WD 03/ 048893 PCT/ US02/ 36710 PATENT APPLI CATI ON RULE RELAXATI ON AND SUBSET
OPTI M ZATI ON SYSTEM 5 CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s

appl i cat i wo wpkssbes to co-pending and concurrently filed Aeplisoasézan No.
09/ 999, 078 (Attorney Docket No. DT.0106) filed Novenber 30, 2001, entitled
"Sel ective Merchandi se Price Optim zation Mechani s, by Mchael Neal,

Kri shna Venkatranman, Rob Par ki PATENIAPRLIGAHMN ne, Phil Delurgio, Hau 10
Lee, and John Cl ose, which is |ncorporat ed by reference herein for all

pur poses. BACKGROUND OF THE | NVENTI ON The present invention relates to
provi di ng opti nRIAE RELAXATION ANDSEBSETIORTIMIZATIONSYSTEMducts for a
plurality of stores. 15 In businesses, prices of various products nust be
set. Such prices may be set with the goal of maxi m zing profit or demand
or for a variety of ot her obéﬁect ves. _Prof is the difference between
total révenue and cdsR® RENCEST QR\E«LAIED APRLICARIONS of denmand and
price, where demand is a functl on of price. Demand may_ al so_depend on the
day of the week, TthrSeapmhneéloofrehaWetq/eapendtur@aqsirqoeelrtﬁntlwé"ﬂ@d Agrlisagigict s, 20

the locatio L @tﬂe‘r r lt, the
function fo?\J b8&g§§2 Atto ﬁ%ke?wf?‘ e Vgpiﬁﬁ:d% enf%%g%tzgéir:’ay be fixed or
vari abl e angnfiied tselecdeepmmfahdl@mPﬁemepdmmaﬁomMeelsaﬂmn” blgeMichaedt i on f or
forecasting costs may be very rTPI ex. a_chai.n of .stares \ﬁ*ii[h tens of

t housands ofNegl, ﬂﬁrehew%lﬁwsllo ekeb§§%4nﬁa\’@éf§f1§e i Redvioitiung a
functiop for dgﬁ? [ B 6Pl amount s of
dat a thg)t mg‘s% gcjgfr?%ggcgge mjslﬁg&ﬁgﬂ(?{efdb&%fr?ﬁn}gﬁ%éare gg Clsmbersome
even when done by conputer. is deS|rabIe to provide an efficient process
and met hodol ogy for determ n| n i dual products such
that profit (or whatever &4&rHROY : bpt i mi zed. 30 During
optim zation, it may befoundthat one of the plurality of rules is

i nf easi bl e. Such Pré‘s@htrlﬁv&lfnoh?él%& r'o{lird}h infiE&Ppridhe; R histbsefbf HN
process. It woul WO 03/ 048893 PCT/'US02/ 10 be desirable to provide a

met hod of hahdhlityefepadunts et 4 pluraliteaf Honesil e |s found to be

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. Such a finding of infeasibility may stop the optimization process. It would
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infeasible. It is desirable to update prices as new i nformati on about the
products and conpetitive environnent is received. Exanples of this type of
i nfornmat iwooaoudsds 5 i ncl ude product cost updates, productPcadohior/Bemo or

di sconti nuance, and new conpetitive price or base price data. Ideally, when
a user receives new inforpmation, they would run a secondary_optim zation
over a whol Be gesirablerto pravadeor rethpd jof hapsihing opEmizfiop H@eBﬁtrPlﬁilsz%’PP‘éFPn%% fully
capture all in?%asﬁﬁ'? conpl ementary and substitution effects in selecting the
new set of opftinmal prices. However, if the cost of changing 10 prices is
not negligi bl e, it idesizmble tompdate pdbesraginay ipformetorodboat the prathostandi n a whol e

product category,my not be desir.ab Dur.in rice.optimzatiqn, the

prices of hﬁ?fHP%tﬁlsvec?F‘V}r?‘é‘H‘Emr‘rﬁVcﬂﬁei jf‘xaf’f&rles ‘%Jﬁ.‘a?@fsc’%d? OE'P?)tfoé]s‘ymﬂ? may be

difficulst tgpuodessiridod t&ﬁdﬁ%sf, BfdudfadRioh ¥ YiRbhtGRan&hanDRsy 15 SUMMARY OF
e

THE | NVENTI ON To "achi eve t oregoi ng and ot her objects and in accordance
wi th the purpopditivefpricher passgeice ditay &deallprivhen aresehrsgeivey nevp Hbormatigna

preferred set of prices for.a subset.. of a _plunralj dugt s, |
bt ovi deq. oy TR PRy BPERGR P gRIE bofesthusBO ST divhatg,
stored. A syfs®tthObptRhiatct © fofly tdpturplall oftlic songfleematyiang sitstidgidngnat ed,

where the nunber of products in the subset of products is |less than the
nunber of  pffeetsidn seleating jthe pavuseapf eRtimeal psiced Udewevepyif Besostpf chngigipset  of

products are .opt.i mi Wi RNt al nj | L4 Rhik&ES Lhhdkoduct s
of the f)ol ur &% Sylsgf) F‘g‘%é‘&hbc ’sok’ﬁﬁlg}t% hgéghdqn%@ggfng%trkgg ('gsfu ﬂ'slcc)art of praoducts. 25 In
anot her enmbegidienéateiory hayinovenddsirablean apparatus for conputing a
preferred set of prices for a subset of a plurali f products, .conpri sing
conput er  r eadab/RUTHEH RiIce opUpNZEPRIHE pt%ﬁélrfgl}lp Fé%/?{gteé‘gﬁfﬁ‘ﬁﬁlé“rse;téoédabl e
medi a conpr i 1 RRARRIiiCER 4P ARk BPE el ek hbusiiricges for a
plurality o?lﬁgérggigﬁ%goﬁpu er lrlé:agg(gl e csode for 8esi gnat%sﬁg a subset of
products of chéngepl urality of products, 30 wherein the nunber of products in
t he subset of products is |less than the nunber of products in the
plurality of products, and conputer readable code for optinizing prices

for the subset of product, WMARS OFaiHE NgVERGIONI tial prices of products
of the plurality of products that are not in the subset of products.

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.
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2 WO 03/048893 PCT/US02/ 36710 | n another enbodi nent of the invention, a
nmet hod for setting prices for a subset of products of a plurality of
products We opioesspiled. Optim zed prices for a product cat @gorisoasE10
received. Every itemin the product category is priced according to the

received optimzed prices. New da .S then provided. New prices 5 for the
subset of producf%mg%hetrﬁglbﬁflﬁ%’éf’%%ﬁﬂ%v@BP?/“’zi‘rrBet%{ﬂ‘ngrrs%%‘Bg\Pg‘ﬁe,s tﬁhj@re t he
subset is siBkd ATprédiRs $EpIRFAHUSH préRicRAS bibvidad OYikiged fieces Bsi@i ved new
prices are generated by storing initial prices for a plurality of

products, desidyetatateggnaars ueessiedoEvprydiaringhe produgtecaipigoryals Rricedf pr oduct s,
and where the nunber_.of product.s.in t. > [ t han
t he nunber 8?C°b¢{8%g°c?1§ r?‘%“feﬁeo pp1 ﬁzreglﬂrlpgs‘(??g%rﬁétagéz%hg{l %gotrjl\'y%ptl\lie%nﬁ( ‘?%3 prices

10 for prodggtthe substtuE prodirel ofahe prodatt chisgoryhard theh kReRicdgvhdiethersubsenl
prices of products of the plurality of products . in the product category
that are nots §mallenthagheprodust categerycand whase thedgcaivid nemepises dkt2egfrafidoduct s
are then se e r i ri tihd 2 AW pr&qReddrent  of
the inventi ‘8%:2{03@ qtlpglrﬁr?g%g&sﬁlgﬁg}l%wg% gén\S?g'lea 1c%?lrllsﬁe%r \fe and

r epr esent i nghesiqraéinceprofudts) ahd wheicahsnwhber lof phelces e thetselseb gt produd@s

processor, c¢auses the prqcessor .to coppute.a eferred set .of .prices for a
subset of a ‘SplleﬁﬁrtgP‘i‘ If]l‘? IB‘FH%SF ghprofuct; tE?Bf)‘f*ﬂ@H gl; Prr?ﬁ’f“ftﬁrlan PPB’&Z”F)%PU%ES
pluralify off 8%1&&% i (B @ub%Ethfffﬁoducﬁh%'Hﬁé ﬁr]g,ez@ﬁg e Getusl sricef of fed@siopl i ty of

products is sfl nat ed, where the nunber o products in the subset of
products i s thegslsralihaof produatsimsbe potugragetyshatrare het ip thersabsat pf profugisoduct s.

Prices for products in,the.subset of products,.ar timzed j 20
mai nt ai ni ng%f‘ﬁ%s Oﬁi%lﬁ subsef of REALUGLS af?rtg‘g'h%ﬁggccé)fdl%go %’Eﬁ?céefvieﬁ yb‘g}g@fﬁ%%duct s
that are not in the subset of products. In another enbodi ment of the

invention a pricendabtBBagebddsmeitQY kiddaventibh doadputqddatasgrabemboditdiinad i ty of
products are stored. A subset of products of the plurality of roducts is
desi gnat ed, cafisr /ayh andppIRSENtHTE SsreBees of Inruchenssyish vhgr execBd VL i s | ess

25 than. it he nunber of nr n t ralg LegS for

pr oduct éjtl n p{%cgssog,uc%g% t@‘?d&g’%%séﬁ@? s Q@Pgﬂe%&q %fr‘#r)zé%gé,t %lfl?%é%ng? %%%m ng the
initial priehgaledy qdpesiietsss piovidete Initialrpaiced for afplyralingtud psodubtaresteredot i n
t he subset of products. In anpother enpodi nent of the invention, grOOrFt hod

for obtaini HyS¥ses afipredrctsnfitbeplysalisy ofpradusty ‘éﬁ‘FSig%‘?%r’f’{ ete the gy Sal es
data is S.en%)récﬁlc inl $he’Slbset ot E)ﬁ:{a}ut:@ bs Rss tRGh e Wudbet ¥f BbIRIOBURE Plurality
Optlmzatlo prererences are”sel ected. Teoptlmzatlon .
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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preferences are sent to the server system Optim zation prices for all of

the plurality of products are received fromthe server system Additional
sal es datwoios/osssps to the 3 WD 03/048893 PCT/ US02/ 36710 Ps@ruser/3Egyst em A
subset constraint is selected. The subset constraint is sent to the server

System A ne el 2h DM SRR GETd eSSl Wgpebhel 1ty Of

products i s5FEE & Subset 1s |ess

than the ngrigIsyatmt Uen&buétaiflowmozfau@ﬁ Fﬂuﬁtfsraﬁlbhﬂ cdinied pleraligndfodi ment  of
the invention, a mstho for formng a pluralit stores intg a plurality

of cluster sptoﬁugﬁ Wﬁ@l@ﬂed Atherphe ﬁP@h@ﬁerﬁW@%éPﬂt?r%\‘bﬁtﬂ%lﬁsstth@ lurality of
stores to olt al %%lhg:ﬁﬁ oisﬁ ?5‘?‘1 (prices. The individual store prices are
ra C

used to crea'tlm usters. An optimzation for the plurality

of cl USt ers is gne?rﬁﬁlérred t I’(éeﬁl a{- {?lg anC%%l l'¥ a%#tﬁgéfor %(Qm{lﬂg g?&{fﬁﬁg of

enbodi mént of th ratus ormn
stores i ntos@rddlitkoal frimalief ofcﬂluéﬁdrﬁfsq;rd)‘&dw QA dﬁﬁmzﬁh}di’tpﬂtp@ffofrﬁﬂﬁhbﬂle Code f or

collecting store specific infornmation is provi readabl e code
for optini plufity ehstoreate ebainf i vidyahstors prigey uﬂ?e lgihﬁl‘gptj%%réd’nﬁ?? Tfe store
specific inforn c;%a}genth%@hﬂﬁﬂg | EfstelO ’K}ﬁ&éﬁfml&aﬁﬁ%} he GRSy cRIERA isNY

clusters base eness of optimal conbinations is provided.
I n anot her esifeicirsobaimeustedprices. provi ding prices for itens is provided.
At |east one iteration in a price optim zation is perfornmed and a plurality
of values is generated. The determined plurality of values is used to
generatg an indi (Pﬁgﬁth&femﬁbidgﬂérftiof&mqmdnflomrdn@pmhmsder foAningegdurabtye
iteration in an indicator of signifjcance of 20 price he price
optim zati o@fﬁ'@r%éﬁtp@rniﬁfélltwaﬂséqrhlsd’ﬁ?‘ilg‘?dz&O%P‘Rﬁrégaqagf ‘ﬁ%tf Ti tgms These

and other f %gﬁ&lﬁfxg 59)3 %&91@33@)‘%&1&{%%’&;&% W drhp & 1R R6IE BB fdn  nore

detail below'in cription of t elnventlon and in
conj unct i on optifnlzing bkﬁnlfmhﬂmwfmgeabhmm'ﬁdual BE)rBBasEGODESGRMPT;p@\\ﬁCCF THE

DRAW NGS The present |nvent|on IS |II d.b e nd t b
way of _|im1@f§fm%fwn is Rrovide fucgqﬁﬁ*%efd?a %ﬁ%ﬁ%&ﬁ\ﬁﬁﬁ%&“ ‘F’ésﬁngg“e on e 0>
whi ch |{xe rc?Jsgﬁe%QSPthe%Bﬁﬁ{a%(ﬁnﬁlﬁﬁtﬁfnsH@pr@h’ﬂb(ﬁ.ar el ements and in whi Ch

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.



FIG 1 is a high level schematic view of a price optimzing system 4 WO
03/ 048893 PCT/US02/ 36710 FIG 2 is high level flow chart of a price

opti m zatworn3passeess. FIG 3 is a nore detail ed schemati c PaiTAB0ZB67aM
econonetric engine. FIG 4 is a nore detailed schematic view of an

optim zation engine and, K support tool. 5 FIG 5.is a block diagramto
illustrate some &fCthE highlsyeldowphartapriog APUBYPD PIfes%et ai | busi nesses
of a chain of stores. FIG 6 is a flow chart of a preferred enbodi nent of a
rule rel axati on PIGCEHES: mofel detailéd ishedihtie VRfabf anféc@ﬂbrﬁ&@i'&ten% ed process that
uses subset optimzation. FIG 8 is a nore detailed flow chart of an

enbodi rent of a step of optim zing 10 product category wi thin subset
linits. FIG'S 9Kl@ndisgBnpte desailed sehemagio it ef ansgpdnapgtiopfinginefadins part of
a network and 0|r§ 3f“" tabl e for inplenenting enbodi nents of the present

i nvention. FI&°8% s a schematic illustration of an enbodi nent of the
invention that functions over a network. 15 FIG 11 is high level flow
chart ofs how a cIRIGt &id algiogk diagmm toiiintratresouread the frarSactioh dosts ahatoceur
detailed flQow chart .of a %I uit,eri n%qprocess. FIG 13 is graph illustrating
i tem pri ces et Bysinesgas@f a£hain ot §O/9Sow chart of anot her enbodi ment of the
I nvention.  FlG g 5?5@%1{)\;‘/‘3%1@6% brefreanatdaimS oS rilB Rlakdtioh PRodefyent i on.
20 FIG 16 is a generic ow chart of an enbodi nent of the invention. FIG
17 is high level flow chart of an optim zation process. FIG 18 is a flow
chart of a gener dlIGohisdn evesligihow charheler process ithné ustyanbst optiaiza#@br process.
FIG 19 is a nore detailed flow chart of the reoptim zation deci sion

Mhage metrc. gendtd Pt BPSCSt S BErA Le Esp e T imElagEn
F(I;/Eg?lawtsgfgm}cgsvﬁw withitesibs@linvitsl | now be described in detail wth

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.
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5 preferred enbodi nents thereof as illustrated in the acconpanying
drawings. In the follow ng description, nunerous specific details are set
forth in woden44se3 provi de a thorough understandi ng of thecpresszsd7io
invention. It will be apparent, however, to one skilled in the art, that
the present invention may be practiced w thout sone or all of these

speci fic det ai | sF¥rbsadlow dhartaf@edmagpmetrie gsnprafPhBREesSst eps and/ or
structures 10 have not been described in detail in order to not
unnecessarily obscure the present invention. To facilitate discussion,
FIG 1 is a schematic view of a price optimzing system 100, which may be
used in rule relaxation and subset optim zation. The price optim zing
system 100 conprises an _econonetric engri ne 104, a financial nodel 15 engi ne
108, an opt i ni zaDEJAIEER WESGRIPTIQNIOK 13 BREFERBED EVBOBMENI Snomet ri ¢
engine 104 is connected to the optim zation engine 112, so that the output
of the economet g cRghiithchiln il A0w eRklcred W @PhidieRloOeN@e 112.
The financial nodel" engine 108 is connected to the optim zation engine
112, so 3t hatpréfreederhpadimerts theneffas lantatad imthd ebcoampinpimg Ho8vings. alm theiput  of
the optim zatjion engine.112. The 20 optim.zation engine. 112 is.connected to
t he support??lh)%’l’m&%gs%u?%mmkﬁﬁf’e% cfi?{@’%s %ﬁf%rﬁ”@gﬂ ?fﬂeretﬁé)f%végiiz i's
provi ded as g }Bgdh fftietRRdRHIRAUL preQk inkeBticHI At Qull Balhprabi) hdw@ers PGy t  t 0Ol
116 may be provided as 1 nput to }ghe optim zation engine 112. The

econonet ri c skitlgil ietheGut, thaythg ipsesertinyeatige mpaths nractised witheytsameioapll ®del

engi ne 108. To facilitat. nder st andi ng G 7.1s hart of
a process t Hegse S%‘%%é alguﬁgg eBB{SPaerZSa ngm?%}) roﬁfs%s%tte%\ég{u%l? %)S ]l;}lé:?w gée:lt egory
i's optif{g zetha(Sh&ibeéR ddscribed BRIFRIANCnGid B0 hSt 1hBEIcoSEiRSbsRuRahe ples@itoduct s
that are substitutes or near substitutes for each other. A product can

bel ong to onhyengge demand group. A product category consists of one or
nore demand groups. FIG 2 is a nore detailed flow chart of a preferred
enbodi ment of a pfo R : 1268 vRRE 4 #dadpayssigsn 100 to 30
optim ze prices Efé’rﬁ%ﬁgaﬁ%%g%?%%ﬁgéﬁf g‘il%%{aggi% Dat%r 12(5) IS 1pénovi ded
fromthe st aysem6 000OVABh OHFERISECH B02laR6iTdr0andsuhget bptimspsore nEhel@dcet 0 t he
econonetric engine 104 (step 204). Cenerally, the ta. 120 proyvided to the
econonet ri c WPHBNABEE Brsienid (0 BRMPRATER AL §FQNOT g Wnlgﬁ b %ﬁ?a‘}ff%&%ﬂfjtel

i nf or mag4 on, iR 1TnAGARRRG! fdof | FOIOTREcHRImBERCES SES

t he dat Eig 12(§n?{§gp}r§%\%n§0§1 elrra{ra];g cgetefi cients ggég{(step 208) cfor a 1set of

al gebrai ¢ engine 104 is connected to the optimization engine 112, so that the output of the

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

20 optimization engine 112 is connected to the support tool 116 so that output of the
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
25 uses subset optimization 700. First, a product category is optimized (step 701). A
demand group is defined as a set of products that are substitutes or near substitutes for
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

30 optimize prices for a product category (step 701). Data 120 is provided from the store



5 equations that may be used to estinmate demand (vol unme sol d) given certain
mar keting conditions (i.e. a particular store in the chain), including a

price poiwD.03/0kss893lemrand coefficients 128 are provi ded t oPCRa@Sopsd7m zat i on
engi ne 112. Additional processed data fromthe econonetric engine 104 may

al so be provided to the timzation _ .engi.ne . Jhe financi al nodel
engi ne 188 ﬁﬁpp?t%%?sk?gls&%éo gg?fC'Pl?QSFﬁt{lﬁg %‘P%}éjéfﬁ‘?#@f%rge%?@&a@%e ‘iaﬂ (step
216) and prm@%%ﬂjeqaas thefdcOMBhdiBic BEAROI®E fh§ bE BEInR6f-ddid infdigitiodat a 132

received fromthe stores is generally cost related data, such as average
store | aboprodattdsforamtemged sost infismation Eemeeonomgisigrengiie d§4 prassssedf

capital, the average tine,i t ake .cashy t I unit) of
product, ho%el%ﬁag%totpé%‘gge é%masnt%ocggff%lefgg {r.ﬁegc SFP/%Q%%F? gégfdfﬁf%héac{ and fixed
cost datsa. FhetbhoaRcinal boast to enghme dd@8ndeyplunk etdsgvirherdat matketipg ovi de
a variable cost and fixed cost for each unit of product .in torS. The
processi ng bynditiensdéeroprstiqular skrgimide shainh ipeluding ppoecRANt, ﬁﬁf%

financi al i 08 D tNcparal: i iS

br ovi ded fr SigiTERAe128 ahciiafTk BANEBRAmARTLAE] 12, A Probihel B
112 (step 234ih.froadtheheonphdtrit zagin® h04mgy Ao b pramidddite dlse eptenidemand
coefficients 128 to create a demand equation. The optim zation engine is
able to for &8%8¢ l§&nand and cost for a set of prices and pronotion
conditions such as store displays and ads to calculate net profit. The
stores 24 may UugRetianSHRRAI e 108L8ay RecBive dafiel 3QFidniniieatdro Bomphtes t o
the optim zation engine 112 (step 228). The optim zation engine 112 may use
the 25 denmnystemsid24 tstep 2lapandiproggssesd dataifrpmythel ceamomsiricnginen®4r Jihes t o
conput e an timl set f prices that h . r
exanpl e, if%gtar ée“seﬂ)veegif?qné etsﬁoées 1%’%%?%&@33%95%56?%%&'%$%f%(1§ ﬁ Q{’;ﬁée?' etsltdr:ﬁgz ation

engi ne woul gatfok Rfles? a$@hgedistBibit@Beented latoakaes, cédief tapitgh sie aiefde tiarcie
between the total sales revenue and the total cost of all products being

measur ed. 30akes agashigrdo seamandiean(oa upitbefdrp@ist.dPvolers gitakesdo gPeliaict s by
specifyjng a__disc i i vy, feds t 1 ks ,0e may
provi delsg sé Cebvfe%ﬁlr%#c%gg)g%ﬁg{t&%aq)i%g\%{)%gra g'lt' ﬁ%l egir}%%%tml %ﬁ&%?ﬁ %lﬁglg%giagroduct
and the maxippdcesd thedatfto pfovideta winidble dobtednd FixeDcOS/fOARED BniPGT pidB0Q/IBE710
condition. The rul es nornal |3{ i nclude an opjectiv such as g_ti m zi ng

|

profit or S 12‘? P@F%inﬁr‘i’é‘ i e@apf@gtrtsfenamsrlé}aae&hgrm%?éﬁg% tht s such as
a limt in the, Marhaid Qfgine 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 optimization 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

7



of prices Wen profit is maxim zed, it may be maxim zed for a sumof all
measured 5 products. Such a maxim zation, nmay not maxim ze profit for each
i ndi vi duaWwopBoaisset, but may i nstead have an ulti nate obj @ctriuse2/ed710

maxi m zi ng total profit The optimzation provi des a plurality of val ues

such as optlm i C The .deman eqguat i on used to.provide the
optim zati of pﬁlﬁ’b‘fﬁs(’j‘gméalg'l ‘galﬁg‘? ?‘?/%chgr tHE %s gﬂtérﬁlzé&g %rng?’i cities,
mar gi ns, Co§ tnm%ﬁk ﬁcﬁMﬁQBF%les]& a@r@dﬂc‘c e adisirERtsSubRYs AB@itah AR variies Of
optim zati on processes and other demand nodels and ot her nethods to
generate a pfpmeesity of values. The optinmal (preferred) set of prices may
be sent fromthe optim zation engine 112 to the support tool 116 so that
the stores 124 e%s%ﬁil‘énﬁﬁﬁlzéd‘aﬁhilfﬁ@ %&inﬁ D& fof HRARIJF a C}%)éas&rt]:@ to
ot & "net hod

obtain the opti ma prices S may be used to 15 provide

t he optisnal petucef Speh & amxintizatioa, ﬁtapmeSmi%izéﬁheﬁpfqrc&cIthIVhZhlabpmdum s in
the stores 124 is set to éﬂgﬁ otlrgal set . of rlces ék}gap so that a
maxi m zat i oRuiomay istsed hayy andHymake o b‘i‘ff‘@%?f%" ZIng 3t it. h conponent of
the price o ate\emandor €
detail bel o8 {I%L?%pweg%mn%}tg%g?gﬁ gicclﬁ\q}lkl2\(/}§vﬁll‘§)hze§ i(i,ileéesconornet ri c engine
104. The eequuiivatmaycbearsgd nepromprtlnescasmnatmmdéq preaidesplaraljshel eles 304
and a coefficient estinator data 120 fromthe stores 124 is

provi ded t o StHEasishasHeitgs: J’éarrglgﬁ’lcé’“ ﬁ%cﬁ PS8BT 304. The data 120 may be raw
data generated from cash regi ster data, which nay be generated by scanners
used atjot he cash gtR& esitidfmentiRiay ave statery payofioptiddzaivn prreeds iml ctheat e

i mput ed vari abl es. The inputed vari abl es may be used to estimte

par aneters fdgmaadd@dﬂlﬁ@n@qﬂmméﬁhoﬁb(w)genmfwlﬁﬁ}l%%f W8 to estinmate the
anount of sales using variables such as price. In a preferred enbodi nent
of the invention rket
share (F) for a par?#ﬁﬁﬂ aﬁ)rrpro {Cg Hiaf'g%gé fggg{hﬁa?ﬁgﬁﬁlgﬁﬂén ngr(a D)
for a parti qubas thersappuat tobsllefsidtmthdstb;esmslﬁlaymsdﬁrmmdr igtenfape pBthdef i ned as

a 8 WO 03/048893 PCTI/ US02/ 36710 col ect on of hl bstituta
product s. WP@%@PEF%@WW%&@PQHW%WS PRS- Ogﬁﬁgfé’?‘%h‘?fgd’éar y Bedse @% on a

m xed- npdel L ARBURM K tind] 88¢bE ARELUSINE stbréd 124 Mhe 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.

Each component of the price optimizing system 100 will be discussed

separately in more detail below.

20 FIG. 3 is a more detailed view of the econometric engine 104. The
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

25 processed to create imputed variables. The imputed variables may be used to estimate
parameters for a demand equation D(x), which may be used to estimate the amount of

sales using variables such as price.

In a preferred embodiment of the invention, sales for a demand group (S) is
calculated and a market share (F) for a particular product is calculated, so that demand

30 (D) for a particular product is estimated by D=S<F. A demand group is defined as a



information across all stores and products in a client category, where a
category is defined as a collection of substitutable or conplenentary
product s.wOha/omsaed nodel 5 nmethodol ogy is also referred POTASIY/BayESsi an
Shri nkage” I\/bdel [ ng, because by conbining data fromvarious stores and/or

product s, o K" 1ndjvi par anet timate owar ds the

aver age estF On agﬂlﬁb& Bqtﬂ{@g,@ ‘L“W& M‘I’ﬁﬁé’éﬁeet%‘ﬁgfy th%{ﬂaﬁ %f\gﬁ i f

tradi tional dERERESSHANNRIE AHRGd- mdlef BYRELRBINSinRllAdetiisty @NRlngvol ume nodel s
for each store within a chain, one 10 may be presented with a w de range

of hi stori citformationiasrase alrstosss ans aeadualg in 8 gligntepisaery, Where as@iPEOBL ST es
and/or prod ;ﬁnetd A5 Aol ot shbdtdubSle BPES ol e ar hrbBudiBHy erﬁuea?&iaﬁnges

and a varie oot on es an products t he

hi story sw | hlehﬁ)dqwgtyﬁs 5lpaféfa,redmotab “Beyeﬁlah@hrmkhgeé Mdsrh:rhlgg,sbeamd;elblyt t | e
pronotional activity. To nmaximze th staalllty of | ted.no (ii
parameters, C@J‘ﬁbmﬁﬁgg‘l’ﬁta Ergmsyagieps gtarey eis e g eS ‘é‘gﬁé’éié‘ililﬁ? nodel

across stor ﬁiraﬁ{%%%guﬁa@% da?ds t;ll;@ ?&r@d& imAled BM¥M§th%%§9éﬁe pALSmLEr

estimates; however, it l'everage the store and/or product
vari abi | i t y woahbresiieifrteditlonahggresuat werguised.| | kel y not predict well for a
particul ar store and/or product On the other hand, one m ght consi der

devel opi ng indl ual qn nDd ) tore a 0 to
utilize the speci ’Faﬁ %li‘ F‘(’)eilnv861mea{f’?éegis f‘ﬁ e?%lsogt‘% %{Q %a[r}{l/’ q‘%\h
these npdel $, &fﬁreg‘ehiedawmq @Mﬁi’l lﬁﬁge oMlidtori@ dataén &gk eﬁmaddlngr product s
wth substantl al price variabilit nodel s woul d naot = be estimhle for

stores and/ onffisiendvidias sing lsioes andior prpdygis athp st sy Wﬂl,&e MRt HC WY MARE mewor k

addr esses the n d for &g ence of
an estimabl &' a}nng eac%leggf Xrél%ggbgﬁ {Fomgﬂi%égng?(&é%epﬁ ct nodel ,
i nf or mat i on tid KistoRewilDbémydite s(ﬂ)aisa, Vhlltlst'ﬁy)féw ipBict e}mgagmﬂ late peenaaional st or es
and products, and _a single cohesive nodel is buj St ores an?%pro cts

with littl actyithd 0|1ﬂ4>6mh?§tth%ﬁa]i’lhtyt9f&s‘ﬂmat§fl@WLP%WGWESF aRA Tughy CgyIde
Laverages (158058 hefifale RIS nbolBBH A sto?és%ﬁ/%r g&gu%oﬁ%%dw thiyh@

weal th of intor dat a I stor w t h uni gue
par amet er eshvémthisls phainieterestimates; heweverer pmmi;cénqﬁd:ulhe}emrag@thmsa)reand/mat ion

of non-zero store and/or product- s ecific adjustnment fac or s random
ef fects) whiPEQflugh wark@lliny ang thessylft bemodk ey dﬁsw.n&hpﬁg# 9 WD

03/ 048893 PCL|IS024307 orBHBlch THbE Bhnek Bk, oRosiig céﬁ:ﬁdér%@éwﬁﬁgdat a 132

fromthe stores 124 an
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.



may receive inputed variables and data fromthe econonetric engine 104 to
calculate fixed and variable costs for the sale of each item To
facilitatwouwanessss anding, FIG 5 is a block diagramto i lPicastsoase&@ieone of
t he transaction costs that occur in ret aiI 5 busi nesses of a chain of

stores. The chain.of _stor have eadquarters 504, distribution
centers 508, and S¥diacis @Oﬁﬁégﬁéégg [eEETVEs éatgd%%@pﬁﬁpg@éesa}@ 48pder 516
to a manuf aqﬁwﬁeeﬁgﬂnﬁ&m ga%&s%u@eaﬂa%n%etéasnm&% 8 OéIHé £54 %2(910 L\m ch
generates an order placenent cost. The manufacturer ip the goods
to one of tfixeddingwvaridhie conts foe thesals B@8ch fretm ﬂ"ecfmxhvtatwgmdérstahémgpﬁkﬁ 5by the

distribution c 5 ener at es t for

st ocki ng t hé® g’gﬁg d%agéamg(hﬁﬁlg 8§?m?8€theg “ﬂg"i’sﬁ%t b?ﬁ‘fgr '§§ ﬁo one of
the stores Ebhameérs@@oﬁé Blien S dore€ CEhY Efaid HEStEIRO Hiny hfao@arheamaumeri be4,
distribution centers 508 or fromthe nanufactur er 520, which gener ates a

recei ving colistrig@mngratess 208 and gpres 562kl hyheadauaytrssis05may plapesn ardet ust oner
pur chases t Wth the 15
| ar ge nurrberSei gftz)(g\i a| Fld%uﬁéh%z?sfo%%fdsggéﬁhea b&qﬁé;éaﬁ&gdﬁ%%z?ﬁ@é% processes
My be usedien&ds awiotdur plazememglost. dl’hlalnlianuﬁalcflfraf 20t maxpship aRigebes ® dney
provi de di fferent i nvoi cing and delivery procedures and caqosting system

whi ch may beldhg digribytion FFe{‘r‘ierStS% Pheeesiving of the gaods by the; distrtpytionseen

financi g noggl eg&? Q%ré&%ﬁ%é’&k@z@%cfokﬁ’éf ?cla@q ﬁ? o&é’Sﬁ ad §€od £GOSt 20
nodel for thes erent procedurés. These different costs may have

vari abl e coshlppu[gnhelgendlssSmeloae vhthe stosds AR. dieistorerd 1 Sreacifenthe goodsof t he

t of f t d fi t t t of
om i s not TR antel BF dit iR A OSY T0u) B TR FY O VR f | nanci al
nodel engi NgehBBtclBYedtiAng BEIS36 hﬁf(ﬁ&jc@s'ﬂ%r\"s&fckﬂ@tﬁe SRBISA0I Whegher m ne

Cs,,,k,t, where C,,,,kt, s a cost for articular product (k) given a 25
store (s) cdastemgr grishases the, lteandheast@mw(z ﬁlcurranelmkmhmsaﬁ%m%tlh thergi ne 108

may use, |n ustr p ndar,d esti i nst ead

or ot ndtis bR RIRERLS FrstROARGBE TRy PO Rk Bist ry dat a
may be used ysed.eEVédWwitBintaHisgle Ehadife diffdientshand@tteRThdymbeide BEtdentt 0 reduce

t he ambunt of data that nust be collected. In a preferred enbodi nent of the
i nvention, tiRgoigingead delixeryarogedusesendsostan wstspl yhiciosey bodiffsrest thare st ores
and distri b‘{ﬁégfbcgs%gslt?ﬁ1§trat&?ﬁ1tFI@ 5capl tal, size of an item and nunber of

itenms in a cas ! st nbdeling. By using these estinmations,

costs may be norerleat*snalny]atﬁlbduleagmd 108 skoutd b¢ eibeahouginstpaddob cbgi ng

avera ed over of the stores. This_is because if |arge ampunts of data
wer e J c? | for these d?fferent procedures. These different costs may hgalve vg?able 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 Cg;«,, Where Cg; 4, is a cost for a particular product (k) given a

25 store (5), 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



10 WO 03/048893 PCT/ US02/ 36710 neasured by hand, measuring such data for
each store would be difficult. The tailoring of costs per store allows the
maxi m zatworo3ofissps ofits for each store. FIG 4 is a nore eeraisomss7schenatic
view of the optimzation engine 112 and the support tool 116. The

optim zation en 2. conpri.se r ul e to 404 cal cul at or
408. The su@wﬁre%@sfh 19 dNeASHERG Sk datafy @Cﬁai%wourﬁ% &&g’wah Ihe put

di splay 416. talmr@nﬁrcagtg B8 st&ﬂa%nslvg a{etméﬁwaaén é?ﬁ)oﬁ@%r efhSftet he rule
editor 412 of th support tool and provides client defined rule

par anet ers (step 228). If a cllent does not set a paraneter for a
particul ar rul e, HGdéfinamorsdgtailedi sshemsatiy. visw abthsfoptimazatioh engioe ph2 anbt er s

set by the G é §0%301q§69%§%>é%%ﬁoﬁ Qriﬁglbe 1ﬁvertr?ﬁlr{se§/\§ Eoo(lj4(5)4{| a advance

or decli ne, I'ng priceru Size r|C|ng rul es,

line prigi ngpnce uhleﬁlatoamds CiThs swppofirtdsliing cbmbﬁses aﬁhmltbuhﬁzsan& dnl ousut

di scussed in npre detail regarding a preferred enbodi nent of the

i nvention. TP 48t defined paranmeters for these rules are provided to
the rule tool 404 of the optim zation engine 112 fromthe rule 15 editor

412 of the suppory g g@ﬁhor}]tﬁe Wik Pedted DBt "rﬁﬁyeacE&Qlthezlﬂfje ecﬁtla?flﬁz oEye be ot her

rules, which are not cli’ent defined, such as a group sal es equation rule.
The rul e parsappdiretosl lbﬁmdmbmdbs diknf ddmedhldematamet@m(smm% olftadiepr i ce

cal cul ator 408. The, denand oef fi CI F% ost da 136 | s
inputted int 5 Pt Sﬁ??B"e‘a‘@SeE ra?tp&ﬁlc ?h"e e%‘l‘ Eht'© el %“%?‘?‘\57?8‘@ to the
price C@d cul rataetdd Bettdyr 1A Blferit hﬁyfﬂérélaﬁﬁimﬂt@w th%@erall 2&1@@&1 pred a@%ﬂc@ zation

scenari o rules. Sone exarrpl es of scenari os my be to Optl mze prl ces to
provi de the %@@¢lm9nbr|@n@mgtprlcs§tlesaﬁ@e pm@ngwlgﬁa@mtwrmm ralest line@risipgi ni zat i on

f all d
o oL TR BT 150l b B PR SRR B

price. The prpreRrredkmbbdintnt ofMB8 inveation: allkadlRhedefinet iphiaaRerpforei@se The
price cal cul ator 408 outg)tits the optim zed 25 prices to the out put di spl ay
416 of the dJulsparerroviged withe rydpteoh 464 phihe OPH@I@EW gagino h13 gomitperilg e t he

ORI M 2801 PIRLI A AL AP o TN S XPHATMEANABY U2 ek o PEObe BV S,

and sal es. eac jective, users can 1 fpose constraints’ on the
val ues of t hehich lwemot m!ment Hefinddnsuchras @ geoupusakes eqaationptieniThe rye q)hnamevdn |l e

VR RET L R CETEY I NG IR G IO

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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1 % 11 WD 03/048893 PCT/ US02/ 36710 A preferred enbodi nent of the

optim zati on engi ne uses the group sales equation S(x) and the market share
equat i on WOoB/04¢8peVi ousl y described, to predict group salpez/iaon3gnoduct

mar ket share, respectively. These t wo are then combined to predict product

sales at the storge | veI é &?) | f. the 0obj ect velsto maxi m ze
profit then the FOPIESSH rﬁﬂtlg“ZWQleﬁglfg Ses qgr@gpﬁa RS i
(PS i, - effationkS (k) ﬁnd m@ﬁalf@i)%ﬁﬁe e@aﬁon'F@b; preiolsly d@sc%b'ed Kolpredi&- V. 1, k, /

i EG kEDem The above mentioned rul es may be ‘constraints form ng boundarl es.
These constgraeupsatesand praduetmatkat sharepwisgectivelyi These dws ateothpn fanabioed st her

For lows: 1 RrBtiprnict e ARemos SR PERSOGME S Gemand of oups. are made up

of |ike or substltut abl e products, managers often wish to constrain the
overal | swei ght ed Iptheadjcetvanae neixii2e prdfi then the fatewing equatiemumier e t he

wei ghts are the market shares of the products that constitute the 15 demand
groups. The ®¥nA®i%edints are: Vs, i , PMN,. : 51 F, . ;: k P-i k <_ PMAX, .

k 2. Brand Pricing Rul es Products are described and categorized by

attributes \sﬁ@? tctze and flavor. Therefore, each product may be
associ at ed sset( ra widutes and val ues. 20 These attributes are
useful to us’e?"é’r}”'"several reasons. The attributes may be used in the
regression nedel nE‘IIkpS' oN@er, @ create a parsinonious set of regression

S5kt KRN A

coef ficients. icidday nay’ a S0 be Used in setting rules. For instance,
category managers mght wsh to offer store brands at | ower prices

conpared to the npeting nat i br ands. Wi
constrain some pﬁgﬁ&?’f"’%&‘g eﬁd“a‘t%‘ﬁaé&? 9(% H'é? (?émg}%a‘??“S??{éerﬂ‘z% ei t her
for strategi@nsemst dRrales oS peividelifiBaionk REpriceCddiier chatitles.ORl d grofeneds .

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 Lk Pk SPMAX

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



Specifically, a manager can create a set 12 WO 03/048893 PCT/ US02/ 36710

Brands,; = {fit s,i"; , ps,i,k2) : ps,i,k, nmust cost less than ps ; k, J,,
whi ch | ead® iBo48sae fol | owi ng constraints: Vs, i and (P.cPCTkjS02/36@301i , k2 )
E Brand,. i Ps,i,k, < Ps,i,k2 3. Size Pricing Rules: 5 Managers m ght al so

Wi sh to create ruleg that relate the price of one product versus another
based on t heBand;; Zewp,; F%; ﬁ%,a(n@mstqqsblyssfﬁl@hms,iw s Whidvlegdsdathe s bel ongi ng
to the sameéb]réan.d and sharing other attributes, but with different sizes to
be priced SBCHVIBEPDSRES ar ger sized product costs |ess per equival ent
unit of neasure than a smaller one. Then ¢ Size,; = {(ps,i,l. 5 Ps,i, k2 ):
ps, i, k, nust ess 1 ha k2 }, d 10 create a set, which leads to
the foll ow n%sc’g%%ds i i @chndi’” éﬁd' S(%g’;”‘i .k, DP,,i,k, ) E Size c i
Ps,i,k, < Ps,i,k, 4. Unit Pricing Rules: Continuing in the sane vein,
managers mght wigh t &jgBrtiagtRiabs:t W0 products that are identical in
every respect but size should be priced such that the | arger 15 product
costs nore than the snmaller one. This rule is closely related to the size
pricing Srule. TdVpnrasewimeight alsn wishyp ereatpgnigy thas redain therice of anepiodugt ¢ s | ;
{(ps,;,,, 5Ps,..k : : . K t . e K2 P, i, K,
}, where e5.vf§ﬁys %&P %febag%tu ‘%%BV?%S 'iF\lg)tralrglé% %?ﬁ)e?omi §§§é$1?3€%1§?3% ent units
into whol e etshigide tonhd simeBriusd Arelolisring othetwtribatds owit Rrgthcdifftenedindsgo b20 Vs,
i and (Ps,i,k, ~ P, ,i,k f E Uit,c,i es,i,k, P.c,i,k, ~es,i,k2 Ps,i,k, 5.
Li ne Pri of neprivef such thetthe Taracn sieeshircdughgoite loss pr Ao st wall phineasirs i
groups of produgts su as... _far gexanpl e,.cough l.ozenges, of th me brand
st 7% TheRESert 48 mobrsoHePeh abur RS 1oR i e h P

but di ffererft®%d riul @8s as sl _ r1cing rules
and i ”ph@m%%ﬁ&ggg{t??hﬁ&ﬁ%@ lﬂfélr_ig,ﬁy‘&hlgg;o%{pﬁm@ called line price groups

may be define re every product wwthin a |ine
group nust have the sane price in a store; i.e., 13 WO 03/048893
PCT/ US02/ 36748 aﬁd_(,m'“ 5%,:',1(; )é Kize andVk <, Ik‘.v,z,,k, EL, P

$.1,k)
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,ps,i,k2 ):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 (ps,i,k, > Pk, )G Unit Coik, Puin, = Csin, Pk,
3. 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

, where every product within a

25 called line price groups may be defined as L,/ =1,..|L

line group must have the same price in a store; i.e.,

13



s ;k ;,k,Z 6. Custer pricing: Retailers define geographic and ot her
regions within which they maintain the sane price for a given product.

Thi s may wWe oB/04#8833 ated to the notion of store clusters. PCAEIDEGIC] ust er
Cluster, is a set of stores such that the price of every product is
invariant within the cluster. In other words, every product has the sane
price in eve‘?’&::l§t1,omé|a%ﬁdt\{‘ﬁlrkzt¢lé, 8|, ust &.al t hough each product may have a
different price. In order to inplenent these constraints the set of stores
may be partitioned into store clusters Custer,,..., Custe IIl,,Il where C
= {dusters ,...,6-a us¢lapter pricingt and a new price variable 10 PC ; k which
represents the common price for product k in cluster Cluster, may be
defined. This varg [ e Or 1 g 1 ri abl e
e ol whenever oty dhe pRoktaile i BhBERefths WiBPRLR) MY RhGR HE) 20
such addit i camle prige s agiyenhmpdudiufhis mapbt tlanstateé b the noflomgobsererrsgirn r ul e,

a store volu rul.e, or, a conpetition rule. 15 A gross margi.n rule provides
a const rii nt‘gg‘i‘?r? ﬂBSt%@f‘f@f@r Cd?géetr?éts?rﬁﬁ.ucwh@?g‘gé’rlg"nﬁfiﬁew P‘g’pﬁarﬁly provi de a

constraint qpvdr@t GiAMRGRe Sistthen H&%kwﬁfﬁs?éve?}a%@dﬁ&%iayﬂfé%%e phit@€M dryd group
or on the average mark up of the group or bot An exanple of a gross

mar gi n rul e sterg wWithin thatclusmabb%ugbmadgEmermw hayve & defferentiraige. Igrondss terar gi n
oo onShouP o eSS he 0P 0 A R ety GBgh o
constraint o C 0 | al el},néy,'- i store or
on the chang(glug{‘é?‘f'b’!ttng%H Evﬁégo(? Eg{gﬁjesge%‘f'é’;ﬁggt%ﬁ%}?%??t@ 0 ésé!t‘%ggiélef or an
i ndi vi dual ppod IR . a vol une
rue ey berendtich SRyt bdthoh phoor AR B oy TN i V% Mo

{0, exceed To4ergd ATERTRSHE 1D ve Wk BTk hebrianPpriel sk the, di fference

between a conpeting store's prices and I A conpetition rule

their

may al | ow COB‘,S,HvﬁérEHvar sE@unee. or nore conpetitors. An exanple of a

mul tiple conpétition rule is that the price of each item nust not exceed
the price for the sane itemsold by conpetitor store X by nore than 10% of
the price and nus®thaotulesxexyeadsd beeusedi A eshmpleenf saeheadditeomall Arlaa@nd)3he€) 48893

PCT/ US02/ 36710. S(%|.d Pg conpetitor. stPre Y bé’ nor e .t han 9% oI. .t he é)ri ce. To
i mpl ement t s no 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 multiple 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

14



constraints a store may use nonitors to check prices of itens in conpetitor
store X and conpetitor store Y. The objective (such as profit) is then
maxi m zedwOSa0k8sah obj ective would 5 provide a naxi m zedPpmafSn/3qiven t he
demand data and the constraints. RULE RELAXATI ON G ven the objective and

the pluralit f constraints the sol utiol be infeasible due to a
conflict bet FQyRPeGITSEQTe V[éﬂyamafettﬁ@l %2&?31{% RRfFCof OdB’rﬁ’zfi“Peé‘it Hege The

obj ective naynQfiR%RRSAMy a% ABnRSNRL LRk Pﬁa&qu@ﬂﬁﬁﬁ @&rﬁf)etﬁ@ryst@xle%g be

expressed as 10 an equation. A feasible solution nmay not exist tha

sati sfies alandeqmpetitonstoreeyr esenting the objective and the constraints. A
preferred enbodi nent of the invention uses a rule relaxation process to

ooV o 2 15 DLt Ol e S b SRR O Sl Mt

satisfies all cons ives. qt may be

found that @révilieanmximizedpiofik giveA thelletnand dathtand elicedombtigitist 0 be i nfeasi bl e,
if either it cannot be satisfied when all other rules are satisfied or if
an optim zatiaqn cannot be perforned without violating the rule. Although,
one net hod (H‘UH@:REH@)%T Nn infeasible rule is to drop the rule found to
be infeasible, the preferred enbodi nent of the optimzation step uses the

rule relaxation @ROFERLHLEC Aitetle BRIAWY of ColsliGntBiht Solfidd Ay gbart of a
preferred enbodi nent of the rule relaxation process. The rules are

prioritized iglsagpleaind to a ponfbétehetweeprthoobjeétivatand thenplyrabity gfrconsteants. Wheh an
interface, which m %I ow a Lgfser to hange t he '?r.i oritizabi on fromthe
default. A CONEERS Péy GEPERed 837 PIRUPT EAFhCOnTrainuay 4150 8t BPTETEY S A rul e
i's deenmegl t AnkQuatidif eaKabib® Jolutioh@ndyehariekRNGAI ftiSARIMTB QRIS réft@schthe 1S
not able to be satisfied. For 25 instance a rule X+Y<_ 10, is violated for
when X is 7 thqabjective apd dhawaasiraiats. Awrefeared ghibediment gf Badmsentipeuses@.rulef no
rule is fou . i si hl - . t S ar i ed
(step o28). PpionrbBeSRRBlE, o BRSO A4 RRnRisBRADT db R RR;
priority infvadssh kdtisfiéd &8 gonsuhiatsiandfobjeotivdsst ep 612). A determ nation is nmade
whether rules with lower priorities than the priority of the LPI rule may

be relaxed to allow the 30 LPI. rule t ecore feasible (step,616). In the
preferred enbodi H?gwweontwaﬂonplﬁme/i 30»1 %taaWie‘éh‘éfE?(%l&le-béfrBfe)e:‘Shi gher

prioritysrul@srmifedith bk snff R if faer [tehSt Bk shtisitd wWhth 9B LHABRIAS are
PCT/ US02/ 36710

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 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 by the rule is not able to be satisfied. For

25 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 to be infeasible, the lowest
priority infeasible (LPI) rule is found (step 612). A determination is made whether
rules with lower priorities than the priority of the LPI rule may be relaxed to allow the

30 LPI rule to become feasible (step 616). In the preferred embodiment the lower

priority rules are checked before higher priority rules. If it is found that rules with

15



| ower priorities than that priority of the LPI rule may be relaxed to a
point that allows the LPI rule to becone feasible, then these rules with

| ower priwoiwioessoare rel axed increnentally so that the LRPICTrusoz3drecones
feasible (step 620). In the preferred enbodi nent, |ower priority rules are

rel axed bef re hi ghe orrt r.ul e t hat . swrth
| over pri or.?‘r%@ ?%ﬂlﬁSﬁrret%p Prlwfcssre iﬁler%srar Brree Hﬁ ?p%ﬁt P‘é%%l to

al l ow the Lihe Pl R1d @ REGATRAEBRS u{ah%hese R8s Wi 1&‘5’& prrahﬁeé srer@heeed until
it becones feasible (step 624). The rules are then'rechecked to see if

there are anlycrememallyrsmglatﬂnbéé’lnﬂabemmfcﬁselﬂfs(stﬂpe&@é;t pgheps)ferrethi s process
is continued ntrI ar.e feasi . 10 anpl.e. To pr i.de a
examie of Pt lapebptory Figs pE3Srdere nptathudiu Bl oS

Accordi ng t goliiEthABiulgdvitt loWet pradrittes ittiuntthe pfib @y of iy L PIGlleMafmotthe t he
categories of rules are Err oritized (step 604) in the follow ng order,

with a rankirelgxesttopllgusthe hRE nﬂ@gtqbréomééqaé@éﬂ ;f/h%\fthr LPEaileysrelaxedeuriil dhest
priority an I st

i ority. 1.eRoEtea (N b2A, TREFARLke Mo WL idee EGPER BYET i
wei ghted gr Qemamrngqaleadwalafean&asﬁbc(kﬂep608)0 THprodess & avoatipuedumij allwbles. The
user goes with the default that larger itens cost |ess per equivalent unit
than smal | e #é#blecal itens. 20 3. Brand pricing rules. For soft drinks,
the user designates that the price of Brand Ais never less than the price
of Brang, B. For jpu et he user designates that Brand Cis always greater
than Brand D. 4. ‘Urfalitﬁﬁprici ng rules. The user goes with the default that
the overall price of larger itens is greater than the overall price of
smal | er identi caITq premile azsxanple:@frpéc reldation,sieeategpinigs g%leﬂesa@@p@waieés t hat

all prices t 00/ ss ot han t f s
sol d by corr% éé)?gﬁtgﬁﬂw Oéi &Htrﬁ‘l l%/he ongagt%tﬁlf@? t%re %tﬁ Oréeasrre | gm;
sol d by conped piigtitizéd (§ep b04)&n FHel foRoWihlg@%der,Wih W $aikikles 10MARtgatiid e

different flavors of the sane item.are priced the same. 16 WD 03/ 048893

PCT/ US02/ 36 FaEeonyriirhies wathdhphighesspripidty and $ desigaatiig the saegqry of rufes with g,
whi | e Brsand tﬁe 1o%ve§P}Lrgor1ty.

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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by competitor Y for $10. In addition conpetitor Y sells one flavor of item
C for $9 and another flavor of the same item C for $10. A determination is
made i f awouid®48893 i nf easi bl e (step 608). It is found that pamasSo¥3erfot he
price branding rules is infeasible, since Brand A is supposed to al ways
have a price greater than the price of Brand B and yet conpetitor Y sells
Brand A for $8 andthippsaiepls Braw? $1ipsold by cempetitor ?{ef%ﬁwllet?raﬂd Bup gald

designate t %@%o%@t'@?@f& 'SBWBImyionb: mﬁ'eﬁi& ¥ < ?Be hBGrREHERT Br $9

conpetitor Y’ In-addition, It IS toun hat one of the line price rules is
i nf easi bl e. afthasother firwoaufthetstrae itemeC firi$d8. rul e constrains different
flavors 10 of the sane itemto be the sane, but conpetitor Y is selling one
flavor for $9 and not.her flavar .for. $10.. Si.nce th randi.ng .rul.es have a
priority of 3 and\fl‘%gmi"inﬁtéonplrsinba c g e ’ﬁé\llfgaséﬁegsrtf%&?fﬁy%oﬁs f%l,%did[fatioélefound
the |ines priogehe pHc@ braideng figes!iOiMBSHsibiY, sdcé Byaddn&mbpd)@d(t@awa%s hatlea (step
612). A check is nade to see if rules with a priority |ower than 6 may be

15 rel axed $oice Besater Hean thprigs ofdirand Bewd yetanmepeticarsy Bills Rrandp f8n$f andsi nce
the line pr 'Hifnd ﬁtf{ngil(?%gd gipﬁea{hg\é?%éetpwn%letsl{legigllla? glagf?lersyllng it%& pm%f | over

priority may be re ed so I ne price-ru econes asible. As a
resul t, the teiwithipl¥cef thelpcdsofcempetitor ¥l Iouddidon,titie feliddfthatent of theMores t o

have different prices by .about. 10%(steﬁ 24) .. Thcle process i1(:§then returns to
step 608 t o PEEeryles igaptepsibles Thisds beqapse the fipe prigs ruile ganstrans gigferegt flavethat one

of the il ivg S PR Rnt B Eethé Sarh& bR AT eBitorSY ;scs%uﬁrg%g vbSoP §PRRAFEd to

al ways a price greater than the price of Brand B and yet conpetitor Y
sel | s Brand afother fl$®rdoxdb1Br and B for $10, and since the conpetition rules
designate that the sane itens nust be within 2% of the prices of

conpetitor Y. Singce the price Dbranding.rules,are.the only rules found to
be i nf easi bl e, p%gg}ceég%b?%fﬁw& rylgs Bveigiosty Pi&é_%‘fthﬁp}n&pf’f: Ry EYE ol e (LPI)
rules W th griefityéf 6 Mt i@ffouhd(thé BRe fricd)ruled afd € kovest y itifeasisie (LPI)r ul es
with priorities lower than the L rules may be rel axed to allow the LPI

to be feasi biles (el 201 6) chepk isfraadesp yee if reles with e poiorisr lowgr than &gnay e checked
first. first, the li . | i £h.. i oL e checked t
et By il el bEBAP Gl Bror I BERURELBY fheciplf it ed 1o

f easi bl e. | frurR®hre thd BIWdshgridtat) rulkwe $tile Withod lobwer hotity resy bd eRixedspeiat t i on
rules are checked to see if they may be relaxed to allow the brandjng
rul es to be thehag prce rulebecomes asihlsi és gresylt thedineprisy rulgisseiaygd allowing

conpet i tion g, el i pﬁ\é&ig{flﬂeidtiﬂfer%t p?lcreg'ﬁy Rt ?0%(@@9%@%. rul e becomes

feasi bl e. Therefore

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

20  found that one of the 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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WO 03/048893 PCT/ US02/ 36710 conpetition rule is relaxed so that prices are
w thin about 20% of the prices of conpetitor Y, which allows Brand A and
Brand B twohiawessbhe sane price (step 620). The process agaCm/user/sems to
step 608 to see if any rules are still infeasible. It is found that all

rules are now fe Slb ul e. rel axat,i roces stopped (step 5
528y 1 t hEOBPERITRE AP Betrges o narup et POl SRt B o1 Ut o a
whi ch the QphipBiitealyl Whidl MREBratPREnWBrandiR RER&eQRe tdhge Siklel (Siep 8ROPN
algorithmand the initial starting point. This neans that specific rules

that are relaxed in order to get to feasibility depend on both the
optim zation al gdhictrrpheaneBametyng o stepPABp seasif pre sdes arg sblk drfpaside.alte

ror el 111 USEERRY Vi ANShRL BBl ARANL i hd MM rd 656 RECAT LSdNURR! | o

I n addition, Wwas assi
enbodi ment s 62BR ruI e pr| or| ty may be assi gned to i nd| vi dual rules instead
of to rule categories. Qther specific rret hods of ruIe rel axation nay be

used. In general, rule _relaxation nethqd r the ritization
of rules and caudBt hed%@fﬂfﬁflll@gfef‘?n%o?% SGPF‘B F@I1 %é‘ﬂuﬁ‘ér? el ey ng

hi gher prio o:ph}ﬁlia't'lloﬁ rddds Q&GRS wil eFBikEorPdhk obﬁﬁ'l%ahbﬂ glgofl’d'ln? and @@ $hiRhE-

Anot her specific enbodi nent of this general rule relaxation nethod nmay
al | ow di f f erstantingpothi. Thisi roeass dHat Bpmé‘rc 1uteis dhdt age nelaxedin adedtorget taxed. These

| ower priorlt rela t the me rate o di rent rates
it the bttty EPeRT oy Bt 6 SEtrRlon i lfant By dlind it aBhE | one o
the rel gxat ieRimples hWREreROiIREtHMFve aid Al miEaMt t6 BinfiP@e isédRrbfitht idlddtnent
enbodi ments. Once the optimzation (step 701) is conpleted, the prices of

t he product dnadditioganle nriprity was pssianed bsrmle priFEey. éﬂofthh@erpb%bmemg the e then
set to the g 'Eprr‘?&%l%p'rrngg'b‘é% @éﬂtto iR 2! Q%Qte?%oh%‘?}]f%%{ A@dion. SUBSET

OPTI M ZATI n-optym zation, SUch 'm z i on descri bed
above has been performed, new data nay then be provided to the system
(step 703). Such @iaéxaspmyic niehq@is@firde eelixation glaytHeaisét olnqgreatal, culengi ne 104

(FIG 1) or the Fi nan ngi.ne. 108, or thr h anot her source. If
the entire ﬁ?léiﬂﬁlﬁn IE?} rQVaﬁéordE?g ritizgtioy, ’f‘l’&estaﬁg %‘é”‘\ﬁﬂ‘a‘ﬁ?rqur’ttyl s
possi bl g t hq{ﬂe?kd bd fBARd 'b@forré"faelé?('ir%jlﬂ er%ﬁbﬁ%l’es"iﬁﬁ}dér %Q&ealmsaﬁﬁguz Iel of

the new data. To avoid an optimz n that ‘may cause a repricin
18 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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WO 03/048893 PCT/ US02/ 36710 products in the product category (since the
cost of repricing is not negligible), the user is allowed to specify
subset | iwDtog/o§sspbep 705). An exanpl e of such subset |im t®CRasbU3I6c7TDE a
maxi mum nunber N of products that may be repriced. A new optim zation is

performed usin he new data, where the optim zation is constrained to
Corpl y i t h RO 18 BEBio st RO 4o 6 Pt SRPTISKRHD PG, Rl B StedRE Beh
nurber N of PRREIMEL & sPBYIfy RBsdteRits (Slp 7D5E APElaMpIabT Qith REIN B8 s #uld
optim zation with price changes of no greater than N products. Since the

price of no beormaximam pipbesdief products thahpeyl be raphised adl nefv quoisgzdsion is he price
of all products of.the gatego nly.a subset of the .product category is
optim zed. Te Ogﬂ%%%ﬁm% Eil g’zcg it &%‘e%@e ﬁgtémizﬁ%elor} st §£§a“gefd P emp ‘fﬁgvi ous
opti m zag i onhésubset lirhiad (swepl 095 - Fdeamples Hta eplimiinzain i N'&pré@es@ay he
products that conprise this subset in a way that has the | argest inpact on
the client' PedBprked; (e optimésation pravides @y opisrgatip Withipsice shangss 0kngypj ect i ve

is to maxim | {0 e byl j : |ﬂ§{3}1 products

whose pri cesé gartée}rtgﬁ g\%éc)ﬁl%cgss'cﬂgﬁég%@\a#ﬁ&ﬁoggg}éﬁr 0 utco? (gdut%%g? E‘lrélarnggc#fost likely

15 to have tihsteddsfgpessibiyrthapticeost aplrppdducts dfnhocmeguay, oaly gloutset dfithes, al | of

the avail able _ products. may, b_ecL ked by thelr marginal contribytion to the
f

obj ecti ve arRIOYyftFAIEHAY ioptinaige Wt cRURHaLeN By Mg theresults pbthed t o

change g S%r@ﬁ%@sdoéﬂnﬁzm%eﬂqiﬁiﬁﬁﬁgﬁﬁes. 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 optimzed prices. 20 A
restatement of t HehepubsstoptimivafipiGmay choase sl groflnatshat cimepropthipbubstiior of a

product categor rfornmed as discussed.in.th .evipus sections (step
701) to  protbdbaaRt e ERectorhe K oblectve Rkl Shetkrple i o
of the produgiest’s 656&@ivees ROmhiniiRprofiQ@Us testrablRde pypuldk thedfubtdiefi nput dat a
used in the initial optimzation of the product category and the set of

optimal pri duedusss whess prises gre i lowed togrhenge ywidly these peoducts shab prsvmerd likplyt i al
condi tiopns u 1 I X t he
ctate ofo nrdnalf e TRRE bRk oh foRREGhe P BN SFIRNSER A | 10
opti m zat i orpradetsahap bprankedi by tHefitragrgif@BJontritaition hatgeadjdcive asd then brse
price, or conpetitive prices,  the change in the_dafa fromthe original
scenari o meadyed Qf poductsvhges prigss arferliomed s ehayes issselestedaqymieg integer

di scont i nuedy,glraREWr AL ARUSTY il of el PRSI By h OIMRA SEELCERRSbE tBerd Nel 1

dermand functions and c raints a y Wo een
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 p?é,m,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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defined in the original optimzation, as well as an initial starting base
price, are used. 19 WD 03/048893 PCT/ US02/ 36710 The subset limts, such
as t he nmawomamussastber of products that the user w shes toPpaltiusn2/36714 he
subset optim zation, are specified (step 705). One possible assunption for

an al gorithm may at .the maxi num nunber is at |east as large as the
nunber of pyodyct—@“e\/ﬁ ¥t iR Gr |agﬁ"ec‘ﬂ%fﬂ’§18§‘nuﬂlt?‘?§\%%8‘p9§ i@fﬁ'ﬁ f's then 5
perfornmed wiwiBhés tb lﬁﬁoﬁrliﬁ)&%tsubédfbhﬁm(zﬁh@rp afOspkeified Gte5705. Gndpsgibliet ai | ed
flow chart of an enbodi ment of the step of optim zing product category

wi t hi n subsessymptiansfor an algorithm mapnbe thas thegnaspmuarigmhge isat éeastsaétlangfs apr oduct s
that will eth&ﬂ@ﬁb&er goﬁ%ts%ﬁglnﬁ&h}%ﬁgﬁ ant ne. ‘glﬁ?aleo&)tm}l%a on {h' mzed (step

801). A second 00SES ndi ers of the

10 subset (sﬁeeiprrﬂ&ﬁw)mhfnqhemeplhrﬁlts (syepsm)hyl ng a mxed int eger problem A
third step finds _the new optinal prices for the products in the subset
whi | e hol di ng t hdl ﬁrﬁéﬁa%mé*e detailedfaye phagtefpa embodaent ob thegtergift i mal | evel

(step 805). 2 O%l'hgg)}d(ﬁgt (Qafte%tog}eyvﬁﬁgle Bse%ﬂgﬂsgf%;g?wfgok §f‘§?§t@{) SR zat i on

15 The purpo IS ste Ine a s roduc which will
be candi datsesof podwtdhet wﬂ]olbd mnmlbredras (:mtcﬁciatc&(}sb the Isubséefdtmopgmhbeds set,

priority is giv t two, di stinct t ucts. those oduct s that
have had chdNGBSOPhA $5EPRd Lemehoosts wiRe fﬁxﬁf?%ﬁﬁ aSHvilk YoBEmBrT ALEEs ¢ hat
have congtrayBie (stté}%OM!r Qxaﬂ#l@%% J&Wlﬁg E)Hl)@é%i hRgd&GbriDR. I A tilieNePifds

sel ected to be nenbers of oducts with changés in state information are

aut omat i cal Ithe hewe bpaed! priceCietbie p10|du¢thel habehset whilphadingtthe pricebef tst | mi zed.
The second gr.oup of ducts is. d on characteristics of their
constrai nt sq’éﬁ?{ gopds %It BEPIYrPH ‘Im"il g@%a&@ﬁl of the price variables with
respect to the objective function at the incunbent optimal price. 25 It is
desirable to only choose products whose prices will actually be able to
move in the subseenssinction phthobet of Candidaenfer SybpatiQutimizationa 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

rel axed, then t hermrljwpos\&iolfthmgbp mmeleﬁllfe ikwoﬁplﬂmﬂa&ts aptihitiz aill b si nce it
will still hit that bound. If er, the p guct S price. was
initially nd@ndidatgs BHGH‘EF%PWWZPEIOII @teat80§> b‘&ﬁﬁ’ ningthis j§gs, B‘i‘%réﬁyé%lv%m cat es

that the prigGg distinct types of products: those 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 It is 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

20



woul d nove away fromthe bound if it were relaxed, then it would be
expected that this price would change, if it is included in the subset

opti m zatwor3/okgs9drder to discover the direction of the @cadisense7od prices
at their previous optimal price, a sinple nodel is formulated that

eval uates the original objective function while 20 WO 03/048893

PCT/ US02/ 36 Rllowing prisgs iyvasy iskehin foomahsir previghs bytinhal dewel,hed, .., prBus model
optimal level, Pii,sl1C This del consists of the fundamental npdel

equat i ons t HaPsigErf e f&@mtagvﬁ&&lﬁl eBplans thetdefipe depandegroup galess Barkeaf i ned

object | ve | URGL! Bl usalidkaBbR-ARUMAGIAONMH ShpRIEASs HAIAL Brifes #ifthia

nei ghbor hood of their previ ouls opt i maf val ues. r-a pro -maximzing 5
probl em t henmbldeighbogivod o€ theorpresianseeptiasal vallags. For & profid-maxikmizingPs, i , k, t -
Cs,i,k,t_ ieGEDen, PClester, .- .S CPs J k < &usler, +t5, Vs, i, k
where .5 is péolgﬁgﬂheﬁﬁ‘?fggwg}ﬁ@e@%ﬂe‘ﬁszare defined as the marginal val ues
on the upper and | ower boundsMad i d%i n the final .inequality constraints.
These margi nal values will be §%E§_ sikriRasur &sof)t he price gradient as
the price noves away fromthe incumbent optimal price. They, in concert

wi th information about which bounds were active in the original problem
wi ||l determ ne which products are allowed to have price changes in 15 the
subset optim zation. Produlds.fot <the S@cand+gsoup %hbdbl d have the freedom
to change prices _ during the subset optim zation. To this end, all of the
constrai nt s WheT¢ felsiaymallalumisgel are eval uated and three operations are

f d. First, , K i formed t.o see if _.that constraint s tight
Do ChoThot i mat et e teBaBE o haracti SR ortiedmproR LI owErfngs | st
nmeans that t t - nr: . i i : i |.ef t - hand
Craes |or o rOuEREd 86 SRtk CORBIRAL, PlRSe MR L B6et Wb BRA ST 0

suppose t hatmé¢dsereofitlse prae grplient abdenaice mampt away frpmi the incBmbknt<optimal

PMAXei k, Vi, k whe c.is the store cluster, i is the demand.group, and k is
t he product .prlCESKFE@F’ ip fpncert yyith mg%r{naﬂ?n ghput ONRdHEE a&B\?Po‘i“ﬁE‘fi ons where

PL1k :PWC;&ig\irﬁﬂl pl‘oblem, 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

cik —

c,ik? Vl, k

where c is the store cluster, i is the demand group, and £ is the product.

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

Vi,k

c

Pix= PmXc,i,k >
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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woul d be found. Rule relaxation, discussed above, may have been utilized in
the original optimzation. As discussed above, rule relaxation allows the
opti m zatwore3ness3® aut omatically relax constraints subjectCrasaz/sd7er ar chy
defined by the user. Since the subset optimzation is based on the

original constraints of .the initial scenario, it is ossi ble to have

opt ral pr i COPeR G omAt I rieiial SRR HAE e CFHBNE B AT 1 w0
03/ 048893 PEl{ £k80gdeRfTd OptirhRBIRAE tThe Seco@@Bp&htidR1RES GeMBlind SN ahY JbRLS
because those constraint's were relaxed in the first scenario optimzation.

The second dpedust ¢ambinatiangder whish Bwineproing antimek prics-is priepginde. Thostfphar i ons
for which the incomn ptimal pri js infeasihle. Thus, for an upper
price bound,upﬁﬁr%ﬁlbﬂg%‘gtwepw&s?t &Wq"ﬁm eﬂ‘@?ﬁb,c,fik- k. 5 The third

procedurge changesnthe. knitial unds..on .t.hqse prod S i had
cost, ba5§e pri cesr&lreq@é%ré)tc? ulr?/gﬁ) a|5l ?%tél ¢ ‘é{hlg"e‘)é‘P 19" t;ﬁﬁgee %rSS?ﬁpB'g%é%ﬁ?’?ce, or
conpetitive hadic6&, has phibcsLangsttitivé price dRsgdsaltltke ¢t ibasy rageot he upper

bound constraints so that the optimal price.is allowed to mpve. The upper
pri ce bound competidyaprifedias mfmseif B deirably tpincrgase thopampercbqung constrainty | ) |
Vi, k where ~ i in.cC | iyt t to base
price. If tﬁgq}é%g%éso;ﬁgéaq?ﬁ%?g’gdggg/,@&?(fnlloge'aﬁ%u grsplﬁéaeb élw'?’oi%; gi S tg’he | ower
bound to prevand bédomepri ce from flipping fromthe upper to the | ower
bound. The corresponding | ower price bound would be 15 P"i,k >_ Max( PMAXC
.k (1-1®@C c k ), hOrtrre ) ., &k RMéXe,dC+tK.i)sVakscal ing factor for the
allowable price region and is the optimal price for that product fromthe
ori gi nal scevre §,, isfperdentageshange ipedst er prics widciespastito hase price. Hé thegsgst pri ce
bound woul d becone P'i,k > PMN,.,i,k U- ~c,k ), Vi, k_ 20 and the upper
bound becondgs prcreaged, it AlsBriEsEble to Taive e Ipgr bound gy prevant themsicedimat r ai nt s

on the aYer%ﬁgpiBéiﬁ%ﬁa 8t u &%m%%%'&mdt e M@@Jddﬁl&cﬂa%g cdWouhfie mar ket
share wei ghtett average change in the cost or price rélative to initial base
price. The waildbé candi dates for subset optim zation, C, may now be

15 Pc,i,k 2 Max(PAMXc,i,k (1 - xc,k )3 ﬁ(‘.'lu,\'lerc )VI,k

where %, is a scaling factor for the allowable price region and ]32,,"4\_,% 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,.ZPMIN,  (1-¢.),Yik
20  and the upper bound becomes
P, = Min(PMIN, , (14X, ,), B, ) Visk
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 4, >0or A} <0, then kgC

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

30 keC
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25 constructed as follows: For each store, product and constraint: 1.
Initialize Cto include all available products. 2. If 2k > 0 or Ak < O,
then k e wod3/nifs9xzonstraint is an active upper bound on pPCcrasansh7wk> 0,
then 30 koC 22 WD 03/048893 PCT/ US02/ 36710 4. If constraint is an active
| ower bound on price and 2k < 0, then koC 5. |If product has change in the
state of information, % hHgorstiintis & Keivedewesboynd pmerigeandof, Plothest s f or
Subset Optim zation In selecting the N products that will conprise the set
of products, R, which ar 2G| | owed to have price changes in the subset
optim zation, a sinpl 1xed. i nteger roplemis. sol ved. bi.ngry vari abl e,
rk, is created that i%dinﬁ’f%@c%@%ﬁé?g%flqﬁeoﬁm O%B]%W?lﬁpbtﬁﬁ%lk ﬁ%s chosen to
become a nenber of R An objective function is the sum 10 of these binary
vari abl es wei ghted by the maxi num nmar gi nal val ue on each product's price
obt ai ned i n the SHNelgstioh of thesYeat of PredudthtorSmbsesfOptimiyatignes f or subset
optim zation. TRe gnl.y constraint is that the nunber. of .progucts,chosen
mist be 1 ess ¢ hariciogine BESYREs bl M erire MTRER SpoBHE RSl Snec
in the subsello@pd tdhArlpried chingysin the sutReditimigdtion] #sHplemniedintepanges in
the state of information. This problemcan be 15 witten as Max rk . Max a
k I ' ~ k / preblgmagds solved, ) bimaryt varaple, Bnis croaied thpidndisgtepvhethgiidioda R may
be defined t tder i | Q¢ gation. = R {(k EC
o 1) e SRR AR b RS E el B £°hn Wil BeflolizndSum L€, |
Pr oduct 165ubs¥these binarypvdrizbley aveighitddelsy the npxoouratnsarginal vabuesomeich ipesduet’s of R
are fixed and, thi)s_ new problemis sql vehd Wi tth a_conplete oPti m zation,
such as t he POSE© tg’negﬂl the;steprqf ggnstructing the set of candidates 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 [z 7, Maxq/ﬁ( l,
" LkeC

subject to

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

20 as keR: {(k e C|r, =1)u(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:

Z Z f)s,i,k,t(Ps,i,k,:_Cs,i,k,:)

ieGkeDem;
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25 descri bed above, except that prices not in the subset are held fixed.
Regression nodel s and the predictive equations fromthe econonetrics nodel s
are used woO 030¢8833 r uct t he opti m' zation nodel. For exarrpl @CTiuse2/sdijlect i ve
may be to maximze profit: D,i,k,t (Ps,i,k,t - GCs,i,k,t ) iEGEDem 23
WO 03/ 048893 RCT/ US02/ 36710 su ] ect tg copstrainin price chan 9es to be
within a gi YEHCHAMGRNSHRINGRE PGeC E)‘i‘geéé% © WBRATN gven V'gg ?’tc‘irreRt pr1 SPvAX. ik
, To sinmplify B Iﬁ,tlork t he, t%‘,l ndex may be renoved from the equati ons.
So the 5 objec vé"‘beco‘ﬁé’ yitze: Ds,i,k (Ps,i,k - CS,i, k) i ECGEDenl
When t he subset opt| m zation is conpleted and prices are optim zed over the
subset (step 805) a unique subset optim zed data package is provided. The
data 10 pacHRagenplifytintativenthotineesdéxomay herendysdfroof therequations. Sosthpr ovi ded t o
t he stores. 'llj'he ﬁ{irlces for the products in the subset, which is a smaller
set thar al PPFUYHRESMSSucts, are changed (set) according to the optinized
subset prices. The subset optim zation may be repeated several times
between a conplete optimnization allowing all prices to change. For

exanpl e, af \egximides et thmnl(zlatl.oab k)15 new data nay be provided. A user
may specify new subsetddi mMts Or use the previ ous subset limts. A new

subset optim zati rfor i et
limts and hol din %{hn@lgfs}]bsfg?ﬁlﬁ?l?%leosn ! @Hle&ﬁ }Slg%r%glggﬁ%lzgg Ovﬁjem%r evi ous
subset opti FuBst (s&p 805 a@ddjubls@b%et&pthﬂil@ed?@l@bdicﬂtagﬁSplrd)\aﬂc&bl Fiealaes t he
preferred enbodi nent may 20 nodel several ofher business rules vja

const r altht s paqiags @ﬂh‘?dl%dl@lqeﬁ Aerithe gibsefrad @H’%‘F?Sd%m"é{ﬂk}ﬁﬁ‘b@e&or%CT}}ene br and
s et A S T ARt
found that ghagredghtradconling® thoosinized subset prices.
The subset optimization 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 holding any frozen prices to the prices provided by the previous
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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(clustering by geography alone) may reduce profits by as nuch as 60% To
facilitate understanding FIG 16 is a broad flow chart of an enbodi nent of
t he i nvernwoaa/o488vdre specific information is coll ected (step/uséRdg7io Such
store specific 30 information may be individual store point-of-sales data,

cost data, or cu,st&rrer survey data. The store specific information is used
and pr ocessd&aterBingd dypugh b useal ancaleasithmas dhsbesbreguli famd by dhe algerithms t or e

(step 1608) gjda - i 4oty ' : d
opt Lmal sy eh g e S et ek e o8 LB P bR, |
03/ 048893 P@EhgdliBo B8 6ashlt butlatagbeiariechlivét basgtestlheClisterodf storesidrg dirént hm as t he

best result fou by, the algorith Si.nce opt.im zation may be a | ex

bt ocess. 1 hdGH b are G Iovray® Rbhe GRARECoRIon: ePrsact Sheediet 1608 ey be
a | ocal ized N\QséiusieSttstd cohbinhdrs a8 theh ProRRicdl(&ep N6TE). formed based on the
cl oseness of the optinmal conbinations for each store’(step 1612). 5 New

cluster based conbi nations are then provided ésteP 1616). To facilitate

di scussi on, FI G Tpifagiitate disgussiondrlC. ot isn Pewehars of mprceisgetatliggntlie| ust eri ng
stores, whi IS a .0f '! &R i N> i Qn. this
exanpl e st o%@s{[se%élgigp?éés’ %Cﬁtl?g -'sa PEa[;s)ggnd c%%cﬁﬂla}é{]ogt éall\sﬁga tioglacllr;llhgseen

col l ected. FEkimple stoad speeifiopoint-ofesales andedst datahds algdadg bedrecqleetad - Birstsal es
and cost data(step 1104). 10 Preferably, the sane optim zation is perfornmed
for all storBSPUpZA{IAR &S prriormed dging Sbintradrieies anbogst fletgsterrldObk ovi ded on a
st or e- byy st %@fe}%l;}, the ¢ togyﬁﬁlifgtiog% RMREd Rfr allStREE SN tﬁi@gﬂ%jﬁéd on, in this
exanple the prices are also provided on an itemby-item Dbasis. The result
of this optiembodinenn the pricedase providpd bmalstope-byhstre basik, prsiead of by ghiupaof on f or
each store. 15 FI.G %2 i S a.nore olet ailed flow chart of a Brefber.red

enbodi ment  §fOret dp 244iHgn. ip Shis cxamplf iy RIS e O(Pﬁ?Bﬂifg?“%‘é BH i e

cl oseness ofpa{iReTRPLk 32 thiPb RNt RNMoviBEd SRR bRALLORY rige each store.
Constraints may be provided (step 1204). Exanples of such constraints are
pr ohi bi t i ng combinatipn far@adsstbreom bei ng within the same cluster, forcing
certain stores to be in the sane cluster, setting a maxi num 20 nunber of
cluster and settin m_ni cluster size. e ert al ores to
be in the same cﬁgtgzr%ﬁaa?mﬁe@e%%gﬁt%gcp agégé’é%glﬁ%{)ﬁl%‘%ﬁ%ﬁ&cﬁfésgqgtﬁ%res in
the same clfoisdredtingrcliisterp(g6eps} baved on \thed dlosensdsl ofthe sintised prodiictasad bei ng i n

a downtown area or near a freeway exit, in the sane cluster,
price combinations for each storé. 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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Stores with the closest prices and which neet the constraints are then

grouped 25 together

in clust

ers (step 1208).

There may be many different

appr oachewotos/o4ssbsist eri ng stores with the cl osest prices. peaalsozBarse eri ng
sum of differences or distances in prices

may attenpt

to mnimze the

bet ween stores in a cluster.

FIG 13 is a chart of an exanple of four

stores, Wnich are forrred into two

X and it emp¢¥—TFabte—+—betowprovides—a—t+i+st—of 30—the— pln\,co for
and Y per s 03/ 048§ / US02/ 36710 1 STORE\ I T
| TEM Y ST( %\%’?%I@OMO. 00 8@%@2 $6. 00 $9 JEQE#E ORE 3 $9. 00
STORE 4 $8.|00 $6 00 The pricegs are plotted in RIG 13 for store 1
store 2 (1E(&I)QREt10re 3 (13126,00and store 4 (13F16)00wi th the prig
Xplotted i xis and the primn of itemY plnf
the verti Cc| A di stance be cal cul at ed : Distance=
Pri ces, x- Prli Sc@@i% Prices,y- s,y , where s ﬂi%sé)@/or one of th

Thi s di sta
conbi nati or
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ce may be catcutat

TORE 1 AND STORE 2

sTORPKRE 2 il ustriag

edbetween at I po
B t he di stances

1 STORE 1 AND ST

Sibte store pair

g0 al | pairings.
ORE 3 4.24 STORE

STORE 4 4.4
AND STORE A4

7 STORE 2 AND ST(
STORE 40 Ther ef ore

cl uster

pait+-rg

RE 3 3.61 STORE Z
380 total distan

rinnc arn chown |
~J AT S TTOUVT LI

Tahl o 2 15
TUANT O J . - T

AND STORE 4 3.61
00 or each possi

cl ustIABLEW; t h each store carrying item

itens X
EM | TEM X
$7.00

(1304),

e of item
ted al ong

e stores.

TABLE 2
1 AND
STORE 3
bl e

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

by: Distance = \/(Pr iceg x —Priceg x )2 + (Pr iceg y —Pr ices,y)! , 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

4.47

STORE 2 AND STORE 3

3.61

STORE 2 AND STORE 4

3.61

STORE 3 AND STORE 4

10

15

1.41

Therefore, the total distances for each possible cluster pairings are shown in

Table 3.

26



26 WD 03/048893 PCT/ US02/ 36710 TABLE 3 CLUSTER TOTAL DI STANCE 1 WTH 2
AND 3 WTH 4 2.41 1 WTH 3 AND2 WTH 4 7.85 1 WTH 4 AND 2 WTH 3 8.08 5
The st or ewpaBi4ssedbi nati on with the | owest di stance woul dpPog/ushw3@m as t he
best cluster pairing. From Table 3, it can be seen that by putting stores 1
and 2 in one cluster and stores 3 and 4 in another cluster, the total

di stances between stores within the sanme cluster are mnim zed, and
therefore the stores are clustered accordingly. These di stances may be

wei ghted according to volune sales by multiplying 10 the distances by
revenue. Various algorithnms may be usddBlE actually forn1c|usters One
exanpl e of veh=ehuster-nrg—s—thek—reans—eluster ret-hod—The FASTCLUS
procedur e 7@%??5%]e in SAS, provided by the SAS |nZ? e, Inc of Cary,
North Carollina is one procedure that my be used [ DISTERCE the ¢l usters.
15 If a stare_does not sell a particular product n_average prige for the

product ndyl WaTH ANDa? é‘HTzﬁhﬁ used as the price of the @}%dubt flor the

store that W—ﬁﬁ eprotduect—so—that—therabsen ke product
does not affectT He "¢ J%FQ |H% of the stores. If @ cons??glnt requires
t hat two or| IMWIEOSE ANEs, W 1Pl #ced i n the sane clusfer, gQpgir prijces may be
averaged tagether and the average price nmay be used as individuall 20 store
prices for these stores, so that the clustering algorithmautomatically
pl aces these st ce.lheir are identical.
After thg cl uste(r)l;h%aSFoée %lég?l%gq%tl?n Wltﬁ%‘)o %rdlssé cef%orum{) ﬁ%oselhastthg store
are set by bebtugtsedr paltidgh FHromt TubRS3, W dahibd sbétethaebeputlinisiteres 1had e ihbags wi th
the sane prices (step 1132_51) Setting the product and price conbinations by
cluster is &AUSESEAR OIS ‘b\nd\ﬁpﬁieh u&‘F’iaﬁlleéPta%@@BC%d}%VW&tSF%%w(t inep
1616). Prefqpa eclha& DEWRLALES AAPheRTore Y AL LYuRELS QLIdAGIR NEW
optim zati on, ere prices are ca feul™s by c I'nstead of~ by store.
Such an opti m zatThese disghtesheayied 'glslgmddlaycwdlhgutrevcﬂﬁmsahlesby oultiphgiap st ore.
Table 4 is a 8 ng % of such an optim zation by cluster.

10 1stances 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.

15 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

20  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

25 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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27 WD 03/048893 PCT/ US02/ 36710 TABLE 4 STORE\ITEMITEM X ITEMY STORE 1
$6. 00 $9.60 STORE 2 $6.00 $9.60 STORE 3 $8.50 $6.50 STORE 4 $8.50 $6.50
The pricewofion4dshe itens in store 1 are the sanme as the prCTasot/ss7iet ore 2,
since they are in the sane cluster. Simlarly, the prices for the itens in
store 3 are the sane 5 as the prices fgéAﬁggae 4, since they are in the
sane cluster. In this exanple, the pric the cluster are close to and
in between [The prices for theg individual—storey in the cruster derived
when the ogtSTORBUTEM Was donegTem X St ore-by- stigremMgsis. By praoviding
clusters sq the prices for each cluster are as |close as possible jto the
prices forl an optim zation done on a store-by-[store basis, the
optinizati g HREluster is kepto-Qb as close to [t$edbptini zati on an a
st or e- by- st 55 f Hizes—the—tossqjof—optimzation
opportunity.gﬁ¥§ﬁztine, as norgs les data is gald gfted, the newdata may
be added tqg iteratively change e clusters over tinme. Such iterlati on may
limt the rlunber of stores tlhat can change clUsters or nay have |a simlar

constraint.| SIBORE 3an enbodi ne8.8%Ff the inventigri6.#ach store may |have a
p| urali ty f pr oduct cat pgnri es ___Clusteri ng y he accordi ng tao |pr oduct

cat egori es, t a store n| e in one cluster_for one product category
and in anotﬁ§$3%€ ster for angﬁhg} pr oduct catéﬁ%ﬁ&. This clustering may
al | ow nor e Tonstrai nts, —For—exanpte, a product— category w tih—peri shabl e
items may have a constraint so that stores within a cluster are 20

rel atively cl ose Thegeichefor thehiténes im spore d ot the adreg as the\pricés foostoped,isgivabl e
items may nQ have such a constraint. |n anofher .enbadi nrent of the

vent i on, | Eex s TUCROTRGUETE: SFRA Yol PEROUSE e EHRagSITed FHAF SRy be
nore progluctag 1Ry srided BhrStdrB aNsinbithe TR iR theQhm@ R ter NILAE exafipR) he frRes
exanpl e, there may be nore than 500 different soap products, although the
25 stores ndyr balclustenvee dlossrio and subetweathp pucksdosthe fudividualstores indhe engi ne

as descri bedclus%CBr 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 as close 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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WO 03/048893 PCT/ US02/ 36710 above may be used to determ ne the nost

profitabl e conbination of products for each store. A chain of 100 stores
may have wohanesesl product conbinations. It nay be desir&braSvu3qgmovi de
five clusters of product conbinations. This enbodi nent of the invention

woul d provi | usters af stores according.to product combinations

(assort ment %§8§1€e§ yg %Psegr{o éﬁttefl?léle eo?’gsqé’rrgfga F 88’3@?“‘%%‘? %fg%'%‘?"tﬁ%ea‘ih is a
flow chart seie.aAlwheiaddr 06 gldesti mBhavela Hun@red Pr@lvct @mbiSitine. RRRS) bd C

poi nt-of -sal es or survey _data may be collected, Using the above exanple of

soap productdssirable Gurpyifle Hve ehsterpenf pmdusbcﬁ%biw@nasﬁ% ephedinent ef theeci fi ¢
data to det &p i fign @voﬁﬂflgrb at ICRllgteFSf of?s?(%es e e ?Sdu%g&%n%mat%%%p product s
s onas or eac

that would optimze sa ore by store hases of the 100
stores (5t efgasséfivhent zbines)Sfooaneantiae stotehera prodist eategbry NFI6s. flidiea flomwsdharts  so

t hat each cluster that a_store.is.placed has the_.nost sim./lar conbi nation
of product s OP@EPragsie] gpdpdimsnpe eg%@ﬂ&l% BESPERBE PARt-9E 8PS HrSHEVEy s

products (prdaﬂa%%b@%ﬁyjcea.t R theasRe kbl O b6 FbURES N bh@hidtisn Store is

in (step 1412). mentioned before, such clustering would have | ower
sal es and/ omay bef performad upng theditorg spavafio/datiaitl detgmpreotesmbivnaioni of200ons f or

each indivi dua t t woul esi gned. t.o Ximz al es and/ or
ovenuo. f or Hivdudife sseRiodes Tl S-GL0 s T R 4oVl ihiten:
the priges FpeeRBlbof Gle 100tITRZ@EpAB0A). SEHRIorbYars tidhelegédintd Avarlastbar
enbodi ment, an optim zation nmay be done where stores in the sane

assort ment zsenkatashnelpsterdbat asfters ieplaceddian thesmes pinptar spmbu@tipmobprodeddr t nent
cluster so t Qres. i t . r I receive the
r{%ﬁ% lg(#a. %&ores asrﬁ 'tlgan ) S“vﬁgdg%nu%s?m%%grﬁ o‘,éfﬁg({ahgﬁ% |(bll%§§&

sane assort also | Ice er So ores in the same

price cl ust ebnibmatiohd)acsadigpé thetsustdritkat tHbstdr® i@inf(btepv 14 IR tAsahedivatder
enbodi nent of the invention. In this exanple store specifi¢ informtion
may be col | &6fae sygh glusigringiyopldihaye loyr palesrpnd/orgiplyidhanyproxiding indiidyay

provi de;a s 6&c%¢6ﬁ$i95t§pn9rf&f@ch ﬂgiiﬁgﬁ@'sﬂ)%,!bﬁf‘wﬁ@lﬁ'b@d%ﬁ%h%o%éax(iﬁﬁﬁp 1558) .
I n one exanpl e, products may di scussed’in the survey. A pronotion

conbi nat i on sakey atioaresenei foadifferenoor@binatiornss loé {1260 Cluptersd U bee enbdadififest, ent

di scount s atﬁ?d di spl a |t. may, be fou dthatbaeac re ofb?‘i.oo stores in a

chai n has a (i PRESSGH o B BT PGHOR B G 0t 1048 181 Hh Peiea bR gTRGE 40
clusters arguenfakhid bd te! dbak WheldRore§ [IhE SaRC £R64BG FoRe AW gi@se their
pronotion conbinations are (step 1562). 30 Pronotion conbi nations for each
store are t (véustaiet Btordsmaay tpypladed ix hugssertmehiatlustéreso that el stdres indhg samep 1566)
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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O her enbodi nents nay be generated according to margins or by netric or
according to direction of novenent. 29 WO 03/048893 PCT/ US02/ 36710

S| GNI FI CAMCH3/0iBsPRI CE CHANGE | NDI CATOR To facilitate di scReSiusn/3¢7h@s. 17 i s
a flow chart of a process providing a price optimzation that uses an

i ndi cator of signific ol gnge . Fi ’ jmzation for an
obj ective is perfor mg?(?’gllcgiy%&ﬁ{ﬁ[% = ‘E@i‘t oh .5{]’98) eterm ne
optimal prices to obtain an objective, such as nmaxim zing profit,

maxi m zi ng sal es Tofauiligate Oiscudkiom] B 7as @ﬂ@mhmefaF g3l ptodllingla iceval ues
is used to generate an indicator of significance of price change (step
1708) . | n orfPtinszatiegithatyses anHadicaies efa‘?clgwﬁ%lce%a pee*— thaage Fiestranc, whi ch
provides a ferably t he
i mge netri c%?igﬁéag?g O%ﬁl%; %ggigoéw gélla(g Stég)rl ce’'e %ﬁ?@t%an g}gerrand (or
revenue as idesermimexoptimas prutdsab obfam amcbbgﬁswe,muolwa@lmdmhyzmgtpmﬁtz ation and

demand equation are opti rice el astici the injitia
revenues of BHEMFEEM 50" r(r’bgn%é) 1Y, IP%épf%@nneﬁ‘Flp@rglftﬁ of Vplpgs is s
enbodi nent, g eﬁémeenmédt& cﬁq}g%ﬁﬁdaﬂcé 8t prickREWRED ETOPARAGNS [[[1 B, s |

ws + [[Ris] where P = equival ent price, c¢ price
elasticity, qmbﬂdlrnem ths mﬂl@tqmea pw:e:mwgcgmtrlc avhdch Rorldpeamawre phan i al ).

Th | ent duct f t h
St anaar o sed el et i uRe e Prisrob s Fsedie kel ottt pr oduct

descri pig on chRsbe PAcSEHRRRAY ahd 8braAR] ©PHVesud 43dts ﬁ&gl%ys&tﬁattthebald@sscrl ption.
The metric uses the change in equivalent price (% for a particul ar

item (i) forpreviged by eptimizatin andglemand pquagion are ¢m1mm¢ct pl]meis,efdasbyltlteh@ndum of
two wei ghte I f the i lized
elasticity 3}:}1 hngt%v\%‘l%cﬁgsl Orf eg%} lsténeiarrpﬁsseedluét 1) r{rjgt éﬁv}lrer}grrg%f t he

el asticity fepbodiméritedn image nfetiy @udiion gded by the average elasticity for a
range of itens in the store nultiplied by an elasticity weight value. The

second termof the sumis a gmal| ze rente vel ue, which in this
exanple is tlﬁﬁgémﬂ‘ue%hgqpa i,vided by the aver age

revenue for a range of itens’ IB e s? ed by a revenue wei ght
value. In an exanple of the rki ng of t |s e uatlon an item A may have an

originals  where EqP = equivalent price, & = price elasticity, i = 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
items 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 in a store 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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price of $1.00. As a result of an optimization, a new price of $1.10 is
provided. This would cause Y%AEgP=10% Preferably, the elasticity of the
item thewawansses 30 el asticity, revenue of the item andPpPavarsazss7ievenue
may be initial revenue determned frompoint-of-sale information. In this
exanpl e, the magnitude of the elasticity of the 30 WO 03/048893

PCT/ US02/ 36710 IE. | itemis 15% higher than the magni tudelquslthe aver age
el asticity, igm isHalo highdr. tha theimaghithde of thesaverage elastitit:y,\w'l@hl—_’?-f=1-f@ If
elasticity wE is 0.4, then 1' s Wb =(1.15)(0.4)=0.46. In thi&/llESI

exanple, the revenue for the itemat the store increases by 20% over the
average R revenue, so that R [5=1.20(|&he|Wweight of the revenue WR i s
0.6, so thatthewBght &f thEeMRicity WHenaf drea | R85 1 WR=£d. BOY(4D=61601 this
Therefore, s %AEQP. s | Ei,s | wWE + Ri (slaR £199¢ 0. 46+0.72)=11.8% This
metric |ESI Rs would then indicate that the 1ncrease in price would

penal i ze t hexampigethevtvenae 6dr thdem at the stoby intdeaSobyR0Va6 ¢ tikosictdgée

per centage change in price would nore significantly increase 10 the inmage
metric than a smaller eRlcg tage, which indicates that the i nage woul d be
hurt nore. Aevemgatsovbatpetenthde Thangiht of the rovenwowk s 0.6, diodkdite an i nproved
price imge. In additi OR,S nore highly elastic or higher revenue item

al so woul d provide a greater effect on the price inmage. This netric nay be
averaged over all itens in{a.r aFge and over a store range to 15 provide an

aver age § MGe+XREN] Therbhirs | auer (M2y)(b8)2¥E7yhtiagefbye, vol ume or

S

le. | .
%AEqP, 55w |+ | =22 \w,, ||=10%(0.46+0.72)=11.8%. This metric
1,8 |gs| € Rs R

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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revenue contribution. The range of itens and stores may be the range of
itenms and stores over which the optim zation was perfornmed. In the

al ternat iwe,03a488e3 ect group of itenms and/or stores may b@Cyalsers@do as t he
range used to provide the inage netric. A reoptim zation decision step is
then made (step.1712). FIG, 19 is a.nore 2Q detail ed flow chart of the
reopt i m zat iPSWgH.B%e.S%ISWCsOE st F?{Taé’hp‘é%%‘&f‘%eéﬂle CB_fISth%' iTlﬁ\?g?ﬁdibB?k mpy, be pj g
enbodi nent, réhevddniiough Me Qbpsi WAl 116 aNG8cishn N e& AU AN LS Rr not
optimzed prices are provided to a client, such as the stores (step 1904).
The prices thnteeibatkaequires sfopsimigatiph (e 913D, Prenarelly Hegdyackmguibmgpr ovi ded
to the stor r the support,.tool 116. Feedback i.s then received from
the oriont bl 48 hebiaBe ReRRh init 8RAtG pr o lFEERERE pies S0l FEBEF such
f eedbacks mayedifindizattsy @dkref i chandeoinglie inthbe WRHHSARMSIRS zE i déSWDBOH 0

price inmage netric or that cert incﬁrice changes be constrai ned. The

f eedback nayegHre 4@e@ilwau9rhr%wf§rfe<t acksgay alse be yerd for the injtigbontignigatians made
concer ni ng whet hgg atlol€s 48 . L Lm.zat han (step
1012y Goneral |y pEyRadolis AGRAEAN LGRS pERRREILARLE" 1P EE |

t hi s exanpl signifi@nktovpriceghehgeistiep & 21 Gowhithrindudeseismg Feadbagit iegardaty the,
where no change.in the i.mage netric and optim zed pr.ices uld not require
2 Teopt | m 2 tSEHCangs BhPreBaRaaca Fawehin ReaepnBzaiie. | e dsegback

optim zgf i Ofnay bd uRd & PRIVIdE Z&hbtPeint for ﬁ'l@%é&p%%izzﬁ%npgl heW aRiday ofs per forned
using the significance of price change (step 1716), which includes using

f eedback r egmnificagee bepricsi dhpange rozanbeprofidpd froe thh acnptinazediopi(stee 140fange i n

t he reopti m.zation. d.'I'he &fedb?ck 10fma %e usedd to grovitde a congt goint for
the reopti mJRried i dikARE e, TRUEG P Brce doges Fickes Y i B EREE my be
provi ded framre &t (HRORIH thk S@SgoRNodISIl 8Purkil &) clientld Batigied ivih that or  of _
significance of price change and prices may then be provided to the client
t hr ough t he sianfirsinge pbpricerchgnges gud therdpimizedeansices. sThesgliest nay thentspt priess

signifiganc [ a Lnm.ze ' . The client may then
set pri gsgs ?%H{eo&tﬁlﬁ’g&%%%%%? %Oi%gd t?‘g &ﬁedgge.gtsf%?ﬁlgfné%%t he process is

conpl et ed. | n andhhasthendmishdimait, uninpricepnayCle: wsey ideead € thel dyaivakat pficd he
equi valent price to generate an . nage Pri ce netric. |In another enbodi nent,
category pr i@ &cREEgie BB ImagsRiice petdfolnnother BB daIeht. CaleEUMPECt Mayde mage
metric may hgegal culated as the 20 indicator. The conpetitive nmetric

provi des a neasure of a conpetitive inpact of a

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.
- o i,s i,s
Competitive Image Metric A)AEqPi,s [{—lgl W |+ X we ||
S $

where EqP = 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
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change in price. Preferably, the conpetitive netric is based on price
elasticity and revenue. In a preferred enbodi nent, a conpetitive netric
equati on we:.030es8petitive | mage Metri c:%)EgP S| E,s | WoPETIUS®2/84310 gSi RS
" where EgqP = equivalent price, price elasticity, i = item s = store,
25 w = wei ght R—reveré)ue(lnltlal tric uses thee&jafference

bet ween the© X%‘H&e\}%p’@ﬁ?veﬁ‘w e\“d]‘enamﬁ’aﬁl%rf:é]h‘f“i % bayspes srenp F#icul ar
store (s) anghdeQrtifehR 1§ﬁ{EestérE%ﬁlt1 1%@&emtewe@gm(v%€9P) which is

mul tiplied by the sumof two weight i ndex values. The first termof the
sumis a normali iedn@hasqmlzqdwelv;tanlfme inygtion, anskt assessmeRtzatiibutei is usddens

absol ute val elasticity for anlt tore divided by the 30
aver age el a ﬁ%(?{:ata{]efm%mr“aaﬁlce Oo?mfetcelan E"l n t i& em?g& I Iﬂ%e nﬁlﬁ BFEYYn

el asticisy wetibtie is Mﬁiddﬁ:atoTMtk&QﬁQBdhéngé 1f @i itbe Sudhah ﬁld@caﬁﬁrolf@hbé ed
revenue value, which in this 32 WO 03/048893 PCT/US02/ 36710 , exanple is the
revenue for CAANGETBHN WS¢ agtuad Briee vdiavged@erce}tm%ecweﬁa@éumﬁw ¢hspge  range

of items in ﬁ&?gﬁé@ﬁﬁléﬂﬂ%k&%ﬁgl,gﬁ s6né Séﬁ%PHﬁnl‘&? %éjﬁr‘leaéupe anot her

enmbodi nent nvent assessnent a tr| I's used as an
i ndi cator of sigmlGi taisceflol chart ofa ploagsg ¢hat hraytblense@nipldmdeatn,skt he risk
assessnent attribute is an. indicator of the ce chan e of .an item
Such an .nd.aé%%ﬁ%?e%eﬁﬁﬁtee%ﬁﬁ%m@é% At @aeméﬁ“i)rl.n&éw@ﬁ & fiffer cent

price clf@ngeangﬂegma\yade%weéd%ﬁheea%mmsﬂscm ageﬁqsab@asangé ssq%e@fpnge or
sone other simlar price change neasure. % is a flow chart of

process t hatusmyasblelacﬁslemcetcrhapgamf @eeater thagléo"/amesgen%rmrcant pridewhangeat t ri bute

ranges are 3 804). 1n one exa fiye ra may he prOV| ded
and°r ankeq TRGPLVATD B fpangelt BRGREVIRRE cBaners i e G 28A n SRk 3¢,

place price péﬂ%ﬂg;ﬁ&eckfhaﬂge@&‘ic% 20081 PR tangé aNER p%rcea%maﬂgzds@@r shanges
from20%to 50%in range 4, percent price changes from0%to 20%in range

3, percent Y% %362@?fang@!gef1r o‘hﬁeer@/@Etﬁn@%QQ{SkadQ@)Z in thirerphadieent the i ce
Changes IJ or i 529 (%fC}He s% ?fl fca e%I}Ql?e Ag‘lfgirgge (tstgﬁ 1?8%) is ro%sc*ealﬁx(cﬁfcﬁ&tlﬁgod') '

inthis enbo diccat or si ghi e price®change

(step 1708) thép@émagéqﬂlcbwhaﬁges of @dch ntgm dndelauericCe pagentrice ehalpen gethe of
each item and placing the percent, price changes in the, set ranges (step
1808). A gr &BHPBEAS (ﬁtﬁa i188%)orA graphigalindjsater eéhan}ar«%& igdicate theregec thahen an

itemis plaged s Pikla 2P HabRikal iRALAGE Rhy BEY cOBr Bodifl OAn CRAMAE of AN

exanpl e of
such a use of color may be by providing a table of optimized prices according to item.

20 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
change greater than 50% (range 5) or between 25% to 50% (range 4). In another
embodiment, a bar graph or an icon may be used to graphically indicate ranges.

25 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
different sizes.

30 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
a range for the indicator. The optimization using the indicator of significance of price

change may then be performed keeping the indicator within the specified range. If the
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such a use of color may be by providing a table of optim zed prices
according to item 20 The prices, item or background may be col ored
accor di ngwDo3thss9s ange that the percentage price change fram/usem3éiem i s
pl aced. The use of color allows a user scanning a table of optim zed

prices to qui see which itens rcent price . change greater than
50% (range E‘S’}’% aﬁ‘BP\}\%‘é?{a@g‘?V?roseg?f@fc(yPgﬁvgtg lcaf(ﬁ Oﬁﬁ’(gpﬁcé:tancee‘?fﬁ’g’&fanent a
bar graph orch@ihe & b EAnBES y&@@amygreaa@%wamés it Hrica cRa, %mgss 25 In

anot her enbodi nent of the invention, the risk assessnent attribute may use
a vol ume weiclisticitiepare calcylatadgeausing thm@nﬁtnmgtetomb@mgecew@eratpm ied to a group
of products, such as a product that conmes in different sizes, a volune

wei ghted average e i r roduct
usi ng sal es of aIFII&H%Og dﬂ(?‘?gpéer?l %ﬁ%@agﬁg?gﬁﬁgﬁg 1ﬁgéah?%%%métiﬁ of the

invention, tphiee optiinézation is gufohmed (seap 2008 eSuch®kice optiiatiOemas &d agsica
constraint in . the opti g1 za k(f%?um ng the jndicator of A signifi cance of
pri ce chang@PHENZHOD 7] ggscripe Oéfeu BOPHPIARODFG SAmandineetichar; uspbl a
range for the,ifdi 1 ARl bR ARt

signifi cancreé%gfr prpﬁ'ﬁt‘:(21 f rgllg\%é may thenél%{elmgg% Q%#i@gigggl?ﬁgﬁ?%&fh
within the spenues, adarglas;gmd stles vélem8SmeDal3a be 48893 cECTheISOR Blethces
optlmzatlon i,S, 1 terated o sever al cles,.the 0 significance
o i co. | orat gl uRd ARt An G BtieciSn BN Fr et | co
change ﬂﬂd thd ﬁ‘l&lg'e%éth@ﬁla%ﬁe %' B AR osAUB IR SmbHEmeRRIr tid Mmpediticbange
every iteration. FlG is a flowchart of another a process of obtaining
an i mage netimage matrics Spnch@euamms may as¢ wrenuss pegdnsratetheispgpme®l4) . Such
price optimzation may be a price optimzation as descri bed above. The

pt | mzat on. angdRrBd, IRGE| A SISl ARAFOAL SuRLI RSuH{ Biences. and

demand elast|C|t|es rgi ns

and sal es vdhmphasentiny embsdinkatsgenes et inTbetidr |Rle} dAfshewe baepgossibied
elasticities are used generate an HTEge metric (step 2012). The
generati on @PY%eatﬂ@lP{Er&GéOW@PWFéysm QEoUrsfe therOMPUEE SESEBHREY Ve t he | mage

metric t t r ues to
goner at & ¢ hame Al ol IR droEA InforrighP B (A pHALS PN BSR0, RUBLUCT,
900, which |smaﬁthahdaltdldadé\oce up topd lergestipengompbiedi @empsteoiystdmw(pﬁ mshudbs a

e O TR RS R B S SRl A Bk AT

mouse 912. Disk 914 is a computer-readable medium used to transfer data to and

I cat or

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 data
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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15 many physical forns ranging froman integrated circuit, a printed
circuit board, and a snmall handheld device up to a huge super conputer.
Comput er woaBemsIO0 i ncl udes a nonitor 902, a display 90#cTasShwswing 906,
a disk drive 908, a keyboard 910, and a nouse 912. Disk 914 is a

conput er -readabl e medi um used to transfer data to and. from conputer system
900. 20 FI G3PEEPI2 eafﬁseéx‘é“nl&f’%rPS’Fateé{ lﬁlst?egaf&l%%%‘f%rﬁsfvéﬁmaém%ﬂn BIFEYOEM 900.
Attached t @23y Ref{Bvhble dBRD13meay2tald B8 1Y eIy R hhSRSHMSHRabR REHgSOr (S)
922 (also referred to as central processing units, or CPUs) are coupled to
storage devideswsibefbglomdi ng menory 924. Menory 924 includes random access
menory (RAM and read-only nmenory (ROM. As is well known in the art, ROM
acts to transfer, ' J: LodiLect.ional 0y: CPU and
RAVE i 5 used &yt Pe? FatiortubRE 6 HEhiaD g Bl dlb ikl BRE (h &l

bi - di r ect i orséH, kayboad.91Bpmbusef910hed apdakpe 930S Impstierdl em iApyt/outpit ldedee any
suitable of the co ter-readabl e nedi.a descri bed bel ow. A fixed disk 926
is also couﬂ?@’dbeo‘?nggﬂ r Waee gisBlays tagk gﬂi& B3 L?&?’Oﬁﬁd&ff‘t}é@h&%ﬁa toushal dat a

storage ca i : e nedi a
descri bed bg’lelg%vﬁy%%g@?}f(ggga%idgﬁerggfg %agd;er%gy at%géetgt @?agggregé %r%g%f?’ggrr@?ﬂs’dat a, and

t he |i ke andtylesesyymicairihandwriges maedgnizers thoomagscameddarsnof stheh carspatetsar d di sk)

that is slo n_primar torage.,, It will be appreciated.that the

i or mmt § on G100 SPAGRSAUR I T RUaR (sdsepBtieh S o s atats

PCT/ USO24 36 fikBrorRRBIMG MetvAdrR itada, 940 Witle QlcRAMRestkiiftestha@ngtas d fashion as
virtual nmenory in nmenory 924. Renovable disk 914 nay take the form of any

of the conpuostemplaterhtbpbthebdilhmight seoeiviganfopniation. frapthemewprk, at mightoupl ed to

a variety Ofodlitpiwlijﬁfé%e{t%étéggmeevrilegﬁgfk if Cehcogffe?)kggrltﬁ?%ag%ﬁ%%gg%e%%s%% 9(%, 9%2’ any

nmouse 912 and “speakers I'n"gener al,

of . video dimgheyseps Magtheidadrt Smethibd embédiiRaR 0 the presehopROmEH, miypuch-
sensitive displays, transducer card readers, nagnetic or paper tage
readers, tatsXe¢usé solelyypor E€U %W aramayr exeaHERIVend iGWekowgh py thedntegiebiet r i cs

reader sy O BhfREUGARRHY Hifore FTHALHORL £0A of RN BEHRUP! o Lo anot per

conput er or ecomuni cat 1 ons erface 940. Wth
such a network interface, it is contenplated that the CPU m ght receive
i nformation fr o atditiotemdodimants of b presautigpuehtiomfiothentedlaa td @mpwernet wor k
In the cour Ss?orgée rgcrh];c sr Vryltﬂg c%rrrll%utae?-cr)é/a%éb g%:erdgutr)r?%at 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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met hod steps. Furthernore, nethod enbodi nents of the present invention may
execute solely upon CPU 922 or nay execute over a network such as the
| nt er net W 03H4839%j unction with a renote CPU that shares acparso/eetiof the
processing. In addition, enbodinents of the present invention further

relate to conpu torage products, with a conput er:readabl e nedi um t hat
have conput er cﬁé'@graeqﬁﬂem tb‘i"?l}':}%tfqt’SP AR SR ?%Et%fc} RVERISSRE ent ed

operati ons. fihQionE el AAdth@FRihedk 800IEhdRAWBE §010R8y 0% Fdcal dr¥a desi gned
and constructed for the purposes of the present 20 invention, or they may

be of the kingtivansl(LAR)owa vbdelarze agtivaik EVAN)t Hossxahpld ofge sANIib a primatehe
conputer software arts. EX | es of conput er-r.eadabl.e i.a.inclu but
are not |i rﬂ#‘%&f tuS‘?& lﬁ’é@ﬁ’é&“lrg%e&rﬁ%ﬁlgmgu% 3 uily ?%C%ng%‘?slfq}?lb%?caf%@g, and
magnet i ¢s t apFANsdplu@@dhe TRt TUlbilate]ephbiRABr @R OsliRGH Bk ndipMirc es;
magnet o-optical nedia such as floptical disks; and hardware devices that

are speci al 19)d-¢dephoge pesterao(PToYe Expapizs obpisvale & ANobchide dlnse usedish as

appl i cati on- clf e 1i { LUl . e i

devi ces (PL Iﬁ@ﬁglﬁfgb%&eé%%@kﬁ?o (eib%g*ehg%rﬁ%(@?#)@}sonosfy%g%ﬁﬁ%u ‘er ecr(l)é ‘gg%kﬁcl ude
machi ne code00anwhalssbepa catnbiaatidnyofgprivaranter pulslivdl. ANk @sd/oc Bik&s. ninrsgclhi gher
| evel code that are executed by a .conputer using an jnterpreter Comput er
readabl e nediEMHRoimen haprice {iane sysifen { P iseATect twheaneéwﬁ&ﬁo@r data 30

si gnal  eerbodt Glyél Fstes us& by ¥ §tcAd 24GRL ASSE nRGte@ tGRINERGSEK 8D0. The
instructions that afe executable by a processor. 35 WO 03/048893

PCT/ US02/ 36 %bbnpufer §ystcfs fog the stodes h@dd are ablelta bi-dmedtionally cammenioatd iwitnthe of t he
invention that fupctions ove conput er rk 800. The network 800 may
be a | ocal %@SOPEQWWS%EAW&%Y“? eg‘gorgs@ﬁpnetv\ork (WAN) . An exanpl e of
a LANis a private network used by a md-sized conpany with a building

conpl ex. Publi cl ywai€gssinke@ion HAlbeen destrititd ih femb BF ssvRedl prefetddul ar
t el ephone network, satellite systens and pl ain- ol d-tel ephone systens

(POTS). Exargpbedingntsy theye pie altarsionn enqdificatipns pergasafiang, andisubstityist i onal

cor por ati ons el .} : pnfor LQn: m I 800
may” ol o5 be e Baiebnhich T ARl S8 bR inSRI R T Ratd e RERE |
such an enhbeke aRIvharyhsiteplidtice wagt offintplergesitgttbdimthdds andappagtisesiof thet he
network 800. 10 Conputer systens used %t he stores 124 are al sqo connect ed
to the netwdrsseBoOYentie. Il thsuefare wiraded hatthe folloaving apregdaddagisdeap) e t o

bi -directi O'lﬁ*!el‘;}fet@&) M@luﬁﬂ{gealmlfcﬁ afté}ﬁtions, modifications, permutations, and

substitute equivalents as fall within the true spirit and scope of the present invention.

20
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price optim zing system 100 over the network 800. While this invention has
been described in terns of several preferred enbodinents, there are

al terati owe,03/0us$p3 i cati ons, permutations, and substitute PETAOY/$ELENt S,
which fall within the scope of this invention. It should al so be noted that
there are many alternative ways of inplenenting the nmethods and apparat uses

of the present invention. It is theQa Rf S|ntended that the follow ng
appended clainms be interpreted as |né;uéﬁﬁg all such alterations,

nodi fications, pernutations, and substitute equivalents as fall mnthln t he
true spiritwindisalgipeddd: t he present invention. 20 36 WO 03/048893

PCT/ US02/ 36710 CLAIMS What is clained is: 1. An apparatus for conputing a
preferred sit of prices f

conpri si ng orrpu@é‘rapP%réH‘égPrecoi‘?igﬁ%ig%@g%fﬁ&?‘g?ezQﬁl : t%(g *i"‘g’rﬁgtdg i‘gﬁlétycode

for storingof Blokh@b, BhigRmglcempatePdatiable edsf c@ﬁm- . conputer readabl e
code for designating a subset of products of the plurality of products,

wherein the nunber of products in the subset of products is |less than the
number 6f produceemputer tradghlaipareiforstoingingial eriees fandPREHIY PEPrOEgabl e code
for optimzing prices for products in the subset of 10 products, while

e ntal ning the L Obbl AL BIGE R oPAAINGT: ShukB Bk R uRIAtHeT o

t hat are not Int e pro uc rat us, ecited in
claiml, Whpfdﬂuﬂts]; Wﬁeremﬁhuhﬁhbéreﬁd)&hluetsomd&: subset oﬂgmdg«:tais lng; tharsthbset ,

conpri ses: ut er adabl e co%$ g{ al.l owi ng a nunber N to be designated;
and 15 corrpuE}t1 err%faaa ofs wAbePlpElit: el ety A nore than N products of the
plurality of products to formthe subset of products. 3. The apparatus, as

recited in clai mgy, \M&?fe%ﬂﬁblé B&deCBBptiBIZinggRePIR pesiietsfinthe s&Bé@@fl ng no
nore than N productg sel ects products that provide the greatest

opt i i zeX i oprddmctsawhils eraintdining heoiirial srieds of peodurctsod therpjustityintodedicss 20 4.

The apparatus, as recjted i of clainms 1-3, further conprising conputer
readabl e coﬁ%uﬁﬁ?‘ﬁﬂ%@F&PﬁﬁpPﬁP¥ﬁgrsprlces by optimzing prices for all of
the plurality

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

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

15 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
selecting no more than N products selects products that provide the greatest

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

20 4. The apparatus, as recited in any of claims 1-3, further comprising computer
readable code for providing initial prices by optimizing prices for all of the plurality

of products.

5. The apparatus, as recited in claim 4, further comprising computer readable
code for providing new data subsequent to providing initial prices by optimizing

25 prices.
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of products. 5. The apparatus, as recited in claim4, further conprising
conputer readable code for providing new data subsequent to providing
initial pwD®as4d893 optim zing 25 prices. 37 WO 03/048893 PCT/USBD786710 6.
The apparatus, as recited in claim5, wherein the conputer readabl e code

for providing n data.conprises. c I f £ di ng new
price data gi‘and il\év?v%ﬁﬂa@usr g%&?ﬁﬁ?dzmccg%glﬁ’S{he%eﬁlgg}%&oﬁgﬁ%g% agg[lgjlﬁg&g%{og. 7. The
appar at us, poviditd heddath campristh compurBrehdéble Eedetfoeproemiingy nesv pricecdavput er 5
readabl e code for providing rule relaxation. 8, The apparatus, as recited
in clai m 7, angemauienrprdaplseode & prevddiagrewdourd f¥2 providing rul e

rel axation conprises: conputer readable code for allow ng the

prioritizatyon ofygaflalidl bl ecRbd fuln§or clafifid 1 HOAGATPLIBrifadHRhaacOde T or
relaxing at least o ower priority rule to allowa higher priority rule

t 0 becose fmadatdé eodeXor prowitimpuhld wlaxeorput i ng a preferred set of prices for
a subset of products of a plurality of products, conprising: storing

initial priges f a plyrality.of.products: 1 esi i of
products of gt he EF‘EF‘%&F%{S}S’ f“%}t%%u’g lgim ah@}eééﬁﬂgh%%%unﬁge@a@?%g?% ucts in
t he subset ?Ifovpﬁ Hd feldatib®sSmpres: t he nunmber of products in the
plurality of products; and optim zing prices for products in the subset of

products, while maintaining the initial prices of. praoducts.of the
plurality of proeompater readabls epdsder 3llpveing the prositizaion sy Ayl rulgy  The
met hod, as r &i ted in claim9, wherein the designating a subset conprises:
all owi ng a nunber N to be designated; and selecting no nore than N products
of the plurality of products to formthe subset of products. 25 11. The
met hod, 10as reci t edmputecteadahld ydevheretixing d deasedredovaigprinsithee ta Higw N

roducts sel ects products fhat ovi.de the greatest optim zation for an
get of N  hgher pr?or?ty Tile to become teasible. g P y

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
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

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 products.

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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products of the plurality of products. 38 WO 03/048893 PCT/ US02/ 36710 12.
The nmethod, as recited in any of clains 9-11, further conprising providing
initial pwD®am4dsy3 optim zing prices for all of the plural iPCy/ush2/pioduct s.
13. The method, as recited in claim12, further conprising providing new
data subseguent..to ovi ding. i.nitial . AR 1€ 5 14.
The met hod, as r o0 rtngﬁlo hasCngfe%uigr}y %cgé%n%ﬁﬁ%ﬁgmﬂtge&vcg?gf) }églg fdrvlﬁgg new
price dat apapd pRess s sitndzing pricdkifor aebhdd plaslity of bteddeisn any of cl ai ms
9-14, further conprising providing rule relaxation. 16. A nmethod for

setting prices for a subset of product f aplurality aof. products, 10
conpri si ng: 1} eceths mgthogt astesitsd 1‘&)?136%&31‘@‘?“11%? fue %8‘(1867&13?3” % cing
every item| 1 B a66 856 Mehd @idebe received optim zed

pri ces; pro%ﬁﬁ%ﬂgnﬁ%ﬁﬂgg?g&?%‘r@%efv?ﬁgﬁneM/éﬁﬁées for the subset of
products of the product category, wherein the subset is smaller than the
product scat g4or yThevetheidnas reeitadgn elaired 3nehereiprthe new data cgmpapestnedy BCest or i ng

initial prices f a rality of products, designating a subset of
product s ofgﬁtﬁén‘gp?]‘?rﬁp‘s#%{ of products, wherein the nunber of products in

the subset of products is |less than the nunber of products in the

plurality ofsprogyghfethodnss Rbitedihialy af cigingy 9-CeSuither compisingprovidine subset
of products, while freezing the initial prices of products of the
plurality ofulpredakaéies. i n the product category that are not in the subset
of products; and setting prices for the subset of products according to the

recei ved NeWwspr i Geernod for Lufi@BdtElor S3kiRePoGBIRIBOMNIGHIIH oFprodictd, er vave

and representing sequences Instructions which when executed by a
process@r, ¢émpasinghe processor to conpute a preferred set of prices for a
subset of a plurality of products, by performng the steps conprising: 39

WD 03/048893 Pcr/réégi)vzlr/lgg ggt}n?ized prices for a product 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 prices 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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storing initial prices for a plurality of products; designating a subset of
products of the plurality of products, wherein the nunber of products in

t he subsewomB/ogssasiucts is | ess than the nunber of product ®Cirrusphizs710
plurality of products; and 5 opti mzing prices for products in the subset
of products, whil.e .nmaint i ti.al |ces of products of the
plurality of pro?ft%‘fl%“P“%tpnﬁ?%foﬁ?)ﬁm}rﬂq?'ﬁgpgoﬁlﬁ ® of products. 18. A price
dat abase generated by the nmethod conprising: storing initial prices for a
plurality of prodesigmiing@ sdesst gNabdugs of thephedlitpbf plodais tvehesdintiiee pl ural ity
of products, wherein the  nunber of products in the subset_ of rodugts i's

| ess than tH@nhﬁrﬂféﬁro%ﬁctsdpmietpﬁP{%ECtsbﬂ lgssthpn G&P“‘EFU&R{P ductsyjpghe

optim zi ng gts in the subset of products, whil e mai nt ai ni ng
t he initiapf%aﬁﬁ es&g)fdggrgo ucts of the plurality of products that are not
in the subset of 15 products. 19. A nethod for obtaining optim zed price
data onsa client opmizmng pmmﬁmnmodlgts inlee sibegof pfodusterehitgymeimktasingshe to a

server system.for, a n tion

pr ef er ences M9y Aicss éﬁrf) 'il @sttg? Bﬁéagltt?' Hh%fé?fi}l%ﬂ }ﬁfﬁrfé‘ggrﬁ@é%s‘fbg%sat?d server
system I’EC?{- oduRg. from said server systemoptimzation 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 3§st edy pugrtiatabasegonortaidygbe mptndYSEPFSBEI0 recei ving from the
server systema new set of optim zation prices for a subset of the

plural i1y of br odichs beld-Srh eshbig el al 1y of products 20. A

met hod for form ng sto |ntoapluraI|ty of clusters,
conprising: 5 col I ecting store specific information;
10 designating a subset of products of the plurahty 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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provi ding opti m zed conbi nati ons for each individual store based on the

store specific information; and creating a plurality of clusters based on
t he cl osewex38/0¢8893 he optimal conbi nations. 10 21. The nethedSoass7aeci t ed
in claim?20, further conprising providing cluster based conbinations. 22.

The met hod, as recited in g}%y of cl i”BnZ\(z)v' 2‘1 V\/nlerieit% trrlie store $sl%§cifi C
information i s sECEES P SﬁwﬁFafgen&Snﬁrisg A PPYBIAIOBPIISE] 198 2 jubse
cust oner susmay phaaitd of pRAUER Sthidhdk Soss Hfan2ke plih#ity®t fioductas recited in any
of clainms 20-22, wherein the conbinations is selected froma group

conprising itemand price, assortnment, and pronotion,_ conbinations. 24. The
met hod, as #@ci t Adnethodfar formipg apsality ob storsgrptos Muhly dcdi{sthg t he
plurality ogmﬁﬁﬁﬁ?rs, conprises: 20 providing at |east one constraint; and
pl aci ng stores at’ neet the constraints and with the closest optinal

conbi nations in the same cluster of the plurality of clusters. 25. The

met hod, 5as recit edldctingstprecdpecifiainferm@ationnher ei n t he at | east one constraint
pl aces two stores in the sane cluster, by naking each store of the two

stores have the _25.sane optimal conbinaltion, .26 ..T ited in
any of clains 24p%}£%8pt3ﬁ7re? ﬁ%mfglpaﬁloenﬁg{)r Gith ‘“@%‘ﬁ%@%&ﬁ@’%ggéﬁ% gé@%a

maxi mum nun‘gl%'ci&finfdrgﬁ{i@ﬁ;sand4l WO 03/048893 PCT/ US02/ 36710 27. An
apparatus for formng a plurality of stores into a plurality of clusters,
conpri sing conputer readable nedia, conprising; conputer code for

col | ecting st or ecespting ¢ pRiraliy of chusteisbascdnnthe élros‘?ﬂ’y’é%oétg? OpBY di ng

optim zed conr‘lol'b1 ij) ns for each individual store 5 based on the store
specific inrornation;, and conputer code for creating a plurality of
clusters based on the cl oseness of the optinmal conbinations. 28. The

appar atmws, as. r edhtedkthad, as micitedin, cldinr20n &urtheo npmprsing poviding dpsteveised or

combinations.

22.  The method, as recited in any of claims 20-21, wherein the store specific
information is selected from a group comprising point-of-sales data, customer survey

data, and cost data.

15 23. The method, as recited in any of claims 20-22, wherein the combinations is
selected from a group comprising item and price, assortment, and promotion

combinations.

24, The method, as recited in any of claims 20-23, wherein the creating the

plurality of clusters, comprises:
20 providing at least one constraint; and

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

25 same optimal combination.

26. The method, as recited in any of claims 24-25, wherein the at least one

constraint specifies a maximum number of clusters.

H



provi di ng cluster based conmbinations. 10 29. A nethod for providing prices
for itens, conprising: performng at |east one iteration in a price

opti m zatwor3amsoyienerating a plurality of val ues; usingPChaSgesegi@t ed
plurality of values to generate an indicator of significance of price
change; and,15 perform t.least gne..iteration in an.indjcator of

signifi canc%-}'of %ﬂ%’é’a@ﬁ%ﬁg%forrﬂgﬁgﬁﬁw}’beoﬁqrﬁﬁnﬁoa P@H‘hﬁ‘éotfg{‘%{?ﬁ’ optim zed
prices for thaptiiggBomptter rbAgablEhbad, corsprisap:ted in claim29, wherein a
first set of tﬂe plfurality of values conprises price differences, wherein
the price differences are used to generate the indicator of significance
of price change. compater codsdongalleptdng garerspesifie ifprmadioni m 30, wherein a
second set of the plurality of values conprises elasticities, wherein the
elasticities ar ecuaﬁqt F QoREBEABY Riirtd Sptinhk £ &frPWinatfRhns $rPALH InkiARGEal SlorPT | CE
change. 32. The net 05, as recitedin clarm 31, wherein a third set of the
pl ural i tsy obasedainiths storegpecifie snfoonaivneand or each item wherein the revenues
are used to generate 25 the indicator of significance of price change. 42
WO 03/ 048893 PCT/ US02/ 367 0f 33't' The 1msiihodf az rgci ted f’ﬁen 1asn%/11 é)sfofghgi s
29-32, wherein t FeMBRIEF 69d% TRECPHneR PIUTAlRG T ARilers PavdOPSRE FIRSRSSS HdPe at or
of signifi C@pﬁ@apéon%ihﬁﬁmghange using price optimzation uses the indicator
of significance of price change as a constraint. 34. The nmethod, as recited
in any of clains 30-33, wherein the price differences 5 are th

di f f er ences 2Bet wddis apparptys.Asdegiietl dslagmd fﬁrtb?raqonwliswé§9rr@5¥er?w§ %€t hod, as
recited in . i - : inthe price differences are the
differences%%lﬁl%%l@ﬁgﬁ%%gicaﬁ%l glﬁsﬁces and conpetitor prices. 36. The

met hod, as recited in any of clains 29-35, wherein the using the

det er mi med pRPur alA methofl fuaproedintgprigen faratemsacompribingat or of si gni fi cance of
price change 10 conprises providing a graphical indicator to indicate a
range in which a prgj ce. iﬂgi cat ot ii‘ﬁlaced. 37. .Tl}e net hoque as £eci ted in
any of clains 29PSEOTTIREaREASt OBfHFTaliPh T § REcegRifniggtion 4id GERSrBINE o (o set
a plurality sfraltyi@aluegi cator ranges.

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

of price change; and

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

using 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
comprises price differences, wherein the price differences are used to generate the

indicator of significance of price change.

20 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.

32. The method, 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

25 the indicator of significance of price change.
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38. The nethod, as recited in any of claim 36, wherein the graphical

i ndicator is 15 provided by using a different color for each range. 39.
The net howlp cam48sexi ted in any of clains 29-38, wherein thecparshosering t he
at least one iteration in the price optim zation conprises, collecting

poi nt - of - sakes daj a; deling the poiknt-ofs es, _data:. 20 modeling cost
data; and p?%vid?hﬁhﬁﬂﬂ%b?ﬁﬁ?g%&?@ﬂgﬁgggl %%i?%é%ﬁwagﬁ§ ﬁﬁ%?ﬂn%#mggles
data and cofdast dhatiRratid® iA2n indicator of significance of price change using price

optimization uses the indicator of significance of price change as a constraint.

34. The method, as recited in any of claims 30-33, wherein the price differences

5 are the differences between optimized prices and initial prices.

35. The method, as recited in any of claims 30-33, wherein the price differences

are the differences between the optimized prices and competitor prices.

36. The method, as recited in any of claims 29-35, wherein the using the
determined plurality of values to generate an indicator of significance of price change
10  comprises providing a graphical indicator to indicate a range in which a price

indicator is placed.

37. The method, as recited in any of claims 29-36, further comprising the step of

allowing a user to set a plurality of price indicator ranges.

38. The method, as recited in any of claim 36, wherein the graphical indicator is

15 provided by using a different color for each range.

39.  The method, as recited in any of claims 29-38, wherein the performing the at

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

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

data.

25

43



