAgifd F04 pRbEgRL i on.  The
t he, dat to provide demand

econonetric eng%g ﬂ2§4 processes

coefficients BI040 pIoy eﬁﬁrparé@@éfﬁcﬁptsd%ésﬁﬂ%p@fo’é%]i?éf’fﬁg@“’é‘l‘]at may be
used to es}ing @aﬁéﬁmmm(mwéﬂam%@th&ite absR (G&ﬁxh@édm)gweﬁeéﬁdﬁgma&em tions
(1.e. a partlcul ar store’in the chain), including a’price point. The denand
coefficients romditions (i éWlaé’éaItS@fﬁ iethe ghaini inclpdingia piggipoint. 1 The destang 212) .

Addi tional  prgggssadsahe o0 be

provided to the optim zat %ﬁﬂ§5%%%%9%3 {}ﬁneeﬂgégtﬁ% %ﬁ Kﬁ%‘e?ﬁ%ngl ne 108

may receive d@rcazem@d&ta fmntﬂha@cemmm@mgpuﬂ@ﬁ mag ylso beprottided fogbep 216) and

processed dat (% ec? nmetric engine 104. The data 132 received from
engine

the stores is eneraqy cos reI ated data, such as average store | abor

rates, average distribution'center |abor rates, cost of capital, the
average tie it tdhefnaciebmblobengie H8amyaeceive data (82 fromithg siab cqsmpxderct, how

long it takes t St ei ved t. of . product .and.fi ost dat a.
The financi al ® e &aﬁﬂ?%%l%iﬁ%f SSCS:ﬁS @EECOB%‘P?F? EnEtRe {;ﬁde[%g vari abl e
cost and fi )l;edaﬁﬁQSI receivedofaah theRidresdé g@fgﬁﬂy%%st tdrllht@i da} QUcR af éx'ie%gegt%? . The
processing by, the econometric engine 104 and the ing by . the
fi nanci al é%tb%ﬁ‘ rfyerpgdiptrbu abay 135 aqu @stﬁ %Y&fa&e fiag it o

provi ded fromk%hﬁcismeﬁteecaanlanrmdﬂbreﬁgbﬂﬁom hbm&ﬁgeltsalaésltaktéé!&a on engine
112 (step_224). 20 The optim zation engﬁge 112 utilizes the demand

coefficiehts I%‘VF%“’E}F@EPF@“St ang &ixgdhepst tH@rﬁnawé megeliengiral Pbmakengi ne is
abl e to forecagfedenBng @bev%%tvaﬁﬁle @ost Sl o ?@&hzﬁ'ﬂﬁ oPhRARY: PR

conditions such as store displays and ads to ca
store (step 220). The processing by the econometric engme 104 and the processing by

the financial model engine 108 may be done in parallel. Cost data 136 is provided
from the financial model engine 108 to the optimization engine 112 (step 224).

20 The optimization engine 112 utilizes the demand coefficients 128 to create a
demand equation. The optimization engine is able to forecast demand and cost for a
set of prices and promotion conditions such as store displays and ads to calculate net
profit. The stores 124 may use the support tool 116 to provide optimization rules to
the optimization engine 112 (step 228). The optimization engine 112 may use the

25  demand equation, the variable and fixed costs, and the rules to compute an optimal set
of prices that meet‘.the rules (step 232). For example, if a rule specifies the
maximization of profit, the optimiiation engine would find a set of prices that cause
the largest difference between the total sales revenue and the total cost of all products

being measured.

30 If a rule providing a promotion of one of the products by specifying a
discounted price is provided, the optimization engine may provide a set of prices that

allow for the promotion of the one product and the maximization of profit under that
DEM1P009. WO 7
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profit. The stores "124 may use the support tool 116 to provide ,
optim zation rules to the optim zation engine 112 (step 228). The 30 MAY 2006
opti.m zation engine 112 may use the 25 demand equation, the variable and
fixed costs, and the rules to conmpute an optinmal set of prices that

neet, t he ruI es (step 232). For exanple, if a rule specifies the

maxi m zati on i I i of prices

t hat cause tﬁ;gnfig%eis}%e%???gﬁgg%@g%%eﬁ%hg%?%loﬁﬁl H% revenue and the
total cost of apimizmglensof sples aip predict audiongaints sush aad lenip isbe wiriatom
pronotion of qpg.of. the products by specifying a discounted price is

provi ded, the optim zation engine may provide a set of prices that allow
for the pronotion of the one product and the naxim zation of profit under
that DEM P009. WO ‘Wlknpyofitis mmalze@, iemepbe minimiged fomdisuh ofiall Measured| es

normal Iy incl zi ng

vol une of gal ('i)‘ij@dg agg%ho u%’%{ﬁgn éonzil (rﬁ'g‘?%!t h‘%%it ﬂ)rrg;c'hltx?d%%{i uaﬁ)ﬁ}ofi Ea'et’
variation of bptingemsiidimvprotitimatesbjeesivewinecimizing tasl pbefitn@ké mi zed for a

sum of all ed..5 maxi.m za ma m ze
profit for ea(a:é‘%%1I n?%&f“\’/‘? OVIﬁeS arpglgﬁls?' O?V%E S SHERASi oﬁé?gﬁ%lplf’ﬁfée?g%demap mat e

obj ective of mqlxamnmap@ehm‘dad) pipvidt itte. opﬁhﬁzau&pindrfb pidivide A phitdlity 6mhis
plurality of val.ues. suck pt i mi ze%trgrl ces. The denmand equation may be

used to provi &H35EASHT ‘?‘?1’?%1‘!‘5 o8 YPSvi de a plurality of values such

as elasticities, margins, cost, and revenues. 10 O her enbodi nents may use
ot her types of opt Dm@ambmmmmeﬁsmtmm&f@pﬁmmmomhﬁdm ot her
nmet hods to gener at Iura f _val ues. The ti (preferred) set of
prices may ber‘]lg de‘f‘?‘lfﬁﬁaﬂlﬂé’h(? Fﬁ?%ﬂm?rﬁﬁﬁplﬁﬁlﬂg’l ma]ﬂl?)sthe support t ool
116 so that the stores 124 may use the user interface of the support tool

116 to obtain the cméoptmalgﬁéfe@éd)pestlo«fpﬁcesatabeésmﬁbmdﬁemﬁhﬁoﬂs@neto 15
provide the o ces to the stores 124. The price_of the

et
products in tﬁiﬁ 05416?‘&’?011*2@ sodhat ths stqres Gﬁm%se@evseafntefapee%th?step 236) ,

so that a maxismpedltbdln10to obHIPﬂ'hE Bpﬁhal%@l@f&lﬁ&eso@ﬂﬁfﬁiefh@dd RafedUsByRA. In step
238, it is ascertained whether optim zation should be continued. If the

deci si on ith sPEyidedbe opjimabset ofnricatt the stores 124. The price of the products in the
stores 124 is set to the optimal set of prices (step 236), so that a maximization of

profit or another objective is achieved. In step 238, it is ascertained whether
optimization should be continued. If the decision in step 238 is to continue
optimization, the process of FIG. 2 returns to step 204 to continue optimization. On

20  the other hand, if the decision in step 238 is not to continue optimization, the process
of FIG. 2 is done.

Each coniponent of the price optimizing system 100 will be discussed

separately in more detail below.

FIG. 3 is a more detailed view of the econometric engine 104. The
25  econometric engine comprises an imputed variable generator 304 and a coefficient
estimator 308. The data 120 from the stores 124 is provided to the imputed variable
generator 304. The data 120 may be raw data generated from cash register data,
which may be generated by scanners used at the cash registers. The raw data may be
processed to create imputed variables. The imputed variables may be used to estimate
30  parameters for a demand equation D(x), which may be used to estimate the amount of

sales using variables such as price.
DEMIP009. WO 8A



optim zation, the process of FIG 2 returns to step 204 to continue 0
optinmization. On 20 the other hand, if the decision in step 238 is no? J@Y?Mﬁ
continue optim zation, the process of FIG 2 is done.. Each conponent of

the price optimzing system 100 will be discussed separately in nore .

detail below. FIG 3 is a nore detailed view of the econonetric engine 104.
The 25 economet I i CleNGeRfes efiBdiRER o el R b ra0F BREAts 304 and 2

coefficient estimtor 308. The data 120 fromthe stores provided to
the inputed v&riruaiedandpmarkst shpredByfor T pastieitar protingt isrealculiated; svihatalemanbner at ed
from cash regqi ; 'WolaB @gﬁm ‘%gﬂgg,t anpners.u at the
cash register§§5$ﬁggﬁgﬁﬂg3¥ghﬁg§ e Q%? cessgdgggg%giéngFﬁ%ﬁ?@ggeariables.
The inmputed variables may be used to estinmate 30 paraneters for a demand
equation D(x), which nmay be used to estimate the anmount of sal es using
vari abl es such as price. DEM 1 P009. WD 8A 3 0 MAY 2006 3 0 MAY 2006 In a
preferred enbodi nent of the invention, sales for a demand group (S) is

cal cul ated and a market share (F) for a particular product is cal cul at ed,
so that demand (D) for a particular product is estimted by D=SF. A denand
group is defined as a DEMLP0O09. WD 8B 3 0 MAY 2006 WD 03/048893

PCT/ US02/ 36710 col | ection of highly substitutable products. Mre preferably
the creation of the demand nodel relies on a m xed-nodel framework,

si mul taneously utilizing information across all stores and products in a
client category, where a category is defined as a collection of
substitutable or conplenentary products. The m xed nodel 5 nethodology is
also referred to as "Bayesi an Shri nkage" Mbddel i ng, because by conbining
data fromvarious stores and/ or products, one can "shrink" individual
paranmeter estimtes towards the average estimate, danpening the extrene
values that would result if traditional regression were used. In

devel opi ng product-1|evel volume nodels for each store within a chain, one

DEMIP009.WO 8B
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10 may be presented with a wi de range of historical data in terns of

model i ng sufficiency. For some stores and/or products, the history w B0 M¥ 2006
qui te ri wooxu4gde3many price changes and a variety of premyisess¢rast erns.

For other stores and/or products, the history will be quite sparse, with

very few prige changes.and little pronotjonal _activity. To peximze the
stability Sf’ﬁ%‘gpf’r?g?’@zﬂ st ﬁeaﬁ’FBfl‘é‘rt&MBFf‘eprﬁfe?ﬁy BesEsetien oihedevel opi ng a
singl e regigsah@hodBreliefs PmixcAtRbES AR ?k,@fn&ﬁ*é’iﬁ&oﬁxsly-r\ﬂ}lﬁi/ del mi ght

have stable parameter estimates; however, it wo not “fu everage the
st or e and/ anformpatahasross allistised andyprodusts inheliemsnategoryy wirexted catagatydis| i kel y not

predict wel]l .for a rticul a to and/ o roduct . e ot her nd, one
i ght considagfle‘{jaes\/%‘fdg%ﬁw’ égsﬁléf@}n&&glo_r F%@P&g@f‘@ﬁ' WBG%‘?% #.}germ&f ﬁmg{ggr e

and/ or pr oghtthodoldyUb alsb 26feirb®toAReBalétan’Shrinkhor Mbidng CRRhdegd in the
data history. Wiile these nodels mght fit and predict " well for the stores
and/ or pr odgambining data Sepsyarivus torgsrandier prodiets) dnetcgn “shoik!” indiddmad not  be
‘estimabl e f or C wi t.hout .a rich data histary.

o ot mde PR S in ARG Mo B AL Red LR afpbirfill ESUHPS e U8 el s
and the exividutdeguivif ttaditksial reglsdomodal use@r each store and product. In a 25
m xed-effect nodel, information (in the formof data history) is |everaged

across all stores and ,prodLécts, nd. a si ngl e cohesive del js built.
Stores and proddBHsv&lpPRIAS PIY petlevel vohang mpdlsfor e Store o B2 ghis, GRSt or y
defaul {4 to N i ] : : 1 | res and
produc%os vmn?% a %@%@?\%ﬁ vgf% ?ﬁ%rﬁn%%fﬁ&?tﬂﬂ?ﬂgé?llgg:?rg%ﬁﬁggﬁn wll end up
wi t h uni queuffaiacy: lor sesikistoaesemdicaipraiued, the hishey will &8 goitsBelpatithemany 30 vi a
estimati on of non-zero, stor aﬁ&/ or .yoduct-gge&hfic adj ust nrent factors
(random eﬁ’F‘QEP% BRI ¥ATE T BLRIGMOLOR RaHerns, Kar PFERreh R TRHOBICS: he nodel .

3 0 MAY 200Gk N Wﬂﬁégﬂtefs‘gtﬂgb{% vy ¥ Phge ElnpaCIl litfIOpmogogAINe 108

receives data 132 from res 124°and” nmy reécelve I nputed variabl es
and dat a f motivitshd oguonmiretthe stakilityi ofestindted malal pandra¢ters, énexeighboahsidar i abl e
costs for the sale of each item faciljtate, understandi.ng, ,FIG .5 is a
bl ock 1 agrFIPERE #tnels emsEainogs! aofss sloltaBtlor BivoptiS Lt Magelowehl | n
retail 5 bkgid6asiepaRineter hithed hoWePéreR wolltEndt Ty le0éragd Bk SRordmM/Have a
headquarters 504, “distribution centers 508, and stores 512. The

headquar t epsodsouvariapilisy.cand thewesilting modelovewd likelpmat predict well 2@ f or goods
suppl i ed b)f)axtt1*2:(1311arm§tr2)¥éc z?l{:dy&rp%du%g Q)n e 'oﬁurt]:r hand, one might consider developing

individual regression models for each store and/or product, to utilize the specific

20  information contained in the data history. While these models might fit and predict
well for the stores and/or products with substantial price variability, models would not

be estimable for stores and/or products without a rich data history.

A mixed-model framework addresses the need for both highly predictive
models and the existence of an estimable model for each store and product. In a
25 mixed-effect model, information (in the form of data history) is leveraged across all
stores and products, and a single cohesive model is built. Stores and products with
little or no information in their data history default to an “average” (fixed-effect)
model. Likewise, stores and products with a wealth of information in their data
history will end up with unique parameter estimates tailored to their response pattern,
30 via estimation of non-zero store and/or product-specific adjustment factors (random

effects) which are added to the fixed-effect portion of the model.



generates an order placenent cost. The manufacturer 520 may ship the goods
to one of the distribution centers 508. The receiving of the goods b0 #MA%2006
di stri butwoos/essdser 10 508 generates a receiving cost 524pcrusRstrihor
stocki ng the goods 528, and a cost for shipping the goods 532 to one of

the stores 512. }ge store 512 receives the goods fromone of the

di stribution cen ¢ Einappial gnode} gannkO8reerivesclaty B2 fomo thagterenl 24gaader at es a
el U0 < SRR L LR A RSO e R

purchases the"item the stores ur a chec ®the 15
| ar ge nunbefixed andetaaiableaiostis ffisr, thels4l¢ of eieh itetn. ClufitiligitamdictiedndiR] YIGrocesses
may be used. vq(n W t hin si ngl e cr%ai n, different manufacturers may

provi de di f Péy At dipgrag) toiilysteairsonw|9 G@Wfﬂ%ﬁ@@a&ﬁ@%%@aﬂg system
whi ch 118y DBudhds Sl Rlchb AT stoklle THE QRERTESioldd ) AL A hehdhulih( 5By, ThE
I e eriough to

financi al nodel engine 108 shoul d be flexi provide-d cost 20
nmodel for tdisEbutiph tentensto0Brand sthnesed 2. e headijubfters S04 nmgplase amyrdeave

vari able co onponent s t he.cost,..of. an item.is a function of the
amount of s f6e§° agfﬁa?tﬁgct}x{e\gﬁ?(f g’r’iéo?‘f%(gélﬂpl&f@?y %%}%ﬁ%ﬁ_r\% r#hithe cost of an
itemis not génetdtehCdn QterdfladehRnEBR MThe BAmFAEIr 950 O slﬁifs)?ﬁ@go-ga?t(; gaanci al
nodel engine 108 may use these fixed and variable costs to determ ne

Cs,i.k,r, wpfthedstribytiop centersg08odhe taseivingefithe gendaby pheodisteibutida) cepteven a 25

r!
store (), oup (- d t The financi del engi ne 108
may use16 in%gséryr §taa1%f%v%lF8§%}§%23at%&g’%ﬁo&g‘f‘gﬁ%%@gf |§Z$, ag‘gﬁﬁﬁ’ftz?lgi nst ead
of measuri nehipysing teqRads 532 RkS of theStorekS B. bhe sbdre 312 tdcBivks B gbhust ry data
may be used_to estimate this time. The standard estinates heﬁps to reduce

the amount Bemeppe of thedistihutionsentesy 108ardepm fhe manwfastwser 329, whishdi nent of t he
I nvention, %Jh%ra?ésoix%éeimé 08§l|5‘é6rﬁﬁc?gc5§foxss(?oc§<&'1§£&1¥ L&chﬁgc L§,0f the stores
of capital, Si £O9R 2

and di stribution centers, cost 0 engnd nunber of
itens in a aatendrpuathases the itans,tthestdes iSNP inddy a Ubédkhut bess §44.eWtithrtad | ons,

costs rrgy be nore easily. Iculg ed on a store |evel, instead of being

aver aged ovreediumbss OfF%“g‘E s sdilferentpyrhasmeanddelivery pragessesante of dat a
. d,

were 10 3 OudAYEeOD m&aﬁﬁééﬁa‘%& dﬁ@éﬂfeﬁﬁﬁ%{eﬁ%@%sc u@tﬁwogﬂgﬁ}f{é;%p

measuri ng such data for each store wou oring of
costs per sinvoigingldndwslivérg praedurezatd costind systent, iviticH may badiffesinottan

the processes illustrated in FIG. 5.
The financial model engine 108 should be flexible enough to provide a cost

20 model for these different procedures. These different costs may have variable cost
components where the cost of an item is a function of the amount of sales of the item
and fixed cost components where the cost of an item is not a function of the amount
of sales of the item. The financial model engine 108 may use these fixed and variable
costs to determine C;,; 4, where Cg,;44, is a cost for a particular product (k) given a

25 store (s), demand group (i), and a day (t). The financial model engine 108 may use
industry data to provide standard estimates. For example, instead of measuring how
long it takes to stock a box of an item, an industry data may be used to estimate this
time. The standard estimates helps to reduce the amount of data that must be
collected. In a preferred embodiment of the invention, the stores may only need to

30 supply labor costs of the stores and distribution centers, cost of capital, size of an
item, and number of items in a case to allow a cost modeling. By using these
estimations, costs may be more easily calculated on a store level, instead of being

averaged over all of the stores. This is because if large amounts of data were

- 10



FIG 4 is a nore detailed schematic view of the optim zation engine 1%&94%2005
the support tool 116. The optim zation engine 112 conprises a rule to

and a 5 woo®4gsas cul at or 408. The support tool 116 conpripgefisaysediee editor
412 and an output display 416. In operation, the client (stores 124) may
access the rule g}étor 412 of the support_ tool 116 and provides client
defi ned rulféeﬁ‘é‘ieg thepd, measpring sush dafaf opeachsiong wodldey dificubethe par anet er

for a part itﬁﬂgrﬂigy{f h hgts 8?1: A&l aublvs ¥ HEinsaH5E Jr r§?1 fe) LachRfy |U| e 10

paraneters set ent may be constrarn overal'l wei ghted
price advance or decline, branding price rules, 5|ze pricing rules, unit
pricing rules, |Hfedpsa niom;detaitdd@shemamt vid¢wi sf the optxhnialugnlemglﬂsllzriiﬂse rul es

will be disgussed ar di.ng referre nt of the
i nventi on. %%15 p@f’{té‘?ﬂﬂggf | 8845‘&?2&% ging 2 e Ogﬂ’é§€sa?€ﬁ @angmear‘r‘ﬁraovi ded to
the rul ¢ tqgflce4tMulaforbe. TRE k\{?})éﬁttb(ﬂrll@@&h?ﬁse@%@ufer&ﬁbﬁm dnidlaf obfpuedi tor
412 of the support tool 116. hin the rule tool there may be ot her

rules, whidplardonot client defined, such as a group sal es equation rule.
The rule paranmeters are outputted fromthe rule tooI 404 to the price

cal cul at or 408. I;Uagergﬁg@%i cl??l?{sftérgé %5 %@&%@CCSF Fersgg %Sl}ar e al so

inputted into the ce "cal cul %vide to the

price cal cuuppart todDB16 sdprghidedeientidined rile phrahbtera(sk) 2P8%i racliont i m zation
scenari o ruj es. Sone exan{;l s of scenarl os_nmay be to optim ze rices to

pr ovi de t helo6HRL SRR PArameter for apagiralas repxh el vabig isaseth Somecofahs fulg zat i on
of all; ggiafﬂtﬁ@er%étgjsfsﬂgé éés?l?%ﬂog‘bg%gﬂsrtﬁ dtd otgéo %l!l We g%[rfcgﬁc?\{ah e Provi de

a speC| f| vol une esl uct Tan optirm ze
price. The qudedmechrandingprice rwl%sﬂzénpncm@hﬂed amepnapg iriiteg, ¢igle priciags. The

price cal cul ator 408 outputs the_o rices to the utput di spl ay
416 of the @@MBF‘PR{S%P“ Tulgh SﬁF‘F H]t dn mexe dejai Fe@e@mge t he

optim zed pIiEfeRed éﬁb@dﬁn&ﬁ%f thg lﬂﬁ/eﬁtY(§1t eﬂﬂe%@n%’ﬁh@& érp SatleroPilele Tevenue,

and sal es. For each ectlive, users can |Ihpose constralints on the
val ues of trhles @ltehmwdmbto tﬁ@rule twﬂ 40 ef the opmarzamaner[gmw thfeom thefrute whi | e

AL TRT SIS N NE E G ETE TR
1% 11 3 0 VM%Ih #E@6t client deﬁned, such as a group sales equation rule. The rule parameters
are outputted from the rule tool 404 to the price calculator 408. The demand
coefficients 128 and cost data 136 are also inputted into the price calculator 408. The
client may also provide to the price calculator 408 through the support tool 116 a
20  desired optimization scenario rules. Some examples of scenarios may be to optimize
prices to provide the optimum profit, set one promotional price and the optimization
of all remaining prices to optimize profit, or optimized prices to provide a specified
volume of sales for a designated product and to optimize price. The price calculator
408 then calculates optimized prices. The price calculator 408 outputs the optimized
25  prices to the output display 416 of the support tool 116, which allows the stores 124 to
receive the optimized pricing (step 232).

The system can optimize for profit, revenue, and sales. For each type of
objective, users can impose constraints on the values of the other two. For instance a
user can optimize profit while ensuring that total sales and revenue do not fall below

30 their original values, or he/she can optimize sales while requiring profit to increase by
1%.
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WO 03/048893 PCT/ US02/ 36710 A preferred enbodi nent of the optim zati 051
engi ne uses the group sales equation S(x) and the market share equat B MAY 2006

F(x), preo euakgszdescribed, to predict group sales and paies 3¢ ket
share, respectively. These two are then conbined to predict product sales
at the store level D(x)=S(x)F(x). 5 If the objective is to maxim ze profit

then the foI | ow/?q@rf'é%re@ﬁ%bpdwﬁm@ theweptimization:enging uss, the gromp gabes i | k, | -
ket) i eG
keDenq The a ove %gﬁgﬁdo%% tés'lslérrergg&b %g)QSPllregl{oﬁgl ¥ dF%drnr%e gfgtg%{)et%cgarl es.

These consgroap sles mdancrdmk:emaﬂdeaéhaw, osspeleivelynTheskitwo ard theEdnblsingd toot her
changes. In a_pref i.ment such constraints may be used as

10
fol l ows: 1. Pr@‘ﬁ'tﬁfog‘?‘i c%ﬁ\fg%%%redﬁ"%@éﬂ:ﬁ@‘) *E{xhce denmand groups are made up

of |ike or substitutable products, nmanagers often wish to constrain the

overal | 5 wei ght edif e &?ecﬁdyms?neeaim%g)lrdm%enrthpfdmwﬁgéqsuaa&?mm phere the

wei ghts are the mark shares of the products t constitute the 15 denmand
groups. Themaxmézedai nts are: Vs, i , PMN i S Z Fs,i,k P,,i,k < PMAX ,;
k 2. Brand Pricing Rul es: Products are described and categorized by
attributes as brand, size and flavor. Therefore, each product may be
associ at ed Wi, t ) B.sd.af —&prdbutes and val ues. 20 These attributes are
useful to us“fer several reasons. The attributes may be used in the
regressi on oogeN fig. i quer o c5eate a parsinoni ous set of regression
coef fici ent s&g,d ,ey ey’ al'éb bé*%ided in sett]i ng rul es. For instance,

cat egory managers mght wish to offer store brands at |ower prices
conpared to the conpeting natl onal brands. They mght also wish to
constrain sone *&?ﬁ?)@’t’e wentiened rule may b sonsipisvssfomingrheundariear heses ei t her

for strat e%oﬁsﬁ:&ﬁﬂ? LASLARL heR f&roq}ide lﬂnﬂﬁ%gxf E@ﬁﬂié’e JrOBfek gﬁ:anlégé RA ﬂrgfg}rl &ns:

Specifically, a nanager can creat
10  embodiment such constraints may be used as follows:

1. Group price advance or decline.

~ Since demand groups are made up of like or substitutable products, managers
often wish to constrain the overall weighted price advance or decline in price for
them, where the weights are the market shares of the products that constitute the

15  demand groups. The constraints are:

Vs,i, PMIN,, <Z < PMAX,,

sk \1k -

2. Brand Pricing Rules:

Products are described and categorized by attributes such as brand, size and
flavor. Therefore, each product may be associated with a set of attributes and values.
20 These attributes are useful to us for several reasons. The attributes may be used in the
regression modeling in order to create a parsimonious set of regression coefficients.
They may also be used in setting rules. For instance, category managers might wish to
offer store brands at lower prices compared to the competing national brands. They
might also wish to constrain some product brands to be less expensive than others,
25 either for strategic considerations or to meet their contractual obligations.

Specifically, a manager can create a set

.12



12 3 0 MAY 2006 WO 03/048893 PCT/ US02/ 36710 Brands,; = (p,.,i,1, , Ps,'b lﬁ
): PS,i,k, nust cost |less than p51 k, which |eads to the follow ng 0 MAY 2006

constrai web3/348843i ze Pricing Rules: 5 Managers mi ght al sop/g&y2ise16r eat e
rules that relate the price of one product versus another based on their

sizes. For instanc they mi ght wish for product bel onging to the sane
brand and smmdq,gsgﬁnlgﬁlr,p@,;trpgutmastcbsltleswﬂtahpgjkt pwhioh leadg@sthé 0 be priced
such that the | arger si.zedz product costs |ess per equival ent unit of
measur e t hafplloyingegnspintshe. Then ¢ Sizes.; {(Ps.i.i, IPs,i,k, ): Ps,i,Kk,
must cost less than Ps ; k, }, and 10 create a set, which leads to the

follow ng constraynts: VS) i,and c,i k,, p.c,i,k, ) E Size.c,i Ps,i,k, <
Ps,i, k, 4. %ﬁ'ztan Kﬁ’s@hn@ni,RL)Fe%r.an‘%oﬂsim&iﬁgkzi n the same vein, managers night
wi sh to ensure that two products that are identical in every respect but
si ze shoul d be pgiced . e larger 15 product costs nore than the
smal | er one. Thi g rul 3%?}@@!‘5"9'@ ated to the size pricing rule. To
i npl enent this rule, managers can create a set Units,i {(PS,i,,,,Ps,;,Kk,
): es.i sk, PS, i, kMamegrs migt alse ydst toameatsruleskhdsclatekBe pricedfone peoduci , kK i s

the nmultiplicative factor to.convert .equivalent ynits jnto whole product
units. Thi svﬁ‘fé‘éso%mﬁ%g Sﬁg"f‘é‘ﬁ“oweﬁ U IRencs; th?)émléﬁ%for%ﬂﬁ‘actép. ik,

Ps,i,k,, ) BelblgihEtd th@Sarhe blanfeind sHaring ofhef attritidesTbut with differdnt §5eshibg! NY

Rul es: Retail customers expect conmon prices for certain groups of products
such as, f pricedsueipthet the dargér sized emoslist aifststlbss penegivalan dnb of meadukethant
hom ag. 1 ol § SHBICTONGAUTER COMup (2510 B kel Puisn BWSH0SEIegs GEp,mrarde. dof | nod
oS P i WSS Y R oA 5o busod B TSt Dave e
Vs,iand (ps.i.k,’ Psix, )e Size; Psik < Psin,
4. Unit Pricing Rules:

Continuing in the same vein, managers might wish to ensure that two products
that are identical in every respect but size should be priced such that the larger
15 product costs more than the smaller one. This rule is closely related to the size pricing

rule. To implement this rule, managers can create a set
Unit ; = {(ps,i_,i 2Dyt ):es‘i_klps'i'k| must cost less thane,;, p, ;. }, where e, is the

multiplicative factor to convert equivalent units into whole product units. This leads

to the following constraints:

20 Vs,iand (P..-,i,k, > Py, )E Unit ;e\ Py < €siy Piiky
S. Line Pricing Rules:

Retail customers expect common prices for certain groups of products such as,
for example, cough lozenges of the same brand but different flavors. These rules may

be classified as line pricing rules and implement them as follows. Product groups

25 called line price groups may be defined as L, 1 =1,..||L||, where every product within a

line group must have the same price in a store; i.e.,
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VL,,l=l,...11LII,andVk, ,k2 EL, P jk, =P,.;>k2 6. Custer pricing:
Ret ai | ers define geographic and other regions within which they maintaf MAY 2006

the samay@oi/emsdzor a given product. This may be transl atgey i sbge notion
of store clusters. 5 A store cluster Custer, is a set of stores such that

the price of every product is invariant within the cluster. In other words,
every produ@tL,H&sl,.t.] agdlvié, it ieclg RN evBry store within the cluster

al t hough each product may have a differént price. In order to inplenent
these constraints the set of stores may be partitioned into store clusters
Cluster,,-, CusberV, ClwbarmidngC uster, ,..., CusterV, }, and a new price
variable 10, P,;,k which represents the common price for product k in
cluster duster, be .defined,.This variable e used in place of the
original price vggggﬁrlsge@,’? %?ngaﬂkf%%?é‘\?é‘?er§eg&°@mg’?%w?n@tﬁ®fmﬁlmaé%taﬁ?ay al so
be used. Ansgiapidefors gives Prodel. thdnAdy Bdtt381atBaNo B notiBHbf kt_%rert‘?ﬁst%rk.m ted
to, a gross margin rule, a store volune rule, or a conpetition rule. 15 A
gross mér gi A stereelusten (Yusess. is asghef sterensuchthat He privafevary produarik up. A gross

margin rul e. [ OMI: nstraint om the chan of, the mark.up of each

i ndi vi dual e%ﬁivﬁﬁ‘é’gg‘r“%&%&égﬂ&?‘?H’%""Eﬁy&‘("é&@“‘g’ﬁ?‘ﬁ’aﬁ fhegpmepricy r"bg‘f?%r bot h.
An exanpl e sbreawitlgih Glseschigdérgilthotigh éth@Vod&@t ﬁxﬁsahav'&:fa&iiﬂ&'éﬁlgm&% dsihange of the
average gross nmargin of a group is not to exceed 5% 20 A volune rule

provi des a HBpismeRithgse spnstaints hesgleofstoresnay/bx pavitiasfed datoestore Thstersyol une
rule may proyide a nstraint on fhe change of vol une of ,sales for each
i ndi vi dual gii’bg?eé’l’O'r&gfﬁe’ﬁméV}{?FFaﬁg‘é{cg?St?rot'a 1“§t8¥uqu|}:r§‘dcﬁ NeYAPEEe YaIabYE pl urality

of stores faqr n.individual product or for_ a plurality of products. An
exanpl d%f  deadthighrepigieantsiag commanaice fosrpredushk i epster ¢lustenimaighe of denand

for a produgt,.i t ta exceeq 7% .25 A c etitign rule provides a
const r ai nt ger.fu{e eq‘g*sfvﬁg?@ﬁé’@y t%%wlﬁaceé’gg%‘e?ri%‘bﬁ@flﬁ?éméa ices and their

prices. A cgnp%&}jehé‘gpsré& TR all ow constraints for one or nore
conpetitors.“An exanpl'e of ac‘wltiple conpetition rule is that the price

of each item nust not exceed the price for the sane itemsold by conpetitor

store X by nore 9 IiC 9 i ce of the
store X by mor OonN%gn%%%@; als&Be REIC APBEAMPIEIE SO aRHESRInNIEBY bE

but is not limited to, a gross margin rule, a store volume rule, or a competition rule.

15 A gross margin rule provides a constraint on the change of a mark up. A gross
margin rule may provide a constraint on the change of the mark up of each individual
item in a group or on the average mark up of the group or both. An example of a
gross margin rule may be that the percentage change of the average gross margin of a

group is not to exceed 5%.

20 A volume rule provides a constraint on the change or the volume of sales. The
volume rule may provide a constraint on the change of volume of sales for each
individual store or on the change of total volume of sales for a plurality of stores for
an individual product or for a plurality of products. An example of a volume rule may

be that for each store, the change of demand for a product is not to exceed 7%.

25 A competition rule provides a constraint on the difference between a
competing store’s prices and their prices. A competition rule may allow constraints
for one or more competitors. An example of a mulfiple competition rule is that the
price of each item must not exceed the price for the same item sold by competitor

store X by more than 10% of the price and must not exceed the price of the same item
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sold by conpetitor store Y by nore than 9% of the price. To inplenent bmﬁ)ﬁ
constraints a store nmay use nonitors to check prices of itens in corrp% i 006
store X and conpetitor store Y. The objective (such as profit) is then

maxi mi zed. Such an objective would 5 'provide a maxinm zed profit given the
demand data and the constraints. RULE RELAXATI ON G ven the objective and

the plurality of constraints the solution may be infeasible due to a
conflict bet I The

obj ective V@@abéxprgés%%goé% a nga%iaﬂ? gdﬁ’%f%acpﬁ’\écons ael%% %r%ggf al so be
expressed as l:msamnaqu;mm ﬁmay usk rh@mrisishibd ehesb prides ofitermyin bahpetitorstord Kat

satisfies all B(?U&tl 8@? esenting the objective and the constraints. A
preferred e invention uses a rule relaxation process to
provi de a feaS|bIe solutlon when a feasible solution does not exit which
satisfies all Cons‘l[‘lieeibbjktcﬁva@dcl‘[ﬂsjpﬁfﬁt)' ¢ @n nidinking]. Snclogi dbjecied would it nmay be
found t hat arulelsmfe term ned to be infeasible,
if either 1t CBNIGE %aémglﬁf bfe%"%é‘?ﬁe&?alnagi‘tﬁé’?gﬁ‘ﬁF@’étr%i?fé' satisfied or if

an optim zation cannot be performed without violating the rule. Al though,
one net hod of RIHA REGAMATION infeasible rule is to drop the rule found to
be infeasible, the preferred enbodi nent of the optim zation step uses the

rule relaxation pgQcess SCI chart of a
preferred embodi me fve%ﬁl toglf aggg‘elpzfévﬁ'é}ﬁcoﬁ%a&tg%g’esgb‘fﬁé’%‘?}' s of FIG 6
start at st epuﬁ"éﬂalbasdlﬁh@u\cmﬂ]'dneetwaérﬂﬁe alsjective ad thé pﬁfbﬁt;(atcemu@%) .Th&

def aul t prlorlﬁl zation rovi ded, mth?} an interf whi ch may al | ow
a user to SRigdve Ff@yr?re | Fﬁs? AR SARIPY it é"’é?é‘f‘%ﬁnf‘yaﬁ?’&%@‘@?ﬁeé 3mde to
see if a [l eah&quatittf. €8 KakibR 615t @PMBPROL exibt thatlsRiskiss zdﬁﬂﬂﬁ:ﬂm& Rfertiafgeasi bl e
i.f the relationship expressed 25 by the rule is not able to ge sat] sfied.

" For instance Hheobjestiveapd themnsqa?tﬁfl%l’féfeéféd pgpodimpnt of tke inventiopgese ule 7 since
then X+Y=14 V"Pél&cﬁﬁbr?px%e@@fo%ovﬁcﬁbeﬁfeés@ole Lyt wiidh & £4 da§ﬂ€1e fsOMAGh &ge s B6t exit

infeasible, the rule rel axation process Is stoppe step 628 If at | east
one ruleis wahdaﬂsﬁeibdl Gonstesdnds dridebjectiees] owest priority infeasible (LPI)
rule is found (step 612). A determnation is made whether rules with | ower

Phe LRI Tl e o bonus Fkmlefin Ay i ol RUTRARAIC ARl © =1 1o

15 determined to be infeasible, if either it cannot be satisfied when all other rules are

satisfied or if an optimization cannot be performed without violating the rule.
Although, one method of dealing with an infeasible rule is to drop the rule found to be
infeasible, the preferred embodiment of the optimization step uses the rule relaxation

process described below:

20 FIG. 6 is a flow chart of a preferred embodiment of the rule relaxation process.
The steps of FIG. 6 start at step 600 as shown. The rules are prioritized (step 604). A
default prioritization may be provided, with an interface, which may allow a user to
change the prioritization from the default. A check is made to see if a rule is
infeasible (step 608). A rule is deemed to be infeasible if the relationship expressed

25 by the rule is not able to be satisfied. For instance a rule X+Y< 10, is violated for
when X is 7 and Y is 7 since then X+Y=14 which is greater then 10. If no rule is
found to be infeasible, the rule relaxation process is stopped (step 628). If at least one
rule is found fo be infeasible, the lowest priority infeasible (LPI) rule is found (step
612). A determination is made whether rules with lower priorities than the pﬁoﬁty of

30 the LPIrule may be relaxed to allow the LPI rule to become feasible (step 616). In
DEM1P009.WO 15A
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AMVENDED SHEET 3 0 MAY 2006 the preferred enbodi ment the [ower priorit

rules are checked before higher priority rules. If it is found that ggw@gZME
with DEM 1 P0O09. WO 15B AMENDED SHEET 3 0 MAY 2006 WO 03/048893

- PCT/.US02/ 36710 | ower priorities than that priority of the LPI rule may be
rel axed to a point that allows the LPI rule to becone feasible, then these
rules with lower priorities are relaxed. increnentally so that the LPlI rule
becones feasi \@fed)r%@{r%cbergmmeqt thedeyger prigriyrplesiare ghgskef befare Mighag REPTIRr i ori ty
rul es are rel gxed PaiLrBnINGNEs Rithority rules. If it is 5 found that rules
with lower priorities than the priority of the LPI rule cannot be relaxed
to allow the LPI rule to becone feasible, then the LPI rule is rel axed
until it becones feasible (step 624). The rules are then rechecked to see
if there are any renmaining rules that are i'rnfeasible (step 608). This
process is continued until all rules are feasible. 10 Exanple To provide
an exanple of rule relaxation, six categories of rules are provided..
According to the nethod illustrated in the flow chart of FIG 6, the
categories of rules are prioritized (step 604) in the follow ng order,
with a ranking of 1 designating the category of rules with the highest
priority and 6 designating the category of rules with 15 the | owest
priority. 1. - Group price advance or decline rules. The user sets a maxi nmum
wei ghted group price advance or decline to 10% 2. Size pricing rules. The
user goes with the default that larger itens cost |ess per equivalent unit
than smaller identical itens. 20 3. Brand pricing rules. For soft drinks,

t he user designates that the price of Brand Ais never |less than the price
of Brand B. For juices the user designates that Brand C is always greater
than Brand D. 4. Unit pricing rules. The user goes wth the default that
the overall price

DEM1P009.WO 15B
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of larger itens is greater than the overall price of snaller identical
itens. 25 5. Conpetition rules. The user designates that all prices ndi8tMAb&006

at | east wa.004®3s than the prices of the same itens sol pdaypeosessitor X
and are within 2% of the prices of the same itens sold by conmpetitor Y. 6.

Line price rules. The user designates that different flavors of the sane
i tem are prlioWerprorities shan thateriprity afthe 2BDB1leWap bt 0xi@sd30 RPETINUSERABBTSLO | n
this exanpl i . itor Y. for $8, while Bra Bis sold
by conpet i tt§? LEE ﬁggtd&é&sﬁ%gﬁ%l |’tt§eglnrm§8t8rrrﬁplgf Mg lowerpriorifies, are r?%f”é or of item

C for $9 aincreaientalig ko thad tterLRIfrulehecandEfeasie sy 620) $hidthe prefekay M nation is
made if a rule is infeasihle (step 608). It is found that one 5 of the

pri ce brandimpdinsntslower pretydplss are relakedsbefors highsr peoritypplss el itis al ways
have a pricg,R4 t j oo : 0 ihtor Y sells
Brand A for %8 gﬁgﬁﬁeﬁr‘gﬁgl%F 8{3 %q%ﬂgnnﬁégﬂg%‘? Ot%% %@tn%let%ig%rl\)ter ul es

desi gnat e trehixed toealbanthe iLPE mEe tubdcomisdeasitiid)ititen2¥e DPI tubeispelageisumil it
conmpetitor Y. In addjtion, it i.§ found that one of the |jne price rules is
i nf easi bl . POFAMES ?"@S‘bt?c(étﬁgéb%)hﬁ\eirﬂlgs preithen regheskedsioses Hithere grerangr ent
flavors 10 yefalnify SdERhdtlaBinfédsiBR (sRB 6BGTBTNISpoc& TP&IntihB&d wntfl 811 $@kd | N9 one
flavor for $9 grl}% anot her fla\sllor (;Sorﬁ 210. éi cg trl1e brlandi ng rllﬁgsé have a
priority ofar@feasidleehe line price rules have a priority of 6, it is found
the line price rules are the lowest priority infeasible (LPI) rules (step
612) . check ispnmade to see if rules with a priority lower than 6 may be
15 rel @(ed SO tMﬁS line price rules becone feasible (step 616). Since
the line price rules are the |lowest priority rules, no rule with a | ower

priority may be Tepoxvime aa@xahiple of hile rdlbGoR s catéddriRs BEG¥RSe proaRiel €. As a
result, the line price rule is relaxed allowing the different flavors to

have di ff erd¢fordipg kxthe miethadqllustrmged ipdhetiows shart OffHE. 6r be catsgereswf reeuir ns t o
step 608 t Is T egﬁj . S 3 t hat one
of the pri gaééE‘ﬁ%’lr‘%zueﬁg%?%?2@%?2{“?8?%‘3%‘?&[‘@“ Si ngg&&rugﬁf lAdelSéng uﬁ) oged to
al ways havecategpry afaulys edthethe highest phierityrand & defighathrpdhBcategbry of rdanpeti i t or Y
sells Brand for $8 and Brand B for $10, and since the conpetition rules
desi gn 13 o tYg jowest priority.

1. Group price advance or decline rules. The user sets a maximum

weighted group price advance or decline to 10%.

2. Size pricing rules. The user goes with the default that larger items cost

less per equivalent unit than smaller identical items.

20 3. Brand pricing rules. For soft drinks, the user designates that the price
of Brand A is never less than the price of Brand B. For juices the user designates that

Brand C is always greater than Brand D.

4. Unit pricing rules. The user goes with the default that the overall price

of larger items is greater than the overall price of smaller identical items.

25 5. Competition rules. The user designates that all prices must be at least
10% less than the prices of the same items sold by competitor X and are within 2% of

the prices of the same items sold by competitor Y.

6. Line price rules. The user designates that different flavors of the same

item are priced the same.
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the sanme itens nust be within 2% of the prices of conpetitor Y. Since the
price branding rules are the only rules found to be infeasible, they3&May 2006

found toveokhRsesd | owest priority infeasible (LPI) rule ' iority
of 3 (step 612). A check is made to see if rules with prslr(\'g{;/f]ﬁzggﬂpomer

than the LPI rules nmay be relaxed to allow the LPI to be feasible (step
616) . Pref erabl yln thisexhmple; Bpamidok istspld byt esnpetieorch éozl$8dwhile Btand Bis sbidr st t he

line price yules wt lority..of 6 are checked to see |f they may be

rel axed tog%f?‘BWt{tWQY %‘Pfg’ﬁ&r g2 lfl%c‘?‘ﬁll’eé’éortrkg Sé qﬂég]é‘V‘Pﬂ (ég.’tep’fcrf%rté;gi then the
next | owestafd drdttel Ylavst Jrithesmel ity €FOPPEg. L1 on rul es are checked to see if
they may be relaxed to allow the branding rules to be feasible. In this

exanple, it is found by relaxing a conpetition rule with a priority of 5
the price brandi Adletammenaper syrpade if a silp issinfepbibledfiop 608 hdt sTodrdthare2006 WO

03/048893 P : tid] rule ds l.axed so .that lces are
Wi t hi n gbou@%ﬁ%‘% g’rt%é‘g%?‘lﬂg%@ ‘%f%as?@&#b‘éﬁei]#rﬁj‘?‘{ $,‘S WPPBW%&P |ag“’\ﬁ§’2 %F‘é% A and
Brand B to prsepredier thawthepiice 6f Bein@ B et cdhifetRHOY 8815 Baad A foL$8ERS t O
step 608 to_see if ané rules are still infeasible. It 1is found that all

rul es are nBtend&hior $1@ andsince Hie qompestifien mles designgde it the samedtepmspeust (step 5
628). Int { eyo L. ' vt i f1G | bl lution at
whi h the  Soran2p BEule TR ofe ey, o3RRI ko RL R FuRh,

al gori t hm apribetrhkes isninfdasible. SFhas isibecaupoihetline Phics nileedrstrhing diffepag iffavérsr ul es
that are rel axed in, _orde 0 get to feasibility depend on both the

optim 28ti o‘?ﬁg? vis] ’(t?mﬂt%ﬁ?i&‘@ﬁgmgt‘&t £ompetitay Y dsselipgsene tlayortorirad are
merely ill uglotadinGordafsfy e not meant to limt the scope of the invention.
In addition, rule priority was assigned by rule category. In other

enbodi ments the rule priority may be assigned to individual rules instead
of to rul e categlintethe bGuding mlvsbave cpmneityod3 aod thedire prick anled have anay be
used. In general, .pule . relaxati on nethods provide.for .the . prioritization
of rul es sty ofbiib o B Fne phaciichc B iuet PupdydneBiREPDel axi ng
hi gher pri ofildsYstep'6E2). iAcIRICR S mhile 10BESifhles WaRhW Priofigy 10Wwek Bainfeaasy Bd €.

Anot her specific enbodi nent of this general rule rel’axation nethod may

al | ow df f f aelaxed sothet thatine pricerul¢sdwepme feasible (Ftep 6l 6 Sincatbe lint pried. These

Lot T P! b rd e fow R By e 18 R Wit 1R Brib Rl S beeratel SSHRE" 72 €9
the line price rule becomes feasible. As a result, the line price rule is relaxed allowing

the different flavors to have different prices by about 10% (step 624).

The process then returns to step 608 to see if any rules are still infeasible. It is

20  found that one of thé price branding rules is infeasible, since Brand A is supposed to
always have a price greater than the price of Brand B and yet competitor Y sells
Brand A for $8 and Brand B for $10, and since the competition rules designate that
the same items must be within 2% of the prices of competitor Y. Since the price
branding rules are the only rules found to be‘infeasible, they are found to be the

25 lowest priority infeasible (LPI) rules with a priority of 3 (step 612). A check is made
to see if rules with priorities lower than the LPI rules may be relaxed to allow the LPI
to be feasible (step 616). Preferably, the lower priority rules are checked first. So
first the line price rules with a priority of 6 are checked to see if they may be relaxed
to allow the branding price rules to be feasible. If not, then the next lowest priority

30 rules, the competition rules are checked to see if they may be relaxed to allow the
branding rules to be feasible. In this example, it is found by relaxing a competition

rule with a priority of 5 the price branding rule becomes feasible. Therefore the
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priority rule becones feasible. D fferent conbinations of the relaxation of
| ower 20 priority rules may be specified in different enbodi ments. Ondd NM 006

opti m zakj@us/daakaP 701) is conpleted, the prices of the @2{&1 e sent
to the stores. The prices of the products are then set tgIr e g%?ﬁpn zed

prices that are provided by the optimzation. SUBSET OPTIM ZATI ON 25 After
an opti m zatanepetition ckle asrelaxed sp thatprices arnwilkiaaboita)Yabithe ptices ofeen

per f or med, t . then b rQVi to. the system (st.ep, 703). Such
ot oy 6@ Yieh alidh Brd ekhORend ALoBa e T4 B @EPBObr e
Fi nanci al Model Engine 108, or through another source. If the entire

product cat egor yTheproosiaghizneécturndso ﬁte%w@tm@w;iﬁ@iquekbreisﬁumﬁiﬁlk.ent hat all
items in the product category would c an&g 30 because of the new data. To

avoi d an op#ifeynddhaioil muigsaregw &asible, and the rilgirelgxation processsis topped$tep006 WO
03/ 048893 PHR\US02/ 36710 products in the product category (since the cost
of repricing rs not negligible), the user is allowed to specify subset
limts (step 705). An exanple of such subset limts would be a nmaxi num
number N of pr odincths ptefiatednimpldmentations, thelspebifitcnfeagiblerbebn anwhish theer f or med
using the new data, where the I mzation is constrained to conply with 5
Uhe. Subset SHAERGGHEEFSS 9PS WL ACRERE b e omtipnigation, SO b 06 BT

product s mf’éfartlhg pBﬁx@“ﬂﬁ?Hmaﬂsﬁﬁat%EEéiﬂé ﬁﬁédsi tHAk dé %Yz;xgﬁ% ﬁr'ae Rldefozation with
price changes of no greater thah N products. Since the price of no nore
t han N pr odiatibilitysdepend ge doth thaeptamidatidn glgerithbi andtthestating @alaés Jhksepr oduct s

of the categor only a,suybpset.of the roduct category is optimzed. The
subset 1@pt i%\a?é’hsc?ﬁe %ﬁ?‘%ggﬁ?ﬁ&‘fﬁé‘éaﬁ?@m@%@ Lipyt ﬁ‘%é(‘}%??dg REFOVRIOR i on as
initial valmegditibAerulepecrity WisiabliZRtiby '}m@%xtegbsp 3R ofH3PebOHMERS ddrat
conprise this subset in a way that has the lMargest inpact on the client's
obj ecti ve frylcpriasHy may befagsigrsddmpndividua eules [ristead ‘0§ tooijearateigomes. s t o maxi i ze
profit, it is desirable to popul ate the subset of products whose prices are

o oued o changugt e R SRS, Bk ot AL
product s nmayldsetiorankhddbprovideifor thepgoritdation 6 hiléiind @audedowbierRpitect i ve and
then t qg rules to be relaxed before relaxing higher pribrity rules in order to make all resulting
~ rules feasible. Another specific embodiment of this general rule relaxation method
may allow different combinations of lower priority rules to be relaxed. These lower
priority rules may be relaxed at the same rate or at different rates until the higher
priority rule becomes feasible. Different combinations of the relaxation of lower

20  priority rules may be specified in different embodiments.

Once the optimization (step 701) is completed, the prices of the products are
sent to the stores. The prices of the products are then set to the optimized prices that

are provided by the optimization.
SUBSET OPTIMIZATION

25 After an optimization, such as the optimization described above has been
performed, new data may then be provided to the system (step 703). Such data may
be provided through the Econometric Engine 104 (FIG. 1) or the Financial Model
Engine 108, or through another source. If the entire product category was optimized
using the new data, it is possible that all items in the product category would change

30 because of the new data. To avoid an optimization that may cause a repricing of all
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subset of products whose prices are allowed to change is sel ect ed via m xed
integer program. The prices of all of the products not in the "opti AIMAY 2006
subset nayo beossszen to provide a variant of the origi napcHeanaEie to
obtain a new set of optimzed prices. 20 A restatenent of the process in

FIG 7, is as follows: The optim zation of a product category may

per f or med aBTAFUEEs insthe prodyct ?Féeﬁﬂflé(ﬁ"éﬁ?éh%@@t i’fdﬁBﬂQng tpnot mghglbie) Fhemscxde

t I al.| product s
consi der bd | TR el aabecbiRiE el 33, AfeRbARisTF s uBir Lo it
initial opbe Ermaahnmn nofnbeh™ qfrpmﬂucts tlizﬁtn&@dfe}teplﬂﬁédt Rensebptithiz@idd el prices

derived 25 fr e used to provide initial conditions and
par aneters P%r OIP}‘? %@SEE‘T neV{sTg%/t?mV&%{F #&pptle}%qﬁl@ggs tonstrpiged; topomphy with

nf or matsi on h zation
arc al oo prostag (o 3AEn 1ANES: Lopca PkEhin) Bhilpl of PRt
conpetiti veb@rapue@i thd@tmmaartgm prQVIdeltmelﬂepmaW oﬁﬁ@narl o]

measured as ai3 eis ed._ For, discontinued or new

products, tR&? "HB’ ﬁ{(‘,tgﬁ‘ Fegl’i’ic?gt?e @"r’l@gﬂ%ﬂoﬁf’c a’f‘%ﬁ’rPd‘éFéﬁﬁr? ARg§fAct i ons and
constrai nt Sm%ﬁea&h EYosHdY the 1ai¢e oPIE Prod@s bPEE chid r?eorﬁghg Rﬁ gLim zation,

as well as an |n|t|al starting base price, are Y 2006 WO
03/ 048893 Pprdus@aiegeryiio optimizedbThe subisefi Qp@mlzamh ngey ush ehermmltrswﬁﬂrw nber of
roductg th Wi she aI | ow in the subset optimzation, are
gpem f |]§d (g{ev}ongaét?ﬁzeﬂ%n%so%a@) Sassurrpt lon for an algorithm may be that
t he maxi mum nunber is at |l east as large as the nunber of products with

i nformati on chan@kssubletiptint@itiofindat dhobse the pro@icts e EdApHIRAhWIshbseinta e
subset limts gste p 707). FIG 8 is a _nore detailed flow chart of an

embodi ment  WeY hebhasthe lasgest sppachon fegliprtsbisctive fungtiey. Ifmfpmmimﬂm limts
step 707) r hat

E:on5|dered g?nggﬁgﬁaﬁe:igt %E&é&gs’nté%&%h& :}S Btse efubtggy 801) A
second st epprotods whosdpmclas atfe aﬂIbWed ancliatlpé Wﬁh\t\hdsb phﬁlumslﬂimraﬁe 8bstlikely10

subset %ste 803 for exa sol ving a_m xed . integer probl em Athird
step fil Bt ITRRR tpﬂ“lﬂf t. lp png way pf deing this.jal of te availale whi | e

hoLding t heplaah&%a%e hifked O tir SRR BnefifRIoh (Bt bj Qe TR YR (SteP

subset of products whose prices are allowed to change is selected via mixed integer
program.. The prices of all of the products not in the “optimal” subset may be frozen
to provide a variant of the original scenario to obtain a new set of optimized prices.

20 A restatement of the process in FIG. 7, is as follows: The optimization of a
product category may performed as discussed in the previous sections (step 701) to
provide optimal prices, demand functions and constraints for all of the products
considered in the product category. All of the input data used in the initial
optimization of the product category and ﬁ;,,,_‘.,e,c , the set of optimal prices derived

25 from that data, may be used to provide initial conditions and parameters for the subset
optimization.

Changes to the state of information that the user wishes to incorporate into the
new optimization are also provided (step 703). For changes in costs, base price, or
competitive prices, the change in the data from the original scenario measured as a

30 percentage of base price is used. For discontinued or new products, the input data
required to construct their demand functions and constraints as they would have been

defined in the original optimization, as well as an initial starting base price, are used.
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Construction of the Set of Candidates for Subset Optim zation 15 The
purpose of this step is to define a set of products, C, which wll bed 0 MAY 2006

candi dat &0 d3gusggbset optim zation (step 805). In defi ni igqdos;3684 -
priority is given to two distinct types of products: those products that

have had changes_jn their state of information, and those products that
have constrai nt s TRégrbseidimits, suehos thevepxinpim pumbes of praduote that thehisgr ar e

selected to r - With ¢ ' tate information are
aut omat i cal 'y Fﬂ@{ﬁt}gggn?%e %bgﬁfgﬂﬁﬁﬁlﬁg a§€ segfmgggﬁé 2%53(:@ ??%S_Sg’ ® opti ni zed.
The second gsumptiaf fopandigotithm smaytteskn thdxasemua melitr dCitaedstis 1age s their

constraints_ and he%ftdirr ction of the gradient of the price variables with

respect to WAGUBYEE otk infarmatiofchanggs (Ame W oPsiFtization ipthee. 25 1t is
desi r abke tﬁerﬂﬂx%d%ﬁﬂl%ﬁe@ﬁ@éi&‘ﬁﬁﬁs\(\%%ébsﬁ)@” ces will actually be able to
Im 't "a p

nove in the subset optim zation. oduct's price is at a bound in the
ori gi nal scenar i BlGagds aniee detadédfiow chart bftanpemtodimeantiofesstépnafi cat es t hat

the price will continue in the direction .of th ound if the bound is

ol awed. t bR SFE! tlsdors Sb i TEs AR sen BUBL Aot e SRR Rnce | |
will still dubf %@é&ct@ﬂx‘dﬂ@ill bd corRRICRNISHs caldiatdd 1aF %Ehﬁﬁ?fd &%&iﬁﬁﬁze@o .
initially not at a bound or if it 1s at a bound but the gradi ent 1 ndicates
t hat the pr(step 80OhbdY secomd siepwhgosts which bétho cemdidatés will beemembek afthd, then it

woul d ex t this prigce uld change, if jt is,included jn the

subset 9@ pti %%g'%atglg%g@%)hf% P ’é%?ﬁf o0y %?\li\gle%@ g}lxﬁa‘]ﬂgteg?rr%e%’lle@n _ £ higdiste i ent of
prices at tihenewpeitiaDpisces For te brddutts ¢ the sullsefWhite RB1ARY théYpﬁ&§ gptat ed that
eval uates the origi nal objective function while 20 3 0 "MAY 2006 WO

03/ 048893 Fthenasods ddleippren entinead leviel Gtep 808).vary slightly fromtheir
previous optimal level, p~,,, le,,c . This nodel consists of the
fundanent al nodel equations that define demand group sales, market share,

the user - defi nedCeistartioufitheSét sTCandidhtés 6P SabLe Ostsmbatien ng pri ces
within a small neighborhood of their previous optiml values. For a
profitdfaximzing 5 problem the nodel night be formulated as: Max Z Z

O, i,k t (Ps,i, kg pur&%e ¢ this Et% b define a set of products, C, which will be
candidates for subset optimization (step 805). In defining this set, priority is given to
two di‘stinct types of products: thosé products that have had changes in their state of
information, and those products that have constraints that would allow their price to

20  move if they are selected to be members of C

Products with changes in state information are automatically included in C and

in the subset of products to be optimized. The second group of products is chosen
based on characteristics of their constraints and the direction of the gradient of the
price variables with respect to the objective function at the incumbent optimal price.

25 Itis desirable to only choose products whose prices will actually be able to move in
the subset optimization. If a product’s price is at a bound in the original scenario and
the gradient of the price variable indicates that the price will continue in the direction
of the bound if the bound is relaxed, then the price will not move in the subset
optimization since it will still hit that bound. If, however, the product’s price was

30 initially not at a bound or if it is at a bound but the gradient indicates that the price
would move away from the bound if it were relaxed, then it would be expected that
this price would change, if it is included in the subset optimization. In order to
discover the direction of the gradient of prices at their previous optimal price, a

simple model is formulated that evaluates the original objective function while
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Pciu. er. -5 GPs,i,k ~)5Cnrle, + 8, Vs, 1, k where 8 is a small nm(m 2006
10 Ak and 21k are defined as the nmarginal values on the upper and | o \

bounds & dsmageesn the final inequality constraints. Thesgrigssad val ues
will be used as a neasure of the price gradient as the price noves away
fromthe i ncunbent optimal price. They, in concert with information about
whi ch boundallomeng peicdsi t @aryrslightly fromi théinptevivus bpsiinl leidl) p‘,gg,g,er'pmgl fhoabl ch
products are allowed to have price changes in 15 the subset optim zation.
Product s f osonsists of shorfuddamenigl msdviel Eguatiansethahdefine dedand group kdeg enapikdtces
during the gubset optimzation. To this end, all] of .constrajnts in the
initi g| nmodel < af%e™® (78&8’5?8@"’8%‘3 Fen, %@Fla’cﬂ?%@ng? E‘r’lg@ﬂfpé’ﬁﬁ%whmiar st, a
check s pesthdll AdighBcth&Reiieir prbAbus GRtfhdI Valles WRF 2 plgHilmd @il OPLI mal
price in the original scenario. Essentially, this 20 just neans that those
st or e- pf oduRrebegntharaeded mighithefermlated agiht “ and | ef t - hand sides of the
constraint equations are the sane are.found. For exanple, suppose that
there is an upper bound on MsKihnlX pPigeP. Rk GR.DAXc, ; k, Vi, k where ¢ is
the store cluster, i is the deméh& gtoup, and k i s the product. 25 For
this rule, all of the store-product conbinations where Pc,i.k = PMAXc, ;, K,
“di,k would be found. Rule relaxation, discussed above, may have been
utilized in the original ﬁgggimmyiipﬂ.ﬁ;ﬁ% digcussed; above, rule rel axation
allows the optimzation to 30 auton®tically relax constraints subject to a
hi erar chy dehéraellismysmaibnwlar. Since the subset optinization is based on
the original constrai nfs of the initial scenario, it is possible to have
opti mall0prices fapand He aferdefined asthe margioaltvakites an éhei uppesmiddbwerbdund@1 3 0
MAY 2006 WO, 0.3/ 048893 PCT/ USQ2/ 3671Q respect tq sone of _the original
da%@é‘g%'get%l‘?@s‘@e% Bt Gorstraiats,hese marginal yajugs wilhbe rsedgs ascenari o

constraints

optim zat i QeashEOfIRE AL ARAERLS Bl rﬁ:'e%@v%F B%’% ROMNHe AR @Xntgﬂtﬁelﬁlealrhpr oduct

conbi nations_for which the inconing optim ce is 1nreasi us, for
an price. They, in concert with information about which bounds were active in the

original problem, will determine which products are allowed to have price changes in
15  the subset optimization.

Products for the second group should have the freedom to change prices
during the subset optimization. To this end, all of the constraints in the initial model
are evaluated and three operations are performed. First, a check is performed to see if
that constraint was tight for the optimal price in the original scenario. Essentially, this

20 just means that those store-product combinations where the right and left-hand sides
of the constraint equations are the same are found. For example, suppose that there is

an upper bound on optimal price:

P, < PMAX,,,,Vik

where c is the store cluster, 7 is the demand group, and k is the product.

25 For this rule, all of the store-product combinations where

P, =PMAX,,,,Vik

would be found.
Rule relaxation, discussed above, may have been utilized in the original
optimization. As discussed above, rule relaxation allows the optimization to
30 automatically relax constraints subject to a hierarchy defined by the user. Since the
subset optimization is based on the original constraints of the initial scenario, it is

possible to have optimal prices from the initial scenario that are infeasible with
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upper price bound, we would set PMAXCi k equal to P,,i,k . 5 The third
procedure changes the initial bounds on those products which have had 0 MAY 2006
cost, basgopsogPr conpetitive price changes. |If the cosper cPlol ce, or
conpetitive price has increased, it is desirable to increase the upper
bound constraints so that the optinmal price is allowed to nove. The upper
pri ce boundIcspest tesemepethe ofiginalicanstraints becaupe thosk censeping were rlaxed in ~c, k )
Vi, k wherg ~ ' e n fn_cost Qg rice wih respect to
base pri co. A5 etseRusRfort AR, THEREA PpsiEin Rl BibE Sollid o 4 RiFc e

| ower bound ptaalupt @neihations fgrrwitieh thedfidontihg Bptimig price i inhRsiBRPERud, Borlae | ower
bound. The corresponding | ower price bound would be 15 Pc ; k > Max(PMAXC
i k (1- X , upper)pricebpynd, werwould seti PMdXpheequal tocPk, i s a. scaling factor for
the all owabl e price region and PC/,,.,,,, IS the ogtimal price for that
product 3f r om t he T8¢ thjrdipceduesehianges the initiad bewrds oprtheseipsedusissvhiglehavised, t hen

t he | ' o - | - yk )Iv k20
ang tﬁ?LpBg?&E%%%g%%%%%gogﬁgﬁﬁe 5}? cﬁ{c%%ﬁ?ﬂe%sﬂ( RgSE(P}%C%, ), ) Pc;,,,.,:;cC

, ) Vi, k Foompetitbterpmicahss morebted, fviedaiablptd inereade the dpparddug constraihtte bound
I s changed by th mar ket . share wej ghted average change in the cost or
price rel at PQ\;Q"“{ g*ei%’rlma P“‘E?a}§éﬁ?)‘?’?4:  movigs el he dippesrprics bgnerh derexpmples ubs et
optim zati oQoufd bdtBheNOW be 25 constructed as fol | ows: For each store,
product and constraint: 1. Initialize Cto include all avail able products.

2. If 2% >0 or ,%< 0, then ke §pMXcTc\)&s4t,r7a' ;. #S an active upper bound
“MAY (52)’6

on price and Vk> 0, then 30 k6C 22 3 (@ {0 03/ 048893

PCT/ US02/ 36%ere £, , is percentage change in cost or price with respect to base price. If the cost

has increased, it is also desirable to raise the lower bound to prevent the price from
flipping from the upper to the lower bound. The corresponding lower price bound

would be
is P = Max(PMAX,,, (1=%,,), By, ) Visk

where X, is a scaling factor for the allowable price region and ﬁ;,m,crc is the optimal

price for that product from the original scenario. If the cost or price has declined, then

the lower price bound would become

'P(:,i,k 2 PMINL‘,i,k (1 - gc,k )5 Vi3 k

20  and the upper bound becomes

P,y 2 Min{PMIN ;0 (143.4), B, ) Vi
For constraints on the average price of a demand group, the bound is changed by the
market share weighted average change in the cost or price relative to initial base price.

The set of candidates for subset optimization, C, may now be

25 constructed as follows:

For each store, product and constraint;

1. Initialize C to include all available products.

2. If &, >0or A <0,then keC

3. If constraint is an active upper bound on price and ;> 0, then

30 keC
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4. If constraint is an active |ower bound on price and Xk < 0, then koC 5.
| f product has change in the state of information, then k ¢ C5 Sel ece I JHY 2006
of the Savo adosBsmducts for Subset Qoptim zation In sel ectignegEdg 4 pr oducts
that will conprise the set of products, R which are allowed to have price
changes in the subset optimzation, a sinple m xed integer problemis

sol ved. A binary vari4bllEconskaini s anraedteidwenbéundeaipgiat esd et d)@kenor not a
gi ven product is chosen to beconme a nenber of R An objective function is
the sum 10 of these bi nadtgCvari abl es wei ghted by the maxi num nmargi nal val ue
on each product's prjce_obtained in the step of constructing the set of
candi dates for subset>-opf PiRfycthapehangeinethe staie of dnformations thes Aef@t t he nunber
of products chosen nust be | ess than n, the user-defined nmaxi num nunber of
products allowed in the subset optim zation mnus the nunber of products
w t h changes in $dectivhadfehoBet afffrodatts dox: SUldeSOptigiatipncan be 15 written
as Max [Er, -Max~,e | , Kk I(ﬂ 5eC subject to Zrk <n. keC The set of
products, R mayltrEleqwrg thed prodpets theh willieeraprisethesseh abprodpets, R, »dchoare 20 as
KER: { (KEC rMiqo ' 3 j Rt m. ri.ces over the
Product Su bésﬂlé)t“L eg%l'ﬁg&a r ikb%e%ﬁ%fe%&?a 1112?1%%?%%15%@’ Fhéﬁ)lgrrné)&?ol %ﬁgrnber s of R
are fixed aprdblet is solvedv Arbidelre mariable o}, vedeated thasindienis ahethepdrd vt gat i on,
such as the.initi &Iéqgspti m zation 25 described above, except that prices

not in the EVHLRP ¢hosen o beseme pangnakes pbR. Ascrbiestiug fnctien isthbeiswr i ve
equati @ps faanesebhaty PRMPRI Bd&m . ’

optim zation nodel .agligr exar‘r*,peﬁ%té?ﬁ%h%bj ect ?@?ﬁﬁ@ab@?ﬁéﬂn’%ﬁgp%&@a spr ofit:
~+ Ds, i, k, pricepbtaindd,in the sBsp of donstrycting dekseDefigandidates for subset optimization.

The only constraint is that the number of products chosen must be less than n, the

user-defined maximum number of products allowed in the subset optimization minus
‘the number of products with changes in the state of information. This problem can be

15 written as

Max [Zrk -Max(]/li Hl}: I)]
keC
subject to

ZrkSn.

keC

The set of products, R, may be defined to be considered in subset optimization

20 askeR: {(k € C|r, =1)uU(k €eC| k has change in state) }

Optimize Prices over the Product Subset R
The price variables of products that are not members of R are fixed and this
new problem is solved with a complete optimization, such as the initial optimization
25 described above, except that prices not in the subset are held fixed. Regression
models and the predictive equations from the econometrics models are used to

construct the optimization model. For example, the objective may be to maximize

profit:

ieGkeDem,;

D Ds,i,k,t(Ps,i,k.t_Cs,i.k,t)
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3 0 MAY 2006 WO 03/048893 PCT/ US02/ 36710 subject to constraining pri c%
changes to be within a given range of current prices. PMNs ; k r <_ FB‘MA;Y 2006
k , < PM®WO03/048893, To sinplify notation, the tinme index nmyrbziegved from
the equations. So the 5 objective becones: Maxim ze: Ds,i,k (Ps,i,k -
Cs,i,k) . iEGkeDeml When the subset optim zation is conpleted and prices
are opti m Z8QIssHEr conglgaining psise clangeytodBoyithin agivsnaangsiod surreiprigeszed dat a
package is prglyjkﬁgd. Ig(; da package of the new prices for the subset

of products i V0 Ed stk sg#'es. The prices for the products in the
subset, which is a smaller set than all of the products, are changed (set)
according to the optim zed subset prices. The subset optim zation may be
repeat ed seDesialplify memtibgttietne inder mplycdieeemopéd fidid alid @jiaiddso®é i@ al | prices
to change. Fqr exanple, after subset optim zation, 15 new data may be
provi deg. Nlﬂ%"é‘r‘@?’ﬁ?‘”g??éci fy new subset limits or use the previous subset
limts. A new subset optimzation may then be perforned, using the
specified subset Iimts and holding any frozen prices to the prices

provided b BniRE-e¥i oS sypset copty mi zation. In addition to the
constraints 11isted éﬁg , S’tklrges"'br efsé‘?)lr ed enbodi nent may 20 nodel several

ot her business ryles via constraints, These include |imts _on group price
advance or decl iWé‘,eng?%ﬁ#’éseﬁPPB’F‘F?@“P%}Sé‘é’ané‘?t%a‘}Serréﬁeﬁgeroﬁfl@éz,edé’r’Yﬁf thene

Pr1 STng 1 Ul &heeitop B090HEAGS ABRY Bouh NEFUkAENL L SIRLACHVGEEY 25 1 n

exam ni ng purchase dat'a, at g price zones
(cl ust @0 i ngpdskagpsafghapéwy pritefe) theaybsetdli predymtoil iptavided tashenatirbs. abhe60% To

facilitate under.standi FI, 16 is a.hroad flow chart. of an epbodi ment of

e | nvant i RIHeS EnRE Diadfeds i1 the st mhictn &Sl b ibapal pEMHBRraBoR Hanch

store SDECiJHaﬁged3€.eti)Qé&?&ﬁéi@ﬁe@?ﬁm%disﬂﬁget’fﬁéé@.l store point-of-sales data,
S dat

cost data, or cCustoner survey a. The store specific information is used
and processed t ollpr sibset@ptimizatiah may be repeated several times between a complete

optimization allowing all prices to change. For example, after subset optimization,

15 new data may be provided. A user may specify new subset limits or use the previous
subset limits. A new subset optimization may then be performed, using the specified
subset limits and hol'ding any frozen prices to the prices provided by the previoﬁs
subset optimization.

In addition to the constraints listed above, the preferred embodiment may

20  model several other business rules via constraints. These include limits on group price

advance or decline, brand pricing rules, size pricing rules, and line pricing rules, as

discussed above.

INTELLIGENT CLUSTERING SYSTEM

25
In examining purchase data, it is found that geographical price zones
(clustering by geography alone) may reduce profits by as much as 60%.
To facilitate understanding FIG. 16 is a broad flow chart of an embodiment of
the invention. Store specific information is collected (step 1604). Such store specific
30 information may be individual store point-of-sales data, cost data, or customer survey
data. The store specific information is used and processed to provide optimal
combinations fore each individual store (step 1608). In the specification and claims,

the use of the word "optimal" may mean a value or combination or selection that is
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conbi nations fore each individual store (step 1608). In the specification
and claims, the use of the word "optimal" nmay nean a val ue.or comnbi nafiMa% 2006
or sel ectyigod/sbsds IS 24 3 0 MAY 2006 WO 03/ 048893 PCT/ USQiraikiiSs7det er m ned
t hrough the use of an algorithmas the best result found by the al gorithm
Since optimzation may be a conplex process, the optinmal result may not be
the absol seterined through thehist ofrayalperithm asahé besetesble Sdundéxyithd algéithat er s of
stores are ¢:hen . forned based on the closeness.of. the optimal conbinations
for each st% & o(pélfné@q%é'ﬂﬁy bea (QPIET POPESS: '15‘8§Bﬁm&]orﬁf}ﬁh‘§g¥8 eéﬁee t hen

provi ded ( sbeslutk®&resulObut ddy! HelaAbEalReSBALS fdsBR, Chlsfers distbrs sefthe@w chart of
a process intelligently clustering stores, which is an exanple of an
enbodi ment fermedeasedorfheicdesengsy of e optimpbegmtinations forspelt stbiedstepilft 2)of - sal es

and cost d pﬁ?' col | d. .Fi.rst optimzation is
perforrrged ﬁel%‘r’\g @%g@g%@gﬁ‘?@% Se%eglﬁégﬁogé@déa?%eg@p 1104). 10 Preferably,
the same optimzation is perfornmed for all stores. In this preferred

enmbodi ment, t he Tarfacitisatadscyssion) Fi€d 101s afleweheart by a ptoeess ih@Bigently nst ead of
by groups o sfores. In.addition, in_this exanple the prices are also
provi ded or?E“aSFFrﬁ“EéFﬂr -"‘fq't‘ ap gxquaple phan erpbefimeptofiths Mvepiqnniln ghis on

provi des anyonhiensd &?ﬁﬁ 1B Rids GRd ' | 0 15 FI G
12 is a m)rg d teai Ir%glsf 0 %ﬁggft ofs a gﬁ?@%?’%“ﬁ%‘%ﬁ?ﬁﬁ@ﬁg@sﬁ% 1108
for creati rag oplimszatios i perforpeyl ubiag de minttdfeales askemsdata@ieptihied)opt i ni zed

product an rice _conbi natians. for each ore. Constrajnt be provided
(step 1%04) .rf’fgélbgynﬁ}eesé‘anOPgﬁe?ﬁt@B%W&VWFé%% $rehi Bit rﬁ’ée% ain stores

f rom bei Ng citiolinierk e pREIEEAE hi81dRA on h3loTE BYLSRRE bAIL Il 8T by Brdifs b e
same cluster, setting g maxi mum 20 nunber of clusters, and settihg a

m ni mum cl wtres. Iniadditiohip this eximpje terprices arstatrogeovided drean iterntbg-icane cl ust er
may be useq t.0 ace geepgraphically clase stores.in the sane cluster or to
pl ace st org)gs]%i ‘?he Eeﬂ’“gpgﬁ“ %1‘?‘5?“%&?6?\“3%5 PRt Hf"éi‘“&to%ﬁtpm area or near
a freeway eshibinatiBn Fdteasiablre;! uster. Stores with the cl osest prices and

whi ch neet the constraints are then grouped 25 together in clusters (step
1208). There may _be many different approaches to clustering stores with the

cl osests pri ces. Fch? i ampwrdetaileddlowphad pb e prefersgdsmbadimenteof step 1108

for creating clusters (groups) based on the closeness of the optimized product and

price combinations for each store. Constraints may be provided (step 1204).
Examples of such constraints are prohibiting certain stores from being within the
same cluster, forcing certain stores to be in the same cluster, setting a maximum

20  number of clusters, and setting a minimum cluster size. The forcing certain stores to
be in the same cluster may be used to place geographically close stores in the same
cluster or to place stores with similar traits, such as being in a downtown area or near

a freeway exit, in the same cluster.

Stores with the closest prices and which meet the constraints are then grouped
25  together in clusters (step 1208). There may be many different approaches to
clustering stores with the closest prices. Such clustering may attempt to minimize the

sum of differences or distances in prices between stores in a cluster.

FIG. 13 is a chart of an example of four stores, which are formed into two
clusters, with each store carrying item X and item Y. Table 1 below provides a list of

30 . the prices for items X and Y per store.
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sum of differences or distances in prices between stores in a cluster. FIG

13 is a chart of an exanple of four stores, which are forrred into two30 MAY 2006
cl ust ers,wdls/busgasch store carrying itemX and item Y. Tabjep %[@g/

provides a list of 30 . the prices for itenms X and Y per store 3 0 MAY
2006 WO 03/048893 TABLE 1 PCT/ US02/ 36710 STORE\|I TEM TEM XI TEM Y STORE

1$6. 00$10. 00 STORE 2$6. 00$9. 00 STORE 3%$3AMI$71 00 STORE 4%$8. 00$6. 00 The

prices areplotted in EIG 13 for store 1 (1304), store 2 (1308), store 3
(1312), and I 1316) w{th the price of item X plotted alonpg the
hori zont al §ibg{§’aﬁ@$[t he pri L ETBM Xt em v pl ot t =BTWO\29 the vertifal axis. A
di stance mfiy beTattutated—S51bhy—Dbrstance="Frt+tesx—Pr+ees—>x—+pPrices,y
-Prices,y |{svhRe1s is for onggopf the stores. | 8, di stance nmay| be
cal cul at ed|{ bet ween al |l possi )Ige store pair cow%mﬁg?ions. Table P
illustrate$ the distances fof all pairings. TABLE 2 DI STANCE STORE 1 AND
STORE 21 SISRERE AND STORE 34$640STORE 1 AND S[IERED44. 47 STORE 2| AND STORE
33. 61 STORE2-AND-STORE43-61-STORE-3-AND-STORE 41.41 10 Therefofe, the
agt al dist igf‘ﬁf&{?r each pos.skg.los cluster pair g,%oare shown in | Tabl e 3.
STORE 4 $8.00 $6.00
The prices are plotted in FIG. 13 for store 1 (1304), store 2 (1308), store 3
(1312), and store 4 (1316) with the price of item X plotted along the horizontal axis
and the price of item Y plotted along the vertical axis. A distance may be calculated
5  by: Distance = \/(Pr iceg x —Priceg x )2 + (Prices,y —Prices,y)Z , where s is for one
of the stores. This distance may be calculated between all possible store pair
combinations. Table 2 illustrates the distances for all pairings.
TABLE 2
DISTANCE
STORE 1 AND STORE 2 1
STORE 1 AND STORE 3 4.24
STORE 1 AND STORE 4 447
STORE 2 AND STORE 3 3.61
STORE 2 AND STORE 4 3.61
STORE 3 AND STORE 4 1.41
10 Therefore, the total distances for each possible cluster pairings are shown in
Table 3.
15
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3 0 MAY 2006 WO 03/048893 TABLE 3 PCT/ US02/ 36710 CLUSTERTOTAL DI STAN
WTH 2 AND 3 WTH 42.41 1 WTH 3 AND 2 WTH 47.85 1 WTH 4 AND 2 WT
5 The stw@?mk@?,conbl nation with the | owest di stance wo

the best
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These distances may be weighted according to volume sales by multiplying

10

15

20

25

the distances by revenue.

Various algorithms may be used to actually form clusters. One example of

such clustering is the k-means clustering method. The FASTCLUS procedure
available in SAS, provided by the SAS Institute, Inc of Cary, North Carolina is one

procedure that may be used to create the clusters.

If a store does not sell a particular product, an average price for the product

may be calculated and used as the price of the product for the store that does not sell -

the product, so that the absence of the product does not affect the clustering of the

stores. If a constraint requires that two or more stores be placed in the same cluster,

their prices may be averaged together and the average price may be used as individual

store prices for these stores, so that the clustering algorithm automatically places these

stores in the same cluster, since their prices are identical.

After the clusters are created (step 1108), prices for items in the store are set

by cluster so that stores within the same clusters have items with the same prices (step

1112). Setting the product and price combinations by cluster is an example of

providing cluster based combinations (step 1616). Preferably, the new prices may be

obtained by performing a new optimization, where prices are calculated by cluster

instead of by store. Such an optimization might be weighted by volume of sales for

each store. Table 4 is an example of such an optimization by cluster.
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itenms may not , have such a constraint, . .
5y as the prices for store 4, since they are in the same cluster. In this example, the prices

for the cluster are close to and in between the prices for the individual stores in the

cluster derived when the optimization was done on a store-by-store basis. By

providing clusters so the prices for each cluster are as close as possible to the prices

for an optimization done on a store-by-store basis, the optimization by cluster is kept
10  asclose to the optimization on a store-by-store basis, which minimizes the loss of
optimization opportunity.

Over time, as more sales data is collected, the new data may be added to
iteratively change the clusters over time. Such iteration may limit the number of
stores that can change clusters or may have a similar constraint.

15 In an embodiment of the invention, each store may have a plurality of product
categories. Clustering may be according to product categories, so that a store may be
in one cluster for one product category and in another cluster for another product
category. This clustering may allow more constraints. For example, a product
category with perishable items may have a constraint so that stores within a cluster are
20  relatively close together, while a product category with non-perishable items may not
have such a constraint.

In another embodiment of the invention, it may be found that for some product
categories there may be more products available than what may be offered in each
store. For example, there may be more than 500 different soap products, although the
25  stores may only have room to sale 200 products. An optimization engine as described
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a store is placed has the nost simlar conbination of products step
1408) . . St orpredupteofi the A0psaapipdatictsithatswald optithize falgyr adastos: Yyptard bates

conmbi natio cordi ot I that the store is.in.(step 1412). As
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store, but woul d be designed to nmaximze sales and/or revenue for :
di fferent d&W@BilABE cerepareithapepravided an assottmentrof pedotdipreduct the prices are

opt i i zat i CAre BBl B B the g AT v S SR T B nGBeed or
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stores in the sanme 20 assortnent cluster receive the sane assortnent and

al so i A a grpdust epmbingtionsdox sagh ingdividualstara dut wouldbe dasignqstp sraximizst er have
e PR IS e e oo L CI L R o,
a survey ( she pridesadg set heptirsiued ety a ddteby sotedasist In fother embadiicar,anby store
promoti on Co%rtri?rixizr:]a%xioin%]ay et .orr?e %v te:j'eosrt]ore:svin the same assortment zone form price
clusters. Stores may be placed in an assortment cluster so that all stores in the same
20  assortment cluster receive the same assortment and also in a price cluster so that all
stores in the same price cluster have the same prices.
FIG. 15 is a flow chart of another embodiment of the invention. In this
example store specific information may be collected by a survey (step 1554). The
survey data is used to provide a store by store promotion combination optimization
25 (step 1558). In one example, 200 products may discussed in the survey. A promotion
combination may be a combination of 20 of the 200 products at different discounts
and displays. It may be found that each store of 100 stores in a chain has a different
promotion combination optimization. Promotion clusters are created to cluster the
stores according to how close their promotion combinations are (step 1562).
30  Promotion combinations for each store are then determined by the cluster that the
store is in (step 1566)
Other embodiments may be generated according to margins or by metric or

according to direction of movement.
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15 where EqP = equivalent price, € = price elasticity, = item, s = store, w = weight, and

R = revenue (initial). The equivalent price.of a product is defined as the price of a

standardized unit of measure, which may be calculated based on the product

description and the spread of sizes/counts that apply to that description. The metric

uses the change in equivalent price (%AEqQP) for a particular item (i) for a particular

20 store (s), which is multiplied by the sum of two weighted index values. The first term

of the sum is a normalized elasticity value, which in this example is the absolute value

of the elasticity for an item in a store divided by the average elasticity for a range of

i

tems in the store multiplied by an elasticity weight value. The second term of the

sum is a normalized revenue value, which in this example is the revenue for an item

25  inastore divided by the average revenue for a range of items in the store multiplied

by a revenue weight value.

In an example of the working of this equation, an item A may have an original

price of $1.00. As a result of an optimization, a new price of $1.10 is provided. This

would cause %AEqP=10%. Preferably, the elasticity of the item, the average

30 elasticity, revenue of the item, and average revenue may be initial revenue determined

from point-of-sale information. In this example, the magnitude of the elasticity of the
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uses the change in equivalent price (YEgP) for a particular item(i)figWAYa)UUB
particular 20 store (s), which is nultiplied by the sumof two wei ghte

i ndex vaiwegs/osddds first term of the sumis a normalized RhashhsdAy val ue,
which in this exanple is the absolute value of the elasticity for an item
in a store divided by the average elasticity for a range of itens in the
store nultiplied by an elasticity wei ght value. The second X m of the sum
is a nornaliteheth 5oy Bigher thah R m@hitGle 6thé Htafdaly, 'sétﬁal?e 1"893’ egff or an
item 25 in a store divided by the average revenue for 'a range of |tems i n
the store nultiplied by a revenue wei ght val ue. In an exanpfe of the

wor king of this equation, an itemA mayy| ave an original price of $1.00.

d. Th
wpurd cause SRERRL DR St 59 4 i rel,;?,tlcetéﬂssm‘ﬁe@ﬁ? e aver age

30 elasticity, revenue of the |tem andk average revenue may be initial

revenue detgl S exanpl e, the
ragni ude. of T Re: S et ROt ) ith aP g ikl LB ove P s B4
PCT/ US02/ 36710 E- | itfem iy 15% hi gher than the magnitude of the average

| ast t t [ LE he elast|C|ty
\i/EalssI gl 4y rf%r?&rlh%tgét —L—l_{—?(— %g?(ghiwe%htgfﬁlﬁe&ﬁ&ewe@& ex%atrtrpl e, the

revenue for the |tema thé store increases by 20% over the average R
revenue so that RI' = g . ]The wei ght of the revenue WR is 0.6, so that

| Wv}hﬂﬁﬁé@fog {S%Oﬁa/o% %n?}s ﬁl&‘{ Therefore, s % &P |

fe, | R.
%AEQP, ||| =2 tw_ |+|| =2 |w,, ||=10%(0.46+0.72)=11.8%. This metric
1,s [ | R

€ R
s S

would then indicate that the increase in price would penalize the image metric of the
store by 11.8%.

A large positive percentage change in price would more significantly increase
10  the image metric than a smaller percentage, which indicates that the image would be
hurt more. A negative percentage change in price would indicate an improved price
image. In addition, a more highly elastic or higher revenue item also would provide a
greater effect on the price image.
This metric may be averaged over all items in a range and over a store range to
15 provide an average image metric. This average may be weighted by volume or
revenue contribution. The range of items and stores may be the range of items and
stores over which the optimization was performed. In the alternative, a select group
of items and/or stores may be selected as the range used to provide the image metric.
A reoptimization decision step is then made (step 1712). FIG. 19 is a more
20 detailed flow chart of the reoptimization decision step in an embodiment of the
invention. In this embodiment, the indicator of significance of price change and the
optimized prices are provided to a client, such as the stores (step 1904). The prices
and indicator of significance of price change may be provided to the stores through
the support tool 116. Feedback is then received from the client regarding the

25  significance of price change (step 1908). Such feedback may be a request for a lower
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In another embodiment, unit price may be used instead of the equivalent price
to generate an image price metric. In another embodiment, category price may be

used.

In another embodiment, a competitive image metric may be calculated as the
20  indicator. The competitive metric provides a measure of a competitive impact of a
change in price. Preferably, the competitive metric is based on price elasticity and

revenue. In a preferred embodiment, a competitive metric equation is:

le. | R.
Competitive Image Metric=%AEqP. -1,s w |+ = |w ,
1S |ES| € Rs R

where EgP = equivalent price, € = price elasticity, i = item, s = store,

25  w=weight, and R = revenue (initial). The metric uses the difference between the
equivalent price for a particular item (i) for a particular store (s) and for the same item
for a competitor (%AEqP), which is multiplied by the sum of two weighted index
values. The first term of the sum is a normalized elasticity value, which in this
example is the absolute value of the elasticity for an item in a store divided by the

30  average elasticity for a range of items in the store multiplied by an elasticity weight

value. The second term of the sum is a normalized revenue value, which in this

.32



significance of price change (step 1716), which includes using feedback
regarding the significance of price change and price change in the 30 MAY 2006
reoptim zation. The feedback 10 may be used to provide a constraint for the
reoptim zation. A new indicator of significance of price change may be
provided fromthe reoptim zation (step 1708). The new i ndi cator of
significance of price change and prices nay then be provided to the client
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revenue. In aH%referre odcérrent a co tric eq uation is:
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mul tiplied byimicaryenthie s1‘gﬁlﬁgzi‘ﬁce vﬂlhelpnce change (step 1708) is provided by calculating
the percentage price changes of each item and placing the percent price changes in the
set ranges (step 1808). A graphical indicator is then used to indicate the range that an
item is placed (step 1812). Such a graphical indicator may be a color coding. An
example of such a use of color may be by providing a table of optimized prices
20  according to item. The prices, item, or background may be colored according to the
range that the percentage price change for the item is placed. The use of color allows
a user scanning a table of optimized prices to quickly see which items had a percent
price chanée greater than 50% (range 5) or between 25% to 50% (range 4). In
another embodimént, a bar graph or an icon may be used to graphically indicate
25  ranges. .

In another embodiment of the invention, the risk assessment attribute may use
a volume weighted price change. If the image metric were applied to a group of
products, such as a product that comes in different sizes, a volume weighted average
may be used to generate an image metric for the product using sales of all the

30  different sizes.

In another embodiment of the invention, the indicator, such as an image
metric, may be used as a constraint in the optimization using the indicator of
significance of price change (step 1716). A rule used in the optimization may specify
DEM1P009. WO 33A
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I n anot her enbodi nent of the invention, a risk assessnent attribute i§ m@?g
as an indicator of significance of price change. In this enbodi nent, g 006
risk assessnment 5 attribute is an indicator of the price change of an

item Such an indicator of price change nay use actual price change,

percent price change, equivalent price change, percent equivalent price

change, or somgangt e theShdibdigt" m&;guﬁ'@@d?ﬂﬁin ! Szﬁﬁi&tor%!f hiBarlcd offprick OW chart

of a process that may be used to provide a assessitent attri bute.
Attribute rangessamay then b partopmediepping the indieatenveihpl the siferified 12mge. difges nay be
provi ded and ranked ,from1 to 5. If a percent price change is used, a

user may pl ace price changes of greater than 50%in range 5, percent price
changes from20%to 50%in range 4, percent price changes fromO0%to 20%
in range 3, percent price changes from-20%to 0% in range 2, and percent
price changes for - 50%to -20%in range 1. After the optimzation (step
1704), in this enbodinent the 15 indicator of the significance of the price
change (step 1708) is provided by calculating the percentage price changes
of each item and placing the percent price changes in the set ranges (step
1808). A graphical indicator is then used to indicate the range that an
itemis placed (step 1812). Such a graphical indicator naybe a color

coding. An exanple of such a use of color nay be by providing a table of
optim zed prices 20 according to item The prices, item or background may
be colored according to the range that the percentage price change for the
itemis placed. The use of color allows a user scanning a table of

optim zed prices to quickly see which itens had a percent price change
greater than 50% (range 5) or between 25%to 50% (range 4). In another
~enbodi nent, a bar graph or an icon nmay be used to graphically indicate 25
“ranges. | n another enbodi nent of the invention, the risk assessnent
attribute may use a volune weighted price change. If the imge netric were
applied to a group of products, such as a product that comes in different
sizes, a volune weighted average nmay be used to generate an inage netric
for the product using sales of all the 30 different sizes. In another

enbodi ment of the invention, the indicator, such as an inage netric, my
be used as a constraint in the optimzation using the indicator of
significance of price change (step 1716). A rule used in the optimzation
may specify
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DEMLPQ09. WO 33A 3 0 MAY 2006 a range for the indicator. The optim zation
using the indicator of significance of price chang;a mﬁy t hen be perfcgﬂglgw 2006
keepi ng t bv@dkgzat or within the specified range. If t em

AI\/E&DE% gvlh—lsEI%gllm?%h%al\/AY 2006 WD 03/ 048893 PCT/ US02/ 36710 opti g@@?og\ol S
Iterated over several cycles, the indicator of significance of price

change may betinizatiorels ivvaed ear seweyat cpcless thecindicatotieSsigmificapice ofpridtange and

el asticitie are cal.cul at eg\ﬁ causbngqlt he constraint .to change every

i teration. PGS BEY|bE changed veneach cogle atmivh ¥alues 19F Briesshapee &gt ai ni ng an

i mage netri glastiitidd ¢ EAuINBY, LA IHRRohstraRR LS K Qeéezwgraagﬁ"‘) Such price
optim zation nay be a price optimzation as des above

optim zation and_denand npdel are used to generate price di fferences and
denand eI astici t FE& ?(0319‘661020@9)1 of @nother apiperss of abthining anrlmaemmemc néar gi ns,

and sal g &n@ﬁ h ce. di.fferenc

el astici t | egll ar use ol§ ggl%gr at% 383125&%% guﬁéﬁrﬁe OP(IE}%%IOE(S'FE) aﬁ%’e .
gener ati on oftini2afidreas deagribedeibbe Tl&wpﬁﬁﬁzdtﬂ@ﬁ aBd avinamiimaddiansusk@to t he i nmage
metric or the conp etléllve I mage metric. Such equations nmay use revenues to

gener at e t h&°HeFAlg BrIsRAifferences andgemgnd %lﬁﬂlcgﬁsl(ﬂm 2008 Qﬂéﬁré’éhlﬁiﬁﬂ@h agyst em
900, which fegemss ! ARlofhsl Hd saﬂmoﬁﬂige{gtrﬁﬁ%#%% c%lh PyS %1129 di‘?fe?e?x%%%t
S| er

i nvention. FIG 9A siows one pos physi orm e Cco
system O amwlrlasticitiesarecuset td genemysmﬂmmmd&wgteb&mm?w}wgeﬁemﬁbn bor s
rangin fro an integrated ciycuit, a prlnjEOed circuit boar and a  small
handhe e&’:ed’@a%Fme C e té‘ﬁ%é’?’ © egypbaRSfor ?é%et%‘i/%rt FIFQOREHIYE | uges a
noni t or 902 a keyboar

image PhetRé. Su%%mﬁo&%’a? P %bﬁéf%tg e lﬁlngg Sreuft.

910, and a nouse 912 914 a conputer-rea 'umused to
transfer data to and from conputer system 900. 20 FIG 9B is an exanple of
a bl ock di agr anF¥H8. 24 apdiPBrillysiratesneongp@ter Ay stero 990, which symitebie fors 920 are a

br ocesel ng. IvEEHE Eideit SCBE BRGtT yebfiot SR gaows Soe Resi ng
physical form of the computer system. Of course, the computer system may have
15 many physical forms ranging from an integrated circuit, a printed circuit board, and a
small handheld device up to a huge super computer. Computer system 900 includes a
monitor 902, a display 904, a housing 906, a disk drive 908, a keyboard 910, and a
mouse 912. Disk 914 is a computer-readable medium used to transfer data to and

from computer system 900.

20 FIG. 9B is an example of a block diagram for computer system 900, Attached
to system bus 920 are a wide variety of subsystems. Processor(s) 922 (also referred to
as central processing units, or CPUs) are coupled to storage devices, including
memory 924. Memory 924 includes random access memory (RAM) and read-only
memory (ROM). As is well known in the art, ROM acts to transfer data and

25  instructions uni-directionally to the CPU and RAM is used typically to transfer déta
and instructions in a bi-directional manner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk
926 is also coupled bi-directionally to CPU 922; it provides additional data storage
capacity and may also include any of the computer-readable media described below.

30  Fixed disk 926 may be used to store programs, data, and the like and is typically a
secondary storage medium (such as a hard disk) that is slower than primary storage.

It will be appreciated that the information retained within fixed disk 926 may, in
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menory 924. Menory 924 includes random access nenory (RAM and read-onl
nmenory (ROM). As is well known in the art, ROM acts to transfer data %ﬁm%ﬂﬂﬁ
| nstruct (x@gs/ ez di rectionally to the CPU and RAM i s usegdpRosadky to
transfer data and instructions in a bi-directional nmanner. Both of these
types of nenories may include any suitable of the conputer-readable nedia
descri bed RPPERPIaK qapssebe Hicgiporaiebin standhrddashinnrsadrtia! nutinery in memoty t o CPU

922; it prayd It dat t gr age apacity and na o i nclude any
of the comererBRii RNk bt fedh sEABRT Ao Bk ottty b
used to st adescriibedderws, data, and the like and is typically a secondary
storage nedium (such as a hard disk) that is slower than primary storage.
It will be appr%%ed that the information retained within fixed disk 926
may, in 34 3 0 Dl ypled e systigy of WpuouBY dgvissh sagh asalivwlaases, be

I ncor pok at i ' | e

Rem)vab?e ?bgkﬁe 14%@%&%@%%?%&&&%9 g?f@%?{%al,c%x&p ter. ﬁ)ruégéé%‘?e medi a
descri bed behybe angRif: ¢idgo disphlys drack ball s thicepkeybeands ahicrayfhohesp totuchut put

devi ces, such.as display 5 904, keyboard 910, npuse 912 and speakers 930.
I n gener al ,seaﬂﬁy%%ﬁﬁgwﬁmﬁagﬂ@aﬁe@ rrg?gngﬂﬁprdqaper\;pgee@a@ﬁrg,ﬁgtg@tg,, track
ball's, ni c%tylﬁﬁxmed&,haﬂa@ﬁﬁﬂ@%&sgxﬁzérg%&netﬁ@s%%c}iéréﬁ%r @h}%?b(?rﬂﬁutexrs.r ansducer

card readers, magnetic or paper tape readers, tablets, styluses, voice or
handwr i t i ngCPé88g aptiarally nibydreetoupled to anmgher somputenottelecarompuoicetions CPU 922

optionaglly e _coupl ed, to other uter or teleco ni cati ons 10

net wor EJ) usi ng‘x?fgtl\%ﬂg *%qrgf?tgﬁ‘gcegd}gr W‘fnﬁ’m &é‘ﬁg’&‘.’rké?tﬁ’g?wﬁ erface, it, is
cont enpl at afbntdhilattdiaCGRY CRLAight @6RivéSnfoRthATowetdif hel PROKNE: MAMNOT K, Or

m ght output information to the network in the course of performng the

above- descrqusiay infaanation te thenetwerkqin fhergovrse of performingtheedipvedessribdd t he

present iny ' e | el n_CPL.922 or Jmay execute over a
etwork suchobo® Reb® by BEAE e qof chnbBtel R mitreh FRARRITEIL " hat
shares a paxetwdsslélytupen OPOLEESorMHay ¢xecde divéraaietweakizadh AEME $ntefnet e present
invention further relate to conputer storage products wth a

conput F - r sRARPrEoHHR aﬁ?mﬁtﬁtcﬂﬂﬂ@t shargsdnertionfdbe proeessing. f or  per f or ni ng
vari ous conputer-inplemented operations. The media and conputer

In addition, embodiments of the present invention further relate to computer
storage products with a computer-readable medium that have computer code thereon
for performing various computer-implemented operations. The media and computer
code may be those specially designed and constructed for the purposes of the present

20  invention, or they may be of the kind well known and available to those having skill
in the computer software arts. Examples of computer-readable media include, but are
not limited to: magnetic media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD-ROMs and holographic devices; magneto-optical media
such as floptical disks; and hardware devices that are specially configured to store and

25  execute program code, such as application-specific integrated circuits (ASICs),
programmable logic devices (PLDs) and ROM and RAM devices. Examples of
computer code include machine code, such as produced by a compiler, and files
containing higher level code that are executed by a computer using an interpreter.
Computer readable media may also be computer code transmitted by a computer data

30  signal embodied in a carrier wave and representing a sequence of instructions that are

executable by a processor.
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code may be .those specially designed and constructed for the purposes_of

the present 20 invention, or they may be of the kind well known and 30 MAY 2006
avai | abl ey g3/689m€ having skill in the conputer software@fisn61gmP! es of
conput er -readabl e nedia include, but are not |limted to: magnetic nedia
such as hard disks, floppy disks, and magnetic tape; optical nedia such as
CD- ROVs and hol BYF-dfHs & schewiatie dljustratjoreefancgmtiodihentofithe inwmébn dsmt f | opt i cal

di sks; and r re devices, that are speciall figured to store and 25
execute pr og‘ﬁlé:%g%oo & agﬂ?}ﬂ?tg%n%}ﬁ'ﬁﬁﬁ @zs’t P@'ﬂ‘?-@b@%}(%ﬁ@nﬁaﬁh@ﬂ%ﬁﬂm@i rcuits
(ASICs), phegosEANEod DFide tMictRSk(RAR). KRR 808 L RNMsdg)HvaRS-
Exanpl es of computer code include machi ne’ code, such as produdced by a
conpi | er, aRetWRrK wsed by grinidrsizadgoripgmewithauildinggempleat Pabliclprewstibld by a
conput er; US{ i . r _readahl e ia may al.sp.be

conput ef co%@?%ﬁgﬁkﬁ%&?ﬁ&f%@%ﬁ#@r 08%1{1 4 53(’ §?t§§lgﬁ Syéﬁ%&f‘%a%“h a

carri er waveldarkphaersystems (PQTS). SequpdaePiivate WANE inddik thbtuséd By
execut abl e by a processor. ;35 3 %‘NAY 2006 WD 03/048893 PCT/ US02/36710 FI G
10 is a schBWHt-raqna) crepergtionsontel intermabiaformationsystenengads.c hhe etwerkat
functions o ‘ a | area
et vor k(LA e SRTPLASomBRNGH SE B diorRbIEL ANSRR SRR Trd Q6
private - neawmemkodiment thy pacawmtinsizingdystemid0ys sdnhécted fouthd détagric®0p! ex.

Publiclx accessi pl e WANs . | n¢l ude tpf I nternet, celluylar tel ephone
net wor K sa{;’gfnﬂl ES sdpgd h}ﬁﬁiﬁpﬁt%rpﬁ_ 4b?r8-"‘f°'8 cepisicd tathemetiork S-Sy he
Exanpl es of cqhputért §st¥dbifor tE bidfts 100aRE: q)i-laYrectmﬁhﬂ%\%(?}EHugggée vt tﬂ?r ations

for their internal "informati on system needs. The net may also be a
conbi nat i onPide qptinvzing sysiemn d 00 pudrithendtwiik 800d/ or WANs. I n such an

enbodi ment the price optim zing system 100 is connected to the network 800.
10 Conputer syst by..t h tores 124 .are al so connected, to the

net wor k 800. Themglﬂn%g evreXté%ﬁaé 4 gersc{l eéllgttgfnéé)%f?@r Pé&-t%?de to

bi - di r ect i ogtabddimems]ttiere @ed Atevdtions,ihedifiEHtions peRftAlidisehdSysiRiHe 100 over the
network 800. While this invention has been described 1n terns of several

preferdéd avbdanteihich fell avithinthe seoneant shis énventionodt shiowdt alombs ngged that at i ons,
and substit t‘lﬁtEFésa%% nfif g]?f%éﬁg;ee%%‘ﬁgg ﬁ{f?%x‘t?\lerlxtirﬂ thE A€ aSE G rRlisel B fhe

i nvention.
present invention. It is therefore intended that the following appended claims be

interpreted as including all such alterations, modifications, permutations, and
substitute equivalents as fall within the true spirit and scope of the present invention.
20
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there are many alternative ways of inplenenting the nethods and appar %%$$%
‘of the present invention. It is therefore intended that the follomﬁng AY 2006
appended clainms be interpreted as including all such alterations,

nodi fications, pernutations, and substitute equivalents as fall within the
true spirit and scope of the present invention. 20 36 3 0 MAY 2006 CLAI MS
What is clained is: 1. An apparatus conprising a program storage nedi um
havi ng conputer readabl e code enbodiégﬁéﬂﬂﬁein, sai d conputer readabl e

code being configured for 5 conputing, using a conputer, a preferred set of
prices for a syhgedcighedaipl urality of products, conprising: conputer
readabl e code for storing initial prices for a plurality of products;

conput er read%ble code for desigpating a subset of products of the
plurality of IproddCtRBPAiHEFETRTSIEE FRATHR FloBes Beduidiwing foppHicIsubset  of
products is | gsflablbasdd difbodidd BeraL kail borRm A Eddablk RodeHRinR i fbutdd¥o f _
products; and conputer readable code for optimzing prices for products in
t he, subset 5 of COPPBNge tHng AprAnppatones melaired sebofpises for & subbetof & plyligf ofpr oduct s

of the pluralifys.ef RLRdLGESs that are not in the subset of products. 2.
The apparatusf&ag'rbcﬁﬁégﬁ%n claim1l1l, wherein the conmputer readabl e code
for 15 designating a subset, conprises: conputer readable code for

al l owi ng a nunber Fompwenseadgels cefledorstoringdmitialguivgribors plnetityaifipedociste f or
selecting no nore than N products of the plurality of products to formthe

subset of product Scongputéij}@adéﬂg%tﬁtf&sde_si%ﬁat% GQlshigads 4 r{]dluﬁ's Bt the plifiEFOE the

€
conput er readable code for 20 selecting nore tha prodBcts sel ects

product s t hat Pedgeis.ceherdie thgmamberof produstsringhe subsetobprodueys is tess thén e pr oduct s
of the plygalt . tug, as recited in claiml,
further cgﬁprf%%%gﬂggﬁgﬂ?%%ﬁ?%é%gﬁﬁgﬁ%§§@é§¥%§ providing initial prices by

optimzing prices for all of the plurality of products.
computer readable code for optimizing prices for products in the subset of

products, while maintaining the initial prices of products of the plurality of products

that are not in the subset of products.

2. 'The apparatus, as recited in claim 1, wherein the computer readable code for

15 designating a subset, comprises:
~ computer readable code for allowing a number N to be designated: and

computer readable code for selecting no more than N products of the plurality

of products to form the subset of products.

3. The apparatus, as recited in claim 2, wherein the computer readable code for
20 selecting no more than N products selects products that provide the greatest

optimization for any set of N products of the plurality of products.

4, “The apparatus, as recited in claim 1, further comprising computer readable
code for providing initial prices by optimizing prices for all of the plurality of

products.

25 5. The apparatus, as recited in claim 4, further comprising computer readable

code for providing new data subsequent to providing initial prices by optimizing

prices.
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25 5. The apparatus, as recited in claim4, further conprising conput %\r
readabl e code for providing new data subsequent to providing initial 0 MAY 2006
prices by optimzing prices. DEM P009. WO 37 p, WE DEO SKEET 3 0 MAY 2006
6. The apparatus, as recited in claim5, wherein the conputer readabl e code
‘for _providing new data conprises conputer readable code for providing new
price data a%d conpeiiRparatusarsapiied dvelaint H wheret theltomputrsveadalnebddora. 7. The
apparatus, as i i i oflﬂfﬁ] L $1 . I able 5
code for pr ovipaﬁ%ﬁgﬁel‘%@%tﬁ%(gﬁ atsi ocn. 8%%%@31%%&% g‘:{rggfv%éﬁr{cggalgn claim
7, wherein t hénéeemnntareadalld sesledorpdeding new pewndiddtang rul e rel axati on

conpri ses: conputer readable code for allowing the prioritization of a
plurality of rules; . ] i | east one
| ower priori tyur ul gh%ﬁg%algsvggmﬂgggh%%ﬁgl??lgﬁeﬁ%ﬁ&u lggtcé)ﬁ%@ééj()r%giaﬁéasi ble. 9.
A method fdor e€edgfar pragidingpulefdanatidn.set of prices for a subset of products
of a plurality of products, conprising: storing initial prices' for a
plurality of grodu . EPNal | . f the plurality
of. products, \%hefe_?%é%p %én%’ﬁd%n%er o%rngarl% ﬂgl?itglﬂlrfﬂe{%og{@%ggetgﬁabg?cog?goéucts IS

| ess t han t he PHYiie rulsirelpxasivncompriisesit he 7 plurality of products; and
optim zing prices for products in the subset of products, while maintaining
the initial price f i L . .are not
n the subset of 20" B SRnar it g i BBl ok ion BE SERENR d0ks S
wherein the désd gnating a subset conprises: allowing a number N to be

desi gnated; and selecting no nore than N products of the plurality of

products §p f S Qpuith R38161080a8 %&%ﬁ%iﬁg at least one lower priority rule to allow a

higher priority rule to become feasible.

9. A method for computing a preferred set of prices for a subset of products of a

plurality of products, comprising:
storing initial prices'for a plurality of products;

15 designating a subset of products of the plurality of products, wherein the
numbef of products in the subset of products is less than the number of products in the

plurality of products; and

optimizing prices for products in the subset of products, while maintaining the
initial prices of products of the plurality of products that are not in the subset of

20 products.
10.  The method, as recited in claim 9, wherein the designating a subset comprises:
allowing a number N to be designated; and

selecting no more than N products of the plurality of products to form the

subset of producis.

25 11.  The method, as recited in claim 10, wherein the selecting no more than N
products selects products that provide the greatest optimization for any set of N

products of the plurality of products.
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25 11. The nethod, as recited in claim10, wherein the selecting no nﬂ)ﬁAY 2006
than N products selects products that provide the ‘greatest optim zat

for any set of N products of the plurality of products, DEMLP0O09. W 38
AVENDED SHEET 3 0O MAY 2006 12. The nethod, as recited in-claim9, further
conprising providing initial prices by optimzing prices for all of the
plurality of p?oduBtesneti®l, ashkeiteddn blaik 9,a‘srtheec¢rhmﬂin§rprmdicﬁhgﬁnit&ll pficest her )
conprisin rovidi ng. new dat a bs nt.to.providing initial prices by
op'[?m’ Zi ng Br?c‘éps.ml §H¥lcefﬁc’era§e()?ﬁ§&’?‘ﬂ§§w?£%ﬁo?‘gﬁ'i n claim 13, wherein the

new data conprises new price data and bound data. 15. The nethod, as
recited in cl&.m IThefmethddeas recitediin elaing 1) fotheddongprising provididgneat datn. 16. A

met hod for sefti rices..for .a . subset of. products of a plurality of
product s, 10“3%)‘%%?’?%?%%‘:’1(1}%&%aipﬁlﬁeso t(’lpEf{”%éI&FIH’th%es for a product
category; pricing every itemin the product category according to the

recei ved dpti M.zedThemiatlesl, aspeated di clgimBywiterbin tHdnawedatd aonipgisesaswpricees f or

t he subset of é)gﬁ)ct S4 ft t he product category, wherein the subset is

smal | er than ?la%[e npr Saﬁc‘?a%at egory, wherein the received new prices are
generated by storing initial prices for a plurality of products, _

desi gnat i ng alS.subBetmattiodpasaceitet $n déint ) durfeticomprising pfovidiaghuit s, wherein t he
nunber of pro%g%soni n the subset of products is less than the nunber of
products in the p'?ufality of products, and 20 optim zing prices for
products in the subset of products; while freezing the initial prices of
products of tHe plAimathod foreéttipg prihes fa aisubsethe ppodactsiof a platatityarfyprddoats, are not
in the slldbse% mfrisj%r,oducts; and setting prices for the subset of products
according to qng) Fetei ved new prices. 17. A conputer data signal enbodied
in a carrier wave and representing 25 sequences of instructions which when
executed by a pr ogemiung optisnized pric¢sdorn modss category, '

pricing every item in the product category according to the received optimized

prices;
providing new data

15 ~ receiving new prices for the subset of products of the product category,
wherein the subset is smaller than the product category, wherein the received new
prices are generated by storing initial prices for a plurality of products, designating a
subset of products of the plurality of products, wherein the number, of products in the
subset of products is less than the number of products in the plurality of products, and

20  optimizing pﬁceé for products in the subset of products, while freezing the initial
prices of products of the plurality of products in the product category that are not in

the subset of products; and
setting prices for the subset of products according to the received new prices.

17. A computer data signal embodied in a carrier wave and representing
25 sequences of instructions which when executed by a processor, causes the processor
to compute a preferred set of prices for a subset of a plurality of products, by

performing the steps comprising:
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to conmpute a preferred set of prices for a subset of a plurality of E)U MAY 2006
products, by performng the steps conprising: DEMLPO09. WD 39 AMENDE

SHEET 3 QvovisY0488536 WO 03/ 048893 PCT/ US02/ 36710 storing i npdidozéhees for a
plurality of products; designating a subset of products of the plurality of
products, wherein the ., nunber of products in the subset of products is |ess
than the nunber SEFINgAitigbprces foraqduralify pfpredugtsyt products; and 5 optim zi ng
prices for products in the subset of products, while naintaining the

initial prices Qi‘esigﬁ&gﬂgqs}bgét_ofbﬁydﬁwBPhJetp\éuerglfglygit’fg%Eé, &H&Ein@ﬁ@dmt in the

subset of products. . ri ce database d by the netho
conpri si ng:nugtber piprodwits insthe putisetad praducts ipless thiai the oimber ofiprotiects ib0the

designating,a subset of products of the plurality of products, wherein the
nunber of gﬁl‘gaﬁﬁ’toz%lr‘?fﬁ’?ﬁga’%‘ﬂbset of products is less than the number of
products in the plurality of products; and optim zing prices for products
in the subset Ofopﬂhﬁﬁﬁgg)ﬁcesvfei prodads i the Bib3et dffifoducttl Wwhaé malit4ifing Ghe
products of the pluralrty of products that are not in_the subset of 15
product s. Isitialpriges e produets ebthaiphirality @b pradingts dhas erecnot duthg seserofc| i ent
system conprising the steps of sending sales data to a server systemfor
a plurali tg}%%‘#uc roducts; selecting optim zation preferences; 20
transmtting said optimzation preferences to said server systeny receiving
from sai d si@r verA pyisd datulsngé perezatd bynthemietlasd domiprizidg: of the plurality of
products; sending additional sales data to the server system selecting a

subset constraint; . 25 se di,n% t he suhset_ copstraint to the server system
and storing initial prices for a plurality of products;

10 designating a subset of products of the plurality of products, wherein the
number of products in the subset of products is less than the number of products in the

plurality of products; and

optimizing prices for products in the subset of products, while maintaining the
initial prices of products of the plurality of products that are not in the subset of -

15 products.

19. A method for obtaining optimized price data on a client system, comprising

the steps of:
* sending sales data to a server system for a plurality of products;
selecting optimization preferences;
20 transmitting said optimization preferences to said server system;

receiving from said server system optimization prices for all of the plurality of

products;
sending additional sales data to the server system;
selecting a subset constraint;

25 sending the subset constraint to the server system; and
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40 3 0 MAY 2006 receiving fromthe server systema new set of optim zghl on
prices for a subset of the plurality of products which is |less than 1AY 2006
plurality of products. 20. A nethod for formng a plurality of stores into
a plurality of clusters, conprising: collecting store specific
information; providing optimzed conbinations for each individual store
based on the st orerecsiwélgiﬁmthbmwmstemnnewmd of pgemizatipnaprip¢sifond subset of :
clusters base ons. 10 21. The
met hod, as re%te xﬂ‘a:"h O??I%H‘g%ssw% {Egsrsﬁfé%kﬂ%%r?lﬁg%rg@%c I'ng cluster based
conbi nati ons. 22. The met hod, as recited in claim?20, wherein the store
speci fic infordfati érmetgod for faswingch iflrekity f qpmahntmpipraliwiqulqs’msnt -of -sal es
data, custoner, ﬁlpﬁgflg data, and cost data. 15 23. The nmethod, as recited
in claim 20, ‘the conbinations is selected from a group conprising
itemand price, assortnent, and pronotion conbinations. 24. The nethod, as
recited inSclaim Zwllm@rnsmdq'ékdnbandﬁwg; the plurality of clusters,
conprises: providi ng at | east one constraint; and 20 placing stores that
nmeet the constrai n is ' i t he sane
cluster of the pl u ?ﬁ}%d@%“%ﬁ??@?@%@“ﬁ%@ﬁuﬁgggés&?éedm e%lktprr? any of
clainms 24, \Ahép@ufrplnf@gndtont awlst one constraint places two stores in the
same cluster, by making each store of the two stores have the sane optimal
conbi nation. 25 26 I in the at

| east one constrai ﬁrte tﬁ%ﬁﬁﬂﬁgofaﬁﬁ%ﬁﬁﬁ%ﬁgﬁtﬂéﬁgﬁg cl us‘%%1 o DEM P009. WO
41 A 6'~ 3 0 [vbirbid@iiss.

10 21.  The method, as recited in claim 20, further comprising providing cluster based

combinations.

22.  The method, as recited in claim 20, wherein the store specific information is
selected from a group comprising point-of-sales data, customer survey data, and cost

data.

15 23.  Themethod, as recited in claim 20, wherein the combinations is selected from

a group comprising item and price, assortment, and promotion combinations.

24.  The method, as recited in claim 20, wherein the creating the plurality.of

clusters, comprises:
providing at least one constraint; and

20 placing stores that meet the constraints and with the closest optimal

combinations in the same cluster of the plurality of clusters.

25. The method, as recited in any of claims 24, wherein the at least one constraint
places two stores in the same cluster, by making each store of the two stores have the

same optimal combination.

25 26.  The method, as recited in claim 24, wherein the at least one constraint

specifies a maximum number of clusters.
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27. An apparatus conprising a program storage nmedi um havi ng conputer ] ' 2008
" readabl e code enbodi ed therein, said conputer readabl e -code being: 0 MAY
configured for conmputing, using a conputer, a formation of a plurality of
stores into a plurality of clusters, conprising: 5 conputer code for
collecting store specific information; conputer code for providing

optim zed condi’nat iAmrappdrains emghisingdiprogiamktosigomedinbadadidg oompdie@ st ore
specific inforpation;.and conputer code faor creating. a plurality, of
clusters bas e&g%dﬁmF ﬁ%decel‘rgjgélﬁ % S?lﬁgom?i’)‘k‘?rirﬁaéiﬁb s) ibﬁ’é‘gi"f}‘?@“’f‘?ﬁf"?& The
appar atus, as compifiRgluding £dodipites &, fofrbtitioN F a SIRANL Tisidhs GRTRPheslitgede for
provi di ng cl us; el based. conbi nations. 29. A nethod for providing prices for
items, conpri gS PEIHSME ng at | east one iteration in a price
‘optimzation and gererating a plurality of values; 15 using the generated

plurality ®f val uesomputgeody @t eolRiigeire aeoific afforniagi;f i cance of price
change; and performng at |east one iteration in an indicator of

significance of price change. usi pri.ce timzation to optain optimzed
prices for the iteﬁ%n.lpug?f.w%@r,?@Yﬁgﬁ,‘mﬁ?‘%ﬁgg‘?@@?ﬁt’i"ﬂs F‘é"’r"%‘ vidgal stots n 4
first set of bhedphtheatdré ypediffic wEbmetion;2@dconpri ses price differences,
wherein the price differences are used to generate the indicator of

significance of price change. 31..The thod, as recjted in claim30,
wherein a second s&RBYER %TH?%“?W%%“W&TI% Sﬁaéﬁip‘?ﬂ ggl?)éqng%?t et es,
wher ei n the ebpsmalcoinbkaticise used to generate the indicator of
significance of price change. 25 32. The nethod, as recited in claim 31,

wherein a,fthi set. of the plurality.of ._values conprises revenues for each
item whotd: nﬁg-he RAPRIRLS 5 Iolleb e %m(frgnﬁftﬁ?éom?%ﬂa SRR G9dedpr
significance efovidingdustdidnga cobhitRPE9. WO 42 EE M AEOMW 3 0 MAY 2006

29. A method for providing prices for items, comprising:

performing at least one iteration in a price optimization and generating a

plurality of values;

15 using the generated plurality of values to generate an indicator of significance

of price change; and

performing at least one iteration in an indicator of significance of price change

us'ing price optimization to obtain optimized prices for the items.

30.  The method, as recited in claim 29, wherein a first set of the plurality of values
20 comprises price differences, wherein the price differences are used to generate the

indicator of significance of price change.

31.  The method, as recited in claim 30, wherein a second set of the plurality of
values comprises elasticities, wherein the elasticities are used to generate the indicator

of significance of price change.

25 32.  Themethod, as recited in claim 31, wherein a third set of the plurality of
values comprises revenues for each item, wherein the revenues are used to generate

the indicator of significance of price change.
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33. The nethod, as recited in claim?29, wherein the perform ng the at Ieast
one iteration in an indicator of significance of price change using é i 2006
optim zation uses the indicator of significance of price change as a
constraint. 34. The method, as recited in claim30, wherein the price

di fferences arg the 5 differences between optim zed prices and initial
prices. 35. TRé nethemethad s eeitedin claim 2P aiver@o the wheforeiing ﬂlhalmstom

di fferences an timzed

conpetitor pr |1§rea§16§mﬂlﬁ‘%%m?ﬁ%aﬁ%ﬁséggg@cgggmpeu%?%? efgh%%?%?sﬁs t he

usi ng the det élii@rﬁl@é@tolmfu@iﬁcm}ceocﬁfmcmdhmawcgeﬁaﬁate an i ndi cator of
significance of price change conprises providing 10 a graphlcal i ndi cat or
to indicate asgang i 37. .The net hod,
as recited i ntI ai (rinvhéﬁlmﬂ?é1 a0rd elrté}fcﬂg(r%gdﬁr%lglgnvg}% %the?nge ﬁgrgﬁ%%er‘iﬁe user to
set a plurali @&ffmmﬁﬁrbe@@m@thabd)pnqeawghsma%ceérhe met hod, as recited in
claim 36, wherein the graphical indicator is provi ded by using a different
color for eachsran re ited clalm wher ei n
the perforni ngsthegg?mé%ggsf)%g&lg?fea?g ?dlﬁiselmm ﬁgn‘b %re%cﬁf?r %}datl on

conpri ses, com@mncwd?epmemtheaiphmeémcmtaadconmde;lrpﬂ@sthe poi nt - of - sal es

dat a; m)del i ng-cost data; and 20 providing an optim zation based on the

model ed poi nt 3pf  S@}Efedlad 3s ARG Shim gék&ereDEMe Eglx?ggthv%tggméé'\c/l%}ggl?tySHEET

+ of values to generate an indicator of significance of price change comprises providing

10 a graphical indicator to indicate a range in which a price indicator is placed.

37.  The method, as recited in claim 29, further comprising the step of allowing a

user to set a plurality of price indicator ranges.

38.  Themethod, as recited in claim 36, wherein the graphical indicator is provided

by using a different color for each range.

15 39.  The method, as recited in claim 29, wherein the performing the at least one

iteration in the price optimization comprises,
collecting point-of-sales data;
modeling the point-of-sales data;,
modeling cost data; and

20 providing an optimization based on the modeled point of sales data and cost
data.
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